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ADSORPTIVE MONOLITH INCLUDING
ACTIVATED CARBON AND METHOD FOR
MAKING SAID MONLITH

TECHNICAL FIELD

This invention relates to adsorptive monoliths including
activated carbon and more particularly to adsorptive mono-
liths including ceramic material and activated carbon and
using said monolith to remove volatile organic compounds,
ozone, and other chemical agents from fluid streams.

BACKGROUND OF THE INVENTION

Activated carbon is useful in the removal of chemical
agents such as volatile organic compounds from fluid
streams and is also useful as a catalyst substrate for special
applications. To remove chemical agents from a fluid stream
with activated carbon, the fluid stream is directed adjacent
the activated carbon. The activated carbon can be in the form
of particles in a packed column, a coating on a substrate, a
monolith with passages for fluid flow therethrough, and the
like.

It is desirable in some activated carbon applications to
have a high rate of fluid flow adjacent to the activated carbon
and a low level of back pressure. Thus, packed columns of
activated carbon are sometimes unsuitable because of the
high level of back pressure created. Formed bodies contain-
ing activated carbon and having open passages therethrough,
such as a honeycomb-shaped activated carbon monolith, are
desirable for applications wherein a reasonably high rate of
fluid flow and a low level of back pressure are required, but
formation of such shapes with a level of strength sufficient
to withstand handling and use as an adsorbent filter is
problematic. Activated carbon monoliths formed without a
binder do not have sufficient strength for some applications.

U.S. Pat. No. 4,518,704 to Okabayashi et al. discloses a
formed body comprising activated carbon and a ceramic
material. This structure has improved strength properties but
Okabayashi teaches firing at a temperature of 1100° C. for
a period from 1 to 4 hours to achieve desired bonding and
strength. Firing at such a high temperature and for such a
long period of time is economically undesirable.

Another problem with making adsorptive monoliths com-
prising activated carbon and a ceramic material is that it is
difficult to extrude a mixture of activated carbon and ceramic
forming material without a high level of water in the mixture
due to the high porosity of the activated carbon. To success-
fully extrude a mixture of activated carbon and ceramic
forming material into a shape such as a honeycomb, a water
content of 30 to 65 percent by weight is required. This
moisture must be substantially removed from the extruded
monolith before firing to protect the integrity of the formed
monolith. A ceramic article subjected to increased tempera-
ture during firing, without first having been relieved of most
of its moisture content, will usually suffer significant dam-
age in the forms of cracks, pop-outs or explosions due to
rapid conversions of its remaining moisture to steam.

Drying of a wet, extruded monolith of ceramic forming
material and activated carbon is a sensitive process. An
unfired ceramic product generally shrinks as it loses
moisture, and a monolith can crack if the rate of moisture
loss from the monolith during drying is not uniform through-
out the monolith.

Accordingly, there is a need for a formed body comprising
activated carbon that can be formed by extrusion, can be
dried and fired without cracking, can be fired at more
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economical conditions such as a lower temperature and a
shorter time, has sufficient strength to withstand handling
and use as an adsorptive filter, and has a shape which
accommodates sufficient fluid flow throughput.

SUMMARY OF THE INVENTION

This invention solves the above-described problems by
providing a method of forming an adsorptive monolith
comprising extruding an extrudable mixture including an
activated carbon, a ceramic forming material, water, and a
flux material. The flux material enhances the fusing of the
ceramic forming material upon firing by lowering the tem-
perature at which the ceramic forming material fuses and
forms ceramic bonds. This allows the monolith to be fired at
a lower temperature and for a shorter time. In addition, the
invention encompasses methods of drying the wet extruded
monolith including vacuum drying, freeze drying, and
humidity control drying. Such drying methods allow the wet
extruded monolith to be dried without cracking of the
monolith.

More particularly, this invention encompasses a method
of forming an adsorptive monolith comprising the steps of
(2) extruding an extrudable mixture through an extrusion die
such that a monolith is formed having a shape wherein the
monolith has at least one passage therethrough and the
extrudable mixture comprises activated carbon, a ceramic
forming material, a flux material, and water, (b) drying the
extruded monolith, and (c) firing the dried monolith at a
temperature and for a time period sufficient to react the
ceramic forming material together and form a ceramic
matrix. The extrudable mixture is capable of maintaining the
shape of the monolith after extrusion and during drying of
the monolith.

A suitable ceramic forming material is ball clay. In
addition, the ceramic forming material desirably includes a
filler for reducing shrinkage of the monolith during the steps
of drying and firing. A suitable filler is calcined kaolin clay.

A suitable flux material is a feldspathic material,
particularly, nepheline syenite.

Desirably, the extrudable mixture includes a wet binder
for enhancing strength and maintaining the shape of the wet
extruded monolith. A particularly suitable wet binder is
methylcellulose. Acrylic binders are also suitable and can be
used in combination with methylcellulose.

The extrudable mixture can also include sodium silicate
which, as a binder, enhances the strength of the monolith
during drying and, as a flux material, enhances the strength
of the monolith after firing.

Desirably, the adsorptive monolith has a plurality of
passages therethrough and is in the shape of a honeycomb.

The extruded monolith may be dried by vacuum drying
which includes placing the extruded monolith in a vacuum
chamber initially having room ambient temperature and
atmospheric pressure within the vacuum chamber, reducing
the pressure within the vacuum chamber at a rate and to a
level sufficient to freeze the water in the monolith, and
maintaining the reduced pressure within the vacuum cham-
ber for a time sufficient for the frozen water to sublime until
the monolith is dried. More particularly, the pressure within
the vacuum chamber may be reduced, within about 1
minute, from atmospheric pressure to a pressure less than
about 1 torr, and desirably within the range from 30 microns
to 1 torr.

The method of freeze drying the wet extruded monolith
comprises the steps of (1) freezing the water in the extruded
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