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SMOKE FILTERS FOR SMOKIMNG DEVICES WITH POROUS MASSES HAVING A
CARBON PARTICLE LOADING AND AN ENCAPSULATED PRESSURE DROP

¥Field of the Invention

The instant application is directed to a smoke filter for a smoking device having an

clement that enhances the smoke tlowing thereover.

Backeround of the fnvention

The World Health Organization (WHO)} has set forth recommendations for the
reduction of certain components of tobacco smoke in WHO Technical Report Series No. 951,
The Scientific Basis of Tobacco Product Regulation, World Health Organization {20083,
Theremn, the WHO recommends that certain components, such as acetaldehyde, acrolein,
benzene, benzoapyrene, 1,3-butadiene, and formaldehyde, among others, be reduced to a
evel below 125% ot the median values of the data set. In view of new infemational
recommendations related to tobacco product regulation, there is a need for new tobacco
smoke filiers and materials used to make tobacco smoke filters that are able to meet these
regulations,

The use of carbon loaded tobacco smoke filters for removing tobacco smoke
components is known. These filters melade carbon-on-tow filters and carbon particulate
contained within chambers of the filter. U.S. Patent No., 5,423,336 discloses a cigarette filter
with a chamber loaded with activated carbon. U.S. Publication No, 2010/6147317 discloses a
cigarette filter with a spiral channel where activated carbon is adhered to the channel’s walls.
(311,592,952 discloses a cigarette filter where a body of continuous filaments surrounds a
core of sorbent particles (e.g., activated carbon) bonded together with a thermoplastic binder
{e.g., polycthylene and polypropylenc). WO 2008/142420 discloses a cigarette filier where
the absorbent material {e.g., activated carbon) is coated with a polymer material {e.g., 0.4-5
wt % polyethylene). WO 2009/112591 discloses a cigarette filter that produces little to no
dust with a composite material comprising at least one polymer {(e.g., polyethylene) and at
feast one other compound {e.g., activated carbon).

Carbon block technology where activated carbon is formed mio a monolithic porous

block with a binder is known., In ULS. Patent Nos. 4,733,728, 6,770,736, 7,049,382,
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7,160,453, and 7,112,280, carbon block technology, using low melt flow polymer binders, are
principally used as water filters.

Accordingly, there is a need for a porous mass having active particulates that can be
used in a smoke filter, the smoke filter having an encapsulated pressure drop that is suitable
for consumer use.

Summary of the Invention

The instant application is directed to a tilter comprising a porous mass having an
element that enhances the smoke flowing thereover. In some embodiments, the filter is
mcorporated within a smoking device.

In one embodiment, the present invention provides a filter comprising: a porous mass
that comprises an active particle and a binder particle, wherein the active particle comprises
an element selected from the group consisting oft  a nano-scaled carbon particle, a carbon
nanotube having at least one wall, a carbon nanchorn, a baraboo-like carbon nanostructure, a
fullerene, a fullerene aggregate, graphene, a few layer graphene, oxidized graphene, a iron
oxide nanoparticle, a nanoparticle, a metal nanoparticle, a gold nanoparticle, a silver
nanoparticle, a metal oxide nanoparticle, an alumina nanoparticle, a magnetic nanoparticle, a
paramagnetic  nanoparticle, a superpararmagnetic nanoparticle, a  gadolinium  oxide
nanoparticle, a homatite nanoparticle, a magnetitc nanoparticle, a gado-nanotube, an
endofullerene, Gd@C60, a core-shell nanoparticle, an onionated nanoparticie, a nanoshell, an
onjonated tron oxide nanoparticle, and any combination thereof,

In one embodiment, the present invention provides a smoking device comprising: a
housing for a smokeable substance; and a filter comprising a porous mass that comprises an
active particle and a binder particle, wherein the active particle comprises an element selected
from the group consisting oft  a nano-scaled carbon particle, a carbon nanotube having at
least one wall, a carbon nanchorn, a bamboo-like carbon nanostructure, a fullerene, a
fullerene aggregate, graphene, a few layer graphene, oxidized graphene, a iron oxide
nanoparticle, a nanoparticle, a metal nanoparticle, a gold nanoparticle, a silver nanoparticle, a
metal oxide nanoparticle, an alumina nanoparticle, a magnetic nanoparticle, a paramagnetic
nanoparticle, a superparamagnetic nanoparticle, a gadolinium oxide nanoparticle, a hematite
nanoparticle, a magnetite nanoparticle, a gado-nanotube, an endotullerene, Gd@ {60, a core-
shell nanoparticle, an onionated nanoparticle, a nanoshell, an onionated iron oxide

nanoparticle, and any combination thereof.
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In one embodiment, the present mvention provides a smoking device filter
comprising: at least two neighboring m-series sections, wherein a first section comprises a
porous mass that comprises an active particle and a binder particle, wherein the active
particle comprises an clement selected from the group consisting of: a nano-scaled carbon
particle, a carbon nanotube having at least one wall, a carbon nanchom, a bamboo-like
carbon nanostructure, a fullerene, a fullerene aggregate, graphene, a fow layer graphene,
oxidized graphene, a iron oxide nanoparticle, a nanoparticle, a metal nanoparticle, a gold
nanoparticle, a silver nanoparticle, a metal oxide nanoparticle, an alumina nanoparticle, a
magnetic panopartticle, a pararmsagnetic nanoparticle, a superparamaguetic nanoparticle, a
gadolinium oxide nanoparticle, a hematite nanoparticle, a magnetitc nanoparticle, a gado-
nanotube, an endofullerene, G (60, a core-shell nanoparticle, an onionated nanoparticle, a
nanashell, an onionated ron oxide nanoparticle, and any combination thereof; and wherein a
second section compriscs a soction that comprises an clement sclected from the group
consisting of: a cavity, cellulose acetate, polypropyiene, polyethylene, polyolefin tow,
polypropylene tow, polyethylene terephthalate, polybutylence terephthalate, random oriented
acefate, a paper, a corrugated paper, a concentric filter, carbon-on-tow, silica, magnesium
silicate, a zeolite, a molecular sieve, a metaliocene, a salt, a catalyst, sodium chloride, nylon,
a flavorant, tobacco, a capsule, cellulose, a cellulosic derivative, a catalytic converter, iodine
pentoxide, a coarse powder, & carbon particle, a carbon fiber, a fiber, a glass bead, &
nanoparticle, a void chamber, a batfled void chamber, and any combination thereof,

In one embodiment, the present invention provides a smoking device comprising: a
filter that comprises a porous mass that comprises an active particle and a binder particle,
wherein the active particle comprises an element selected from the group consisting of! a
nano-scaled carbon particle, a carbon nanotube having at least one wall, a carbon nanochorn, a
bamboo-like carbon nanostructure, a fullerene, a fullerene aggregate, graphene, a few layer
graphene, oxidized graphene, a ron oxide nanoparticle, a nanoparticle, a metal nanoparticle,
a gold nanoparticle, a silver nanoparticle, a metal oxide nanoparticle, an alumina
nanoparticle, a magnetic nanoparticle, a paramagnetic nanoparticle, a superparamagnetic
nanoparticle, a gadolinium oxide nanoparticle, a hematite nanoparticle, a magnetite
nanoparticle, a gado-nanotube, an endotullerene, Gd@CE0, a core-shell nanoparticle, an

onionated nanoparticle, 8 nanoshell, an onionated iron oxide nanoparticle, and any
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combination thereof; and a housing capable of maintaining a smokeable substance in fluid
contact with the filier,

In onc embodiment, the present invention provides a pack of filters comprising: a
pack comprising at least one filter, wherein the filter comprises a porous mass that comprises
an active particle and a binder particle, and wherein the active particle coraprises an elerent
selected from the group consisting off 2 nano-scaled carbon particle, a carbon nanotube
having at least one wall, a carbon nanchorn, a bamboo-like carbon nanostructure, a fullerene,
a fullerene aggregate, graphene, a few layer graphene, oxidized graphene, a iron oxide
nanoparticle, a nanoparticle, a metal nanoparticle, a gold nanoparticle, a silver nanoparticle, a
metal oxide nanoparticle, an alumina nanoparticle, a magnetic nanoparticle, a paramagnetic
nanoparticle, a superparamagnetic nanoparticle, a gadolinium oxide nanoparticle, a hematite
nanoparticle, a magnetite nanoparticle, a gado-nanotube, an endotullerene, Gd@Ca60, a core-
shell nanoparticle, an onionated nanoparticle, a nanoshell, an onionated iron oxide
nanoparticle, and any combination thercof.

In one embodiment, the present mvention provides a pack of smoking devices
comprising: a pack comprising at least one smoking device that coroprises a filter that
comprises a porous mass that comprises an active particle and a binder particle, wherein the
active particle comprises an element selected from the group consisting of:  a nano-scaled
carbon particle, a carbon nanotube having at least one wall, a carbon nanchorn, a bamboo-
like carbon nanostructure, a fullerene, a fullerene aggregate, graphene, a fow layer graphene,
oxidized graphene, a iron oxide nanoparticle, a nanoparticle, a metal nanoparticle, a gold
nanoparticle, a silver nanoparticle, a metal oxide nanoparticle, an alumina nanoparticle, a
magnetic panopartticle, a pararmsagnetic nanoparticle, a superparamaguetic nanoparticle, a
gadolinium oxide nanoparticle, a hematite nanoparticle, a magnetitc nanoparticle, a gado-
nanotube, an endofullerene, G (60, a core-shell nanoparticle, an onionated nanoparticle, a
nanoshell, an onionated iron oxide nanoparticle, and any combination thereof.

In one embodiment, the present invention provides a carton of smoking device packs
comprising: a carton comprising at least one pack, the pack comprising at least one smoking
device that comprises a filter that comprises a porous mass that comprises an active particle
and a binder particle, wherein the active particle comprises an clement selected from the
group consisting of. 8 nano-scaled carbon particle, a carbon nanotube having at least one

wall, a carbon nanohorn, a bamboo-like carbon nanostructure, a fullerene, a fullerene
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aggregate, graphene, a few layer graphene, oxidized graphene, a iron oxide nanoparticle, a
nanoparticle, a metal nanoparticle, a gold nanoparticle, a silver nanoparticle, a metal oxide
nanoparticle, an alumina nanoparticle, a magnetic nanoparticle, a paramagnetic nanoparticle,
a superparamagnetic nanoparticle, a gadolinium oxide nanoparticle, a hematite nanoparticle,
a magnetite panoparticle, a gado-nanotube, an endofullerene, Gd@C60, a core-shell
nanoparticle, an onionated nanoparticle, a nanoshell, an onionated iron oxide nanoparticle,
and any combination thereof.

In one embodiment, the present invention provides a method of smoking a smoking
device, the racthod comprising: heating or lighting a smoking device to form smoke,
wherein the smoking device comprises at least one filter section comprising a porous mass
that comprises an active particle and a binder particle, and wherein the active particle
comprises an element selected from the group consisting oft a nano-scaled carbon particle, a
carbon nanotube having at least one wall, a carbon nanchorn, a bamboo-like carbon
nanostructure, a fullerene, a fullerene aggregate, graphene, a few layer graphene, oxidized
graphene, a iron oxide nanoparticle, a nanoparticle, a metal nanoparticle, a gold nanoparticle,
a silver nanoparticle, a metal oxide nanoparticle, an alumina nanoparticle, a magnetic
nanoparticie, a paramagnetic nanoparticle, a superparamagnetic nanoparticle, a gadolinium
oxide nanoparticle, a hematite nanoparticle, a magnetite nanoparticle, a gado-nanotube, an
endofullerenc, G460, a core-shell nanoparticle, an onionated nanoparticle, a nanoshell, an
onionated iron oxide nanoparticle, and any combination thereof! drawing the smoke through
the smoking device, wherein the filter section reduces the presence of at least one component
iu the smoke as compared to a filter without the porous mass.

In one embodiment, the present invention provides a method of raking a porous
mass, the method comprising: providing a blend comprising active particles and a binder
particles; wherein the binder particles comprise a thermoplastic and the active particles
comprise an element selected from the group consisting oft a nano-scaled carbon particle, a
carbon nanotube having at least one wall, a carbon nanchorn, a bamboo-like carbon
nanostructure, a fullerene, a fullerene aggregate, graphene, a few layer graphene, oxidized
graphene, a iron oxide nanoparticle, a nanoparticle, a metal nanoparticle, a gold nanoparticle,
a silver nanoparticle, a metal oxide nanoparticle, an alumina nanoparticle, a magnetic
nanoparticie, a paramagnetic nanoparticle, a superparamagnetic nanoparticle, a gadolinium

oxide nanoparticle, a hematite nanoparticle, a magnetite nanoparticle, a gado-nanotube, an
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endotullerene, Gd@C60, a core-shell nanoparticle, an onionated nanoparticle, a nanoshell, an
onjonated tron oxide nanoparticle, and any combination thereot,  placing the blend i a
mold; heating the blend in the mold to a temperature at or above the melting point of the
binder particles so as to form a porous mass; and removing the porous mass from the mold.

In one embodiment, the present invention provides a method of making a porous
mass, the method comprising: providing a blend comprising active particles and binder
particles, wherein the binder particles comprise a thermoplastic and the active particles
comprise an element selected from the group consisting oft a nano-scaled carbon particle, a
carbon nanotube having at least one wall, a4 carbon mnanchorn, a bhamboo-like carbon
nanostructure, a fullerene, a fullerene aggregate, graphene, a fow layer graphene, oxidized
graphene, a iron oxide nanoparticle, a nanoparticle, a metal nanoparticle, a gold nanoparticle,
a silver nanoparticle, a metal oxide nanoparticle, an alumina nanoparticle, a magnetic
nanoparticle, a paramagnetic nanoparticle, 3 superparamagnetic nanoparticle, a gadolinium
oxide nanoparticle, a hematite nanoparticle, a magnetitc nanoparticle, a gado-nanotube, an
endotullerene, Gd@C60, a core-shell nanoparticle, an onionated nanoparticle, a nanoshell, an
onjonated fron oxide nanoparticle, and any combination thereof, heating the blend; and
extruding the blend while at an elevated termperature 5o as to torm a porous mass.

In one embodiment, the present invention provides a method for making a filter rod,
the method comprising: providing a first {ilter section; providing at least one second filter
section, wherein the second filter section comprises a porous mass that comprises an active
particle and a binder particle, and wherein the active particle comprises an element selected
from the group consisting oft  a nano-scaled carbon particle, a carbon nanotube having at
feast one wall, a carbon panchom, a bamboo-like carbon nanostructure, a fullerene, a
fullerene aggregate, graphene, a few layer graphene, oxidized graphene, a iron oxide
nanoparticle, a nanoparticle, a metal nanoparticle, a gold nanoparticle, a silver nanoparticle, a
metal oxide nanoparticle, an alumina nanoparticle, a magnetic nanoparticle, a paramagnetic
nanoparticle, a superparamagnetic nanoparticle, a gadolinium oxide nanoparticle, a hematite
nanoparticle, a magnetite nanoparticle, a gado-nanotube, an endofullerene, Gd@wCal, a core-
shell nanoparticle, an onionated nanoparticle, 2 nanoshell, an onionasted iron oxide
nanoparticle, and any combination thereof; and joining the first filter section and at least one

second filter section so as to form a filter rod.
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Tn one erobodiment, the present invention provides a method comprising: providing a
container that comprises at least a plurality of first filter section pieces; providing a second
container comprising at least a plurality of second filter section pieces, wherein the second
filter section pieces comprise a porous mass that comprises an active particle and a binder
particle, and wherein the active particle comprises an clement selected from the group
consisting of: a nano-scaled carbon particle, a carbon nanotube having at fcast one wall, a
carbon nanchorn, a bamboeo-like carbon nanostructure, a fullerene, a fullerene aggregate,
graphene, a few layer graphene, oxidized graphene, a ron oxide nanoparticle, a nanoparticle,
a metal nanoparticle, a gold nanoparticle, a silver nanoparticle, a metal oxide nanoparticle, an
alumina nanoparticle, a magnetic nanoparticle, a paramagnetic nanoparticle, a
superparamagnetic nanoparticle, a gadolinium oxide nanoparticle, a hematite nanoparticle, a
maguetite  nanoparticle, a  gado-nanotube, an endofullerene, Gd@C60, a core-shell
nanoparticle, an onionated nanoparticle, a nanoshell, an onionated iron oxide nanoparticle,
and any combination thereof; joining a first filter section piece and a second filter section
piece end-to-end along the longitudinal axis of the first filter section piece and the second
filter section piece to form an unwrapped filter rod; and wrapping the first filter section piece
and the second filter section piece with a paper to form a filter rod.

In one embodiment, the present invention provides a method of making a smoking
device, the method comprising: providing a filter rod comprising at least one filter section
that comprises a porous mass that comprises an active particle and a binder particle, wherein
the active particie comprises an clement selected from the group consisting of: a nano-scaled
carbon particle, a carbon nanotube having at least one wall, a carbon nanohorn, a bamboo-
like carbon nanostructure, a fullerene, a tullerene aggregate, graphene, a fow layer graphene,
oxidized graphene, g iron oxide nanoparticle, a nanoparticle, a metal nanoparticle, a gold
nanoparticle, a silver nanoparticle, a8 metal oxide nanoparticle, an alumina nanoparticle, a
maguetic nanoparticle, a paramagnetic nanoparticle, a superparamagnetic nanoparticle, a
gadolinium oxide nanoparticle, a homatite nanoparticle, a magnetite nanoparticle, a gado-
nanotube, an endofullerene, Gd@CH0, a core-shell nanoparticle, an onionated nanoparticle, a
nanoshell, an onionated tron oxide nanoparticle, and any combination thercof, providing a
tobacco colunw; cutting the filier rod transverse to s longitudinal axis through the center of
the rod to torm at least two smoking device tilters having at least one filter section that

comprises a porous mass that comprises an active particle and a binder particle; and joining at
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least oue of the smoking device filters to the tobacco column along the longitudinal axis of
the filter and the longitudinal axis of the tobacco colurmn fo form at least one smoking device.

In onc embodiment, the present invention provides a method of making a smoking
device, the method comprising: providing a tobacco column; joining a filter to the tobacco
column, wherein the filter comprises a porous mass having an active particle and a binder
particle, wherein the active particle comprises an element selected from the group consisting
of: a nano-scaled carbon particle, a carbon nanotube having at least one wall, a cartbon
nanohorn, a bamboo-like carbon nanostructure, a fullerene, a fullerene aggregate, graphenc, a
few layer graphene, oxidized graphene, a won oxide nanoparticle, a nanoparticle, a metal
nanoparticle, a gold nanoparticle, a silver nanoparticle, a3 metal oxide nanoparticle, an
alumina nanoparticle, a magnetic nanoparticle, a paramagnetic nanoparticie, a
superparamagunetic nanoparticle, a gadolintum oxide nanoparticle, a hematite nanoparticle, a
magnetite  nanoparticle, a gado-nanotube, an  endofullerene, Gd@C60, a core-shell
nanoparticle, an onionated nanoparticle, a nanoshell, an onionated iron oxide nanoparticle,
and any combination thereof.

In one embodimaent, the present invention provides an apparatus corprising:  a
container area comprising at least a plurality of first filter section picces; a second container
arca comprising at least a phurality of second filter section picces, wherein the second filter
section pieces comprises a porous mass that comprises an active particle and a binder
particle, wherein the active particle comprises an element selected from the group consisting
of: a nano-scaled carbon particle, a carbon nanotube having at least one wall, a carbon
nanohorn, a bamboo-like carbon nanostructure, a fullerene, a fullerene aggregate, graphenc, a
few layer graphene, oxidized graphene, a on oxide nanoparticle, a nanoparticle, a metal
nanoparticle, a gold nanoparticle, a silver nanoparticle, a3 metal oxide nanoparticle, an
alumina nanoparticle, a magnetic nanoparticle, a paramagnetic nanoparticie, a
superparamagnetic nanoparticle, a gadelinivm oxide nanoparticle, a hematite nanoparticle, a
magnetite  nanoparticle, a gado-nanotube, an  endofullerene, Gd@C60, a core-shell
nanoparticle, an onionated nanoparticle, a nanoshell, an onionated iron oxide nanoparticle,
and any combination thereof] a joiner arca wherein a first filter section piece and a second
filter section picce are joined; a wrapping arca wherein the first filter section piece and the
second filter section piece are wrapped with a paper to form a smoking device filter; and a

conveyor to transport the smoking device filter to a subsequent area for storage or use.
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In one embodiment, the present mvention provides a smoking device filter
comprising: a filter section, the filter section comprising a porous mass that comprises an
active particle and a binder particle, wherein the porous mass has a void volume of about
403% to about 90%.

In one embodiment, the present invention provides a smoking device comprising: a
housing for a smokeable substance, and a filter comprising a porous mass that comprises an
active particle and a binder particle, wherein the porous mass has a void volume of about
40% to about 90%.

In one embodiment, the present mvention provides a smooking device filter
comprising: af least two neighboring longitudinal in-series sections, wherein a first section
comprises a porous mass that comprises an active particle and a binder particle, wherein
the porous mass has a void volume of about 40% to about 90%; and wherein a second section
comprises a section that is selected from the group consisting of: 3 cavity, cellulose acetate,
polypropyiene, polyethylene, polyolefin tow, polvpropylene tow, polyethyiene terephthalate,
polybutylenc terephthalate, random oriented acetate, a paper, a corrugated paper, a conceniric
fitlier, carbon-on-tow, silica, magnesium silicate, a zeolite, 2 molecular sieve, a metaliocene, a
salt, a catalyst, sodium chloride, nylon, a flavorant, tobacco, a capsule, cellulose, a cellulosic
derivative, a catalytic converter, iodine pentoxide, a coarse powder, a carbon particle, a
carbon fiber, a fiber, a glass bead, a nanoparticle, a void chamber, a baffled void chamber,
and any combination thereof.

In one embodiment, the present invention provides a smoking device comprising: a
filter that comprises a porous mass that comprises an active particle and a binder particle,
wherein the porous mass has a void volure of about 40% to about 90%; and a housing
capable of maintaining a smokeable substance in fluid contact with the filter.

In one embodiment, the present invention provides a pack of filters comprising: a
pack comprising at least one filter that comprises a porous mass that comprises an active
particle and a binder particle, and wherein the porous mass has a void volume ot about 40%
to about 90%.

In one embodiment, the present mvention provides a pack of smoking devices
comprising: a pack comprising at lcast one smoking device that corprises a filter that
comprises a porous mass that comprises an active particle and a binder particle, wherein the

porous mass has a void volume of about 40% to about 90%.
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In one embodiment, the present invention provides a smoking device carton
comprising: a confainer comprising at least one pack that comprises at least one smoking
device, wherein the smoking device comprises a filter that comprises a porous mass that
comprises an active particle and a binder particle, and wherein the porous mass has a void
volume of about 40% to about 90%.

In one embodiment, the present invention provides a method of smoking a smoking
device, the method comprising: heating or lighting a smoking device to form smoke, wherein
the smoking device comprises at least one filier section comprising a porous mass that
comprises an active particle and a binder particle, and wherein the porous mass has a void
volume of about 40% to about 909%; drawing the smoke through the smoking device, wherein
the filter section reduces the presence of at least one component in the smoke as compared to
a filter without the porous mass.

In one embodiment, the present invention provides a method of making a filter, the
method comprising: providing a blend comprising active particles and binder particles;
placing the blend in a mold; heating the blend in the mold to a temperature at or above the
melting point of the binder particles so as to form a porous mass, wherein the porous mass
has a void volume of about 40% to about 90%; removing the porous mass from the mold; and
forming a filter comprising the porous mass.

In one embodiment, the present invention provides a method of making a smoking
device fifter, the method comprising: providing a blend comprising active particles and
binder particles; heating the blend; extruding the blend while at an elevated temperature o as
to form a porous mass, wherein the porous mass has a void volume of about 40% to about
90%; and forming a filter corprising the porous mass.

In onc embodiment, the present invention provides a method for making a smoking
device, the method comprising: providing a first filter section; providing at least one second
filter section, wherein the second filter section comprises a porous mass that comprises an
active particle and a binder particle, and wherein the porous mass has a void volume of about
40% to about 90%; joining the first filter section and at least one second filter section so as to
form a filter rod; and joining at least a portion of the filter rod with a tobacco column to form
a smoking device.

In onc embodiment, the present invention provides a method of making a filter rod,

the method comprising: providing a container that comprises at least a plurality of first filter
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section pieces; providing a second container comprising at least a phurality of second filter
section pieces, whercin the second filier section picces comprise a porous mass that
comprises an active particle and a binder particle, and wherein the porous mass has a void
volume of about 40% to about 90%; joining a first filter section piece and a second filter
section piece end-to-cnd along the longitudinal axis of the first filter section piece and the
second filter section picce to form an unwrapped filter rod; and wrapping the first filter
section piece and the second filter section picce with a paper to form a filter rod.

In one embodiment, the present invention provides a method of making a smoking
device, the method comprising: providing a filter rod comprising at least one filier section
that comprises a porous mass that comprises an active particie and a binder particle, wherein
the porous mass has a void volume of about 40% to about 90%; providing a tobacco column;
cutting the filter rod transverse fo its longitudinal axis through the center of the rod to form at
least two smoking device tilters having at least one filter section that comprises a porous
mass that comprises an active particle and a binder particle; and joining at least one of the
smoking device filters to the tobacco column along the longitudinal axis of the filter and the
longttudinal axis of the tobacco column to form at least one srooking device.

In onc embodiment, the present invention provides a method of making a smoking
device, the method comprising: providing a tobacco column; joining a filter to the tobacco
columnn, wherein the filier comptises a porous mass that comprises an active particle and a
binder particle, and wherein the porous mass has a void volume of about 40% to about 90%.

In one embodiment, the present invention provides an apparatus comprising: a
container arca comprising at least a plurality of first filter section picces; a second container
arca comprising af least a plurality of second filter section pieces, wherein the second filter
section pieces Comprises a porous mass that comprises an active particle and a binder
particle, wherein the porous mass has a void volume of about 40% to about 90%; a joiner
arca wherein a first filter section piece and a second filier section piece are joined; a wrapping
area wherein the first filter section piece and the second filter section piece are wrapped with
a paper to form a smoking device filter; and a conveyor to transport the smoking device filter
to a subsequent area for storage or use.

In one embodirent, the present invention provides a filter corprising: a porous mass

that comprises an active particle and a binder particle, wherein the porous mass has an active
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particle loading of at least about | mg/mm and an encapsulated pressure drop of about 20 mm
of water or less per mum of porous mass, and wherein the active particle is not carbon.

In one embodiment, the present invention provides a smoking device comprising: a
smokeable substance; and a filter comprising a porous mass that comprises an active particle
and a binder particle, wherein the porous mass has an active particle loading of at least about
| mg/mm and an encapsulated pressure drop of about 20 mm of water or less per mum of
POTOUS Mmass.

In one embodiment, the present mvention provides a smoking device filter
comprising: at least two neighboring longitudinal fu-series filter sections, wherein a first
filter section compriscs a porous mass that comprises an active particle and a binder particle,
wherein the porous mass has an active particle loading of at least about | mg/mm and an
encapsulated pressure drop of about 20 mm of water or less per mm of porous mass; and
wherein a second filter section comprises a section that is selected from the group consisting
of: a cavity, cellulose acetate, polypropylene, polyethylene, polyolefin tow, polypropylene
tow, polyethylene terephthalate, polybutylene terephthalate, random oriented acetate, a paper,
a corrugated paper, a concentric filter, carbon-on-tow, silica, magnesium silicate, a zeolite, a
molecular sieve, a metallocene, a salt, a catalyst, sodium chioride, nyion, a flavorant, tobaceo,
a capsule, cellulose, a cellulosic derivative, a catalytic converter, iodine pentoxide, a coarse
powder, a carbon particle, a carbon fiber, a fiber, a glass bead, a nanoparticle, a void
chamber, a baffled void chamber, and any combination thereof.

In one embodiment, the present invention provides a smoking device comprising: a
filter that comprises a porous mass that comprises an active particle and a binder particle,
wherein the porous muass has an active particle loading of at lcast about 1 mg/mm and an
encapsulated pressure drop of about 20 mm of water or less per mm of porous mass; and a
housing capable of maintaining a smokeable substance in fluid contact with the filter,

In one embodiment, the present invention provides a pack of filters comprising: &
pack comprising at least one filter, wherein the filter comprises a porous mass that comprises
an active particle and a binder particle, and wherein the porous mass has an active particle
loading of at least about 1 mg/mm and an encapsulated pressure drop of about 20 mm of
water ot less per mum of porous mass,

In onc ecmbodiment, the present ivention provides a pack comprising: a container

comprising at least one smoking device that comprises a filter, the filter comprising a porous
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mass that comprises an active particle and a binder particle, and wherein the porous mass has
an active particle loading of at least about 1 mg/ouwn and an encapsulated pressure drop of
about 20 mm of water or less per mm of porous mass.

In one embodiment, the present invention provides a carton of smoking device packs
comprising: a container comprising at least one pack that comprises af least one smoking
device that comprises a porous mass that comprises a filter that comprises an active particle
and a binder particle, and wherein the porous mass has an active particle loading of at least
about | mg/mm and an encapsulated pressure drop of about 20 mm of water or less per mm
of porous 1mass.

In onc embodiment, the present invention provides a method of smoking 3 smoking
device, the method comprising: heating or lighting a smoking device to form smoke, wherein
the smoking device comprise at least one filter section comprising a porous mass that
compriscs an active particle and a binder particle, and wherein the porous mass has an active
particle loading of at least about 1 mg/mm and an encapsulated pressure drop of about 20 mm
of water or less per mn of porous mass; and drawing the smoke through the smoking device,
wherein the filter section reduces the presence of at least one component in the smoke as
compared to a filter without the porous mass.

In one embodiment, the present mvention provides a method of making a filter, the
method comprising:  providing a blend comprising active particles and binder particles;
placing the blend in a mold; heating the blend in the mold to a temperature at or above the
melting point of the binder particle so as to form a porous mass, wherein the porous mass has
an active particle loading ot at least about T mg/mm and an encapsulated pressure drop of
about 20 mim of water or less per mum of porous mass; removing the porous mass from the
mold; and forming a filier comprising the porous mass.

In one embodiment, the present invention provides a method of making a smoking
device filter, the method comprising: providing a blend comprising active particles and
binder particles; heating the blend; extruding the blend while at an elevated temperature s0 as
to form a porous mass, wherein the porous mass has an active particle loading of at least
about | mg/mm and an encapsulated pressure drop of about 20 mm of water or less per mm
of porous mass; and forming a filter comprising the porous mass.

In one embodiment, the present invention provides a method for producing a smoking

device, the method comprising: providing a first filter section; providing at least one second
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filter section, wherein the second filter section comprises a porous mass that comprises an
active particle and a binder particle, and wherein the porous mass has an active particle
loading of at least about | mg/mun and an encapsulated pressure drop of about 20 mm of
water or less per mm of porous mass; joining the first filter section and at least one second
filter section so as to form a filier rod; and joining at least a portion of the filter rod with a
tobacco column to form a smoking device.

In one embodiment, the present invention provides a method of making a filter rod,
the method comprising: providing a container that comprises at least a plurality of first filter
section pieces; providing a second confainer comprising at least a plurality of second filter
section picces, whercin the second filter section picces comprise a porous mass that
comprises an active particle and a binder particle, and wherein the porous mass has an active
particle loading of at least about | mg/nun and an encapsulated pressure drop of about 20 mm
of water or less per mm of porous mass; joining a first filter section piece and a second filter
section piece end-to-end along the longitudinal axis of the first filter section piece and the
second filter section piece to form an umwrapped filter rod; wrapping the first filter section
picce and the second filter section picce with a paper to form a filter rod; and transporting the
filter rod to a subsequent arca for storage or use.

In one embodiment, the present invention provides a method of making a smoking
device, the method comprising: providing a filter rod comprising at least one filter section
that comprises a porous mass that comprises an active particle and a binder particle, wherein
the porous mass has an active particle loading of at least about 1 mg/mm and an encapsulated
pressure drop of about 20 mm of water or less per mm of porous mass; providing a tobaceo
columm; cutting the filter rod transverse to its longitudinal axis through the center of the rod
to form at least two smoking device filters having at least one filter section that comprises a
porous mass that comprises an active particle and a binder particle; and joining at least one of
the smoking device filters to the tobacco colurnn along the longitudinal axis of the filier and
the longitudinal axis of the tobacco column to form at least one smoking device.

In one embodiment, the present invention provides a method of making a smoking
device, the method comprising: providing a tobacco column; joining a filter to the tobaceo
columm, wherein the filter comprises an active particle and a binder particle, wherein the
porous mass has an active particle loading of at least abowt I mg/mm and an encapsulated

pressure drop of about 20 mm of water or less per mm of porous mass.



10

o]
L

WO 2012/054111 PCT/US2011/044142

i5

In one embodiment, the present invention provides an apparatus comprising:  a
container area comprising at least a plurality of first filter section picces; a second containe
arca comprising atf least a plurality of second filter section pieces, wherein the second filter
section pigces comprises a porous mass that comprises an active particle and a binder
particle, wherein the porous mass has an active particle loading of at least about 1 mg/mm

and an cncapsulated pressure drop of about 20 mm of water or less per mun of porous mass; a

joiner arca wherein a first filter section piece and a second filter section piece are joined; a

wrapping areca wherein the first filter section piece and the second filter section piece are
wrapped with a paper to forrm a smooking device filter; and a conveyor fo transport the
smoking device filter to a subsequent area for storage or use.

In one embodiment, the present invention provides a filter comprising: a porous mass
that comprises an active particle and a binder particle, wherein the active particle comprises
carbon and the porous mass has a carbon loading of at least about 6 mg/mum and an
encapsulated pressure drop of about 20 mm of water or less per mm of porous mass.

In one embodiment, the present fnvention provides a smoking device comprising: a
smokeable substance; and a filter comprising a porous mass that comprises an active particle
and a binder particle, wherein the active particle comprises carbon and the porous mass has a
carbon loading of at least about 6 mg/mm and an encapsulated pressure drop of about 20 mm
of water or less per mm of porous mass.

In one embodiment, the present invention provides a smoking device filter
comprising: at least two neighboring longitudinal in-serics sections, wherein a first section
comprises a porous mass that comprises an active particle and a binder particle; wherein the
active particle is carbon and the porous mass has a carbon loading of at least about 6 rag/mm
and an cncapsulated pressure drop of about 20 mm of water or less per mium of porous mass;
and wherein a second section comprises a section that is selected from the group consisting
oft a cavity, cellulose acetate, polypropylene, polyethylene, polyolefin tow, polypropylence
tow, polyethyiene terephthalate, polybutylene terephthalate, random oriented acetate, a paper,
a corrugaied paper, a concentric filter, carbon-on-tow, sifica, magnesium silicate, a zeolite, a
molecular sicve, a metallocenc, a salt, a catalyst, sodium chloride, nyion, a flavorant, tobacco,
a capsule, cellulose, a cellulosic derivative, a catalytic converter, iodine pentoxide, a coarse
powder, a carbon particle, a carbon fiber, a fiber, a glass bead, a nanoparticle, a void

chamber, a baffled void chamber, and any combination thereof.
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In one embodiment, the present fnvention provides a smoking device comprising: a
filier that comprises a porous mass that has a carbon loading of at lcast about & mg/mm and
an encapsulated pressure drop of about 20 mm of water or less per mm of porous mass; and a
housing capable of maintaining a smokeable substance in fluid contact with the filter,

In one embodiment, the present invenfion provides a pack of filters comprising: 8
pack comprising at least onc filter, the filter comprising a porous mass that has a carbon
loading of at least about 6 mg/mm and an encapsulated pressure drop of about 20 mm of
water or less per mm of porous mass.

In one embodiment, the present invention provides a pack of smoking devices
comprising: a pack comprising at lcast one smoking device that comprises a filter, wherein
the filter comprises a porous mass that comprises an active particle and a binder particle, and
wherein the active particle comprises carbon, and the porous mass has a carbon loading of at
least about & mg/mm and an encapsulated pressure drop of about 20 mam of water or less per
mm of porous mass,

In one embodiment, the present fnvention provides a carton of smoking device packs
comprising: a confainer comprising at least one pack that comprises at least one smoking
device, the smoking device comprising a filter that comprises a porous mass, the porous mass
comprising an active particle and a binder particle, and wherein the active particle comprises
carbon and the porous mass has a carbon loading of at least about 6 mg/mm and an
encapsulated pressure drop of about 20 mm of water or less per mm of porous mass.

In one embodiment, the present invention provides a method of smoking a smoking
device, the method comprising: heating or lighting a smoking device to form smoke, wherein
the smoking device comprises a smokeable substance and at least one filter section
comprising a porous mass that comprises an active particle and a binder particle, wherein the
active particle comprises carbon, and the porous mass has a carbon loading of at least about 6
mg/mm and an encapsulated pressure drop of about 20 mm of water or less per mm of porous
mass; drawing the smoke through the smoking device to form a smoke stream; and allowing
the filter section to at least reduce the presence of at least one component in the smoke stream
as compared to a filier without the porous mass.

In one embodiment, the present mvention provides a method of making a filier, the
method comprising: providing a blend comprising active particies and binder particles;

placing the blend in a mold; heating the blend in the mold to a temperature at or above the
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melting point of the binder particles 30 as to form a porous mass, wherein the active particle
comprises carbon and the porous mass has a carbon loading of at least about 6 mag/mm and an
encapsulated pressure drop of about 20 mm of water or less per mm of porous mass;
removing the porous mass from the mold; and forming a filter comprising the porous mass.

In one embodiment, the present invention provides a method of making a smoking
device fifter, the method comprising: providing a blend comprising active particles and
binder particles; heating the blend; extruding the blend while at an elevated temperature o as
to form a porous mass, wherein the active particles comprise carbon and the porous mass has
a carbon loading of at least about 6 mg/own and an encapsulated pressure drop of about 20
mm of water or less per mm of porous mass; forming a smoking device filter comprising the
POTOUS Mass.

In one embodiment, the present invention provides a method for producing a smoking
device, the method comprising: providing a first filter section; providing at least one second
filter section, wherein the second filter section comprises a porous mass that has a carbon
loading of at least about 6 mg/mm and an encapsulated pressure drop of about 20 mm of
water or less per mum of porous mass; joining the tust filter section and af least one second
filter section longitudinally so as to form a filter rod; and joining at least a portion of the filter
rod with a tobacco column to form a smoking device.

In one embodiment, the present nvention provides a method of making a filter rod,
the method comprising: providing a container that comprises at least a plurality of first filter
section pieces; providing a second container comprising at feast a plurality of second filter
section pieces, wherein the second filter section picces comprise a porous mass that has a
carbon loadmg of at least about 6 mg/mm and an encapsulated pressure drop of about 20 mm
of water or less per mm: of porous mass; joining a first filter section picce and a second filter
section picce end-to-end along the longitudinal axis of the first filter section piece and the
second filter section piece to form an unwrapped filter rod; and wrapping the first filter
section piece and the second filter section picce with a paper to form a filter rod.

In one embodiment, the present invention provides a method of making a smoking
device, the method comprising: providing a filter rod comprising at least one filier section
that comprises a porous roass that has a carbon loading of at least about 6 mg/mm and an
encapsulated pressure drop of about 20 mm of water or less per mm of porous mass;

providing a tobacco column; cutting the filter rod transverse to its longitudinal axis to form at
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least two smoking device filters having at least one filter section that comprises a porous
mass; and joining at least one of the smoking device filters fo the tobacco column along the
longitudinal axis of the filter and the longitudinal axis of the tobacco column to form at least
one smoking device,

In one embodiment, the present invention provides a method of making a smoking
device, the method comprising: providing a tobacco column; and joining a filter to the
tobacco column, the filter comprising having a carbon loading of at least about 6 mg/mum and
an encapsulated pressure drop of about 20 mum of water or less per mum of porous mass.

In one embodimaent, the present invention provides an apparatus corprising:  a
container area comprising at least a plurality of first filter section pieces; a sccond container
arca comprising at least a phurality of second filter section pieces, wherein the second filter
section picces comprises a porous mass that comprises an active particle and a binder
particle, wherein the active particle comprises carbon and the porous mass has a carbon
loading of at least about 6 mg/mm and an encapsulated pressure drop of about 20 mm of
water or less per mam of porous mass; a joiner area wherein a first filter section piece and a
second filter section piece are joined along their longitudinal axes; a wrapping arca wherein
the first filter section piece and the second filter section piece are wrapped with a paper to
form a smoking device filter; and a conveyor to transport the smoking device filter to a
subsequent area for storage or use.

In one embodiment, the present invention provides a compressible wrap surrounding
the tongitudinal axis of a porous mass filter section.

The featurcs and advantages of the present invention will be readily apparent to one of
ordinary skill in the art upon a reading of the description of the preferred embodiments that
follows,

Description of the Brawings

For the purpose of illustrating the invention, there is shown in the drawings a form
that s presently preferred; it being understood, however, that this jnvention is not limited to
the precise arrangements and instrumentalitics shown.

Figure 1 is a cross-sectional view of an embodiment of a cigarette including a filter
section according to the present invention.

Figure 2 s a cross-sectional view of another embodiment of a cigarette including a

filter section according to the present invention.
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Figure 3 is a cross-sectional view of another embodiment of a cigarette including a
filter section according to the present invention.

Figure 4 is 3 cross-sectional view of a smoking device including a filter section
according to the present invention.

Figure 5 1s a photomicrograph of a section of an embodiment of a porous mass of the
present invention.

Figure 6 is a comparative document that shows the results of encapsulated pressure
drop testing for carbon-on-tow filters having an average circumfercuce of about 24.5 mm.

Figure 7 shows the results of cncapsulated pressure drop testing for porous mass
filters of the present mvention (comprising polyethyviene and carbon) having an average
circumference of about 24.5 mm.

Figure 8 is a comparative document that shows the results of encapsulated pressure
drop testing for carbon-on-tow filters having an average circumference of about 16.9 mm,

Figure 9 shows the results of encapsulated pressure drop testing for porous mass
filters of the present mvention (comprising polyethylene and carbon) having an average

circumference of about 16.9 mn
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Detailed Dieserintion of the Invention

The porous mass described hereinafter may be used with a smoking device, such as a
tobacco smoking device, The porous mass includes active particles and non-fibrous binder
particles and may form a portion of a filter section of a smoking device. The term “porous
mass” as used herein refers to a mass comprising active particles and nonfibrous binder
particles that form a structure bound by the binder particles and that includes void spaces
therem, whereby smoke can travel through the porous mass and interact with the active
particles. In some embodiments, the structure may be formed through the application of heat
so that the binder particles soften to bind to the active particles at various contact poinis.
While reference is made herein to “tobacco,” it should be understood that the porous mass
described herein is also suitable for use with other substances that produce smoke when
burned or heated (i ., smokeable substances).

It should be noted that when “about” 1s provided below in reference to a rwrber, the
term “about” modifies cach mumber of the numerical list. It should be noted that in some
numerical listings of ranges, some lower limits listed may be greater than some upper Hmits
listed. One skilled i the art will recognize that the selected subset will require the selection
of an upper limit in excess of the selected lower limit,

Referring to Figures 1-4, there is shown several embodiments of a smoking device
(these are representative, but not limiting on the smoking devices contemplated hereinafier).
The term “smoking device,” as used herein, most often refers to a cigarette, but it 18 not so
timited and could be used with other smoking devices, such as cigaretic holders, cigars, cigar
holders, pipes, water pipes, hookahs, electronic smoking devices, roll-your-own cigareties or
cigars, etc. Hereinatter, reference will be to a cigarette as a gencric term covering all of these
smoking devices (unless otherwise specified).

In some cmbodiments, a smoking device may comprise a housing capable of
maintaining a smokeable substance n fluid contact with the filter. Suitable housings may
include, but are not Himited fo, a cigarctie, a cigarette holder, a cigar, a cigar bolder, a pipe, a
waier pipe, a hookah, an clectronic smoking device, a roll-your-own cigarette, a roll-your-
own cigar, and a paper.

In Figure 1, cigarette 10 mcludes a tobacco column 12 and a filter 14, Filter 14 may

comprise at least two sections, first section 16 and second section 18, For example, the first
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section 16 may comprise conventional filter material {discussed in greater detail below) and
the second section 18 comprises a porous roass {discussed in greater detail below).

As used herein, the term “tobacco colunn” refers fo the blend of tobacco, and
optionally other ingredients and flavorants that may be combined to produce a tobacco-based
smokeable article, such as a cigarette or cigar. In some embodiments, the tobacco columm
may comprise ingredients selected from the group consisting oft tobacco, sugar {such as
sucrose, brown sugar, mvert sugar, or high fructose corn syrup), propylene glycol, glycerol,
cocos, cocoa products, a caroh bean gum, carch bean extracts, and any combination thereof.
In still other embodiments, the tobacco column may further coraprise flavorants, menthol,
licorice eoxtract, diammonium phosphate, ammonium hydroxide, and any combination
thereof. Examples of suitable tvpes of tobacco that may be used in the tobacco columns may
inchude, but are not himited to, bright leaf tobacco, burley tobacco, Oriental tobacco (also
known as Turkish tobacco}, Cavendish tobacco, corojo tobacco, criolo tobacco, Perique
tobacco, shade tobacco, white burley tobacco, and any combination thercof, The tobacco
may be grown in the United States, or may be grown in a junisdiction outside the United
States.

In Figure 2, cigarette 20 has a tobacco column 12 and filter 22, Filter 22 is multi-
segmented with three sections. In this embodiment, conventional filter materials 24 {or other
alternative filter sections) may flank the porous mass 26.

In Figure 3, cigarette 30 has a tobacco column 12 and g filter 32, Filter 32 is mult-
segmented with four sections. In this embodiment, end section 34 is a conveniional material,
but sections 36, 37, and 38 may be any combination of other filter materials and porous mass
(s0 tong as at least one of those sections 18 a porous mass of the present invention).

The foregoing embodiments are representative and not imiting. The inventive filters
may have any number of sections, for example, 2, 3, 4, 5, 6, or more sections, and the
sections may be placed in any suitable configuration. It is preferred that at least one of the
filter sections comprise a porous mass of the present invention. Moreover, the sections may
be the same as one another or different from one another.

Examples of sections that yuay incorporated with the porous masses of the present
nvention to form filters may include, but are not limited to, sections that comprise at least
one element selected from the following: cellulose acetate, polypropylene, polyethylene,

polyolefin tow, polypropylene tow, polyecthylene terephthalate, polybutyiene terephthalate,
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random otiented acetate, papers, corrugated papers, concentric filters {2.g., a peripheral filter
of fibrous tow and a core of a web material), carbon-on-tow {sometimes reforred to as a
“Dyalmatian filter”), silica, magnesium silicate, zeolites, molecular sieves, metallocenes, salts,
catalysts, sodium chloride, nvlon, flavoranis, tobacco, capsules, celluiose, cellulosic
derivatives, catalytic converters, iodine pentoxide, coarse powders, carbon particles, carbon
fibers, fibers, glass beads, nanoparticles, void chambers (e.g., formed by rigid elements, such
as paper or plastic), baftled void chambers, and any combination thereof. If a zeolite is used,
examples of suitable zeolites inclode, but are not bmited to, BETA, SBA-15, MCM-41,
MCM-48 modified by 3-anunopropvisilyl groups, and any corsbhination thereof. In some
embodiments, the filter may be substantially degradable over time {e.g., over about 2 to about
5 years), cither naturally or in the presence of a catalyst, that in some embodiments, may be
present in a filter section itsclf.  Also included are fibrous tows and papers with active
materials {adhered thereto or irmpregnated therein or otherwise incorporated therewith)., Such
active materials include activated carbon {or charcoal), ion exchange vesins, zeoliies,
desiccants, catalysts, or other materials adapted to atfect the tobacco smoke. If used, void
chambers may be filled (or partially filled) with active ingredients or materials incorporating
the active ingredients. Such active imgredients include activated carbon (or charcoal}, ion
exchange resins, desiccants, or other materials adapted to affect the tobacco smoke.
Additionally, the section may be a porous mass of binder particles (i.e., binder particles alone
without any active particles). For example, this porous mass without active particles may be
made with thermoplastic particles (such as polyolefin powders, including the binder particies
discussed below) that are bouded or molded together into a porous cylindrical shape.

In another embodiment, a section may comprise a space that defines a cavity between
two filter sections {one section including a porous mass of the present invention). The cavity
may be filled with granulated carbon, for example, or a flavorant, as another example. The
cavity may contain a capsule, e.g., a polymeric capsule, that itself contains a flavorant or
catalyst. The cavity, in some embodiments, may also contain a molecular sieve that reacts
with selected components in the smoke fo remove or reduce the concentration of the
componeuts without adversely affecting desirable flavor constituents of the smoke. In an
embodiment, the cavity may inchude tobacco as an additional Havorant, One should note that

if the cavity is insufficiently filled with a chosen substance, in some embodiments, this may
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create a lack of interaction between the components of the mainstream smoke and the
substance in the cavity and in the other filter section(s).

Flavorants that may be suitable for use in the present invention inchude any flavorant
suitable for use in smoking devices inchiding those that to impart a taste and/or a flavor to the
smoke stream.  The flavorants may include, but not be lumited to, organic material (or
naturally flavored particles), carriers for natural flavors, carriers for artificial flavors, and any
combination thereof. Organic materials (or naturally flavored particles) include, but are not
Ited to, tobacco, cloves {e.g., ground cloves and clove flowers), cocoa, and the like.
Natural and artificial flavors may include, but are not hmited to, menthol, cloves, cherry,
chocolate, orange, mint, mango, vanitla, cinnamon, tobacco, and the like. Such flavors may
be provided by menthol, anethole (licorice), limonene (citrus), eugenol (clove), and the like.
In some embodiments, more than one flavorant may be used including any combination of
the flavorants provided herein. These flavorants may be placed in the tobacco columnorin a
section of a filter. Additionally, in some embodiments, the porous masses of the present
favention may comprise a flavorant. The amount to imchide will depend on the desired level
of flavor in the smoke taking into account all filter sections, the length of the smoking device,
the type of smoking device, the diameter of the smoking device, as well as other factors
known to those of skill in the art.

The sections that comprise a filter may be wrapped with paper to form filter rods.
The term “paper” as used herein refers collectively to any wrapping papers that are used in
the production of smoking devices, mchuding tipping paper, plug wrap paper, tipping base
paper, and the hike. Suitable papers for use in conjunction with present invention inchude
wood-based papers, papers containing flax, flax papers, functionalized papers {e.g., those that
are functionalized so as to reduce tar and/or carbon monoxide), special marking papers,
colorized papers, and any combination thereof. In some embodiments, the papers may be
high porosity, corrugated, and/or have a high surface strength. In some embodiments, the
papers may comprise additives, sizing, and/or printability agents. In some embodiments, the
filter rods that comprise a porous mass of the present invention may have lengths ranging
from about 80 mi to about 150 mm. During processing, the filter rods may be subsequently
split into about 4 or about 6 mdividual segroents of about 5 to about 35 rom in length during a
smoking device tipping operation, For dual or triple filters, the filters may be first cut into

segments and combined with paper and/or charcoal segments prior fo tipping. The filter rods
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may be attached to tobacco columm with paper or other smoking apparatus to produce a
finished smoking device. By way of exaraple, in traditional cigarettc manufacturing, at least
three papers are used: plug wrap, cigaretic paper, and tipping paper. Plug wrap refers to the
paper that is used to cover the filter section of the cigarette as that filter is produced and
before 1t is joined to a tobacco columm., Cigarette paper refers o the paper that is used fo
cover the tobacco column section of the cigareite as that tobacco columm is produced and
before it is joined to a filter section. Finally, tipping paper refers to the paper that is used to
cover the filter section and a portion of the tobacco cohurmn as the two sections are joined to
forra a cigaretie, The scams of the various papers used to form a cigarette are joined using at
feast one adhesive, and more than one type of adhesive may be used in the formation of the
cigarette. By way of example, as a traditional cellulose acetate filter section is formed, a
polyvinyl alcohol adhesive may be used to anchor the filier o the paper and a hot melt glue
may be used at the edge of the paper to keep the filter wrapped. Also, cigarette paper may
use a starch adhesive to join the edges of the paper. Finally tipping paper may be more fully
coated, that i1s coated over most of the surface rather than only at the seamy arca, with a hot
melt adhestve to ensure that the filter section and the tobacco section remain properly joined.
In some cigarette products, ventilation holes arc made through the tipping paper, or through
both the tipping paper and the plug wrap in order to allow air to be drawn into the smoke
stream.

In some embodiments, the filters may have a diameter in the range of about 5 mum to
about 10 mm and a length of from about 5 mm to about 35 mm. In some embodiments, for
example for ulira-slim or super-stim cigarettes, the filiers may have a diameter in the range of
less than 5 mm, for example, 3 nmn or less, including, but not limited to, a lower diameter
fimuit of 0.5 mum. For cigar embodiments, the filters may have a diameter larger than 20 mm,
for example about 30 mm, as desired. Similarly, the size of the filter for other smoking
devices may vary based on the intended use and consumer demand {e.g., in a pipe).

In Figure 4, a pipe 40 has a burning bowl 42, a mouth piece 44, and a channel 46
interconnecting burning bowl 42 and mouth piece 44. Channel 46 includes a cavity 47,
Cavity 47 1s adapted for receipt of a filter 48. Filier 48 may be a multi-segmented filter as
discussed above or may consist solely of the porous mass. The size of the filier may vary
based on the dimensions of cavity 47. In some embodiments, filter 48 may be removable,

replaceable, disposabie, recyclable, and/or degradable.
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Tn the foregoing embodiments, the conventional materials and porous mass are
“joined.”  The terra “joined,” as used herein, moeans that the porous mass is in-line (or in
serics) neighboring a tobacco column or another filter section, so that when the cigaretie is
smoked, smoke from the tobacco column nwust pass through (e.g., in series} the porous mass
to arrive at its intended recipient {e.g., a smoker}. As noted above, the porous mass may be
joined to the tobacco colummn through paper wrapping techniques, e.g., using paper and/or an
adhesive. Additionally, in some embodiments, the porous mass may be joined to the tobacco
cotumn using an adhesive, which preferably s free from components that, upon burning,
would interfere with the purposes of the invention.

As shown in Figures 1-3, in some embodiments, a filter section comprising a porous
mass and at least one other filter section may be co-axial, puxtaposed, abutting, and have
equivalent cross-sectional areas (or substantially equivalent cross-sectional areas), But, it is
understood that the porous mass and the conventional materials need not be joined in such a
fashion, and that there may be other possible configurations.  Maoreover, while, # is
cuvisioned that porous mass will be, most often, used in a combined or multi-segmented
cigarette filter configuration, as shown in Figures 1-3; the invention is not s0 limited and a
smoking device may comprise only a porous mass of the present invention, as discussed
above with regard to Figure 4. Further, although in some embodiments, the porous mass will
be juxtaposed to the tobacco cohumn, as shown in Figure 1, the present disclosure is not so
limited. For example, a porous mass of the present invention may be separated from the
tobacco by a hollow cavity {e.g., a tube, or channel, such as in a pipe or hookah or a cigarette
or cigar holder), for example, see Figure 4. In other embodiments, a porous mass of the
present invention may be separated from a tobacco column by a bendable elerent, allowing a
consumer to shape the smoking device.

In some embodiments, the porous masses of the present invention comprise active
particles that are at least partially bonded together with binder particles. For example, see
Figure 5, a photomicrograph of an embodiment of the porous mass where active particles
{(e.g., activated carbon particles) 50 and binder particles 52. Shown at 54 is an example of a
point of contact. Note: in this cmbodiment (Figure 5), binder particles and active particles
are joined at points of contact, the points of contact are randomly distributed throughout the
porous mass, and the binder particles have retained their original physical shape (or

substantially retained their original shape, e.g., no more that 10% variation (e.g., shrinkage}
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ju shape from original). (The active particles and the binder particles are discussed in greater
detail below.) Although not wishing to be limited fo any theory, it s believed that the points
of contact form when the binder particles are heated to their softening temperature, but not
hot enough to reach a true melt. In some embodiments, it is believed that the porous masses
of the present jnvention are constructed so that they exhibit a minimal encapsulated pressure
drop {detined below} while maximizing the active particles” surface area.

There may be any weight ratio of active particles to binder particles in the porous
mass. In some embodiments, the ratio may be about 1 {o about 99 weight % active particies
and about 99 to about 1 weight % binder particles, In sormoe embodiments, the ratio may be
about 25 to about 99 weight % active particles and about 1 to about 75 weight % binder
particles.  In some embodiments, the ratio may be about 40 to about 99 weight % active
particles and about | fo about 60 weight % binder particles. Tn one embodiment of the porous
mass, the active particles comprise about 50 to about 99 weight % of the mass while the
binder particles comprise about 1 to about 30 weight % of the mass. In another embodiment,
the active particles comprise about 60 to about 95 weight % of the mass while the binder
particles comprise about 5 to about 40 weight % of the mass. Moreover, m yet anothe
embodiment, the active particles comprise about 75 to about 90 weight % of the mass while
the binder particles comprise about 10 to about 25 weight % of the mass.

In one embodiment of the porous mass, the porous mass has a void volume n the
range of about 40% fo about 90%. In another embodiment, i has a void volume of about
60% to about 90%. In yet another embodiment, it has a void volume of about 60% to about
85%. Void volume is the free space left after accounting for the space taken by the active
particles.

To determine void volume, although not wishing to be limited by any particular
theory, it is believed that testing indicates that the final density of the mixture was driven
almost entirely by the active particle; thus the space occupied by the binder particles was not
considered for this calculation. Thus, void volume, in this context, is calculated based on the
space remaining after accounting for the active particles. To determine void volume, first the
upper and lower diameters based on the mesh size were averaged for the active particles, and
then the volume was caleulated (assuming a spherical shape based on that averaged diaraeter)
and using the density of the active material. Then, the percentage void volume is calculated

as follows:
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In one embodiment, the porous mass has an encapsulated pressure drop (EPD) i the

range of about 0.10 to about 25 mm of water per mm length of porous mass. As used herein,

(4

the term “encapsulated pressure drop” refers to the static pressure difference between the two
ends of a specimen when it is traversed by an air flow under steady conditions when the

oy
I
/

volume flow is 17.5 mi/sec at the output end when the specimen is completely encapsulated
in a measuring device so that no air can pass through the wrapping. EPD has been measured
herein under the CORESTA (“Cooperation Centre for Scientific Research Relative to
16 Tobacco™) Recommended Method No. 41, dated June 2007. In another embodiment, a
porous mass of the present invention may have an EPD in the range of about 0.10 to about 10
mm of water per mm length of porous mass. In other embodiments, a porous mass of the
present mvention may have an EPD of about 2 to about 7 mun of water per mm length of
porous mass (or no greater than 7 ram of water per nun length of porous mass). To obtain the
15 desired EPD, the active particles must have a greater particle size than the binder particies. In
one embodiment, the ratio of binder particle size to active particle size is in the range of about

1S to about 114,
In some embodiments, the porous mass of the present invention may have an active

-

particle loading of at least about I mg/mum, 2 mg/mm, 3 mg/mm, 4 mg/mm, 5 mg/mm, 6
200 mglom, 7 mg/mm, 8 mgimm, 9 mgimm, 10 mg/mm, 1 mg/mm, 12 mg/mm, 13 mg/mm, 14
mg/mm, 15 mg/own, 16 mg/man, 17 rag/mm, 18 mg/ram, 19 mg/mm, 20 mg/nun, 21 mg/ma,
22 mg/mm, 23 mg/mm, 24 mg/mm, or 25 mg/mum in combination with an EPD of less than
about 20 mum of water or less per mun of porous mass, 19 mm of water or less per mm of

porous mass, 18 mm of water or less per mum of porous mass, 17 nmum of water or less per mm

b
(v

of porous mass, 16 mm of water or fess per mm of porous mass, 15 mm of water or less per
mm of porous mass, 14 mm of water or less per mm of porous mass, 13 mm of water or less
per ram of porous mass, 12 mm of water or less per mm of porous mass, 11 mm of water or
less per mum of porous mass, 10 mm of water or less per nun of porous mass, 9 mm of water
or less per mum of porous mass, 8 mm of water or less per mm of porous mass, 7 mm of water

36 orless per ram of porous mass, 6 mm of water or less per mun of porous mass, 5 mm of water
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or less per ram of porous mass, 4 mm of water or less per mun of porous mass, 3 mm of water
or less per ram of porous rass, 2 mm of water or less per mim of porous mass, ot | nun of
water or less per mm of porous mass, By way of example, in some embodiments, the porous
mass may have an active particle loading of at least about 1 mg/mm and an EPD of about 20
mm of water or less per ram of porous mass. In other embodiments, the porous rass may
have an active particle loading of at least about | mg/mm and an EPD of about 20 mm of
water or less per mm of porous mass, wherein the active particle is not carbon.  In other
embodiments, the porous mass may have an active particle comprising carbon with a loading
of at least 6 mg/mom in combination with an EPD of 10 ram of water ot less per mum of porous
mass.

Depending on how the porous mass is made, the porous mass may have any desired
length. In a batch molding process, for example, the length would hikely match the
dimension of the mold(s) used. Additionally, in a continuous production process, the porous
mass may be one long continucus cylinder of any desired length. In either event, the porous
mass could subscquently be cut into desired smaller lengths or sections. The desired length
may depend on the particular application in which the porous mass may be used. In one
embodiment, the porous mass may have a length of about I mm to about 35 mm. In another
embodiment, the porous mass may have a length of about 2 mm to about 30 mm. In another,
the porous mass may have a length of about 7 mym to about 20 .

The porous mass may have any physical shape. The porous mass may have a helical
shape, a triangular shape, a disk shape, or a square shape, in some embodiments. In one
embodiment, it 18 in the shape of a cylinder. A hybrid shape of these shapes may be suitable
as well, In some embodiments, the porous mass may be machined to be lighter in weight, f
desired, for example, by drilling out a portion of the porous mass. In one embodiment, the
porous mass may have a specific shape for a cigarette holder or pipe that is adapted to fit
within the cigaretic holder or pipe to allow for smoke passage through the filter to the
consumier. When discussing the shape of a porous mass herein, with respect to a traditional
smoking device filter, the shape may be referred to in terms of diameter or circumterence
(wherein the circumference is the perimeter of a circle) of the cross section of the cylinder,
But in embodiments where a porous mass of the present invention is in a shape other than a
true cylinder, it should be understood that the term “perimeter” is used to mean the perimeter

of any shaped cross-section, mcluding a circular cross-section.
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The active particles may be any material adapted to eshance smoke flowing
thereover.  Adapted to enhance smoke flowing thercover refors fo any material that can
remove, reduce, or add components fo a smoke stream.  The removal or reduction (or
addition) may be selective. By way of example, in the smoke stream from a cigarette,
compounds such as those shown below in the following listing may be selectively removed or
reduced. This table is available from the U.S. FDA as a Draft Proposed Initial List of
Harmful/Potentially Harmful Constituents in Tobacco Products, including Tobacco Smoke:
any abbreviations in the below listing are well-known chemicals in the art. Tn some
embodiments, the active particle may reduce or remove at least one component selected from

the listing of components in smoke below, including any combination thercof.
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N-nitrosomorpholine
{(NMOR)

N-nitrosonornicotine
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N-Nitrosopiperidine
{(NPIP)

N-nitrosopyrrolidine
{(NPYR)
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Acetaldehyde Dibenzfa,hlanthracene
Acgtanude Dibenzo(c,g)carbazole
Acetone Dibeuzola,elpyrene
Acrolein Dibenzola hlpyrene
Acrylamide Dibenzolaipyrene
Acrylonitrile Dibenzola lipyrenc
Atlatoxin B-1 2. 6-Dnmethylaniling
4-Aminobiphenyl Ethyl Carbamate
1-Aminonaphthalene {urcthane)
2-Aminonaphthalene Ethylbenzene
Armmonia Ethylene oxide
Ammonium Salis ugenol
Anabasine Formaldehyde
Anatabine Furan

Glu-P-1
O-Anisidine Glu-P-2
Arsenic Hydrazine
Ani-O Hydrogen cyanide
Benzfalanthracene Hydroguinonge

N-nitrososarcosine
{NSAR)

Benz|blfluorcanthene

Indenc{1,2,3-cdipyrene

Phenol

Benz{ilaccanthrylene

g

PhiP

Polonium-2 14 (Radio-
180LOpe)

Propionaldehyde

Benz{kifluorcanthene Isoprene
Benzene Lead
Benzo{bifuran MeA- a-C
Benzolalpyvrene Mereury

Propylene oxide

Benzolclphenanthrene

Methyl ethyl ketone

Pyridine

Bervilium

3-Methylchrvsene

Quinoline

1,2-Butadiens

Butvraldehvde

Cadmium

4-(methylnitrosaming }-
1-(3-pyridy!)- I -butanone
(NNK)

Resorcinot

Selenium

Styrene

Caffeic acid

Carbon monoxide

Catechol

4-(methylnitrosaming}-
1-(3-pyridyl}-1-butanol
(NNAL})

Tar

2-Toluidine

Toluene

Chlorinated
dioxms/furans

Naphthalene

Trp-P-1

Nickel

~§

Trp-P-2

Chromium

Nicotine

Chrysene

Nitrate

Uraniom-235 (Radio-
180t0pe)

Cobalt

Coumarin

Nitrie oxide/nitrogen
oxides

Uraniom-238 (Radio-
isotope)

Cresols

Nitrite

Vinyl Acetate

Crotonaldehyde

Nitrobenzene

Vinyl Chloride

Cyclopentalc,dipyrene

Nitromethane

Dibenz{a hjacridime

2-Nitropropane

Dibenz{a hacridine

N-nitroseanabasine
(NAB)
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One example of an active material is activated carbon (or activated charcoal or active
coal). The activated carbon may be low activity {about 50% to about 75% CCl adsorption}
or high activity (about 75% to about 85% CCly adsorption) or a combination of both. In

5  some embodiments, the active carbon roay be nano-scaled carbon particle, such as carbon
nanctubes of any number of walls, carbon nanchorns, bamboo-like carbon nanostructures,
fullerenes and fullerene aggregates, and graphene including few layer graphene and oxidized
graphenc.  Other examples of such materials nclude ion exchange resins, desiccants,
silicates, molecular sieves, metallocenes, stlica gels, metallocene, activated alumma, zeolites,

10 perlite, sepiolite, Fuller’s Earth, magnesium silicate, metal oxides {e.g., iron oxide and iron
oxide nanoparticles like about 12 am Fe:0y), nanoparticles (e.g., metal nanoparticles like
gold and silver; metal oxide nanoparticles like alumsina; magnetic, paramagnetic, and
superparamagentic nanoparticles like gadolinium oxide, various crystal structures of iron
oxide like hematite and magnetite, gado-nanotubes, and endofulierenes like Gd@Csy: and
15 core-shell and onionated nanoparticles like gold and silver nanoshells, onionated iron oxide,
and others nanoparticles or microparticles with an outer shell of any of said materials) and
any combination of the foregoing (including activated carbon). 1t should be noted that
nanoparticles inchide wanorods, mnanosphercs, nanorices, nanowires, nanostars (hike
nanairipods and nanotetrapods), hollow nanostructures, hybrid nanostructures that are two or
20 more nanoparticles connected as one, and non-nanc particles with nano-coatings or nano-
thick walls. It should be further noted that nanoparticles include the functionalized
dertvatives of nanoparticles including, but not hmited fo, nanoparticles that have been
functionalized covalently and/or non-covalently, eg., pi-stacking, physisorption, tonic
association, van der Waals association, and the like. Suitable functional groups may inchide,
25 but not be limited to, moicties comprising amines (1°, 2% or 3%), amides, carboxylic acids,
aldehvdes, ketones, others, csters, peroxides, silyls, organosilanes, hydrocarbons, aromatic
hydrocarbons, and any combination thereof; polymers; chelating agents like ethylenediamine
tetraacetate, dicthylenctriaminepentaacetic  acid, triglycollamic acid, and a structure
comprising a pyrrole ring; and any combination thereefl Functional groups may cenhance
36 removal of smoke components and/or enhance incorporation of nanoparticles into a porous
mass. lon exchange resins include, for example, a polymer with a backbone, such as styrene-

divinyl benzene (DVB)} copolymer, acrylates, methacrylates, phenol formaldehyde
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condensates, and epichlorohydrin amine condensates; and a plarality of electrically charged
functional groups attached to the polvmer backbone. In some embodiments, the active
particles arc a combination of various active particles. In some embodimenis, the porous
mass may comprise multiple active particles. In some embodiments, an active particle may
comprise at least one element selected from the group of active particles disclosed herein. It
should be noted that “element” is being used as a general term to describe items in g list. In
some embodiments, the active particles are combined with at least one flavorant.

In some embodiments, a mixtare of active particles may be used to remove multiple
harmful substances from a smoke stream.  For example, while activated charcoal has been
shown to be successtul in removing substances such as formaldehyde and acetone from
cigarette smoke, it is ineffective in removing carbon monoxide. However, carbon monoxide
may be removed from a gaseous stream by exposure to iodine pentoxide, a molecular sieve
(such as a metallocene}, a molecular oxide, a metal catalyst {such as palladium), and the like.

In one embodiment, the active particles have a particle sizes ranging from particles
having at least one dimeusion of about less than one nanometer, such as graphene, to as large
as a particle having a diameter of about 5600 microns. The active particles may range from a
lower size limit in at least onc dimension of about: 0.1 nanometers, 0.5 nanomecters, 1
nanometer, 10 nanometers, 100 nanometers, 500 nanomeicrs, 1 micron, § microns, 10
microns, 54 microns, 100 microns, 154 microns, 200 microns, and 250 microns. The active
particles may range from an upper size limit in at least one dimension of about: 3000
microns, 2000 microns, 1000 microns, 900 microns, 700 microns, 500 micreons, 400 microns,
300 microns, 250 microns, 200 microns, 150 microns, 100 mucrons, 30 microns, 10 microns,
and 500 nanometers. Any combination of lower himits and upper limits above may be
suitable for use in the present invention, wherein the sclected maximum size is greater than
the selected minimum size. In some embodiments, the active particles may be a mixture of
particle sizes ranging from the above lower and upper limits,

The binder particles may be any suitable thermoplastic binder particles. In one
embodiment, the binder particles exhibit virtually no flow at its melting temperature. This
means a material that when heated o its melting temperature exhibits little to no polymer
flow. Materials meeting these criteria include, but are not Hited to, ultrahigh molecular
weight polyethviene, very high molecular weight polyethylene, high molecular weight

polyethylene, and combinations thereof. In one embodiment, the binder particles have a melt
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flow index (MFI, ASTM D1238) of less than or equal to about 3.5 ¢/10min at 190°C and 15
Kg {or about 0-3.5 g/10min at 190°C and 15 Kg). In another embodiment, the binder
particles have a melt flow index (MF1} of less than or equal to about 2.0 g/10min at 190°C
and 15 Kg (or about 0-2.0 g/10min at 190°C and 15 Kg}). One example of such a material is
ulira high molecular weight polyethylene, URMWPE (which has no polymer flow, MFI of
about 0, at 190°C and 15 Kg, or an MFI of about 0-1.0 at 190°C and 15 Kg); another material
may be very high molecular weight polyethylene, VHMWPE (which may have MFIs in the
range of, for example, about 1.0-2.0 g/10min at 190°C and 15 Kg}; or high molecular weight
polyethyvlene, HMWPE {(which may have MFIs of, for example, about 2.06-3.5 ¢/I0min at
190°C and 15 Kg). In some cmbodiments, it may be preferable to use g mixture of binder
particles having different molecular weights and/or different melt tlow indexes.

In terros of molecular weight, “ultra-high molecular weight polyethylene” as used
herein refers to polyethylence compositions with weight-average molecular weight of at least
about 3 x 10° g/mol. In some embodiments, the molecular weight of the ultra-high molecular
weight polyethylene composition is between about 3 x 10° g/mol and about 30 x 10° g/mol,
or between about 3 x 10° g/mol and about 20 x 10° g/mol, or between about 3 x 10° g/mol
and about 10 x 10° w/mol, or between about 3 x 10° g/mol and about 6 x 10° g/mol. “Very-
high molecular weight polyethylene” refers to polyethylene compositions with a weight
average molecular weight of less than about 3 x 10° g/mol and more than about 1 x 10°
g/mol.  In some embodiments, the molocular weight of the very-high molecular weight
polyethylene composition is between about 2 x 10° g/mol and fess than about 3 x 16° g/mol.
“High molecular weight polyethvlene” refers to polyethylene compositions with weight-
average molecular weight of af least about 3 x 107 g/mel 0 1 x 16° g/mol. For purposes of
the present specification, the molecular weights referenced herein are determined in
accordance with the Margolies equation (*Margolies molecular weight™).

Suitable polyethylene matenals are commercially available from several sources
inchiding GUR® UHMWPE from Ticona Polymers LLC, a division of Celanese Corporation
of Dallas, TX, and DSM {(Netherland), Braskem {Brazil), Beijing Factory No. 2 {BAAF),
Shanghai Chemical, and Qila (People’s Republic of China), Mitsui and Asahi (Japan).
Specifically, GUR® polymers may mclude: GUR® 2000 series (2108, 2122, 2122-5, 2126),
GUR® 4000 series (4120, 4130, 4150, 4170, 4012, 4122-5, 4022-6, 4050-3/4150-3), GUR®
8000 series (8110, 8020), GUR® X series (X143, X184, Xi68, X172, X192).



10

o]
L

WO 2012/054111 PCT/US2011/044142

34

One example of a suitable polyethylene material is that having an infrinsic viscosity in
the range of about 5 dl/g to about 30 dl/g and a degree of crystallinity of about 80% ot more
as described in U.S. Patent Application Publication No. 2008/0090081, Another example of
a suitable polyethylene material s that having a molecular weight in the range of about
300,000 g/mol to about 2,000,000 g/mol as determuned by ASTM-D 4020, an average
particle size, B, between about 300 pm and about 1500 um, and a bulk deunsity between
about 0.25 g/ml and about .5 g/ml as described in U.S. Provisional Application No.
61/330,535 filed May 3, 2010,

The binder particles may assume any shape. Such shapes include spherical, hyperion,
asteroidal, chrondular, or interplanctary dust-like, granulated, potato, irregular, or
combinations thereof. In preferred embodiments, the binder particles suitable for use in the
present invention are non-fibrous. In some embodimuents the binder particies are in the form
of a powder, pellet, or particulate. In some embodiments, the binder particles are a
combination of various binder particles.

In some embodiments, the binder particles may range from a lower size limit in at
east one dimension of about: 0.1 nanometers, 0.3 nanometers, 1 nanometer, 10 nanometers,
100 nanometers, 500 nanometers, 1 micron, 5 microns, 10 microns, 50 microns, 100 microns,
150 microns, 200 microns, and 250 microns. The binder particles may range from an upper
size Hmit in at least one dirnension of about: S8G0 microns, 2600 microns, 1000 microns, 900
microns, 700 microns, 500 microns, 400 microns, 300 microns, 250 microns, 200 microns,
150 microns, 100 microns, S8 microns, 10 microns, and 500 nanometers. Any combination
of lower limits and upper limits above may be suitable for use in the present nvention,
wherein the sclected maximum size is greater than the selected munimum size.  In some
embodiments, the binder particies may be a mixture of particle sizes ranging from the above
fower and upper Himits.

Additionally, the binder particles may have a bulk density in the range of about 0.10
g/cm’ to about .55 g/emy’. In another embodiment, the bulk density may be in the range of
about 0.17 glem” to about 0.50 gem’. In yet another embodiment, the bulk density may be in
the range of about 8.20 g/ens’ to about .47 g/em’.

In addition to the foregoing binder particles, other conventional thermoplastics may
be used as binder particles. Such thermoplastics include, but are not limited to, polyolefins,

polyesters,  polyamides  (or  nvlons), polyacrylics, polystyrenes,  polyvinyls,
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polytetrafluoroethylene (PTFE), polvether ether ketone (PEEK), any copolymer thereot, any
derivative thereof, and any combination thercof.  Non-fibrous plasticized cellulose
derivatives may also be suitable for use as binder particles in the present invention.
Examples of suitable polyolefins include, but are not limited to, polyethylene, polypropylene,
polybutylene, polymethylpentene, any copolymer thereof, any derivative thereof, any
combination thereof and the like. Examples of suitable polvethylenes further inchude low-
density polyethylene, linear low-density polyethylene, high-density polyethylene, any
copolymer thereof, any derivative thereof, any combination thereof and the like. Examples of
suitable polyesters  include polyethylene terephthalate, polvbutylene  terephthalate,
polycycliohexylene dimethylene terephthalate, polytrimethyiene terephthalate, any copolymer
thereof, any derivative thereof, any combination thereof and the like. Examples of suitable
polvacrvlics inchude, but are not liraited fo, polymethyl methacrylate, any copolymer thereof,
any derivative thereof, any combination thereof and the like. Examples of suitable
polystyrenes inchude, but are not limited to, polystyrene, acrylonitrile-butadiene-styrene,
styrene-acrylontirile, styrene-butadiene, styrene-maleic anhydride, any copolymer thereof,
any dertvative thereof, any combination thercof and the like. Examples of suitable polyvinyls
inchude, but are not limited to, cthylene vinyl acetate, ethylene vinyl alcohol, polyvinyl
chlaride, any copolymer thereof, any derivative thereof, any combination thereof and the like.
Examples of suitable celfulosics include, but are not limited to, cellulose acetate, cellulose
acctate butyrate, plasticized ccliulosics, cellulose propionate, ethyl cellufose, any copolymer
thereot, any derivative thereof, any combination thereof and the like. In some embodiments,
a binder particle may be any copolymer, any derivative, and any combination of the above
listed binders.

The porous mass is effective at the removal of components from smoke, for example,
those in the listing above. A porous mass can be used to reduce the delivery of certain
tobacco smoke components targeted by the WHO. For example, a porous mass where
activated carbon is used as the active particles can be used to reduce the delivery of certain
tobacco smoke components to levels below the WHO recommendations. (See Table 13,
below.) In one embodiment, the porous mass, where activated carbon s used, has a length in
the range of about 4 nwn to about 11 vun. The components fnchude: acetaldehyde, acrolein,
benzene, benzolalpyrene, 1,3-butadiene, and formaldehyde., The porous mass with activated

carbon may reduce acetaldehydes in a smoke stream by about 3.0% to about 6.5%/mm length
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of porous mass; acrolein in a smoke stream by about 7.5% to about 12%/mm length of porous
mass; benzene in a smoke siream by about 5.5% to about 8.0%/mum length of porous rass;
benzolalpyrene in a smoke stream by about 9.0% to about 21.0%/mm length of porous mass;
I, 3-butadienc in a smoke stream by about 1.5% to about 3.5%/mm length of porous mass;
and formaldehyde in a smoke stream by about 9.0% to about 11.0%/mum length of porous
mass. In another example, a porous mass where an ion exchange resin is used as the active
particles can be used fo reduce the delivery of certain tobacco smoke components to below
the WHO recomnmendations. See Table 14, below. In one embodiment, the porous mass,
where ton exchange resins are used, has a length in the range of about 7 rom to about T mm
The components include: acetaldehyde, acrolein, and formaldehyde. In some embodiments, a
porous mass of the present invention having an ion exchange resin may reduce:
acetaldehydes in a smoke stream by about 5.0% to about 7.0%/nun length of porous mass;
acrolein in a smoke stream by about 4.0% to about 6.5%/mm length of porous mass; and
formaldehyde in a smoke stream by about 9.0% to about 11.0%/mm length of porous mass.

The porous mass may be made by any suitable means. In some embodiments, this
may be a baich process. In others, this may be a continuous process.

In one embodiment of a suitable method, the active particles and binder particles are
blended together and introduced into a mold. The mold is heated to a temperature at or above
the melting point of the binder particles, e.g., in one embodiment about 150°C to 300°C and
held at the toemperature for a period of time sufficient to heat the mold and its contents to the
desired temperature, Thereafter, the mass is removed from the mold and cooled to room
temperature,  These methods may be done in small batches or large baiches that may be
suitable for commercial production.

In some embodiments, a suitable process may be a free sintering process, because the
binder particles do not flow (or flow very little) at the sintering temperature and no pressure
ts applied to the blended materials in the mold. T this embodiment, point bonds are formed
between the active particles and the binder particles. This is believed to enable the formation
of supertor bonding and maximizing the mterstitial space, while minimizing the blinding of
the surface of the active particles by free flowing molten binder.  Also see, U.S. Patents
6,770,736, 7,049,382, and 7,160,453, incorporated herein by reference.

Alternatively, a porous mass of the present invention may be made by a process

involving sintering under pressure.  As the mixture of the active particles and the binder



10

o]
L

WO 2012/054111 PCT/US2011/044142

particles are heated {or at a temperatare which may be below, at, or above the melting
tomperature of the binder particles) a pressure is exerted on the mixture to facilitate
coalescence of the porous mass.

Also, in some embodiments, the porous mass may be made by an extrusion sintering
process where the mixture is heated in an extruder barrel and extruded info the porous mass.

Any suitable method for forming a smoking device filter comprising a porous mass of
the present imvention may be used in conjunction with the porous masses. For example, in
one ernbodiment, an apparatus for producing a simoking device filter may be used that has at
least a phurality of arcas comprising: 2 container arca comprising at least a plurality of first
filter section picces; a second container arca comprising at least a plurality of second filter
section picces, the second filter section picces comprising a porous mass having an active
particle and a binder particle, the porous mass having: an active particle loading of at least
about I mg/mm, an EPD of about 20 mum of water or less per mum of porous mass; a joiner
area wherein a first filter section piece and a second filter section piece are joined; a wrapping
arca wherein the first filter section picce and the second filter section piece are wrapped with
a paper to form a smoking device filier; and a conveyor to fransport the smoking device filter
to a subsequent area for storage or use, In some embodiments, a filter rod may be formed in
this process that comprises a plurality of filters that when cut can be used to form multiple
smoking devices {e.g., 4 cigarcttes per | filter rod).

In some embodiments, the smoking device filters may be directly transported to a
manufacturing line whereby they will be combined with tobacco columns to form smoking
devices. An example of such a method includes a process for producing a smoking device
comprising: providing a filter rod comprising at least one filter section comprising a porous
mass that comprises an active particle and a binder particle; providing a tobacco column;
cutting the filter rod transverse to its longitudinal axis through the center of the rod to form at
feast two filiers having at least one filter section, each filter section comprising a porous mass
that comprises an active particle and a binder particle; and joining at least one of the filters to
the tobacco column along the longitudinal axis of the filter and the longitudinal axis of the
tobacco colurmm to form at least one smoking device,

In traditional cigarette manufacturing, the machines that join the filter section to the
tobacco column, as well as the machines that join together the section of the multi-component

filter, tend to compress the sections of the cigarette as they progress through the joining
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process. In some embodiments, the porous mass of the present invention may be non-
compressible or less compressible than a traditional cellulose acetate filter section, which
may lead to difficulty in some mamufacturing processes. In embodiments where ultra high
molecular weight polymers, such as ultra high molecular weight polyethylene, are used the
porous mass of the present jnvention tends to be inconmpressible. In such cases, it may be
desirable to wrap or encase the porous mass section with a material that is compressible. The
wrapping or encasing material is placed along the longitudinal axis of the porous mass filter
section such that the wrapping or encasing material is between the porous mass and the plug
wrap paper. The wrapping or encasing material should be selected such that it provides the
desired compressibility while also exhibiting a relatively high pressure drop such that smoke
drawn through the section preferentially travels through the porous mass rather than the
wrapping ot encasing material or encasing material is greater than the encapsulated pressure
drop of the porous mass. In some embodiments, the wrapping material may have an
encapsulated pressure drop that is 1% higher than the encapsulated pressure drop of the
porous mass, in other embodiments the difference may be 5% higher, 10% higher, 25%
higher, S0% higher, 75% higher, 100% higher, 125% higher, 150% higher, 175% higher,
200% higher, 225% higher, 250% higher, 275% higher, or 300% higher. Onc of skill in the
art will recognize that the difference in the encapsulated pressure drop between the wrapping
or encasing material and the porous mass may go even higher so long as the user is not
negatively etfected and so long as the wrapping or cncasing material continues {o provide the
desired compressibility.  In some embodiments, the wrapping or encasing material may
comprise celhilose acetate, polypropylene, polyethylene, polyolefin tow, polypropylene tow,
polyethvlene terephthalate, polybutylene terephthalate, random oriented acetate, paper,
corrugated paper, carbon-on-tow, silica, magnesium silicate, nylon, cellufose, and any
combination thereof. IN other embodiments, the wrapping or encasing material is placed
along the longitudinal axis of the porous mass filier section such that the wrapping or
encasing material is on the outside of the plug wrap paper. One skilled will recognize that the
porous mass diameter must be sclected to compensate for the diameter increase as laver of
papers or wrappings or encasing materials are added. The final filier diameter nnast match
the tobacco colunmm diameter for the filter/tobacco columm combine step.  In other
embodiments, the wrapping or encasing material is placed along the longitudinal axis of the

porous mass filter section such that the wrapping or encasing material is in direct contact with
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the porous mass. This configuration can elivinate paper use in the sintering process. In
other embodiments, the smoking device filters may be placed in a suitable container for
storage until further use. Suitable storage containers include those commonly used in the
smoking device filter art including, but not limited to crates boxes, drums, bags, cartons, and
the like, Storage and fransportation containers used with the porous mass filter sections of
the present invention may need to be altered fo account for presence of the porous mass. By
way of example, cylindrical and other shaped rods or cigarettes incorporating porous mass
filter sections of the present imvention may be heavier in weight, or more brittle than a
sclulose acetate filter section, In addition, due to the active nature of the porous mass, if may
be desirable to ship porous mass sections or cigarettes incorporating porous mass sections
such that the porous mass is not exposed to environmental contamination.

In some erobodiroents, a method of making a filier may coraprise: providing a blend
comprising active particles and binder particles; placing the blend in a mold; heating the
blend in the mold to a temperature at or above the melting point of the binder particles so as
to form a porous mass selected from at least one porous mass of the present invention;
removing the porous mass from the mold; and forming a filter comprising the porous mass.

In some embodiments, a method of making a smoking device filter may comprise:
providing a blend comprising an active particle and a binder particle; heating the blend:
extruding the blend while at an clevated temperature so as to form a porous mass selected
from at least one porous mass of the present invention; and forming a filter comprising the
POTOUS Mmass.

In some embodiments, a method for producing a smoking device may comprise:
providing a first filter section; providing at least one second filter section, wherein the second
filter section comprises a porous mass selected from at least one porous mass of the present
invention; joining the first filter section and at least one second filter section 50 as to form a
filter rod; aud joining at least a portion of the filter rod with a tobacco column to form a
smoking device,

In some embodiments, a method of making a filter rod may comprise: providing a
container that comprises at least a plurality of first filter section pieces; providing a second
container comprising at least a plurality of second filier section pieces, wherein the second
filter section pieces comprise a porous mass selected from at least one porous mass of the

present invention; joining a first filter section piece and a second filter section picce end-to-
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cud along the longitudinal axis of the first filter section piece and the second filter section
picce to form an unwrapped filter rod; wrapping the first filicr section piece and the second
filter section picce with a paper to form a filter rod; and transporting the filter rod to a
subsequent area for storage or use.

In some cmbodiments, a method of making a smoking device may comprise:
providing a filter rod comprising at least one filter section that comprises a porous mass
selected from at least one porous mass of the present invention; providing a tohacco columng
cutting the filter rod transverse to its longitudinal axis through the center of the rod to form at
least two smoking device filters having at least one filter section that comprises a porous
mass that comprises an active particle and a binder particle; and joining atf least one of the
smoking device filters to the tobacco column along the longitudinal axis of the filter and the
tongitudinal axis of the tobaceo columm to form at least one smoking device.

In some cmbodiments, a3 method of making a smoking device may comprise:

providing a tobacco colummn; joining a filier to the tobacco column, wherein the filter
comprises a porous mass selected from at least one porous mass of the present invention.
An apparatus comprising: a container area comprising at least a plurality of first filter section
picees; a second container area comprising at feast a plurality of second filter section pieces,
wherein the second filter section pieces comprises a porous mass selected from at least one
porous mass of the present invention; a joiner area wherein a first filter section picce and 4
second filter section piece are joined; a wrapping area wherein the first filter section piece
and the second filter section piece are wrapped with a paper to form a smoking device filter;
and a convevor to transport the smoking device filter to a subsequent area for storage or use.

In some embodiments, the present invention provides a pack of filters that comprises
a porous mass of the present invention. The pack may be a hinge-lid pack, a slide-and-shell
pack, a hard cup pack, a soft cup pack, or any other suitable pack container. In one
embodiment, the present invention provides a pack comprising a pack and at least one filter
that comprises at least one filter section having a porous mass that comprises an active
particle and a binder particle, the porous mass having: an active particle loading of at least
about 1 mg/mm, an EPD of about 20 mm of water or less per mim of porous mass. In one
embodiment, the present mvention provides a pack comprising a pack and at least one filter
that comprises at least one filter section having a porous mass thal comprises an active

particle and a binder particle, the porous mass having: an active particle loading of at least
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about | mg/mm, an EPD of about 20 mm of water or less per mam of porous mass. In some
embodiments, the packs may have an outer wrapping, such as a polypropylene wrapper, and
optionally a tear tab. In some embodiments, the filters may be scaled as a bundle inside a
pack. A bundle may contain a number of filters, for example, 20 or more. However, a
bundie may include a single filter, in some embodiments, such as exchlusive filter
cmbodiments like those for individual sale, or a filter comprising a specific spice, like vanilla,
clove, or cinnamon.

In some embodiments, the present invention provides a pack of smoking devices that
mmchudes at least one smoking device having a filter that comprises a porous mass of the
present invention. The pack may be a hinge-lid pack, a slide-and-shell pack, a hard cup pack,
a soft cup pack, or any other suitable pack contaimer. In one embodiment, the present
mvention provides a cigarette pack coraprising a pack and at least one cigarctic comprising a
filter that comprises at least one filter section having a porous mass that comprises an active
particle and a binder particle, the porous mass having: an active particle loading of at least
about I mg/mm, and an EPD of about 20 mim of water or less per mm of porous mass. In one
embodiment, the present mvention provides a cigar pack comprising a pack and at least one
cigar comprising a filter that comprises at lcast one filter section having a porous mass that
comprises an active particle and a binder particle, the porous mass having: an active particle
toading of at least about 1 mg/mm, and an EPD of about 20 mm of water or less per mm of
porous mass. In some embodiments, the packs may have an outer wrapping, such as a
polypropyiene wrapper, and optionally a tear tab. In some embodiments, the smoking
devices may be sealed as a bundle inside a pack. A bundle may contain a number of smoking
devices, for example, 20 or more. However, a bundle may include a single smoking device,
in some embodiments, such as exclusive smoking embodiments like a cigar, or 3 smoking
device comprising a specific spice, like vanilia, clove, or cinnamon.

In some embodiments, the preseunt invention provides a carton of smoking device
packs that includes atf least one pack of smoking devices that includes at ieast one smoking
device having a porous mass of the present invention. For example, in one embodiment, the
present invention provides a cigaretie carion, the cigarette carton comprising at least one
cigarette pack, the cigarette pack comprising a pack and at least one cigarette comprising a
filter that comprises at least one filter section having a porous mass that comprises an active

particle and a binder particle, the porous mass having: an active particle loading of at least
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about 1 mug/mm, and an EPD of about 20 mam of water or less per mm of porous mass. In
some embodiments, the carion {e.g., a container) has the physical integrity o contain the
weight from the packs of cigaretics. This may be accomplished through thicker cardstock
being used to form the carton or stronger adhesives being used to bind elements of the carton.

Because it is expected that a consurner will smoke a smoking device that includes a
porous mass as described herein, the present mvention also provides methods of smoking
such a smoking device. For example, in one embodiment, the present mvention provides a
method of smoking a smoking device comprising: heating or lighting a smoking device to
forra smoke, the smoking device comprising at least one filter section having a porous mass
having an active particle and a binder particle, the porous mass having: an active particle
foading of at least about 1 mg/mm, an EPD of about 20 mm of water or less per mm of
porous mass; and drawing the smoke through the smoking device, wherein the filter section
reduces the presence of at least one component in the smoke as compared to a filter without
the porous mass. In some embodiments, the smoking device is a cigarette. In other
embodiments, the smoking device is a cigar, a cigar holder, a pipe, a water pipe, a hookah, an
clectronic smoking device, a smokeless smoking device, a roll-your-own cigarette, a roll-
your-own cigar, or another smoking device,

In one embodiment, a smoking device is provided that comprises a porous mass of
active particles adapted to enhance a tobacco smoke flowing over said active particles and
binder particles. The active particles comprise about 1% to about 99% weight of the porous
mass, and the binder particles comprise about 1% to about 99% weight of said porous mass.
The active particles and said binder particles are bound together at randomly distributed
points throughout the porous mass. The active particles have a greater particle size than the
binder particles.

In ancther embodiment, the present invention provides a filter comprising a porous
mass that comprises an active particle and a binder particle, the active particle comprising an
clement selected from the group consisting of: a nano-scaled carbon particle, a carbon
nanotube having at least one wall, a carbon nanohorn, a bamboo-like carbon nanostructure, a
fullerene, a fullerene aggregate, graphene, a few layer graphene, oxidized graphene, a iron
oxide nanoparticle, a nanoparticle, a metal vanoparticle, a gold nanoparticie, a silve
nanoparticle, a metal oxide nanoparticle, an alumina nanoparticle, a magnetic nanoparticle, a

paramagnetic  nanoparticle, a superparamagnetic nanoparticle, a gadolintum  oxide
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napoparticle, a hematite nanoparticle, a magnetite nanoparticle, a gado-nanotube, an
endofullerene, Gd@C0, a core-shell nanoparticle, an onjonated nanoparticle, a nanoshell, an
onionated iron oxide nanoparticle, and any combination thereof,

In one embodiment, the present invention provides a filier comprising a porous mass
that comprises an active particle and a binder particle, the porous mass having a carbon
loading of at least about 6 mg/mm, and an encapsulated pressure drop ("EPD”) of about 20
mm of water or less per mm of porous mass.

In one embodiment, the present invention provides a filter comprising a porous mass
that coraprises an active particle and a binder particle, the porous moass having: an active
particle loading of at least about 1 mg/mm and an EPD of about 20 mm of water or less per
mm of porous mass, and wherein the active particle is not carbon.

In one crobodiment, the present mvention provides a mcthod of making a tobacco
smoke filter for a smoking device comprising mixing binder particles and active particles so
as to produce a porous mass having an active particle loading of at least about I mg/mm and
an EPDY of about 20 mm of water or less per mm of porous mass, and wherein the active
particle is not carbon.

In one embodiment, the present invention provides a method of making a fobacco
smoke filter for a smoking device comprising the steps of. mixing binder particles and active
particles, the active particle comprising an clement selected from the group consisting oft 4
nana-scaled carbon particle, a carbon nanotube having at least one wall, a carbon nanchorn, s
bamboo-like carbon nanostructure, a fullerene, a fullerene aggregate, graphene, a few layer
graphene, oxidized graphene, an iron oxide nanoparticle, a nanoparticle, a metal nanoparticle,
a gold nanoparticle, a silver nanoparticle, a metal oxide nanoparticle, an alumina
nanoparticle, a magnetic nanoparticle, 3 paramagnctic panoparticle, a superparamagentic
nanoparticle, a gadolinium oxide nanoparticle, a hematite nanoparticle, a magnetite
nanoparticle, a gado-nanotube, an endofullerene, Gd@CoH, a core-shell nanoparticle, an
onicnated nanoparticle, a nanoshel, an onionated iron oxide nanoparticle, and any
combination thereof.

In one embodiment, the present invention provides a method of making a tobacco
smoke filter for a smoking device comprising mixing binder particles and active particles so
as to produce a porous mass having a carbon loading of at least about 6 mg/mm, an EPD of

about 20 mm of water or less per mm of porous mass.
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In one embodiment, the present invention provides a smoking device filter having at
least one filter section having a porous mass that coraprises an active particle and a binde
particle, the porous mass having: an active particle loading of at least about 1 mg/mm, and an
EPD of about 20 mm of water or less per mm of porous mass.

In one erobodiment, the present fovention provides a smoking device filter having at
least one filter section having a porous mass that comprises an active particle and a binder
particle, the active particle comprising an clement selected from the group consisting of: a
nano-scaled carbon particle, a carbon nanotube having at least one wall, a carbon nanchory, a
bamboo-like carbon nanostructure, a fullerene, a fullerene aggregate, graphene, a fow layer
graphene, oxidized graphene, an iron oxide nanoparticle, a nanoparticle, a metal nanoparticle,
a gold nanoparticle, a silver nanoparticle, a metal oxide nanoparticle, an alumina
nanoparticle, a magnetic nanoparticle, a paramagnetic nanoparticle, a superparamagentic
nanoparticle, a gadolinium oxide nanoparticle, a hematite nanoparticle, a magnetite
nanoparticle, a gado-nanotube, an endofullerene, GAd@C60, a core-shell nanoparticle, an
onjonated nanoparticle, a nanoshell, an onionated Iron oxide nanoparticle, and any
combination thereof,

In one embodiment, the present invention provides a smoking device filter having at
feast one filier section having a porous mass that comprises carbon and a binder particle, the
porous mass having a carbon loading of at least about 6 mg/mm, an EPD of about 26 yam of
water or less per mm of porous mass.

In one embodiment, the present invention provides a smoking device comprising a
filter that comprises at least one filter section having a porous mass, the porous mass having
an active particle and a binder particle, the porous mass having: and an active particle loading
of at feast about 1 mg/mm, an EPD of about 20 mum of water or less per mm of porous mass,

In one embodiment, the present mvention provides a smoking device comprising a
filter that comprises at least one filter section having a porous mass, the porous mass having
an active particle and a binder particle, the active particle comprising an element selected
from the group consisting oft a nano-scaled carbon particle, a carbon nanotube having at
least one wall, a carbon wmanochorn, a bamboo-like carbon nanostructure, a fullerene, a
fullerene aggregate, graphene, a fow layer graphene, oxidized graphene, an won oxide
nanoparticle, a nanoparticle, a metal nanoparticie, a gold nanoparticle, a silver nanoparticle, a

metal oxide nanoparticle, an alumina nanoparticle, 8 magnetic nanoparticle, a paramagnetic
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nanoparticle, a superparamagentic nanoparticle, a gadolinium oxide nanoparticle, a hematite
nanoparticle, a magnetite nanoparticle, a gado-nanotube, an endofullerene, Gd@CoU, a core-
shell nanoparticle, an onionated nanoparticle, a nanoshell, an onionated iron oxide
nanoparticle, and any combination thereof.

In one embodiment, the present imvention provides a smoking device comprising a
filter that comprises at least one filter section having a porous mass, the porous mass having a
carbon loading of at least about 6 mg/mm, and an EPD of about 20 mum of water or less per
mm of porous mass.

In one crobodiment, the present mvention provides a method of making a cigarette,
comprising: providing a tobacco column; atiaching a filter to the tobacco colummn, the filter
comprising a section that comprises a porous mass having an active particle and a binder
particle, the porous mass having: active particle loading of at least about 1 mg/mm, an EPD
of about 20 mm of water or less per mm of porous mass, and wherein the active particle is not
carbon; and forming a cigarette.

In one erobodiment, the present invention provides a smoking device that comprises a
filter that coraprises an achive particle, the active particle comprising an element selected
from the group consisting oft a nano-scaled carbon particle, a carbon nanotube having at
feast one wall, a carbon nanchorn, a bamboo-like carbon nanostructure, a fullerene, a
fullerene aggregate, graphene, a few layer graphene, oxidized graphene, an fron oxide
nanoparticle, a nanoparticle, a metal nanoparticle, a gold nanoparticle, a silver nanoparticle, a
metal oxide nanoparticle, an alumina nanoparticle, a magnetic nanoparticle, a paramagnetic
nanoparticle, a superparamagentic nanoparticle, a gadolinium oxide nanoparticle, a hematite
nanoparticle, a magnetite nanoparticle, a gado-nanotube, an endofullerene, Gd@CoU, a core-
shell nanoparticle, an onionated nanoparticle, a nanoshell, an onionated iron oxide
nanoparticie, and any combination thereof.

In one embodiment, the present invention provides a smoking device that comprises a
tobacco columm that comprises tobacco and optionally an element selected from the group
consisting oft sugar, sucrose, brown sugar, tnvert sugar, high fructose com syrup, propylene
glveol, glycerol, cocoa, a cocoa product, a careb bean gum, a carob bean extract, and any
combination thercof, and a filter that comprises an active particle, the active particle
comprising an ¢lement selected from the group consisting oft a nano-scaled carbon particle, a

carbon nanotube having at least one wall, a carbon nanchorn, a bamboo-like carbon
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nanostructure, a fullerene, a fullerene aggregate, graphene, a fow layer graphene, oxidized
graphene, an iron oxide nanoparticle, a navoparticle, a metal nanoparticle, a gold
nanoparticle, a silver nanoparticle, a metal oxide nanoparticle, an alumuna nanoparticle, a
magnetic nanoparticle, a paramagnetic nanoparticle, a superparamagentic nanoparticle, a
gadolinium oxide nanoparticle, a hematite nanoparticle, a maguoetiic nanoparticle, a gado-
nanciube, an endofullerene, Gd@C60, a core-shell nanoparticle, an onionated nanoparticle, a
nanoshell, an onionated iron oxide nanoparticle, and any combination thereof.

In one erobodiment, the present invention provides a smoking device that comprises a
tobacco column that corprises tobacco and optionally an element sclected from the group
consisting of: sugar, sucrose, brown sugar, invert sugar, high fructose corn syrup, propylene
glycol, glycerol, cocoa, a cocoa product, a carob bean gum, a carob bean extract, a flavorant,
menthol, licorice extract, dianunonium  phosphate, anwnonium  hydroxide, and any
combination thereof, and a filter that comprises an active particle, the active particle
comprising a element selected from the group consisting of: a nano-scaled carbon particle, a

carbon nanotube having at least one wall, a carbon nanohorn, a bamboo-like carbon

nanostructure, a fullerene, a fullerene aggregate, graphene, a fow layer graphene, oxidized
graphene, an iron oxide nanoparticle, a nanoparticle, a metal nanoparticle, a gold
nanoparticle, a silver nanoparticle, a8 metal oxide nanoparticle, an alumina nanoparticle, a
maguetic nanoparticle, a paramagnetic nanoparticle, a superparamagentic nanoparticle, a
gadolinium oxide nanoparticle, a homatite nanoparticle, a magnetite nanoparticle, a gado-
nanotube, an endofullerene, Gd@CH0, a core-shell nanoparticle, an onionated nanoparticle, a
nanoshell, an onionated iron oxide nanoparticle, and any combination thereof.

In one erobodirent, the present invention provides a smoking device that comprises a
tobacco column that comprises a tobacco source selected from the group consisting of bright
fcaf tobacco, burley tobacco, Oriental tobacco, Cavendish tobacco, corejo tobacco, criollo
tobacco, Perique tobacco, shade tobacco, white burley tobacco, and any combination thereef,
and optionally an clement selected from the group consisting off  sugar, sucrose, brown
sugar, invert sugar, high fructose corn syrup, propylene glycol, glycerol, cocoa, a cocoa
product, a carob bean gum, a carob bean extract, a flavorant, menthol, licorice extract,
dianmmonium phosphate, anwooniurg hydroxide, and any combination thereof, and a filter that
comprises an active particle, the active particle comprising an element selected from the

group consisting of: 2 nano-scaled carbon particle, a carbon nanotube having af least one



10

o]
L

WO 2012/054111 PCT/US2011/044142

47

wall, a carbon nanchors, a bamboo-like carbon manostructure, a fullerene, a fullerene
aggregate, graphene, a fow layer graphene, oxidized graphene, an iron oxide nanoparticle, a
nanoparticle, a metal nanoparticle, a gold nanoparticle, a silver nanoparticle, a metal oxide
nanoparticle, an alumina nanoparticle, a magnetic nanoparticle, a paramagnetic nanopatticle,
a superpararnagentic nanoparticle, a gadolinium oxide nanoparticle, a hematite nanoparticle,
a magnetitc nanoparticle, a gado-nanotube, an endofullerene, Gd@C60, a core-shell
nanoparticle, an onionated nanoparticle, a nanoshell, an onionated iron oxide nanoparticle,
and any combination thereof.

In one cmbodiment, the present invention provides a method of making a cigaretie
comprising: providing a tobacco column; atiaching a filter to the tobacco colummn, the filter
comprising a section that comprises a porous mass, the porous mass having an active particle
and a binder particle, the active particle comprising an clement selected from the group
consisting of: a nano-scaled carbon particle, a carbon nanotube having at fcast one wall, a
carbon nanochorn, a bamboo-like carbon nanostructure, a fullerene, a fullerene aggregate,
graphene, a few layer graphene, oxidized graphene, an iron oxide nanoparticle, a
nanoparticle, a metal nanoparticle, a gold nanoparticle, a silver nanoparticle, a metal oxide
nanoparticle, an alumina nanoparticle, a magnetic nanoparticle, a paramagnetic nanoparticle,
a superparamagentic nanoparticle, a gadolinium oxide nanoparticle, a hematite nanoparticle,
a magnetite nanoparticle, a gado-nanotube, an cndofullerene, GAd@C60, a core-shell
nanoparticle, an onionated nanoparticle, a nanoshell, an onionated iron oxide nanoparticle,
and any combination thereof.

In one embodiment, the present vention provides a method of making a cigarette,
comprising: providing a tobacco column; attaching a filter to the tobacco column, the filter
comprising a section that comprises a porous mass, the porous mass having a carbon loading
of at least about 6 mg/mm, and an EPD of about 20 mm of water or less per mun of porous
Mass.

In one embodiment, the present invention provides a method of making a cigar,
comprising: providing a tobacco column, attaching a filter to the tobacco column, the filter
comprising a section that comprises a4 porous mass having an active particle and a binder
particle, the porous moass having: active particle loading of at least about 1 mg/mm, and an

EPD of about 20 mm of water or less per mm of porous mass.
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In one embodiment, the present invention provides a method of making a cigar
comprising: providing a tobacco column; attaching a filter to the tobacco column, the filter
comprising a section that comprises a porous mass having an active particle and a binder
particle, the active particle comprising an element selected from the group consisting oft a
nana-scaled carbon particle, a carbon nanotube having at least one wall, a carbon nanchom, a
bamboo-like carbon nanostructure, a fullerene, a fullerene aggregate, graphene, a fow layer
graphene, oxidized graphene, an iron oxide nanoparticle, a nanoparticle, a metal nanoparticle,
a gold nanoparticle, a silver napoparticle, a metal oxide nanoparticle, an alumina
nanoparticle, & magnetic nanoparticle, a paramagnetic nanoparticle, a superparamagentic
nanoparticle, a gadolinium oxide nanoparticle, a hematife nanoparticle, a3 magnetite
nanoparticle, a gado-nanotube, an endofullerene, Gd@C6U, a core-shell nanoparticle, an
onionated mnanoparticle, a nanoshell, an onionated iron oxide nanoparticle, and any
combination thercof, and forming a cigar.

In one embodiment, the present invention provides a method of making a cigar
comprising: providing a tobacco column; attaching a filter to the tobacco column, the filter
comprising a section that comprises a porous mass that corprises activated carbon and a
binder particle, the porous mass having a carbon loading of at least about & mg/mm, and an
EPD of about 20 mm of water or less per mm of porous mass; and forming a cigar.

In one embodiment, the present invention provides a cigarette pack comprising a pac
and at least one cigarette comprising a filter that comprises at least one tilter section having a
porous mass that comprises an active particle and a binder particle, the porous mass having:
an active particle loading of at least about | mg/mm, and an EPD of about 20 mm of water or
less per mun of porous mass, and wherein the active particle is not carbon,

In one embodiment, the present invention provides a cigarette pack comprising a pack
and at least one cigarette comprising a filter that comprises at least one filter section having a
porous mass that comprises an active particle and a binder particle, the active particle
comprising an element selected from the group consisting oft a nano-scaled carbon particle,
a4 carbon nenotube having at least one wall, 2 carbon nanchorn, a bamboo-like carbon
nanostructure, a fullerene, a fullerene aggregate, graphene, a fow layer graphene, oxidized
graphene, an iron oxide nanoparticle, a navoparticle, a metal nanoparticle, a gold
nanoparticle, a silver nanoparticle, a metal oxide nanoparticle, an alumina nanoparticle, a

magnetic nanoparticle, a8 paramagnetic nanoparticle, a superparamagentic nanoparticle, a
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gadolinium oxide nanoparticle, a hematite nanoparticle, a magnetite nanoparticle, a gado-
nanotube, an endofullerene, Gd@C60, a core-shell nanoparticle, an ontonated nanoparticle, a
nanoshell, an onionated iron oxide nanoparticle, and any combination thereof,

In one embodiment, the present invention provides a cigarette pack comprising a pack
and at least one cigarette comprising a filier that comprises at least one filter section having a
porous mass that comprises an active particle and a binder particle, the porous mass having a
carbon loading of at least about 6 mg/mm, and an EPD of about 20 mum of water or less per
mm of porous mass.

In one cmbodiment, the present invention provides a cigar pack comprising a pack
and at fcast one cigar comprising a filter that comprises at least one filter section having a
porous mass that comprises an active particle and a binder particle, the porous mass having:
an active particle loading of at least about | mg/mm, and an EPD of about 20 mm of water or
less per mam of porous mass.

In one embodiment, the present mvention provides a cigar comprising a filter that
comprises at least one filter section having a porous mass that comprises an active particle
and a binder particle, the porous mass having: an active particle loading of at least about |
mg/mm, and an EPD of about 20 mm of water or less per mum of porous mass,

In one embodiment, the present invention provides a cigar pack comprising a pack
and at lcast one cigar comprising a filter that comprises at least one filter section having a
porous mass that comprises an active particic and a binder particle, the active particle
comprising an element selected from the group consisting oft & nano-scaled carbon particle,
a carbon nanotube having at least one wall, a carbon nanchorn, a bamboo-like carbon
nanostructure, a fullerene, a fullerene aggregate, graphene, a foew layer graphene, oxidized
graphene, an iron oxide nanoparticle, a nanoparticle, a metal nanoparticle, a gold
nanoparticle, a silver nanoparticle, a8 metal oxide nanoparticle, an alumina nanoparticle, a
maguetic nanoparticle, a paramagnetic nanoparticle, a superparamagentic nanoparticle, a
gadolinium oxide nanoparticle, a homatite nanoparticle, a magnetite nanoparticle, a gado-
nanotube, an endofullerene, Gd@CH0, a core-shell nanoparticle, an onionated nanoparticle, a
nanoshell, an onionated iron oxide nanoparticle, and any combination thereof.

In one embodiment, the present mmvention provides a cigarctie carfon, the cigarette
carton comprising at least one cigarette pack, the cigarette pack comprising a pack and at

feast one cigarette comprising a filter that comprises at least one filter section having a porous
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mass that comprises an active particle and a binder particle, the porous mass having: an active
particle loading of at least about | mg/mum, an EPD of about 20 mm of water or less per mm
of porous mass, and wherein the active particle is not carbon,

In one embodiment, the present invention provides a cigarette carton, the cigaretic
carton comprising at least one cigarette pack, the cigarette pack comprising a pack and at
least one cigarette comprising a filter that comprises at least one filter section having a porous
mass that comprises an active particle and a binder particle, the active particle comprising an
clerent selected from the group consisting off  a nano-scaled carbon particle, a carbon
nanotube having at least one wall, a carbon nanchorn, a barboo-like carbon nanostructure, a
fullerene, a fullerene aggregate, graphene, a fow layer graphene, oxidized graphene, an iron
oxide nanoparticle, a nanoparticle, a metal nanoparticle, a gold nanoparticle, a silver
nanoparticle, a metal oxide nanoparticle, an alumina nanoparticle, a magnetic nanoparticle, a
paramagnetic  nanoparticle, a superparamagentic nanoparticle, a gadolinium oxide
nanoparticle, a hematite nanoparticle, a magnetite nanoparticle, a gado-nanotube, an
endotullerene, Gd@C60, a core-shell nanoparticle, an onionated nanoparticle, a nanoshell, an
onjonated tron oxide nanoparticle, and any combination thereof,

In onc embodiment, the present invention provides a cigaretic carton, the cigarctic
carton comprising at least one cigarette pack, the cigaretic pack comprising a pack and at
feast oue cigarette comprising a filter that comprises at least one filter section having a porous
mass that comprises an active particle and a binder particle, the porous mass having: a carbon
loading of at least about 6 mg/mm, and an EPD of about 20 mm of water or less per mm of
POTOUS Mass.

In one embodiment, the present mventfion provides a cigar carton, the cigar carton
comprising at least one cigar pack, the cigar pack comprising a pack and at least one cigar
comprising a filter that comprises at least one filter section having a porous mass that
comprises an active particle and a binder particle, the porous mass having: an active particle
loading of at least about | mg/mm, and an EPD of about 20 mm of water or less per mm of
POTOUS Mmass.

In one embodiment, the present invention provides a cigar carton, the cigar carton
comprising at least one cigar pack, the cigar pack comprising a pack and at least one cigar
comprising a filter that comprises at least one filter section having a porous mass that

comprises an active particle and a binder particle, the active particle comprising a clement
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selected trom the group consisting of  a nano-scaled carbon particle, a carbon unanotube
having at least one wall, a carbon nanohorn, a bamboo-like carbon nanostructure, a fullerene,
a fullerenc aggregate, graphene, a few layer graphene, oxidized graphene, an iron oxide
nanoparticle, a nanoparticle, a metal nanoparticle, a gold nanoparticle, a silver nanoparticle, a
metal oxide nanoparticle, an alumuna nanoparticle, a magnetic nanoparticle, a paramagnetic
nanoparticle, a superparamagentic nanoparticle, a gadolinium oxide nanoparticle, a hematite
nanoparticle, a magnetite nanoparticle, a gado-nanotube, an endofullerene, Gd@wCal, a core-
shell nanoparticle, an onionated nanoparticle, 2 nanoshell, an onionasted iron oxide
nanoparticle, and any combination thereof.

In onc embodiment, the present invention provides a cigar carton, the cigar carfon
comprising at lcast one cigar pack, the cigar pack comprising a pack and at least one cigar
comprising a filter that comprises af least one filler section having a porous mass that
comprises an active particle and a binder particle, the porous mass having: a carbon loading
of at least about 6 mg/mm, and an EPD of about 20 mm of water or less per mm of porous
Mass.

In one embodiment, the present invention provides a method of making a smoking
device filter, comprising incorporating mio the smoking device filter a filter that comprises at
feast one filter section having a porous mass having an active particle and a binder particle,
the porous mass having: an active particle loading of at least about 1 mg/mm, an EPD of
about 20 mm of water or less per num of porous mass, and wherein the active particle is not
carbon.

In one embodiment, the present invention provides a method of making a smoking
device filter, comprising incorporating mio the smoking device filter a filter that comprises at
feast one filter section having a porous mass having an active particle and a binder particle,
the active particle comprising an element selected from the group consisting off  a nano-
scaled carbon particle, a carbon nanotube having at least one wall, a carbon nanochom, a
bamboo-like carbon nanostructure, a fullerene, a fullerene aggregate, graphene, a fow layer
graphene, oxidized graphene, an iron oxide nanoparticle, a nanoparticle, a metal nanoparticle,
a gold nanoparticle, a silver napoparticle, a metal oxide nanoparticle, an alumina
nanoparticle, & magnetic nanoparticle, a paramagnetic nanoparticle, a superparamagentic
nanoparticle, a gadolinium oxide nanoparticle, a hematite nanoparticle, a3 magnetite

nanoparticle, a gado-nanotube, an endofullerene, Gd@C6U, a core-shell nanoparticle, an
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onjonated nanoparticle, a nanoshell, an onionated Iron oxide nanoparticle, and any
combination thereof,

In onc embodiment, the present invention provides a method of making a smoking
device filter comprising: imcorporating into the smoking device filter a filter that comprises at
least one filter section having a porous mass having an active particle and a binder particle,
the porous mass having: a carbon loading of at least about 6 mg/mm, and an EPD of about 20
mm of water or less per mm of porous mass.

In one erobodiment, the present fnvention provides a process for producing a smoking
device filter comprising: providing a first filter section, providing at least a second filter
section, the second filter section having a porous mass having an active particle and a binder
particle, the porous mass having: an active particle loading of at least about I mg/mm, an
EPD of about 20 ram of water or less per mm of porous mass; joining the first filter section
and the at least one second filter so as to form a smoking device filter,

In one embodiment, the present invention provides a process for producing a smoking
device filter comprising: providing a first filter section, providing at least a second filter
section, the second filter section having a porous mass having an active particle and a binde
particle, the active particle comprising an element selected from the group consisting of! a
nano-scaled carbon particle, a carbon nanotube having at least one wall, a carbon nanohorn, a
hamboo-like carbon nanostructure, a fullerene, a fullerene aggregate, graphene, a fow layer
graphene, oxidized graphene, an iron oxide nanoparticle, a nanoparticle, a metal nanoparticie,
a gold nanoparticle, a silver nanoparticle, a metal oxide nanoparticle, an alumina
napoparticle, a magnetic nanoparticle, a paramagnetic nanoparticle, a saperparamagentic
nanoparticle, a gadolintura oxide nanoparticle, a hematife nanoparticle, a magnetite
nanoparticle, a gado-nanotube, an endofullerene, Gdi@CeH, a core-shell nanoparticle, an

onionated nanoparticle, a nanoshell, an onionated iron oxide nanoparticle, and any

combination thereot] joining the first filier section and the at least one second filter so as to
form a smoking device filter,

In one embodiment, the present invention provides a process for producing a smoking
device filter comprising: providing a first filter section, providing at least a second filter
section, the second filter section having a porous mass having an active particle and a hinder

particle, the porous mass having: a carbon loading of at least about 6 mg/mm, an EPD of
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about 20 mm of water or less per mim of porous mass; joining the fivst filter section and the at
least one second filter so as to forre a smoking device filter,

In onc embodiment, the present invention provides a method of smoking 3 smoking
device comprising: heating or lighting a smoking device to form smoke, the smoking device
comprising at least one filter scction having a porous mass having an active particle and a
binder particle, the porous mass having: an active particle loading of at least about | mg/mm,
an EPD of about 20 mm of water or less per mm of porous mass; and drawing the smoke
through the smoking device, wherein the filter section reduces the presence of at least one
component in the smoke as compared to a filter without the porous mass.

In onc embodiment, the present invention provides a method of smoking 3 smoking
device comprising: heating or lighting a smoking device to form smoke, the smoking device
comprising at least one filter scction having a porous mass having an active particle and a
binder particle, the active particle comprising an clement selocted from the group consisting
of: a nano-scaled carbon particle, a carbon nanotube having at least one wall, a cartbon
nanohorn, a bamboo-like carbon nanostructure, a fullerene, a fullerene aggregate, graphenc, a
few laver graphene, oxidized graphene, an iron oxide nanoparticle, a nanoparticle, a metal
nanoparticle, a gold nanoparticle, a silver nanoparticle, a3 metal oxide nanoparticle, an
alumina nanoparticle, a magnetic nanoparticle, a paramagnetic nanoparticie, a
superparamagentic nanoparticle, a gadolinivm oxide nanoparticle, a hematite nanoparticle, a
magnetite  nanoparticle, a gado-nanotube, an endofullerene, Gd@(C60, a core-shell
nanoparticle, an onionated nanoparticle, a nanoshell, an onionated iron oxide nanoparticle,
and any combination thereof; and drawing the smoke through the smoking device, wherein
the filter section reduces the presence of at least one compounent in the smoke as compared to
a filter without the porous mass.

In one embodiment, the present invention provides a method of smoking a smoking
device comprising: heating or lighting a smoking device to form smoke, the smoking device
comprising at least one filter section having a porous mass having an active particle and a
binder particle, the porous mass having: a carbon loading of at least about 6 mg/mm, an EPD
of about 20 mm of water or less per mm of porous mass; and drawing the smoke through the
smoking device, wherein the filter section reduces the presence of at least one component in

the smoke as compared to a filter without the porous mass.
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In one embodiment, the present invention provides an apparatus for producing a
smoking device filter having at least a plurality of sections comprising:  a container
comprising at least g plurality of first filter section pieces; a second container comprising at
feast a phlurality of second filter section picces, the second filter section pieces comprising a
porous mass having an active particie and a binder particle, the porous mass having: an active
particle loading of at least about 1 mg/mm, an EPD of about 20 or less mm of water or less
per mm of porous mass; a joiner section wherein a first filter section picce and a second filter
section piece are joined; a wrapping area wherein the first filier section piece and the second
filier section piece are wrapped to form a smoking deviee filter; and a convevor {o transport
the smoking device filter to a subsequent area for storage or use.

In one embodiment, the present invention provides an apparatus for producing a
srmoking device filter having at least a plurality of sections comprising:  a container
comprising at feast a plurality of first filter section pieces; a second container comprising at
least a pharality of second filter section pieces, the second filter section picces comprising a
porous mass having an active particle and a binder particle, the active particle comprising an
clerpent selected from the group consisting off  a nawo-scaled carbon particle, a carbon
nanotube having at least one wall, a carbon nanchorn, a bamboo-like carbon nanostructure, a
fullerene, a fullerene aggregate, graphene, a fow layer graphene, oxidized graphene, an fron
oxide nanoparticle, a nanoparticle, a metal nanoparticle, a gold nanoparticle, a silver
nanoparticle, a metal oxide nanoparticle, an alumina nanoparticle, 3 magnetic nanoparticle, a
paramagnetic nanoparticle, a superparamagentic nanoparticle, a gadolintum oxide
napoparticle, a hematite nanoparticle, a magnetite nanoparticle, a gado-nanotube, an
endotullerene, Gd@Ca0, a core-shell nanoparticle, an onionated nanoparticle, a nanoshell, an
onionated iron oxide nanoparticle, and any combination thereof; a joiner section wherein a
first filter section piece and a second filier section piece are joined; a wrapping arca wherein
the first filter section piece and the second filter section picce are wrapped to form a smoking
device filter; and a conveyor to transport the smoking device filter to a subsequent ares for
storage or use.

In one embodiment, the present invention provides an apparatus for producing a
smoking device filter having at least a plurality of sections comprising:  a container
comprising at least g plurality of first filter section pieces; a second container comprising at

feast a phlurality of second filter section picces, the second filter section pieces comprising a
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porous mass having an active particle and a binder particle, the porous mass having: a carbon
loading of at least about 6 mg/mm, an EPD of about 20 mun of water or less per ram of
POToUS mass; a joiner section wherein a first filter section piece and a second filter section
piece are joined; a wrapping area wherein the first filier section piece and the second filter
section picce are wrapped to form a smoking device filier; a conveyor to transport the
smoking device filter to a subsequent area for storage or use.

In one embodiment, the present invention provides a method of making a smoking
device filter comprising: providing a container that comprises at least a plurality of first filter
section pieces; providing a second confainer comprising at least a plurality of second filter
section picces, whercin the second filter section picces comprise a porous mass that
comprises an active particle and a binder particle; joining a first filter section piece and a
second filter section piece end-to-end along the longitudinal axis of the first filter section
piece and the sccond filter section piece fo form an unwrapped tilter rod; wrapping the first
filter section piece and the second filter section picce with a paper to form a filter rod; and
transporting the filter rod to a subsequent arca for storage or use.

In one erabodirent, the present invention provides a process for producing a smoking
device comprising:  providing a filter rod comprising at least one filter section comprising a
porous mass that comprises an active particle and a binder particle, the porous mass having:
an active particle loading of at feast about 1 mg/mrn, an EPD of about 20 mm of water or less
per mm of porous mass; providing a tobacco column; cutting the filter rod transverse to its
longitudinal axis through the center of the rod to form at least two filters having at least one
filter section, each filter section comprising a porous mass that comprises an active particle
and a binder particle; and joining at least one of the filters to the tobacco column along the
longitudinal axis of the filter and the longitudinal axis of the tobacco column to form at least
one smoking device,

In one embodiment, the present invention provides a process for producing a smoking
device comprising:  providing a filter rod comprising at least one filter section comprising a
porous mass that comprises an active particle and a binder particle, the active particle
comprising an element selected from the group consisting oft a nano-scaled carbon particle, a
carbon nanotube having at least one wall, a4 carbon nanchorn, a bhamboo-like carbon
nanostructure, a fullerene, a fullerene aggregate, graphene, a fow layer graphene, oxidized

graphene, an iron oxide nanoparticle, a nanoparticle, a metal nanoparticle, a gold
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nanoparticle, a silver nanoparticle, a metal oxide nanoparticle, an alumina nanoparticle, a
magnetic nanoparticle, a paramagnetic nanoparticle, a superparamagentic nanoparticle, a
gadolinium oxide nanoparticle, a hematite nanoparticle, a magnetitc nanoparticle, a gado-
nanotube, an endofullerene, G (60, a core-shell nanoparticle, an onionated nanoparticle, a
nanashell, an ontonated iron oxide nanoparticle, and any combination thereof, providing a
tobacco column; cutting the filter rod transverse to its longitudinal axis through the center of
the rod to form at least two filters having at least one filter section, each filter section
comprising a porous mass that comprises an active particle and a binder particle; and joining
at least one of the filiers to the tobacco column along the longitudinal axis of the filter and the
longitudinal axis of the tobacco column to form at least one smoking device.

In one embodiment, the present mvention provides a smoking device holder
comprising a filter that compriscs at least one filter section having an active particle loading
of at least about 1 mg/mm and an EPD of about 20 mum of water or less per mm of porous
Mass.

In one embodiment, the present invention provides a smoking device holder
comprising a filier that coraprises at least one filter section having an active particle, the
active particle comprising an clement selected from the group consisting of: 3 nano-scaled
carbon particle, a carbon nanotube having at least one wall, a carbon nanchorn, a bamboo-
tike carbon nanostructare, a fullerene, a fullerene aggregate, graphene, a fow layer graphene,
oxidized graphene, an iron oxide nanoparticle, a nanoparticle, a metal nanoparticle, a gold
nanoparticle, a sitver nanoparticle, a metal oxide nanoparticle, an alumina nanoparticle, a
magnetic nanoparticle, a paramagnetic nanoparticle, a superparamagentic nanoparticle, a
gadolimium oxide nanoparticle, a hematite nanoparticle, a magnetifc nanoparticle, a gado-
nanotube, an endofullerene, Gd@ 60, a core-shell nanoparticle, an onionated nanoparticle, a
nanoshell, an onionated iron oxide nanoparticle, and any combimation thereof.

In one embodiment, the present invention provides a smoking deviee holder
comprising a filter that comprises at least one filter section having a carbon loading of at least
about 6 mg/mm, and an EPD of about 20 mm of water or less per mm of porous mass.

In one embodiment, the preseut invention provides a pipe comprising a filter that
comprises at least one filter section having a porous mass, the porous mass having an active
particle loading of at least about 1 mg/mm and an EPD of 20 mm of water or less per mm of

POTOUS Mass.
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In one embodiment, the preseut invention provides a pipe comprising a filter that
comprises at least one filter section having a porous mass that comprises an active particle
and a binder particle, the active particle comprising an clement sclected from the group
consisting of! a nanc-scaled carbon particle, a carbon nanotube having at least one wall, a
carbon nanchorn, a bamboo-like carbon nanostructure, a fullerene, a fullerene aggregate,
graphene, a few layer graphene, oxidized graphene, an iron oxide nanoparticle, a
nanoparticle, a metal nanoparticle, a gold nanoparticle, a silver nanoparticle, a metal oxide
napoparticle, an ahumina nanoparticle, a magnetic nanoparticle, a paramagnetic nanoparticle,
a superparamagentic nanoparticle, a gadolintum oxide nanoparticle, a hematite nanoparticle,
a magnetite nanoparticle, a gado-nanotube, an condofullerene, Gd@(C60, s core-shell
nanoparticle, an onionated nanoparticle, a nanoshell, an onionated iron oxide nanoparticle,
and any combination thereof.

In one embodiment, the present invention provides a smoking device filter comprising
at least threc neighboring in-series sections, wherein a first section has an active particle
loading of at least about 1 yag/mm and an EPD of about 20 mm of water or less per mm of
porous mass, and a second section and a third section that each comprise a section that is
selected from the group consisting oft  a cavity, cellulose acetate, polypropylene,
polyethylene, polyolefin tow, polypropylene tow, polyethylene terephthalate, polybutylene
terephthalate, random oriented acetate, a paper, a cormugated paper, a concentric filter,
carbon-on-tow, silica, magnesium silicate, a zeolite, a molecular sieve, a metallocene, a salt, a
catalyst, sodium chioride, nylon, a flavorani, tobacco, a capsuie, cellulose, a cellulosic
dertvative, a catalytic converter, iodine pentoxide, a coarse powder, a carbon particle, a
carbon fiber, a fiber, a glass bead, a nanoparticle, a void chamber, a baffled void chamber,
and any combination thereof.

In one embodiment, the present invention provides a smoking device filter comprising
at least three neighboring in-series sections, wherein a first section has a porous mass that
compriscs an active particle and a binder particle, the active particle comprising an element
selected from the group consisting of: a nano-scaled carbon particle, a carbon nanotube
having at least one wall, a carbon nanchorn, a bamboo-like carbon nanostructure, a fullerene,
a tullerene aggregate, graphene, a few layer graphene, oxidized graphene, an fron oxide
nanoparticle, a nanoparticle, a metal nanoparticie, a gold nanoparticle, a silver nanoparticle, a

metal oxide nanoparticle, an alumina nanoparticle, 8 magnetic nanoparticle, a paramagnetic
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nanoparticle, a superparamagentic nanoparticle, a gadolinium oxide nanoparticle, a hematite
nanoparticle, a magnetite nanoparticle, a gado-nanotube, an endofullerene, Gd@CoU, a core-
shell nanoparticle, an onionated nanoparticle, a nanoshell, an onionated iron oxide
nanoparticie, and any combination thereot, and a second section and a third section that each
comprise a section that is selected from the group consisting oft  a cavity, collulose acetate,
polypropylene, polyethylene, polvolefin tow, polyvpropylene tow, polyethyiene terephthalate,
polybutylene terephthalate, random oriented acetate, a paper, a corrugated paper, a conceniric
fitier, carbon-on-tow, silica, magnesium silicate, a zeoliie, a molecular sieve, a metaliocene, a
salt, a catalyst, sodium chloride, nvlon, a flavorant, tobacco, a capsule, cellulose, a cellulosic
derivative, a catalytic converter, iodine pentoxide, a coarse powder, a carbon particle, a
carbon fiber, a fiber, a glass bead, a nanoparticie, a void chamber, a baffled void chamber,
and any combination thereof.

In one embodiment, the present invention provides a smoking device having a filter
that comprises a porous mass that comprises an active particle and a binder particle, the
active particle being capable of removing or reducing at least one smoke cornponent from a
smoke stream, the smoke component being selected from the group consisting of
acetaldchyde, acetamide, acetone, acrolein, acrylamide, acrylonitrile, aflatoxin B-1, 4-
aminobiphenyl, l-aminonaphthalene, 2-aminonaphthalene, ammonia, ammonitum salts,
anabasine, anatabine, (-anisidine, arsenie, A-0-C, benziajanthracene, benz[bifluorcanthene,
benz(ilaceanthrylene, benzlkifluorcanthene, benzene, benzo(b)furan, benzo|alpyrene,
benzoiclphenanthrene, beryllium, 1,3-butadiene, butyraldehyde, cadmium, caffeic acid,
catbon monoxide, catechol, chlorinated dioxins/firans, chromium, chrysene, cobalt,
coumarin, a cresol,  crotonaldehyde,  cyclopentafe,dipyrene,  dibenz{a,hjacridine,
dibenz{a.jacridine, dibenz[ahlanthracene, dibenzo(c,gicarbazole, dibenzo[a,eipyrene,
dibenzo[ahipyrene, dibenzo{a,ijpyrene, dibenzo{aljpyrene, 2,6-dimethylaniline, cthyl
carbamate (urcthane}, ethylbenzene, ethylene oxide, eugenol, formaldehyde, furan, glu-P-1,
glu-P-2, hydrazine, hydrogen cyanide, hydroquinone, indeno[1,2,3-cdlpyrene, 1Q, isoprene,
lead, MeA-o-C, mercury, methyl ethyl ketone, 5-methylchrysene, 4-(methylnitrosamino)-1-
(B-pyridyh-1-butanone  (NNK),  4-(methylnttrosamino - 1-(3-pyridyl)-1-butanol  (NNAL),
naphthalene, nickel, nicotine, nitrate, nitric oxide, a nifrogen oxide, nitrite, nifrobenzene,
nitromethane, Z-nitropropane, N-nifrosoanabasine (NAB), N-pitrosodicthanoclamine

{(NDELA), N-nitrosodiethylamine, N-ntirosodimethylamine {(NDMA)}, N-
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nitrosoethylmethylamine, N-nitrosomorpholine (NMOR), N-nitrosonornicotine (NNN), N-
nitrosopiperidine  (NPIP), N-mitrosopyrrolidine (NPYR) , N-nitrososarcosine {(NSAR),
phenol, PhiP, polontum-210 (radio-isotope), propionaldehyde, propylene oxide, pyridine,
quinoline, resorcinol, selenium, styrene, tar, 2-toluidine, toluene, Trp-P-1, Trp-P-2, uraniom-
235 {radic-isotope), uranium-238 (radio-isotope), vinyl acefate, vinyl chloride, and any
combination thercof.

In one embodiment, the present invention provides a process for producing a smoking
device filter comprising: providing a first filter section, providing at least a second filter
section, the second filter section having a porous mass having an active particle and a binde
particle, the active particle being capable of removing or reducing at least one smoke
component from a smoke stream, the smoke component being selected from the group
consisting of: acetaldehyde, acetamide, acetone, acrolein, acrylamide, acryioninle, aflatoxin
B-1, 4-aminobiphenyl, l-aminonaphthalene, Z-aminonaphthalene, ammonta, ammonium
salts,  anabasine, anatabine, (-anisidine, arsepmic, A-o-, benr{ajanthracene,
benz[blfluoroanthene, benzfjlaceanthrylene, benz{k}fhuorcanthene, benzene, benzo{b)Muran,
benzolalpyrene, benzolclphenanthrene, berylhium, 1,3-butadiene, butyraldehvde, cadmium,
caffeic acid, carbon monoxide, catechol, chiorinated dioxing/furans, chromium, chrysene,
cobalt, coumarin, a cresol, crotonaldehyde, cyclopentalc,dipyrene, dibenz{a hjacridine,
dibenz{a, jyacridine,  dibenz[ahlanthracene,  dibenzo{c,gicarbazole,  dibenzo[aelpyrene,
dibenzo[a,hlpyrene, dibenzola.ijpyrene, dibenzo{aljpyvrene, 2,6-dimethylaniline, eothyl
carbamate {urethane), cthyibenzene, ethylene oxide, eugenol, formaldehyde, furan, ghu-P-1,
ghu-P-2, hydrazine, hydrogen cvanide, hydroquinone, indeno[1,2,3-cdipyrene, 1Q, isoprene,
lead, MeA-a-C, mercury, methyl ethyl ketone, 3-methylchrysene, 4-(methylnitrosamino)-1-
(3-pyridyly-1-butanone  (NNK}, 4-(methyhnitrosamino}-1-(3-pyridyl}-1-butanol (NNAL)},
naphthalene, nickel, nicotine, nitrate, nitric oxide, a nitrogen oxide, nitrie, niirobenzene,
nitromethane,  Z-nitropropane, N-nifrosoanabasine (NAB), N-nitrosodicthanclamine
(NDELAJ, N-nitrosodiethylamine, N-nitrosodimethylamine {(NDMA), N-
nitrosoethylmethylamine, N-nitrosomorpholine (NMOR), N-nitrosonornicotine (NNN}, N-
nitrosopiperidine  (NPIP), N-mitrosopyrrolidine (NPYR) |, N-nitrososarcosine (NSAR),
phenol, PhiP, polontum-210 (radio-isotope), propionaldehyde, propylene oxide, pyridine,
quinoline, resorcinol, selentum, styrene, tar, 2-toluidine, toluene, Trp-P-1, Trp-P-2, uranivm-

233 {(radic-isotope), uranium-238 (radio-isotope}, vinyl acetate, vinyl chloride, and any
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combination thereof; and joining the first filter section and the at least one second filter so as
to forma a smoking device filter.

In one cmbodiment, the present invention provides a porous mass having a void
volume in the range of about 40% to about 90%.

In one embodiment, the present invention provides a filter that comprises a porous
mass having a void volume in the range of about 40% to about 50%.

In one embodiment, the present invention provides a smoking device that comprises a
filter that comprises a porous mass having a void volume in the range of about 40% to about
G90%.

In some embodinents, the present invention provide a filter that may be used m a
smoking device, the filter comprising a porous mass that comprises an active particle and a
binder particle, the filter having at least one of the following or any combination thercof:

{(a) the active particle comprising an clement sclected from the group consisting of: a
nano-scaled carbon particle, a carbon nanotube having at least one wall, a carbon nanchorn, a
bamboo-like carbon nanostracture, a fullerene, a fullerene aggregate, graphene, a few layer
graphene, oxidized graphene, an iron oxide nanoparticle, a nanoparticle, a metal nanoparticle,
a gold nanoparticle, a silver nanoparticle, a metal oxide nanoparticle, an alumina
nanoparticle, & magnetic nanoparticle, a paramagnetic nanoparticle, a superparamagentic
nanoparticle, a gadolinium oxide nanoparticle, a hematite nanoparticle, a magnetite
nanoparticle, a gado-nanotube, an endofullerene, Gd@C60, a core-shell nanoparticle, an
onionated nanoparticle, a nanoshell, an onionated iron oxide nanoparticle, and any
combination thereof}

{b} the porous mass having a void volume in the range of about 40% to about 90%:;

{c} the active particle comprising carbon, and the porous mass having a carbon
foading of at least about 6 mg/mm, and an EPD of about 20 mm of water or less per mum of
porous mass; and

{d) the porous mass having an active particle loading of at least about 1 mg/mm and
an EPD of 20 mm of water or less per mm of porous mass.

To facilitate a better understanding of the present invention, the following examples
of representative embodiments are given. In no way should the following exaroples be read

to limit, or to define, the scope of the mvention,
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Examples

In the following example, the effectiveness of a porous mass in removing certain
components of the cigarctie smoke is illustrated. The porous mass was made from 25 weight
% GUR 2105 from Ticona, of Dallas, TX and 75 weight % PICA RC 239 (95% active
carbon} from PICA USA, Inc. of Columbus, OH. The porous mass has a % void volume of
72% and an encapsulated pressure drop (EPD) of 2.2 mum of water/mun of porous mass
fength. The porous mass has a circumference of about 24.5 mam. The PICA RC 259 carbon
had an average particle size of 569 microns (u}. The porous mass was made by mixing the
resin ({GUR 2103} and carbon (PICA RC 259) and then filling a mold with the mixture
without pressure on the heated mixture (free sintering). Then, the mold was heated to 200°C
for 40 minutes. Thereafter, the porous mass was removed from the mold and allowed to cool.
A defined-length section of the porous mass was combined with a sufficient amount of
cellulose acetate tow to yield a filter with a total encapsulated pressure drop of 70 mom of
water.  All smoke assays were performed according to tobacco industry standards.  All
cigareties were smoked using the Canadian intense protocol (ie., T-115, “Determination of
“Tar,” Nicotine and Carbon Monoxide in Mainstream Tobacco Smoke” Health Canada,

1999) and a Cerulean 450 smoking machine.

Table 1

Carbonvls Cantyrol 5 mm S G mm s 18 mm s
pE/cigaretie porous porous POrous

mass 28 mass §5 mass i3

mim Tow mm mm

Tow Tow

Formaldehyde 10.4 5.1 -51 0.0 -100 0.0 -100
Acetaldchvde 2953 2112 -28 1868 -37 188.5 -36
Acetone 601.0 2877 -532 104.7 -&3 954 -84
Propionaldehyde 100.2 424 58 16.0 -84 14.9 -85
Crotonaldehvyde 101.7 294 -71 8.0 -100 (.0 -100
Butyraldehyde 114 .8 433 -62 0.0 -100 0.0 -100
Methyl Ethyl
Ketone 178.8 64.2 -64 20.8 -88 21.5 88
Acrolein 1018 453 -56 13.6 -87 144 -85
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Table 2
Other compounds | Cantrol 8 mm % 18 mm Se 1% mm %
POrous POYous POrOUSs
mass 28 mass 18 mass 13
g T ow mm Tow mmn Tow
Benzene (ug/eig) 79.0 54.0 -32 22.0 -72 20.0 -75
1,3 butadicne
{ug/cig) 220.0 192.0 -13 162.0 -26 9&.0 -55
BenzolalPyrene
{ng/cig) 5.0 0.0 -100 0.0 -100 0.0 -100
Table 3
Tar, nicotine, | Contrsl 5 mm Control | 18 mm | Control 15 mm
ete porous POrous POrous
mass 20 mass 18 mass 13
mnt Tow mm Tow mm Tow

Tar (mg/cig) 39.0 37.1 358 34.4 337 34.9

Nicotine

{rag/cig) R 2.8 2.5 2.0 2.6 2.7

Water (mg/cig) 17.7 17.0 14.0 13.3 147 11.2

CO (mg/cig) 34.4 35.4 32.6 32.1 31.4 31.2

in the following example, the ctfectiveness of a porous mass in removing certain
components of the cigarette smoke is llustrated. The porous mass was made from 30 weight
% GUR X192 from Ticona, of Dallas, TX and 70 weight % PICA 30x70 (60% active carbon)
from PICA USA, Inc, of Columbus, OH. The porous mass has a % void volume of 75% and
an encapsulated pressure drop (EPD) of 3.3 mm of water/mun of porous mass length. The
porous mass has a circumterence of about 24.5 om. The PICA 30x70 carbon had an average
particle size of 405 microns (43, The porous mass was made by mixing the resin (GUR
X192} and carbon (PICA 30x70} and then filling a mold with the mixture without pressure on
the heated mixture (free sintering). Then, the mold was heated to 220°C for 60 nunuies.
Thereatter, the porous mass was removed from the mold and allowed to cool. A defined-
fength section of the porous mass was combined with a sufficient amount of cellulose acetate
tow to yield a filter with a total encapsulated pressure drop of 70 mm of water. All smoke
assays were performed according fo tobacco industry standards, Al cigarettes were smoked

using the Canadian intense protocol {(fe., T-113, “Determination of “Tar,” Nicotine and
5 s s !
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Carbon Monoxide in Mainstream Tobacco Smoke,” Health Canada, 1999) and a Cerulean

450 smoking machine.

Table 4
Carbonvis Control 8 mum %% 16 mm Se 185 mm Se
pglcigarvette porous porous porous
mass 24 mass 15 mass 13
mmn Tow R N
Tow Tow
Formaldehyde 7.9 S.3 -32 0.0 -100 (.0 -100
Acetaldehyde 477.7 478.0 -G 413.5 -13 3378 -29
Acefone 557.4 4334 22 214.0 -52 124.2 =78
Propionaldchyde 118.5 72.5 -3% 316 -73 i7.4 -85
Crotonaldehyde 83.0 38.5 -54 14.5 -&3 10.7 -87
Butyraldehyde 86.8 39.7 -54 10.7 -88 5.9 -93
Methyl Ethyl
Ketone 195.7 100.8 4% 37.1 -81 19.2 -G}
Acrolein 24.0 555 -34 22.5 73 13.3 -84
Table s
Other compounds | Control S mm s 18 mm s I5 mm Yo
poreus POrous pOrous
mass 28 mass 15 mass 13
mm Tow mn §ow mno Tow

Benzene {ug/cig) 1187 82,7 -30 40.1 66 23.5 -80

1,3 butadiene

{ug/eig) 2573 2581 1 2044 -21 14R.7 -47

Benzofa]Pyrene

(ng/cig) 6.4 3.0 -53 0.0 -100 0.0 -100




(4

10

b
o

WO 2012/054111 PCT/US2011/044142
64
Table &
Tar, nicatine, | Control 5 mm 10 mm 15 mm
ele POTOUs POToUS POTOUS
mass 20 mass 15 mass 13
om Tow mm Tow mm Tow
Tar (mg/cig) 41.5 41.5 41.2 384
Nicotine
{mg/cig) 2.8 2.8 2.9 2.8
Water (mg/cigy | 167 17.0 17.7 12.6
CO {(mg/ag) 30.8 332 38.5 316

In the following exanmple, the effectivencss of a porous ion exchange resin mass m

removing certain components of the cigarette smoke is illustrated. The porous mass was

made from 20 weight % GUR 210S from Ticona, of Dallas, TX and 80 weight % of an amine

based resin (AMBERLITE IRAS6RF from Rolun & Haas of Philadelphia, PA). A 10 mm

section of the porous mass was combined with a sufficient amount of cellulose acetate fow

(12 mm) to yield a filter with a total encapsulated pressure drop of 70 mm of water. All

simoke assays were performed according to tobacco mdustry standards.  All cigarctics were

smoked using the Canadian mtense protocol (ie., T-115, “Determination of “Tar,” Nicoiine

and Carbon Monoxide in Mainstream Tobacco Smoke,” Health (Canada, 1999} and a

Cerulean 450 smoking machine.

Table 7

Carbonyls Control fon Exchanse Resin % change
ag/cigaretie
Formaldehvde &0 NI -106
Acetaldehyde 491.0 192.0 =61
Acetone 519.0 589.0 14
Acrolein 65.G 28.0 -56
Propionaldehyde 114.0 72.0 =37
Crotonaldehyde 83.0 45.0 -45
Methyl Ethyl
Ketone 179.0 184.0 3

utyraldehyde 54.0 61.0 13

In the following example, the effectiveness of a porous desiccant mass in romoving

water from the cigaretic smoke is illustrated. The porous mass was made from 20 weight %
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GUR 2105 from Ticona, of Dallas, TX and &G weight % of desiccant {(calcium sulfate,
DRIERITE from W. A, Hammond DRIERITE Co. Ltd. of Xenia, OH). A 10 mm section of
the porous mass was combined with a sufficient amount of cellulose acetate tow (15 mm) to
vield a filter with a total pressure drop of 70 mum of water. All smoke assays were performed
according to tobacco imdustry standards. Al cigarettes were smoked using the Canadian
intense protocol (ie., T-115, “Determination of “Tar,” Nicotine and Carbon Monoxide in

Mainstream Tobacco Smoke,” Health Canada, 1999) and a Cerulean 450 smoking machine,

Table 8
mg/cigaretic Control Besiceant Y Besiceant Y
Conditioped Change Unconditioned Change

Cambridge 62.0 55.6 -10.3 54.0 -12.8
Particular
Matter
Water 15.0 12.8 -15.1 11.2 -25.6
Deliveries
Nicotine 2.7 2.9 8.0 2.9 3.0
Deliveries
Tar Deliveries 442 39.9 -9.7 40.0 -9.7
Carbon 35.0 35,9 2.5 35.0 0.1
monoxide
Tar/Nicotine 16.5 13.8 -16.4 138 -16.4
Ratio

In the following example, a carbon-on-tow filter element is compared to the inventive
porous mass. In this comparison, equal total carbon loadings are compared. In other words,
the amount of carbon in each element is the same; the length of the element is allowed to
change so that equal amounts of carbon were obtained. The reported change in smoke
component is made in relation o conventional cellulose acetate filter (the % change is in
relation to a conventional cellulose acetate fiiter). All filter tips consisted of the carbon
clernent and cellulose acetate tow.  All filter tips were tipped with a sufficient length of
cellulose acetate filter tow to obtain a targeted filter pressure drop of 70 mm of water. The
total filter length was 20 mm (carbon clement and tow clement). The carbon was 30x70,

60% active PICA carbon. All cigareties were smoked using the Canadian intense protocol
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(i.e., T-113, “Determination of “Tar,” Nicotine and Carbon Monoxide in Mainstream

Tobacco Smoke,” Health Canada, 1999).

16

Table @
Total Carbon Loading = 3% mg Total Carbon loading = 56 mg
Carbonyls Carbon-on-tow{10 | porous mass | Carbon-on-tow (10} | porous mass
mm} % change (2 o) mm} (3 mun)
% change % change % change

Formaldehvde -24.6 -13.7 -32.3 -27.6
Acetaldehvde -4.3 -3.4 -65.3 -12.5
Acctong -19.7 -33.1 -27.3 -49.2
Propionaldehyde -32.0 -42.2 -38.6 -55.7
Crotonaldehyde -64.5 -57.3 -71.0 -68.0
Butyraldehyde 7.8 -34.4 -R.2 -54.4
Methyl Ethyl

Ketone -354 -48.3 -45.6 -63.2
Acrolein -22.5 -40.3 -31.3 -52.6

In the following example, a porous mass made with a highly active carbon (95% CCl
absorption) is compared with a porous mass made with a lower active carbon (60% CCly
absorption). The combined filters were made using a 10 mm section of the porous mass plus
a sufficient length of cellulose acetate fo reach a targeted combined encapsulated pressure
drop of 69-70 mm of water. These filters were attached to a commercial tobacco column and
smoked on a Cerulean SM 4350 smoking machine using the Canadian infense smoking
protocol (e, T-115, “Determination of “Tar,” Nicotine and Carbon Monoxide in
Muainstream Tobacco Smoke,” Health Canada, 1999}, The high active carbon was PICA RC
259, particle size 20x50, 95% activity (CCls adsorption). The low active carbon was PICA
PCA, particle size 30x70, 60% activity {CCly adsorption). The carbon loading of cach porous
mass clement was 18.2 mg/mm, low active carbon, and 16.7 mg/mm, high active carbon.

The data is reported in relation to a conventional cellulose acetate filter.
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Table 18
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Carbonvis

60% active
carbon %

95% active
carbon %

change change
Formaldehyde -100.0 -100.0
Acetaldehyde -65.8 -37.0
Acetone -89.9 -83.0
Propionaldchyde -91.0 -84.0
Crotonaldchyde -100.0 -100.0
Butyraldehyde -100.0 -100.0
Methyl Ethyl
Ketone -100.0 -§8.0
Acrolein -96.7 -87.0

Table 11

Othey 60% active 5% active
compounds carbon % carbon %

change change
Benzene 2.5 -72.0
1,3 butadiene -3.2 -26.0
Benzo{alPyrene -100.0 -100.0

In the following example, the effect of particle size on encapsulated pressure drop
(EPD) is illustrated. Porous masses with carbons of various particle sizes were molded into
rods (length=39 mam and circumference=24.5 mum) by adding the mixture of carbon and resin
(GUR 21053} into a3 mold and heating (free sintering} the mixture at 200°C for 40 minutes.
Thereafter, the porous mass was removed from the mold and allowed to cool o room

temperature. The EPD’s were determined for 10 porous masses and averaged.
£
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Table 12

Carbor:GUR |  Average Average
Weight Ratio | Particke EPD
Size
Carben {1} {mm of
water/mim
of porons
mass
Iength)
RC 259 75:25 565.0 2.2
PICA 80:20 402.5 3.5
NCS06 75:25 77.5 25.0

PCT/US2011/044142

In the following cxample, porous masses, as sct forth in Tables 1-3, are used to

demonstrate that filters made with such porous masses can be used to manufacture cigarettes

that meet World Health Organization (WHO) standards for cigarcttes. WHO standards may

be found in WHQO Technical Report Sertes No. 951, The Scientific Basis of Tobacco Product
3

Regidation, World Health Organization (2008}, Table 3.10, page 112. The results reported

below, show that the porous mass can be used to reduce the histed components from tobaceo

smoke 1o a level below that recommended by the WHO.

Table 13

Upper
Iimit | Highes
{125% i Amounnt
of deliver % Y Ameount | delivere
Median | median ¥ reduction | reduction | delivere d 18
{ng} ! } brand' | ‘5 mm *1gmm | 45mm mim
I, 3Butadienc 333 66.7 75.5 13 26 65.7 558
Acetaldehyde 687.6 359.5 997.2 28 37 718.0 628.2
Acrolein 66.5 83.2 96.5 36 87 438 12.8
Benzene 3.0 47.5 51.1 32 72 34.7 14.3
Benzo[alpyre 9.1 1.4 13.8 100 1600 0.0 0.0
ne
Formaldehyde 377 47.1 90.5 51 100 44.4 0.0

" Information based on data in Counts, ME, et al,, (2004} Mainstream smoke toxicant yields
and predicting relationships from a woridwide market sample of cigaretie brands: 18O
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smoking conditions, Regulatory Toxicology and Pharmacology, 39:111-134, and Counts
ME, et al,, (2005} Smoke composition and predicting relationships for international
commercial cigaveties smoked with three machine-smoking conditions, Regulatory
Toxicology and Pharmacology, 41:185-227,

* % reductions obtained from Tables 1-3 above,

In the following example, porous mass where ion exchange resins are used as the
active particles, as set forth i Table 4, are used to demonstrate that filters made with such
porous masses can be used to manufacture cigarettes that meet World Health Organization
(WHQ) siandards for cigarettes. WHO standards may be found m WHO Technical Report
Series No. 951, The Scientific Basis of Tobacco Product Regulation, World Health
Organization (2008), Table 3.10, page 112, The results reported below, show that the porous
mass can be used to reduce the certain components from tobacco smoke to a level below that

recommended by the WHO.

Table {4

Upper
Hmit
{(1258% | Highest ¥ Amount
of delivery | reduction’ | delivered
{ng} Median' median) | brand' 18 mm 18 mm

Acetaldehvde 687.6 859.5 G97.2 61 388.G
Acrolein 66.5 83.2 59.5 56 43.8
Formaldehyde 37.7 47.1 G415 1830 0.0

! Information based on data in Counts, ME, et al., (2004) Mainsiream smoke toxicant yields
and prediciing relationships from a worldwide market sample of cigarette brands. ISC
smoking conditions, Regulatory Toxicology and Pharmacology, 39:111-134, and Counts
ME, et al,, (2005} Smoke composition and predicting relationships for international
commercial cigaveties smoked with three machine-smolking conditions, Regulatory
Toxicology and Pharmacology, 41:185-227.

* % reductions obtained from Table 4 above.

In the following example, the encapsulated pressure drop was measured for a filter,
The porous masses were formed by mixing the binder particles (ultra high molecular weight
polyethvience) and active particles {(carbon) at a desired weight ratio in a tumbled jar until well
mixed. A mold formed of stainless steel tube having a length of 120 oum, an foside diameter

of 7.747 mm, and a circumference of 24.34 mm. The circumference of cach of the molds
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was lined with a standard, non-porous filter plug wrap. With a fitting on the bottom to close
off the bottom of the mold, the mixture was then placed mto the paper-lined molds to reach to
the top of the mold. The mold is tamped (bounced) ten times off of a rubber stopper and then
topped off to again reach the top of the paper within the mold and bounced three times. The
top of the mold is then secaled and placed in an oven and heated, without the addition of
pressure, to a temperature of 220°C tor 25 to 45 minutes, depending on the mold design, the
molecular weight of the binder particles, and the heat transfer.  The encapsulated pressure
drop was measured in mm of water. Those components of the mixtures and test results are
fisted below in Tables 13 - 20 below. The polyethylene binder particles used are from Ticona
Polymers LLC, a division of Celanese Corporation of Dallas, TX under the following
tradenames, the molecular weights are in parentheses: GUR® 2126 (approximately 4 x 10°
g/mol), GUR® 4050-3 (approximately 8-9 x 10° ¢/mol), GUR® 2105 (approximately 0.47 x
10" o/mot), GUR® X192 (approximately 0.60 x 10° g/mol), GUR® 4012 (approximately 1.5
x 10° g/mol), and GUR® 40122-6 (approximately 4 x 10° g/mol).

Table 18
Comparative Examples

Cavbon Loading for | Comparative Example | Comparative Example | Comparative
Comparaiive 1 2 Example 3
Examples (30570 Pica | (GUR® 2126) (GUR® 4050-3) {1:1 Blend:
Carbon } Average mg AVerage mg GUR® 2126
CarbonBinder Carbon/mm Carbon/mum GUR®D 4030-3)

Particle Weight Ratio

Average mg

Carbon/mm
50/50 1110 20.65 12.66
60/40 13.90 20.40 15.41
70/30 17.15 19.89 18.30
RG/20 20.52 16.61 20.66
S0/10 21.01 13.99 2111

Table 16
Comparative Examples

Encapsulated Pressure | Comparative Example | Comparative Example | Comparative

Drop for Comparative
Examples

(30x70 Pica Carbon }
Carbon:Binder Particle
Weight Ratio

i

(GUR® 2126}
Average mm of
water/mm

y;

(GUR® 4050-3}
Average mnt of
water/mm

Example 3

(1:1 Blend GUR®
2126: GUR®
4050-3)

Average nun of
water/mim
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50/50 208 {19 2601

60/40 20.0 19.8 20.0

70/30 20.0 20.0 20.0

80/20 9.9 19.8 203

90/10 16.0 20.0 15.2
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Table 17

Porous Masses of the Present Invention

PCT/US2011/044142

Carbon Loading

Binder Particle

Binder Particle

Binder Particle

Binder Particle

{30x70 Pica PGUR® 2105) { 2 {(GUR® X192} | 3 {(GUR® 4012y | 4 (GUR® 4022~
Carbon) Average mg Average mg Average mg 6)
Carbon:Binder Carbon/mm Carbon/mm Carbon/mm Average mg
Particle Weight Carbon/ram
Ratio

50/50 NA NA 11.66 10.51

60/40 10.61 11.16 1335 12.66
65/35 11.70 12.23 NA NA

70/30 12.70 13.22 15.01 14.55

75128 {3.81 {4.30 NA NA

20/20 14.75 £5.34 16,20 16.57

Where NA is noted, rods were not made for these cells.

Table 18

Porous Masses of the Present Invention

Encapsulated

Binder Particle

Binder Particle 2

Binder Particle

Binder Particle

Pressure Drop P{GURR 2105) | (GUR®XI9D) J(GURR 4012 | 4 (GUR® 4022-
(30x7( Pica Average mm of | Average mm of | Average mmot | 6)

Carbon) water/mim water/mm water/mm Average mim of
Carbon:Binder water/mm
Particle Weight

Ratio

S0/50 NA NA 18.4% 7.87
60/40 .94 2.32 15.71 8.00
65/35 1.48 2.40 NA NA
70/30 1.59 2.52 11.43 6.22
75125 1.88 2.74 NA NA
80/20 2.64 3.25 7.81 541

Where NA is noted, rods were not made for these cells.
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Table 19
Porous Masses of the Present Invention
Carbon Binder Particle Average Average
Pica Carbon Weight % | Blend' Carbon mg/nmum EPD mm of water/mim of
Mesh Weight % POTOUS Mass
80x325 50 50 9.14 2.0
R0x325 60 40 12.24 6.4
R0x325 70 30 14.08 ii.4
R0x325 80 20 17.02 19.3

I. The binder blend was a 11 weight mixture of GUR® 2105 and GUR® X192,

Table 20
Additional Comparative Examples

Commercial Eength (mm) Average of 20 filters | EPDV/mm of porous
cigaretie filters EPD mm of mass length
{Cellulose agetate) water/imm

Mariboro 21 70 3.3

Winston 27 79 2.6

The data shown in Figures 6 through 9 were generated from additional EPD testing of
porous masses of the present invention based on carbon loading and comparative samples.
The porous masses were formed by mixing the binder particies, specifically ultra high
molecular weight polyethylene chosen from GUR® 2105, GUR® X192, GUR® 40612, and
GUR® 8020), and active particles (carbon) at a desired weight ratio in a tumbled jar until
well mixed. A mold formed of staindess sieel tube having a length of about 120 mm, an
inside diameter of about 7.747 mm, and a circumference of about 24.5 nun (theoretical} or
about 17.4 (theoreticaly, The circumference of each of the molds was lined with a standard,
non-porous filter plug wrap, With a fitting on the bottom to close oft the bottom of the mold,
the mixture was then placed into the paper-lined molds to reach to the top of the mold. The
mold is tapped (bounced) ten times off of a rubber stopper and then topped off to again reach
the top of the paper within the mold and bounced three times. The top of the mold is then
sealed and placed in an oven and heated, without the addition of pressure, to a teraperature of
220°C for 25 to 45 minutes, depending on the mold design, the molecular weight, and the

heat transfer. The length of the filter is then cut down to 100 mm. The circumference of the
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filters tested is veported. These were substantially circular in shape. The encapsulated
pressure drop was raeasured 1o rom of water according to the CORESTA procedure,

Figure 6 is a comparative document that shows the results of encapsulated pressure
drop testing for carbon-on-tow filiers having an average circumference of about 24.5 mm.

Figure 7 shows the results of cncapsulated pressure drop testing for porous mass
filters of the present mvention {(comprising polyethylene and carbon} having an average
circumference of about 24.5 mim.

Figure 8 is a comparative document that shows the results of encapsulated pressure
drop testing for carbon-on-tow filiers having an average circumference of about 16.9 mm.

Figure 9 shows the results of encapsulated pressure drop testing for porous mass
filters of the present invention (comprising polyethviene and carbon) having an average
circumference of about 16.9 num.

Therefore, the present invention is well adapted to aftain the ends and advantages
mentioned as well as those that are inherent therein. The particular embodiments disclosed
above are Hustrative only, as the present invention may be modified and practiced m
differcnt but equivalent manuers apparent to those skilled in the art having the benefit of the
teachings herein. Furthermore, no limitations are intended to the details of consiruction or
design herein shown, other than as described in the claims below. [t is therefore evident that
the particular illustrative embodiments disclosed above may be altered, combined, or
maodified and all such variations arc considered within the scope and spirit of the present
invention. While compositions and methods are described in terms of “comprising,”
“containing,” or “including” various components or steps, the compositions and methods can
also “consist essentially of 7 or “consist of " the various components and steps. Al numbers
and ranges disclosed above may vary by some amount. Whenever a numerical range with a
fower limit and an upper limit is disclosed, any number and any included range falling within
the range is specifically disclosed. In particular, every range of values {of the form, “from
about a to about b,” or, equivalently, “from approximately a to b, or, equivalently, “from
approximately a-b”) disclosed herein is to be understood to set forth every number and range
cucompassed within the broader range of values, Also, the terms in the claims have their
plain, ordinary meaning unless otherwise explicitly and clearly defined by the patentee.
Moreover, the indefinite articles “a” or “an,” as used in the claims, are defined herein to mean

one or more than one of the clement that it introduces. If there is any conflict in the usages of
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a word or term in this specification and one or more patent or other documents that may be
ncorporated herein by referonce, the definitions that are consistent with this specification

should be adopted.
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Claims:

1. A smoking device filter comprising:

a porous mass that itself comprises a plurality of active particles
and a plurality of non-fibrous binder particles, wherein the active particles and
the non-fibrous binder particles are bound together at a plurality of sintered
contact points, and

wherein the active particles comprises at least one selected from
the group consisting of:. a nano-scaled carbon particle, a carbon nanotube
having at least one wall, a carbon nanohorn, a bamboo-like carbon
nanostructure, a fullerene, a fullerene aggregate, graphene, a few Ilayer
graphene, oxidized graphene, a iron oxide nanoparticle, a nanoparticle, a metal
nanoparticle, a gold nanoparticle, a silver nanoparticle, a metal oxide
nanoparticie, an alumina nanoparticle, a magnetic nanoparticle, a paramagnetic
nanoparticle, a superparamagnetic nanoparticle, a gadolinium oxide
nanoparticle, a hematite nanoparticle, a magnetite nanoparticle, a8 gado-
nanotube, an endofullerene, Gd@Csy, a core-shell nanoparticle, an onionated
nanoparticle, a nanoshell, an onionated iron oxide nanoparticle, and any
combination thereof.

2. The smoking device filter of claim 1, wherein at least some of the
non-fibrous binder particles comprise a thermoplastic material.

3. The smoking device filter of claim 1, wherein at least some of the
non-fibrous binder particles comprise at least one selected from the group
consisting of: ultrahigh molecular weight polyethylene, very high molecular
weight polyethylene, high molecular weight polyethylene, a polyolefin, a
polyester, a polyamide, a nylon, a polyacrylic, a polystyrene, a polyvinyl,
polytetrafluoroethylene, polyether ether ketone, a non-fibrous plasticized
cellulose, polyethylene, polypropylene, polybutylene, polymethylpentene, low-
density polyethylene, linear low-density polyethylene, high-density polyethylene,
polyethylene terephthalate, polybutylene terephthalate, polycyclohexylene
dimethylene terephthalate, polytrimethylene terephthalate, polyacrylics,
polymethyl methacrylate, polystyrene, acrylonitrile-butadiene-styrene, styrene-
acrylonitrile, styrene-butadiene, styrene-maleic anhydride, ethylene vinyl
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acetate, ethylene vinyl alcohol, polyvinyl chloride, cellulose acetate, celiulose
acetate butyrate, plasticized cellulosics, cellulose propionate, ethyl cellulose, any
derivative thereof, any copolymer thereof, and any combination thereof.

4, The smoking device filter of claim 1, wherein at least some of the
non-fibrous binder particles have a melt flow index less than or equal to 3.5
g/10min at 190°C and 15 Kg.

5. The smoking device filter of claim 1, wherein at least some of the
non-fibrous binder particles have a particle size in at least one dimension

ranging from 0.1 nanometers to 5000 microns.

6. The smoking device filter of claim 1, wherein the porous mass has a
void volume of 40% to 90%.
7. The smoking device filter of claim 1, wherein the porous mass

comprises a ratio of the active particles to the binder particles ranging from 1
wt% active particles and 99 wt% binder particles to 99 wt% active particles
and 1 wt% binder particles.

8. The smoking device filter of claim 1, wherein the porous mass has
an encapsulated pressure drop of 0.1 to 20 mm of water per mm length of
porous mass.

S. A smoking device comprising a smokeable substance in fluid

communication with the smoking device filter of claim 1.



