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{571 "7 ABSTRACT |

A porous filter plug for a smoking article comprising a
tow of longitudinally extending fibers enclosed within
a plug wrap and having a cavity molded in the outer

~ surface at one end. The plug is formed by molding a

conventional tow of thermoplastic filamentary mate-
rial. In use, a portion of the smoke passes from end to
end through the plug and the remainder passes through
the channel formed by the cavity and then axially
through the plug wrap and the plug.

14 Claims, 4 Drawing Figures
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SMOKE FILTER PLUG AND PROCESS AND
CIGARETTE MADE THEREFROM

BACKGROUND OF THE INVENTION

This invention relates to a porous filter plug for a
smoking article, to a process of making the plug, and
to a cigarette which incorporates the plug as an essen-
tial element.

Most commercially available cigarette filters are lim-
ited in their performance characteristics. For example,
conventional cellulose acetate fiber filters remove only
40 to 45 percent of the particulate material in the
smoke when the pressure drop across the filter is
around 2.0 to 2.5 inches of water. An increase in par-
ticulate material removal efficiency may be obtained
by increasing the pressure drop across the filter but a
high pressure drop is objectionable and not acceptable
to the majority of smokers.

The filter described in U.S. Pat. No. 3,533,416 is in
some respects an exception to the general rule con-
cerning cellulose acetate fiber filters since the perfor-
mance of that filter is high at an acceptable pressure
drop and the smoke from the cigarette has a good taste.
However, the filter disclosed in that patent is difficult
to produce and requires the use of an excessive amount
of filter material. As a result, it is comparatively expen-
sive to manufacture.

The prior art is replete with various proposed struc-
tures for filtering cigarette smoke under conditions
which wil provide high efficiency at a low pressure
drop. However, most all of these, and particularly those
which have been disclosed in the patent literature, have
not been commercially adopted because they are too
expensive to produce and are not adaptable for produc-
tion on high speed cigarette-making machines.

Accordingly, an object of this invention is to provide
a filter for a smoking article which has a high efficiency
for the removal of tars from cigarette smoke at an ac-
ceptable pressure drop.

A further object of this invention is the provision of
a tobacco smoke filter which may be prepared from a
lesser quantity of filtering material than has heretofore
been necessary for the manufacture of a high efficiency
filter.

A still further object of this invention is the provision
of a filter and a process for making it which is readily
adaptable for manufacture by high speed cigarette-
manufacturing machines.

A still further object of this invention is the provision
of a high efficiency filter which may be prepared from
materials that are already commercially used for the
purpose with a minimum modification of existing
equipment.

A still further object of this invention is the provision
of a process for making a filter plug from a thermoplas-
tic filamentary or fibrous material which involves a sim-
ple molding step which may be rapidly carried out with-
out concomitantly heating the material to such a de-
gree that it sticks to the mold during the forming opera-
tion.

Further and additional objects will appear from the
following description, accompanying drawing and the
appended claims.

GENERAL DESCRIPTION OF THE INVENTION

In accordance with this invention, a fiber filter has
been provided for attachment to the downstream end
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of a smoking article such as a cigarette in which the
smoke passes both longitudinally and axially through
the filter. A portion of the smoke passes longitudinally
through the filter in a conventional manner from one
end to the other and a second portion of the smoke is
diverted through a channel formed by a cavity molded
in one end of the fiiter plug. More specifically, a filter
plug is provided which comprises a tow of longitudi-
nally extending fibers exposed at opposed ends for the
passage of smoke therethrough from end to end. The
plug is provided with a porous overwrap closely em-
bracing the side wall of the tow between the ends and
the plug has a cavity molded in the plug wrap and in the
side wall providing at least one smoke channet in the
exterior side wall of the plug extending longitudinally
from one of the end walls to a location spaced from the
other (i.e., short of) of the end walls. Preferably, there
are a plurality of longitudinally extending cavities
molded into the end of the plug and they are arranged
in circumferentially spaced, parallel relationship. The
porous plug wrap is formed of a non-thermoplastic ma-
terial such as paper having a porosity of less than about
two seconds and preferably between 0.1 and two sec-
onds. This porosity may be the “natural” porosity of
the paper or it may be an “artificial” porosity resulting
from mechanically or electrically providing smali holes
or perforations in a paper of lesser porosity in order to
increase its porosity to the indicated level.

The filter plug of this invention is assembled onto a
cigarette or other smoking article in a manner analo-
gous to that currently being used commerically for at-
taching fibrous filters to tobacco rods. This procedure
essentially involves the attachment of the filter plug to
the tobacco rod by tipping paper which comprises an
essentially smoke impervious sleeve overlying portions
of the plug and the tobacco rod for holding them in as-
sembled relationship. In the structure of this invention,
the tipping paper overlies the cavity or cavities in the
exterior surface of the filter plug and provides the
smoke channel or channels which accommodate that
portion of the smoke which is not drawn from end to
end throughout the entire length of the tow of the filter.

The fibrous material that is employed for making the
tow comprising the main body portion of the filter plug
of this invention is cellulose acetate or any other ther-
moplastic material that is known to be suitable for mak-
ing fibrous filters. In commercial operation, the denier
of the individual filaments is preferably between about
1.3 and .16 while the total denier of the tow is prefera-
bly between about 38,000 and 100,000.

As previously indicated, the plug wrap is preferably
formed of a non-thermoplastic material such as paper,
and in order to obtain a cigarette having a tar removal
efficiency of greater than 50 percent at a pressure drop
of between 2 and 2.5 inches of water, the porosity of
the paper is preferably less than about 2 seconds, most
preferably between 0.1 and 2 seconds. As suggested
above, this porosity may be the “‘natural” porosity of
the paper or an artificial porosity achieved by mechani-
cally or spark perforating a paper which is more imper-
meable than that above specified. As is well known, the
porosity of papers of this type is measured in terms of
seconds, and as used herein, the term means the aver-
age number of seconds required for the displacement
of 100 cubic centimeters of air through the dry paper
in an area of 1.0 square inch obtained by testing five
specimens with the “felt” side up and five additional
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specimens with the “wire” side up. The method em-
ployed for this purpose has been standardized by the
American Society for Testing Materials and has re-
ceived the ASTM designation D726-55T which is a re-
vision of ASTM designation D726-48. This standard
method has also been recognized by the Technical As-
sociation of Pulp and Paper Industry under TAPPI Ten-
tative Standard T460m-49. Inasmuch as the porosity is
a measurement of the rate of flow of air in seconds
through a sample of dry paper, it will be apparent that
papers having the greater porosity are valued in the
lower number of seconds and the higher number of sec-
onds reflect the more impervious papers.

It will be appreciated that the performance charac-
teristics of the filter of this invention will be dependent
in part not only upon the type and the denier of the fila-
mentary material and the tow but also upon the poros-
ity of the plug wrap through which a portion of the
smoke flows during smoking. In this connection, most
flexibility is achieved if the total exposed area of the
cavity or cavities through which a portion of the smoke
passes is such that it is between about 1 and 15 times
(preferably between about S and 10 times) the area
presented by the filter plug at the exposed end surface
from which the cavities extend. In other words, it is pre-
ferred that the ratio of the total exposed surface of the
cavity or cavities to the exposed area of the end of the
tow adjacent the cavities be between about 1 to 1 and
15 to 1, most preferably between about 5 to 1 and 10
to 1. Also, it is preferred that the percentage of the
total surface area presented by the cavity or cavities
with respect to the total side wall surface area of the fil-
ter plug be within the range of from 20 to 90 percent,
and preferably in the range from 70 to 85 percent.

The filter plug of this invention is readily prepared by
providing a tow of filamentary or fibrous thermoplastic
material having the appropriate denier and over-
wrapped with the plug paper having the indicated po-
rosity. The ends of the fibers or filaments are exposed
at the opposite ends of the tow. The resulting assembly
is subjected to a hot molding operation to impress the
cavity or cavities so that one end of the plug will have
the desired cavity configuration molded into the over-
wrap and the tow. This may be effected by plunging
one end of the plug into a hot ring mold having a scal-
loped interior configuration but having a cross-section
somewhat less than the overwrapped tow. A machine
that may be adapted for such a plunging operation is
described in the copending application of Beard et al.
Ser. No. 171,448, filed Aug. 13, 1971, and assigned to
the same assignee as this application. Alternatively, the
molding may be effected by clamping the overwrapped
tow between hot mold plates having the desired config-
uration.

DESCRIPTION OF THE DRAWING

For a more complete understanding of this invention,
reference will now be made to the accompanying draw-
ing in which:

FIG. 1 is a perspective view of a filter plug con-
structed in accordance with one embodiment of this in-
vention;

FIG. 2 is an end elevational view of the plug shown
in FIG. 1; »

FIG. 3 is a sectional view of one end of a cigarette
constructed in accordance with one embodiment of
this invention using the plug shown in FIGS. 1 and 2
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with the cavity end of the plug in an upstream orienta-
tion; and :

FIG. 4 is the same as FIG. 3 except that the plug is
arranged with the cavity end in a downstream orienta-
tion.

With more. particular reference to the drawings, the
filter plug 10 consists essentially of a tow 12 of cellu-
lose acetate filaments or fibers arranged in a longitudi-
nal direction. The ends of the filaments in the tow are
exposed at the opposite ends of the plug so that as
smoke is drawn through the device at least a portion of
it will flow through the filter from end to end in the
conventional manner. The filter plug 10 is generally cy-
lindrical in shape and has essentially the same diameter
as the tobacco section or rod 14 including cigarette
paper to which it is attached. The side walls of the plug
10 between the opposite ends are closely embraced by
a plug overwrap 16 which is formed from thin porous
paper, preferably having a porosity within the range
previously indicated. In the drawing the relative thick-
ness of the plug wrap is magnified in the interest of clar-
ity. A plurality of cavities 18 are molded in the plug
wrap and in the tow at one end of the filter plug. In the
modification shown in the drawings, there are six of
these cavities, extending longitudinally in parallel, cir-
cumferentially spaced relationship. The cavities extend
from one end of the plug to a position short of the op-
posite end and when overwrapped with smoke impervi-
ous tipping paper 20, as shown in FIGS. 3 and 4, pro-
vide smoke channels for the flow of that portion of the
smoke which does not pass throughout the entire
length of the filter plug. It will be noted that in the end
of the plug opposite the end containing the cavities, a
portion of the porous wrap 16 is in 360° angle contact-
ing non-spaced relationship with the tipping paper or
sleeve 20.

As previously indicated, the total exposed surface
area presented by the cavities is that of the bottom, side
and end walls of each which provide the total surface
through which the smoke passes to or from the chan-
nels. This surface is preferably 1 to 15, most preferably
5 to 10, times the end wall surface of the plug adjacent
the cavities (i.e., the end wall seen in FIG. 2). Also, this
total exposed cavity surface is preferably between
about 20 to 90 percent, most preferably 70 to 85 per-
cent, of the total side wall surface of the plug.

In the modification shown in FIG. 3, the open ends
of the channels 18 are located adjacent the tobacco rod
14 so that during draw a first portion of the smoke en-
ters the end of the plug and passes from end to end
therethrough while a second portion of the smoke
passes directly from the tobacco rod into the channels
formed by the cavities 18 and then through the porous
paper plug overwrap 16 and into the tow 12 for dis-
charge through the downstream end. In FIG. 4 the plug
has been reversed so that the smoke stream divides
after it is within the main body of the tow, a portion
continuing its progress out through the downstream
end and the other portion being diverted or escaping
through the porous plug wrap 16 and then into the
channels formed by the cavities 18. In order to permit
the desired flow of smoke through the channels to an
effective degree, the depth of the cavity or cavities
(i.e., the distance from the bottom of the cavity 18 to
the inner surface of the tipping paper 20) should pref-
erably be greater than about 0.004 inch and suitably
about 0.008 inch.
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Thus, it will be apparent that a filter plug for a ciga-
rette has been provided which presents a large surface
area for the introduction or withdrawal of the smoke
from the filter. One portion of this area constitutes the
end wall of the tow forming the plug and another por-
tion of this area is made up of the side walls of the cavi-
ties formed in the plug. By this structure the efficiency
and pressure drop characteristics of the filter may be
readily adjusted over a wide range to satisfy a desired
requirement. As indicated, this may be done by modify-
ing the filament and tow denier, the porosity of the
paper plug wrap and the dimension and size of the cav-
ity or cavities in the plug.

METHOD OF MANUFACTURE

An important feature of this invention resides in the
ease with which the filter plug may be manufactured at
high speeds with a minimum modification of presently
existing cigarette manufacturing machinery. As indi-
cated, the tow per se is formed of filamentary thermo-
plastic material such as cellulose acetate containing a
suitable plasticizer and the plug overwrap is a conven-
tional high porosity paper which is normally used in the
manufacture of filter plug for fiber type filters. It has
been discovered that this conventional filter plug is
readily adaptable for use in preparing the modified plug
of this invention by a simple molding operation. The
method involves providing the tow of fibrous material
overwrapped with the porous paper and then subject-
ing the composite to hot molding to the desired config-
uration at a temperature and for a time sufficient to de-
form and set the thermoplastic material and paper
overwrap to the desired cavity-containing configura-
tion. The plasticizer plays an important role in the heat
setting properties of the thermoplastic material. A plas-
ticizer such as triacetin is used in amounts ranging from
3 to 15 percent by weight of tow and preferably from
8 to 12 percent. The porous paper overwrap permits
the use of a relatively high mold temperature since it is
not melted by the heat and it prevents direct contact of
the mold with the thermoplastic fibrous material. Thus,
the heat of the mold rapidly sets the fibrous material in
the desired and predetermined configuration without
melting. By use of the high temperature, suitably be-
tween 175° and 300° C., the dwell time in the mold may
be reduced to less than one second. As previously indi-
cated, it will be appreciated that the molding operation
may be effected by plunging one end of the filter plug
through a ring-shaped heated mold having a reduced
diameter and adapted to produce the desired configu-
ration of the cavities in the end of the filter plug. If de-
sired, the mold may be one which closes around one
end of the plug, or it may close around a central portion
of a ““2 up” plug assembly followed by cutting through
a center line to form two plugs, as will be apparent to
one skilled in the art.

SPECIFIC EXAMPLE

A 1.6/45,000 denier cellulose acetate filter plug 25
millimeters long and 8 millimeters in diameter was
wrapped with paper having a porosity of 0.34 second
and subjected to a molding operation to give a plug
having the general appearance shown in the drawings.
To effect the molding a metal ring with a scalloped de-
sign inside the ring and sized so as to permit the 8-
millimeter diameter filter plug to be snugly inserted
therein served as the mold. The metal mold was heated
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to about 275° C. and the 25-millimeter long filter plug
was quickly pushed into the mold and withdrawn, the
total dwell time being about one-half second. The
shape of the plug was permanently altered by the action
of the hot mold to give six equally spaced, longitudinal
channels 20 millimeters long on the surface of the plug.
The modified filter plug was attached to a tobacco rod
of the same diameter by means of tipping paper with
the modified end of the plug abutting the tobacco rod.
The pressure drop (P) across the filter was determined
to be 2.35 inches of water (measured at a flow rate of
14.5 cubic centimeters per second) and the exposed
surface area associated with the longitudinal channels
was approximately 340 square millimeters (equivalent
to a ratio of about 7 to 1 for the exposed surface area
on the side of the plug versus the end). Machine-
smoking under standard conditions resulted in a total
particulate removal (TPM) efficiency (E) of 66.3 per-
cent or an E/P ratio of 28.2 The E/P ratio for a conven-
tional 1.6/45,000 denier cellulose acetate filter plug
smoked in the same manner was found to be 17.6 (74
percent efficiency and a 4.20-inch pressure drop).

While the drawings and the specific example show
cavities having an essentially U-shaped cross-section, it
will be apparent that other cross-sectional shapes are
possible and the shape of the mold may take on a num-
ber of shapes, e.g., hexagonal, square, etc. The cavity
in such instances comprises a discontinuity in the oth-
erwise cylindrical surface of the plug which, when en-
closed by the sleeve of tipping paper, defines the neces-
sary longitudinal passageway for the smoke in accor-
dance with this invention.

While several specific embodiments have been indi-
cated in the foregoing, it will be apparent that many
modifications may be made without departing from the
spirit and scope of this invention as defined in the ap-
pended claims.

We claim:

1. A filter plug for a smoking article comprising a
smoke impervious sleeve embracing a porous tow of
longitudinally extending thermoplastic fibers exposed
at opposite ends for the passage of smoke therethrough
from end to end and a thin non-thermoplastic porous
wrap for said tow, embracing in contacting non-spaced
relationship the side wall of said tow between said ends,
said wrap being in 360° angle contacting non-spaced
relationship with said sleeve for a substantial first por-
tion of its length, said tow having a cavity molded in the
wrap and said side wall and providing a smoke channel
defined by the exterior surface of said wrap and a sub-
stantial second portion of the length of said sleeve, said
channel extending from one of said ends to a location
spaced from the other of said ends.

2. The filter recited in claim 1 wherein the porosity
index of said porous wrap is less than about 2 seconds.

3. The filter recited in claim 1 in which there are a
plurality of said cavities providing a plurality of said
smoke channels. o

4. The filter recited in claim 3 in which said channels
are arranged in spaced, parallel, longitudinally extend-
ing relationship.

§. The filter recited in claim 3 wherein ratio of the
surface area defined by said cavities to the surface area
of said one end is between about | to'1 and 15 to 1.

6. A filter plug for a smoking article being in the form
of a cylinder of essentially uniform cross-section
throughout its length and comprising a smoke impervi-
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ous sleeve embracing a porous tow of longitudinally ex-
tending thermoplastic fibers exposed at opposite ends
for the passage of smoke therethrough from end to end
and a porous paper wrap for said tow, closely embrac-
ing in contacting non-spaced relationship the cylindri-
cal side walls of said tow between said ends, said wrap
being in 360° angle contacting non-spaced relationship
with said sleeve for a substantial first portion of its
length, said paper wrap having a porosity index less
than about 2 seconds, said tow having a plurality of lon-
gitudinal, parallel, spaced cavities, molded in the paper
wrap and the side wall of said tow, providing smoke
channels in the cylindrical side wall of said tow defined
by the exterior surface of said wrap and a substantial
second portion of the length of said sleeve, said chan-
nels extending from one of said ends to a location
spaced from the other of said ends, and the ratio of the
exterior surface areas presented by said cavities to the
exterior surface area of said one end is between about
1toland15tol.

7. The filter recited in claim 6 wherein the percent-
age of the exposed surface areas within said cavities is
between about 25 and 90 percent of the total side wall
surface area of said tow.

8. The filter recited in claim 6 wherein the fibers are
cellulose acetate filaments, the denier of the filaments
is between about 1.3 and 16 and the total denier of the
tow is between about 38,000 and 100,000.

9. A cigarette comprising a tobacco section over-
wrapped with cigarette paper, a porous filter plug posi-
tioned at one end of said tobacco section, and a smoke
impervious sleeve overlying portions of said plug and
said tobacco section for holding them in fixed relation-
ship, said plug comprising a tow of longitudinally ex-
tending thermoplastic fibers for the passage of smoke
therethrough from end to end and a thin non-
thermoplastic porous plug wrap, embracing and in con-
tacting non-spaced relationship with the side wall of
said tow between the ends thereof, said plug having a
cavity, molded in the plug wrap and said side wall, said
wrap being in 360° angle contacting non-spaced rela-
tionship with said sleeve for a substantial portion of its
length providing a smoke channel defined by the inte-
rior surface of said sleeve and the exterior surface of
said wrap extending from one end of said plug to a loca-
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tion spaced short of the opposite end thereof whereby
a portion of the smoke from the tobacco section passes
through said tow from end to end of said plug and an-
other portion of said smoke passes through said chan-
nel, said porous plug wrap and a portion of the two in
said plug.

10. The cigarette recited in claim 9 wherein said one
end of said plug faces upstream.

i1. The cigarette recited in claim 9 wherein said one
end of said plug faces downstream. co

12. A cigarette comprising a tobacco section over-
wrapped with cigarette paper, a porous filter plug posi-
tioned at one end of said tobacco section, and a smoke
impervious sleeve overlying portions of said plug and
said tobacco section for holding them in fixed relation-
ship, said plug having a uniform cross-section substan-
tially the same as that of the tobacco section through-
out its length and consisting essentially of a tow of lon-
gitudinally extending thermoplastic fibers for passage
of smoke therethrough from end to end and a porous
paper plug wrap, closely embracing and in non-spaced
contacting relationship with the side walls of said tow
between the ends thereof, said plug having a plurality
of longitudinal, parallel, circumferentially spaced cavi-
ties, molded in the paper plug wrap and the side wAll
of said tow, said wrap being in 360° angle contacting
non-spaced relationship with said sleeve for a substan-
tial portion of its length provIding a plurality of smoke
channels defined by the interior surface of said sleeve
and the exterior surface of said wrap extending from
one end of said plug to a location short of the opposite
end thereof whereby a portion of the smoke from the
tobacco section passes through said tow from end to
end of said plug and another portion of said smoke
passes through said channels, said porous plug wrap
and a portion of the tow in said plug.

13. The cigarette recited in claim 12 wherein the po-
rosity index of said paper plug wrap is between about
0.1 and 2 seconds.

14. The cigarette recited in claim 13 wherein the
ratio of the exterior surface areas presented by said
cavities in the plug to the exterior surface area of said

one end wall is between about 1 to 1 and 15 to 1.
%* * * * %
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