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(57) ABSTRACT 

A smoking article includes a tobacco column, a Wrapper and 
a carbon monoxide pump. The pump includes a separator, an 
adsorbent for carbon monoxide doWnstream from said sepa 
rator and may include a catalyst for oxidizing carbon mon 
oxide to carbon dioxide and venting holes adjacent to the 
adsorbent. In use, the carbon monoxide pump selectively 
diverts carbon monoxide from main stream combustion 
products, the separator impedes the entry of large molecules 
into the carbon monoxide pump, the catalyst at least partially 
oxidizes the carbon monoxide to carbon dioxide and the 
venting holes provide an alternative path for the diverted 
carbon monoxide and the oxidized carbon monoxide to 
check or reduce carbon monoxide inhalation by a smoker. 
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SMOKING ARTICLE INCLUDING A SELECTIVE 
CARBON MONOXIDE PUMP 

CLAIM TO THE BENEFIT OF A PRIOR 
UNITED STATES APPLICATIONS 

[0001] The present application is a continuation-in-part 
application of Ser. No. 09/723,585 ?led Nov. 28, 2000, the 
disclosure of Which is hereby incorporated by reference 
herein in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to a smok 
ing article and, more particularly, to a carbon monoxide 
pump for removing carbon monoxide from main stream 
smoke during the combustion of a smoking article. 

[0003] Investigators have been trying noW for about 
tWenty years to ?nd Ways to loWer the amount of carbon 
monoxide experienced by smokers When main stream smoke 
is inhaled. One of the issues With respect to carbon mon 
oxide is the amount of carbon monoxide actually contained 
or produced by a smoking article. For example, an average 
amount of carbon monoxide produced by a smoking ciga 
rette is as high as about 10-15 milligrams To adsorb 
this amount of carbon monoxide Would require a very large 
amount of adsorbent for carbon monoxide if it Was all 
intended to be trapped by such an adsorbent. This is imprac 
tical and cost prohibited. 

[0004] An alternative approach to adsorbing carbon mon 
oxide is to oxidiZe it, for example, by the catalytic oxidation 
to carbon dioxide. A dif?culty With this approach is that the 
temperature of the main stream smoke is substantially that of 
the environment. These loW temperatures make it dif?cult to 
oxidiZe carbon monoxide to carbon dioxide even When using 
a catalyst. 

[0005] Thus, there remains a need for a method and 
apparatus for carbon monoxide reduction in cigarette smoke. 

SUMMARY OF THE INVENTION 

[0006] The present invention ful?lls this need by provid 
ing a smoking article including a tobacco column; a Wrapper 
surrounding the tobacco column; and a carbon monoxide 
pump. The pump includes a separator, an adsorbent for 
carbon monoxide doWnstream from said separator and may 
include a catalyst for oxidiZing carbon monoxide to carbon 
dioxide. In use, the carbon monoxide pump selectively 
diverts carbon monoxide from main stream combustion 
products, the separator impedes the entry of large molecules 
into the carbon monoxide pump, the catalyst at least partially 
oxidiZes the carbon monoxide to carbon dioxide and the 
venting holes provide an alternative path for the diverted 
carbon monoxide and the oxidiZed carbon monoxide to 
reduce inhalation by a smoker. In a preferred embodiment, 
venting holes adjacent to the adsorbent to facilitate the 
further diversion of carbon monoxide from main stream 
smoke. 

[0007] The catalyst may be at least one of a transition 
metal, an oxide of a transition metal, and a transition metal 
and an oxide of a transition metal, such as any one of a rare 
earth metal, a platinum group metal, their alloys, their 
mixtures and combinations thereof. Some transition metals 
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that may Work Well include at least one of copper, cobalt, 
iron, silver, nickel, palladium. 
[0008] Applicants have found that at least silver, its alloys, 
mixtures including silver and combinations thereof and, 
preferably, With silver in the form of an oxide Work satis 
factorily. Also, applicants have found that at least one of 
silver and palladium, their alloys, their mixtures and com 
binations thereof and, preferably, With silver in the form of 
an oxide of silver Work satisfactorily. Further, applicants 
have found that at least nickel, its alloys, mixtures including 
nickel and combinations thereof and, preferably, With nickel 
in the form of an oxide of nickel Work satisfactorily. 
Moreover, applicants have found that at least one of copper 
and palladium, their alloys, their mixtures and combinations 
thereof and, preferably, in the form of a Wacker type catalyst 
and, more preferably, in the form of a modi?ed Wacker type 
catalyst Work Well. 

[0009] In an embodiment, the CO pump includes at least 
one additional ?lter element, preferably cellulose acetate. A 
catalyst may be distributed through the at least one addi 
tional ?lter element. 

[0010] In the vicinity of the adsorbent, the concentration 
of carbon monoxide is increased, thereby increasing the ?ux 
of carbon monoxide from the adsorbent. The adsorbing is 
momentary, preferably for betWeen about 0.1 and about 10 
seconds. 

[0011] In a preferred embodiment, the separator is a 
molecular sieve. To that end, the effective aperture siZe is 
selected to be large enough to permit carbon monoxide to 
pass While at the same time preventing larger molecules 
from entering. Applicants believe that an effective aperture 
siZe from about 3 angstroms and greater Will permit 
carbon monoxide to enter While a the same time an effective 
aperture siZe is up to about 9 angstroms Will prevent 
certain larger molecules from entering. Alternatively if there 
is any hydrolyZation anticipated, a good starting point may 
be an effective aperture siZe from about 5 angstroms and 
greater may permit carbon monoxide to enter While at the 
same time an effective aperture siZe is up to about 9 
angstroms Will prevent certain larger molecules from 
entering. The molecular sieve may exhibit properties of an 
adsorbent. 

[0012] The molecular sieve may be any one of a Zeolite, 
Whether occurring in nature, or synthetic or combination 
thereof, and an oxide. The oxide may be an oxide of at least 
one of silicon, aluminum, magnesium, their mixtures and 
their compounds. Also, the oxide may be a dehydrated 
oxide, such as an oxide of aluminum. Alternatively, the 
oxide may be amorphous. 

[0013] In a preferred embodiment, the adsorbent is a 
Zeolite such as an oxide, more preferably, at least one of 
silicon, aluminum, magnesium, their mixtures and their 
compounds. A dehydrated oxide, particularly of aluminum 
has been found to be effective. An amorphous oxide may 
also Work. 

[0014] In a preferred embodiment, the adsorbent is a 
support for the catalyst. HoWever, anyone of the one of the 
separator, the adsorbent, and the separator and the adsorbent 
may be a support for the catalyst. 

[0015] Accordingly, one aspect of the present invention is 
to provide a smoking article including a tobacco column, a 
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Wrapper surrounding the tobacco column; and a carbon 
monoxide pump. The carbon monoxide pump may include 
a separator and an adsorbent for carbon monoxide doWn 
stream from said separator. The separator may impede the 
entry of large molecules into the carbon monoxide pump 
While permitting the adsorbent to accumulate the carbon 
monoxide from main stream combustion products. When the 
carbon monoxide pump is aligned With the tobacco column 
so as to selectively divert carbon monoxide from main 
stream combustion products prior to inhaling by a smoker. 

[0016] Another aspect of the present invention is to pro 
vide a carbon monoxide pump for use in a smoking article 
including a tobacco column and a Wrapper surrounding the 
tobacco column. The carbon monoxide pump includes a 
separator, an adsorbent for carbon monoxide doWnstream 
from said separator; and a catalyst. When placed adjacent to 
the tobacco column, the carbon monoxide pump selectively 
diverts carbon monoxide from main stream combustion 
products by having the separator to impede the entry of large 
molecules into the carbon monoxide pump While permitting 
the adsorbent to accumulate the carbon monoxide from main 
stream combustion products and the catalyst at least partially 
oxidiZes the carbon monoxide to carbon dioxide prior to 
being inhaled by a smoker. Still another aspect of the present 
invention is to provide a smoking article including a tobacco 
column; a Wrapper surrounding the tobacco column; and a 
carbon monoxide pump. The pump includes a separator, an 
adsorbent for carbon monoxide doWnstream from said sepa 
rator; a catalyst for oxidiZing carbon monoxide to carbon 
dioxide, and venting holes adjacent to the adsorbent. In use, 
the carbon monoxide pump selectively diverts carbon mon 
oxide from main stream combustion products by having the 
separator to impede the entry of large molecules into the 
carbon monoxide pump While permitting the adsorbent to 
accumulate the carbon monoxide from main stream com 
bustion products, the catalyst at least partially oxidiZes the 
carbon monoxide to carbon dioxide and the venting holes 
providing an alternative path for the diverted carbon mon 
oxide and the oxidiZed carbon monoxide to check inhalation 
by a smoker. 

[0017] The invention also provides a mouthpiece for a 
smoking article including a ?tting to receive a smoking 
article, and a carbon monoxide pump including an adsorbent 
for adsorbing carbon monoxide, Wherein the carbon mon 
oxide pump is positioned With respect to the smoking article 
so as to selectively divert carbon monoxide from main 
stream combustion products prior to inhaling by a smoker. 

[0018] These and other aspects of the present invention 
Will become apparent to those skilled in the art after a 
reading of the folloWing description of the preferred 
embodiment When considered With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1A is a smoking article according to the 
present invention; 

[0020] FIG. 1B is an exploded vieW of the smoking article 
of FIG. 1A; 

[0021] FIG. 2 is a schematic of a tobacco column adjacent 
to a selective carbon monoxide pump according to the 
present invention; 
[0022] FIG. 3 is a block ?oW diagram for a carbon 
monoxide pump according to the present invention; 
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[0023] FIG. 4 is a partial perspective vieW of a mouth 
piece according to the invention; 

[0024] FIG. 5 shoWs retention time of an about 1 ml about 
2%CO in He pulse in an about 10 ml Zeolite bed at about 
ambient temperature against about 3, 4, 5 and 9 A pore siZe 
Zeolites equilibrated With about 60% humidity room air (0) 
and annealed at about 300° C. for about 10 hrs prior to 
injection; 

[0025] FIG. 6 shoWs retention time of CO (0) and N2 (A) 
pulses in an about 5 A Zeolite vs. time elapsed from purging 
of dry Zeolite With an about 60% humid air for about 1 hour, 
the other experiment conditions are in FIG. 5; 

[0026] FIG. 7a shoWs concentration pro?les of CO and 
CO2 during CO oxidation on air-dry (PdCl2+CuCl2)/C cata 
lyst at about ambient temperature With about 50 ml/min 
(about 3% CO+12% O2+He) gas mixture passing through 
about 1 g of catalyst; 

[0027] FIG. 7b shoWs the concentration pro?les of Water 
and O2 during CO oxidation on air-dry (PdCl2+CuCl2)/C 
catalyst at about ambient temperature With about 50 ml/min 
(about 3% CO+12% O2+He) gas mixture passing through 
about 1 g of catalyst; 

[0028] FIG. 8a shoWs concentration pro?le of the outlet 
gas after the 1St pulse of about 1 ml CO through (PdCl2+ 
CuCl2+Cu(NO3)2)/C catalyst at about ambient temperature 
in an about 100 ml/min How of about 10%O2 in He; 

[0029] FIG. 8b shoWs concentration pro?le of the outlet 
gas after the 7th pulse of about 1 ml CO through (PdCl2+ 
CuCl2+Cu(NO3)2)/C catalyst at about ambient temperature 
in an about 100 ml/min How of about 10%O2 in He; 

[0030] FIG. 8c shoWs concentration pro?le of the outlet 
gas after the 42nd pulse of about 1 ml CO through (PdCl2+ 
CuCl2+Cu(NO3)2)/C catalyst at about ambient temperature 
in an about 100 ml/min How of about 10%O2 in He; 

[0031] FIG. 9a shoWs pro?les of the catalyst temperature 
during CO oxidation in a series of pulses of about 1 ml CO 
pulses through (PdCl2+CuCl2+Cu(NO3)2)/C catalyst at 
ambient temperature in a about 100 ml/min How of 10%O2 
in He; 

[0032] FIG. 9b shoWs the integral value of the heats of CO 
during CO oxidation in a series of pulses of about 1 ml CO 
pulses through (PdCl2+CuCl2+Cu(NO3)2)/C catalyst at 
ambient temperature in a about 100 ml/min How of 10%O2 
in He; 

[0033] FIG. 10a shoWs concentration pro?les of the outlet 
gas after the 1St pulse of about 1 ml CO through the 
dehydrated (PdCl2+CuCl2+Cu(NO3)2)/C catalyst under the 
experimental catalysis conditions described in FIG. 9; 

[0034] FIG. 10b shoWs concentration pro?les of the outlet 
gas after the 15th pulse of about 1 ml CO through the 
dehydrated (PdCl2+CuCl2+Cu(NO3)2)/C catalyst under the 
experimental catalysis conditions described in FIG. 9; 

[0035] FIG. 11a shoWs the removal of CO from main 
stream smoke by a freshly prepared partially reduced and 
dehydrated Pd/Cu/C catalyst; 

[0036] FIG. 11b shoWs the removal of CO from main 
stream smoke by the Pd/Cu/C catalyst of FIG. 11a after 
aging; and 






















