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(57) ABSTRACT 

A porous resin Which can be carbonised to a mesoporous 
carbon can be made by cross-linking a phenolformaldehyde 
pre-polymer in the presence of a pore former;, preferably 
ethylene glycol in an amount of at least 120 parts by Weigh 
of ethylene glycol per 100 parts resin and carbonising the 
resin formed. The resin can be formed in situ by condensing 
a phenol With/Without modifying agents With cross-linking 
agent by pouring the partially cross-linked resin into hot oil 
mesoporous resin beads are obtained Which can be carbon 
ised to mesoporous carbon beads. 
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Fig. 1. Effect of the pore former content in the resin composition on the porosity of 
derived carbonised material. Reaction system Phenol — Formaldehyde — Ethylene 
Glycol — Sulphuric Acid. 
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Fig. 2. Effect of aniline content in resin composition of the reaction 
system Phenol — Aniline — Formaldehyde - Ethylene glycol — Sulphuric acid on the 
porosity of derived carbons 
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Fig. 32. Effect of the pore former content on the porosity of phenolic 
resins. Reaction system Novolac —— Hexamine — Ethylene Glycol. 
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Fig. 3b. Effect of the pore former in resin composition on the porosity of 
corresponding carbonised materials. Reaction system Novolac — Hexamine — Ethylene 
Glycol. 
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Fig. 4. Effect of additions of Aniline or Urea to the resin compositions of Novolac - 
Hexann'ne — Ethylene Glycol reaction system on the porosity of resulting carbons 
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Fig. 5. E?‘ect of the nature of the pore former on the porosity of the carbons derived from the 
resins of reaction systems Novolac — Pore Former - Hexamine 
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Fig. 6. E?‘ect of the pore former modi?ca?on with another solvents in the resin 
compositions based on Novolac and Hexamine on the porosity of derived carbons 
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A Fig. 7. Effect of carbonisation procedure on the porosity vof carbons derived from 
copper-containing resin 
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Fig. 8 The e?‘ect of resin cross-linking conditions on the porosity of derived carbons 
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Fig. 9. Porosity of carbon derived from the resin of Novolac — Hexamine — Fur?u-al — 
Ethylene Glycol reaction system 



Patent Application Publication Feb. 5, 2004 Sheet 11 0f 15 US 2004/0024074 A1 

N2 Pore Size Distributions 

2 —D— Resin - 200 

?> —O—Carbon - 200 

1.8 

|sBEr=154.1 gmlg; V0.98=°.57 cclg | 

1-6 1.4 

1.2 

n: 
U) 

3 
g _ 1 

Q m 
0.8 

0.6 

0.4 SEQ f 
0.2 ~ 

0 

1 100 1000 

Mean Pore Size (A) 

Fig. 10. Porosity parameters of the resin prepared in block (Novolac — Hexamine - 
Ethylene Glycol reaction system) and derived carbon 
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Fig. 11. The effect of different processing of the resin of Novolac — Hexamine — 
Ethylene Glycol — Boric Acid reaction system on the porosity of derived carbons. 
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Fig. 122. E?'ect of ethylene glycol content in block resin composition on the porosity 
of the resin, reaction system Novolac — Melamine — Formaldehyde - Ethylene Glycol 
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Fig 12b. E?'ect of the E6 content in the composition of the resins prepared in blocks 
and of the reaction system Novolac - Melamine — Formaldehyde — Ethylene Glycol 
on the porosity of derived carbons. 
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Fig. 13. Comparison of porosity of carbons derived from the reaction systems Novolac 
— Hexamine — Ethylene Glycol, Novolac — Resorcinol — Hexamine - Ethylene Glycol 

and Novolac — Hydroquinone — Hexamine — Ethylene Glycol. 
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POROUS CARBONS 

[0001] The present invention relates to improved phenolic 
resin structures Which can be used as ion exchange resins 
and can be used to prepare porous carbon materials and to 
a methods for making these. 

[0002] Sulphonated phenolic resins Were ?rst used as ion 
exchange resins in the 1930’s (Adams et al, J Soc Chem Ind. 
54 (1935) 1-GT) and relatively stable cation and anion 
exchange resins Were used extensively for the softening and 
demineralisation of Water. Other phenolic based resins 
include the Weak base anion exchange resins that have been 
primarily used in food processing applications (Cristal M J, 
Chem and Ind, 814, (1983) Nov 7) and chelation resins 
Which can be produced to give remarkable selectivity for the 
adsorption of metal ions such as cesium (US. Pat. No. 
4,423,159, 1983 and US 5441991, 1995). The ion exchange 
poWders, can be produced by either bulk curing of the resin 
folloWed by milling (e.g. WO91/09891) to produce a loW 
porosity poWder or by reversed phase condensation (TJni 
taka Ltd U.S. Pat. No. 4,576,969 1986). One of the limita 
tions of these materials Was limited intenal porosity and they 
Were rapidly replaced by the highly porous sulphonated 
styrene divinyl benZene copolymer based ion exchange 
resins When these became available. HoWever, although the 
phenolic based resins have largely disappeared, speci?c 
applications do still exist in food related industries based on 
their underlying performance characteristics. 

[0003] The phenolic resins can be carbonised to form 
mesoporous carbons. Mesoporous carbons are used as 
adsorbents or catalysts supports and can be used in spherical, 
granular of thin ?lm form. Existing production methods use 
gas phase and chemical activation routes to produce meso 
porous carbons but, activated carbon, as conventionally 
produced, is normally microporous (<2 nm pore diameter— 
IUPAC de?nition) With little or no pore volume in the 
mesopore (2-50 nm) and macropore (>50 nm) range. For 
some critical adsorption processes such as evaporative emis 
sion control, and When used as a catalyst support, particu 
larly in liquid phase applications, this is a major draWback. 

[0004] Conventional activated carbons can be made meso 
porous through severe activation but this seriously degrades 
their mechanical properties and the materials are generally 
then only available as ?ne poWders. US. Pat. No. 4,677,086 
discloses the use of chemical activation to produce meso 
porous carbons Without such severe mechanical degradation 
and Which also can be produced as extrudates. These are 
hoWever still produced as poWders and must then be bound 
to produce, for instance, extrudate for use in ?xed bed gas 
phase processes. In most cases the binders that can be used 
are polymeric or ceramic Which then restricts the conditions 
under Which the carbons can be used. 

[0005] Chemical activation can also be used to directly 
produce mesoporous carbons by pelleting or extruding a 
plasticised acidic lignin base char and then directly carbo 
nising and activating the mixture as disclosed in Us. Pat. 
No. 5,324,703. The production route also leads to a loW 
macroporosity, Which can have disadvantages in catalytic 
and liquid phase processes. The route also has the disad 
vantage of requiring compounds such as phosphoric acid 
and Zinc chloride as the activating agents, Which can cause 
severe environmental problems and have a major impact on 
the materials of construction of the process plant. 
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[0006] An alternative route is to carbonise sulphonated 
styrene—divinylbenZene co-polymers as disclosed in US. 
Pat. No. 4,040,990 and US. Pat. No. 4,839,331. These 
produce carbons directly by pyrolysis With meso/mi 
croporosity Without recourse to further activation. The mate 
rials therefore have good mechanical properties. They are, 
hoWever, limited to relatively small particle siZes, ?xed by 
the polymer production route, and have a limited range of 
mesopore structures. They are also very expensive re?ecting 
the high cost of the precursor polymer, the loW carbon yields 
and environmental problems associated With processing 
polymers containing large amounts of sulphur. The resultant 
carbons are also contaminated With sulphur, Which restricts 
their use as catalysts supports. 

[0007] Afurther route has also been disclosed in US. Pat. 
No. 5,977,016 Whereby sulphonated styrene—divinylben 
Zene co-polymer particles can be formed into pellets in the 
presence of large volume of concentrated sulphuric acid and 
then carbonised to give structured materials With both meso 
and macroporosity. The route is hoWever complex and 
expensive With signi?cant environmental problems. 

[0008] A further route is disclosed in Us. Pat. No. 4,263, 
268 Where a mesoporous silica With the desired macroshape 
(i.e. spheres) is impregnated With a carbon forming polymer, 
such as phenolic or poly?ur?uryl resin and then dissolving 
the silica template in an alkali. This again is a highly 
expensive route and is only capable of producing the carbon 
material in a limited range of shapes and forms. 

[0009] We have noW devised an improved method of 
producing porous resin structures Which can be used to form 
porous carbons such as mesoporous carbon Without, gas 
phase or chemical activation. 

[0010] According to the invention there is provided a 
method for forming a porous resin structure Which method 
comprises the condensation of a nucleophilic component 
With an electrophilic cross-linking agents in solution in the 
presence of a pore former. 

[0011] The condensation can be catalysed or non cataly 
sed. 

[0012] The invention also provides a method for forming 
a porous carbon structure in Which the porous resin is 
carbonised to form the porous carbon structure. 

[0013] The nucleophilic component can be for example 
phenol, a phenolformaldehyde pre-polymer—a Novolac 
optionally together With a modifying agent. 

[0014] The electrophilic component can be for example 
formaldehyde, hexamine, furfural. 

[0015] Preferably the pore former acts as the solvent. 

[0016] Methods for preparation of the porous polyconden 
sation resins generally comprise dissolving nucleophilic 
components (eg phenol, Novolac, modifying reagents) and 
electrophilic cross-linking components (eg formaldehyde, 
hexamine, furfural) in the pore former With or Without 
catalysts (acidic or basic) and thermosetting the solution 
obtained to produce cured, solid, insoluble and infusible 
resins With the pore former evenly distributed Within the 
resin matrix creating pores of controlled siZe. 

[0017] The invention is particularly useful for producing 
porous carbons Which can be carbonised to mesoporous/ 
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macroporous carbons. By mesoporous carbon We mean here 
a carbon possessing alongside micropores, pores With diam 
eter from ca.2 nm to ca. 50 nm and by macroporous a carbon 
possessing alongside micropores pores With diameters larger 
than 50 nm , as measured by nitrogen adsorption and 
mercury porosimetry methods and as de?ned by IUPAC. 

[0018] Phenol Polycondensation Pre-polymer 

[0019] The phenolformaldehyde condensation pre-poly 
mer can be a Novolac resin. Novolac resins are typically 
produced by the acid catalysed condensation of phenol and 
formaldehyde in approximately equimolar amounts. Novol 
acs are usually thermoplastic solid polymers that melt at or 
above 100° C. depending on the average molecular Weight. 
They are essentially linear chains With molecular Weights of 
from 500 to 2000 D, Where phenolic moieties are linked With 
methylene (predomitly) and methylene ether bridges and 
possess one nucleophilic active site, predominantly in the 
unsubstiteted ortho-position to hydroXyl group. There can be 
also varying degrees of chain branching depending upon the 
production conditions. 

[0020] Whilst the commercial materials are largely pro 
duced using phenol and formaldehyde, a variety of modi 
fying reagents can be used at the pre-polymer formation 
stage to introduce a range of different oXygen and nitrogen 
functionality’s and cross-linking sites. These include but are 
not limited to: 

[0021] 1. Hydroquinone and resorcinol. Both are more 
reactive than phenol and can lead to some cross-linking 
at the pre-polymer production stage. It is also possible 
to introduce these compounds at the cross-linking stage 
to provide different cross-linking paths. These also 
increase the oXygen functionality of the resins. 

[0022] 2. Nitrogen containing compounds that are 
active in polycondensation reactions, such as urea, 
aromatic (aniline) and heteroaromatic (melamine) 
ammes. These alloW the introduction of speci?c types 
of nitrogen functionality into the initial polymer (and 
?nal carbon) and in?uence the development of the 
mesoporous structure of both the resins and the ?nal 
carbons. 

[0023] Like hydroquinone and resorcinol, all the nitrogen 
containing nucleophilic modifying reagents Which can be 
used in the present invention possess tWo and more active 
sites and are more reactive in condensation reactions than 
phenol or Novolacs. It means that they are ?rst to react With 
primary cross-linking agents forming secondary cross-link 
ing agents in situ In the case of melamine it is preferable to 
prepare the secondary cross-linkidg agent—hydroXymethy 
lated melamine—in advance. 

[0024] Novolacs are thermally stable in that they can be 
heated and cooled repeatedly Without structural change. 
They are cured on addition of cross-linking agents and 
heating. 
[0025] The process of the invention is carried out in 
solution and the pore former can also be the solvent For 
eXample a solution, obtained from commercial Novolac 
pre-polymers together With modifying reagents (if required), 
cross-liking agents and catalysts (if required) and an appro 
priate amount of the pore former as a solvent, is heated to 
bring about the cross-linking reaction, resulting in a solid 
res1n. 
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[0026] Alternatively the solid porous polycondensation 
resins Which can be used in the invention can be produced 
directly from phenol (and optionally modifying agents) and 
formaldehyde (or other cross-linking agents) on heating 
their solution in the pore former With the catalyst (acidic or 
basic). 
[0027] In both cases the reaction solution Will set during 
the cross-linking reaction if the correct composition is used 
“locking” the pore former into the resin structure and 
creating a mesoporous resin. 

[0028] The porous resin precursor can be cast into a block 
and comminuted to give a poWder of particle siZe in the 
range of 1 to 1000 microns. This resin poWder can then be 
carbonised to give a porous carbon With a pore siZe Which 
can be controlled eg to give a mean pore siZe of betWeen 
2 and 50 nm (mesopores) or greater than 50 nm 
(macropores) and also With micropores With a mean pore 
siZe betWeen 0.6 and 2 nm. 

[0029] If the viscous solution of the partially cross-linked 
pre-polymer is poured into a hot liquid such as mineral oil 
containing a dispersing agent and the mixture stirred, the 
pre-polymer solution Will form into beads. These are ini 
tially liquid and then, as curing proceeds, they become solid. 
The average bead particle siZe is controlled by several 
process parameters including the sirer type and speed, the oil 
temperature and viscosity, the pre-polymer solution viscos 
ity and volume ratio of the solution to the oil and can be 
adjusted betWeen 5 and 2000 microns. These beads can then 
be ?ltered off from the oil and, after pore former removal, 
pyrOlysed to give meso- or macroporous carbon beads. 

[0030] It is thought that the mechanism of mesopore 
generation is due to a phase separation process that occurs 
during the cross-linking reaction. In the absence of a pore 
former, as the linear chains of pre-polymer undergo cross 
linking, the molecular Weight initially increases. Residual 
loW molecular Weight components become insoluble in the 
higher molecular Weight regions causing a phase separation 
into cross-linked high molecular Weight domains Within the 
loWer molecular Weight continuous phase. Further conden 
sation of light components to the outside of the groWing 
domains occurs until the cross-linked phase becomes essen 
tially continuous With residual lighter pre-polymer trapped 
betWeen the domains. 

[0031] Pore Formers 

[0032] There are a large number of solvents that can be 
employed as the pore formers. The key requirements for 
these solvents are: high solubility/compatibility of the reac 
tion components in the solvent; useable viscosity of the 
pre-polymer/cross-linking agent/solvent solution (this for 
instance essentially rules out glycerol Which gives an unac 
ceptably high viscosity); reasonably high boiling tempera 
ture to perform the polycondensation reaction at a reason 
able rate Without signi?cant solvent evaporation. 

[0033] Pore formers Which can be used include but are not 
limited to: ethylene glycol, 1,4-butylene glycol (diols); 
diethylene glycol, triethylene glycol (diols-ethers); gamma 
butyrolactone, propylene carbonate (cyclic esters); dimeth 
ylformamide, N-methyl-2-pyrrolidinone (substituted 
amides, cyclic and linear); monoethanolamine (aminoalco 
hol). 
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[0034] In the presence of a loW level of pore former the 
pore former is compatible With, and remains Within, the 
cross-linked resin domains, (e.g., <120 parts/100 parts 
Novolac for the Novolac-Hexamine-Ethylene Glycol reac 
tion system), Whilst the remainder forms a solution With the 
partially cross-linked polymer betWeen the domains. In the 
presence of higher levels of pore former, Which exceed the 
capacity of the cross-linked resin, the pore former adds to 
the light polymer fraction increasing the volume of material 
in the voids betWeen the domains that gives rise to the 
mesoporosity. In general, the higher the pore former content, 
the Wider micropores and the higher the pore volume. 

[0035] This phase separation mechanism then provides a 
variety of Ways of controlling the pore development in the 
cross-linked resin structures. These are: chemical composi 
tion and concentration of the pore former; chemical com 
position and quantity of the cross-linking electrophilic 
agents, presence, chemical nature and concentration of 
modifying nucleophilic agents, chemical composition of 
phenolic nucleophilic components (phenol, Novolac), pres 
ence, chemical nature (acidic, basic) and concentration of 
the catalyst. 

[0036] To produce the spherical resins by the oil disper 
sion method referred to above the solvent should also be 
incompatible With the oil and compatible With Water in order 
to secure the formation of a “Water in oil” type emulsion 
With the beads of the resin solution dispersed in the bulk of 
the oil, minimise the solvent extraction into the oil and 
problems With its recovery and enhance simple recovery of 
the solvent from the solid resin beads by Washing With Water. 

[0037] Both protogenic and aprotic solvents of different 
classes of organic compounds match these requirements and 
can be used as pore formers, both individually, in mixtures 
or mixed With Water. 

[0038] Different solvents, though quite similar in struc 
ture, Will have different compatibilities With the cross-linked 
resin. This Will then alter the phase separation to varying 
extents and Will then affect the porosity of resins and 
corresponding carbons. Deliberate addition of Water to these 
polar organic solvents Will decrease the compatibility of the 
resin and the resultant pore former, Which could be bene? 
cial for some reaction systems, though Water, as one of the 
reaction products, is inevitably present in any reaction Where 
a carbonylic compound is used as the cross-linking agent 
The common feature of amides as the pore formers is that 
they normally require deliberate addition of Water (2-5%) to 
promote cross-linking With hexamine. When amides are 
used as the pore formers the ?nal carbons exhibit no 
mesoporosity detectable by nitrogen adsorption, but they are 
of relatively loW bulk density, Which clearly indicates the 
presence of big pores (>50 nm). 

[0039] Some pore formers, under special conditions, are 
also able to contribute to the cross-linking process. For 
example, active carbocations can be formed from ethylene 
glycol in strong acidic media or the methylol derivatives of 
monoethanolamine and formamide With formaldehyde, 
Which Will react as secondary cross-linking agents. 

[0040] Cross-Linking Agents 
[0041] The primary cross-linking agents used in the inven 
tion are formaldehyde, furfural and hexamethylenetetramine 
(hexamine). Formaldehyde is introduced either in solution in 
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the pore former or as solid paraformaldehyde, (CH2O)X. 
Formaldehyde cross-links phenolic moieties forming 
—CH2— and —CH2—O—CH2—bridges at ratios depend 
ing on the pH of the reaction mixture. Methylene bridges are 
the only ones formed in strong acidic and strong alkali 
media, Whereas at pH’s close to neutral either type of 
bridges appear. Water is formed as the stoichiometric sec 
ondary condensation product at a level depending on the 
type of bridge formed. 1 mole per mole of formaldehyde in 
the case of the methylene bridges or 1 mole H2O per 2 moles 
CHZO in the case of the ether bridges. The “condensation” 
Water may then in?uence the phase separation and mesopore 
formation process by reducing the compatibility of the Water 
containing pore former With the resin domain depending on 
the pore forming solvent being used. 

[0042] Complete cross-linking of phenol With formalde 
hyde by methylene bridges requires approximately a 1 tol.S 
molar ratio of the reagents. Taking into account the forma 
tion of some ether type bridges, the phenol to formaldehyde 
molar ratio in the resin compositions of the invention is 
preferably maintained at 1.6 to 1.8 level. This requires an 
additional 9 to 12 Weight parts of formaldehyde (paraform 
aldehyde) per 100 Weight parts of Novolac resin. 

[0043] Furfural differs from formaldehyde in that the 
electrophilic reactivity of its carbonyl group is supplemented 
by the high nucleophilic activity of the heterocycle. More 
over, ring scission and consecutive reactions can give a Wide 
range of products, Which can provide additional cross 
linking paths, possibly involving phenolic hydroxyls. These 
are typical for furan resin derivatives, especially in acidic 
media and, in combination With other cross linking agents, 
provide an additional route to modify both the chemical 
structure and porosity of the resins. 

[0044] Hexamine can be introduced as a poWder directly 
into the reaction solution. On heating ring cleavage occurs, 
catalysed by traces of Water and, possibly, protonic solvents, 
resulting in the formation of the active species—ami 
nocarbinols. On cross-linking these form different bridges, 
including simple methylene and more complex—nitrogen 
containing groupings like bis-methylene amine, tris-meth 
ylene amine and 1,3-oxaZine. The loW molecular Weight 
condensation by-products are Water, that then cleaves the 
next portion of hexamine, and ammonia Ammonia, though 
highly volatile at the reaction conditions, increases the pH of 
the reaction solution When no acidic or basic catalysts are 
present, Which may also affect the phase separation and 
mesopore formation process. 

[0045] In the present invention hexamine is preferably 
used for cross-linking Novolac resin at a concentration of 9 
Weight parts hexamine per 100 Weight parts of Novolac. 
This ensures the formation of the solid resin With maximal 
cross-linking degree. This is in contrast to previously dis 
closed sintered resin structures Where typicaly up to 3 parts 
of hexamine per 100 parts of Novolac Were used (EP 
0245551). When hexamine is used in the ethylene glycol 
solution at a level of 3 Weight parts per 100 Weight parts of 
Novolac only non-porous semi-solid rubbery material is 
obtained, Whereas at 9 Weight parts level a highly mesopo 
rous and solid resin is produced. It is thought that ethylene 
glycol might act as an internal plasiciZer When the cross 
linking degree is not adequate. 
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[0046] Modifying Agents 
[0047] Most of the modifying agents Which can be used in 
the invention contain nitrogen thus introducing this into the 
resins and therefore the ?nal carbons. Their common feature 
is their reactivity in condensation reactions, Which is higher 
than that of phenol and Novolac resin There are at least three 
distinct Ways in Which these compounds participate in the 
condensation process When added in relatively small 
amounts (5-30 Weight % of the phenolic component): 

[0048] 1. Novolac—primary cross-linking agent— 
modifying agent reaction system. Here the modifying 
agent reacts rapidly With the primary cross-linking 
agent forming a secondary cross-linking agent that then 
binds the Novolac chains together. As a result the resin 
consists of homocondensed phenolformaldehyde 
chains bridged With nitrogen-containing groupings (or 
resorcinol or hydroquinone derived moieties). 

[0049] 2. Phenol—cross-linking agent—modifying 
agent—strong acidic or strong basic catalyst. Separate 
homocondensation processes occur for the tWo differ 
ent nucleophilic reagents (phenol and modifying 
agent). This then results in the formation of a binary 
resin matriXes Where the tWo resin components behave 
in a different Way on thermal treatment. 

[0050] 3. Phenol—cross-linking agent—modifying 
agent—Weak acidic or Weak basic catalysts, or no 
catalyst at all. This leads to a co-condensation process 
With formation of structurally homogeneous material 
With modifying moieties evenly distributed Within phe 
nolic resin. 

[0051] For the three different cases the effect of the 
modiing agent on the porosity of both resin produced and 
?nal carbon can be different. Thus, for the reaction system 
phenol—aniline—formaldehyde—ethylene glycol—sul 
phuric acid (strong acid as a catalyst) increasing the amount 
of aniline from 0 to 20 mol. % relative to the phenol leads 
to a gradual narroWing of mesopores. Conversely in the case 
of Novolac—aniline—heXamine—ethylene glycol and 
Novolac—aniline—formaldehyde—ethylene glycol reac 
tion systems (no catalyst at all) increasing the amount of 
aniline from 0 to 20 Weight % relative to the Novolac 
produces a pronounced increase in both mesopore Width and 
volume. 

[0052] Reaction Rate Effects 

[0053] Besides pure catalytic effects, such as increasing 
the reaction rate and changing the reaction paths, strong 
acids and alkalis enhance dramatically the solubility and 
compatibility of groWing resin chains and aggregates in the 
polar pore former due to phenolate formation (for alkalis) or 
protonation (for acids). Too high catalyst concentrations can 
also result in enhancing some undesirable reactions, such as 
decomposition of amide and ester pore formers, dispropor 
tionation of aldehydes (alkali catalysed CanniZZaro reac 
tion), blocking of active sites of benZene rings due to 
sulphonation (With sulphuric acid as a catalyst). Too loW 
catalyst concentrations can result not only in considerable 
sloWing doWn of condensation reaction, but also in a dete 
rioration of porosity. 

[0054] The development of mesoporosity Within a resin of 
constant composition is also dependent upon the rate of the 

Feb. 5, 2004 

cross-linking reaction. The condensation reaction rate can be 
controlled by the reaction temperature and also via heat 
transfer phenomena Which are controlled by the physical 
form of the resin (block, beads, etc). This is found in the 
preparation of the spherical resin, Where heat transfer phe 
nomena can be ignored because the process is carried out in 
hot oil With small resin droplets. If the solid cured spherical 
resin is prepared from a solution of Novolac and heXamine 
in ethylene glycol by smoothly increasing the temperature to 
100-105° C. (solution quite close to gel state), dispersing the 
solution into the oil at about the same temperature, and then 
gradually raising the temperature to 150-160° C. to complete 
the cross-linking a highly mesoporous resin is formed. 
Conversely, if the Novolac and heXamine are dissolved in 
ethylene glycol at 65-70° C. and directly dispersed into the 
oil at 160-180° C., the mesoporosity of the resulting cured 
resin Will be dramatically decreased. On carbonisation the 
?rst resin produces highly mesoporous carbon With moder 
ate to loW microporosity. The second resin produces carbon 
With relatively high microporosity, but loW mesoporosity. 

[0055] It is thought that, When the cross-linking proceeds 
very quickly under the temperature shock conditions, aggre 
gates of relatively small domains are formed instead of the 
normal siZed domains formed under mild curing conditions. 
The voids betWeen the small domains in the aggregates then 
give rise to additional microporosity. And feW voids betWeen 
the aggregates create some mesoporosity. 

[0056] It has also been found that the Way in Which the 
pore former is removed from the cured resin can be impor 
tant to the generation of the porosity in corresponding 
carbon. If the pore former (e.g., ethylene glycol) is removed 
simply on pyrolysis during the carbon production, the meso 
porosity may be lost It has been found that it is preferable to 
remove the pore former at a loW temperature, e.g., beloW 
100° C., via Washing the resin With Water or vacuum 
distillation, With subsequent recycling of the pore former. 
The Washing (sometimes—after neutralisation) becomes 
absolutely necessary, When alkalis or sulphuric acid are used 
as catalysts. This is because alkalis Will affect the carboni 
sation process, sometimes in very undesirable Way, Whereas 
sulphuric acid Will contaminate the carbon With sulphur, 
reducing its value as a catalysts supports. 

[0057] Other Additions 

[0058] It has also been found that hetero atoms can be 
incorporated in the resin structure. Metals such as copper, 
nickel, chromium etc, can be incorporated in the porous 
resin structure by incorporating the metal as a solution of a 
salt in the pore forming solvent prior to cross linking the 
resin and non metals and metalloids can be incorporated 
directly into the mesoporous resin and thence into the 
mesoporous carbons. Where an inorganic compound is 
soluble in the pore former it can be added directly to the 
initial reaction solution The preparation procedure is then 
carried out in the usual Way. The metal species are then 
evenly distributed Within the resin matrix. In some cases the 
ability of the element to complex With or have some other 
speci?c interaction With, the hydroXy- or aminogroups of 
phenolic resin enhances the initial distribution to the atomic 
level. Incorporation of the highly dispersed element Within 
the resin then leads to a high dispersion of the element in the 
carbon formed during pyrolysis. 














