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MODIFIED CARBON PRODUCTS, THEIR USE IN 
FLUID/GAS DIFFUSION LAYERS AND SIMILAR 
DEVICES AND METHODS RELATING TO THE 

SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS AND CLAIM OF PRIORITY 

BENEFIT 

[0001] Pursuant to 35 U.S.C. §119(e), this patent applica 
tion claims a priority bene?t to: (a) US. Provisional Patent 
Application No. 60/553,612 entitled “MODIFIED CAR 
BON PRODUCTS AND THEIR USE IN GAS DIFFUSION 
LAYERS” ?led Mar. 15, 2004; (b) US. Provisional Patent 
Application No. 60/553,413 entitled “MODIFIED CAR 
BON PRODUCTS AND THEIR USE IN ELECTROCATA 
LYSTS AND ELECTRODE LAYERS” ?led Mar. 15, 2004; 
(c) US. Provisional Patent Application No. 60/553,672 
entitled “MODIFIED CARBON PRODUCTS AND THEIR 
USE IN PROTON EXCHANGE MEMBRANES” ?led 
Mar. 15, 2004; and (d) US. Provisional Patent Application 
No. 60/553,611 entitled “MODIFIED CARBON PROD 
UCTS AND THEIR USE IN BIPOLAR PLATES” ?led 
Mar. 15, 2004. This application is also related to US. Patent 
Application Serial No. , entitled “MODIFIED CAR 
BON PRODUCTS, THEIR USE IN BIPOLAR PLATES 
AND SIMILAR DEVICES AND METHODS RELATING 
TO THE SAME”, ?led on Mar. 15, 2005, and further 
identi?ed by Attorney File No. 41890-01747, and US. 
Patent Application Serial No. , entitled “MODIFIED 
CARBON PRODUCTS, THEIR USE IN ELECTROCATA 
LYSTS AND ELECTRODE LAYERS AND SIMILAR 
DEVICES AND METHODS RELATING TO THE SAME”, 
?led on Mar. 15, 2005, and further identi?ed by Attorney 
File No. 41890-01745, and US. Patent Application Serial 
No. , entitled “MODIFIED CARBON PRODUCTS, 
THEIR USE IN PROTON EXCHANGE MEMBRANES 
AND SIMILAR DEVICES AND METHODS RELATING 
TO THE SAME”, ?led on Mar. 15, 2005, and further 
identi?ed by Attorney File No. 41890-01746. Each of the 
above referenced patent applications hereby is incorporated 
herein by reference in its entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] The US. Government has a paid-up license in this 
invention and the right in limited circumstances to require 
the patent oWner to license others on reasonable terms as 

provided for by the terms of Contract (AWard) No. 
70NAN2B3021 aWarded by the National Institute of Stan 
dards and Technology (NIST). 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention relates to the production and 
use of modi?ed carbon products in fuel cell components and 
similar devices. Speci?cally, the present invention relates to 
gas and ?uid diffusion layers incorporating modi?ed carbon 
products and methods for making gas and ?uid diffusion 
layers including modi?ed carbon products. The modi?ed 
carbon products can be used to enhance and tailor the 
properties of the gas and ?uid diffusion layers. 
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[0005] 2. Description of Related Art 

[0006] Fuel cells are electrochemical devices that are 
capable of converting the energy of a chemical reaction into 
electrical energy Without combustion and With virtually no 
pollution. Fuel cells are unlike batteries in that fuel cells 
convert chemical energy to electrical energy as the chemical 
reactants are continuously delivered to the fuel cell. As a 
result, fuel cells are used to produce a continuous source of 
electrical energy, and compete With other forms of continu 
ous energy production such as the combustion engine, 
nuclear poWer and coal-?red poWer stations. Different types 
of fuel cells are categoriZed by the electrolyte used in the 
fuel cell. The ?ve main types of fuel cells are alkaline, 
molten carbonate, phosphoric acid, solid oxide and proton 
exchange membrane (PEM), also knoWn as polymer elec 
trolyte fuel cells (PEFCs). One particularly useful fuel cell 
is the proton exchange membrane fuel cell (PEMFC). 

[0007] A PEMFC typically includes tens to hundreds of 
MEAs each of Which includes a cathode layer and an anode 
layer. One embodiment of a MEA is illustrated in FIGS. 1(a) 
and 1(b). One embodiment of a cathode side of an MEA is 
also depicted in FIG. 2. With references to FIGS. 1(a), 1(b) 
and 2, the anode electrocatalyst layer 104 and cathode 
electrocatalyst layer 106 sandWich a proton exchange mem 
brane 102. In some instances, the combined membrane and 
electrode layer is referred to as a catalyst coated membrane 
103. PoWer is generated When a fuel (e.g., hydrogen gas) is 
fed into the anode 104 and oxygen (air) 106 is fed into the 
cathode. In a reaction typically catalyZed by a platinum 
based catalyst in the catalyst layer of the anode 104, the 
hydrogen ioniZes to form protons and electrons. The protons 
are transported through the proton exchange membrane 102 
to a catalyst layer on the opposite side of the membrane (the 
cathode), Where another catalyst, typically platinum or a 
platinum alloy, catalyZes an oxygen-reduction reaction to 
form Water. The reactions can be Written as folloWs: 

[0008] Electrons formed at the anode and cathode are 
routed through bipolar plates 114 connected to an electrical 
circuit. On either side of the anode 104 and cathode 106 are 
porous gas diffusion layers 108, Which generally comprise a 
carbon support layer 107 and a microporous layer 109, that 
help enable the transport of reactants (H2 and O2 When 
hydrogen gas is the fuel) to the anode and the cathode. On 
the anode side, fuel ?oW channels 110 may be provided for 
the transport of fuel, While on the cathode side, oxidiZer ?oW 
channels 112 may be provided for the transport of an 
oxidant. These channels may be located in the bipolar plates 
114. Finally, cooling Water passages 116 can be provided 
adjacent to or integral With the bipolar plates for cooling the 
MEA/fuel cell. 

[0009] Aparticularly preferred fuel cell for portable appli 
cations, due to its compact construction, poWer density, 
ef?ciency and operating temperature, is a PEMFC that can 
utiliZe methanol (CH3OH) directly Without the use of a fuel 
reformer to convert the methanol to H2. This type of fuel cell 
is typically referred to as a direct methanol fuel cell 
(DMFC). DMFCs are attractive for applications that require 
relatively loW poWer, because the anode reforms the metha 
nol directly into hydrogen ions that can be delivered to the 
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cathode through the PEM. Other liquid fuels that may also 
be used in a fuel cell include formic acid, formaldehyde, 
ethanol and ethylene glycol. 

[0010] Like a PEMFC, a DMFC also is made of a plurality 
of membrane electrode assemblies A cross-sec 
tional vieW of a typical MBA is illustrated in FIG. 3 (not to 
scale). The MBA 300 comprises a PEM 302, an anode 
electrocatalyst layer 304, cathode electrocatalyst layer 306, 
?uid distribution layers 308, and bipolar plates 314. The 
electrocatalyst layers 304, 306 sandWich the PEM 302 and 
catalyZe the reactions that generate the protons and electrons 
to poWer the fuel cell, as shoWn beloW. The ?uid diffusion 
layer 308 distributes the reactants and products to and from 
the electrocatalyst layers 304, 306. The bipolar plates 314 
are disposed betWeen the anode and cathode of sequential 
MEA stacks, and comprise current collectors 317 and fuel 
and oxidiZer ?oW channels, 310, 312, respectively, for 
directing the ?oW of incoming reactant ?uid to the appro 
priate electrode. TWo end plates (not shoWn), similar to the 
bipolar plates, are used to complete the fuel cell stack. 

[0011] Operation of the DMFC is similar to a hydrogen 
gas based PEMFC, except that methanol is supplied to the 
anode instead of hydrogen gas. Methanol ?oWs through the 
fuel ?oW channels 310 of bipolar plate 314, through the ?uid 
distribution layer 308 and to the anode electrocatalyst layer 
304, Where it decomposes into carbon dioxide gas, protons 
and electrons. Oxygen ?oWs through the oxidiZer ?oW 
channels 312 of the bipolar plate 314, through the ?uid 
distribution layer 308, and to the cathode electrocatalyst 
layer, Where ioniZed oxygen is produced. Protons from the 
anode pass through the PEM 302, and recombine With the 
electrons and ioniZed oxygen to form Water. Carbon dioxide 
is produced at the anode 304 and is removed through the 
exhaust of the cell. The foregoing reactions can be Written as 
folloWs: 

[0012] There are a number of properties that are required 
for ef?cient fuel cell operation. The gas/?uid diffusion 
layers, commonly referred to as gas diffusion layers (GDLs) 
in hydrogen gas based PEMFCs, and ?uid diffusion layers in 
methanol fuel-based DMFCs, are used to control ?uid 
distribution and Water permeability in the fuel cell. Gas/?uid 
diffusion layers and similar structures are referred to in the 
literature by many different names. As used herein, the term 
gas/?uid diffusion layer includes all such structures includ 
ing gas diffusion layers, gas diffusion media, gas diffusion 
electrodes and the like. 

[0013] Ideally, gas/?uid distribution layers should be 
capable of transporting reactants to the electrodes, While 
removing by-products aWay from the electrodes. For 
example, in a PEMFC, the gas/?uid diffusion layer should 
enable ef?cient transport and distribution of hydrogen gas to 
the catalysts Within the anode. In a DMFC, the gas/?uid 
diffusion layer should enable ef?cient transport and distri 
bution of liquid methanol to the catalysts, While enabling 
removal of product carbon dioxide gas from the anode. In 
both PEMFCs and DMFCs, the gas/?uid distribution layer 
should enable efficient transport and distribution of oxygen 
containing gas to the catalysts Within the cathode and 
removal of Water from the cathode. 
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[0014] Current techniques employed to control gas/?uid 
distribution include the incorporation of conventional 
hydrophilic and/or hydrophobic materials Within the gas/ 
?uid distribution layer. HoWever, the use of such materials 
often results in decreased electrical performance and 
decreased porosity in the gas/?uid diffusion layer. 

[0015] Carbon is a material that has previously been used 
for some components of the fuel cell structure. For example, 
US. Pat. No. 6,280,871 by Tosco et al. discloses gas 
diffusion electrodes containing carbon products. The carbon 
product can be used for at least one component of the 
electrodes, such as the active layer and/or the blocking layer. 
Methods to extend the service life of the electrodes, as Well 
as methods to reduce the amount of ?uorine-containing 
compounds are also disclosed. Similar products and meth 
ods are described in US. Pat. No. 6,399,202 by Yu et al. 
Each of the foregoing patents is incorporated herein by 
reference in its entirety. 

[0016] US. patent application Publication No. 2003/ 
0017379 by Menashi, Which is incorporated herein by 
reference in its entirety, discloses fuel cells including a gas 
diffusion electrode, gas diffusion counter-electrode, and an 
electrolyte membrane located betWeen the electrode and 
counter-electrode. The electrode, counter-electrode, or both, 
contain at least one carbon product. The electrolyte mem 
branes can also contain carbon products. Similar products 
and methods are described in US. patent application Pub 
lication No. 2003/0022055 by Menashi, Which is also incor 
porated herein by reference in its entirety. 

[0017] US. patent application Publication No. 2003/ 
0124414 by Hertel et al., Which is incorporated herein by 
reference in its entirety, discloses a porous carbon body for 
a fuel cell having an electronically conductive hydrophilic 
agent and discloses a method for the manufacture of the 
carbon body. The porous carbon body comprises an elec 
tronically conductive graphite poWder in an amount of 
betWeen 60 and 80 Weight percent of the body, carbon ?ber 
in an amount of betWeen 5 and 15 Weight percent of the 
body, a thermoset binder in an amount betWeen 6 and 18 
Weight percent of the body and an electronically created 
modi?ed carbon black. Hertel et al. disclose that the carbon 
body provides increased Wettability Without any decrease in 
electrical conductivity, and can be manufactured Without 
high temperature steps to add graphite to the body or to 
incorporate post molding hydrophilic agents into pores of 
the body. 

SUMMARY OF THE INVENTION 

[0018] According to one aspect of the present invention, a 
fuel cell is provided comprising an anode, a cathode and a 
proton exchange membrane dispose betWeen the anode and 
the cathode, Where the fuel cell further includes a ?rst 
gas/?uid diffusion layer adjacent to the anode and opposite 
the proton exchange membrane, and a second gas/?uid 
diffusion layer adjacent to the cathode and opposite the 
proton exchange membrane, Where at least one of the ?rst 
and second gas/?uid diffusion layers includes a modi?ed 
carbon product. In one embodiment of the present aspect, 
the modi?ed carbon products include carbon black. In 
another embodiment of the present aspect, the modi?ed 
carbon product includes carbon ?bers. In yet another 
embodiment, the modi?ed carbon product comprises graph 
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ite ?bers. In one embodiment, the modi?ed carbon product 
includes graphite ?bers modi?ed With a hydrophilic func 
tional group. In yet another embodiment, at least one of the 
gas/?uid diffusion layers includes a carbon support and a 
microporous layer disposed on the carbon support, Where 
the microporous layer includes the modi?ed carbon product. 
In one embodiment, at least one of the gas/?uid diffusion 
layers has an average pore siZe of from about 100 nm to 
about 500 nm. In another embodiment, the microporous 
layer has an average thickness of from about 2 microns to 
about 20 microns. In yet another embodiment, at least one of 
the gas/?uid diffusion layers includes a carbon support, 
Where the modi?ed carbon product particles are dispersed 
Within the carbon support. In one embodiment, the modi?ed 
carbon product particles have an average particle siZe of 
from about 1 micron to about 30 microns. In yet another 
embodiment, at least one of the gas/?uid diffusion layers 
includes from about 5 volume percent to about 70 volume 
percent of the modi?ed carbon product particles. In another 
embodiment, at least one of the gas/?uid diffusion layers 
includes a carbon support that is a modi?ed carbon product. 
In one embodiment, both the ?rst and second gas/?uid 
diffusion layers comprise a modi?ed carbon product. In one 
embodiment, the modi?ed carbon product includes a hydro 
philic functional group. In another embodiment, the modi 
?ed carbon product comprises a hydrophilic functional 
group selected from the group of carboXylic acids, carboXy 
lic salts, sulfonic acids, sulfonic salts, phosphonic acids, 
phosphonic salts, amines, amine salts and alcohols. In 
another embodiment, the modi?ed carbon product com 
prises a hydrophobic functional group. In one embodiment, 
the modi?ed carbon product includes a hydrophobic func 
tional group selected from the group of saturated cyclics, 
unsaturated cyclics, saturated aliphatics, unsaturated aliphat 
ics and polymerics. In yet another embodiment, the modi?ed 
carbon product includes both a hydrophilic functional group 
and a hydrophobic functional group. In another embodi 
ment, the modi?ed carbon product includes a steric inhib 
iting functional group. In one embodiment, at least one of 
the gas/?uid diffusion layers includes predominately hydro 
philic modi?ed carbon products on a ?rst side and predomi 
nantly hydrophobic modi?ed carbon products on a second 
side opposite the ?rst side. In another embodiment, at least 
one of the gas/?uid diffusion layers includes a major planar 
surface and comprises a chemical gradient lateral to the 
planar surface. In another embodiment, at least one of the 
gas/?uid diffusion layers includes a major planar surface and 
comprises a chemical gradient perpendicular to the planar 
surface. 

[0019] According to another aspect of the present inven 
tion, a method for the fabrication of the gas/?uid diffusion 
layer in a fuel cell provided, the method comprising pro 
viding a carbon support, depositing a ?rst ink composition 
comprising a ?rst modi?ed carbon product on the carbon 
support to form a ?rst sublayer and depositing a second ink 
composition comprising a second modi?ed carbon product 
over the ?rst sublayer, Where the ?rst modi?ed carbon 
product and the second modi?ed carbon product have dif 
ferent hydrophilic properties. In one embodiment of the 
present aspect, the depositing step includes depositing With 
an ink-jet device. In another embodiment of the present 
aspect, the depositing step includes depositing using a 
method selected from the group of the spraying, analog 
deposition, lithography, ?eXographic printing, slot-die, role 
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coating, Xerography and electrostatic printing. In one 
embodiment, at least one of the ?rst and second modi?ed 
carbon products includes graphite. In another embodiment, 
at least one of the ?rst and second modi?ed carbon products 
includes carbon black. 

[0020] According to yet another aspect of the present 
invention, a method for the fabrication of gas/?uid diffusion 
layer is provided, the method comprising providing a carbon 
support, contacting the carbon sport With the diaZonium salt 
and treating the diaZonium salt to covalently bond a func 
tional group to the carbon support and form a modi?ed 
carbon support product. According to one embodiment of 
the present aspect, the carbon support includes carbon cloth. 
In another embodiment of the present aspect, the carbon 
support includes carbon paper. In one embodiment, the 
functional group is a hydrophilic group. In another embodi 
ment, the functional group is a hydrophobic group. 

BRIEF DESCRIPTION OF DRAWINGS 

[0021] FIGS. 1(a) and 1(b) illustrate a schematic cross 
section of a PEMFC MBA and bipolar plate assembly 
according to the prior art. 

[0022] FIG. 2 illustrates a cross-section of the cathode 
side of an MBA shoWing the membrane and bipolar plate 
and O2, H+ and H20 transport according to the prior art. 

[0023] FIG. 3 illustrates a schematic cross-section of a 
direct methanol fuel cell (DMFC) according to the prior art. 

[0024] FIG. 4 illustrates a method for modifying a carbon 
product to form modi?ed carbon according to US. Pat. No. 
5,900,029 by Belmont et al. 

[0025] FIGS. 5(a) and 5(b) illustrate functional groups 
attached to a carbon surface according to one via a diaZo 
nium salt in accordance With the present invention. 

[0026] FIG. 6 illustrates the increase in active species 
phase siZe as processing temperature increases. 

[0027] FIG. 7 illustrates a method for formation of plati 
num/metal oXide active sites using a modi?ed carbon prod 
uct according to the present invention. 

[0028] FIG. 8 illustrates modi?ed carbon products used to 
form a microporous layer onto a gas/?uid diffusion layer in 
accordance With an embodiment of the present invention. 

[0029] FIG. 9 illustrates impregnation of modi?ed carbon 
products into a porous gas/?uid diffusion layer according to 
an embodiment of the present invention. 

[0030] FIG. 10 illustrates a modi?ed gas/?uid diffusion 
layer in accordance With an embodiment of the present 
invention. 

[0031] FIG. 11 illustrates a method for forming a gas/?uid 
diffusion layer in accordance With an embodiment of the 
present invention. 

[0032] FIG. 12 illustrates formation of through-plane gra 
dient structures in accordance With an embodiment of the 
present invention. 

[0033] FIG. 13 illustrates the use of modi?ed carbon 
products to decrease cracking during drying as compared to 
the prior art and according to an embodiment of the present 
invention. 
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[0034] FIGS. 14(a) and 14(b) illustrate SEM photomicro 
graphs of a printed ink formulation comprising a modi?ed 
carbon black product according to an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0035] The present invention relates to fuel cell compo 
nents that incorporate modi?ed carbon products. Speci? 
cally, the present invention relates to gas/?uid diffusion 
layers that incorporate and utiliZe modi?ed carbon products. 
The use of such modi?ed carbon products enables the 
production of gas/?uid diffusion layers having enhanced 
properties. For example, modi?ed carbon products can be 
utiliZed in gas/?uid diffusion layers to enhance the mass 
transport properties, electrical conductivity and physical 
robustness. 

[0036] As used herein, a modi?ed carbon product refers to 
a carbon-containing material having an organic group 
attached to the carbon surface. In a preferred embodiment, 
the modi?ed carbon product is a carbon particle having an 
organic group covalently attached to the carbon surface. 

[0037] A native (unmodi?ed) carbon surface is relatively 
inert to most organic reactions, and the attachment of 
speci?c organic groups at high coverage levels has been 
dif?cult. HoWever, US. Pat. No. 5,900,029 by Belmont et 
al., Which is incorporated herein by reference in its entirety, 
discloses a process (referred to herein as the Belmont 
process) that signi?cantly improves the ability to modify 
carbon surfaces With organic groups. UtiliZing the Belmont 
process, organic groups can be covalently bonded to the 
carbon surface such that the groups are highly stable and do 
not readily desorb from the carbon surface. 

[0038] Generally, the Belmont process includes reacting at 
least one diaZonium salt With a carbon material to reduce the 
diaZonium salt, such as by reacting at least one diaZonium 
salt With a carbon black in a protic reaction. medium. The 
diaZonium salt can include the organic group to be attached 
to the carbon. The organic group can be selected from an 
aliphatic group, a cyclic organic group or an organic com 
pound having an aliphatic portion and a cyclic portion. The 
organic group can be substituted or unsubstituted and can be 
branched or unbranched. Accordingly, carbon can be modi 
?ed to alter its properties such as its surface energy, dis 
persability in a medium, aggregate siZe and siZe distribution, 
dispersion viscosity and/or chemical reactivity. 

[0039] The modi?ed carbon product can be formed using 
an electrically conductive crystalline form of carbon, such as 
graphite, or can be an amorphous carbon. The carbon, 
Whether crystalline or amorphous, can be in the form of any 
solid carbon, including carbon black, activated carbon, car 
bon ?ber, bulk carbon, carbon cloth, carbon nanotubes, 
carbon paper, carbon ?akes and the like. 

[0040] It Will be appreciated that the carbon material 
utiliZed to form the modi?ed carbon product can be selected 
to suit the speci?c application of the modi?ed carbon 
product in Which the carbon material Will be utiliZed. For 
eXample, graphite has an anisotropic plate-like structure and 
a Well-de?ned crystal structure, resulting in a high electrical 
conductivity. In one embodiment, a modi?ed carbon product 
including graphite is utiliZed in a fuel cell component to 
increase or enhance its electrical conductivity. 
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[0041] Carbon ?bers are long, thin, rod-shaped structures 
Which are advantageous for physically reinforcing mem 
branes and increasing in-plane electrical conductivity. In one 
embodiment, modi?ed carbon ?bers are utiliZed in a fuel cell 
component to increase or maintain its structural integrity. 

[0042] Carbon blacks are homologous to graphite, but 
typically have a relatively loW conductivity and form soft, 
loose agglomerates of primarily nano-siZed particles that are 
isotropic in shape. Carbon black particles generally have an 
average siZe in the range of 9 to 150 nanometers and a 
surface area of from about 20 to 1500 m2/g. In one embodi 
ment, a modi?ed carbon product including carbon black is 
utiliZed in the fuel cell component to decrease its electrical 
conductivity. In another embodiment, modi?ed carbon prod 
uct including carbon black is dispersed in a liquid to form a 
modi?ed carbon ink that can be utiliZed in the production of 
a fuel cell component due to its shape and small particle siZe. 

[0043] Generally, a carbon material is modi?ed utiliZing 
the Belmont process via a functionaliZing agent of the form: 
X—R—Y 

[0044] Where: X reacts With the carbon surface; 

[0045] R is a linking group; and 

[0046] Y is a functional group. 

[0047] The functional group (Y) can vary Widely, as can 
the linking group (R), by selection of the appropriate dia 
Zonium salt precursor. The diaZonium precursor has the 
formula: 

XNENRY 

[0048] Where: N is nitrogen; 

[0049] X is an anion such as Cl‘, Br- or F‘; R is 
the linking group; and 

[0050] Y is the functional group. 

[0051] FIG. 4 schematically illustrates one method of 
surface modifying a carbon material according to the Bel 
mont process. The carbon material 420 is contacted With a 
diaZonium salt 422 to produce a modi?ed carbon product 
424. The resulting modi?ed carbon product 424 includes 
surface groups that include the linking group (R) and the 
functional group (Y), as discussed beloW in relation to FIGS. 
5(a) and 5(b). 
[0052] FIGS. 5(a) and 5(b) illustrate different embodi 
ments of a modi?ed carbon product 524a, 524b having a 
surface group, including a functional group (Y) and linking 
group (R) attached to the carbon material. In FIG. 5(a), 
sulfonic acid is attached to the carbon material 520 to 
produce a modi?ed carbon product 524a. In FIG. 5(b) 
polyamines are attached to the carbon material 520 to 
produce a modi?ed carbon product 524b. 

[0053] EXamples of functional groups (Y) that can be used 
to modify the carbon material according to the present 
invention include those that are charged (electrostatic), such 
as sulfonate, carboXylate and tertiary amine salts. Preferred 
functional groups for fuel cell components according to one 
aspect of the present invention include those that alter the 
hydrophobic/hydrophilic nature of the carbon material, such 
as polar organic groups and groups containing salts, such as 
tertiary amine salts. Particularly preferred hydrophilic func 
tional groups are listed in Table I, and particularly preferred 
hydrophobic functional groups are listed in Table II. 










































