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This invention relates to a process for the ~ preparation of carbon

products. The process invol ves reacting a diazoniumsalt with a
carbon material to yield a carbon product having an organi c group
attached to the carbon material. The_carbon material is selected
from graphite powder, a graphite fTharT a carbon fiber, a carbon

cloth, a vitreous carb 0 t - product.
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vari ety of - I ndustries and products. These carbon material s include,
for exanple, graphite powder, graphite fibers, carbon fibers,

carbon cloth, vitreous carbon products, and an activated carbon
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for example, graphite powder, graphite fibers, carbon
fibers, carbon cloth, vitreous carbon products, and an
- activated carbon products. Many of the uses of these
10 carbon materials are discussed below.

Graphite powder, in addition to its use as "lead" in
pencils, has many uses in a variety of fields, including
electrical, chemical, metallurgical and rocket components.

_ Electrodes formed from graphite are used in steel-making
15 furnaces and in the electrolytic production of chlorine,
chlorates, magnesium, and sodium. Graphite is also used to
make metallurgical molds and crucibles and chemical "
reaction vessels. In the field of rockets, graphite is
used to make rocket motor nozzles and missile nose cones.

20 . Graphite fibers and carbon fibers are similarly used

in a variety of applications. Short or chopped fibers are
. often used as reinforcement in injection moldings, as well

as in autdmotive brakes, where their good abrasion
resistance is desired. -High-performance graphite or carbon

25 fibers are used in structural composites, particularly
composites utilized by the aerospace field. These fibers
also see widespread use in sporting goods such as fishing
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These gas-adsorbent carbons are also useful in gas

separation processes, the recovery of solvent vapors, air

conditioning systems, and gas masks.

Much effort has been expended over the last several

20 decades to modify the surface chemistry of carbon
materials. While it is possible to deposit physically
adsorbed material onto the surface of a carbon material,
'permanently changing its surface chemistry is substantially

_ more difficult. :

25 PCT Patent Appllcatlon No. WO 92/13983 describes a
process for modifying the surfaces of carbon-containing
materials by electrochemical reduction of diazonium salts.
The process is reportedly applicable, in particular, to
carbon plates and carbon fibers for composite materials.

30 | Carbon-containing materials modified by the process are
also described. Electrochemical reduction of diazonium
salts containing functionalized aryl radicals to covalently
modify carbon surfaces is also described in Delmar et al.,
J. Am. Chem. Soc. 1992, 114, 5883-5884. - |

35 _ According to WO 92/13983, the process for mod;fylng
the surface of a carbon-conta;nlng material consists of
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grafting an aromatic group to the surface of this material by

el ectrochem cal reduction of a diazonium sgl t including this
aromati c group. The carbon-contai ning nmateri al is pl aced in contact
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The descri ption v%%%ﬁpfé?%gge‘tes o%fhgggllntgﬁg%%ﬁls features and
advant ages of the invention. These functions 30 - wll be apparent from

t hatyslescription or may be Iearm___ﬂg__m__'ﬂ of the invention as

described. The Objfgt gingfy, the present invention relates to
processes for preparing a carbon product having an organic
group attached to a carbon material selected from a
graphite powder, a graphite fiber, a carbon fiber, a carbon
20 cloth, a vitreous carbon product, and an activated carbon
product. One process comprises the step of reacting at
least one diazonium salt with a carbon material in the
absence of an externally applied electric current
sufficient to reduce the diazonium salt.
25 Another process comprises the step of reacting at
 least one diazonium salt with a carbon material in a protic
reaction medium.
The description which follows sets out additional
features and advantages of the invention. These functions
30 will be apparent from that description or may be learned by
practice of the invention as described. The objectives and
other advantages will be realized and attained by the
processes, products, and compositions particularly pointed
out in the description below and the appended claims.
35
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DETAI LED DESCRI PTI ON Prosesses for Preparlng a Carbon Product
A first enbodi nent of the invention provides processes for
preparing a carbon product having an organfc=group 5 attached to a

carbon material. The carbon natﬁéig! is ig!eCted froma graphite
powder, a graphite fiber, a car DI arbon cloth, a _
vitreous carbon ppwﬁuolscanﬁuz1Proparingui|@Ithuhcntbduchroduct
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canye - giadddithfhdik! CRYLehFBY" bt §ErPYrshe a1 heORTE Gu1tE hay
be used in the processes of the invention. This process
can be carried out under a variety of reaction conditions
and in any type of reaction medium, including both protic
and aprotic solvent systems or slurries.:

20 Another process reacts at least one diazonium salt
with a carbon material in a protic reaction medium.
Mixtures of different diazonium salts may be used in this _
process of the invention. This process can also be carried -
out under a variety of reaction conditions. |

25 Preferably, in both proceéseé, the diazonium salt is
formed in situ. If desired, in either process, the carbon
product can be isolated and dried by means known in the
art. PFurthermore, the resultant carbon product can be

' treated to remove impurities by known techniques. The

30 various preferred embodiments of these processes are
discussed below and are shown in the examples.

The carbon materials used in the processes of this
invention are carbon material selected from a graphite
powder, a graphite fiber, a carbon fiber, a carbon cloth, a

35 vitreous carbon product, and an activated carbon product.

The resulting carbon products are useful in applications
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an from about 1 to 9. The reaction temperature may preferably
range from 0°C to 100°C. Diazonium salts, as known in
the art, may be formed for example by the reaction of
20 - primary amines with aqueous solutions of nitrous acid. A

general discussion of diazonium salts and methods for their
preparation is found in Morrison and Boyd, Organic
Chemigtry, 5th Ed., pp. 973-983, (Allyn and

Bacon, Inc. 1987) and March, Advanced Organic Chemistry:

25 Reactions, Mechanisms, and Structures, 4th Ed., (Wiley,'
1992). According to this invention, a diazonium salt is an
organic compound having one or more diazonium groups.

In the processes of the invention, the diazonium salt
may be prepared prior to reaction with the carbon material

30 or, more preferably, generated in situ using techniques
known in the art. 1In situ generation also allows the use
of unstable diazonium salts such as alkyl diazonium salts
and avoids unnecessary handling or manipulation of the
diazonium salt. In particularly preferred processes of

35 this invention, both the nitrous acid and the'diazonium
salt are generated in situ. |
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generated in situ using techni ques . known in the art. In situ
generation also allows the use of unstabl e diazoniumsalts such as
al kyl diazoniumsalts and avoi ds émnecessary handl i ng or
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of the diaz obnhorganic. ofr ekgante, awhd.a:w ie effedtive in the geﬁsrdt:.on
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reacting acid, HNO; priydrgchhonbc wackdanBCivesnd sulfurde eicid, r ogen
di oxg de. Thenweous sol ution of nitrogen dioxide, NJerr]/Herr]Q

provi des the hi t* ous aci d needed to generate the diazoni um 15 salt.
Generating the di aB8nf3AZORALN Salt. Mav. adRQ kg generated hxcteagkingqy b

| ess lor ef er reﬁetbﬁmmatbemhbewm wﬁaqueous scRfELGe ckﬂniﬁrﬁ@éﬁOSI ve to
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agkion vesgghg. Ceneration using - Herr]SOerr]/NaNd err] or
err]/Na!\ﬁerrE are al so rel atjvely non-caorrosive. In
general when gen P&FF#&W%%M%@ f#akk in the presence of

excess HCl may be less preferred than.other alternatives
because HCl is corrosive to stainless steel. Generation of
the diazonium salt with NO,/H,0 has the additional advantage
20 of being less corrosive to stainless steel or other metals
commonly used for reaction vessels. Generation using
H,50,/NaNO, or HNO,/NaNO, are also relatively non-corrosive.
In general, when generating a diazonium salt from a
primary_amine; a nitrite, and an acid, two equivélents of
25 _ acid are'required based on the amine. In an in situ
prccess, the diazonium salt can be generated using one
equivalent of the acid. When. the primary amine contains a
strong acid group, adding a separate acid may not be
necessary in the processes of the invention. The acid
30 group or groups of the primary amine can supply one or both
: of the needed equivalents of acid. When the primary amine
contains a strong acid group, preferably zero to one
equivalent of additional acid is added to a process of the
invention-tO'generate_the diazonium salt in situ. One
35 example of such a primary amine is para-
aminobenzenesulfonic acid (sulfanilic acid).
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salt in the reenganncngupupsaagtanpadvsq1@#ehan¢hmmgnummnxgl- Further,
the reaction may be carried out at elevated temperatures
where many diazonium salts may be susceptible to
decomposition. Elevated temperatures may also
20 ' advantageously increase the solubility of the diazonium
salt in the reaction medium and improve its handling during
the process. However, elevated temperatureé may result in
some loss of the diazonium salt due to other decomposition
processes.
25 The processes of the invention can be accomplished by
adding the reagents to form the diazonium salt in situ, to
a mixture or suspension of the carbon material in the
reaction medium, for example, water. Thus, a mixture or
suspension to be used in a process of the invention may
30 already contain one or more reagents to generate the
diazonium salt and the process of the invention
accomplished by adding the remaining reagents.
Reacﬁions to form a diazonium salt are compatible with
a large variety of functional groups commonly found on
35 organic compounds. Thus, only the availability of a
' diazonium salt'for reaction with a carbon material limits
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I he processes of the invention can be acconpllshed by
addlng the reagents to formthe di azoniumsalt in situ, to a
m xture or suspension of the carbon material in the reaction
medi um for exanple, water. Thus, a m xture or : suspension to be
used in a process of the invention nmay=3@ = al ready contain one or nore:
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The processes af this invention are preferably carried
out ln a protic reaction medium, that is in_a protic
solvent alone or a mixture of solvents whick contains at

20 least .one protic solvent. Preferred protic media include,
but are not llmlted to water, aqueocus media contalnlng
water and other solvents, alcohols, and any media
containing an alcohol, or mixtures of such media.

In general, the processes of the invention broduce

25 inorganic by-products, such as salts. ‘Iﬁ'sameeend uses,
such as those discussed below, these'by-prodﬁcte may be
undesirable and problematic. Several possible ways to
produce a carbon product according to a process of the
anentlon without unwanted inorganic by-products or salts

30 are as follows: '

First, the diazonium salt can be purified’before use
by removing the unwanted inorganic by-products using means
known in the art. Second, the diazonium salt can be
generated with the use of an organic nitrite as the

35 diazotization agent yielding the corresponding alcohol
rather than an inorganic_salt. Third, when the diazonium



sol vent alone or a m xture of solvents which contains at 20 | east one

protic solvent. Preferred protic nedia include, b pleTAis9s/6as2
llimted td”ﬂé@@*?"aqueous medi a cont &i ni.ng " water and ot her

sol vents, al cohols, and any nedi a cont ai ning an al cohol, or

m xtures of such nedi a. In general, the processes of the

I nvention produce 25 I norgani ¢ by-products, such as salts. 1In sone
end uses, such as those di scussecd- #l-ow, these by-products may be
undesirabl e and problematic. Several possible ways to produce a

carbon productsatbolsi ggnesakeg, Sxomsapi amiae having ampasid grovn ard

unwant ed i nor gagheol¥- ROPH Usd Sitdbr§@hié sAlts aré' Lormed?! |§$ﬁrth, the
First, the diazoni um sal

can EBFEUH fi egﬁee ore % em)V| ng
the unwanted i HBPEIARLCHEYSPEQ s, ey, be. Fgmoved by waghipe | Part.
Second, the di aanbbablessblveat.beOther waysymagyr dec Knouwm td1e|:hm af an

organig nitrit t di azoti zation agent yielding the
corres%ondl ng g lli ?ﬁ %ﬁe a‘r"t"at her than an inorganic salt. Third, when

t he di azoni um In adddtdeni g¢eothe inorganic by-products, a process of
PCT/ US95/ 16452¢he jnvention may also roduce organic by-products. Th It
Is generated froman am ne having an d groupgand 4 p%: aqueous , 7

NJerr], no i nSPQahPCIGEPE@dar @°Foﬁ¥é&‘P a7 b [extyaction with prganic
by- product s nagobeenesqV ot Yays Bybed) khown to tHodd ¥ eslellVein -the

O her p/ays may bﬁ known to those of 5 skill in the art.
In addPtion to2Fhe I norgani ¢ by-products, a process of t he
i nvention may al so pmhue?mu@ndhs by- products. They can be

renoved, for exanpl gy, Osgétt;l%%(q% or%gocnium s%lt sﬁdegtéar&l@er

ways may be known to
Car bon Product statenal according %aﬁ:tpmem wdethigi invention fermsda g

gg: Egn roduct cﬁgb?ﬁl gr?g(i)lr%tr (rilildgﬂ rouéh mtachedﬁ%éﬁ?ﬁwdoﬁ%];%ﬁs v
materiap sel ecF@EF\{’PPg ed"r"%g'h qﬁﬁﬁé%aér?i‘g?aﬁﬂﬁﬂ te powder, a graphite
fiber, a carbon fiber, a carbon cloth, a vitreous carbon
product, and an activated carbon product. ' The diazonium
salt may contain the organic group to be attached to the
_ carbon black. The organic group may be an aliphatic group,
20 a cyclic organic group, or an organi¢ compound having an
aliphatic portion and a cyclic portion. As discussed
above, the diazonium salt employed in the processes of the
invention can be derived from a primary amine having one of
these groups and being capable of forming, even
25 transiently, a diazonium salt. The organic group may be
substituted or unsubstituted, branched or unbranched.
Aliphatic groups include, for example, groups derived from
alkanes, alkenes, alcohols, ethers, aldehydes, ketones,
carboxylic acids, and carbohydrates. Cyclic organic groups
30 include, but are not ]_.ini:i.ted to, alicyclic hydrocarbon
groups (for example, cycloalkyls, cycloalkenyls),
heterocyclic hydrocarbon groups (for example, pyrrolidinyl,
pyrrolinyl, piperidinyl, morpholinyl, and the like), aryl
groups (for example, phenyl, naphthyl, anthracenyl, and the
35 like), and heteroaryl groups (imidazolyl, pyrazolyl,
pyridinyl, thienyl, thiazolyl, furyl, indolyl, and the



fiber, a carbon fiber, a carbon cloth, a vitreous carbon pr oduct,
- and an activated carbon product. The di azonium S plcirusasnagnt ai n

t he orgm %p to be attached to the: carbon bl ack. The organic
group may be an aliphatic group, 20 a cyclic organic group, or an
.organi ¢ conpound havi ng an aliphatic portion and a cyclic portion.
As di scussed above, the diazoniumsalt enployed i n the processes
of the i nvention can be derived Pom a prinmary anine having one of

t hese groups and bein ca abl e_of even 25 transiently
di azoni um satike) A% Lhe; 8t ﬁFbﬁpI‘gﬁ9°5 nce of a aubstitufed 9““5-"‘

]lcmsubst | t:Jt fcodp atﬁ‘t(ﬁj‘@éhﬁésunhhénﬁhﬁﬂer of lolfganﬁld ldlfups giﬂltats}]eclmcwde
or exanpl e, ri al kanes, .al.kenes,, .al cohol s
ethers. Bl aeeTREY gniEer ik rom the, sRaSTISH e it (HiATaim
Cyclic orgarsaltyrangstls® carboni mateialbmayabe ddminishet. to, ali cycl i
hydrgocar bon When gfﬂgpéré%fgif]?gﬁgﬁ €1 aC%abat If')q d, yiicﬂ (mykeéyﬁééln

het erocyclic hydrocar bon E‘D r exanpl e, p){.kr
pyrrolinyl, anpefurehionakograupi apmpakiblenwit afrqmatlon of &roups -

ﬁ] ‘;?;r gg?;?' Qi:(.)éu%&i‘ﬂﬁm Qélz?gll h%xai\?!.@b?&ﬁ&lhde%”%ﬁﬁ’%z@ not luitﬂr.]t:.‘ég?]ytl:énd
t hi azol yl , géﬁyléoén%%ﬁ éﬁ g%n COOK /5095 GQS' ogen, CN; ’
PCT / US95/ 164&2 SO.H, SOsl(Wja., S0.K, SO{NR‘b, NR(COR), CONR,, 180;, PO;H,,

: : i er agSU t or ggn

| ncreases 'ﬁ%’%%&rfbe(\r}d]g@’brlg’gﬁlﬁ b&‘f)s %H’aggag-fogﬁ 18 Lndepﬁgdgg'ig.&p
material fronydhegenacEiwho ballmbn(bnanchadommnbranched)sann awyl ¢ he
car bon mat er'i'ﬁé We@ﬁrdh”kahﬁﬂﬁd from 1—8f ar Cdt Ipoz‘r%fék Ofﬁgﬂ' f—gr Ol b S

substi tuted, MRy ny npati ble Wth
the formati oﬁnb?na is a halide @or uﬂ#‘sﬁP%°nE§&FFﬁVG§ ﬁﬁemeemsnr €not
limted to, orgam.caEEdCCR COOR, OCOR, COONa, COOK, COCIérr]NR4[err]

ST Lt e 1 4B e o
PO err] HNa, ﬂi?efo;'m[l.er AlAxr+~-NFhick corrpponiis &ndaPﬂmma]m[ @mine of i s
noriencen bhe sopmia"MAPMED; G IeLdl bbhml (Vi AELUEY SR Rave |
from 2-4. Ththe follow1ng meanings: Ar is an aromatic radical selected
from the group consisting of phenyl, naphthyl, anthracenyl,
20 phenanthrenyl, biphenyl, and pyridinyl; A is a substituent
on the aromatic radical independently selected from a
preferred functional group described above or A is a
linear, branched or cyclic hydrocarbon radical (preferably
containing up to 20'carbons),'unsubstituted or substituted
25 with one or more of-those:functiohal groups; and y is an
integer from 1 to 5 when Ar is phenyl, 1 toc 7 when Ar is
naphthyl, 1 to 9 when Ar is anthracenyl, phenanthrenyl, or
biphenyl, or 1 to 4 when Ar is pyridinyl.
Another set of organic groups which may be attached to
30 the carbon material are organic groups substituted with an
ionic or an ionizable group as a functional group. An
ionizabie group is one which is capable of forming an ionic

a,

group in the medium of use. The ionic group may be an
anionic group or a cationic group and the ionizable group
35 may form an anion or a cation. :
oni:i.za_ble functional groups forming anions include,



anion X err] is a halide or an anion derived froma mineral or

organic acid. 15 An exanpl e of an organic group pgTAReSicasRticC
group of WO96/18690 1o f o Ul a Alerr]Ar[err], which corresponds to a prinary
am ne of the formula Alerr]ArNH err]. In this fornmula, the

vari abl es have the follow ng nmeanings: Ar is an aromatic radical
sel ected fromthe group consisting of phenyl, naphthyl,

ant hracenyl, 20 phenant hrenyl , bi phen¥l, =and pyridinyl; Ais a _
substi t uent on_the arqpatic radical i ndependent_ldy sel ect ed frcilm a
preferred funcEiPEnexagplep acidic,gyoupsyerosaktssof acidic gnqups, The

?r agghed gr cgf@h’;anﬂ%d?gtaa?hgnthadégah-gtc ptiﬁtzeggbl Yroups tdﬁrim dyong U ]lco
0 car pons UNSLDST I e r ups ut e . W, -Qne 0 .NDJ, Ol
Lhose funcei onaFSRRia,acidng ) Bre2agibly!' Shed’ it pomtiligh B JGniFRHLS
i s phenyl, 1 tgrduphforfiingsan anion, sapht ayl organdcO grounp Aas ) an
ant hragenyl, p r.e 0 - qhl.phenyl A ol
pyr i d?%yl : QfBﬁH&QE ay'%}}ﬁo?ﬂgr bgefto#ggfgga%g ga(r&é'&é'gt %{ﬁ(ﬁ\ﬂﬁ{l}ﬁned%
attached to 30pKa of imesctheonliat ori at leass ¢ae sajtoqs anmraidig ed

with an grobphavihg?h pRE' 620N8ed’ €HANA113 NG MR uIH B -at\n
I oni zabl e grougls one whigh.,i's capabl e -qQf formng%n lonic, - roup
in the medi um dPagteonengcigic. 9g| J0oge &, pKa” of less, than c”gﬁﬁfg & a

cationi c groupleasgtt baei ealztablfcag adidie group Mawimne A pKaiodHriess than

C M0asqo 11- The pRE 83k %@i%i%”@ro%&:%%&éﬁ%%%@&s dE e

- 11 - ~orgjenigx gwpup, asciadwhodequmotorjust! tthepfacidint supsiikuentine
organi ¢ groupsyeriepeb®etablys! tie B3 d¥ds’%had A0 and most! 9anic
acids. Preferably, "when 1.t Contai nS an_ioni zabl e roup formng an -
ani on, such anP&P &Fﬁelyr &ﬁ?shé:?a&‘) 93n Freferablyy fhe A5 BTHUR O

| east one ?ci dthegggganlievmu@ is dﬁi.re_dﬂs’y (ﬁtﬁﬁ{:‘edll ke ﬂtf]e crlson | Sbadk.
one o9k o7 eSSt a2 b R S TR AL, 0 1y
and at uhsabstdtated,! foir axampld,c withu@allepd ngroupgsa Moress t han
preferably, the organic group is a phenyl or a naphthyl
group and the acidic group is a sulfonic acid group, a
sulfinic acid group, a phosphonic acid group, or a
20 carboxylic acid group. Examples of these acidic groups and
their salts are discussed above. 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
25 unsubstituted sulfonaphthyl group or a salt thereof; or a
substituted or unsubstituted (polysulfo)naphthyl group or a
salt thereof. A preferred substituted sulfophenyl group is
hydroxysulfophenyl group or a salt thereof.
Specific organic groups having an ionizable functional
30 group forming an anion (and their corresponding primary
| amines for use in a process according to the invention) are
'p~sulfophenyl (p-sulfanilic acid), 4-~hydroxy-3-sulfophenyl
(2-hydroxy-5-amino-benzenesulfonic acid), and 2-sulfoethyl
(2-aminoethanesulfonic acid). '
35 Amines represent examples of ionizable functional
. groups that form cationic groups. For example, amines may



10 11. The pKa of the acidic group refers to the pKa of the
organlaﬁarou as a whole, not just the acidic substituentperpsesiiessz Vore

pref er pKa is less than 10 and nost preferably less than -
9. Preferably, ‘the aromatic group of the organic group is directly
attached to the carbon black. 15 The aromatic group may be further
substituted or unsubstituted, for exanple, with alkyl groups. Mre
preferably, the organic group is. a pheny12or a napht hyl group and
the acidic group is a sulfonlc acid group SU|fInIC acid group,

a phosphonike R¥etenated te form amcm.gg\r Eé’?}lpﬁclacmlglf medi@anpl es of

these aci dipr&fé&r@sl@)dan organict §2bhpsAkving andaudwes ¥hbiMuendst
oup_is,a substituted or %gfubstituted

preferably, the a
Sul f opheny[bas @ PRb gf lesg thansbe | AUALSERAZY s
unsubsti t utNRY*) and quaterhacy phosphoniuy groups ~<BR,') takseof; a

Thefcof . oredprédent exeBEUlibe UhEohte| ?“?"shyh%ﬁ%%% By

group or aorganic greup coutains Anpasbpatdce group &ﬂnﬁ @henyl group
is PV RAyRERY PPE8BYp 4hAUR Gha e'i%a&x“ g ium
I fi N b8 §2 &E ﬁb an |§n|zagle fu ctlonal 30 group

Speci fic organj c group
form ng an %?’RB‘FF ary PHBF EgF-PE‘SHSR&Png ghenarpmatic groupiifs for use

in a procespreferablypodiretblyi ateached ta' the carbon (bladkophenyl

(X oxy-Siaffritaed, BYELER) aiies, B Sven, auntermiged aromatic

(2 am noet hamimes § onan a&sd)beSﬁsed as the Argassia euanpent Ehsplles of | ‘

i oni zabl e fgng or i oni Y
Loni zabl e T4@shteeGked pyridindhllBopliinds Buthl ' NP py iyl
PCT/ US95/ 1628n be used in thls regard. - 12 - be

protonated to fOAm aavaﬁtugbgwug.hd Ca¥bod &d@i‘fhls having Paf@}‘erabl y, an
oL © 91 B L1020 1S U st B LR S 55,10
groups (- PRLenizablésgrbup is thetr thenicarbup prodicic akay rhaver oups.
ELEfni{ab' Y ih8feased wat8rIdlspe¥s1Mi1GYY Fdiat e g 9rOUP such as a
corresponding untreated carbon material. In addition to
their water dispersibility, carbon products having an
20 ' ofganic group substituted with an ionic or an ionizable
group may also be dispersible in polar organic solvents
such as dimethylsulfoxide (DMSO), and formamide.
| Water dxspersibillty of a carbon product increase as
- the number of organic groups having an lonlzable group
25 - attached to the carbon material increases or a greater
number of ionizable groups are attached to a given organic
grdup. Thus, increasing the number of ionizable groups
associated with the carbon product should increase its
.wafer-dispezsihility. It can be noted that the water
30 ~ dispersibility of a carbon=pr6duct'confainihg an amine as
the organic group attached to the carbon material may be
increased by acidifying the aquecus medium. Because the
 water dispersibility of the carbon product depends to some
| extent on charge stabilization, it is preferable that the
35 ionic strength of the agqueous medium be less than 0.1
molar. More preferably, the ionic strength is less than



or a naphthyl group and a quaternary anmoni umor a guat er nary

phosphoni um group. The aromatic group is preferably 6§95}
attached tﬁ’qg?@ rbon bl ack. 10 Quat erni zed cyclic amlﬁl’gg ar}g‘%ven
guat erni zed aromatic - am nes, can al so.be used as the organic group.
Thus, N substituted pyridini um conpounds, such as

N-rret hyl - pyri dyl, can be used in this regard. An
advant age of the carbon materials having an II% - attached organi c group
substituted with an ionic or an ' i.oni zable group is that the carbon

product may ha@e 01 molar. j ncreased wat er " di spersibility relative to the

corresponding unt refﬁlﬁh GRIdITh RRdted %sﬂé&:é’fﬁl&'é’é‘rﬁ&n product igeir
wat er di spersibili %/!"qﬂc] bon roducts aV|n an 20 anlc rou

substituted w ¥ J.nventz.%rlzoﬁt n‘hg BFef BEe

di spersi bl e i nghatarths giamxc &S&Vﬁﬁizable -groups (he abonli ged hjhsthéoxi de
(DIVISO) and for ter spe |b| L of _a.carbon

product i ncrea rgtcg_eon med:.uqhe% ha ’r"% %an g‘?% nh%ﬁ?ﬂ'éc nhay be
i oni zabl e gr oupi:z&d by technicjuss tused fonrconvent tonal carbeasmaterla.ls.

greater éﬂiﬁiﬁ!n I %ﬂfw r c NL@r gani c
group. Thus, increasi f'he nunber’ o oni Z%. Ig 'gér’%% gﬁd.tﬁg &e&i‘égsgg at ed
with the car boﬂﬁﬁ%lﬁksmlmease | ts wat er di spersibility.
It can be noted thatatdigatied cSubfides encbmpRssi RhothérOograupabfoprafadvel

contaiyi ng an am ne as at tached t t he on
rater il vay bPLGAnLS aroups v, LAERGR SFRGFR RRRLIE AEORRCHEFRIE1da
Because the . groups\aterpaittieulablyityefiltin rabbepr pomgositdlensnds to

sore Y. SnSHEL 0ol BhLALS! EQorhbel 8185 PATEBEGuRHA! Efigqdd

lonic strength © eous nedi um | €SS
preferably, thearematicisehiidesscansbetrepresented by\thecfogaudas -A:r:-s -

- PCT/US95/ 16452 pr+~ or -Ar-S -Ar" wherein Ar and Ar' arre .ﬂﬁ’dépendentl¥
0.01 npl ar. When such,a water dispersible carbon product is

prepar]e'ﬂ by a ;ﬂmeo?r?msf nRENt +8n2N; RTY ﬁ’r‘éf Br F-Ed %o 8. 'Preferred
arylene groups include phenylene groups, particularly p-

phenylene groups. Preferred aryl groups include phenyl and
naphthyl. The number of sulfurs present, defined by n, and
preferably ranges from 2 to 4. Particularly preferred
20 aromatic sulfide groups are bis-para-(C¢H,)-S,-(C:H,)- and
para-(CeH,)-S,~(C¢Hs) . The diazonium salts of these aromatic
sulfide groups may be conveniently prepared from their
corresponding primary amines, H,N-Ar-S -Ar'-NH, or H,N-Ar-S,-
Ar”., '
25 Uses of the Carbon Products
The carbon products of this invention may be used in
the same applications as the corresponding untreated carbon
materials. The organic groups attached to the carbon
_ material, however, can be used to modify and improve the
30 . properties of a given carbon material for a particular use.
The organic groups may also be chosen for linking to a
substrate in which a given carbon material is used. This
linking may take the form of reacting with the substrate
through a process such as, for example, vulcanization,
35 neutralization, complexation, or polymerization. An
example is a carbon l_nateriall having NH, groups for use in



that the ionic or ionizable groups be ionized in the 5 reaction

medium___Alternatively, the carbon product may be PCTUS0S 648
techni&ﬂ%gaﬁggh for conventional carbon materials. - Overdryi ng,

- however, may cause a |loss in the degree of wat er dispersibility.
Aromatic sul fides enconpass another group of preferred 10 organic
groups. Carbon products having aromatic sul fide groups are
particularly useful in rubber conpositt dde or ' ot her conpositions
havi ng reactive ol efinic groups These aromatic sul fides can be
r epr esent e @POYW Fesighased mateyrials. Ar[err]- | :
-Ar-Slerr]-Ar[ erfHe BT IRIWEMY é€rdte digtendedctdeiliivstrate not

aryl ene grqu IS, an | ‘and nis 1 to 8 Preferred aryl ene

groups |ncﬁﬂgﬂxﬁm§ﬂﬂ E%ﬁh%ﬁ particularly p- phenyl ene groups.

Preferred aryl gﬂmummthnﬂauﬂnqﬂrzbédemd “AbsorptioaphSh;EathAnemﬂund(ﬁ

sukfurs pr b r 2 to 4.
5 FUai ] 0 Patkad) k.8 w, sind! thEhAlhLe' B30Es 0¥E)

Pafrti cul ar groups ar
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aromati c r oup convenient|y prepared fron1the|r

correspondﬁ?(}lﬁfartrﬂﬂf ‘?@s"’aﬂ[%?‘ﬁ¥we@[ GFr]leﬁFFéP ﬂﬂ[ Paoges, 90~

g[ e(r]I rl l\FArsﬁ[er "fhe surface ﬁésrdst tRé c?rbon clptH_Sﬁsofi_eﬁ'Jﬁ'nﬁaf_ dgbn |
r,aduct s r odu i s_inventi e use
i 3 uﬁﬁﬂ?sﬁﬁﬁ??&ﬁﬁ?cﬁﬁ$§# ?%e&3§?$i§%§n§Pnga§ rggfgﬁxcarbon

mat eri al s. SHzefmgmen D Use agraphitet fibarscuerendeterminedvinye BEY,  (

however, cgny t {Eﬁ ﬁy¥§ggn|nprove t he 30 properties of a
gi ven carbon nate I a ‘?% pd rcuflar use.. The organi c groups
may al so be chosen for linking to a substrate in which a given
carbon material is used. This adp j@kigng nmay take the form of

reacting with the su rate cess sych.,as, for
e l e, vul cani zati gg}o%%ration ﬂ%u?r%ﬂ’gﬁgpﬂnpg!g fﬁ#}“ . or -
pol ynmeri zati on. This example iklusbrates theaphepamﬂbﬁumﬂoﬁuangnppﬂitﬂr]

groups for 096/ _
PCT/ US95/ 1 &@?éf' _product usypg 8 ﬂ:@gggss of the present, J._nventx.on. A

. 2.0 g sample of a graphite powder having a surface area of
11.5 m?’/g was stirred in 14 g of water. A solution of 0.11
20 g of 4-chlorobenzenediazonium hexafluorophosphate in 7 g of
water was added, and bubbles were released. After stirring
for 20 minutes, the product was collected by filtration,
subjected to Soxhlet extraction with tetrahydrofuran (THF)
: overnight, and dried'in an oven. An analysis of the
25 product showed that it contained 597 ppm of chlorine,

' compared to 23 ppm of chlorine for the untreated powder.
Theréfore, the product;cpntains 0.85 chlorophenyl groups
per square nanometer of surface.. ESCA analysis showed the
product contained 1.4 atomic percent chlorine. No chlorine

30 was detected on the surface of the unreacted powder by
Exanple 2.
Praparation of a graphite powder product
35 - This example illustrates the preparation of a graphite

powder product using a process of the present invention. A



epoxy resin-based materials. : The foll owi ng exanples are

i ntended to illustrate not limt, the invention. The
met hods d¥@96/186% i n " Absorption, Surface Area and 5 BSPSS”{‘“” S. J.
Gregg, K S.W Sing (Academ c Press 1982) were used to neasure
surface areas and pore vol unes. Surface area, non-porous surface
area, and pore vol une of activated carbon was deternined as

descri bed on pages 90- ~ 97. The swfpge-.area of the carbon cloth was
determ ned 10 using step-like isothernms as described on pages 84-86.

Surface area aolttday aphiG 095 e ré-nitroben zemedialz dyidh T

t echni ques usi 15
Preparation ofe%égg;%‘%"ﬁbe ora erubr%dugtmﬁ water was ad cllst%xgxg?ﬂ:glﬁg

i|lustrates tlenspension 2)-1‘0 A Phpthe cgraphite pmdmroﬁrsumplesingna
process of the greespiydtment 'mef\ stirr ng fonf €le ﬁh&r Bah&t

powder_ having a surface area of err%@a St |rre 14 g
of watder. A s&as Hied in jan gyen at 525?‘:4 snbie z‘EﬂeﬁPﬁ% ﬁFum

herafl ugr ngfsaahﬁtatubﬂ évé¥night w:.thvmpfaiémsdﬁitiﬁ&d anscitaubhhmﬁsmar et .
rel ease er, sti es e collecte
by filtrati on,® rl&'s%b?’e%’fijd ?16 %‘ighregyeﬁ?‘Pa%??o%{vﬁpﬁ 5"V W u‘

t et r ahydr of ur areXatii)e areas of dve9nl ghtThendi06:leceVi aignadvia. caﬂaed by

gﬂ?l))rlflnz R Zarou sara(@ab q.'%%t ﬂ@‘ﬁ%‘f Q}aﬁ J‘irr'lt rﬁ’? %e&gzbrlgat ed powder.

Ther &br e, thé’-ﬁ?‘%ﬂﬁmt %rﬂw%loa 54e$n eV opesroepgrdipg to diazonjum
square nanorretﬁoﬁﬁs Sk $ aﬁ&m&ﬁ%ﬁé%&ﬁb.ﬁnéboﬂﬁér én content #aedycd
contained 1.4 omc erce% %ﬁ ﬁ No chl orangﬁg d )e/gs det ect %d on
the surface of®TH&* %5%?% et §ogen was on the unreac
Exanple 2 . powder by ESCA. Pr'Bhias aestablishegr thatt niproghenylodroupads

hi I f wd
pr oduct USi ng *%?%%E%‘Sﬁ%'? et TEhp sl pPr R R bhee. P Thco0

PCT/ U$H5/ 16452

Example 3
Preparation of a graphite powder product
This example illustrates the preparation of a graphite

powder product using a process of the present invention. A

20 solution of p-NH,C,H,N,Cl, was prepared by adding a cold
solution of 0.028 g NaNO, in 3 g of water to a solution of
0.16 ml concentrated HCl, 0.043 g p—phenyl-enediamihe and 5
g of water that was stirring in an ice bath. The cold
diazonium solution was added to a suspension of 2.0 g of

25 the graphite powder of Example 1 and 18 g of water that was
stirring at room temperature. After stirring for one hour,
the product was dried in an oven at 1250C, subjected to
Soxhlet extraction overnight with THF , and dried. An ESCA
analysis of the product gave a nitrogen concentration of

30 4.6 atomic percent. No nitrogen was detected on the
unreacted powder by ESCA. This establishes that
aminophenyl groups are attached to the graphite powder
product. '



- 15 - solution of 0.095 g 4-nitrobenzenedi azoni um
tetrafluoroborate in 10 g of water was added to a stirrin

suspens MR8 0 g of the graphite powder of Exanple 1 |%crms”n“52 18 g of
water. After stirring for 15 mnutes, the product 5 was dried in an
~oven at 125[err]C, subjected to Soxhl et extraction overnight with
THF and dri ed. ESCA anal ysi s showed a Nls signal at 406.1 eV
and one at 400.5 eV with rel attvB6areas of 5.9:1. The 406.1 eV
signal is caused by NJ err] groups and the 400.5 eV is probably
caused by azo 10 groups. No sig 403 eV corresponding to

atomc porce o b o RapuRat onTOs aTgﬂ'on t he unreac'[lge}fcjkﬁmﬁpntent p\gﬁgef °

atom c percent itroge etecte

by ESCA. This es'ltﬁﬂ §?€£WQ ]’If ustrates theoppeparation of a graphide (o

g he graphl teEJ;th@rdethisJ.ﬂdj a process of the present (.;Ianent:.on.Exarfpl e
t r o,

Thi s exanpl e’ﬁﬁ f’é‘gg’?%gﬁ%?%b r &t |g%§§$é gﬁ??\ﬁ% 43 %}' 9 aﬁg‘waer

product usi ni;.@qmnecs% ®imiceons cwere dniedt uoderAnz-arogen ato|185%h of

p-NH err] d efcr:} FM& rllé\'if‘é [] %@rﬂb&e& Géfaa dcha di ) aui%iuuon

sol ution of O, NCIerr] 39 vvate ut,i on

0.16 m conc%t!}iaﬁ%bmen%ﬂm%ogl\ampheﬁyﬁé;keerabmre%ém anhydrous g of
wat er that Wengonitiihei fbﬁntwsembﬁﬁbesThemﬁel #ibers weredlirdmyved)

sol.uti on was_added to, a sus n5| n he | te powder
of anpl e- f%fﬂ?‘fé‘" Tt Ay ﬁ%‘?rﬂﬂg geﬂzom.%rg.lller,r ﬁ\‘éj’%{&%% P

t enper at ur e.Schbet sextracrglénrowernhght with THF anke duiedlidn \as ujzenad i I‘
an oven at t oxhl % IRF L rhi ght
with THF, a%u%ﬁyéﬂg Hibgéa’ 8 s 8"ﬁnf’§ A¢' o thee'g"l'C d’(a&&yivffe“g -

ni trogen cork®3 &Y wibh velative areaat ofi é ﬂérleenfl'he Mcohi Sigpal
detected on {diecaused by WOJ G due p@dweﬁhéy&&%\ 'v’hia 8ahskly sges t hat

am nophenyl 0 are attache he te owd r oduct .
V\D%Pl%go r?ir.tru éen fn the or g:l.nas. agpi h YPGHQJ%%‘SZ No .

signal at 403 eV corresponding to diazonium groups was
found. The combined nitrogen content was 2.4 atomic
percent. ESCA analysis of a sample prepared by the same
method with a 0.01M nitrobenzenediazonium tetrafluoborate

20 SOlution gave 0.9 atomic percent nitrogen. ESCA analysis
of the unreacted fiber gave 0.2 atomic percent nitrogen.
This establishes that the two fiber products have attached
nitrophenyl groups. | | -

25 - . Example S
. Preparation of a carbon fiber product
This example illustrates the preparation of a graphite

fiber product using a process of the present invention. A
solution of 0.095 g 4-nitrobenzenediazonium

30 . tetrafluoroborate in 10 g of water was added to a stirring
suspension of 2.0 g of the graphite fiber of Example 4 in
100 g of water. After stirring for 15 minutes, the fibers
were removed form the solution, dried in an oven at 1250C,

| subjected to Soxhlet extraction overnight with THF and

35 dried. ESCA analysis showed a Nls signal at 406.7 eV and

one at 400.5 eV with relative areas of ca. 1:1. The 406.7

<



i 16 - ' Exanpl e 4

Preparation of ‘a graphite fiber product . Thi s gﬁ,@p §,

i |1 ustrat S0 96869 epar ati on of a graphite fiber pro ﬁng a
process of the present invention. 5 G aphite fibers having a surface
area of 0.43 nferr]/g and a di ameter of 8 microns were dried under
nitrogen at 165[err]C - for two hours. The fibers were placed in a
0. 1M sol ution. of nitrobenzenedi azongumtetrafluoroborate in

anhydr ous benzonitrile for two mnutes. The fibers were renoved, 10

rinsed tw ce \dwts:a;ﬂﬂdrmszdammbrby NG, groupsc @neld the 400.5 eV S tmised

extraction ov F e anapysi s
showed a N s Si gn 4&%6{@*’@] 13{%%%?5%9&’ £hd4‘6% %zo\ﬂﬁtgﬁbrel ative
areas of 4.1:Bigned ads 403 \eiqprresponding te dbazeniwg grpups] wasoups

and the 400. 5&‘6:1&. cw%&mﬂ&d nxtrJ%éﬁocg@ﬂtéﬂtt@SsoiLG'aﬁbmié”m e and
by azq groups. at 403 eV corres ogg to di azoglﬁa
t C

groups was Pemen? cﬁﬂ“l'&P“ﬁé- n%%e%lt%? opRTceR € yngeae
percent. ESCA filbwysiThid establishes ehatinbyrophengliegroups arenet hod

with a 0.01M Qatttr %%ﬁﬁ@c?%ﬁéom ﬁ&@%ﬁ%lr@’fsﬂ?%gb&r:g&&cgg sol ution gave

0.9 atom c percen rogen.” of the unreacted fiber
gave 0.2 atom c percent. nitrogen. - Thi s establishes that the two
fiber products have attached Nighyl gng groups. '

Exampl e 5 Preparation of a carbon fiber roduct
Thi s 3anpl e illustrat esPFﬂﬂaEP§§8PaPFEo# sraphite,fiber product ;e

product using a profieEs ékampre piEE@B‘EraﬂdénthénpréparatJ.on o&ow ?ﬁhﬁ.fte
0.095 g 4-ni t;&g{enzenﬁe%&azonus:l.ng etrfg_fgﬂor ororgt |1n S’P .
was added to sBsPENCPER 8 8 Br8PePhe B?’&Bﬁ B ef i
of Exanple 4 isolution of 1PENB,QH, MEler wadf prepate;lrbyga&din@Sammlﬂes the
IBere | solEEdRIRIBLeE Sulbior s ¥ of it o' Welubloncot
35 15 dried.1Emh M?Et?,aﬁﬁé\/\ﬁ@la RII- 843 gnnrphsnxéem!démne and 5
one at 400.5 &) of IhatéEhaE RaB28t2treAg inlan 188 HBEh! The cold
diazonium solution was added to a suspens:.on of 2.0 g of
the graphite fibers of Example 4 and 100 g of water that
was stirring at room temperature. After stirring for 20
20 minutes, the fibers were removed from the solution, dried
in an oven at 1250C, subjected to Soxhlet extraction '
~ overnight with THF, and dried. An ESCA analysis of the
product gave a nitrogen concentration of 1.7 atomic
percent, compared to 0.2 atomic percent nitroéen for the
25 ‘unreacted fibers. This establishes that anu.nophenyl groups
are attached to the graph:.te fiber product.

Example 7
Preparation of a graphite fiber product
30 : This example illustrates the preparation of a graphite
fiber product using a process of the present invention. A
solution of 4-chlorobenzenediazonium nitrate was prepared
by adding a solution of 0.014 g NaNO, in 3 g of water to a
stirring solution of 0.025 g 4-chloroaniline, 0.070'g 90%
35 nitric acid and 3 g of water. After stirring for 10
minutes, the diazonium solution was added to a stirring
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- 17 - WO 96/18690 eV signal is caused by NJ err] groups andpe&fygsddifsase €V is
caused by nitrogen in the original sanple and by azo groups. No
signal at 403 eV corresponding to di azoni um groups was . found. The
conbi ned nitrogen content was 1.0 atomc 5 percent conpared to 0.2
atom c percent for the unreacted fiber. This establishes that
ni t rophenyl groups are _ attachédlpo'the graphite fi ber product.
Exanpl e 6 10, . eparat of aphi te flber rodyct

T’ exanpi BUFFHER 96 1o9 AE Bheparaphdteotibahsint xample £ adi80 g

product usiof) wabencesAfbért hez.nringntou:nwmmud tes, the fxb@ﬁéuﬁeﬂé of
ot on ﬁf%*%%&rfké‘hofﬁtctﬁﬁ%ﬁai@&% 55 o, R

0.16 n cormmgcated ol Soghdet gxprpm:ﬂmmmgta: arktls THF, and g of
watgr that ygfed! | ”AHQESﬁAathﬁ.gs at |?:£ -Elife ?iléhuct gave & SEP5

sol ution was added to,a suspensi the graphite fibers

of Exanpl e 2°B¢RnYEAtion: ofafef Pﬁemc bercenmas Ng .qtrlwaim ¢eRlsl be
t enperat ur Eﬂe’é‘ééﬁédsinrthéguhﬁéa&%ew fibers By HSTA. t Phis beéﬁawishes

et od +oheh eREpbRRRnyl gFoupe axe agycied K3, fhe GRhohite Fiber

An ESCA angpyadacbi t he product gave a nitrogen concentration of
1.4fpatomc percent, conpared to 0.2 atom c percent nitrogen for
the 25 unreacted fibers. This establlshes that antnophenyl gr oups
are attached to the graphite fiber prEcaRmple ! ‘
_ﬁiarrple 7 e i1l ust Prep ta:atﬁs:emfél iaegﬂﬁhktﬁzﬁuii&t product 30

i s exanple i rates e preparation a
product using a ﬁﬁb e§§aUPRF qQﬁiﬁﬁlé%FséFat1°n of %ogﬁﬁpgﬁtﬁf

4 chl or obengiberi productn nsling @ procesp L the presenbyindentyon.sol ution
Of19: 014 9 ABhEBxilaTely O  5°of b graphite E1Bdld%% kibigleh O 025 0
were added to a stirring solution of 0.025 g 4-
chloroanxlzne, 0.070 g 90% nitric acid and 70 g of water.
A solutlon of 0.014 g NaNO, in 2 g of water was added and
the mixture was stirred for 30 minutes. 4~ -
20 Chlorohenzened;azonium.nxtrate was formed in situ, which
' reacted with the graphite fxbers. The fibers were removed
from the solutzon, dried in an oven at 1100C, subjected to
Soxhlet extraction overnight with THF, and dried. An ESCA
analysis of the product gave a chlorine concentration of
25 0.4 atomic percent. No chlorine could be detected in the
unreacted fibers by ESCA. This establishes that
chlorophenyl groups are attached to the graphite fiber
product.

30 | - ‘Example 9
Preparation of a carbon cloth product
This example illustrates the preparation of a carbon
cloth product using a process of the present invention. A
carbon cloth-having a surface area of 5.3 m’/g was reacted
35 with chlorobenzenediazonium hexafluorophosphate by the
method of Example 1. A sample of this material that had



~35 nitric acid and 3 g of water. After stirring for 10

m nut es, the diazonium solution was added to a stirrin

96/ 18690 WO 96/18690 ' PCT/ U895;J 164g(2-rms9m‘\‘¥'3

- 18 - m xture of 1 g of the graphite fibers of Exanple 4 and 50 g
of water. After stirring for 30 mnutes, the fibers were r enoved
fromthe solution, dried in an oven at 110[err]C, subjected to
Soxhl et extraction overnight with THF, ahd% - dried. ~ An ESCA

anal ysis of the product gave 'a chlorine concentration of 0.4 atomic

percent. No belesr isubjemietl 42 Soxhlet dettraatiom wikh PHEaovexrnightr andy

ESCA. Thi s egyahld %lﬁrctalnedi 8- .4 ;%éoﬁﬂé PG | cRIGHPRe 3¢ BEEACNEd to the

‘graphite fi ber
Exanple 8  compared to 0,03 rtomicpercent chlopinecini the ppsgacted
Thi s exanpl edl'dttht r e (4 AW PRt el "Eﬁh@fcﬁ‘l&?@ﬂ%ﬁfl groups akeber

product using a process of the prese |nventé Approxi mately 0.2
g of X he gra@htachedda the D Pr°‘0\‘éEaddedtoast|rr|ng
solution of 0.025 g 4- chloroaniline, 0.070 g 90%nnitric acid and
70 g of water. A sol ution of err] in 2 g of water was
added and the m xture was stl%géﬁ?%'%lq nutes. 4- 20

Chlorobenzenediazoniumaﬁqpatatimn;6inam!lttﬂeﬂ!Lsamhtnhprbdﬁct react ed
with the graphite 'fﬁi’é’ré:aﬂ-éfe st @s ec?geparatlon brow tv‘i%retcms

solution, dried_in an oven err]|C, Soxhl e
ext ikt i on O\R###%tPWQ‘FFtTHFSJ-%daCPF%‘ae’B af the,present inygenption. A

the product gaN€lR pﬂ@élaﬂ &0vitpéoasi carbbn’plate (aBodtadasi ¢ )pwasent .

Thi o oot abl | AT LK & s6Lutioh 3t n.ns7 5, BB, I°5HE opeERbedlsittun

graphite fibegetrafluoroporatetin 380g of water for 30 minutes. The
Exanpl e 9 plate was removed, dried, subjected to ‘Soxhlet extraction
15 with THF o’vernith_, and dried. An ESCA analysis of the
' product gave a nitrogen concentration of 2.4 atomic
percent, compared to 0.6 atomic percent nitrogen for the
unreacted vitreous carbon plate. This establishes that
nitrophenyl groups are attached to the vitreous carbon

20 - product. -

_ Example 11
Preparation of an activated carbon product
This example illustrates the preparation of an
25 activated carbon product using a process of the present
invention. An activated carbon having a nitrogen BET
surface area of 762 m’/g, a nonporous surface area of 266
m’/g and a pore volume of 0.20 ml/g was reacted with
chlorobenzenediazonium hexafluorophosphate by the method of
30 Example 1. A sample of this material that had been
subjected to Soxhlet extraction with THF overnight and
dried contained 0.43% chlorine, compared to 0.02% for the
unreacted carbon. Therefore, the activated carbon product
contained 0.12 mmol/g of chlorophenyl groups, or 0.09
35 chlorophenyl groups per square nanometer. This establishes
' that chlorophenyl groups are attached to the activated



Preparation of a carbon cloth product Thi s exanpl e
illustrates the preparation of a carbon cloth prgeggsesHsasny a
proces WOP6H0 b esent i nvention. A carbon cloth having a surface
area of 5.3 nferr]/g was reacted 35 wi t h chl orobenzenedi azoni um
hexaf | uor ophosphate by the met hod of Exanple 1. A sanple of thls
material that had WO 96/ 18690

PCT/ US95/ 16452 - 20 - - 19 - ‘ .been
subj ected to Soxhlet extraction with THF overni ght and - . dried
contalned(Parhgnnvtpénﬁbent chl orine by ESCA, '~ conpared to 0.03
atom c percent chlorine in the unreacted cloth.- This establishes
t hat chl or ophenyl groups are 5 attached to the carbon cloth product.
Exanpl e 10 Preparation of a vitreous carbon product

Thi s exanple il lustrates the preparasxanpmé a2vi treous 10 car bon

pr@duct using a pro t n snall pi ece

of %g vi treous car boﬁ%ﬁ%‘#gﬁs 3&&&5&33 carﬁon Ptr’rdé'(? Tn a solution
of 0.047 g of 4- Thisoe&mphedi&luatmtes the preparatiion sifbrane in 30 g of
wat er for %ﬁ\?&‘ﬁé‘& caf:rﬂsn V\*:roduct ﬁhihﬁl \ga? e ‘EEQ::E ?ﬂék}r%%@m ed to

Soxhl et extractiopn THF over drie apal ysi s
of the ln"en"p}%uctag&?leuﬁlﬁﬁt pEgédn séoﬂcﬁft Annifrohenzenedinzonium
percent, cop@erLflaerébérat@nifa R00CgNbfNWatejcwvasdaddel to a stirpiggcted

Ui S0 CRRRRRBHESS: of 17q Bk Eb” BeiEeq, magpon OF WEBMEIN' 16" M
Exanple 11 70 g of water. BuBb&paermanruﬂeasedml\Aﬁtar(xtitrmmgoﬂurt
Thi s exa”plfs'ﬂﬂﬁ'f:éét e’E %h@ﬁf& esgut OUriled 1’ An oven Mt | ¥FUSE. CAFREN

product using a process
- product was suhjected to Soxhlet extraction with THF

overnlght and dried. ESCA analys;s showed a Nis signal at

15 406.1 eV and one at 400.9 eV with relative areas of 3.2:1.
The 406.1 eV signal is caused by NO, groups and the 400.9 eV
is caused by nitrogen in the original sample and by azo
groups. No signal at 403 eV corresponding to diazonium
groups was found. The combined nitrogen content was 5.6

20 atomic percent, compared to 0.3 atomic percent nitrogen for
the unreacted activated carbon. This establishes that
nitrophenyl groups are attached to the activated carbon
product.

25 . Example 13
- Preparation of an activated carbon product
‘This example illustrates the preparation of an
activated carbon product using a process of the present
invention. A solution of p-NH,C,H,N,Cl, was prepared by
30 adding a cold solution of 0.483 g NaNO, in 10 g of water to
a solution of 2.87 ml cqncentrated HCl, 0.758 g p=~
phenylenediamine and 30 g of water that was stirring in an
ice bath. The cold diazonium solution was added to a
suspension of 7.0 g of the graphite fibers of Example 11
35 . and 63 g of water that was stirring at room temperature.
After stirring for 15 minutes, the'ptpduct was dried at



invention. An activated carbon having a nitrogen BET surface area

of 762 nferr]/g, a nonporous surface area of 266 and a
‘pore vol we9esest 20 nl /g was reacted with chl orob edl azoni um
*hexaf | uor ophosphate by the nmethod of 30 Exanple 1. A sanple of this
material that had been subj ected to Soxhlet extraction with THF
over ni ght and dried contained 0.43% chlorine, conpared to 0.02%
for the unreacted carbon. Theref@ne~ the activated carbon product
contained 0.12 nmml /g of chlorophenyl groups, or 0.09 35 chl or ophenyl

groups per sqase€ farooniechourjhisubsjdctidd e Boxhlet extiwdtidm or ophenyl

groups are aLLachadO MR 3, i dried.  An ESCH pmalydld SPOI0102

WD 96/ 18690 bon
product . product gave a nitrogen concentrdiépqﬂQ£]§b$3atomic
Preparation ?Er@@n%(:t obipad YD Y Atalic percent nJ.

illustrates the preparatlon act vat ed car roduct u5|ng a

proc@ss of tH@rﬁﬁéﬁﬁﬂzactlvateq|9ﬁﬁh9ﬂﬂ1 ﬂh%ﬂﬂ?ﬁ#ﬁ#@%ﬁhQF Rt of

4-ni t r obenzeagdndphenyl groups &€r¥ laAildshed X dithe adOvated @&tbonvas
added to a Ster ng 10 suspension of 7 g of the activated carbon of
Exanple 11 ak 70 g of water. Bubbles were released. After stirring
for 15 m nutes, the mxture was dried in an oven at 125[err]C. The
product was subjected to Soxhlet extraction with THF - over ni ght and
dried. ESCA analysis showed a N's signal at 15 406.1 eV and one at
400.9 eV with relative areas of 3.2:1. The 406.1 eV signal is
caused by NJ err] groups and the 400.9 eV is caused by nitrogen in
the original sanple and by azo groups. No signal at 403 eV
correspondi ng to diazonium groups was found. The conbi ned nitrogen
content was 5.6 20 . atom c percent, conpared to 0.3 atom c percent '
nitrogen for ) : '



t he unreacted activated carbon. This establishes that ni t rophenyl

groups are attached to the activated carbon producl;%l.

Exanpl e WQ 96/18690 : Preparati on of an activated car %s%aoguct i
This exanple illustrates the preparation of an activated carbon
product using a process of the present I nvention. A solution of

p-NH err]Cerr]Herr]Nerr]CJ[err] was prepared by 30

solution of 0.483 g NaNJerr] in 10 g cf 2ft-er to ; ”!Illﬁmm!;mmgmn
2.87 m concentrated ECl, 0.758 g‘f- phenyl enedi am ne and 30 g of
wat er that Whe slaimed) invention is: .jce bath. The cold diazonium

sol ution was addgd toE@ﬁg@C@BS'?é&' a Qfa7c9rﬂoﬁfRiﬁauﬁﬁaﬂﬂﬁﬂig'bers
of Exanple 11 35 ., ‘and 63 q_ro wat er- that“was stirring_at room ., = :
t enper at ur e@0 organic group Attachedtp ascarhencBaterial; GOMPELRING i ed
gtCT US95/ 162&?2605%91' | ", 21~

125Ferr] C for on@%j:ngslﬂ)t]‘ e]c?%%t 'f%n%o%?ﬁ?n‘.é%r 33?‘?‘0”"%1‘ a c“&?@r ni ght
with THF, amaAtdrniad selectekl/fromlssgsaphitécpowder, apgmaphiteafiber,

ni trogen co | 3. | p cQupared
atom c perce%n'?'JL %ﬁﬂog&hﬂ%%'r %h%%%ﬁ cloﬁtrl]f e?ac?ge'gggéylsvggg oglarpg%r?gi e\Q‘-'I'hi S
est abl i shes andntan activated rearkon| predupt incthet absenceo afh@nacti vat ed

car bon extdViiG -applied elect¥id@64dBPEAt sufficient to reduce
PCT/ US95/ 16452 . . .
10 the diazonium salt.

2. A process of claim 1 wherein the reacting step is ‘
carried out in an aprotic medium.

3. A process of claim 1 wherein the reacting step is
carried out in a protic medium. -

15 4, A process of claim 1 wherein the diazonium salt
is generated in situ.

5. A process for preparing a carbon product having
an organic group attached to a carbon material comprising
the step of: '

20 reacting at least one diazonium salt with a carbon
material selected from a graphite powder, a graphite fiber,
a carbon fiber, a carbon cloth, a vitreous carbon product,
and an activated carbon product in a protic reaction
medium. _

25 6. A process of claim 5 wherein the diazonium salt
is generated in situ from a primary amine. |

7. ° A process of claim 6 wherein the diazonium salt
is generated in situ by reacting the primary amine, a
nitrite and an acid.

30 8. A process of claim 7 wherein the nitrite is a
metal nitrite and one equivalent of acid is used.

9. A process of claim 6 wherein the diazonium salt
is generated in situ by reacting the. primary amine with a
nitrite and the primary amine contains a strong acid group.

35 10. A process of claim 6 wherein the diazonium salt
is generated in situ by reacting the primary amine with an



-The clained invention is: 1. A process for preparing a carbon

product havi ng _ an organic group attached to a carbgn materl al
conprisi WWO96/186%0 the step of: 5 reacting at | BSTAUSEH

“di azonium salt with a carbon mat eri al sel ected %Fem—a—g%apht—t—e—
povvder a graphite fiber, ' a carbon fiber, a carb

vitreous carbon product, and an acti vat ed car bon )Iﬂl II ||||
absence of an externally applieéd @zeatric current

reduce 10 t he di azonium salt. 2. A process of claim 1

wherein the agueousgselation of nitrogen ididbxided n an aprotic medium
3. A process of ai myl tep i car Jed put
qha ”h piladeds’ o@%la}if)r » ez;r: frsrtﬁ protic me

in a protic medium
di azoni um safp 3‘1‘190‘18 mediyame andedhen priimary amine is an a'm.nd\qnfol:less

for prepari ngogmﬁgab g,‘,ol,uq_tn Wé}g. an orgam C group attached to
a cagbon materi al risin t.he step of : . reacting

at |Bast one di azéﬁl o 8% @ ig zadigal se ecte@mﬁfé?l! &hegroupd from a
graphi te powdensistdnapbift phienyds,, naphthyl, antlditedy e phen&élrenyl ot h,
a vitreous Cﬁiﬁﬂ@ngﬁ.o gﬁh@é{‘dﬁ’-“é@rand an activated car bon product 1'n a

protic reacti o 6. A process of claimb
wherei n the di azofi df dadependently ias apbeditusht rorsithe famomatix i mary

am ne. radical séleched ¥xoas Of claim6 wherei n t he di azoni um sal t
[ @neratedln situ byreactln the primary am ne, - nitrite and

id. 30 ag fung §W&I%lﬁ°ﬁ%eﬁr@m the greupte is a

metal nitri teonndsnﬂngequfl OR,eCOR}f COOR]) Iocons ¢0o0ONa, COOK, COO®R,' A
is.denerated in situ

process of c the di I u

by reacting b%h'g]ﬂ? 'a e ﬁn't ?@% @o ﬁ?ﬁ’l (SO R tthbFPﬁﬂvy am ne
contai ns a s€PYRg, altl%d @QHp, B%HNa, PO;Na,, Jl(hNRA W RTLMR,OK° ,CladidNER,* X
wherein the ¢li gagni um sal t is generated in situ by reacting the

pri rgry aniné with an
a linear, branched or cyclic hydrocarbon radical,

unsubstituted or substituted with one or more of said
functional groups; : :
'R is independently hydrogen, C;=C,, alkyl, or aryl,
n is an integer from 1 to 8;
20 X" is a halide or an anion derived from a mineral or
organic acid; and
Y. is an integer from 1 to 5 when Ar is phenyl, 1 to 7
when Ar is naphthyl, 1 to 9 when Ar is anthracenyl,
phenanthrenyl, or biphenyl, or 1 to 4 when Ar is pyridinyl.

25
12. A process of claim 5 wherein the diazonium salt
is generated in situ.
'13. A process of claim 5 wherein the diazonium salt
is generated from a primary amine separately from the
30 reacting step. '

l4. A process of claim 5 wherein the protic reaction
medium is an aqueous medium.
15. A process of claim 5 wherein the organic group of
the diazonium salt is substituted or unsubstituted and is
35 selected from the group consisting of an aliphatic group, a
cyclic organic group, or an organic compound having an
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23 agueous sol ution of nitrogen di oxide. PCT/US9S16us2 A

pr ocess Y 964 6 wherein the protic mediumis ~an aqueous medium &
and the prirrary amne 1s an amne of the : formula Alerr]ArNH err],

i n which: aromatic radical selected fron1the gr oup
consi sting of ph “(ill““'lmlummmnt hracenyl phenant hr enyl ,

bi phenyl, and pyrerdifaiyly » 2i4s < ndependent |y a substituent on
the aromatic radi cal sel ected fronl 10, a
functional atipbaticcpeElicnopndha g¥eldc portionconsisting of OR COR
COOR, OCOR, COO\'QG.W roceks’ ofN1¥ik 5 wherein iﬁéoﬁﬁétlg\keéﬂzibfﬂ
Slerr], SqerrL %LNa SHerr]K, SOerr]NR err]

CONR[ err] PP]*SPEP FrH err], P err] HNa, PC{err]hb[err] N=NR,

N err] X[ err], NRLZur] X[ prb}:gssndﬂDIa[lmmn] § awhédrein the p:atﬂclﬁedium is

a Isnear b&&”gﬂSShBi-Bx EHPmE?QBBFarbon radi cal , . unsubstituted or

subStituted W functi onal groug ;
R is independent £§-hydr sgshoncprioducyi @reparedaceprding; to the

is an integgeobesy J,ft glgmzq X[err] is a halide or an anion
derived froma m_neral ani ¢ aci y is an

oand ..
integer from1 td°s3 wﬁeﬁ%ﬁbqqsﬂﬂﬂgﬂﬂ EFQQF%‘éIa°°°rdlﬂﬂeF°AFth napht hyl ,
1 to 9 whenpAbcessadfhedadnmy|s. phenant hrenyl, or biphenyl, or 1 to
4 en Ar is pyridinyl. 25 12. A process of claim5 wherein
the di azoniumsalt - iI's generated in situ. 13. A
process of claim5 wherein the diazoniumsalt : is generated froma ‘
primary am ne separately fromthe 30 . reacting step. .
14. A process of claim5 wherein the protic reaction medi umis an
aqueous nedi um : 15. A process of claim5 wherein the organic
group of the diazoniumsalt is substituted or unsubstituted and is
35 ~ selected fromthe group consisting of an aliphatic group, a
cyclic organic group, or an organi c conpound having an

n
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(57) Abstract

(54) Title: CARBON MATERIALS REACTED WITH DIAZONIUM SALTS

Processes for preparing a carbon product having an organic group attached to a carbon material. The carbon material is selected

“from graphite powder, a graphite fiber, a carbon fiber, a carbon cloth, a vitreous carbon product, and an activated carben product. In one
process at least one diazonium salt reacts with a carbon material in the absence of an externally applied electric current sufficient to reduce
the diazonium sait. In another process at least one diazonium salt reacts with a carbon material in a protic reaction medium.




