
1,073,896                                          5      glycol
dichloride, which is then condensed with  w. Insoluble in  petr. ether.
Comparative     2 moles of the monopotassium salt of hexa-
hygroscopicity=1 (glycerol=100).  Saybolt     ethylene glycol to yield an
18 membered  viscosity at 210[err]F., sec. 6000-7500.     compound. The
synthesis may be continued    Alkoxy polyethylene glycols may also be 5  in
this manner to yield even high molecular  employed, for example, methoxy
polyethylene  70     weight compounds.                           glycol or
other lower alkoxy polyethylene       Examples of suitable polyalkylene
glycols glycols. A specific illustration of such material,     include
materials sold under the trade name  and a preferred material in this
invention, is     Carbowax. The carbowax polyethylene glycols Carbowax
methoxy polyethylene glycol 750 10 are commonly referred to in abbreviated
form. which has the following properties: Average  75     For example;
Carbowax 600 is the abbreviated  molecular weight  of 715-785;  specific
form for Carbowax brand polyethylene glycol gravity  at 40/20[err] C  of
1.094; viscosity CKS     600.                                        at
210[err]F. of 10.5 and freezing range of 27       Carbowax 600 is a
preferred  adhesive  to 32[err]C. This material has been found to 15
material. This material has an  average  give even better results than
Carbowax 600. 80     molecular weight of about 600 and is a soft,   High
molecular  weight  polypropylene     white, waxy substance at room
temperature.  glycols and mixed glycols having similar pro-
Illustrative of other Carbowax materials  perties to the high molecular
weight poly-     which may be employed are: Carbowax 1000, ethylene glycols
may also be employed. 20  Carbowax 1500 W, Carbowax 1540, Carbo-    The
Carbowaxes are more completely des- 85     wax  4000  and  Carbowax  6000.
These  cribed in the publication of Union Carbide     materials have the
following properties:  Chemicals  Company  entitled  "Carbowax
Carbowax  1000. Average molecular weight Polyethylene Glycols".
950-1050. Soft, white, wax solid. Solidify-   In filter plugs which embody
the present 25  ing range 35-40[err]C. Flash pt.>450[err]F. Say- invention,
from  about 2 to 200 parts, by  90     bolt viscosity at 210[err]F., sec.
70 to 100. Solu-  weight, of carbon and from about 2 to 25     bility in
water at 20[err] approx. 70%  w/w. parts by weight of high molecular weight
Comparative  hygroscopicity=5  (glycerol=  polyalkylene glycol are employed
per 100     100).                                       parts of fiber.
Preferably, when the filter plug 30    Carbowax  1500 W. Average molecular
is to be employed in a cigarette or similar 95     weight 500 to 600. Soft,
white, waxy solid  product, sufficient carbon should be present 



having the consistency of low-melting petrol-  to provide from about 2 to
about 150 mg. of     atum. Specific gravity at 20[err]C (relative to
carbon per cigarette. Most preferably, the     water at 20[err]C) 1.151.
Solidifying range 35  amount of carbon is about equal, for example, 35  to
40[err] C. Flash pt. 430F. Solubility in  no more than 20%, by weight,
higher or 100     water at 20[err] approx. 73% w/w. Completely  lower, to
the combined weight of tow, paper     soluble in water at 50 C. Insoluble
in petr. and paste employed in the filter plug. The     ether. The pH of a
5%  aq. soln. is about amount of high molecular weight polyalkylene
4.6.    Comparative    hygroscopicity=30  glycol employed, under such
circumstances, 40 (glycerol=100). Saybolt viscosity at 210[err]F., will
preferably  be about 0.1%  to  about 105     sec. 60-to 90. LD[err] i.p. in
mice: 9.2 g./kg.   0.3%, by weight, of the amount of carbon       Carbowax
1540. Average molecular weight  employed.     1300-1600. Soft, white,  waxy
solid. Specific   Filter plugs embodying the present inven-     gravity at
20[err] C (relative to water at 20[err]C) tion may contain other additives,
for example 45  1.15. Solidifying range  40-50[err]C. Flash  other
adsorbents, such as silica gel, rice 110     pt.>450[err] F. Solubility in
water at 20[err]C . starch, activated aluminas and the like, but
approx. 70%.- w/w. Insoluble in petroleum  preferably contains the high
molecular weight     ether. The pH of a 5% aq. soln. is about 6.5.
polyalkylene glycol as the sole adhesive or     Comparative
hygroscopicity=5  (glycerol=  binding agent. 50  100). Saybolt viscosity at
210[err]F., sec. 100    Filter plugs embodying the present inven- 115
to 150.           tion will generally be from about 4 to 25       Carbowax
4000 Aveage molecular weight mm. in length, when employed in cigarettes or
3000 to   3700.  Hard, white, waxy solid. the like. The plugs are
preferably incorporated     Specific gravity at  20[err]C (relative to
water at in combination with an outer carbon-free plug, 55  20[err](C)
1.204. Solidifying range 50-55[err]C. which may be a paper type plug or a
tow  type 120     Flash pt. 475[err]F. Solubility in water at 20[err]C.
plug. Preferably, the outer plug is a cellulose     approx. 62%. Insoluble
in petroleum ether. acetate crimped fiber type plug having a total     The
pH of a 5%  aq. soln. is about 6.35. denier of from about 25,000 to
100,000, a     Comparative  hygroscopicity=1  (glycerol=  denier per fiber
of from about 1 to 16, a 60  100). Saybolt viscosity at 210[err]F., sec.
400  plug length of from about 4 to 20 mm. and 125     to 800.
a maximum  RTD  (resistance to draw) of       Carbowax 6000. Average
molecular weight about 6 inches of water.     6000-7500. Hard, white, waxy
solid. Solidi-   An inner plug positioned between the     fying range
58-62[err]C. Flash pt.>475[err]F. tobacco and the carbon-containing plug
may 65  Solubility in water at 20[err]C. approx. 50% w/ also be employed,
if desired. This inner plug 130    
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nature to the outer plug. section from  which the  paper  wrapper was
Both the inner plug and the outer plug,  removed show that it consisted
of about 48%     when employed, may have incorporated there-  cellulose
acetate filaments, 3% high molecular     in  high molecular weight
polyethylene glycols,  weight polyethylene glycol and 49% activated 5
triacetin, various waxes, and other additives  carbon.          and
similar materials and may also include    The activated carbon was not
readily dis-  70     various flavorants, if desired.               lodged
from  the fibers even with vigorous        It is to be understood, however,
that when  tapping of the filter section against a hard     an inner plug
and an outer plug are employed  surface. 10  in combination with a
carbon-containing filter    Examination of  a number of such filter     of
the present invention, the inner and outer  sections indicated that  the
carbon particles  75     plugs need not be of the same construction  extend
in general into more than one of the     or contain the same additives, if
any. Thus, paths formed by the cellulose acetate filaments     for example,
the outer plug may contain  and that the carbon particles were held in 15
various flavorants which are not present in the  place by means of the
Carbowax 600, par-     inner plug.                                   ticles
of which were also deposited on the  80        For a further understanding
of the present filaments apart from the carbon particles. The
invention, reference may be had to the follow-  Carbowax 600 served to hold
the carbon par-     ing examples, which merely serve to illustrate  ticles
in place by two actions: (1) it bound 20  certain forms of the present
invention.       the cellulose acetate filaments together to
form a web which held the carbon particles  85                      EXAMPLE
1            firmly in place, the size and shape of the par-        A 5
denier per filament cellulose acetate  ticular coconut carbon employed
facilitating     yarn  in the form of crimped tow containing  this holding
action and (2) it directly bound     40,000 filaments was pulled over a
series of carbon particles to the fibers by adhesive 25  air  jets which
spread the filaments over a  action.
90     width of about 8-12 inches. While in this    Ten of these filter
tips were each separately     spread-out condition, the filaments were
passed  attached to ten outer filter plugs of 4.5 denier     through a
centrifugal applicator wherein a  cellulose acetate tow containing 68,000
fila-     high  nolecular weight polyethylene glycol ments. These outer
plugs were 7.5 mm. long 30  (Carbowax 600) which has been maintained in
and contained 10% of a plasticizer comprising  95 



a reservoir at a temperature of from 30 to  50%  Carbowax 600 and  50%
triacetin. The     35[err]C(i.e., about 5-10[err]C. above its melting  two
filter sections, in each case, were attached     point) is sprayed on both
the upper and lower  to a standard tobacco mixture contained in
surfaces of the spread-out tow maintained at a length of cigarette paper
sufficient to give 35  about the same temperature as the Carbowax  an
over-all cigarette length of 85 mm. The 100     600. Other high molecular
weight polyalkylene  outer plug also contained selected flavorants.
glycols are also preferably applied to tow, in    The cigarettes were found
to have the     accordance with the invention, at a tempera-  following
properties (based on an average of     ture slightly above their melting
point, for  the ten cigaretes): 40  exmaple, about 10[err]C. above their
melting    (1) Filter efficiency(% tar removed)-50.1%  105     point.
(2) Total RTD 4.56 inches of water        The high molecular weight
polyethylene    (3) Inner plug RTD 2.57 inches of     water     glycol is
applied to the fibers in the form    (4) Outer plug RTD  1.09 inches of
water     of small droplets. The resulting coated spread-    A commercially
available filter cigarette of 45  out tow is then passed beneath a hopper
the cellulose acetate type and a commercially  110     through which
particles of PCB type carbon, available cigarette having a filter section
com-     having a particle size of 12 to 30 mesh are  prised of free
particles of carbon  were tested     passed, whereby the carbon particles
are uni-  in comparison with the cigarettes prepared in     formly
distributed across the surface of the accordance with this invention with
the fol- 50  spread-out and coated fibers. The carbon par-  lowing results:
the two commercially  available  115     tides are fed  by means of a
standard magnet  cigarettes had lower efficiencies  (41,4 and     vibratory
feed unit. The resulting material 46.4%, respectively) than the present
cigar-     is then fed through a plenum chamber and is ettes and, when
tested by chromatographic     thereafter passed through a device whereby
determinations for the removal of gas phase 55  the tow is formed into a
cylindrical shape and  components, the present filters were found to  120
is wrapped with a paper wrapper to produce  remove from the smoke greater
amounts of     a continuous rod with a circumference of  most of the
undesirable gas phase constituents,     about 25mm.
such as acetaldehyde, arcrolein, methyl ethyl       The resulting rod is
then ultimately cut ketone, acetonitrile, benzene and the like. 60  into
12.5/mm   filter tip lengths which gradu-    Cigarettes were prepared in
substantially the 125     ally become firm due to the adhesive action  same
manner, employing (separately) in place     of the high molecular weight
polyethylene  of Carbowax 600, Carbowax 750, Carbowax     glycol on  the
cellulose acetate fibers and on  1OOO and Carbowax 1540, with similar
results     the carbon particles. Analyses of this filter  to those
obtained using Carbowax 600. Be-    



1,073,896                         7      cause of  their more solid
consistency, these  contained in a one-quart brown glass-stoppered
higher molecular weight materials are pre-  bottle. Shake the bottle
vigorously until com-  45     ferred over the Carbowax 600.
plete solution is effected. The reagent prefer-                    ably
should stand overnight before using;                    EXAMPLE 2
however, the solution may be heated under       Cigarettes prepared in a
similar manner  hot tap water until a slight cooling of the re-     to
Example 1 were prepared in two batches:  agent occurs, indicating complete
reaction.    50     one batch had carbon plugs containing the    (2)
Procedure: Prepare a sufficient number     same amount of Carbowax 600 as
the cigar-  of clean dry heat-resistant pressure bottles to     ette of
Example 1 and the second batch had  make all control and sample
determinations in 10  carbon plugs containing no Carbowax 600.  duplicate.
Carefully  pipet 25  ml. of the     Except for the Carbowax 600, the
cigarettes  phthalic anhydride-pyridine reagent into each  55     were
substantially identical Smoke from these  of the bottles, using the same
pipet for each     cigarettes was analyzed. It was found that the
transfer. Reserve two of the bottles as blanks.     Carbowax-containing
cigarettes removed about    Into each of the other bottles introduce the 15
18%  more phenols than did the Carbowax-  specified amount of sample in the
manner in-     free cigarettes, with all other efficiencies and  dicated.
Make all weighings to the nearest 60     removals  of the  cigarettes
tested  being  0.1 mg.     approximately the same for each type of    Fit
the bottles with pressure stoppers and     cigarette.
wrap each securely in a canvas bag. Place the 20    Resistance to draw,
also referred to in this  samples and blanks as close together as pos-
specification as RTD, was determined as fol-  sible in a water bath
maintained at 98 2[err]C.  65     lows:
for 30 minutes. Maintain sufficient water in       A vacuum system was set
to pull an air flow  the bath to just cover the liquid in the bottles.
of 1050 cc./min. by inserting the tapered end  Remove the bottles from the
bath and allow 25  of a standard capillary tube through the dental them to
cool in air to room temperature. Do     dam of the cigarette holder and
adjusting the  not remove the wrappers from  the bottles  70     reading on
the water manometer to the correct while they are hot, or attempt to hasten
the 



RTD. The water level of the manometer was  cooling by immersing them  in
cold water,     set at zero before  inserting the  standard  as a serious
accident can result from the break- 30  capillary.
age of the bottles. When the bottles have       Then, the butt end of a
cigarette or plug  cooled, loosen the wrappers, uncap to release  75
was inserted to a depth of 5 mm. in the  any pressure, and then remove the
wrappers.     dental dam of the cigarette holder. The pres-    To each
bottle add  exactly 50 ml. of     sure drop behind this cigarette with 1050
standard 0.5 N sodium hydroxide, using the 35  cc./min. of air flow passing
through was read  same pipet for each addition. Be sure to     directly as
RTD (inches water) from the in-  allow the same drainage time for each
bottle  80     clined water manometer.                     as this amount
is not considered in the final       The molecular weight described in this
calculation. Add 5 drops of a 1.0 per cent     specification is an average
molecular weight  pyridine solution of phenolphthalein indicator 40  and is
determined as follows:               and titrate with  standard 0.5 N
sodium       (1) Preparation  of phthalic  anhydride-  hydroxide to a pink
endpoint permanent for  85     pyridine reagent: Add 42 g. of phthalic an-
at least 15 seconds.     hydride to 300 ml. of freshly distilled pyridine
(3) Calculations:                            grams sample X 200
=average molecular weight                                 (B-A)N      A=ml.
of N normal NaOH required for the  the cellulose acetate filaments each
have a 90    sample                                    denier of from 3 to
6.     B=average ml. of N normal NaOH required    4. A filter according to
any preceding claim       for the control                           wherein
the  activated  carbon  is coconut 105
carbon.       WHAT WE CLAIM  IS:-                         5. A filter
according to any preceding claim       1. A filter for tobacco smoke
comprising  wherein the activated carbon particles have a 95  synthetic
filaments or fibres, activated carbon  U.S. standard mesh size of from 10
to 44.     particles and a high molecular weight poly-     6. A filter
according to claim 5, wherein the 110     alkylene glycol (as hereinbefore
defined),  size of the activated carbon particles is such       2. A filter
according to claim  1, comprising  that 95% are retained on a 30 U.S.
standard                                     mesh screen and 95% pass
through a 12 U.S.     synthetic filaments which are at least in part
standard mesh screen. 100 cellulose acetate.                             7.
A filter according to any preceding claim, 115       3. A filter according
to claim 2, wherein  wherein the high  molecular weight poly- 



1,073,896           cause of  their more solid consistency, these
contained in a one-quart brown glass-stoppered           higher molecular
weight materials are pre-  bottle. Shake the bottle vigorously until com-
45           ferred over the Carbowax 600.               plete solution is
effected. The reagent prefer-
ably should stand overnight before using;                           EXAMPLE
2                   however, the solution may be heated under       5
Cigarettes prepared in a similar manner  hot tap water until a slight
cooling of the re-           to Example 1 were prepared in two batches:
agent occurs, indicating complete reaction.    50           one batch had
carbon plugs containing the    (2) Procedure: Prepare a sufficient number
same amount of Carbowax 600 as the cigar-  of clean dry heat-resistant
pressure bottles to           ette of Example 1 and the second batch had
make all control and sample determinations in       10  carbon plugs
containing no Carbowax 600.  duplicate. Carefully  pipet 25  ml. of the
Except for the Carbowax 600, the cigarettes  phthalic anhydride-pyridine
reagent into each  55           were substantially identical. Smoke from
these  of the bottles, using the same pipet for each           cigarettes
was analyzed. It was found that the  transfer. Reserve two of the bottles
as blanks.           Carbowax-containing cigarettes removed about    Into
each of the other bottles introduce the      15  18%  more phenols than did
the Carbowax-  specified amount of sample in the manner in-           free
cigarettes, with all other efficiencies and  dicated. Make all weighings to
the nearest 60           removals  of the  cigarettes  tested  being  0.1
mg.           approximately the same for each type of    Fit the bottles
with pressure stoppers and           cigarette.
wrap each securely in a canvas bag. Place the      20    Resistance to
draw, also referred to in this  samples and blanks as close together as
pos-           specification as RTD, was determined as fol-  sible in a
water bath maintained at 98+2[err]C.  65           lows:
for 30 minutes. Maintain sufficient water in             A vacuum system
was set to pull an air flow  the bath to just cover the liquid in the
bottles.           of 1050 cc./min. by inserting the tapered end  Remove
the bottles from the bath and allow      25  of a standard capillary tube
through the dental  them to cool in air to room temperature. Do
dam of the cigarette holder and adjusting the  not remove the wrappers from
the bottles  70 reading on the water manometer to the correct  while they
are hot, or attempt to hasten the 



RTD. The water level of the manometer was  cooling by immersing them  in
cold water,          set at zero before  inserting the  standard  as a
serious accident can result from the break-      30  capillary.
age of the bottles. When the bottles have             Then, the butt end of
a cigarette or plug  cooled, loosen the wrappers, uncap to release  75
was inserted to a depth of 5 mm. in the  any pressure, and then remove the
wrappers.          dental dam of the cigarette holder. The pres-    To each
bottle add  exactly 50  ml. of          sure drop behind this cigarette
with 1050  standard 0.5 N sodium hydroxide, using the      35  cc./min. of
air flow passing through was read  same pipet for each addition. Be sure to
directly as RTD (inches water) from the in-  allow the same drainage time
for each bottle  80          clined water manometer.                     as
this amount is not considered in the final             The  molecular
weight described in this  calculation. Add 5 drops of a 1.0 per cent
specification is an average molecular weight  pyridine solution of
phenolphthalein indicator      40  and is determined as follows:
and titrate with standard 0.5 N  sodium            (l)    Preparation  of
phthalic  anhydride-  hydroxide to a pink endpoint permanent for  85
pyridine reagent: Add 42 g. of phthalic an-  at least 15 seconds.
hydride  to 300 ml. of freshly distilled pyridine                (3)
Calculations:                    grams sample x 200
=average molecular weight                          (B-A)N           A=ml.of
N normal NaOH required for the  the cellulose acetate filaments each have a
90    sample                                    denier of from 3 to 6.
B=average ml. of N normal NaOH required    4. A filter according to any
preceding claim            for the control
wherein  the  activated  carbon  is coconut 105
carbon.            WHAT WE CLAIM  IS:-                         5. A filter
according to any preceding claim            1. A filter for tobacco smoke
comprising  wherein the activated carbon particles have a      95
synthetic filaments or fibres, activated carbon  U.S. standard mesh size of
from 10 to 44.          particles and a high molecular weight poly-   6. A
filter according to claim 5, wherein the  110          alkylene glycol (as
hereinbefore defined),  size of the activated carbon particles is such
that 95% are retained on a 30 U.S. standard            2. A filter
according to claim 1, comprising  mesh screen and 95% pass through a 12
U.S.          synthetic filaments which are at least in part  standard mesh
screen.     100 cellulose acetate.                             7. A filter
according to any preceding claim, 115            3. A filter according to
claim 2, wherein  wherein the high  molecular weight poly- 
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is  polyethylene glycol, poly-  and a filter as claimed in any one of
claims       propylene  glycol  or  methoxypolyethylene  1-9.       glycol.
12. A process for preparing a tobacco smoke         8. A filter according
to any preceding claim  filter as claimed in claim 1, which comprises  20
5  which contains from 2  to 200 parts by weight  coating or partially
coating synthetic filaments       of  carbon particles, and from 2 to 25
parts by  with a high molecular weight polyalkylene       weight of a high
molecular weight polyp  glycol (as hereinbefore defined), applying to
alkylene glycol per 100 parts by weight Of the coated or partially coated
synthetic fila-       synthetic filaments or fibres.           ments a
coating of carbon particles, and  25
forming the filaments into the required shape   10    9. A filter for
tobacco smoke according to  within a wrapping materiaL       claim 1,
substantially as herein described.   13. A process according to claim 12,
sub-         10. A filter for tobacco, smoke constructed  stantially as
hereinbefore described.       and arranged substantially as described
herein          J. A. KEMP & CO.,       with reference to and as
illustrated in the           Chartered Patent Agents,   15  accompanying
drawings.                                   14, South Square,         11. A
smoking article comprising tobacco          Gray's Inn, London, W.C.1.
Leamington Spa: Printed for Her Majesty's Stationery Office by the Courier
Press.-1967. Published at The Patent Office, 25, Southampton Buildings,
London. W.C.2. from which copies may be obtained.    


