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Anmproved tobacen smoke filter i prosided for cia-
argties ard the like focmed of & Med or rod of <shrods
al & porows cellulese ester materigh having 4 low pack-
ing density and an imcressed sulace arcs whech ik
readily seeessible 13 the smoke seresnd for deposinegn
al smoke particles, The filler draw resstoneg com-
prsCs a pressure drop &2 or below 2.5 anches of water,

|;§| 1317287, l“-ﬁ‘"i The cellulise esler maleral in shred form has o wur-

Jﬁs] Im. . {u‘” u“,c:; fuec arca of from aboul U6 1 310 square weleds per

|5B] FKield of "‘“"\‘h I ].Izﬁllg;f‘ll'j mram, a mean pore dameler of [rem aboul Y to X mi-
iy

croms, and & porosity of bolween B% pereent and %
percent. The widih and thickness of the shreds shouli
e between about 1.25-2 10 mm oand 41250025 mm,
respeetively, The shreds are formed by casting a dope
af the cellulosy ester dissolved o sobvert and plasti-
clzer 10 which starch and salfne sokiian are prosent
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TOBACCO SMOXE FILTER

CROSS REFERENCE TQ RELATED APPLICATION

Thin appiication is a Continuation-in-Part of opur
Unired Stages patem gpplication Ser. No. 33 621 filed
May I, 1970, now abandaned which was a Continua-
tiom-in-Part of our Uniled Stales patent applicatsn Ser,
Mo. B45 384 filed Aug 121, 196%, entitled “Tobacco
Smoke Filter,'" aow abandoned

BACKUGROUND OF THE INVENTION

The reduction in tar delivery which can be achicved
with conventional oigarette Nlters is limited by the ne-
ceasity of mainlaining an acceptable cigarette pressure
drop while, a1 the same time, mantaining e quality of
the smoke. A continuing search had been made both
within, and putside, the 12bacon indusiry for more effi-
cient tagarette flter.

Heretalore allempts to incorporate porous materials
into cigarette fillers to increase the filter's efficiency
hawe met wirh nly bynited sucoess in that Lhey lase not
proven highly efficient in tar zemowal ul acceptable
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pressure drops. Such prior art Gler materials include, ~

for example, activated chaicoal in granulsr fornm, as o
self sustaining bonded rod of incorparated on fibers or
web material, activated alumina, silica gel and various
1ypes of sypubend mying v granular foim.

SUMMARY OF THE INVENTION

Lt s the principal nhject of the present invention 1o
provide an improved eigarette filier cellulose eier ma-
terial capahie of filering a smoke aerosol a acceptable
pressure degps of al nr helow 2.9 inches of water with
a high degree of efficiency s 435 to remave at lean $0%
of the tar from the aerosol without adversely affecting
the tahacco flavor.

Another objeer is 1o provide such a cellulase ester
material which can be produced a1 a sufficiently low
ciost &0 as to enahle the same to be competitive with ex-
isting filter matenals.

These and ather beneficil vhjecls and advantages
are anamed m accordance with the present nyention
by providing g filier comerituent formed of porous cellu-
lose ester shreds have a vurface areu between Hé am]
3.0 square méters per g2am, 1 porosity of between B5
percent and 90 percenr and = mean pore diameter of
from about 2 to 20 micrans. The width and thickness
of the shreds should preferably be hbetween ahout
0.25-2 {1 mm and 0.025-0.25 mm, respactively. The
individual filter shreds are proked in ahuting provimty
with one anolher to form a bedd or @ rod 5o g to provide
& torluuowns path fur the smoke aenwl

BRIEF DESCRIPTIHON OF THE DRAWINGS

In the accumpanying drawing.

FIG. 1 i1 o cross-sectinnal view of a cigarctie pro-
vided with g filter incorporating the poroys material of
the preseat inventioh,

FI. I, which is a view similar 12 FIG. 1, depicts 2
cigareue Rler employiog the porous maenal of the
presenl invention winh a comventeonal mouthpiece.

FiCr. 3 i@ 3 scanning clectron microscape pholagroph
ar SO0X mugnification showing the porous natue of
the material.
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DESCRIFTION OF THE PREFERRED
EMBODIMENTS

[n FIGG. 1 a cigaretre §0 s provided with a filter 12
utilizing the potaus cellulase ester shrads of the present
invention. The cigaretie mcludes a tehaceo rod 4
comprising tobaceo matenal 16 contained within a
paper tube 18 o which the filer 12 s secuted. The fil
ter 12 contumns the porous cellulose ester shreds
contained within & wrap 22, An outer wrnp 24, which
may be firmed of paper ur cutk, oveilies the entire fAl-
ter and extends somewhat beyond the tabaceo rod-
fitter interface. If desired, the shreds may be bonded 1o
one another at random points with a convenuonal plas-
ticizer such ax, for crample. tristhylene glycol

The porous cellulose gster shreds 20 arg formed fac-
ing physical characteristics defined by a surface area of
between aboul 0.6 square meters per gram and 2hout
3.0 square maters per gram, s porosity af herween hf
percent and 90 percent, and & mean pore diameter of
from about 2 to 20 microns. it s preferred, however,
that the surfzce area range from about 1 to 3 sq meters
per gram. The parmity of the cellulase e r matepial
is the percentage of the total volume cocumed by vopds
contained within each particle retated 10 the 1oluf val-
ume of the particle, The approsimate relatinnship be-
tween pore volume, pare diameter. and surface aei is
defined by the following equativen (asummg cylindzical
Pores):

Volume of Pores {in cofpm)Surface area gembgm; -
0 25 Pore Lhameler (incm b

1ke lengths of the indivigun! shecds sheuld be ot lepst
0.5 mm ang should vary from ahout @ 5 mm b K mm;
lhe width of the indiveluil shreds should vary trom
abaut (h25 mm to & mm; and the thickness of the mdi-
viduwa! shreds showld vary Fromr about 025 w025
mm Good resulis were shlamed using porous shreds of
celluloge agerate havimg a mean thickness of 003 mm
and & mean width of 1.0 mm The ross-sections| con-
figuration of the individual shreds is oo eritieal, al-
though ribbon.shaped shreds ave preferred.

The filter efficieney and draw resistance of the filer
bed is also, of course, relaied 10 the bulk density of
shreds within 1he bed and in this connection the shred
buli density should be berween .03 and 40,40 grams
per e and prefesubly between 0 09 and .30 yroms per
2¢ 1o provide pressure drops across the fillgr section of
approaimately 2 w 2.5 inches of water The shredg are
packed inte abulting praximily with one annther and,
thus, unhke granular filer material, have a high degree
of seif-cohesiveness.

Varous cellulose esters may also be employed, as.
for example, porous cetlulose propionate . porous cellu-
lose butyrate or the dike. Poooud cellulose acetate is the
preferred cellulose exter because consumers have be.
come azoustomead t the taste of smoke drawn through
3 cellulose acetme Niliar.

FIG. 2 depiets a vigarstie 32 pravided with a filter 34
formed of a shredded porous cetiulose ester 34 in ac-
cordance with an aliemate emnbodiment of the present
invenwon. [he filter 34 comprises two sections. ta-
bacco section 3% formed of shredded porous cellulnge
egter 36 abutiing the sobaceo rod 14 and mouthpiece
section 37,1 he moulhpigee section mey be made from
conventioni | fibrous material such as cellulose acetate
tow  The porous matecial 36 of the tobacea section 38
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of the fllter posscssen the same physical characteristics
st locth previously.

FIG. 3 ilustrates pictoriall y the porous nawure of the
shredded material which here is celtuloss acetare. The
photugraph is 3t 530X magnifieation.

Parons materials in accordance with the present in-
vention may be manufuciured from cellubose esters by
encasing a stacch with the cster, swelling the starch and
then remaving the starch by gnzymatic andsor chemical
hydrolysis or by solubilizing the starch by cooking in
water and draming off the solution. This process pro-
vides poreus cellulase alers having the desived surface
area and mean pore diameter. The porous cellulose es-
tert are made as shieds of the desired width and thick-
ness and. thus, may be formed inta filter ¢lements by
employing standard cigareuwe making machinery.

For a bewer description and understnding of the
method for making synthetic potous cellulose calers
having the charactetistics of the invention herein, the
faflowing examples are provided. In each example, the
starch utihzed was une which, upon swelling, produced
a pare of from 2 to 20 microns. Since the swefiing rutes
of the starches utlized was of the order of 1 percent.
the snitial starch parsicle size was from | w10 microns,

Alsu, in mach of the following examples. the enzyme 2

used was an alpha-amylase of bacleria) orgin commer-
cially available under the trade name TENASE from
Miles Laborataries. The “parts” of the cxamples are
prafts by werght

EXAMPLE §

One hundred parts of cellulose aceiate were dis-
tolved in 3 salution of 800 parts acetone and 20 parts
plasticizer (6 paris triethylene glyenl diacerats, § puris

palyethylene having 2 malecular weaght of 604U, this -

amounl being 20 percent of the cellulose acetate
wenght The resabing dope was stirred for 3wdd) min-
utes until all the cellujose acetale had been dissolved.
A warm salt solution of abow 30° C. comprivag 30
parts sodium ehiornide and YU parta water was slowly
mized inlo the dope belure blending in 300 pans corn
slarch. The resulting minture was stirted for about one
hour, after which the misture was rolled into a sheet at
thiekness 50-85 pervent uf that Jesired lor the final
product.

The dried sheet was cut into shreds aboin 29 cuts per
inch, using 2 gudiotine culter similar to the type em-
ployed for making tobaceo shreds from the tobacco
teaf. The irregular, flaked and powdered mialerial war
separpied from the shredded mateérial by screening
The sheedded matenal, 1 part by weight, was sus-
pended in 4 patts of 0,012 medar calcium chloride, and
the resulung slurry adjusied o pH 7 with sodium by-
dronide to approximately 1.02M. The shuery was heated
in a pressurized vesset ac about |20°C. and 15 psi for
about 30 minutes 1o eapand the starch and 10 nuptore
the pore walls. The slurry was then croled 1o 88°-35°
C Singe the slurry was praviously adjusied for engy-
matic annditions, O (03 parts of o concentiated alpha-
amylose [TENASE - Miles Luboralones ) solution was
added for solubilizatian of the starch. To effect solubili-
zalion of the siarch, the temperature was mamtained at
between 88" and 92%C. with occasional agitation. Solu-
huizanon of the starch was substantially completed
after 301e 60 minutes, The solubles were drained from
the shredded mareral which was then thorumghly
waghad with hot tap water, then apread out 1o dry
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under ambient conditions. The drv shredded poroue
cellulme acetate was ajr fiuffed and sereened (o bacak
wp roped material and long strands. The mean shred
size obtaingd after seloctively sicving the dry material
was found to be .88 mm in width and U.03(15 mm o
thickness The surface area was found to be about 1.2
M®/gm with a porosily of about 80 percent.

Sufficient shreds ware packed into p filter (ube 25
mm long and 24_8 mm in circumierence (o provide a
bulk density af about (.122 gmafemn’ and a prossure
dropof 3.7 incher, The filter removed 7| petcent of the
tar when attached to a conventional cigaretie.

EXAMPLE I

The: relationship between pore volume, surface area
and pore gizs has been previously discussed. Thus, with
the mean pore diameter ranging between 8 10 12 mi-
arons the offect of the total volume sad the suiface
area may be esamined where starch o acelate raio in
the preparalion of the porous cellulose acelate shoeds

are fxed in 11, 201, %0, and &1 ratios as s¢1 forth in
Fabie | belosw:
TABLEI

Asrrage
Suarchice Surfare Filtratun
FAate Lacd m Furwey Acrca Elfice ncy
Breparannn L} Mg L]
1l 51 i 1
H =6 us su
b I'H 1z ak
wl W 2 Y

The fiher emmploving the malerials indicated m the
table above were all 25 mm in Jength and packed with
sufficient porous shreds 1o provide a pressure drop of
2.4 inches.

From the examples presented herein with regard 1o
the porous cellulose avetate shreds, cther cellulosa
es1er matenals such s cellulose propicnate or cellulnac
buryrate may be emploved in place of the porous cellu-
lose acetnte ester of the examples herein,

Tr compare the eachings of the prioe art and the ad-
vanees made by the applicants herdin, apphcants’ po-
tous cellulose ester made in accordance with this in-
vention is compared with the teachings of the prior are
asz get forth in U8, Pat. No. 3,164 938 granied to Mum-
power ), ct al, dan. 23, |948 This patent discloses nri-
croporous polyelefin floe type of powder which is ap-
filied o the surface of crimped cellulose acetate fila-
ments which i then formed into a filter element for cig-
arethes.

Applicants examined the results set forch in Exam-
ples 1-d of LS. Fal. No. 3264 938, All of the filters
described therein were 17 mmoin lengeh. Applicants
then prepared filtered cigarewtes employing porous cel-
ulose acetate shteds having a Filter elemant 25 mmi in
l:nglh.

The comparative characterstaos of the Oller material,
the Dltar pressure drop and efficiency are set Feth in
the Tables Il and [T

TABLE L 1US. Mat. Na. 7,364,938}

Fhu Filner
Ex. Matenal Tiret FD." EMicknsy’
! NPT 57 kD - 50 »n 1)
M ITFT st b nke M- T 10 13
¥ [ELGRICE 01 - 20 27 0
. TSFP ALNOLIHM 2 sy 1 55

inea
a 2IPE 50N deseribet Sler cnntnining 213 gobethykenc o
duied anen 4 deneifilamens celluloae acetale How contaming LUK

—
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Nlaments PP pedypropylme
b Floc sizg refern (3 riandard ees feriet Mesh numben
© EMicwncy B of the et for remuang tm

TABLE i1l { Parous Cellulose Acetate Shreds)

Averuge
[ 1% Shraul Size™ M) Mifier P Elficizngy
i 1 ek ird 4 Jir
W [N-LLi RN 2.5 a3
1 LEN:ELPATRE ) i 71
+ [ERE PR 13 21
5 Ghteds were Il 2 16 15 cantunslsrnan knglh

Avcan clearly be seen from reviewing the duta in Ta-
bles 1l and 111, the Gltration etficicney of the material
of the present invention ix abuui 40 percent higher than
thai of the marerial of the pror art. Surprisingiy, the
significant incteate in efMiciency is obtained with 2
pressure drap which is lower than that of the prior art.
Thus. the etlicieney increuse ia obtaned with pa loss in
drawability.

In ofder Lo properly eompare the inteimsic perfors-
ance of the two different filter wpes, it is necessary ta
calculiae the Blraien coefficients which allow [oc difl-
ferences in length and pressure deop. By using the
equation

log (1 - T 10U) = - PL
Where I = Filter etficiency pereent
P = Filter pressure drop, ihches w.g.
=Filter length, cm, the coefficieni u which describes
the inhereny filtering capability of the marterial is
obizined.

From the formuls abuve the filtration coefficients
were caleulated for Examples 1 through 4 inclusive for
LS Pal, Nno. 2,364 838 ang applivants’ Examples 1
through 4 inclusive.

TABLE IV
(Comparnsen of fltzation cocfficients, ut

US Fa: Mn Foraus Collubesr

Eaumpht 4, ha 51 Azatate Shrous
L et wyET
1 11 it d FXTPA)
! Obat s
- ooty [
Arciage Q.07 0.0as

Thus, for a filter 21 mm in length, which is the aver.
age of the ftler in U5, Pat. Nu. 3,344 93 and the one
employed n this disclosure, the fiitration efficiency
would be sigmificanily greater using material of the
Present invention

r

,

[}
&

25

Ja

33

40

30

A%

&5

&

Mnt only do filers mude in accordance with Lhe pres-
ent invention provide ao increase in sfficiency, but the
desirable taste gualities are retained. Additionally, this
ingrease in efficiency is oblained with no merease n
presauce drop. In fact, the presaure drop s described
while otnaining this increase in efficiency. This is suc-
prising in view of 1he prior art atempts to increane #ffi-
ciency which have genarally resulted in an increase in
the pressure drop

The shredded shape and bulk density characterishics
alao afford a high dzpree of sell-cohesiveness. There-
fure, it is apparent that variafinns and changes will be
oshvisus Lo one gkilled in the art after a reading of the
present disclosure. Such vaeiations anrd chenees are
meant o be included within the seope of Lhe invéntion
as dehincated by the fellowmg appended claims.

Having thus described the invennicn, what 15 claimed
[1:3

1. A tabacce sminke filtey enmprising:

& section formed of dried shreds of porous cellulose
ester selected from the group consisting ol cellu-
loge acetate, cellulose propionate, and cellulose
butyrate,

saig) shreds having & width of ahout 0 25 to 2.0 mm.
wnd a thickness of about 1025 and 0,25 finr @ por-
rosity greater tham 65 perceat and up tor abowl $)
parcent, a filiration efficiency of ae least &5 percent
g te abeut 71 parcen), and

a surface area of hetween Wt and LA Sguars metens
per gram,

saidl shreds being made by forming 2 dope of crllu-
Levse ester dssolved 10 sxiven and plasticizer and in
which there is starch and saline solution wherehy
a sheet cast from said duope 1s shredded. warshedt G
remeve the salt. and rozemancally teeated o re-
move sind starch ta form porous shiceds, a tato of
sapid sturch 1o said vellulose roter boing dhme |
and up 1o 4.

2. The invenlion in aceordanee with eliim 1 wherein
the butk density of said matenals s from abaat 7105 1o
Gdll grams per cubic centimeier.

3, The invention of claim 1 wherein said constituent
shreds are characteyrized hy a mean widih of aboo 1.0
min and @ meap thickness of 0.03 mm-

4, The invention 1n aceordanes with €ldim 1 wherein
waid porous constituent shreds are bonded 1o one an.
ather at random points.

. v a4 .
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