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GARBONACEQUS  COMPOUND Field of the Invention The present
invention relates to new gel conpositions. 5 Backgr ound '
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ent invention conpr,ises: a.carbonac : ed to

a gel conponent. e,lﬁéavdglg %’8‘??595%&5"%5%?18‘8% %&%e%@%ﬁo@??%@%@@fn t he
gr gup coEsl st i ngpplicatioas.bBecause of theirloker bulkdemsitics] dpeogs]s have becomedhe geligbns
and graphitigec - . , the
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present inventi qﬁeceg’giﬁé g%@p,hgmahheomﬁmt\aceous conponent is chemcally
nodi fi ed. e present ipventi.on gl des
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carbon bl ack pr drwing Higher bylkatehsitiessd at | east one or gani ¢ group, the
organic _ a@roup conpr Ising: a) at |east one aromatic group, and b) at
| east one iohic group, at least 35 one ionizable group, or a mxture of an
i oni.c group and Summayiof thellaventionp, wherein at - - |
The presént invention provides a new gel composition which has improved
performance properties in comparison with heretofore known gels.  The gel composition
of the present invention comprises: ' '
25 a carbonaceous component attached to a gel component.
The carbonaceous component may be selected from the group consisting of: carbon
blacks, carbon fibers, activated carbons and graphitic carbons attachable to a gel
component. If necessary, the carbonaceous component may be modified so that the
carbonaceous component will attach to the gel component of the gel composition of the
30 present invention. Preferably, the carbonaceous component is chemically modified.
The present invention also includes a new gel composition comprising:
a gel component and R
a carbon black product having attached at least one organic group, the organic
group comprising: a) at least one aromatic group, and b) at least one ionic group, at least
35 one ionizable graup, or a mixture of an ionic group and an ionizable group, wherein at
_ least one aromatic-group of the organic group is directly attached to the carbon black.
Details relating to a process for preparing the carbon black product, and preferred
embodiments of the new gel composition, are set forth in the following Detailed
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carbonaceous component are utilized in the gel composition of the presentinvention. As
25 used herein, “bulk density™ refers to the mass of a gel particle divided by the total volume
of the particle. : | . .
The gel compositions of the present invention may be advantageously utilized in
applications known to those of ordinaiy skill in the art for gel compositions. In
particular, the gel compositions of the present invention may be utilized in applications
30 - whichinclude the following: '
' Insulation, including thermal, electrical and acoustic insulation.
Particulate Additives, including flatting agents, thickeners, fillers and reinforcing
agents |
Adsorbents
35 - Catalyst Supports
Membranes -
Filters
Radiation Detectors
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m croscope ( SEMes ¢Qraph of a fracture surface of the gel

conposi tion, dried from heptane, produced in Exanple 5. Fi gure
2 is a SEM photograph of a fracture surface of the gel conposition, dried
from hept ane, pBoefiDesdriptionofahgDmwings Figure 3 is a SEM

phot ogr aph a frac f f
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in Exanpl e 19. f5gm heptane, pinExample &) phot ograph of a fracture surface
of the gel conposit |Bugure¢rx'sac$EM photbgraph dpfiraonere syrfavd wf € gehcdmporition, dfed
Figure 7 is %ﬁﬁq $“ﬁg e surface of the gel conposition,
dried % ep?gne ‘{)lr oguce nPI e 21. Figure 8 is a
SEM phot ogr aph of a Figuxst seSEMpmtesrephWefrwreeumy@ﬁ thecgel c@msulon dried
from heptane, produced in Example 18.
Figure 5 is a SEM photograph of a f racture surface of the gel composition, dried
from heptane, produced in Example 19. :
20 Flgure 6 is a SEM photograph of a fracture surface of the gel composition, dried
from heptane, produced in Example 20.
: Figure 7 is a SEM photograph of a fracture surface of the gel composition, dried
from heptane, produced in Example 21.
Figure 8 is a SEM photograph of a fracture surface of the gel composition, dried
25 from heptane, produced in Example 22.

Detailed Description of the Invention
As set forth above, the gel composition of the present invention comprises:
a carbonaceous component attached to a gel component.
30 The accompanying scanning electron microscope photograph Figures are provided to
~illustrate particular carbonaceous components attached to a gel component.
Figure 1 is a SEM of a fracture surface of a gel composition which does not
include a carbonaceous component. '
Figure 2 is a SEM of a fracture surface of a gel composition which includes a
35 carbonaceous component which is not attached to the gei component. In contrast, Figure
3 is a SEM of a fracture surface of a gel composition which includes a carbonaceous
component which is attached to the gel component.
A more detailed explanation of Figurés 1-3, and an explanation of the remaining
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Black with Diazoni Resul t ant on
"Reaction of Carbon Materials With Dlazomum Salts and Resultant Carbon Products”
filed December 15, 1994, the same day as the present application, and also incorporated
25 herein by reference. - :
A method of preparing attachable carbonaceous components, for use in the gel

compositions of the present invention, is described in the following paragraph with

reference to carbon blackas the carbonaceous component. Similar methods could be
performed to prepare attachable carbonaceous components other than carbon black. _
30 To prepare attachable carbon black, the diazonium salt need only be sufficiently
stable to allow reaction with the carbon black. Thus, that reaction can be carried out with
some diazonium salts otherwise considered to be unstable and subject to'd'e'compositio'n.
Some decomposition processes may compete with the reaction between the carbon black
- and the diazonium salt and may reduce the total number of orgariic groups attached to the
- 35 carbon black. Further, the reaction may be carried out at elevated temperatures where
many diazonium salts may be susceptible to decomposition. Elevated temperatures may
also advantageously increase the solubility of the diazonium salt in the reaction medium
and imprdve its handling during the process. However, elevated temperatures may result
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25 - group, a phosphonic acid group, or a carboxylic acid group. Examples include -COOH,

-SO,H and -PO,H,, and their salts, for example -COONa, -COOK, -COONR, ,

-SO;Na, -HPO;Na, -SO;” NR4+, and PO;Na,, where R is an alkyl or phenyl group.
Particularly preferred ionizable substituents are -COOH and -SO;H and their sodium and

~ potassium salts. .

30 Most preferably, the organic group is a substituted or unsubstituted sulfophenyl
group or a salt thereof’; a substituted or unsubstituted (polysulfo) phenyl group or a salt
thereof; a substituted or unsubstituted sulfonaphthyl group or a salt thereof;; or a

- substituted or unsubstituted (polysulfo) naphthyl group or a salt théreof. A preferred
substituted sulfophenyl group is hydroxysulfophenyl group or a salt thereof.

35 Specific organic groups having an ionizable functional group forming an anion
are p-sulfophenyl, 4—hy§lfoxy-3-sulfopheny1, and 2-sulfoethyl.
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' dnspersxbxhty and penmts control of the water dispersibility toa desired level. Itcanbe
noted that the water dxspers:b:hty of carbon black products contalmng an amine as the
organic group attached to the carbon black may be increased by acidif ymg the aqueous
media.
25 When water dispersible attachable carbon black products are prepared, it is-
preferred that the jonic or ionizable groups be ionized in the reaction medium. The
resulting product solution or slurry may be used as is or diluted prior to use.
Alternatively the carbon black products may be dried by techniques used for conventional
carbon blacks. ‘These techniques include, but are not limited to, drying in ovens and
30 - rotary kilns. Overdrying, however, may cause a loss in the degree of water _
dispersibility. In the event that the carbon black products above do not dispersé in the
aqueous vehicle as readily as desired, the carbon black products may be dispersed using
- conventionally known ;echniques such as milling or grinding.
In contrast to conventional carbon black pigments, the chemically modified,
35 attachable carbon black products are not difficult to d_ispe_rSe in an aqueous medium. The
chemically modiﬁed, attachable carbon black products do not necessarily require a
conventional milling process, nor are dispersants necessari_ly needed to attain a usable




can be attached to the same organi ¢ groups as discussed above for the

i oni zabl e gMQA 48456 whi ch form.anions. Preferably, the or J&H %D
contains an aromatic group such as a phenyl or a naphthyl group and a
guat ernary anmoni um or a quaternary phosphonium 10 group. The aromatic
group is preferably directly. attached to t he’carbon bl ack. _

‘Quaterni zed cyclic anines, and: ‘quat erni zed aromatic “am nes, can al so be

used as the dispersigan Prefepablyjhe ahiemicallymodified, m@ablpngrbmbhcbmodmonluds
such as N-net hYR-eqnulre low sliBéI' btﬁﬂhg oﬁﬁﬁklﬁ tote&dlly dispelie the SgmeAk in water.

An advant age of t aV| g an att ched or ani ¢ group
rogh Wci‘ﬁ@ @ 03 isp Qllybon

?’a{{ ? bl ac
15 substituted w t hFEnetigmation
bl ack products pay’oﬂrmedaxsmgaoonvmmm proeess| p1d+panedzimg)mbthb§t Tﬂé fsulvme t 0

the correspo |
di sper si bi | i ?,S e car%anﬁ%{sg&)g‘ %%&5‘&@?%&%@%%@#?@%&%8?3&
organi ¢ groups amldmséhbmdtfmndhnmﬁhbumawmwgnan i oni zabl e group or

the number of b?e@&lt@n&ﬁﬁ&?ﬁs@ﬁn&ﬁﬁ&eﬂn &ﬁg}rfs oup.
Thus, increasing the nupber of 1oni zabl e groUps a SOCI at t he
carbon bl ack product §g§]’rﬁ?mﬂﬁ’"?4f&“%ase t heir water di spersibility and

per mdt shcont rol of thearboh blacklp md&tt&ia?mblattachwali’ieﬁeﬁmd@ﬂaﬂlegﬂiup, thé ofgatiicbe
noted that t,Ae t S _containi n
o e as 1 nd0° BRUBolpRRRES) f edd duelrot IS B0 by MK Gleofi Bl ot dasf
i ncreased by acbug xbynzagleigmlpaqwmusure of an inmiki grogpand an ioniziifle gronpt wherein at
di spersi bl e at t%&%ﬁkﬁr&:ﬁ&%’o ) of Q?ggx‘o%pgsfcﬁreeﬂfw gdto'the tatbon black.

preferred that t |on|c or I za e reaction

onl Int
medi um The Preferably W@“ﬁ?r‘ﬁéﬂ]ﬁa ?cﬂrﬂ‘lﬂléﬁe ﬁ@emypﬁglsw&eaoféa is or
diluted prior tcarmhcacldoralsilemaﬁebf \aeshuombacndafbmméxe@ﬂ(amaémé aryay be

d db d,f bl acks. Th .
techni ques. ol ORI Saf BrefGRAy U oraift groun iy RkER Aroft B SFonmroy inagtis
kilns. Overdryi suthPhM\gmU,p Qrayalc&uwf,@-stdbphenyl otmesalighereef; aid mb(myphenyl or .
di-spersibility. a i hBRof Edtbod Bakk bGu&as ?M%&@ﬁﬂéi&gﬁ RSl

I C esire e car

di sperse in the . aqueous ve as rea y as
bl ack products tifgsheompasiionafdhepresegt mvenuo&x@gﬁy Wthﬁﬁ\ﬂﬁ“qfé’éwmbq@ues

such as m | |'i ngat@ve Withefefhce to the creation of an hitach@ble ta&BbndceoudBiipoAéRNal
car bon bl acér pi gnent the hem ¢ %JJ mdll% ed, 35  attachabl e car bon bl ack

products aré&-not di ffp%[’ff"'fe Bty eripcludes 3 06w gel.comnpsition cqmprs
chem cal |l y nodifi ed, a gtltcamipaiéntandhr bon bl ack products do not necessarily

requisre a convepti Boeb a&yﬁgﬂg Pwlggm{}%l%r 7%‘?{???&%&8% $he organic

necessarily needed to attarn
" PCT/ US95/ 16196 group comprising a) at least one C,-C, , alkyl group, and b) at least one ionic grpup, at -

di spersi on. Prefgsapl %rﬁﬂﬁlew 6P ﬂ{&%fmam gunxﬁs&ham BnfAbIR 3R g‘ Hfitein

products onl ear stirrin
di sperse t hé p.@}@tonemlm%qup of the organic group is dxrectly attached to the carbon black.

Preferably the ionic or the ionizable group is selected from the group consisting of: an

ethane sulfonic acid or a salt thereof. Carbon black products, suitable for use in the

various embodiments of this gel composition of the present invention may also be

produced in the manner described above with reference to the creation of an attachable
30 carbonaceous component.

' ~ The gel compositions of the present invention may be produced by any process
known in the art for the preparation of gel compositions. For example, a gel
composition of the present invention may be produced by the following method w, hxch

. relates to an alkoxide system: _ '
35 1) = Dissolving a precursor of the desired gel component (an alkoxide in this
example) in alcohol; -
2) Adding water to the solution so that the molar ratio of alkoxide to water is - |
approximately 1; |



Pellet fo | rom the attachabl e carbon bl ack products bly
bt POupSheR,

performed™ conventional wet process, pin-pelletizing

resul t ant 5 pellets are easily dispersed in water with mninmal shear
stirring or m xing, reducing or avoi%ing the need for mlling or the
use of a dispersant. The present invention also includes a

new gel conpositio corrp I n conponent and

a carbon bl ack pro ?@W%@H@WIHP%%W%WW@%PGGQf wafss to

__ Iorgatnic 10 gbﬂtqqudéﬁppmﬁnmlﬂ)mﬂaaiﬁodﬁﬁeawlpﬁatlc group, and b% at f
east one ionic grg p, roup, or a mxture o
an ionic group and %\?@’i@?&“&?‘aﬁﬁ‘%\ﬂ%’w@r g‘? Es& | east one aronmatic
group of the organi® gro‘\#ﬂmsa@htaim(gepeaﬂyanh@dOr@bQShth(smrtgnlatimhaﬂ:'khesol
Preferably g he | onigy or A alsui cgepmlasnaalaqp?fbxtﬁéagr DAL C;

consisting of: a r hOX

_|
or a salt thereof: And a ?@F ting gel ‘H‘F‘GWP %ce‘h‘?%’fl\éﬁnéfﬁ‘?m‘l%t

or gani c grouplw:m\sabﬂeh@dleﬁagng egrn@weme&vaédt:mpafam:af (oleogscl fﬁphelnw
group or a sa e t her eof ; and car boxypheny
or a salp%efé%gyeg’f’r&é&sf ﬁi{?{ grt%gﬁ >suitable for use in the
vari ous enbodi nent $)of Washmgtthq:geg@el insoiventito blsad the water out anskeeplacerthent i on
nmay be progyicqdrvit@veapner descri bed _ above W|th reference to the
creation of an attachabl e carbonaceous cojrponent . The present

i nvention further cl u@gmgthfeﬁﬁﬁlﬁ@gg%ﬁﬁ;ﬁ?gmta,gghcqg@ﬂﬁquogpﬁ&epresent
gel conponent jimegdtion. -a carbon black product having attached at '

| east one organic ou Q in ast one
Clerr]-Cferr] al kqufegﬁ%ﬁgxtsgrghs "g? ﬁrqs%glstpe ﬁmmgg O@ﬁ%reg%nt mven%o‘x east
one i oni zabl einpludgpbut@re rotdimitedte metal axndegeilpceayrsochmm inithe ayhisuchidse gr oup,
wherein 2 at |lea kyl gr (C group is directly
attached t:_lg t he ca%‘%&t‘%&‘e>I K. % a§@ ﬂé&‘@'l onic. or the ionizable
group is selected Fian the group Adkds SedjumSiligae, Colloidak hane sul foni ¢

acid or a salt theggef. Carbon bl lkox'?&eoéHﬁ&a suitable for use in the
various enbodi ments of this gel corrp05|t|on of the present invention may

al so be produddy n t he nmannalkakidesy Cdlknidah/Sodaumidfiminefec8aitsce to t he -
creation of a attach |l e 30. carbonaceous onent The gel
conposi tions P ARaTHCUlaT PESCHTSGRiS l?ésegpt‘}d'éfc‘ﬂﬂeﬁ@/g"aﬂ?s“ﬁ[“ocess

known in 20e art fﬁnnhéreiemlembatmlglt@me@i-o@sé formaking algelsotnpokition oF tiejpresena

72! o ng”omp AP el 55 e S0 BN R B el
Di ssol ving a precuAseet forth inthe presedingisegtion, thageb sempositions of ihpresent n t h| s
exanpl e) in alemfin may be utilized for any Lpphwt?&ﬂtd&m%? £l cBﬁp&J?&“otst lA4twifibeS O
52?282 gg ol arrectr)gr}u}ze% lgjthosleko )é,' Ay (s)klwan Sle art, whether a &Pncularrégltcon}/posmon of
PCT/ US95/ 2619¢he present invention is desirable for use in a particular application will depend on the
characteristics of the gel composition, stch as the amount of carbonaceous material
incorporated into the composition and the bulk density of the composition.
Exemplary uses for gel compositions of the present invention include, but are not
limited to the following: |
30 [Insulation Applications _
| The gel compositions'of the present invention may advantageously be utilized in
thermal, electrical and/or acoustical msulatmn apphcanons as set forth below.
- Thermal Insulation '
A gel composition of the present invention may be incorporated as loose fill
" 35 material in thermal insulation. In addition, a gel oompositidn of the present invention
may also be combined with a material selected from group consisting of: calcium silicate,
a mineral fiber, a metal oxide powder, a polymer foam, fiberglass, and the like and the
combination incorporated into thermal insulation. Alternatively, a gel composition of the



11

8 _ Adding an acid to the resulting solut] nsothat t he
nol ar rati W%?G'Wégger to acid equal s approximately 1:0. Fpge ﬁfoduce
a sol; 4) Addi ng a carbonaceous conponent to the sol;

5) Addi ng a catal yst (generally an acid _or a base) to start gel ation of
t he sol; 5 AglngthereSLﬂtlng gel inanmld for

appr oxi mately 24 hours at 50[err Washi ng the

resul ting gel PRFSERt igyention mayh JE@W‘?GPWEM‘}‘E%“BHHBHFOH W th water,
and then aging the Eeétnmm&ﬁlaﬁén at elevated tenperature (up to 100C,
preferably approxi ngte 0. 24 hours

Bshing the aged oo Botbampostion dine et fiventiiay b pcomeraied imapabimer 10
wat er wit h solcomposition intended for use asSglectricabDingulatjort. he resulting gel to forma

gel conposigion of fLeNiasg on [ nVention Gel
precursors, suitabl gel conposition of the present
i nventi on i ndd eeléommsman@f thequvsmrunaaébeam@m@@d@éa ?ﬁséélﬂr sors

known in the afdteridl uCicoBStic inslation. Alternativétifzgel EdhpiRition of the ﬁ@deﬁ(lﬁi'elﬁﬁmem

g;lefglr Zglr . maybecombme? v%lbq,qp}her material, suchasc%l@sﬁg ggpolgggql fons S dt?lat €
Al [err] ( err] combination incorporitédnasifillanateriz in adodstic,insdtationm Al uni nat e, Salts

The choic fﬁn%fa%&ﬁé@;: géﬁ%%ég&@r i s made based on the type of gel
desired. 2 |'s relating to the process for making a
gel conposition of Thqsekﬁ@mﬁlonsoﬁhepmmvsmom@v@d@ﬁ%wxgﬂ@eesses are

set forth bel quditiRes, B&:h@é@lﬂﬁlke‘i‘érssﬁéﬁdré) fillers or reinforcing a pisidt ehdh t he

precedi ng sect| conmpositions of the presen |nvent|on may
be utilized fb‘?i‘?ﬂ?‘é?)%“ EH& on known forgel conpositions. As will be

recogni zed by thos&hidkenersli nary skill in the art, whether a particular gel

Sgrﬁjihf :ar aBLI |2§at | E)Eq B&W&%&epeﬂ%ee](;)kgetgﬁmbgm%ﬁ%@lﬁh%er| S ﬁlgiscgneﬁlq he gel

conposi tion, pigmenisompesitionsand pontinginks Mdentoxic seheampesitions of thelmntpor ated

into the COWDﬁWehh&{‘mﬁ stb@u@k&eha%ﬂﬁél&e\ﬁeﬂhfé&ﬁprﬁms' tion.
Exenpl ary uses for g conp03|t|ons of the present invention include, but

are not limt the following: 30 |Insulation Applications
The gel conposi ti oThe ermt‘flatter” s Eiittingagent referstayompositivnagd chiwllyddiEor

01111200, 0. g o e 35 bl 35 v

A gel conposi maybeatilizesasafiatienforilapquers, somi-gloss vamishesoenanrels arvinyd filmsse

fill 35 material iggjpermal insulation. In addition, a gel conposition of
the present invention, %1 al so be conbi ned wt h a materl al ;sel ected
from group consi st Angfl 6pmpesiian of thespregeatingention may.beytiljzedas affliss jn cements; o

oxi de powder, adhepiveyaRi nadtwralor sihthetidiubbeér comipdsitibss. | | ke and the

conbi nat i i ncor pgrated. into thermal insulation. Aternatively, a gel
Corrpositigﬁ of the %gm__orcmgzggl_

A gel composition of the present invention may also be utilized as a reinforcing
agent in polymer compositions, such as molded brake linings and in natural or synthetic
rubber compositions. '

Adsorbent _
30 A gel composition of the present mventlon may be utilized as a material for
liquid, gas or vapor adsorption.
Catalyst Support " . _
~ A gel composition of the present invention may be utilized as a host support for
powdered metal, or metal oxide catalytic materials.
35 Membranes |

A gel composmon of the present invention may be utilized as a material for

selective liquid, gas or vapor separations.
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present invention nay be utilized under vacuumin thermal insul ation.

El ectrical Insulation - A gel n]Z)orrposi tion of the present

I nvention may be incorporated into a poly conposition intended for
use as electrical insulation. 5 Acoustic I nsulation

A gel conposi Elll€E of the present invention may be incorporated as a | oose
fill mat eri alg gdﬂcé}ﬁ?ob&{drfoﬂthﬁptbs%ht ifVentibh 28 utiN £ddas afil@&lon material
conposi tion oﬁ }gﬁg@{ sen vention may be conbi ned with anot her
material, suc B ose “pol ymer foam and the conbi nati on

i ncorporat ed Radidtioh Detectors al | n acoustic insulation.. 10 Parti cul at e
Additive plicati '
AR g.g%l oom%os?uon of the pr@%ﬁt 19%:“135 Bﬁ?%hhﬂ% a‘g&?ﬁﬂ ener .

I nvention may be u ves suc

flatters, fil F@FﬂoﬁﬂeM$Wﬁﬁ§hﬁ@mv§m@%ﬁﬁt&°fof each ~ include t he

fol | ow ng: Heat Resistant Cddtingkeners 15 A gel conposition of the
present inventlon be utlliz ckener . pi t
conposi ti ons and pzlB ?%Eﬁf’r?stfﬂ 'Bvﬁéﬁo Wﬁ“ﬁ’%ég@?“”ﬁ@f%%t
I nvention mayttmhnaibhmemmdmnged as a thi ckener in food products.

"Flatters term"“flatter” of "flatting agent"” refers to
10 w K Di
conposition Il or 20 flatten the finish of a paint, varnish or
film A gel conposAtgebepmeposition of theresentipkeation mﬁybeutxhzeﬁmdlsbcmqmatm as a
flatter for Iﬁfqmﬁﬂe@@my(ﬁa@aﬁcwmhﬁ@mpnanel s or vinyl filns.

e e as a i1 66 ML RORRS &) B0 R G e AR Wl ¢

rubber conposeft appheatloilﬁ the gel compositiaisiof meqaresgntAgmmnon may be utilized inAn=p@] if
COMpOS| t1 8 Ofi oy bfj Eoiif, Adh¥ %Eéh «ﬁl{}ﬁﬂe@@m{j%htﬁd&? 135 Eéd}f cing
as no

agent in poI yner conpo 't ons, such I ni na ur al
or synthetic Wil alsq baysalized shas theiforegping list is notansshastive kg, bt merely A gel

-conposi tion ofe ﬁela&tﬁfwmemihﬁmwxﬁmmyfoquetgelédﬂﬁﬁmﬁsarm%&rseﬁl for
liquid, gas or vag)or adsor ption. Cat al yst Support A gel

conposition Vet Dhresent invention may be utilized as a host support for
powder ed netal, orTedffdctivetiesscandatindntages of redrious aspects afd éfabdudiments of the

20 present invention will be further illustrated by the following examples wherein the
following testing procedures were utilized.
The nitrogen surface area (N,SA) of the carbon blacks utilized in the examples,

expressed as square meters per gram (m /g) was determmed accordmg to ASTM test

procedure D3037 Method A.

25 The dibutyl phtha]ate adsorption value (DBP) of the carbon blacks utilized i in the
examples, expressed as milliliters per 100 grams of carbon black (ml/100g), was
determined according to the procedure set forth in ASTM D2414.

The average primary particle size of the carbon blacks utilized in the examples,
expréssed as nanometers (nm), was determined according to the procedure set forth in

30 ASTMD3849.

The scanning electron microscope (SEM) photOgl'aphs were produced utilizing a
Hitachi S570 Scanning Electron Microscope, produced and sold by Hitachi Corporation.
Each of the SEM photographs was taken at a power settmg of 20 kilovolts, and a
magmf ication of 25,000. . _

35 The aqueous residue of modified and unmodified carbon blacks was determined
by the following procedure. The carbon black (5 g) was shaken with 45 g of water for 5
minutes. The resulting dispersion was poured through a screen and rinsed with water

“until the washings were colorless. A 325 mesh screen was used unless indicated



.\'A gel conposition of the present invention may be utili ZEdvm%éékal

for SsHQW1B$0 | i qui d, gas or vapor separations.
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Filters A gel eorrp03| tion of the present i nventi on rray be
utilized as a filtration material - for particu’l'ates Radi ati on
Detectors el conposition of the present invention may be
utilized to dePEh@t'WllsadAgtﬂ dringthesscreen, the weight of fesidue o thegeresn wigs defermined
Cher enkov radi.ghd &xpréiRé®sd Hpercentag eofhkaehrmea%kwd iR teftg A

- gel conposition of ent vent be utilized n th|

form as a ﬁ%ﬁ{kﬁg??w&“ *f r?g the gphcqmppsiEops g’F@c‘i rgune
A gel corrposi tfcoibvoﬁgpﬂmeednressent i nvent ion may be utilized in diel ect ric
material s, Bu“e‘ﬂé!”%arrpl e as a low dielectri.c constant materi al .

As w || be rec those of ordinary skill in the art fromthe

foregoing |ist Thegelawm@atandrﬁennqdnecxgmdnedrm@ds tingflsages thepylipddeadnt
i nvention may Qigapdof tHeZRfwhdpréSdied u nd ng. MPhe Btal E:;;Blﬂrﬁ@w%térﬁﬁﬁ

whi ch heretofore utlllzedc tio n al so
be realized t hBRYSI%Y &fé nsetnmpgs cﬁ rxlsg'gglﬁ’s Lifesm?sd%mnel

representati vemfghiﬁgethea@ygem anddividiig bisthe géomietiidieolgme. divimsrAcdsiwlitse Hfod: he
present

Dartous. aspQct IR BRI sras ot meingyined or 553 ERERIRA MR PF iR e S
further ill ustdlapledemntmempldyad\n'Blgpla)lladglsﬁ}zoﬁxgﬁllcemposm@xs measured byowi ng

testing pr Ocedﬂk%%ry\ﬁibﬁlab%?k @%.Fcamed outasf]ollows A edﬁ'etxﬂﬁﬁﬁﬁssséé'ﬂfﬁﬁﬁe@ﬁ/ﬁﬁ

(N2SA) of the carb I zed 1n the exa expressed

square meters FEFCUEY 1A neight andithe ellig Weigh BETGURYdS %nmeeégfi
procedure D303fa'1elvenmfleaﬁed8§am Next, a]ﬁegedmmybfmmhﬁbagmzaﬁmdmmm ue

: f bl ack

11111t er d8er OB peraE s dep i criliashe smespeg e Bhighras veIoR SE Frighler
according to ttlnecplﬂ omiainmg maturyand theisamplgismesaded, The weight of mercuifhia both
average pri ”aré‘asé’sax"sttﬁe%'c?n%rfeﬁ t85v8f&ﬁxe Jaggmé &&J&g%HHanE@g THE dift ence

exanpl es, expr es as nan erm ned accor to
the procedure B@‘t"e?!bWNOﬁuﬁleﬁ mqnernw@m@lsanemptv cell and the volume of mercury

~ which fills the cell containing a sample is known as the displaced volume. Since
20 mercury does not wet the sample this volume is equal to the total volume of the sample.
The density is then determined by dividing the weight of the sample by the displaced
~volume.
Rub-off _
The rub-off of the gel compositions were measured in the following manner. A
25 dry gel of specific size (approximately 6 mm in diameter by 25 mm tall) was slid several
times for 2-3 inches along its 25 mm length against a white cloth, using hand pressure.
The relative extent of carbon deposition was then oompated to a calibrated computer
generated gray scale. The computer generates varying shades of gray and assigns
numbers ranging from O to 50 depending on the extent of gray. As the numbers increase
30 from O to 50, so does the relative extent of gray. After the gel was applied to the cloth; a
" visual comparison between the deposited carbon, and the computer chart was made, and
a gray scale number assigned accordingly. Lower numbers correspond to less rub-off.
The rub-off values in combination with the SEM photographs are used to determine
whether the carbonaceous material i is attached to the gel component.
35 The following examples illustrate methods of modif: ying carbonaceous matenals
‘and the production of gel compositions, including gel compositions of the present
invention, from an alkoxide precursor and a sodium silicate precursor.




The scanni g,g%el ectron m croscope (SEM photographs were prggﬂ@ggs ﬁ“ol zi ng

a H Y, 1843670 Scanni ng El ectron M croscope, produced
Hi t achi Cor porati on. Each of the SEM phot ographs was taken at a power
setting of 20 kilovolts, and a magni f i cati on of 25,000. 35 The

aqueous residue of nodified and unnodi fi ed2carbon bl acks was det er i ned

by the follow ng procedure. The carbon bl ack (5g) was shaken with 45 g of
water for 5 Examplesnutes. The resulting di spersion was. poured through a
screen and rinsed Threb c¥Bbfblacks, CBUAL €B Bﬂﬂi@!ﬁsd:“v?&éuﬁﬁieﬂlﬁﬁt%h@@ﬁrg A 325

ge&/h U%gg/eﬁgl\!\ﬁcsam% e%d 'IJPIA Ia.nai caf| gtloggrtnes of each olvyh)e carﬁon gl'ithks as deterglgqﬁgrqm tgee

After drying prbeedncsseiesnnwﬂabmel,gbteasfshmmndtahl@hbelbw screen was deternined
and expresged as a percenta (ﬂﬁl:ﬁf‘é the test.

The bul k en5|tnd r ub- oftg%g ge s?ﬁ ons were determ n ned by the
fol | owi ng prdce

9eh$g BiiraryaS! | and
- formed in cylfl ' - |I'n aflsgases the o) ndr| cal PartwleSx ape of

t he gel - was resewﬁgmn diyi NGem2/Ehe tof [ al (‘gmoog Iurre was gﬂ;)erm nefl by
physical |y ng Lpnsi = b

det er mi ned by and dil32 di ng

volune. In i o C geon%ry vva: NoT gt ar nedj or ,
as averific Wala Gy ditsplacenent we

enpl oyed. Th i ons12®asur ¢

di spl acenent —“—‘—“’—““v‘_‘——-‘“ illed
W th mer cury to a speC|f|c hei ght and the cell is weighed. The marcury‘

is then renoved and -t he Nielifichtfontdf Mateﬂgpgt a dry gel sanple
of known wei ght t he mercury is.added to the
cell to the sane }ﬂ%?}}ﬁ?sg %ﬁt“@ﬁmg?ﬁ'ﬁéfB '80&?“@ eqys materials, i, “co |

cont ai ni ni) mpaticularzaron biacks Tiese éxampies alsp et forth theyproagtitres htiliveddor y i n

bot h awr&ij,

mercury. Theiﬁﬁ ertﬁeér}ggdlﬁ%whé'ﬂa&& %ogmvegla;;rrg nfgér?jc%}?% %‘Q&L ?IBS an
empty cel | ad8dMpdifjed GBC wilized inthe yemaining granaMles: | | s the cel | containing a
sanple is known as the di spl aced vol une. Since 20 nmercury does not wet the
sanple this ;ﬁl ugﬁ i s equal to the total volune of the sanple. The
density is t rm ned by dividing the weight of the sanple by the

di spl acedlS v ol|Thisexample illttatesttiie preparatxonof amodiﬂimi qath@ncuzfckq)i‘oduhe gel
conpositions § r 25 ~dry gel of
PRI el L Y

specific size |arree mmtall) was slid
several Two hundred grams of CB-A was added toasolunon of 10.1 g sulfanilic acid

and 6.23 g of concentrated nitric acid in 21 g of water. A solution of 4.87 g of NaNO,
in 10 g of water was added to the rapidly stirring mixture. 4~Squobenzenediazonium
20  hydroxide inner salt is formed in situ, which reacts with the carbon black. A_ft_er 15
minutes, the dispersion was dried in an ovenat 125C.
The resulting carbon black product was desi gnated “Modified CB-A” and isa

carbon black having attached 4-C H 4SO3 groups.

25 'Exam gle 2
This example illustrates the preparation of a modified carbon black product
utilizing the carbon black designated as CB-B in Table 1 above.
A solution prepared from 36.2 g sulfanilic acid, 8.76 g NaOH and 162 g of water
was cooled in ice. Twenty grams of NO, was added with stirring and the resulting

30 suspension was warmed to 75 C and added without delay t0 a pelletizer containing 300 g
of CB-B. After pelletizing for three minutes, 35 g of additional water was added. After
pelletizing for two additional minutes, the product was removed from the pelletizer and



tinmes for 2-3 inches along its 25 mmlength against a white clofh, using
hand pressuM@96/18456 The re| atjve extent of carbon depositiong’\%%é'lsﬁﬂe‘isp6
conpared to a calibrated conputer generated gray scale. The conputer
generates varyi ng shades of gray and assigns nunbers ranging fromoO to
50 depending on the extent of gray. As the d3imbers i ncrease 30 fromO to
50, so does the relative extent of gray. After the gel was applied to the
cloth, a drieddn mgmmtiamﬂmtgl&é%‘t%ememwgdd 832Hmesh rasidue of

conput er chart (o Bstiparéi @ 94% for thellnfdackATabo biEBE" assigned accordingly.
Lower nunbers corres,Pond to les The tlreal;g- of f _val ues in
r

s ryb-off . 3, .
combi nation with the lﬁ'ﬁ?‘ﬂmﬁ%‘%{’ﬁ?k&’%&%@@@"(ﬁlm odified CB-Byjpdiga t he
car bonaceous nq%%:i b S O € onent. 35 The
fol | owi ng exanples ﬂ%@g&%gﬁ%@%&%@go@%@pﬁg car bonaceous material s

and the prodgction of gel conpositions, including gel conpositions of the

pr esent I nyention, froman al koxi de precursor and a sodiumsilicate
precur sor. rii"/’&?@-‘gﬁéj18456 ' _
PCT/ US95/ 16196 This example illustrates the preparation of a different modified carbohdblack

Exanpl es tha ¥ ] b:&% B - e
utilized in th(—.P_ r?%‘ﬁt’ovm ng’&%ﬁéﬁ’q@@g%?%{& e]%#ﬁgﬁﬁg?&p%b@rwﬁ%? 1of each
of the carbon Hbg¥&s, as determined by the procedures descri bed

above, werej@s shows. aidabliydfoxyBé2dhe sulfonic acid (1.89 g) was dissolved in 1003% 1 -

Bl ackAnal | P ' '
%g?ogr i ng(r:y "% 3{'}11' &Sgter, l(r)%%?rcté-gswas added and the mixtypg s cooled to room tempggature.

Particle Size Concentrated HCh{IbI8g)Blasakded and ther( a§oduticn/af)0.85 g sodiurh mitfilliag)

g;f')B water v%}?ﬂed, forming a diazoi%f}mfﬁlt in situ, which réﬁ%% with ?:g carbon blacit.3 0
CB-C After stirriggfor 15 minutes, the resulting dispersion was driedis an oven at 125 C.

Modi fi cat i ofy of ﬁ%@@i&@%@zﬂﬁésﬁ%g&& of 0.06%, compared i3 9% (85 thé uflreabieliSt ' at
met hods of nodifying, carbonaceous materials, in 10 particular carbon -
é‘&éﬂil

bl acks. These Kal so set forth the procedures utilized to

produce the nodifi edheatsultin Pblackpeoducewlasd@sifnatd® PHenolic CB-B; afdishol i ¢
CB-B and Modified CB-C utilized in the repai ni ng exanpl es.
Exanple 1 carbon black having attached 4,3-C.H ,(OH)(SO, ) groups.

20 Example4

This example illustrates the preparation of a modified carbon black product
utilizing the carbon black designated as CB-C in Table 1 above.

Two hundred grams of CB-C was mixed into 2.8 L of water. Sulfanilic acid
(42.4 g) was dissolved _i_nto the stirring mixture, and then a cold solution of 25.5 g NO,

25 in 100 g of water was added with rapid stirring. 4-Sulfobenzenediazonium hydroxide
inner salt is formed in situ, which reacts with the carbon black. Bubbles were released.
After stirring for one hour, 5 g of NO, was introduced directly into the mixture; The

- dispersion was stirred for 15 minutes, left overnight and dried in an oven at 130° C.
- The resulting carbon black product was designated “Modified CB-C” andis a

30 carbon black having attached 4-C_H,SO;" groups.

As illustrated in the following examples, the modified carbon blacks, Modified
CB-A, Modified CB-B, Phenolic CB-B and Modified CB-C were attachable to a gel
component and utilized to form gel compositions of the present invention. For
35 comparison purposes, gel compositions were also prepared utilizing the unmodified
carbon blacks, CB-A, CB-B and CB-C.



15 Thi s exarrpl e il Iustrat es the preparation of a nodjfi ar bon
bl ack prod¥@t?6/18456 i | zing the carbon bl ack designated as @%gs?lﬁwfabl el
above. Two hundred grans of CB-A was added to a sol ution of
10.1 g sulfanilic acid and 6.23 g of concentrated nitric acid in 21 g
~of water. A solution of 4.87 g of NaNO2 14 in 10 g of water was added to
the rapidly stirring mxture. 4-Sul fobenzenedi azoni um 20 hydroxi de i nner
salt is fornmed in situ, which reacts with the carbon black. After 15

mnutes, the di spemdgmev@aﬁédu%r' Jp B1S0%H Y wigHt4Solids) [ oading) Examplekne
resulting carbon b

S an
carbon bl ack havin [ P ide proeprioronly. ¢ 2
This exanpl e |ahﬂmﬂratamndn,deqsrthmmra1udrloM%anghthllds)Jdﬂ'mablbmkeqnsoduct
utilizing t§1e ngga} bI ack designated as CB-B'in Table 1 above.
A sol ution prepa rom 36.2 g sulfanilic acid, 8.76 g NaOH and 162 g of
wat er was cooled in ice. Tvventy grans of NCIerr] was added with
stirring and tﬂ)ﬁn{ﬂ”ti ng 30 suspension was warnmed to 75 C and added
wi t hout del ay

eIIetlz ont ai ni ng 30 Afte
pel l etizing for th "g silieaso Wﬁ?”&%‘ﬁ?ﬁﬂﬁ‘l‘“&/@t‘@“%&%@“ﬂhﬁr _
pel | eti zi ng f@nhbmhaﬁelcga% pm&) 6timludfethyl aloehqghy 48Timl deiesized watee,cantl 02t b

ggl.r} Etslgé/e ElﬁggM hydro&@oﬁg étgig {2500 ml round bottom flask with vi gorous stirring. Thf glask

dried in an owes placeding hoatingmentje amshemigtge rqﬂw(egm@ub@ aifl ofla gorBiepsarat 70’
residue of ' Cfor@ Kbifé THRTeRIHTE Sof) &ﬂ&ﬁé&mﬁmms;%d fﬂe%ﬁf%c@bl@&&nd

The resulting carbon black product was desi gnated Ifi-e and 1s a
carbon bl ack lswwd‘qfaﬁmﬂ@sb4 Clerr]H err]Sq err] groups.

Ex | e3 &Eg@l L,Hﬁég Eﬂﬁx

di ?Fgrgnt nodi fi ed car %1%10% G/aé{av roduct , %(nﬁgafl@mf%eut [ Pégl n

t he car bonl b A¢ae adiusted kY dilutionwitipethyl 3\1\00118'0‘1“6 ﬂlat the rcsuawev@xquepntamed 1
5- Ami no- 2- hydlswybgewegme Bhib vas hctomplished by @OmbiningP0% by volunecborigina 081 witlof -

war m wat er CB-B was added and the m xture was. coaled to room

t enper at ur e. Ogb by yolpme ﬁﬂwb@e@hthﬁel@nowaﬁwm byrdditionof O M NELQHIiBA| on
of 0.85 g sodiymuu Liib Bf" '16 awmoma% ﬁ@ﬁxeaa‘mﬁ&uamﬁ A, fe HliRaaNN sal t

in situ, which reacts
allowed to stir f or 2—5 minutes and then cast mto cylindrical tubes. Gelation occurred

20 within 7-10 minutes. The gels were then sealed within the molds to prevent drying and
aged at 50° C for 24 hours. After the initial aging the gels were removed from the mold,
placed in sealed tubes containing delomzed water and aged further at 70° C for an
additional 24 hours. Upon removal from the oven the gels were rinsed several times
with deionized water.

25 ~ The gels were then placed in sealed tixbes containing acetone and a‘lldwed ©
exchange pore fluid (primarily water) for 10hours at 50° C. Atthe end of a 10 hour
interval the gels were rinsed with acetone. This process was repeated a total of 3 times.

~ After three such intervals a portion of the gels were then directly dried from acetone, first
at 50° C for 12 hours then at 140° C for an additional 12 hours. The resulting gels

30 . showed some shrinkage and each had a measured bulk density of 0.5-0.6 g/cms.

The remaining gels were placed in sealed tubes containing heptane and allowed to
exchange pore fluid for 10 hours at 50° C. At the end of a 10 hour interval the gels were
rinsed with heptane. This process was repeated three times. After three siich intervals
the gels were then directly dried from heptane, first at 70° C for 12 hours then at 140° C

35 foran additional 12 hours. These gels retained their cylindrical shapes with the least

amount of shrinkage and each had a bulk density of 0.4-0.44 g/cm”.
The bulk density and rub-off of representative samples of the gels dried in



After stirrieggfor 15 mnutes, the resulting dispersion was driég Ln an
. dto

oven at 1259 26{184561 0 product had a 325 nesh residue of 0.0 )

94% for the unreacted car bon bl ack. The resulting carbon
bl ack product was designated.Phenolic CB-B" _and is_ a carbon bl ack
having attached 4,3-C[err]Herr] (O—l)(SCI_err]ls) groups. 20 Exanpl e4

This exanple illustrates the preparation of a nodified carbon black product

utilizing the cacelsnsand heptanesierg deterpinedaccording ta theprpeeduresidgscsibed herein. The
Two -hundred gr abul&faréProvidedsn Tabes? aid Pbelow. L of water. Sulfanilic acid
(42.4 g) was dissolved into the stirring mxture, and then a cold solution
of 25.5 g NJerr] 25 in 100 g of water was added with rapid stirring. '
4- Sul f obenzenedExanple 6m hydr oxi de inner salt is fornmed.in situ, which

t ith kh : : s Lrri
for one hour> 5q_of Koy Sxfrls lfEERe biIdolH S mpositiopbiuhith Bhirlantd
di spersi on was wimedided ¢asbomblack aempenent, designatod hereigies “RcA hrwiagithe analyticaln

a}vbé'?)]?' Cd - Cprop%rtigssel'hgg{igqugkimgbl car bﬁn bl ackt'{)roﬁugt was desi gnat ed
" Ifie -C" an S A car.bon ack_havi.ng attached. .
4 QLer ] orr ] SCT or rin B GAuE 1 Seps 1o ExATipIag wers FiGpALally TPpreteravith one

fol | owi ng exanypdxeeptidnh ®riop th ihitiatng gellformation alspecifidainbunt of CB-A waBadded to the

comonent akd (o Pkt Bt din sk Jo ol Ghe pbh AR 0 o v iine
For 35 conpari $thylgleopels dhe ameuntofindded carbandlakieasghiculatedspeh that the tatal solids

the unnodi fi ed ¢ontent feifdnfia the &nleS so firifeffER 1R MGt 5 ddded carboﬁ/ﬁaa@/e%ﬁééﬁm
PCT/ US95/ 16196

A Kox do. Gol - Presuirelssk massfisifionobn tisexampliihe desiyed aalids comiantia 1 Bistas i

Ex?rrpl es 5-22 Exaniplé 5CTherefore, O kitat P1 Bdolidy] 95%mﬁ§ttedibkﬁbi/éﬁldphe_&ﬁfa?ﬁﬁg 5%
) n : 0

(ol ds) . of % ol RalRdBlTRl frbe corBAPLIBIE o Yraeh ' Repfe ol oBeat théine, the

sol was diluted with an appropriate amount of ethyl alcohol to account for the adjusted

(@)

silica content.
Once the relative ratios were determined the appropriate amount of carbon black
‘was stirred into the sol for 5-10 minutes. CB-A was dispersed into the solution such that
20 5% of the total solids content was CB-A and the balance was silica. Gelation was
initiated as in the previous example. The volume ratio used to promote gelation was
maintained at 1:10 and the concentration of the base remained at 0.5 M.
Asin the previous Example, the ammonia was added, the CB-A was dispersed
with vi gbrous stirring for 2-5 minutes and then cast into cylindrical tubes. Gelation
25 occurred within 8-12 minutes. The gels were then aged for 24 hrs at 50° C, then
removed from the casts and aged another 24 hours in deionized water at 70° C. The gels
were then solvent exchanged and dried as outlined in Example 5, from acetone and
heptane.
The bulk density and rub-off of representative samples of the gels dried in
30 acetone and heptane were determined according to the procedures described herein. The
" results are prdvided in Tables 2 and 3 below.

. Examples 7-11
" The steps from Example 6 were repeated with the exception that the amount of -

35 CB-A was increased from 10 to 50% of the total solids, the balance being silica. The
particular amount of carbon black utilized in each example, as a percentage of total
solids, is shown in the Table below: -



A concent%&qls%é ica sol was prepared by mxing 61 m (m Iﬂéﬂg?]ggsﬁaééof

tetraet hyl orthosilicate (98% pure), 61 m of ethyl altc 87 m
dei oni zed water, and 0.2 ml of 10 1M hydrochloric acid in a 500 m round
bottomflask with vigorous stirring. The fl.ask was placed in a
heating mantle and the m xture refl uxed WiIPh the aid of a condenser at

70[ err] or 2 bours The resulting sgol _which contained %
Sigerr] by weight, vagxaspleed and |  wimowdoRCalbeBlk&(GBtA] Usd

Prior to gelation the sol was warnedjto room t erjp@bosi SBokdsand the .
concentratio WS oS ety i OTT—V STyt At TotT et I' t he
resulting m xjjure contaiged 119% S -by weight™ This. was 3 Iished

by combi ning {f0% by vol uig original 4ol wth ~ 36% by vol une et
al cohol . Cel gt as T Nig rated by agqurtTom ol 075N wam

0 0 0 A e e _anmmninl a. \\a addea 1§
al lowetOto stir fof 2-5 mnutés ad@ then cast int 4
CGeratypn occurred [Z0 W THrm_7- T0 I MUt es. -.;J
t hen seal ed ds to nrevent drying and —  _aged 2 '
24 hours. After the initial aging the gels were renpved fromthe nol d,

pl aced in seal ed tWhes themamhef{eBeeyasiedfrom 1R 10:30% the wayaels were reticeably

70[err] C for gfbnger. ForaGiVehisovent, thé dried ?éls déRenstrafid¥diced SIiAKaBE aVRWet NE

. strong . arce
I |t . t 25 Th
Gel 5 ver o 1 haPHpASEUY o Hhe SchomieaL BE et SRS IR S eREndent ofAbe (o
exchange pSr ecarbon bladkpcontentiway thearuboff dharactefistivofreactnof thefiged gels. Ypor he end
; 10 h L , : :
e r epeat od Endipt PG wnith Srlaimel UL b Mot SR e Buof POPS

of the gels viaek wasdepesited fromythematerial prsmthecglovnsavithfwhich they wergpangipd andr 12

hours then attoilf@il@l‘dﬁhdiﬁahﬁﬁia@'lnMﬁéﬂ,%tﬂ%n%bﬁwﬂlﬁiﬁé?&&é gasgel s 30
showed sone shri ngj\ ﬁh%% eac bul k -0.6

h had a sure density. of 0.5-0.
g/cnierr]. Prepar TﬁewW‘ﬁF%ﬁg ¢ @W&(}T ghasactenisycs, ﬁ‘xg supsigtigl hes.
cont ai ni ni0 hegtrizion rates) ofithe @als dndicate the presench aficarbgrobleck whiichl wias hotlditablgadrts at
50[err]C. - At 10 hour interval the gels were rinsed with
hept ane. Thi sthggegggglggé\e/a@ repeated three tinmes. After three such intervals

the gels were thenlhf bubledengity pnduarbiaf bof mprssentasive samples ofithg geledriedinf or 12
hours then atacdwhfé 8id Heptade, fréih eddh cxaidplel WErR|detbAmitRl bécordiE &ANE Blotedifitati Ned

their cylindrjcal, shapés wth the |east .. unt, aqf . shfinkage and each
had a bul k dslssstpddetesn. 1 .'Eﬂhﬁﬁmfewﬁfﬁl‘“Tab?eg%an”obe‘%e bul k density and

m xture was
-cylindrical tjpe

rub-off ofSrepresentative sanples of the gels dried in = WD 96/ 18456
PCT/ US95/ 16198 2 mnje 12 ' o 15
acetone and re determ ned according to the procedures described
herein. The Thisenampleillustateshepradugtion gba gel comprsitign plthe present

invention comprising a carbon black attached to a gel component.
In this Example the procedures used in Examples 6-11 were substantially
20 repeated with the exception that the gel compositions incorporated the Modified CB-A of
Example 1. ' _
_ As in Example 6 the Modified CB-A was dispersed into the partially hydrolyzed '
silica solution such that 5% of the total solids content was Modified CB-A and the
‘balance was silica. A set of gels were then prepared with the addition of ammonia, aged
25  in the same manner as described earlier, solvent exchanged with acetone and heptane,
and dried as outlined in Examples 7-11. . . o
The Modified CB-A was dispersed more easily and remained dispersed longer in
terms of settling behavior than the unmodified CB-A, In the w¢t_ state the gels seemed
stronger than those without carbon black and slightly stronger than gels contéining
30 unmodified CB-A. For a given solvent, however; the bulk density was lower for
materials made using the Modified CB-A. More important was the observation that the



Exanpl e 6 5 This exanple illustrates the production_of  gel
conposi ti on¥ORRI8436 cont ai n an unnodi fi ed carbon bl ack ngg?%’rﬁwf
desi gnated herein as "CB-A", 'having the anal yti cal properties set

forth in Table 1. _o=tn this exangl e the steps from Exanple 5
were substantially repeated with one }cept ion. Prior to initiating
gel formation a specific amount of CB-A was added to the 10 sol which had
been dil uted ddwh-off bekavionwassignificandy sedugediiadicsiing thatdhaogben bleek wasactively
ethyl al cohol . iiﬂ%?p@ﬁﬂ!driﬁﬂﬁ%eﬁi@ﬁérk?ﬁid%ﬁcﬁﬁd%lﬂaé’@ﬁo&ﬁﬁ&%@t ed such that
the total solids c?néent r epa n?gﬂlt he sane, so that thg effect the
amount of added car boif Pkgensity ‘g%a'bd:’ representatiyg symples,ef the gels drediin j ¢ 4.
I n thi.s exanpl ecktone atebhepemie sveré deseramimddenctording td tejpriedwres described herdi.aThe €
5. Therefor 9 ' : (Vc%_ P lsted of silica and the remaining
5% 15 soli g’s %‘ﬁg%ﬁ@%#ﬂe@éﬁﬁaﬁg zé:‘i In order to keep the solids
content the sane, the sol was diluted with an appropriate anount of

et hyl al cohol tgx uysti# or the adjusted silica content.
Once the relative ragjlos were determ ped the apprqpriate anmoynt of carbon
plack  vas sti r%smasi ssallusgpieths Broguction ah gl comensiionsol e RpwAL o
i Rt obt Ihe sol ut iiMnlﬁUﬁ'h/hidhaion%se5Wnblb&ét&bmdt695;1;§bnfp@ﬂémm was CB-A and
t he bal ance s silisga. . CGelation S L niti.at as_in.t evi ou
exarpie TS ol e TR OBREHE 17 et el Vi e Pucd Fahe i of
1: 10 and the cdviedified €Br#wasfnoréasedirom 10sod0%e thetto@l likts, the balance being  As
I n. the previoug;iexa : ' : - |

Silfey *rn% Partibdifr BN bFcalsh BRAA Mz 1R o2 e%am@x;er & PRSEchEtde of

with vigorous stirring .for 2-5 mnutes an hen cast I nto
tubes. Gel ati ofotgksoligs,dsshogen ip;the,Tablabelowii nut es. The gels were then aged
for 24 hrs at fFc—rier— ETTOY et T DT THTe eae T~ T et AT 24
hours in dei onflzed wat er=X8MPfo[ err] C. amguiof Carbon Black (Modified §1R:47

exchanged and (ried as outlined in Exahple 5 f ¢ off TR Sojids and

hept ane. ~ The 1Bul k density] and rub-off ofl0epresentative
sanpl es of theffge gred - Sto——acetueamdheptare YT e deter i Tes
according to tHjje Drocedurelé1 descri be erein. The results are pripvi ded

in Tables 2 ang 3 below. 15 Examples. 7-11 20 The steps [from
Exanpl e 6 werefTepeated w EXC romtat—tte oépmuﬁ 35—CB=A was
i ncreased fromllO_to 50% (} the total kolids, the baldnce being siligp. The

particul ar amofint of carbdf black util} zed in each ex8hple, as a perdentage
of total 30 R B A A L A B B S A L A S S A=A %A | R A = A 8 8
PCT/ US95/ 16596 When compared to gels produced with unmodified CB-A the dried gels of
examples 13-17, incorporating Modified CB-A, demonstrated reduced shrinkage and
lower bulk densities for a given solvent as the Modified CB-A content increased. In
addition, for a given solvent and Modified CB-A content the wet gels were physically

V O 05 U

stronger and the dried gels had lower bulk densities as compared to gels prepared with
20  the unmodified CB-A.
Another distinguishing feature of the entire Modified CB-A gel series wasa
~ noticeable difference in the rub-off behavior. Upon handling the dry gels, a substantial
reduction in residual carbon deposited on gloves and surrounding media was noted in
' coinparison with the gel compositions produced with unmodified CB-A. The attrition
25 rate of carbon fines for the gels prepared with Modified CB-A was also greatly
diminished in comparison with the gels produced with unmodified CB-A. These results
indicate that the Modified CB-A was attached to the gel component.
The bulk density and rub-off of representativé samples of the gels dried in
acetone and heptane, from each example, were determined according to the procedures
- 30 described herein. The results are provided in Tables 2 and 3 below.



16 Exanpl e Amount of Ca Bl
(CB- A WO 96/18456 5>E?R1s%/fi‘63%%al

Sol i ds | . 7 ' 10

8 15 : 9

20 | 10 18 30

11 : 50 When t he anount of
CB- A vari ed frm 20%t he wet gel s were noti ceabl y - stronger. For

g Iglkvgn sol vent, 't hia this Bxdmgie! the prooedusésrusédin Exathiples &- K3 werelsabstarially Iowe(r]I

u ensi ty Co [ . endent
of the r?#%’%‘f@%ﬁ' cﬁffg“%bﬂ%ﬁg& ﬁ%ﬁ%@?@@% actg’%t 2%}? quegch of
the dried gel mlypodpropemwlseﬁfarthnghbl@lh ed gel which contained CB-A, a
materi al oo the f%‘&'é‘?%’ﬁ@“ E*ﬁ? ﬂgﬁ‘@s - %‘%ﬂlﬁﬁﬁ}é@d ‘gﬁm“‘a‘w e

sur r oundi ng me‘éif"&s ution gug @r} iSpliqspopteptway C %WFP@@%@W t he
gel s pr efilésach skt bhgéleérevmam ;sre;barecawtth te.additien iofl Bmafonia; Ageda séleertst i cs,
and substanti a| % 2‘& n r i lgxan'm 5gel s indicate the presence of
carbon bl ack WiF Wgﬁﬁ aﬁstog '} P> he gel conponent.

The bul k density aﬁﬂwbﬂkmnjoandmpﬁlfﬁdntmmt@amﬁssoﬁthcgdsgéedsindri ed in
acet one angg h%&@g@md e@@g@%@d&éﬁﬁﬂﬁ? r&eaﬁfés |n Béefn g and

procedur es escr | herern s are prOVI
3 below. 15 resultsagprowided 1nTables2and3 ‘er s exanpl e |Ilustrat es the

production of a gel conposition of the present ~invention conprising a
car bon bl ack g‘tﬁ‘&ﬂ%to a gel conponent. In this Exanple the ‘
procedures us npl es 6-11 were substantially 20 repeated with the

exception that the s examppeidlustragesshé produgtion f & gelicomphtition ofsdie gBsentof

Exanpl e 1. cArBGHH f tA was di spersed
into the p}';lsrtllg‘ﬁnnoﬁ Jn?)ﬁ?/ %51 L@ﬁaﬁtggﬁ%ﬁ@gﬂfﬁﬁ%ﬁﬁthat 5% of the
total sol | ds cont et EEXABBIE theqrocsdlses used in Esample 18gueresubstanpallioppeated. A

set of gels we¥ith theexceptiGiphagtle péiicbmpbsiticidndorsurated the Wiadified CBIS 6f BXamplé
t he sane manney  as descri bed earlier, solvent exchanged with acetone and

hept ane, and dried as outlined in Exanples 7-11. The
Modi fied CB-A was d&s;pehaswdvmmﬁxmed the M@dnfredrﬁB-Be\daa:ﬁ/sped acedrdingpahe i n

ternms of tl eeﬂnf%r he .
gel S seene ehtgghéﬁg@ an ti&Wﬁgm car X%‘y ac QII%ECP (ﬂ* Cﬁ
Stronger than twé%qm? mﬁ@mwomemwmatﬁ B angfhe Dalancaazsiiae f set
however, the g Blsderesm&upmpﬁreacagealdmésamemmm&egd@bﬁbdwﬂmssomxﬁ he

Modi fied CB-A exchang Wik adethie 203 ieptax?e, QP G oMhinb G & tnd grewous Examples.
The bulk density and rub-off of representative samples of the gels dried in
25 acetone and heptane were determined according to the procedures described herein. The
results are provided in Tables 2 and 3 below.

Example 20 _
This example illustrates the pmducnon of a gel composition of the present

30 invention comprising a carbon black attached to a gel component.

In this Example the procedures used in Example 19 were substantially repeated
with the exception that the gel compositions incorporated the Phenolic CB-B of Example
As in the previous Examples, thc' Phenolic CB-B was washed and then dispersed
.35 into the partially hydrolyzed silica solution such that 15% of the total solids content was

Phenolic CB-B and the balance was silica. A set of gels were then prepared with the
addition of ammonia, solvent exchanged and dried as outlined in the prior examples.
The bulk density and rub-off of representative samples of the gels dried in



R g remppio
Jub-of f behavior was significantly reduced indicating that the carbon bl ack
was actively i ncorporated in the gel Hstwor k, and attached to the gel
conponent . The bul k density ana“rub-off of representative
sanples of the gels dried in acetone and heptane were determ ned

according to tHhecelnsand hertaneguare detprapinedaceprdingtp the pracedures descaibed herpino Thged
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As in the previous Examples, the Modified CB-C was washed and then dispersed
into the partially hydrolyzed silica solution such that 15% of the total solids content was
Modified CB-C and the balance was silica. A setof gels were then prepared with the
25 addition of ammonia, solvent exchanged and dried as outlined in the prior Examples.
The bulk density and rub-off of representative samples of the gels dried in
acetone and heptane were determined according to the procedures described herein. The
_results are provided in Tables 2 and 3 below. '
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6 CB-A 5% Heptane 1038 15 -
7 CB-A 10% Heptane 0.37 20 -
8 CB-A 15% Heptane 031 30 2
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20 and less than or equal to S0%, by weight (solids), of a carbonaceous component.

pud

- Example 23 :
A silica stock solution was prepared by mixing commercially available sodium
silicate (SiO,/Na,O molar ratio of 3.22:1) with deionized water in a volume ratio of
25 1.33:1 water to sodium silicate. The temperature of the mixture was maintained at 15° C
with vigorous stirring in a jacketed beaker. A separate solution comprising 2M H;SO,
was prepared by diluting concentrated sulfuric acid (96%) with water. An aliquot of 104
ml of the sodium silicate stock solution was then slowly added to 50 mi of stirred 2M
acid. The rate of silicate addition was kept constant at 1 ml/minute and the acid solution
30 wasmaintained at 15° C in a jacketed beaker. The resulting silica sol contained '
" approximately 10 wt% silicaina salty solution.

* Gelation was accomplished by controlled addition of 1M NaOH until the pH of
the sol reached 5. At this point the sol was vigorously stirred for 1 minute and then cast
into cylindrical tubes. Gelation occurred in 5 minutes and the tubes were sealed to

. 35 preventdrying. The gels were allowed to age for 1-2 hours at 50° C in the molds
after which they were placed in sealed tubes containing deionized water and kept at room
temperature. Fresh water was added every 3 hours for a total of 12 hours at which time
it was determined (by insertion of a sodium electrode) that the sodium sulfate salt was
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This example illustrates the productlon of gel compositions whlch contain an
20 unmodified carbon black component, designated herein as “CB-A”, having the analytical
properties set forth in Table 1.

The steps from Example 23 were substantially repeated with some processing
changes. Prior toinitiating gel formation a specific amount of 2 particular carbon black,
CB-A (as in Examples 6-11) was added to the sol. The amount of added carbon black |

25 was calculated such that the total solids content remained:the same, so that in effect the
amount of added carbon black replaced an equivalent mass of silica. In this examplé, the
desired solids content is 10%, just as in Example 23. Therefore, of the 10% solids, 90%
consisted of silica and the remaining 10% solids were added as free carbon black (CB-
A). In order to keep the solids content the same, the sol was diluted with an appropriate

30 amountof deionized water to account for the adjusted silica content. o

Once the relative ratios were determined, the appropriate amount-of carbon black
was stirred into the sol for 5-10 minutes. In this example, CB-A was dispersed into the
solution containing sodium silicate combined With- sulfuric acid such that 10% of the total
solids content was CB-A and the balance was silica. Gelation was initiated as in

35 Example 23, by increasing pH with 1M NaOH to a final pH of 5.

After gelation the materials were aged at 50° C for 1-2 hours, as in Example 23,
removed from the molds, and then washed free of salt for 12 hours at room temperature.
The loaded gels were then solvent exchanged and dried as outlined in Example 23, from
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20 modification could be preserved. Therefore, the pH was carefully raised to 3 with
controlled addition of 1M NaOH and the appropriate amount of Modified CB-A
dispersed into the sol. Gelation was achieved, as before, by controlied addition of 1M
NaOH until the pH of the sol reached 5.

. After gelation the materials were aged at 50° C for 1-2 hours as before, removed

25 from the molds, and then washed free of salt for 12 hours at room temperature. The gel
compositions were then aged up to 24 hours at 70° C in deionized water. A portion of
the gels were then solvent exchanged and dried from heptane as outlined in the prior
Examples. ' :

The bulk density and rub-off of a representative sample of the gel compositions

30 were determined according to the procedures described herein. The results are provided

~ inTable 4 below. |

Exam gle 26
In this Example the procedures used in Example 24 were substantially repeated

35 utilizing a different carbon black, designated herein as “CB-B”, having the analytical
properties set forth in Table 1.
~ Prior to initiating gel formation a specific amount of CB-B (as above), was added
to the sol. The amount of added CB-B was calculated such that the total solids content
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This example illustrates the production of a gel composition of the present
- invention comprising a carbon black attached to a gel component. _
In this Example the procedures used in Example 26 were substantially repeated

25 with the exception that the gel compositions incorporated the Modified CB-B of Example
2. _ S :

. The Modified CB-B was dispersed in a beaker of acetone, vacuum filtered, and
then rinsed repeatedly with deionized water until the pH of the wash water was close to
neutral. The Modified CB-B was then dried at 140° C for 12 hours. -

30 As in Example 24, the Modified CB-B was dispersed into the solution containing
-sodium silicate combined with sulfuric acid such that 10% of the total solids content was
Modified CB-B and the balance was silica. In contrast to unmodified CB-B, addition of
Moadified CB-B was limited due to the stability of the surface groups. Only at pH greater
than 3 could Modified CB-B be introduced into the sol such that the surface modification -

35 could be preserved. Therefore, the pH was carefully miSed to 3 with controlled addition
of 1M NaOH and the appropriate amount of Modified CB-B dispersed into the sol.
Gelation was achieved as before by controlled addition of 1M NaOH until the pH of the
sol reached 5. o
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equi val ent ss of silica. .l I s exanpl e, the desired soli ds,content

205 T ud s T EpspBfiotisTE-Hi G GrRe ina Paker pfap s EcBEja, 5Rd ©

consi sted of sthencmsadwpedely withideionized Gses ahtildbe pid pEthadkdsh water iwas elosatobon .

bl ack (CB- ~  nedifal. The Bhdtlic CB-KSAR hdifurklat 130" CORY §ahobfie same, the sol
app anount 0 e

was diluted wifh a?i opropri ate nmou dei oni zed water to account for
the adj usted silicaAsémEsample 24, the Phenolic CB=Rsasdispersed iatq the selytipmeonfainiag

?ﬁt er ml n fed , t5h§oocﬁﬁﬂﬁ rsﬂkﬁtb%bﬁ?nbﬁit@ﬁ With sﬁffuﬁ@i&&ﬁ&cﬁkﬁh@ 0% o?'f the'B&l §Jlids tb&ﬁ?%tma@.
e sol for 5- nutes. s exanpl.e, - A was dispersed.i t.he
S0 ut 1 on Rt aPRETRYC L5 anr S PO b i I CHMESRE QU Lo Lk B, SOEHOR B
10% of the t ot Rhenolic CBsBlwaddinticedidus to tha stabifity‘ofathelsurfaee prdups cOnlyas pHli values.
CGel ation was ipjilLj i . e 6T ' ] M NaGOH
to a final pH gllfeg %ﬂhgg Bacguld%hgédlcgﬁ'g& g’gﬁg?q%l%gglemgg al g{hgéé%%ged at
50[err] C for 1mpdifisatien cand bepreservgsl. dheg:fore, the pHavaswafullyorisedito hwiths, and
o Vs por e it 1 OO e IORIARSAN U P COD e
Vv X | -

9et s 22 into the sol. Gelation Was acl%eve_d as before gy controfled. adcfit?onEciﬁ[lT\R &\go%-?ﬁnul

the pH of the sol reached 5. '

After gelation, the materials were aged at 50° C for 1-2 hours as before, removed
from the molds, and then washed free of salt for 12 hours at room temperature. The gel
compositions were then aged up to 24 hours at 70° C in deionized water. The gels were

30 then solvent exchanged and dried from heptane as outlined in the prior Examples.
' The bulk density and rub-off of a representative sample of the gel compositions
were determined according to the procedures described herein. The results are provided

in Table 4 below.
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hept ane. The buI k density and rub- off of a representative
sanpl e of the gel conpositions wer e get erm ned according to the
procedures descri bed herein " The results 3 e provided in Table 4

bel ow. 5 Exanmp hi s exa le illustrates the-
production of a gel W‘p&él ﬁoe‘wmfslﬂinetem@semor els. (irﬁ%t‘;ﬂb%nprl sing a
carbon bl ack attached to a conpanen ____ln this Exanple the
procedur es r anp 4 wer b subst aft re pea With th
exception tha q‘i:hgnge %é%‘i‘t | 013_.4!%[ o%”'én @&% %@_ iff

Exarrple TIIC Vot Co—A— oS T—ta—egKer
of acet one, CLﬂBm fijl t er Nape and Nonet h¢n Heptaned r@m@egletdBy wi t -
dei oni zed watfler %htilf t heCBtA of 't he M4sh natfi;qptaxwas cPS2eg/ern3 25eut
The Modi fi ed ||CB-28 was Mﬁ@ﬁedlﬂBeﬂ ht H90[ ef r Heptamer |19 N asem3 5 15

in Exanpl e 241 t RS Modi f.i BB A whs pe t Rd®: i bn cHht aini ng
sodi um si |l i cd | i : ac aP-19®/6 .Phe ' ot al
solids cont ert AL RGP0 -ai8C 2.9,
contrastto unm)dlfled CB-A addltlon of Mbdi fi ed CB-A vvas I|mted due
to the stability of the surface groups. Onl y at pH val ues greater than
3 could Modlified CB- . ce 20
nmodi fi cati on coul ¢ ed to

3 with cont rcﬂixmq:lescm-u are dtréctddwomraﬂr@dmied frema:nrallmxldequecummam of

Modi fied CB- lo hi eved, as
before, by c Sl %gﬁg%mglﬁ%@o‘i{%?’&g W&n&ﬁ i% Ee&gH of the sol
reached 5. After gelation the materials were aged at 50[err]C

for 1-2 hp@lrg,@ﬁ,ﬁg)re renoved 25 fromthe nolds, and then washed free
of salt for S at room.tenperature. tions wer e
Chen aged up to 24 GlEPE O BHE | EHFIS eI M B £1oEPEOTRARIPE RO
the gels \A/era:B-blBWasmbmesw e 50%:0f gieckoth sblidls cemterits amd the pgimgand drying stepsed i n

the prior g Ofxspﬁfore tl're appro i2(3SnfBdhi %(%ﬁ%’l &VXS %ﬂ%draﬂgtl%f bi @hs 2

representative sa oSitions §aleor di ng
to the procediluted Vﬂé’s@hylmhﬁlép@lamtamlﬁ@oﬂmm@ salids %ntﬂm d@efation wag n Tabl e

4 bELOW I 15 ) initiafed M leRardé fashllon as in pr evxousi:I Skahipls 55{3”]2{ elsr\ger]?:cﬁ%%géu for ES ed .
bl ack. fesi qriATOUR g, 6 ihieseaeey AR plan diseed  oTishipe Wil Vgtand | o'
set forth in a'gﬁiglafﬂﬂ C, these gels were thePdiied d:ta:tlylﬁrcmi theintgherdiqubn firstat S0f G
specific amoypt Phofr hed 4548046 10 Koils. 200d
The resultmg products were incoherent bodles largely compnsmg fines. The
20 bulk density of a representative sample of the resulting product was determined by the
procedure described herein. The result is set forth in Table 5 below.

Example 30 _ . |
This example illustrates the production of a gel composition of the present

25 invention comprising a carbon black attached to a gel component.
In this Example the procedures used in Example 29 were_substaniially repeated
with the exception that the gel compositions incorporated the Modified CB-A of Example
1. _ ' . |
As in previous examples; the Modified CB-A was washed and then dispersed
30 intothe partially hy_drolyzed silica solution such that 60% of the total solids content was
Modified CB-A and the balance was silica. As before, the sol was diluted with ethyl
alcohol to maintain a constant total solids content and gelation was initiated in an
analogous fashion. The gels were then dried directly from the mother liquor as in
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remai ned the sanme, so that in effect the anpunt of added CB-B replaced an
‘equi val ent mass of silica In this ex l e, the desired total solids
content is 10%just _as i n.Exanp 23. Therefore, of that 10% solids,
90% consi st ed d¥%agipig 2% bé(raamgrfer %hmirﬁté@ Canghesealed cylindrical aolds, dbrfeat 14Q°
free CB-B. In (aftgrlot}mulggep t he sol | ds content t he sane, the sol was 5
diluted with an appr rlaearm nt |ze ter to accqunt fqr the
adj usted silica s Wére Sty gresvé?ﬂeoqeeql%el ets WhAWeler e

det erm ned, t hepha;ipalbﬂlardu 'Ehelmsla nu:ghgd:ic &moouris loficdrbon fines and thesgel aniel: wast 0

t he sol for Wr:n& %&ﬁmg%d [ i
sol ution containi ng&g‘gglaﬁdm&glle e?t??e corml netgﬁlw%e d?' uri (R:‘ﬁg%ndﬂé&gw%%hat
10% of the t ot &Rrbonacegns matgriglin Exampla28. CB- B and t he bal ance was silica.

Gel ation was Imtlat?ﬁbaﬁku&mﬁ f a represeaRNe Of HeSSltiRY plodaésasi ng pH
with 1M NaCH t

ela terials
were aged at 5% %"P gfy gﬁ{wgdu%desg}lgpgerepb erﬁsultg's Settf?r?lbm’#arli’ge Iﬂ‘é’ and
then washed free of salt for 12 hours at roomtenperature. The gel
conpositio aged up to 24 hours at 70 Cin deionized water. A
portion of V\gzﬁ%lbg?; nposi tions were then solvent exchanged and dried
from heptane as out | |lmatample illustratestike produstion ebargel egmposition of the preserithe bul k
densi Ejyt and ruiijh\iéhﬁoﬁéo ﬁﬁﬁ@%ﬂéﬂladkaﬁtﬁé{ﬁﬁg@a lcb d ﬂéﬂt corrp05|t|ons|
were determ ned acc n acedures de erein e resu
are provided ?SFQOWI’B@F’?EF:;C gererepeate%yéthﬁ e p“°n‘hat ¢ amount
exanpl e illust Mcbchﬁed GB—ADMGdum‘eawi 10708 gfahe weaipolitls] the balafice betngwikie Ks

0 Ehi s Exchol 2o ol B bl B8 oMyt ACOIRE o Rafaltis corSRAPT btigs poptent
repeated 25 wi ehd gelatiencwapinitiatedinan anaiegoye fashionp dbe gels merd thewagrsifat 24ihoure
Modi fied CB-B gf Mh@sealed cg]?ndncal molds and then Jﬁ'&i Mﬂif foth thSmBtée Rquor,

di spersed in a_beak acet vacuu il Itere then rindsed

repeatedly wit Argiaf |9§EF 10:hqurs, thenjat %é:fﬂq 19¢h OPWe vvash water was close to
Rgut r a:EX The Modi fi Gmhe%u&fn\g@&lléthweredfamdzdabum%[hemlb&eésny wl@xlobma‘ézﬂ\,aga&'

i n Exa i fi [ SO
cont i o na20° Eeeri dtfinel. e Sufk dentRd of 4 RBRSG s BelebY st arpausso
of the total s®asdeteoninedby thegrocedure desoibéd hetei@BTiBe assdltumt foathain Tebledds
silica. In conpggat to unnodified CB-B, addition of

Example 32
25 In this Example the procedures used in Example 29 were substantially repeated

utilizing a different carbon black, designated herein as “CB-C”, having the analytical
properties set forth in Table 1.
The CB-C was dispersed into the partially hydrolyzed silica solution such that
80% of the total solids content was CB-C and the balance was silica. As before, the sol
30 was diluted with ethyl alcohol to maintain a constant total solids content and gelation was
" initiated in an analogous fashion. The gels were then aged for 24 hours at 50° C in the
‘sealed cylindrical molds and then dried directly from the mother liquor, first at 50° C for
10 hours, then at 140° C for 10 hours. _
The resulting article was analogous to that of Example 29, namely a weak,

35 broken down gel was formed which consisted largely of carbon fines. The network was
not coherent and lacked the structural integrity seen in the examples of the gel
compositions of the present invention.

The bulk density of a representative sample of the resulting product was



Modified CB-B was limted due to the stability of the surface ou
at pH gr e®16/18456 { han 3 coul d Modified CB-B be mtroduced’qrﬂféa ﬁgﬁsol
such that the surface nodification 35 could be preserved. Therefore, the-
pH was carefully raised to3 with controlled addition of 1M NaCOH and
the appropriate anount of Mdified CB-B d8persed into the sol.

CGel ation was achi eved as before by controlled addition of 1M NaCH until the
pH of the detegniinadehythe proSedure deschifedt@erd 84T be result is set forth in Table 5 below.
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After gelation, the materials were aged at 50[err] C for 1-2 hours as
before, renovEX@mple33 .from the nolds, and then washed free of salt for 12

hours at room termﬂﬁaémgaleﬂmraedme mductfdﬂ@ﬁ%éldoﬁﬂﬁsfﬁ@ﬁ@fﬂl@?&s&&ed up to
ei oni S _were hen sol vent

24 h d
exchgz(r;;:d ndn%'?\rutr? CPrBHT R HEH Bl\éc%%[alcb@ﬁ a%ﬁi OPBFRr Exanpl es. 5
The bul k density dndhis Elaamplfe thef pracedapps esetin ExampleS2vpdre substantiall yyrepeated

conposi ti ons with th g)f@ej:ﬁoﬁjﬂlta?ﬁl @%@6&9@;@@gﬁ@%ﬁ@gﬁ\ggv&ﬁwbﬁcgﬁg%%ﬁg -

herein. The resu e provid
10 “Thi% exarrpl e illustrates the production of a gel conposition of
the present lmﬂrﬁrmmscexmplesmgwmmmamama asd'@en URp é&sé@'

t th
ver 6 subsiGndP@ b pertiglb v s thufin ek@@ﬁ%ﬁ%‘ﬁf%ﬁﬁﬂf@das?mem was
conposi tions MmhfxequlBaCadd thedwal%lnemwhs $1i2B-A3 teforExtherpdl avas diluted withfethyl
The Phenol \9@&1 &?lasc filt d
ang enot Ihgr‘ilgr%l E‘se rep eat e ft B%ﬁfe?g%]%ﬁgﬂgﬁf@ﬁ#% o?r?he ‘ '
wash wat er \A/&§al@g%‘§éa$ft§°“ The gfiq,wrgﬁherrﬁggd fareddons agho” Eﬁm@efs??é?ﬂ dried at
140 C for 12 chRkdrfcal molds and then dned’élrwﬂy@ﬁhﬁme%cﬁﬂerlihh@r RReBoso" € foB18 was

di sperse 0 th ai ni ng sodiumsilicate conbined with
sul furi cdlaém E‘ OUe ef'ﬁgﬁdlgg]/f%f grsfot al solids content was 20 Phenolic
CB-B and the bal arfthe rmhlrlglarncrlawdmpcimstsumﬁannapmmmcbefn'denkemyliotlmsldi ti on.

ot oups. Qnl y Pt I LR PliifaFliiet ot oS el S

i nt roduced i ﬁ‘!%gqlﬁﬁis%fl}"’@b@'ﬁmt hat the surface nmodi fi cation coul'd be
preserved. Ther ef or'k ik @erdity 6P& seﬁmﬁdex@amaléa%é@s@uﬁg praduct wascont rol | ed

SRR e ik e Db @m&%@ el 320,
1M NaOH unt il the pH of the sol reached 5.
Example 34
This example illustrates the production of a gel composition of the present
invention comprising a carbon black attached to a gel oomp_onent.
25 The steps from Example 33 were repeated with the exception that the amount of
Modified CB-C which was utilized in the gel composition was increased to 85% of the
total solids content. As before, the appropriate amount of Modified CB-C was added,
and the sol was diluted with ethyl alcohol to maintain a constant total solids content and
gelation was initiated in an analogous fashion. The gels were then aged for 24 hours at
30 50°C in the sealed cylindrical molds and then dried directly from the mother liquor, first
‘at 50° C for 10 hours; then at 140° C for 10 hours. :
The resulting pellets could be handled easily without breakage or generation of
fines. The bulk density of a representative sample of the resulting product was
determined by the procedure described herein. The result s set forth in Table 5 below.
35 ' '
Example35 - :
This example illustrates the production of a gel composition of the present
invention compnsmg a mrbon black attached to a gel component



‘After gelation, the materials were aged at 50[err]C for 1-2 houfs

before, reMQee18456 fromthe nolds, and then washed free of gﬂP?”f‘S?“lZ
.hours at room tenperature. The gel conpositions were then aged up to
24 hours at 70[err]. Cin deionized water. The gels were 30 then sol vent
exchanged and dried from hept ane as outline® in the prior Exanples.

The bul k density and rub-off of a representative sanple of the gel

conposi tions WAhe si@ps feortiiExahple@3owete: r@eawdmhtlwexeeﬁhm&liatdmmhﬁdf

herein. The rem&ﬁedare provi ded . i'n Tabl e 4 bel ow. WO 96/ 18456
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Tabl e 4: Sodi ufABs{CIwhieh waputilized irothe &Hogn(ppemm mwrmdt;g 89% of the total Ealids:

gar bo? og  Sontent As bef?fré! ! tﬁ&appm%nadteBth &unt of ModlﬁzegRiE-C was added 5‘1@&5 sol
nmoun ol ve

NO ng Iﬁepf"&ﬁ dilut ﬁ’llggﬂé} elﬁgh%ﬁl to maintain 3 gonstant total solidsgontent all\mlg gelation was,

Hept ane . 2thigdtedth an analogbus fashion. Thelgels were et aiged for Qd-héurs at 560&n the

Hept ane O.

Hept ane 0 1éea9§déc{§§ndncal Té?ds and then dnfégxrectlyNBo(ixll fhe M_llguor, fifsiat 53X %or

Hept ane 0. 190 gourssthen at 140° C for 10 houzg Phenolic CB-B 10%

Hept ane 0. 21 g/c withdl & i ter -
feptane V\Kél ot "Tg 6€|S}lléla§ llets é)uldbehandled easiwifho dﬁeﬂ&ﬁ Bf %%h@reatszﬁzlg,ﬁm

are direct NeSe| s ity ?&F&W%ﬂ%ﬁl%@ﬁﬁ%&?r’%‘?"%ﬁuﬂ Wa§r eat er
than 50% by \Aﬂetsﬂﬂmé@wttﬂq:}ocemﬁrealemrob@naemocrmmﬁnmnfonh in TAbleBduigv.e 29

of e Avas 1 nor cadld § cAIRERAE rtehiher o GC S Larddh o o

agi ng and dryi pg=5i-epsr———iiot0—ChRaiRget—mis—letgr 8 Be—ai3aEoREd=ad=0manp uUnt
of CB-A was ad he eatbo¥S di I uf ednpyihlg ethyl Balgohol to
mai ntain a cong of al BlatKs copAewéuntCel Holeentas| 1Denkityt | atRekmn|j t he
sanme fashion aj i ous exanpl ep 5-22. The gels were then aged for

24 hours at SOyerpl Cln the sealedfcy, | ds ad, of shifng .
with water and| _" ag d‘géé he g‘aggfgquorr 5&? g i dl\ﬁ'ﬁ eftly
fromthe mothey | gg Ofer : Mother liquor | 0.61 g/cm3 Pellet

: 32 CB C 80% Motherliquor | 0.66 g/lcm3 | Fines
33 Modified CB-C 80% - | Motherliquor | 0.65 g/cm3 | Pellet

34 Modified CB-C 85% Motherliquor | 0.66 g/cm3 | Pellet
35 Moadified CB-C 0% Motherliquor | 0.63 g/cm3 Pellet

15 The results of Examples 29-35 illustrate that gel compositions of the present
invention, Examples 30, 31 and 33-35, produced with a carbonaceous component
attached to the gel component are coherent solids. In contrast, gel compositions
produced with a carbonaceous component which was not attached to the gel component,
Examples 29 and 32, fell apart. ' '

20 These results would indicate, to one of ordinary skill in the art, that gel
compositions of the present invention, Examples 30, 31 and 33-35, are advantageous for
use as adsorbents, in companson to the gel compositions of Examples 29 and 32 which
fell apart.

25 Summary of Results
As a whole, the SEM and Rub-off data from the foregoing examples illustrates
that in the gel compositions of the present invention the carbonaceous component
(Modified CB-A, Modified CB-B, Phenolic CB-B and Modified CB-C) is attached to the
gel component. _ -
30 In particular, the gel compositions of the present invention produced in Examples
12-17, 19-20, 22, 25 and 27-28, having the carbonaceous component attached to the gel



for 10 hours, then at 140[err] C for 10 hours. - The resul ting
product s WEQ 86/1848® her ent bodi es | argely conprising fines. TREI/D$PSHEIN
density of a representative sanple of the resulting product was determ ned
by the procedure described herein. The result is set forth in Table 5
bel ow. Exanmpl e 30 This ¥kanple illustrates the
production of a gel conposition of the present 25 invention conprising a

carbon bl ack atrpadeathive lewerdRubeOffitharscumparable gel compositians pruducddxiaBxampidse
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to mai ntai n acompesitons praduged mdExadples@Atand 82 aubdreirethe catbonacesus ompoaemtds | n

an anal ogQuUsifiad hy were then dried directly fromthe
o il e Qe

not her liquor as I n
PCT/ US95/ 16196 Similarly, the SEM photographs, in particular Figure 3 of the gel composjtjon of

Exi'igpl e 29, bthe%ﬂéééﬂt lﬁ@énu%ﬁ ohEbdirﬁplét145ﬁE@ﬂéf5]c¢th€gdl b@npmh&pbfqué :egb"ntcal

no S | n
et s B olnventenotEsamas Y, Efiue 65 Be gl sompguition oL the Arsstavetion 8¢

physi cal | y haEsample@Oand&iguse 8 efjthe gelaiompesitiomof thé presers invehtiores! Exahplé22,gel

article was 1ll%st¥§5¥1aggx%%cﬁflm ﬂm%ﬁﬁreme” a'mﬁlﬁ e?c&rﬁgorgg infid icle ‘

made with an unno car onaceous

The bul k densgelgompositipagnidbepresent inventinns | As ilustiated mé@gnrt:ﬁ»gs gravdBet was

det er m ned bymidiﬁlapérﬁ&ﬁﬂy 'b?n&%’id}'rﬂhbﬁﬁach&i &rﬁbnazaﬁs E&fpdrent ﬁn&ﬂﬁed &irbdh | N
Table 5 b ustrates the

|_o
product i oﬁs %lacl@gppm@ﬂrgﬁagggegap@nﬁ@gggﬁnﬁwe M%‘%‘h?*@ conprising a

carbon bl ack edrhpusitiots.! These gssultcindicaedint the modified carbon blackieasdchpdtathem
Vodi 11 e Cp. A fgiier cabBihell mibetelf RECRid B defifcn BB BOR ALK flicis sronger,
silica. As 15thamdiesilicate ﬁbca:,lmlcsmgowntmnehgekmmmtms “émbcﬂmotmtﬂM@nt ain a
constant t ot a¢arBétakélsus eSmpsitnt attached to the gel component.

20 In contrast, as illustrated in Figures 2, 4 and 7, fracture surface SEM’s of gel
compositions which include a carbonaceous component which is not attached to the gel
component, show distinct aggregates of the carbon black. In these gel compositions, the
carbon black is not attached to the silica gel component.

- It should be clearly understood that the forms of the present invention herein

25 described are illustrative only and are not intended tolimit the scope of the invention. _



and gelation was init | ggous fashion. The gels h aged
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directly fromthe nothe first at 50 C for 10 hours, then at

140 C for 10 hours. The resulti ng pellets were hard and could -

- be handl ed easily w thout breakage or 20 gél’leration of fines. The bulk
density of a representative sanple of the resulting product was
determ ned by t tocedure descri bed herein. The result is set forth in
Table 5 bel ow. 1. A elcog&i& gsﬁg In this Exanple the
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di fferent carbon bl a® €aroQRAGeEHSAOBIPOREN SJLAC étow GPmPWWF-ng t he anal yti cal
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aged for 24 hours at 50 in_the drical  nol ds an
dried directly $ARRANERIAD %?Wﬁ!"ﬁﬁéetat@%/ha@ te thegel component. oy s

then at 140[err] C for 10 hours. The resulting article vvas

anal ogous to,that of e 29 a r oken dovvn el
formed whi cﬁocony st¥d ﬁg?ég??p%ﬁm r&ﬁg’r‘f“ |%€°§ém%?51eecaﬁ S figfuponent1 sﬁot
coherent and | awakwnh taok attachableuo the gehtomponent. seen in t he exanpl es of the

gel conpositions of the present invention. - The bul k
density of a representative sanple of the resultin Product was WO
96/ 18456 4. The gel composition of claim 1 wherein the gel component is selected from
PCT/ US95/ 16196 the group consisting of metal oxide gels and pol¥ ericgels. 28
det er m ned t he procedure described herein he result is set forth in

Tabl e 5 bel Exanpl e 33 This exanple illustrates
t he producti on of a $)eThecgehparspasition of Tlaith @ wivegsie the metal axidecget campanentdsi-si ng

a carbon bl ack 1%9’11 lg,eég : ﬂ;%cm Exarrpl e
the procedures sgfseté !?n {hgr%? Bﬁ\gl}ve e {52 ?alrsft |mfl?§elﬁgn%%l%1@dﬁa@fs
the exception that the gel conpositions incorporated the Mdified CB- C of
Example 4. 6. The gel composition of claim 1 wherein the gel component is silica.

20 :

7. The gel composition of claim 3 wherein the gel component s silica.

8. The gel composition of claim 4 wherein the polymeric gel is selected from the
group consisting of: resorcinol-formaldehyde gels, melamine formaldehyde gels, and
25 phenol-furfural gels.

9. ‘A gel composition comprising:
a gel component and
a carbon black product having attached at least one organic group, the organic
30 group comprising a) at least one aromatic group, and b) at least one ionic group, at least
" one ionizable group, or a mixture of an ionic group and an ioniz_aBIe group, wherein at
' least one aromatic group of the organic group is directly attached to the carbon black.

10. The gel composition of claim 9 wherein the organic group is selected from
35 the group consisting of: a sulfophenyl group or a salt thereof and carboxyphenyl or a salt

thereof.

11. The gel comp'qsition of claim 9 wherein the organic group is p-sulfophenyl
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total solids content was "Modli fted CB-C and the bal ance was silica. As
before, the sol was diluted with ethyl al cohol to maintain a constant
total solids content and gel ation was i nifdated in an anal ogous

fashion. The gels were_then aged for 24 hours at 50[err]Cin the seal ed
cylindrical RbR&LBEE-hen .dried directly fromthe nother 1iquor, first at
50 C for 10 15 hours, then at 140[err] C for 10 hours. The
resulting article ellets.simlar in appearance and integrity to '
t hose produé%gﬁﬁ%gﬂﬁmgoﬁ ot %\fhe%tselgnm%l%;aw HP1%f car bon
fines exi st eselegtetl from the grioup curisisting of @ cgrboxylEraeiut or a salt thereof’; a sulfonibaeidoul k

density of aof£ARGRLEMYEq aﬂxgnchﬁ'\ﬁn-ﬁﬁﬁm ting product was 20
determ ned by the procedure descrribe erein. The result is set forth in
Tabl e 5 bel ow. Exanpl e 34 : This exanple. illustrates the

production of a ges. qheReisdokipositioh of H18inP9 #heRin the gel colpPoRBti N &RAFISI NJ 2
carbon bl ack %éé&\fﬂh‘fe‘ﬁg%ﬁ aoégel o] ene§t. 25] . lThe steps from Exanpl e.
33 were repelt 4 ké‘éeﬁi @nd RRIYmEHS 8els o Modi fi ed CB-C

which was utilized in the gel conposition was increased to 85% of the

t ot al liphd t et : i ified CB-C
was addedl " ThEEHSmBiiont TR RkA e AMBbo {3 T 5
constant total solids content and gelation was initiated in an

anal ogous fashi on15_Tn%egwn§)dgﬁb§c§rhgﬁsi?ed for 24 hours at 30 50[err] Cin
the seal ed cyli ndrié%lo nol d then dried directly fromthe nother
t

l'i quor, first for 10 hours, then at 140[err]C for 10

hour s. a carbi¢reblacksproduct having ateichedozn ldast dne obganill grdugs; alsé drganit t hout
breakagegr j f hoes.c. T [ a_representative
sanpl e ofl th%ﬁgggﬁf]ﬁgnn 'pat) g(tjll??:%tfo\bv?agl Clzgﬁc_gte)g}eorhﬂ’idaﬁggb %é;le%&gn%}o&gceg&}x%a .
descri bed héfast ane ippizaplegroup, pra mixture of amionic graup andanjehizakle goup, wherBinanpl e

35 _ atleasiidHexllgX grmpef hielo@h@r_s@p is AftedtyAHdeRedq8 R cafbdaBlack
conposition of the present “invention conprising a carbon bl ack
attached to a gel conmponent. - WO 96/ 18456

PCT/ US95/ 16196  16. The gel composition of claim 15 wherein the ionic or the ionizabR$roup is

| gfhe stepsy ; irsg!zggém fhe BrbufofisiSdy TR drbudnk WuifGifc 816 8P4 Ll dgf. the amount
17. The gel composition of claim 15 wherein the gel component is selected from
the group consisting of metal oxide gels and polymeric gels.

25 18. The gel composition of claim 15 wherein the gel component is silica.

19. Thermal insulation comprising:
a gel composition comprising a carbonaceous component attached to a gel
. component. '
30 ; . : _
20. The thermal insulation of claim 19 wherein the carbonaceous component is a
carbon black attachable to the gel component and wherein the gel component is silica.



CB-C which was utilized in the gel conposition was increased to 90% of the
t ot al soli% " fgcontent. As before, the appropriate anmounpcpisddp@ids ed
LCB-C was a L34 the sol 5 was diluted with et hyl al cohol to maintain a
constant total solids content and gel ati on was initiated in an

anal ogous fashion. The gels were then agg? for 24 hours at 50 Cin the

seal ed cylindrical nolds and then drie€d rectly fromthe nother |iquor,
first at 50[err] C for 10 hours, then at 140 C for 10 hours. :
The resulting pellets could be handled easily w thout breakage or .
‘generation of 1Gesii ases DEAEES S ™ S Ty gve sanple of the

ri bed herein.

‘The result is si - Table 5 -

Al koxi de Precur § Car bon

Dryi ng B Sol vent
Density For 60%
Mot her | i quor CB- 60%
Mot her | i quor 70%

Mot herli quor O SR ; o IS C 80%
Mot her 1i quor g - b 80%

Mot her | i quor
Mot her |iquor (o
Mot herliquor Of
il lustrate that §
30,31 and 33-35;2
t he gel conponeig
produced with ag

85%

bd C 90%
' %’ﬂﬂ es 29-35
®ion, Exanples
' attached to.
IBPOSi ti ons
ghed to the gel
B hese results

conponent , ‘ ot Y
woul d i ndi cat e, JESIERERISVEY ¢F REFETIES P SRSy L NN C |
conmposi tions of L SSRGS RIEIS SN T RSN 3 35 gr e
advant ageous for use as adsorbents, in conpari-son to the gel
conposi tions of Exanples 29 and 32 which fell apart. 25
Summary of Results ' As a whol e, the SEM and Rub-off data from
t he foregoing exanples illustrates that in the gel conpositions of the
present invention the carbonaceous conponent (Modified CB-A, Mdified
CB-B, Phenolic CB-B and Mxdified CB-C) is attached to the gel
component. 30 .gurymERDOki &Rl % NS I, X TR t he present
i nvention produdipeR "‘” 2 g{?ﬁf&’q‘ﬁf W27-28, having
t he carbonaceous, ;;;,,‘3’ MY NS IR’ S S AN

ey B oV or Ly S M o Y B

FIG. 1
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eonponent have | ower Rub-Of than conparabl e gel conpositions produced in
Exanpl es 6-11, 18, 21, 24 and 26 mherein t he carbonaceous conponent
I's not attached to the gel : conpgpg Al t hough the data is not
presented above, simlar results woul e expected ' for gel

conpositions of the present invention produced in 30-31 and 33-35, having
the 5 carbonaceous conponent attached to t he gel conponent I n conparison

to the gel SR O 8 ik Pt aibet et e wherein the
car bonaceous co ﬁ‘l ' . ! . ) yonent .
Simlarly, the A T i - he gel

conposition of
gel conposition
gel conposition
t he gel conposi

igure 5 of the
Figure 6 of the
) and Figure 8 of

illustrate
that the nodifi v e . gel‘denponent in
t he gel colXErra gistrated in

Figures 3, 5, GESS. - ST<R 4 il '”'; S aSéBched
car bonaceous co A T ed cary 15 b OSSR oS i stinct

aggregate in fr Sur Sgi® SEM S¥ theses r' §- CUEsi t] bns.” These

results indicats et it WP ar bon bla P t o the

silica gel conpllg i g ; ces andf A e B to carbon bl ack

link is strongepg { S '_.SI cate SO N lbnvent i onal gel

conposi tions **' I | ud® a oy .;“- . Mbnent attached to

the gel conponedd 200 f’-_lqj ntras,l f 0 S Figures 2, 4

and 7, fractur el “. acg ! fggel :q* oy R h include a

car bonaceous coRrgens. 5u’ ’ not at_g et : conponent,

show di stinct ol egao\_ car bon AREREFRs - conposi tions,

t he carbon black is not attached to t he S|I|ca gel conponent.

It should be clearly understood that the fornms of the present invention

herein 25 described are illustrative only and are not intended to limt the
- scope of the invention. WO 96/ 18456 PCT/ US95/ 16196

31 C ai ns: '

FIG. 3




1. A gel conposition conprising: a car bonaceous conponent

attached t [ onponent . 5 2. The gel conpositi f Im1l
wherein thgwégglg%‘ﬁéceous conponent is selected fromt hg%a.{[%aﬂ%ﬁé

consi sting of carbon blacks attachable .to the gel conponent, car bon
fibers attachable to the gel conponent tivated carbons attachable to the
gel conponent and graphitic carbd%éqﬁhich are attachable to the ge
conponent . 10 3. The gel conposition of claim1l wherein the

car bonaceous conponent i-s a carbon bl ack attachable to the gel
conponent . 4. The gel conposition of claiml wherein the gel

conponent is saxt B
and pol yneric geife
wherein the net 2
consi sting of si
The gel conposi ti§

LN SR S iy Al oxide gel s
= X of claim4
t he group

silica. 20

7. The gel conpdhg P RS " A PR WY b IesRERER i s silica

8. The gel conmpqg PR ! R | S ected
fromthe gréa Bmoel s, nel am ne
f or mal dehyde gel f‘? ] 9, A gel
conposition co s;égk_ a

~carbon bl ack pr qeigy R & “ug KYREP N roufr™==t he
organi ¢ 30 gr oU R s X7 o Y a,  HEE ) at
) [ . ®° - -

| east one ionic fi8 & . . r a mxture of
an ionic group .2 6% AR IRl QRLRL 7 F S R L 2 ABEEERt one aromatic
group of the oro“f'_- 3 o YA B0 § Y i - N bl ack.

10. The gel co ;;?l B PR atinl Syl IS RS ""'iﬁ'm D i S selected
from 35 the groRPEces : « Jof RIS S ) A B

car boxyphenyl ;

A3
'y

-

i “;
'

»
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11. The gel conposition of claim9 wherein the organic group is

p- sul f ophe WO 96/ 18456

DT sl 1 g gsnsess | PCT/USI516196

or a salt thereof. 12. The gel conposition of claim?9
wherein the ionic or ionizable group-ig sel ected fromthe group
consisting of: a carboxylic acid or a 41# thereof; a sulfonic acid 5 or
a salt thereof; and a quaternary anmonium salt. ' 13. The gel
conposition of claim9 wherein the gel conponent is selected from t he
group consistingof; A Xj de S.and pol yoeric gels. 10

14. The gel conmii DDy R o t is silica.

6" :
15. A gel conpo;ejvﬁ’ . o ¥ bnent and
a carbon bl ack e IRy * 4;-;;#“ SR oy group, the

organi ¢ 15 gr ougfcY L PRl al kyl group,
and b) at | east | ¢ group, or a
m xture of an i§ : - i3 v at | east
one al kyl groupugf OV : ;b TR I PR QU O car bon

bl ack. ' SR KT B EIPS T O, i : er the ionic
or the ionizabl § Zueme e ¥l &0 pad et T QSRR i ng of . an

et hane sul f oni c yPaRY-® & =ik At O IR Thegggl
conposition of gra iy . ed m t he
group consi stindZL 25 L 18.
The gel conposi i 7 Ms silica.

>".'%=' 1
24, “':‘ & ',"1’? ” L )

£

FIG. 7
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19. Thermal insulation conprising:

gonprising a cR@dhaceous c%%@:ﬂ‘é’ﬁtlﬁmwm@fiﬁmﬁwmb NG |
20. The th | i | ati f clai 9 t .
e ern‘%HPlN&su at'g‘g)@ of ¢ —S'-I'm o ere,hil%%e ca{:oﬁﬁaceogﬁ ﬁo%ﬁgﬁgi |

is a

~
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