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man, Charlotte, N.C., and James F. Carothers, Fort 
Mill, and Ralph G. Higgias, Jr., and Charles R. Haley, 
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Fied Juae 26, 1958, Ser. No. 744,844 
54 (Cairns. (C. 56-167) 

The present invention relates to novel filters particu 
larly suited for filtration of tobacco smoke, intermediates 
therefor, and processes of making such filters and in termediates. 
Most cigarette filters presently available are composed 

of bundles of synthetic filaments extending generally 
longitudinally of the cigarette although at any given 
point the filaments may, and preferably do, deviate from 
the general longitudinal direction, i.e. the filaments are 
crimped. in production of filters from such materials, 
prior to wrapping with paper, it is necessary to form the 
bundle or tow of filaments, to crimp the bundle, and 
then to store the crimped filaments because the linear 
speed of subsequent processing differs from these earlier 
steps. It is then necessary to work or open the bundle 
or tow to separate the individual filaments so that their 
crimps will be de-registered in order not to provide chan 
nels through which smoke will pass without being fil 
tered, and to plasticize the opened tow to assist cohesion 
of the filaments into a firm body. Following wrapping 
with paper the filters must be "cured' to cause the fila 
ment to adhere at points of contact and to stiffen the filters. 

It is an object of the present invention to provide a 
novel non-woven batt which can be manufactured easily 
and inexpensively, and which is suited for use in mak 
ing filters for tobacco smoke. 
Another object of the invention is to produce novel 

non-Woven batts using the same filament extrusion equip ment generally used in spinning yarns. 
Yet another object of the invention is to provide a 

cigarette filter of improved efficiency, of reduced weight, 
and of high whiteness even without added pigment. 
A further object of the invention is to provide novel 

procedures for producing cigarette filters which perform 
as well as or better than existing filters. 

till another object of the invention is to provide novel 
ter materials free of plasticizer and/or adhesives, com posed exclusively of filamentary material. 
Other objects and advantages will become apparent 

from the following detailed description and claims. 
In accordance with one aspect of the present invention 

filament forming material in liquid phase, e.g. in solu 
tion, is extruded through a plurality of orifices in the 
form of substantially parallel filaments and the individual 
filaments are caused to be moved about relative to one 
another so as to contact each other while still plastic 
and to coalesce or fuse at randomly spaced points, there 
by forming a random non-woven batt. The batt is 
drawn away from the point of extrusion at a linear speed 
considerably slower than the linear speed at which the 
filament forming material is extruded through the orifices 
so that the weight of the batt per unit length will be 
considerably greater than if the filaments were withdrawn 
at the same linear speed at which they were extruded. 
The exact rate of withdrawal will depend upon the num 
ber of orifices, the speed of extrusion and the desired 
denier of the batt, i.e. the desired weight in grams of 
9000 meters of the batt. This denier will depend upon 
the end use contemplated for the batt; when it is in 
tended to be used for manufacturing filters for cigarettes 
of conventional size, e.g. about 25 mm. in circumference, 
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the denier of the whole batt generally ranges from about 
40,000 to 500,000 and preferably 55,000 to 100,000. 
Generally, the speed of extrusion of the filaments will 
be at least about 100 times, and preferably at least about 
400 times, the rate of withdrawal of the batt, although 
as noted the exact ratio may be varied widely depending 
on the other conditions of operation. 
The preferred batts generally have a thickness of at 

least about 5 mm., e.g., 10 mm. to 50 mm., and a width 
of at least about 25 mm., e.g. about 50 mm. to 300 
mm. The apparent density of the batt as measured with 
a substantially uncompressed sample is generally less than 
2 pounds per cubic foot and preferably less than 1 pound 
per cubic foot. 
The dried batt can be rolled up or it can be given 

a small twist so as to form a rope of approximately 
cylindrical configuration. In either of these instances, 
or preferably directly as withdrawn in the form of a 
non-woven batt of randomly directed filaments, the mass 
is passed through a trumpet which reduces it to a cross 
section corresponding in size and shape to the cigarettes 
into which filters are to be incorporated. The continu 
ously moving, approximately cylindrical rope is then 
processed into cigarette filters in generally the same man 
ner that a conventional opened and plasticized tow is 
processed, e.g. it may be continuously wrapped in paper, 
cut into predetermined lengths and either packaged for 
subsequent incorporation into cigarettes as the filter ele 
ments thereof or directly incorporated into cigarettes, 
except that curing is not necessary. 
The characteristics of the non-woven batt and the 

performance of cigarette filters produced therefrom will 
be largely dependent upon the conditions of extrusion. 
For example, the filaments when they contact each other 
should still be sufficiently plastic to coalesce; on the 
other hand, if not sufficiently dry when they contact each 
other and are deposited on the support, they will mat 
down and form a thin relatively dense batt which is less 
suited for cigarette filter production although it may have other uses. 
Examples of filament forming materials are organic 

derivatives of cellulose such as ethers and/or esters there 
of, e.g. ethyl cellulose, cellulose acetate, cellulose pro 
pionate, cellulose butyrate, cellulose acetate formate, cel 
lulose acetate propionate, cellulose acetate butyrate, etc., 
which esters may be ripened so as to modify their solu 
bility characteristics or may be unripened, i.e. containing 
fewer than about 0.29 free hydroxyl groups per anhy 
droglucose unit, such as cellulose triacetate. While 
other filament forming materials such a polyamides, e.g. 
nylon 6 or 66, linear polyesters such as polyethylene 
terephthalate, acrylonitrile polymers and copolymers, 
olefinic polymers suc has polyethylene, polypropylene, 
polyvinyl chloride, polyvinyl acetate, polyvinyl chloride 
vinyl acetate, polyvinylidene chloride, and the like, can 
be employed, organic acid esters of cellulose, such as 
cellulose acetate, are preferred and these are advantage 
ously extruded as a solution into a heated evaporative atmosphere. 
The invention will be more fully described with refer 

ence to the accompanying drawing, wherein: 
FIG. 1 is a schematic perspective view of an apparatus 

for forming cigarette filters in accordance with the in vention; 
FIG. 2 is a perspective view of a portion of a cigarette, 

with the papers shown in section, having incorporated therein the filter of FIG. 1; 
FIG. 3 is a plan view on an enlarged scale of the batt 

24 formed in FIG. 1; and 
FIGS. 4, 5, 6, and 7 are photomicrographs of lengths 

of individual filaments of the batt of FIG. 3. 
Referring now more particularly to the drawing, in 
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FIG. 1 there is shown a closed cabinet E.1 (with the 
front removed so that the inside is visible) housing an 
endless highly porous member such as a wire Screen i2 
trained about shafts 13, 4, at least one of which is ro 
tated, at relatively low speed, so that the top of Screen 
12 moves to the right. Hot air is admitted to the cabinet 
11 at 15 and vapors leave through pipe i6. 
A solution of a filament forming material dissolved in 

a volatile solvent is supplied by a conduit i7 to a multi 
orificed spinnerette or jet E8 through which it is extruded 
under pressure, in the same manner as when spinning 
yarn, as a plurality of substantially parallel filaments 
19 directed toward moving screen 2. Inclined pipes 
20 and 21 are positioned in front of and behind the plane 
of the filaments i9, i.e. to the right and left of said plane, 
and direct jets of fluid, e.g. compressed air, fore and aft 
at the filaments 9 before they reach screen 12 and cause 
the filaments to be drawn, i.e. to be reduced in denier, 
and to swirl about in a turbulent Zone, each filament 
whipping about and forming entanglements with itself 
and with other filaments. The solvent in filaments 19 
starts evaporating upon contact with the hot air in cabi 
net 11 but the filaments 9 are still sufficiently wet and 
plastic when acted upon by the air blasts from pipes 20, 
21 so that they occasionally fuse where they come in 
contact and are distorted into varied geometrical con 
figurations which are set by the rapid drying as a result 
of the air blast. A pair of lateral baffles 22, 23 (the latter 
being shown partly broken away) are positioned above 
screen 12 and determine the width of the batt 24 which 
forms as the entangled filaments 9 drop to the screen. 
These baffles also serve to prevent formation of a batt 
having lateral edges of lesser thickness or height than 
the middle, i.e. they aid in producing a uniform batt. 
As noted, the blasts of air through pipes 20, 21 also 

serve to dry the filaments 19 so that the batt 24 is almost 
fully dry after moving only a short distance toward end 
wall 25 of cabinet E.1. The batt 24 accordingly does not 
mat down but rather is lofty and of low density. The 
batt is carried along by screen 12 and leaves cabinet it 
through an elongated slit 26 in end wall 25. 

Batt 24 then enters the wide end of a trumpet 27 and 
is compacted laterally therein and changed in cross sec 
tion from a wide rectangle to an approximately cylindrical 
rope 28 of the approximate cross-sectional shape and 
size of a cigarette. Rope 23 enters a paper wrapping ap 
paratus 29 along with paper 30 and an endless belt 3, 
the paper 30 being wrapped about rope 28 and glued in 
apparatus 29 in conventional manner. The wrapped rope 
32 issuing from apparatus 29 is then cut by knife 33 into 
filter plugs 34 of predetermined length. 
The plugs 34 are incorporated as the filters in cigarettes 

in conventional manner. As shown in FIG. 2, the plug 
34 comprising a portion of rope 28 and paper 36 is 
wrapped together with cigarette tobacco 35 in an outer 
paper 36 to form a filter-tipped cigarette 37. 
As can be seen in FIG. 3 the batt 24 is an entangled 

mass of substantially continuous substantially randomly 
directed filaments 9 which are adhered to each other at 
spaced points so as not to be capable of being individually 
pulled out, although the individual filament identity is 
apparent over short distances. The edges of the batt 24, 
are of substantially the same thickness as the middle of 
the batt. The agitation and turbulence produced by the 
air blasts produce the random structure as well as many 
small neps or clusters 38 which appear to be composed 
of tight coils, knots, or entanglements of one or more 
filaments. It has been observed that filters made from 
batts having such neps exhibit greater filtration efficiences. 
The batt and filters produced therefrom are character 

ized by extreme uniformity, individual filters produced 
from different portions along the length of a given batt 
having substantially the same weights per unit length, the 
same filtration efficiences, porosity, etc. The filters com 
pare extremely favorably, in both cost and performance, 
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4. 
with conventional filters. While a plasticizer may be 
used, it is not necessary, and the plugs are of satisfactory 
firmness and resilience. They are also of excellent white 
ness, although no pigment has been incorporated. The 
weight of the novel filter, per unit length, is less than 
that of conventional filters of equal filtration efficiency. 

In place of an elongated spinnerette as shown, a con 
ventional spinnerette with orifices arranged in a circular 
pattern may be employed; several spinnerettes may be 
lined up transversely of the cabinet 1: to form a non 
woven batt of greater width (the baffles 22 and 23, if 
present, being spaced further apart) or they may be 
lined up in longitudinal direction of the cabinet to form 
a laminated batt of greater height or thickness. If de 
sired, subdivided absorbents such as silica gel, fiber floc, 
or the like can be deposited on the batt 24 in cabinet 11 
shortly after its formation and thus may be embedded 
in the batt; if introduced before the batt is dry such ad 
ditives may even be held adhesively within the batt. In 
addition to use in making cigarette filters, the batt can 
be used in spread condition for making flat filters or other 
articles generally prepared from non-wovens. 
The number and disposition of the air blasts can be 

varied as desired to modify the physical properties of the 
resulting batt. 

Depending upon the temperature of the air in the 
cabinet and the conditions of extrusion, it is possible to 
practice the invention without moving the screen 12, i.e. 
the batt immediately upon dropping to the screen will 
be sufficiently coherent to be moved over the stationary 
Screen without being disrupted. In place of a screen as 
Support for the batt, a plurality of parallel spaced fila 
ments or yarns from a metier or a supply package can 
move beneath the spinnerette and can be joined to the 
batt as a reinforcement. If the entangled mass is suf 
ficiently coherent as formed a support can be entirely 
omitted. 

In the event that the denier of the batt 24 is greater 
than that desired in the filters, the denier may be reduced 
by speeding up the support or by drafting prior to con 
densing the batt in trumpet 27, e.g. by passing the batt 
between a plurality of pairs of rolls successively moving 
at greater peripheral speed. The resulting denier of the 
batt will be the product of the original denier and the 
peripheral speed of the first pair of rolls divided by the 
peripheral speed of the last pair of rolls. 

In accordance with another aspect of the invention, it 
has been found that more coherent batts and superior 
filters are produced when the filaments are extruded under 
extremely high pressures. Desirably the extrusion pres 
Sure exceeds 600 p.s.i.g., which can be attained by em 
ploying small orifices, e.g. round orifices about 040 mm. 
or less in diameter with linear rates of extrusion of 700 
or more meters per minute. Under such conditions the 
solvent appears to flash off and produces filaments hav 
ing surface characteristics different from those generally 
resulting from dry spinning a solution through round 
orifices. Specifically, as shown in FIG. 4, a length of 
an individual filament 39 is twisted about itself to form 
a loop 40. On a more highly magnified scale as shown 
in FIG. 5, the filament 39 has a ribbon-like rugose surface 
with helical striations 41. FIG. 6 shows another filament 
42 having a longitudinal fold 43 and substantially parallel 
circumferential striations 44. These are shown on a less 
highly magnified scale in FIG. 7. The folds 43 differ 
in height and their width varies from about one-tenth to 
one-third of the fiber width. Their surfaces are slightly 
indented. Some bifurcate into two divergent folds. The 
folds may be well separated or almost touch; in some 
a leas they are very irregular and appear crumpled. If 
any one fiber is examined through a small part of its 
length, all or only some of these features may be ob 
served. 
As would be expected from the elevational views of the 

filaments, in cross section they are irregular and have 
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many lobes and deep indentations. In general, the 
filaments 19 have a rough crenulated surface which re 
sembles the bark of a tree. As a result of the striations 
and the knots there is more surface for a given weight 
of filament. The pits and irregularities increase the en 
trapment of Smoke particles when used as a filter and 
the irregularities produce a locking action which resists 
relative displacement of the filaments so that a stronger 
more firm filter plug is produced. 

Example 
Using the apparatus shown in the drawing, a 26.8% 

by weight solution of cellulose acetate, acetyl value of 
55%, in acetone is extruded through a jet having 30 
circular holes, each .034 mm. in diameter, at a linear 
speed of about 1850 meters per minute (i.e. at a total 
volume of 50 ml, of solution per minute). The extrusion 
pressure is 1500 p.s.i.g. The temperature of the solu 
tion is 88 C. Air is withdrawn at a temperature of 75 
C. after being admitted to the cabinet at a temperature of 
80° C. The screen 12 is positioned 20 cm. below the 
spinnerette and advances at a speed of 1.75 meters per 
minute. The lower ends of baffles 22, 23 are spaced 4.5 
inches apart. Pipes 20 and 2 terminate in wing tips 
which direct sheets of air at 20 p.s.i.g. and 25 C. at ap 
proximately 45° angles with the vertical, the pipes being 
positioned so that the air blasts impinge upon the fila 
ments and produce a turbulent zone about 15 cm. below 
the face of the spinnerette. The resulting bat is about 
1 cm. thick and has a denier of 57,000. As formed, it 
is fed into a filter making apparatus and converted into 
paper wrapped filter plugs 15 mm. long and 25 mm. in 
circumference. The cellulose acetate in each plug weighs 
102 milligrams. It is tested on conventional filter testing 
equipment to determine the amount of suction needed to 
draw a predetermined volume of air therethrough under 
fixed conditions and to determine the percentage of solids 
removed from the smoke produced by smoking cigarette 
tobacco. Fore ease of comparison the results are tab 
ulated below along with those for plugs of two of the 
most effective filter cigarettes commercially available: 

New 
Process Control A Control B 

Pressure Drop, mm. H2O.--------------- 57 50 70 
Plug length, Inn.--------------- - 5 15 10 
Filtration. Efficiency, Percent.----- - - - 27 22 18 
Plug Weight, Ing----------------------- 102 180 120 

From this tabulation it can be seen that the novel plugs 
have a pressure drop intermediate the controls, indicating 
a lack of parallelism in the filter so that there is no 
cilanneling. The filtration efficiency of the novel filter 
is about 20% greater than that of the better of the con 
trols and 50% greater than the other control; its weight 
is less than 85% than that of the shorter plug (of lower 
efficiency) and less than 60% than that of the more efficient plug. 
The individual filaments vary in denier, averaging 

between about 2.6 and 3.2. Their cross sections are 
extremely irregular due to their pits and crenulations, 
and the cross section of a given filament varies consider 
ably at different longitudinal locations along the filament. 
In general the average maximum width of each of these 
filaments is about 30 microns while the average minimum 
width is about 10 microns. 

It is to be understood that the foregoing detailed de 
scription is given merely by way of illustration and that 
many variations may be made therein without depart 
ing from the spirit of our invention. 

Having described our invention what we desire to se 
cure by Letters Patent is: 

1. The process which comprises extruding a filament 
forming material in liquid phase through a plurality of 
orifices to form substantially parallel filaments, agitating 
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6 
said filaments while still in plastic and mutually adhesive 
condition whereby the filaments contact one another ran 
domly and are coalesced at randomly spaced points in the 
absence of any externally applied binder, and collecting 
Said coalesced filaments in the form of a non-woven batt. 

2. The process set forth in claim 1, wherein said fila 
ment forming material comprises cellulose acetate. 

3. The process set forth in claim 1, including the fur 
ther step of withdrawing said batt from where formed at 
a linear speed sufficient to product a batt of at least about 
40,000 denier. 

4. The process set forth in claim 3, wherein the fila 
ment forming material is extruded under a pressure in 
excess of 600 p.s.i.g. 

5. The process which comprises extruding a filament 
forming material in liquid phase through a plurality of 
orifices to form substantially parallel filaments, directing 
a jet of a gas against said filament while still in plastic 
and mutually adhesive condition whereby the filaments 
contact one another randomly and are coalesced at ran 
domly spaced points in the absence of any externally ap 
plied binder, and collecting said coalesced filaments in the 
form of a non-woven batt, 

6. The process set forth in claim 5, including the step 
of laterally confining said jet of a gas and said batt to pro 
duce a batt of predetermined width. 

7. The process which comprises extruding a solution 
of a filament forming material in a volatile solvent 
through a plurality of orifices into an evaporative atmos 
phere to form substantially parallel filaments, directing 
a jet of a gas against Said filaments while still in plastic 
and mutually adhesive condition whereby the filaments 
contact one another randomly and are coalesced at ran 
domly spaced points in the absence of any externally 
applied binder, and collecting said coalesced filaments in 
the form of a non-woven batt. 

8. The process set forth in claim 7, wherein said solu 
tion comprises cellulose acetate dissolved in acetone. 

9. The process set forth in claim 7 wherein said non 
Woven batt is collected on a porous support, and moving 
said Support at a linear speed sufficient to produce a batt 
of at least about 40,000 denier, 

10. The process which comprises extruding a solution 
of a filament forming material in a volatile solvent 
through a plurality of orifices into a chamber to form 
Substantially parallel filaments, continuously supplying 
air to said chamber and withdrawing air and solvent 
vapors therefrom, directing a jet of air against said fila 
ments while still in plastic and mutually adhesive condi 
tion whereby the filaments contact one another randomly 
and are coalesced at randomly spaced points in the ab 
sence of any externally applied binder, collecting said 
coalesced filaments in the form of a non-woven batt, and 
continuously withdrawing said non-woven batt from said 
chamber at a linear speed less than that at which the solu 
tion was extruded through said orifices. 

11. The process which comprises extruding under a 
pressure in excess of 600 p.s.i.g. a solution of cellulose 
acetate in a volatile solvent through a plurality of orifices 
into a chamber to form substantially parallel filaments, 
continuously supplying air to said chamber and withdraw 
ing air and solvent vapors therefrom, directing a jet of 
air against said filaments while still in plastic and mutu 
ally adhesive condition whereby the filaments contact 
one another randomly and are coalesced at randomly 
spaced points in the absence of any externally applied 
binder, collecting said coalesced filaments on a porous 
support in the form of a non-woven batt of predetermined 
width, and moving said Support at a linear speed sufficient 
to produce a batt of at least about 40,000 denier. 

12. The process which comprises extruding a filament 
forming material in liquid phase through a plurality of 
orifices to form filaments, agitating said filaments while 
still in plastic and mutually adhesive condition whereby 
the filaments contact one another randomly and are 
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coalesced at randomly spaced points in the absence of 
any externally applied binder, collecting said coalesced 
filaments in the form of a non-woven batt, comprising 
said batt into a rope of the approximate size and cross 
sectional shape of a cigarette, and forming said rope into 
filters for cigarettes. 

13. The process which comprises extruding a solution 
of a filament forming material in a volatile solvent 
through a plurality of orifices into an evaporative atmos 
phere to form filaments, directing a jet of fluid against 
said filaments while still in plastic and mutually adhesive 
condition whereby the filaments contact one another 
randomly and are coalesced at randomly spaced points 
in the absence of any externally applied binder, collecting 
said coalesced filaments in the form of a non-woven batt 
having a denier of at least about 40,000, compressing 
said batt into a rope of the approximate size and cross 
sectional shape of a cigarette, and forming said rope into 
filters for cigarettes. 

14. The process which comprises extruding under a 
pressure in excess of 600 p.si.g. a solution of cellulose 
acetate in a volatile solvent through a plurality of orifices 
into a chamber to form filaments, continuously Supply 
ing air to said chamber and withdrawing air and solvent 
vapors therefrom, directing a jet of air against said fila 
ments while still in plastic and mutually adhesive condi 
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tion whereby the filaments contact one another randomly 
and are coalesced at randomly spaced points in the ab 
sence of any exterinally applied binder, collecting said 
coalesced filaments on a porous support in the form of a 
non-woven batt of predetermined width, moving said 
support at a linear speed sufficient to produce a batt of at 
least about 55,000 denier, compressing said batt into a 
rope of the approximate size and cross-sectional shape 
of a cigarette, and forming said rope into filters for 
cigarettes. 
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