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ABSTRACT OF THE DISCLOSURE 

Tobacco smoke ?lter formed of ?lamentary or sheet 
tobacco smoker ?lter material treated with a solution 
of poly(alkyleneimine) for reducing the content of the 
‘more volatile acidic constituents of tobacco smoke while 
maintaining substantially the ?avorful qualities of the 
tobacco smoke. 

This application is a continuation-in-part of our appli 
cation Ser. No. 385,490, ?led July 27, 1964, now aban 
doned. - - > 

Background of the invention 

Filters for tobacco smoke are already known which re 
move the particulate phase of tobacco smoke by mechani 
cal means. These ?lters, formed from ?lamentary or sheet 
material, have differing .capacities for the removal of 
speci?c less pleasant constituents, which constituents may 
also have an adverse effect on the taste of the ?ltered 
smoke. A large proportion of these constituents occurs, 
partially at least, in the form of vapors which cannot be 
removed by mechanical ?ltration, but only by absorp 

' tion'or. adsorption on a suitable surface or by'chemical 
reaction. 
Of these less pleasant constituents, the presence of the 35 

more volatile phenolic and acidic compounds may be 
“undesirable; f 

It is known that the volatile acidic. compounds of to 
bacco smoke may be reduced by the addition of alkaline 
salts to ?lter material or to the tobacco itself. Also, by 
mechanically altering the ?lter material in which the draw 
resistance is increased, a greater quantity or proportion 
of the particulate material, such as tar and nicotine, may 
be removed. 

Summary of the invention 

According to the invention, ?lamentary or sheet to-‘ 
bacco smoke ?lter material is treated with a poly(alkyl 
eneimine). The poly(alkyleneimine) may be applied to 
the bulk ?lter material in a solution or suspension of a 
mixture of water and an organic solvent. Any of the con 
ventional means known to the art may be employed for 
applying the poly(alkyleneimine) to the ?lter material, 
for example, as by spraying, soaking, dipping, painting or 
the like. 
The poly(alkyleneimines) utilized in the present in 

vention are substantially nonvolatile and have the gen 

where each R’ is individually selected from the class 
consisting of hydrogen, lower alkyl radicals free from ali 

‘ phatic unsaturation and having from 1 to 6 carbon atoms 
H and n is a whole number greater than 12. 

The proportion of poly(alkyleneimine) added to to 
bacco smoke ?lter material is at least‘ about:0.5% by 

. weight ofthe ?lter material; preferably about 0.5%; an 
more preferably from about 0.5% to 3.0%. ' - 

Detailed description of the invention 

In accordance with the present invention, We have un 
expectedly discovered that theuserof ,a substantially non 

2 
volatile high molecular weight poly(alkyleneimine) avoids 
the difficulties presented by the treating materials of the 
prior art and that such a treated smoke ?lter provides 
a novel means for reducing the content of the more 

5 volatile constituents of tobacco smoke while maintain 
ing substantially the ?avorful qualities of the tobacco 
smoke. ’ 

- The poly(alkyleneimines) utilized in the present in 
vention have the general formula: 

where each R’ is individually selected from the class con 
sisting of hydrogen, lower alkyl radicals free from ali 
phatic unsaturation and having from 1 to 6 carbon atoms 

15 and n is from about 23 to 1150. The polymers of for 
mula (1) are formed from cyclic monomers having the 
formula: . 

(2) 
N 

where R’ is as previously de?ned. The polymers of For 
mula l,'formed from the monomers of Formula 2, differ 
from other materials which have also been designated 

25 poly(alkyleneimines) in that, regardless of the nature 
of the substituent R’, two carbon atoms and one nitrogen 
atom alternate along the polymeric chain. The substit 
uents R’ vremain substituents on the polymer chain after 
polymerization, and are not incorporated into the back 

3() bone. Thus, the irnine value of the poly(alkyleneimines) 
' of Formula 1 are signi?cantly higher than other polymers 
which have been referred to as. poly(alkyleneimines), 
suchas those with the repeating structure: 

where a is a whole number greater than 1. 
, 'As previously mentioned, the substituents R’ in For 

” mulas 1 and 2 can be hydrogen or phenyl. Additionally, 
' R’ can represent a lower alkyl radical, such as‘, methyl, 

methyl, propyl, isopropyl, butyl, amyl andhexyl. Standard 
" names have been assigned to the various monomeric 
ethyleneimines. For example, when each R’ in Formula 

1 2 is hydrogen, the monomer is called either ethyleneirnine 
" or aziridine. If one R’ is methyl, and the other R's are 

45' hydrogen, then the monomer is propyleneimine' or 2 
' methyl aziridine. The various monomers of Formula 2 are 
easily polymerized by known methods. Among the poly 
mers which can be formed from the monomers of For 
mula 2, which are useful in the present invention, are 

501' poly(ethyleneimine), poly(propyleneimine), poly(l2-ethyl 
aziridine), poly(2,2-dimethyl aziridine), and poly(2,2-di 

’ methyl-3-n-propyl aziridine). , 

‘The poly(alkyleneimines) employed as the treating 
" material for tobacco smoke ?lter material are substantial 
“ ly nonvolatile and are not transferred to the smoke stream 

when tobacco smoke passes therethrough. Where the 
poly(alkyleneimine) is poly(ethyleneimine) it is substan 
tia'lly. nonvolatile when n of Formula 1 is at least 13 

' which corresponds to a molecular weight of about 600. 
60" Negligible,‘ if any, transfer of poly(alkyleneimine) occurs 

where n' is approximately 23 which corresponds to a 
molecular weight of about 1000 for poly(ethyleneimine). 

Since the viscosity of the poly(alkyleneimines) in 
creases as their molecular weight increases, their ease of 
application to tobacco smoke ?lter material becomes 
more di?icult. We have found that by mixing an organic 
solvent with an aqueous mixture of poly(alkyleneimine) 
relative ease of application is maintained even when n 
is as high as 1150 which corresponds to a molecular 
weight of about 50,000 for poly(ethyleneimine). 
For example, a treatment solution of 50% by weight 

poly(ethyleneimine) and water is mixed with ethyl alco 
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hol to reduce the viscosity of the aqueous solution and to 
increase its ease of application to tobacco smoke ?lter 
material. Any relatively volatile organic solvent may be 
employed to reduce the viscosity of an aqueous poly 
(alkyleneimine) solution. Such solvents may be, for ex 
ample, methyl, ethyl, propyl, isopropyl alcohols or other 
organic solvents for poly(alkyleneimines) which are 
volatile and are not reactive thereto under conditions of 
treatment. 

Therefore, a range for n of Formula 1 may be at least 
13 and preferably 23 to 1150. 
Smoke ?lter treating materials have been disclosed in 

the prior art which contain amine or imine groups. How 
ever, not only have the materials been different, but their 
action on the smoke being ?ltered has been quite different 
from the action of the poly(alkyleneimines) of the pres 
ent invention. Materials disclosed in the past have in 
cluded ionic resins and salts, low molecular weight 
diamines, amides, and compositions of matter containing 
materials other than imines. In the case of the low molec- - 
ular weight materials, there is a signi?cant problem in 
transfer of the material through the ?lter along with the 
smoke. The other materials, being either acidic or very 
slightly alkaline tend not only to reduce the acidic com 
ponents of tobacco smoke but, additionally, the ?avor 
ants, such as nicotine, are also reduced or removed from 
the tobacco smoke. Further, the addition of some of 
these treating materials increases the pressure drop 
through the ?lter, or the material itself transfers to the 
tobacco smoke, thereby making it much more di?icult 
to draw the smoke through the ?lter and further reducing 
the desirability of the ?ltered cigarette. 

Poly(alkyleneimines) are alkaline materials and, as 
such, have a selective effect on the smoke being treated. 
The tobacco smoke ?lters treated with high molecular 
weight poly(alkyleneimines) of Formula 1 reduce the 
more volatile acidic components of tobacco smoke, such 
as phenolics and other acidic components, while allowing 
a major proportion of the more desirable ?avorants, such 
as nicotine, to pass. Because of the structure in which one 
imine group alternates with two carbon atoms along the 
chain, a multitude of reactive imine sites is available to 
remove acidic components from smoke. This is in partic 
ular contradistinction to other polymers which have been 
referred to as poly(alkyleneimines) which have a much 
lower imine value. Further, because of the high molecular 
weight of the poly(alkyleneimines) utilized in accordance 
with the present invention, and consequent low volatility 
of the materials, the transfer of the treating materials 
through the ?lter is, at most, negligible. An additional 
advantage to this negligible transfer is that essentially the 
full amount of treating material originally applied to the 
?lter remains in the ?lter throughout the commercial life 
of the item to which it is applied, such as a cigarette. 
As just mentioned, the reactivity of the poly(alkylene 

imines) for the acidic components in the smoke is at the 
site of the imine linkage in the polymer, more particular— 
ly the reactive hydrogen bonded to the nitrogen. Since 
the polymers’ reactivity is at this imine linkage, and since 
a molecular weight of about 600, preferably about 1,000, 
is su?icient to prevent transfer of the treating agent to 
the smoke through excess volatility, there is no particu 
lar advantage to substituting the carbon atoms in the poly 
mer chain. Therefore, the preferred polymers are those 
formed from ethyleneimine and from Z-methyl aziridine, 
that is: 

(3) 
and 
(4) 

where n is as previously de?ned. 
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4 
The method of carrying out this invention will be more 

fully described in the following examples: 
EXAMPLE I 

A 50% aqueous solution of poly(ethyleneimine), avail 
able commercially under the trade name “Polymin P," 
was diluted with water to give a solution containing 
3.75% active constituent. Two mls. of this solution was 
sprayed onto a strip of crimped absorbent paper, as used 
in the manufacture of cigarette ?lters, weighing 0.7-0.8 
gms. The concentration of the solution was such that, 
after the treated paper had been dried overnight at room 
temperature (20-25 ° C.), the paper contained 10% by 
weight of the polymer. The treated paper was then hand 
rolled into rods 90 mm. long and of cigarette diameter, 
from which 15 mm. blanks were cut and attached as ?lter 
plugs to cigarettes. Untreated ?lter rods were similarly 
prepared except that they were sprayed with water only. 
The cigarettes were then smoked by an automatic ma 
chine at one putt/min, each puff being of two seconds 
duration and a volume of 35 mls. The smoke obtained 
was analyzed and compared with that obtained from 
cigarettes with untreated ?lters. 

EXAMPLE II 

Other ?lters were prepared as in Example I, except 
that the paper contained a ?nal concentration of 50% 
by weight of the polymer, and the smoke produced in 
similar tests was analyzed. . 

EXAMPLE III 

Other ?lters were prepared as in Example I, except 
that the paper contained a ?nal concentration of 1% by 
Weight of the polymer, and the smoke produced in similar 
tests was analyzed. 

EXAMPLE IV 

Other ?lters were prepared as in Example 1, except 
that the paper contained a ?nal concentration of 3% by 
weight of the polymer, and the smoke produced in similar 
tests was analyzed. 
The results obtained from the comparative tests of Ex 

amples I through IV are given in Table 1 : 

TABLE 1 

Percent removal of smoke 
Percent imine Pressure drop constituents 
by weight of of 15 mm. tip 
paper tip 

Nicotine Phenol Acids 

0 1.4 22 26 28 
1 1. 4 21 27 29 
3 1.3 19 28 30 

10 0. 9 14 31 33 
50 1.0 5 28 44 

EXAMPLE v 

A 50% aqueous solution of poly(ethyleneimine), avail 
able commercially under the trade name “Polymin P,” 
was diluted with water to give a solution containing 
2% active constituent. Two mls. of this solution was 
sprayed onto cellulose acetate tow, with a total denier 
of 57,000 and a ‘denier per ?lament of 2.1, and formed 
into a ?lter rod 90 mm. in length and of cigarette di 
ameter and was immediately freeze dried to remove 
the water. The concentration of the solution was such 
that the treated ?lter, after readjustment to room tem 
perature and humidity, contained 8% by weight of the 
polymer. Cigarette ?lters 15 mm. in length were cut from 
the treated rods and attached as ?lter plugs to cigarettes, 
and the cigarettes smoked as in Example I. 

EXAMPLE VI 

Other ?lters were prepared as in Example V, except 
that the treated ?lters contained a ?nal concentration 



3,340,879 
5 

of 26% by weight of the polymer. Smoke from cigarettes 
provided with the treated ?lters was again analyzed. 

EXAMPLE VII 

Other ?lters were prepared as in Example V, except 
that the treated ?lters contained a ?nal concentration 
of 1% by weight of the polymer. Smoke from cigarettes 
provided with the treated ?lters was again analyzed. 

EXAMPLE VIII 

Other ?lters were prepared as in Example V, except 
that the treated ?lters contained a ?nal concentration 
of 3% by weight of the polymer. Smoke from cigarettes ~ 
provided with the treated ?lters was again analyzed. 
The results obtained with Examples V through VIII 

are given in comparison with those from untreated ?lter 
cigarettes in Table 2: 

TABLE 2 

Percent imine Percent removal of smoke 
by weight of Pressure drop constituents 

cellulose 15 mm. tip 
acetate ti 

' p Nicotine Phenol Acids 

0 8. 3 43 53 56 
1 8. 2 41 55 57 
3 8. 2 37 59 59 
8 7. 9 27 7O 64 

26 7. 9 19 72 61 

EXAMPLE IX 

A continuous strip of 111/2" wide/open-mesh creped 
wadding (such as “Schweitzer” paper) was passed under 
a sponge roller and “roller coated” with a 50% aqueous 
solution of p0ly(ethyleneimine), available commercially 
under the trade name “Polymin P,” was diluted with water 
to givefav solution containing 2% active constituent. The 
rate of travel of the paper was arranged so that the 
?nal concentration of poly(ethyleneimine) on the paper 
was 6% by weight. The paper was then hot air dried 
‘and formed into a continuous ?lter rod using conven 
tional rod-forming machinery. The treated rod was cut 
into 15 mm. lengths which were attached to cigarettes 
and smoked in the manner described in Example I. 

EXAMPLE X 

Other ?lters were prepared as in Example IX, except 
that the treated ?lters contained a ?nal concentration 
of 1% by weight of the polymer. Smoke from cigarettes 
provided with they treated ?lters was again analyzed. 

EXAMPLE XI 

Other ?lters were prepared as in Example ‘IX, except 
that the treated ?lters contained a ?nal concentration 
of 3% by weight of_ the polymer. “Smoke from cigarettes 
provided with the treated ?lters was again- analyzed. 
The results obtained with Examples IX through XI 

are given in comparison with those from untreated ?lter 
cigarettes in Table 3: 

TABLE 3 

Percent imine Percent removal of smoke 
by weight of Pressure drop constituents 
"Schweitzer” of 15 mm. tip 
paper tip 

Nicotine Phenol Acids 

0 2. 6 31 37 36 
1 2. 6 30 39 40 
3 2. 6 27 42 48 
6 2. 6 23. 8 46. 4 59 

‘Similar results to those obtained above are obtained 
when creped wadding is treated with similar solutions of 
polymers of propyleneimine or 2-ethyl aziridine having 
similar chain lengths. 
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EXAMPLE x11 

To show the increase in e?iciency for reducing the 
content of the more volatile acidic constituents of tobacco 
smoke, two ?lters were prepared, using the same ma 
terials and procedures as in Example V, but providing 
a 10% concentration of poly(ethyleneimine) of ap 
proximate average formula: 

This polymer corresponds to generic Formula 1 where n 
is 15 and each R’ is hydrogen. A second ?lter was 
prepared, corresponding in every respect to that just 
described, except that the poly(ethyleneirnine) was of 
approximate average formula: ' 

(6) NH2 (OHZCHZNH) 19H ' 
The poly(ethyleneimine) of Formula ‘6 corresponds to 
generic Formula 1 where each R’ is hydrogen and n 
is 19. The treated ?lters (15 mm. in length) were attached 
to cigarettes and the cigarettes smoked as in Example 1. 
The results obtained are shown in Table 4: 

TABLE 4 

1', Percent removal of smoke constituents 

Tar Nicotine HON Phenol 

13:33:: 32 i3 3? $3 

It can be seen from the results in Table 4' that a slight 
increase in the chain length of the poly(ethyleneimine) 
provides a signi?cant increase in the ?ltration e?‘iciency 
for phenol without adversely a?ecting the ?ltration ef?_ 
ciency of the other materials listed. On the other hand, 
the ?ltration ef?ciency of the ?avorant, nicotine, is actual 
ly lowered, thus indicating that while a signi?cant per 
centage of acidic materials are removed, the ?avorant 
is allowed to pass. 

Similar results are obtained using similar solutions of 
polymers of 2,2-dimethyl-3-n-propyl aziridine of the same 
chain lengths. . ‘ 

EXAMPLE XIII 

A second comparison of,increalsed e?iciency utilizing 
longer chain‘length poly(alkyleneirnines) was performed, 
in this example, using a viscose ‘?lter material. The 
method of treatment-employed 'was the same as that 
in Example I and the comparative smoking test was 
similarly performed. The results of the comparison, using 
viscose as the ?lter material, are shown in Table 5: 

TABLE 5 

n Percent removal of smoke constituents 

‘Tar Nicotine HON. Phenol 

i333: Z25 3% 32 E2‘ U 

From the results shown in Table 5 it can be seen that 
by increasing the chain length of the poly(alkyleneimine) 
used with viscose, while the nicotine ?ltration ef?ciency 
is essentially unchanged, more of the tar is removed, and 
signi?cantly greater amounts of the hydrogen cyanide 
and phenol are removed from the smoke. 

Similar results to those shown above are obtained 
using similar solutions of polymers of 2,2-dimethyl aziri 
dine with the same chain lengths. 

EXAMPLE XIV 

To better show the tendency of a ?lter treated with 
a poly(alkyleneimine) to allow the passage of nicotine, 
while reducing the acidic constituents in the smoke, var 
ious ?lters were made and the amount and type of ma 
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terials passing through the ?lter measured. The ?lters 
were formed in the same manner and with the same 
materials as in Example VI and tested in the manner 
described in Example I. The ?lter had a particulate re 
tention of 50%. In Table 6, the results of these tests 
are shown: 

TABLE 6 

Percentage passed 
through 

with smoke Tar/Nicotine 
Filter ratio 

Tar Nicotine 
(me) (1112-) 

None ___________________________ __ 2O 2 i0 
10 1 l0 

imine) ________________________ __ 10 1. 28 7. 8 
Treated with 12% poly(ethyl 
eneimine) _____________________ __ 10 1. 42 7 

From these results it can be seen that an untreated 
?lter will indiscriminately remove acidic constituents and 
?avorants. The addition of about 6% poly(ethyleneimine) 
did not impair the ef?ciency of the ?lter in removing 
tar, but :allowed additional nicotine to pass, thus lower 
ing the tar to nicotine ratio. A further improvement in 
this ratio, and in the amount of nicotine allowed to 
pass, is shown by the ?lter treated with 12% poly(ethyl 
eneimine). 
As stated above, a volatile organic solvent may be 

employed for mixing with an aqueous solution of poly 
(alkyleneimine) to make the application more uniform 
and facile to the ?lter material while maintaining the 
desired amount of active constituent applied to the ma 
terial. Thus, an organic solvent, such as ethyl alcohol, 
may be employed as 1a portion of the aqueous mixture 
in the speci?c examples herein with no change in the 
?ltration e?iciency of the treated ?lter material. 

Most advantageously the poly(alkyleneimine) is applied 
to the cigarette ?lter material as a solution containing 
from about 0.5% to 50.0% of the poly(ethyleneimine) 
in water. Any of the ?brous masses employed in the 
art as cigarette ?lter materials can be used with the 
present invention. For example, a mass of parallel ?bers, 
such as a tow of cellulose acetate ?laments, can be 
utilized. Additionally, the ?lter body can comprise 
a wad of paper, or bats interleaved with paper and 
rolled into a convoluted con?guration. Additionally, ther 
moplastic ?lter ?bers other than cellulose acetate can 
be employed, such as viscose, cotton, and polyesters. 
Further, additives, known to art, which do not interfere 
with the functioning of the poly(alkyleneimine), or react 
with it, can also be employed to treat the ?lters utilized 
in accordance with the present invention. The amount 
of poly(alkyleneimine) deposited on the ?lter should vary 
from 0.5% to 50.0%, preferably 0.5% to 3.0%, by weight 
of the ?lter material. 
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While speci?c embodiments of this invention have been 

described, it is apparent that many variations can be 
employed without departing from the spirit and scope of 
the present invention. 
We claim: 
1. A tobacco smoke ?lter comprising ?brous tobacco 

smoke ?lter material treated with a poly(alkyleneimine) 
of the average formula: 

where each R’ is independently selected from the class 
consisting of hydrogen, lower alkyl radicals free of ali 
phatic unsaturation having from 1 to 6 carbon atoms 
and n is at least 13. 

2. A tobacco smoke ?lter comprising ?brous tobacco 
smoke ?lter material treated with a poly(alkyleneimine) 
of the average formula: 

where each R’ is selected from the class consisting of 
hydrogen, lower alkyl radicals free of aliphatic unsatura 
tion having from 1 to 6 carbon atoms and n is at least 
13, in an amount of at least 0.5 % by weight, based on 
the weight of the tobacco smoke ?lter material. 

3. The tobacco smoke ?lter of claim 2 wherein n is 
from 23 to 1150. 

4. A tobacco smoke ?lter of claim 2 wherein the 
poly(alkyleneimine) is a material selected from the group 
consisting of poly(ethyleneimine), poly(propyleneimine), 
poly(2-ethyl aziridine), poly(2,2-dimethyl aziridine), and 
poly(2,2-dimethyl-3-n-propyl aziridine). 

5. The tobacco smoke ?lter of claim 4 wherein the 
poly(alkyleneimine) is poly(ethyleneimine). 

6. The tobacco smoke ?lter of claim 4 wherein the 
poly(ethyleneimine) is in an amount of 0.5% to 3.0%. 

7. The tobacco smoke ?lter of claim 4 wherein the 
poly(alkyleneimine) is poly(2-methyl aziridine). ’ 

'8. A tobacco smoke ?lter comprising ?brous tobacco 
smoke ?lter material treated with a poly(alkyleneimine) 
having a relatively high molecular weight of at least 600. 

9. The tobacco smoke ?lter of claim 8 wherein the 
poly(alkyleneimine) is poly(ethyleneimine). 

10. The tobacco smoke ?lter of claim 9 wherein the 
poly(ethyleneimine) is in the amount of from 0.5% 
to 50.0% by weight, based on the weight of tobacco 
smoke ?lter material. 
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