wo 2010/053864 A1 I 10K 0 O 00O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(9) World Inteletua Property Organization /28552 1IN N A A 0
ernational Bureau V,& ‘ ) |
. L MEY (10) International Publication Number
(43) International Publication Date \,!:,: #
14 May 2010 (14.05.2010) WO 2010/053864 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
CO01B 31/12 (2006.01) kind of national protection available). AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ CAI\ZI, CBS ? CBRB’ CBI(J}, g;l’ DB]IE{ ? DBI\(V ’];313[{ ? ]];é’
PCT/US2009/062961 DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
2 November 2009 (02.11.2009) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,

TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

12/264,348 4 November 2008 (041 12008) Us (84) Designated States (unless otherwise indicated, fO}" every

kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): CORN- GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ING INCORPORATED [US/US]; 1 Riverfront Plaza, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Corning, New York 14831 (US). TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(72) Inventors; and MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

(75) In'ventors/Apphca.nts (for US only): .GADKAREE, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN. GQ, GW.
Kishor P [US/US]; 120 Weston Lane, Painted Post, New ML, MR, NE, SN, TD, TG)
York 14870 (US). LIU, Jia [CN/US]; 3441 Fieldstone i T ’
Lane, Painted Post, New York 14870 (US). Published:

(74) Agent: RUSSELL, Michael W; Corning Incorporated, —  with international search report (Art. 21(3))
Intellectual Property Department, SP-TI-3-1, Corning,
New York 14831 (US).

(54) Title: PROCESS FOR MAKING POROUS ACTIVATED CARBON

(57) Abstract: A two-cycle thermal process for making porous activated carbon materials involves a first step of heating a mixture
of a carbon precursor/chemical additive in a first heating cycle at a first temperature to cause gas liberation and volumetric expan-
sion of the mixture, and heating the carbon material produced in the first step in a second heating cycle at a second temperature to
carbonize and activate the carbon precursor. During the second cycle, essentially no gas liberation or volumetric expansion is ob-
served.



WO 2010/053864 PCT/US2009/062961

PROCESS FOR MAKING POROUS ACTIVATED CARBON

PRIORITY
[0001]  This application claims priority to United States Patent Application number
12/264,348, filed November 4, 2008, titled “Process For Making Porous Activated Carbon”.

BACKGROUND AND SUMMARY

[0002] The present invention relates to a process for making porous activated carbon and
more specifically to a two-cycle carbonization/activation process for making porous activated
carbon materials. The invention relates also to porous activated carbon made according to the
inventive process.

[0003] Energy storage devices such as electric — also called electrochemical — double layer
capacitors (EDLCs), a.k.a. supercapacitors or ultracapacitors may be used in many
applications where a discrete power pulse is required. Such applications range from cell
phones to electric/hybrid vehicles. An important characteristic of an energy storage device is
the energy density that it can provide. The energy density of the device, which typically
comprises one or more carbon-based electrode(s) separated by a porous separator and/or an
organic or inorganic electrolyte, is largely determined by the properties of the carbon-based
electrodes and, thus, by the properties of the carbon material used to form the electrodes.
[0004] Indeed, the performance of an energy storage device comprising carbon-based
electrodes is largely determined by the physical and chemical properties of the carbon.
Physical properties include surface area, pore size and pore size distribution, and pore
structure, which includes such features as pore shape and interconnectivity. Chemical
properties refer mainly to bulk and surface impurities, the latter relating particularly to the
type and degree of surface functionalization.

[0005] Carbon electrodes suitable for incorporation into EDLCs are known. High
performance carbon materials, which form the basis of such electrodes, can be made from
natural and/or synthetic carbon precursors. For example, activated carbon can be made by
initially heating a natural or synthetic carbon precursor in an inert environment at a
temperature sufficient to carbonize the precursor. During the carbonization step, the carbon

precursor is reduced or otherwise converted to elemental carbon.



WO 2010/053864 PCT/US2009/062961

[0006] Examples of suitable natural carbon precursors include coals, nut shells, woods, and
biomass. Examples of suitable synthetic carbon precursors, which generally yield higher
purity carbon material than natural carbon precursors, include polymers such as phenolic
resins, poly(vinyl alcohol) (PVA), polyacrylonitrile (PAN), etc.

[0007] Following the process of carbonization, the carbonized material can be activated.
During the activation step, the elemental carbon produced during the carbonization step is
processed to increase its porosity and/or internal surface area. An activation process can
comprise physical activation or chemical activation.

[0008] Physical activation is performed by exposing the carbonized material to steam or
carbon dioxide (CO,) at an elevated temperature, typically about 800-1000°C. Activation can
also be carried out by using an activating agent other than steam or CO,. Chemical activating
agents such as phosphoric acid (H3POs) or zinc chloride (ZnCl;) can be combined with the
carbonized material and then heated at a temperature ranging from about 500-900°C. In
addition to phosphoric acid and zinc chloride, chemical activating agents may also include
KOH, K,COs, KCl, NaOH, Na,COs, NaCl, AlCl3;, MgCl, and/or P,0s, etc.

[0009] As an alternative to performing the chemical activation on carbonized material (i.e.,
post-carbonization), one or more chemical activating agents can be combined with a carbon
precursor in conjunction with a curing step prior to carbonization. In this context, curing
typically comprises mixing a carbon precursor with a solution of a chemical activating agent
and then heating the mixture.

[0010] By curing is meant a heating cycle that at least partially cross-links or polymerizes a
carbon precursor to form a viscous or solid material. A cured carbon precursor that optionally
comprises a chemical activating agent incorporated throughout its structure can be carbonized
and activated. As used herein, a “heating cycle” comprises a heat-up step, a hold step, and a
cool-down step, and the temperature associated with a heating cycle is the temperature to
which a sample is heated during the hold step.

[0011] During a step of curing with a chemical activating agent, the carbon precursor and
the chemical activating agent can be in the physical form of solid, solid powder, or solution
before they are combined. If a solution is used, it is preferably an aqueous solution and the
concentration can range from about 10-90 wt%. The carbon precursor and the chemical
activating agent can be combined in any suitable ratio. The specific value of a suitable ratio

depends on the physical form of the carbon precursor and the chemical activating agent and
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the concentration if one or both are in the form of solution. A ratio of carbon precursor to
chemical activating agent on the basis of dry material weight can range from about 1:10 to
10:1. For example, the ratio can be about 1:1, 1:2, 1:3, 1:4, 1:5, 5:1, 4:1, 3:1, 2:1 or 1:1.
[0012] The curing step can comprise, for example, heating a carbon precursor/activating
agent mixture at a temperature in the range of about 100-300°C for a period of about 1-48
hours. During the heat-up, hold, and cool-down, the mixture is preferably maintained in a
reducing or inert environment. One or more reducing gases (e.g., Hz, Hy/N;, mixtures, CO)
and/or one or more inert gases (e.g., N», He, Ar) can be used.

[0013] In embodiments where a chemical activating agent is used, it can be advantageous
to homogeneously distribute the chemical activating agent throughout the carbon precursor at
a molecular level prior to curing. In such a process, a chemical activating agent in the form of
an aqueous solution can be combined with the carbon precursor. This molecular level mixing
of the chemical activating agent can produce a homogeneous activated carbon that comprises
a uniform distribution of physical characteristics (pore size, pore size distribution, and pore
structure etc.).

[0014] As an alternative to combining an aqueous solution of a chemical activating agent
with a carbon precursor, the chemical activating agent can be mixed with the carbon
precursor in solid form.

[0015] Following carbonization/activation, the activated carbon product can be washed to
remove both the activating agent and any chemical species derived from reactions involving
the activating agent, dried and optionally ground to produce material comprising a
substantially homogeneous distribution of nanoscale (and/or mesoscale) pores. The washing
comprises washing the activated carbon material first with de-ionized water, then an aqueous
acid solution, and then de-ionized water.

[0016] Activated carbon produced by this method offers significantly higher energy storage
capacity in EDLCs compared to major commercial carbons. In addition to its use in energy
storage devices, such activated carbon can be used as a catalyst support or as media for
adsorption/filtration.

[0017] Whether a chemical activating agent is combined with a carbon precursor in solid
form or using an aqueous solution of the chemical activating agent, the cured mixture is
conventionally carbonized and activated in a single heating cycle. This so called “one-cycle”

process is simple and convenient. However, aspects of such a “one-cycle”
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carbonization/activation process may limit large-scale production of activated carbon material
due to economic considerations.

[0018] Particularly in embodiments where sodium or potassium salts or bases are used as
the chemical activating agent, a large volume of gas can be generated by various chemical
reactions that occur at intermediate temperatures during the carbonization/activation heating
cycle. The large gas volume can cause foaming of the intermediate product, resulting in a
volume expansion of a factor as high as 30-40. This gas production and the concomitant
foaming effectively limit the amount of starting material that can be processed in a furnace of
a given volume.

[0019] When using a chemical activating agent comprising a sodium or potassium salt or
base, an additional consideration is the possibility that elemental sodium or potassium can be
produced as a by-product of reactions between organic molecules (and/or organic functional
groups on carbon) and the activating agent. Metallic sodium and metallic potassium are each
very reactive and can explode when exposed to air or moisture. Because these alkaline metals
can vaporize and re-deposit in the furnace during the elevated processing temperatures
associated with carbonization/activation, the furnace should be built corrosion-resistant and
configured to ensure safe operation. This will further increase equipment cost and capital
investment.

[0020] When taken together, these two factors may limit the utilization of furnace capacity
and capital investment. On the one hand, out-gassing during carbonization/activation
suggests that larger volume furnaces would be useful in order to accommodate the foamed
carbon precursor. On the other hand, the formation of alkaline metals such as sodium or
potassium during carbonization/activation suggests that these (larger) furnaces should be
fitted with additional features to properly address corrosion and hazard concerns, which
adversely affects cost.

[0021] In view of the foregoing, it would be an advantage to provide a process for
producing activated carbon that enables a more efficient utilization of capital investment
while maintaining the attributes of the resulting carbon material.

[0022] These and other aspects and advantages of the invention can be accomplished by
dividing the thermal processing associated with carbonization/activation into two consecutive
heating cycles. According to such a “two-cycle” process, a first cycle comprises heating a

mixture of a carbon precursor and a chemical additive at a first (intermediate) temperature,
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followed by a second cycle in which the material derived from the first cycle is heated at a
second (elevated) carbonization/activation temperature. In one aspect, the mixture heated in
the first cycle comprises a cured mixture.

[0023] During the first cycle, essentially all of the foaming is complete but sodium and/or
potassium, if used, is not converted to metallic form in significant amount and does not
volatize significantly. Thus, the first cycle can be carried out in a large, relatively low-cost
furnace. During the second cycle, although there may be volatilization of sodium or
potassium, there is no substantial volume expansion of the carbon precursor. Thus, a smaller,
specially-equipped furnace can be used during the second cycle.

[0024] This two-cycle process allows efficient utilization of capital equipment, which can
translate into significant savings in production cost. It has been demonstrated that the EDLC
performance of the resulting carbon material is essentially the same as that of carbon
produced in the one-cycle process. |

[0025] Additional features and advantages of the invention will be set forth in the detailed
description which follows, and in part will be readily apparent to those skilled in the art from
that description or recognized by practicing the invention as described herein, including the
detailed description which follows and the claims.

[0026] It is to be understood that both the foregoing general description and the following
detailed description present embodiments of the invention, and are intended to provide an
overview or framework for understanding the nature and character of the invention as it is

claimed.

DETAILED DESCRIPTION

[0027] The invention relates generally to a two-cycle thermal process for making porous
activated carbon materials. Specifically, the process disclosed herein enables cost effective
production of porous activated carbon at large scales by dividing the carbonization/activation
process into two separate, consecutive heating cycles. The process advantageously begins
with a cured mixture of a synthetic carbon precursor and an activating agent. According to
one embodiment, the mixture is heated in a first furnace in a first cycle at a first
(intermediate) temperature that is effective to cause substantial completion of gas liberation

from the mixture and substantially all of the volume expansion thereof. During the first
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cycle, the material being processed is not significantly reactive or corrosive (i.e., no
substantial amount of an alkaline metal is produced).

[0028] A second cycle is then carried out in a second furnace at a second (elevated)
temperature that is effective to carbonize and activate the carbon precursor. During the
second cycle, corrosive and/or reactive products may be formed but, advantageously, there is
essentially no further gas liberation or volume expansion of the reactants.

[0029] In embodiments, the first step can comprise heating cured carbon precursor at a
temperature in the range of about 350-600°C for a period of about 0.5-10 hours. The second
step can comprise heating the material derived from the first step at a temperature in the range
of about 650-1000°C for a period of about 0.5-10 hours. The heating and cooling rates for
both the first step and the second steps can range from about 10-600°C/hr. Advantageously,
both heating cycles are performed using an inert or reducing environment. As used herein,
when referring to a range of values, the modifier “about” refers to both values in the range.
Thus, by way of a clarifying example, disclosure of a temperature in the range of about 350-
600°C means a temperature in the range of about 350°C to about 600°C.

[0030]  Due to the large volume expansion in the first cycle, only a limited mass of material
can be processed in a given furnace. However, because the processing involves only
moderate temperatures and the furnaces do not require expensive anti-corrosion or hazard
abatement features, relatively inexpensive furnaces can be used.

[0031]  Furnaces used in the second cycle are advantageously high temperature units that
are corrosion resistant and include desirable safety features. Such features incorporated into
the second cycle furnaces increase the cost of these units. However, because there is no
substantial volume expansion during the second cycle, a much larger mass of material can be
processed per unit volume of furnace capacity.

[0032]  Overall, the additional step in the “two-cycle” process allows more efficient
utilization of capital equipment and lowers production cost. Moreover, as disclosed herein,
the EDLC performance of the resulting carbon material is not compromised compared to that
of carbon produced in a one-cycle process.

[0033] After the two-cycle process, the resulting activated carbon material can be
optionally ground to a desired particle size and then washed in order to.removed retained
chemical activating agent as well as any chemical by-products derived from reactions

involving the chemical activating agent.
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[0034] Washing comprises initially rinsing the activated carbon material with de-ionized
water, then rinsing with an acid solution, and finally rinsing agaih with de-ionized water.
This washing process can reduce residual alkali content in the carbon to less than about 200
ppm (0.02 wt.%), compared with values greater than about 3 wt.% obtained with
conventional extraction processes. Further, compared with conventional extraction processes,
the instant washing process reduces total waste volume by about 65 %, is performed at room
temperature and ambient pressure, and has the benefit of shorter process times.

Examples
[0035] The invention will be further clarified by the following examples. By way of
comparison, a one-cycle process for making porous activated carbon is initially described
below.
[0036] In an exemplary conventional one-cycle process, an aqueous solution of KOH (45
wt.%) and an aqueous phenolic resin (Georgia Pacific GP® 510D34) are mixed in a ratio of
3:1 by weight. The resin is cured by heating in an oven at 125°C for 24 hours and then at
175°C for 24 hours to obtain a sponge-like solid with a dull to brown-yellow color. The
atmosphere in the oven is ambient air.
[0037] The cured resin is broken into small pieces by mechanical force. A known amount
(e.g., 250 grams) is placed in a graphite crucible and loaded in a retort furnace (CM Furnaces,
Model 1216FL) for carbonization/activation. The furnace temperature is increased at a rate of
200°C/hr to 800°C, held constant at 800°C for 2 hours, and then cooled down naturally.
Throughout the heating cycle, the furnace is purged with Ny.
[0038] Once the furnace temperature has dropped to ambient temperature, the N, purge is
saturated with water vapor by bubbling the N, through hot deionized (DI) water. This step of
introducing water-saturated N; to the furnace interior allows any metallic potassium that has
been produced during the heating cycle to react with water vapor and form KOH. Without
this step, metallic potassium could self-ignite and possibly explode when exposed to oxygen.
[0039] The Ny/water vapor purge is continued for 3 hours before the furnace is opened and
unloaded. The activated carbon product can then be washed in DI water and/or steam to
remove excess activating agent and activating agent by-products from the activated carborn.
Finally, the activated carbon can be dried (e.g., overnight at 110°C in a vacuum oven) and

ground to the desired particle size (typically several micrometers).
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[0040] In the above carbonization/activation process, various gases (including water,
hydrogen, methane, carbon dioxide, carbon monoxide, and various volatile organic
compounds) are generated from decomposition of organic molecules and their reactions with
KOH and other derived potassium species.

[0041] A hot-stage microscope was used to directly monitor the evolution of a 3:1
KOH:phenolic resin mixture during the carbonization/activation heating cycle. It was
observed that the mixture starts to soften or melt over a temperature range of 315-320°C,
while gas bubbles start to evolve and permeate the viscous molten material over a
temperature range of about 320-325°C. The gas bubble evolution results in significant
foaming and volume expansion. At a temperature of about 370°C, however, gas bubble
generation starts to slow down. At a temperature of about 410°C and higher, no additional
bubbling/foaming is observed, and the treated material is transformed into a rigid solid whose
shape and volume are maintained through the rest of the heating cycle. Based on the above
observations, it is believed that gas bubbles escaping through the viscous molten material in
the intermediate temperature range of 320-410°C are responsible for the foaming and volume
expansion of the material.

[0042] During one experiment, a typical cured batch (250 grams of cured 3:1
KOH:phenolic resin), which had a total volume of about 400 mL expanded to a volume of
about 14000 mL (~35 times the starting volume) after carbonization/activation. After
washing and drying, approximately 40 grams of carbon was produced.

[0043] In addition to the outgassing and foaming, which occur primarily over a temperature
range of 320-410°C, at higher temperatures a portion of the potassium compounds can be
converted to metallic potassium (boiling point 759°C), which can vaporize and re-deposit
inside the furnace and in the vent tubes. The production of metallic potassium (or metallic
sodium, if a sodium-containing activating agent is used) may cause significant corrosion to
the furnace and the corroded materials from the furnace can, in turn, contaminate the carbon
material. On the other hand, these alkali metals pose a safety hazard due to their reactive
nature.

[0044] Lowering the maximum carbonization/activation temperature could alleviate the
corrosion and safety issues, but it has been demonstrated that carbon made at lower
temperatures tend to yield inferior performance in EDLCs. Therefore, the furnace used for

carbonization/activation is advantageously constructed to withstand such corrosion and to
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handle the safety hazard, which can increase equipment cost substantially. It would be
desirable to process as much material as possible in a furnace of a given size, but the volume
expansion limits the amount of material that can be processed.

[0045]  Based on the fact that essentially all the foaming and volume expansion take place
at temperatures below about 410°C, the inventive method involves the following two-cycle
carbonization/activation process while maintaining all other process steps the same as
described above.

[0046] In the first cycle, the cured KOH:phenolic resin mixture is heated at a temperature
that is above 410°C but well below the boiling point of metallic potassium (or metallic
sodium, if a sodium-containing activating agent is used). This allows substantially all the
foaming and volume expansion to be complete during the first cycle while minimizing the
production and vaporization of metallic potassium. Thus, the first cycle can be runin a
relatively inexpensive furnace without the stringent requirements of corrosion resistance and
safety features. After the first cycle, the intermediate material, which comprises a foamed
carbon precursor that is at least partially converted to carbon, can be ground into a powder
that occupies a volume similar to that of the starting cured material. Grinding of the
intermediate material can be carried out using any suitable apparatus such as a ball mill. The
ground powder can then be processed through a second heating cycle at a suitable
carbonization/activation temperature.

[0047] The two-cycle process was demonstrated in the following experiment. A 3:1
KOH:phenolic resin mixture was cured in the manner described above. A known quantity
(25 grams) of the cured mixture was initially processed through a first heating cycle in a first
furnace in which the furnace temperature was increased at 200°C/hr to 460°C, held at 460°C
for 2 hours, and then cooled down naturally. The resulting (volume-expanded) material was
ground into a powder, the volume of which was about the same as that of the cured mixture
prior to the first cycle. |

[0048] The powder product from the first cycle was then processed through a second cycle
in a second furnace, in which the furnace temperature was increased at 200°C/hr to 800°C,
held at 800°C for 2 hours, cooled down naturally, and finally purged with N, saturated with
water vapor for 3 hours. During the second heating cycle, there was no measurable volume

expansion.
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[0049] The resulting activated carbon material was washed to remove KOH and other
derived potassium compounds. The washing comprised initially soaking the activated carbon
in 1L of DI water for a few minutes, after which it was filtered, soaked in 50 mL of a 37%
HCI1 aqueous solution for an hour, filtered, and then washed repeatedly with DI water until the
pH of the effluent was the same as that of the DI water. In addition to or in lieu of HCI for
the acid wash, other acids such as H,SO, can be used.

[0050] Washing first with DI water removes a majority of the alkaline species such as
KOH and K,CO; that may otherwise adversely interact with the acid wash to generate excess
heat, gas and carbon dust. This also allows recycling of such alkaline species as KOH and
K,CO; before they react with the acid. The activated carbon was finally dried overnight at
110°C in a vacuum oven and ground to a desired particle size (typically several micrometers).
[0051] Carbon samples obtained from both the one-cycle process and the inventive two-
cycle process were tested in button cells for EDLC performance. In these tests, a 1.5 M
solution of tetraethylammonium tetrafluoroborate in acetonitrile was used as the electrolyte
and the button cells were charged to 2.7V. Capacitive data are shown in Table 1, where each
data point represents the average of two measurements.

[0052] As shown in Table 1, the gravimetric specific capacitance (GSC) and the volumetric
specific capacitance (VSC) of button cells comprising carbon electrodes made using the
comparative one-cycle process and the inventive two-cycle process are essentially equal.
Notably, the two-cycle process does not adversely affect the capacitive properties of
electrodes made using the activated carbon material.

[0053] Table 1. Capacitance data for activated carbon prepared using a one-cycle and a

two-cycle carbonization/activation process

Carbonization/Activation Process GSC [F/g]l | VSC [F/ec]

One-cycle (comparative) 192.5 99.3

Two-cycle 186.0 100.2

[0054] It will be apparent to those skilled in the art that various modifications and
variations can be made to the present invention without departing from the spirit and scope of

the invention. Since modifications combinations, sub-combinations and variations of the
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disclosed embodiments incorporating the spirit and substance of the invention may occur to
persons skilled in the art, the invention should be construed to include everything within the

scope of the appended claims and their equivalents.
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What is claimed is:

1. A method of making porous activated carbon comprising,

in a first heating cycle, heating a mixture of a carbon precursor and a chemical
activating agent in a first furnace at a temperature in a range of about 350°C to 600°C to form
an intermediate carbon product;

in a second heating cycle, heating the intermediate carbon product in a second
furnace at a temperature in a range of about 650°C to 1000°C to form an activated porous

carbon.

2. The method according to claim 1, wherein the carbon precursor is a synthetic polymer

thermosetting resin or a synthetic polymer thermoplastic resin.

3. The method according to claim 1, wherein the carbon precursor is selected from the group

consisting of phenolic resins, poly(vinyl alcohol), and polyacrylonitrile.

4. The method according to claim 1, wherein the chemical activating agent is selected from
the group consisting of P,0s, ZnCl,, KOH, K;COs3, NaOH, Na,COs, AICl3, MgCl; and
H;POs.

5. The method according to claim 1, further comprising forming the carbon
precursor/chemical activating agent mixture by mixing the carbon precursor with an aqueous

solution of the chemical activating agent.

6. The method according to claim 1, wherein the mixture comprises a ratio of carbon
precursor to chemical activating agent of from about 1:10 to 10:1 on the basis of dry material

weight.
7. The method according to claim 1, wherein prior to the first heating cycle the carbon

precursor/chemical activating agent mixture is heated at a temperature in a range of about

100°C to 300°C for a period of about 1-48 hours in order to cure the carbon precursor.

12
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8. The method according to claim 1, wherein the intermediate carbon product is cooled to

about room temperature prior to the second heating cycle.

9. The method according to claim 1, wherein the intermediate carbon product comprises a

foamed carbon precursor that is at least partially converted to carbon.

10. The method according to claim 1, wherein after the first heating cycle but prior to the

second heating cycle the intermediate carbon product is ground to form a powder.

11. The method according to claim 1, wherein substantially no volume expansion of the

intermediate carbon product occurs during the second heating cycle.

12. The method according to claim 1, wherein the first heating cycle and the second heating

cycle are performed in an inert or reducing atmosphere.

13. The method according to claim 1, wherein the second furnace is purged with N, saturated

with water vapor prior to removing the porous activated carbon from the second furnace.

14. The method according to claim 1, further comprising washing the porous activated

carbon.

15. The method according to claim 14, wherein the washing comprises the sequential acts of:
washing the porous activated carbon with de-ionized water;
washing the porous activated carbon with an aqueous acid solution; and
washing the porous activated carbon with de-ionized water,
wherein the second washing with a source of de-ionized water is carried out until

the effluent has a pH substantially equal to the source of de-ionized water.
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