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Improvements relating to Tobaero-Smoke Filtersgs

' We, BrrrisH-AmErican  Topaced) -Gk
PANY LIMITED, of Westminster House, 7, Mill-
bank,. London, S.W.1, a Company incorpor-
ated under the laws of Great Britain, do here-
by declare the invention, for which we pray
that a patent may be granted to us, and the
method by which it is to be performed, to be
particularly descnbed in and by the followmg
statement ; —

" This invention concerns unprovements re-
lating to tobacco-smoke filters and particularly
to'a method for manufacturing such, filters.

Among many substances suggested as desir-
able or advantageous in the manufacture of
tobacco smoke filters, the use of foamed mat-
erials has evoked considerable interest, since

these materials, while possessing good filtra-
. tion properties, also possess the desirable fea-

tures of low density and high resilience, How-
ever, it is a difficulty. with such materials that
grave technical problems are encountered whien
the production of continuous rods of filter mat-
erial at high machine speeds is required.

An object of the present invention is to pro-
vide, in addition to an eﬁecnve filter, a method
and means whereby a continuous rod compris-
ing foam material can rapldly and easily be
manufactured.

According to the invention, a synthenc-foam
filter material comminuted to a particulate
form is fed to a moving band, generally a
paper band, and is brought to filter-rod form
while carried upon the said band, in which it
becomes enrobed. In this method, either com-
minuted synthetic-resin foam material alone
or such material mixed with a powdered or
granular adhesive or bonding material may be
brought to continuous filter-rod form while
carried upon the band. -

The foam is preferably a polyurethane-resin
foam, although other synthetic-resin foams can
be employed. The foam may be rigid or flex~
ible and of open or closed cell structure. Suit-
ably it is comminuted to a pamcle size of less

[Price 55 0d.]

- thaf 14 2nm. and preferably less ¥dn 0.4 mm.
Apart from polyurethane foam, foams pre-
pared from polyvinyl chioride, polyolefines
such as polyethylene, polystyrene, and copoly-
mers such as polystyrene/acrylonitrile copoly-
mers may be employed. Foams from poly-
meric materials formed by condensation of
phenols, urea or melamlne with formaldehyde
are less desirable.

The powdered or granular adhesive material
may be a thermoplastic or thermosetting syn-
thetic-resin material, suitably a polyethylene
resin. Alternatively, it may be a low-melting
morgamc substance, suitably a hydrated salt
of, for instance, phosphoric acid. By a low-
meltmg substance is meant one with a melting
point below 250°C. and preferably between
100 and 150°C. The particle size of the ad-
hesive material is, suitably, less than 1.2 mm.
and preferably less than 0.3 mm. -

The adhesive material may constitute up
to 80% of the total weight of the. mixture

with the comminuted foam. Suitably the ratio

of comminuted foam to adhesive material may
be between 4 to 1-and 1 to 4 by weight. If
polyethylene resin is used as the adhesive mat-
erial, the said ratio is preferably between 2 to

- 1and 1 to 2, If sodium phosphate is employed,

the ratio is preferably between'4 to 1 and 1 to
1. If desired, fibrous, granular or powdered
fillers or modifiers may additionally be incor-
porated. -

In one manner of carrying the invention into
effect, a mixture of comminuted foam material
and powdered or granular adhesive material is
fed from a hopper in which it is maintained
at a substantially constant predetermined level.
Screw means or vibrating means miay be em-
ployed to ensure even withdrawal of the mix-
ture from the base of the hopper. Vibrating
means may also serve substantially to elimin-
ate aggregation as well as to feed the mixture
to a point where it is allowed to fall onte the
surface of the band movmg, say, along the

50

55

65
70

75

' 85



7 0.42 - 0.35 90 54 25 For
the sane pressure drop, the filtration E) This was simlar to B, but had
been ob- effect increased with decreasing granule size. tained froma _
—di-fferent supplier. 50 To investigate the effett of, usi ng

L3

di fferent

pol yur et hane foam materi al
materials Ato E were tested. Brief particul ars

Figs. 1 and

The materials were conm nuted by the pro-
cedure described with reference to’
2 and ,the

five such

forms of .

bul k density of the resulting foam 30 LEB:4Phese rraterl aI s are as foll évﬁ\w

granul es was ngasyced. |

di i socyanat e

foam bl own bl;ave frednogemrat eith ahydr-edeatdlin exmm(@ﬂ cmnntssmnd

conmm nut ed

phosphat e dédeﬁ;

xBi”h

e (AdGH geoﬁh s &@-

ic ag;mq

la et
R A
s 4y

passes t

bl A i) ploulid b ielBPGe ot

rfoanbylamalght Qf i

B

en -

ﬁo

55

¥
¢

i

wal | s. i Nt OstabdoA RO B! hoEl& D Yeville® Ce0ptbdicd Sl the meth offthe in-
f awn- col our ed @dphéﬂ?nltmmtmeardre#hced;m fzeiel Wn}tlm Wléfpeqf@qﬁbb’ebm etusedfFin ggnjungioand 4.
S (1)

RO T T *ﬁﬁ gzgﬂ TR ol B Tl e
wal | and the m\b&{u&genw&ieg thd\Material, usectWamsf carrying but elerrmfifod of the iar t o

those of A the opposxte dumstodleq :evvnmwedf ‘therh msrat;,ae fop the erpospwidlmow . C)
Athice ol yeref T8 A e R S

I during

fi brous cel

dE‘V R ss?%‘.ﬁg ba! ‘ng

tm

(O8]

acetate filt ercofneujpazﬁaﬂlﬁtmdppédedmﬁs aﬁhasdhbnecbed Flg 1 wegmml(dhgrainamgmtmgktb;s

appr oxi mat el y ®-the meteriah prsh the ﬂiﬂ% o 1% alo\efr‘@ffl&?ﬁ %H@dﬂeﬂ?d 61%

for the ngj ! vvg,l mﬁ%ﬁ%{mu dg@is
descri bed a ov&nﬂﬁqﬁam%iﬁa s{%me dpg ny?’grret ane

proportions of complkad : rp(arrhecfsﬂagtxg gt beeper- Ni diig. 3 a diagrymanamitarha g 154

f oam bl own byfomsﬂ eaona%lx ﬂsta_: o6 &f %t erg'gdoﬁem ey FRpEing ok an-

ated hydr ocay bl BT b K Fig, (% VMRS o N2 1SR Ko

were determn appedmtﬁ@ﬁaﬁds yyeul idlo@er bl akedifor s6me BothB stepsl of Figt E,eandThe

resul ts are gitieanofibt tragth of an-individual/fiter or 2 ce|Hig 5 avimilamyiew ghowingtacthird boat . 1

nm clearly

1,183,498 4

" 35

55

60

65

o the aked

mulpg (;(t{-‘%lpfmanner o; cartymg AR

tion into -effect; the comminuted foam, with or
without: powdered or -granular-adhesive mat-
erial, is simply brought to filter-rod form while
carried on the band by feeding the material on
the band directly into the garniture of a con-
ventional: cigarette-making machine. There is
then no need to-apply the above-mentioned ad-
hesive coating to the band suiface. Even if an
adhesive material is-mixed with the foam mat-
erial, there is also noneed for immediate heat-
ing, as the adhesive material can be activated
by subsequent heating whenever and- wherever
this may be convenient. .

Although polyurethane foams available com-
mercially -exhibit -differences .due to their com-
position and physical structure, they all, in a

particulate form, possess. a marked. selectivity .

for hydrogen cyanide, as well as being capable
of removing considerable proportions of other
smoke constituents, including -steam-volatile
pbenols. It-is:surprising, moreover, that the

. filtration-characteristics of the particulate foam

material are dependent, for any value of pres-
sure drop- through the filter,. upon the :particle
size. Consequently -the said :characteristics can
be varied, without changing the pressure drop,
by altermg the particle size of the:said material.
The proportions of different smoke constituents
removed can.also be influenced by the selec-
tion of the chemical composition and for physi-
cal characteristics of the originating foam mat-
erial employed. Such influence -can -also.be
exercised by 'the selection of the: adhesive mat-
erial. For instance, sodium phosphate enhances
the removal of hydrogen cyanide, while favour-
ing the passage of nicotine.

ixture-feeding deviee

or the first form oﬁ the method, to.be des-
cribed . with reference to Figs. 1 and 2, the
foam material- employed - was. .a- white po‘_ly-
urethane material, known by the Registered
Trade Mark “Spandofoam 200, supplied by
the Baxenden Chemical Co. This'is a-rigid,
closed-cell, foam -of small cell size incorporat-
ing a flame retardant. Blocks of this material
were sawn -into strips of about 1:inch -square
cross-section and were fed to a disintegrator 1
(an 11 inch Christy Notris Dlsmtegrator «driven
at 6,000 revolations per minute) -to, produce
about 8 Ibs. per hour of coarsely milled:mat-
erial passing a screen-of 6.5 mm. hole diameter.
This material. was. comminuted.-in:-a- hammer
mill 2 (a Raymond mill of -similar: capacity
to- the- disintegrator)- so-that: it-wrould: jpass-a
screen of 1.6 mm. hole diameter.. The particle
size of 909, of the comminuted:foam -was
found to lie betwen 0.15 and 0.71 min, the
majority -of the particles: ‘being -between. 0.15
and 0.42. This was. the preferred-range of ‘size.
The adhesive material employed ‘was.crystal-
line trisodium orthophosphate. dodecahydrate.
The particle size of this material-was reduced
in a bammer mill. 3: {the' Raymond mill)- to
pass a screen of 0.65 mm. hole diameter. The
particle size:was preferably between 0.05 and
0.3 mm. The resultant material ‘was thoroughly
mixed with the comminuted foam particles.in
the proportion of 4 parts foam to one part tri-
sodium phosphate by weight, using-a’ turiible
mixer 4 with a mixing time of 10—15. min.
The mixture was passed to a hopper 5. fitted
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with a paddle agitator rotating at:5 revolutions.

per minute, the contents of the hopper- ‘being
maintained at a constant depth of approxi-
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compression station:13. comprising .a.sequence
iofyfour empressibn (rétfers 14—17. driven -to-
gether, at . adjustable :speed,..by .an..electric
motor. The . rollers -14—17, .which .were

- mounted so.as to be vertically. ad;ustable,\ were

set at progressively smaller distances above 'the
band 8,:i.e. from 12, mm. t06 mm. At Jeast
the rollers 14, 17 were. provided -with concave
sutfaces -of 2 mm. depth. The-rollers. were -of
about 50 mm. outside .diameter..and: 13 mm.
wide. However, the diameter .and width of.suc-
cessive: rollers may. be varied :slightly and: they
may be made of . different .:materials, . for
example the wheels 14, 15 of mild .steel, 16 of
a hard composition and 17 of brass. Prefer-
ably and as shown, a device 18 for eliminating

static is provided beside the compression sta-

tion -13.: During - its' travel under the -higher

-rollers 14, 15, the band 8 moved in a flat bed

between the guides 9. During its travel under
the lower rollers 16, 17, it-passed-into a curved
trough- 19 -‘which ‘brought it to a :channel shape
preparatory to being. formed into rod-shape.
The:partially shaped band with the compressed
mixture.-of  foam 'granules andsodium phos-
phate then -passed into a shaping die 21; and

“through .a sequence of heating, shapmg and

cooling stations 22a, b c. This sequence may
be similar to.that ‘described in -our United
Kingdom- Patent No.  1,103,822.-The wrapped
filter rod thus produced was divided into
lengths inknown manner by cutting means
24,

For the form of the method now to be
described with reference to Figs. 3 and 4, use
was again made of a mixture of four parts
by weight of comminuted foam particles and
one part by weight of trisodium orthophos-
phate dodecahydrate, which mixture was pre-
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inch dxam wide and provided with
64. teeth about 1/16. inch deep). This wheel,
disposed. with its periphery 20 mm. above the
band,: was. rotated at .a. peripheral speed of 90
feet,.per. minute ..counter. to: the movement: of
the. band, which :was'60 feet per minute, :so
that it acted as a -refuser wheel. It was inde-

pendently . driven by-a small motor 33 with
_provision . for .speed adjustment. The. band .8

and mixture then passed, in a convergingsec-
tion .of the rails. 31, to-a station-13, where the
mixture .was. compressed by. the compression
wheel 34. conventionally used in the machine,

-except that' the: wheel-had. been -provided: with
‘a;peripheral: concavity 2.-mm. :deep and -inde-
pendent driving means comprising a variable

speed motor 35 and chain drive 36. The wheel

-34--was-rotated' at~a peripheral speed of @bout

50 feet per minute,’8 mm. above the band 8.
The band and mixture then passed through
the conventional shoe 37, tongue piece 38 and

'gamiture'-39 of-‘the ‘machine and were thereby
“formed into rod-shape and the seam in the
‘band ;sealed, just as in- cxgarette manufacture,
“the rod being finally cut, at 24, into lengths in
~known' manner. Preferably a -suction pipe 34’

is provided adjacent to the wheel 34 to ensure
that no : particles of the mixture become
trapped in the seam.

“To- effect: bonding of the rod lengths, ‘they
were conveyed, at a speed of 10 feet per
minute, on an endless wire mesh conveyor 40
of aperture £ inch through a tunnel 41, about
5 feet long, heated by three assemblies of infra-
red heating elements, consisting of six tubular
heaters of 1 kw. capacity, mounted 3 above
and 3 below the moving belt and each shielded
to contain the radiation. On emergence from
the tunnel 41 and after cooling, the rods were

e given

95

100

105

110

115

120

125

130



drop of filter Wi ght (cm water Rati o of
of foam gauge at phosphat e particles airfl ow

_Total  Steam to foam infilter of 1050
parti Curate. volatilTe Hydrogen particres . 7(ng).- o
cc/mn.) matter Ni cotine phenol s cyani de o, 2,
0 - 1.8 14 14 25 bel ow 10 - v,
- : 53 15.8 65 56 67 e
52 56 16 59 ' 44 = A E
63 R l.-'.ﬁ_'\ . 'L Q e i aens 1&3’498 91 e. e "F\'Q
40 64 found to be ﬁnnlyH@nded ie. the @am gran away fol[ygnng the initial curva]:ﬁ’re5of “the
59 40 ules were firmlygadhered to-one anoth chute apd then broke up and fell 4 loose par- R

This bonding stage. need not: lmme%g;ly ticles into “the  channel 49. ‘An effective ‘and. :

17.5 5%ollow upon the production of the rod I _readﬂy "contro. mixture . feed - was: thus 45
1,183, 498 5 It may be performed at any time prior-to their 'achieved. In£he channel 49) is ifl @iRi AR Gf
other materials wmmcﬁtecam cigarette minyfa¢tyre Mml- cha tamjangementsd P#flmslan@escplb@poﬁlcl ons

by hance tHg @ppa-

| 2vap by
acetate cal cul atdfgind C%r%:ﬁg?mmm;’; Lo I’E gt'zgzjév b Ot cg E&Ssﬁ‘g&y aﬁd -

such wei ght mf diz’eexonm whichr fay Gmdadhranaas war eeqaippedZElmﬂarly toaﬂxosacdescfaédednh

charcoal , acti veesgst thee appce ardrigalf 908~ g qe[ie Figy t, Big. 3 agd
the -5 bentoni t"ém““kgjn @%E’Ea M%Efaﬁpg?rftﬁﬂ s%‘ﬁﬂmg\# m

ép for -
%@E’il ons
of these rods werﬂ1 e -alternative sgra,nsfeﬁedmgl &bﬁceca ibRDNcEesdaR tb A

& difident O

t ached, betweBn showm i Figns, tlsemkmMs snbplredatolaj kinds of - fpapn | maeridl randntd lallowt oftthe c o
snoke stream THI'aPPe{ 5§ a&‘} e P;laciuﬂpp erf|ﬁ1talrr@ﬁ! with predptermined
filtering effecty s g iﬁ dp ey cﬁﬁg et SR DR Eon §46:200,
to cigarettes, wmeshs th shallow Rage thbd"and GFgacidd désSribed 060

wer e. snoked, @s%@ci@e&dpaboﬁlée homercﬁo q wntlr_Lftferqnnsmaﬁrg;el ammestdb t'he

0, £ng
addi tion of zi nga&té rﬁ%;ﬂ . ‘ml’% brer e d Wt&égrwst"l‘n‘%dfm {‘i‘; rs
ate whi oh | nor R e,afhmm b
acet at e. diameter afnTh inwlsr agicflangds| 1p n e hﬂuaml the f &f nfo@am&ne osss
of total part?c Lﬁlc%t geethe roller 45 had a diameter - powder. For group 1, the feed-rate of the mix-
inches and a length of 44 inches and was ture at 7-and_ the degree of compression at 13

formed with 50 evenly spaced shallow grooves were arranged to give filters- ‘having a con-
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1/16th inch deep. The rollers 43 and 45 were
driven by the same motor, the drives being
variable to assist in controlling the rate of feed.
A bar 47 on the feeding side of the roller 45
was provided as a precaution against over-
feeding in the event 6f malfunction of the gate
44, It served also as a stiffening member for
the housing (not shown) of the device. The
mixture stoothed by the grooves of the roller
45 emerged onto a chitte 48 whose uppermost
part- was gently curved while its lower - part,
extending down between the side guldes of a
channel 49, wis steeply tilted. The mixture
formed a smooth even carpet which slid quietly

ventional pressure “drop. For group 2, these.

variables . were adjusted to give filters havmg
a low pressure ‘drop. Filter tips of 15 mm.
length were' cut from each group and were
attached o ‘cigarettes. The cigarettes were
smoked . using.‘a smoking -engine which pro-
vided one puff per minute of two seconds
duratlon and 35 ml. volume,

‘The proportions, by weight, of total paru-
culate matter, nicotine, steam volatile pherols
and hydrogen cyanide removed from the smoke
were then determined. The results obnamed are
hsted below ) .

Pressure

. Drop : '
(cm. water Propomon Removed' (%) _
- gauge at - - -
_ air flow- ~Total . Steam | - .-
T of 1050 cc. paruculate _ Volatile - | ‘Hydrogen
_ Filter per'min.) matter Nicotine | - phenols |- cyanide - |
. Group 1 130 a2 30 54 - | 66 |
 Group 2 5.2 27 18 48 | 60

70
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For the same pressure drop, the ﬁltratlon
effect increased with decreasing gramule size.
To investigate the effect of using different
forms of polyurethane foam material, five such
materials A to E were tested. Brief pamculars
of these materials are as follows:
A) A white toluene diisocyanate based rigid

foam, blown by halogenated hydrocarbon-

vapour. Small uniform cells, just distinguish-
able by the naked eye, with thin walls.

B) A fawn-coloured diphenylmethane 4:4’ ..

diisocyanate based rigid foam, blown by halo-
genated hydrocarbon vapour. Cell size and wall
thickness similar to those of A.

C) ‘A white toluene diisocyanate based rigid
foam, blown by carbon dioxide formed during
reaction. Large cells, approximately 2—5 mm.
for the majority of the cells, and thick walled.
D) A pale brown d1phenylmethane 4: 4" diiso-~
cyanate based rigid foam, blown by halogen-
ated hydrocarbon. Cell size and wall thick-
ness slightly larger than in A and B, with the
cells, maximum diameter about 1 mm, clearly
perceptible to the naked eye.

E) This was similar to B, but had been ob-

_tained from a different suppher

The materials were comminuted by the pro-
cedure described with reference to-Figs. 1 and
2 and the bulk density of the resulting foam
granules was measured. Four parts by weight
of each of the comminuted materials were then
mixed with one part by weight of comminuted
sodium phosphate dodecahydrate and formed
into wrapped filter rods by the procedure des-
cribed with reference to Figs..3 and 4. The
rods so formed were cut into 7 mm. lengths,
and the average weight of the cut sections
was determined. The sections were then each
mounted between two sections of fibrous cellu-
lose acetate filter rod constituted as described
above. The composite tips were attached to
cigarettes and smoked as described above. The
proportions of total particulate matter, nico-
tine, steam volatile phenols and hydrogen cyan-
ide removed from the smoke were determined.
The results are given below:
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The following example is of the use of
another foam material:

A sheet of commercially available closed-cell
polystyrene foam was cut into 1 inch squares
and ground, as described above, to pass a 1.6
mm. diameter circular hole screen. The mat-
erial produced had a bulk density of 0.04
gm/cc. Cupric nitrate trihydrate was ground to

- pass the same size screen. The foam and salt

50

55

were mixed in the proportions of 2 parts foam
to 1 part salt by weight and were formed into
rods, using the apparatus and procedure des-
cribed. Although stringent control of the heat-
ing stages was required to prevent melting of
the foam, a firm well-bonded rod was pro-
duced.

Other adhesive materials can be employed.
Examples of other materials found to give
satisfactory bonding of foam to form a filter
rod were sodium perborate tetrahydrate, hy-
drated calcium bromide, aluminium bromide
nonahydrate, ferrous sulphate heptahydrate,
cupric nitrate trihydrate, sodium aluminium
sulphate dodecahydrate, potassium aluminium
sulphate dodecahydrate, potassium chromium

sulphate dodecahydrate, sodium acetate tri-
hydrate, magnesium acetate dihydrate, alumin-
fum stearate and magnesium stearate. These
binding agents were tested, using the above-
described apparatus and procedure, by grind-
ing polyurethane foam of type A above and
the particular binding agent to pass a 1.6 mm.
diameter circular hole screen and mixing them
in the proportions of 4 parts foam to 1 part
binder (by weight).

WHAT WE CLAIMIS: —

1. A method for the production of a tobacco-
smoke filter rod, wherem a synthetic-foam filter
material comminuted to particulate form is fed
to a moving band and is shaped to rod form
while carried upon the said band in which
it becomes enrobed.

2. A method according to claim 1, wherein
the comminuted foam material has mixed with
it a powdered or granular thermally activatable
adhesive material and the mixture is shaped to
rod form,

3. A method according to claim 1 or 2,
wherein the foam material is a polyurethane-
resin foam.
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“The following example is of the use of
another foam material :

A sheet of commercially available closed-cell
polystyrene foam was cut into 1 inch squares
and ground, as described above, to pass a 1.6
mm. diameter circular hole screen. The mat-
erial produced had a bulk density of 0.04
gm/cc. Cupric nitrate trihydrate was ground to

pass the same size screen. The foam and salt

were mixed in the proportions of 2 parts foam
to 1 part salt by weight and were formed into
rods, using the apparatus and procedure des-
cribed. Although stringent control of the heat-
ing stages was required to prevent melting of
the foam, a firm well-bonded rod was pro-
duced.

Other adhesive materials can be employed.
Examples of other materials found to give
satisfactory bonding of foam to form a filter
rod were sodium perborate tetrahydrate, hy-
drated calcium bromide, aluminium bromide
nonahydrate, ferrous sulphate heptahydrate,
cupric nitrate trihydrate, sodium aluminium
sulphate dodecahydrate, potassium aluminium
sulphate dodecahydrate, potassium chromium

sulphate dodecahydrate, sodium acetate tri-
hydrate, magnesium acetate dihydrate, alumin-
ium stearate and magnesium stearate. These
binding agents were tested, using the above-
describ’ed apparatus and procedure, by grind-
ing polyurethane foam of type A above and
the particular binding agent to pass a 1.6 mm.
- diameter circular holé screen and mixing them
in the proportions of 4 parts foam to-1 part
binder (by weight).

WHAT WECLAIM IS : —

1. A method for the production of a tobacco-
smoke filter rod, wherein a synthetic-foam filter
material comminuted to particulate form is fed
to a moving band and is shaped to rod form
while carried upon the said band in which
it becomes enrobed.

2. A method according to claim 1, wherein
the comminuted foam material has mixed with
it a powdered or granular thermally activatable
adhesive material and the mixture is shaped to
rod form.

3. A method according to claim 1 or 2,
wherein the foam material is a polyurethane-
resin foam. )
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