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This invention relates to chemical additives for use 
with tobacco smoke ?lters, and to smoking devices such 
as, for example, cigarettes which employ tobacco smoke 
?lters containing such additives. More particularly, this 
invention concerns the addition of hexahydrotriazine ad 
ditives to tobacco smoke ?lter elements for reducing the 
concentration of acrolein which passes therethrough when 
the tobacco is smoked. 
Tobocco smoke, as is well known, consists of a gaseus 

or vapor phase in which are suspended liquid or semi 
liquid droplets and certain solid particles. It is also known 
that various compounds and materials that exist in these 
gaseous, liquid 'and solid phases of the tobacco smoke 
contribute nothing bene?cial to the pleasant taste or 
aroma of the smoke. Thus much effort has been expanded 
in developing suitable methods and devices for removing 
these deleterious compounds and materials from tobacco 
smoke without at the same time affecting the pleasant 
?avor and aroma of the smoke. This concerted effort by 
the tobacco industry led to the development of the stand 
ard commercial cigarette ?lter which normally consists 
of a bundle of cellulosic ?bers or convoluted crimped 
paper formed into a cylindrical plug. Such ?lters are 
designed to and do remove varying proportions of the 
droplets and solid particles passing through them thereby 
greatly reducing the amount of undesirable materials 
reaching the smoker’s mouth. This ?ltering action is ac 
complished by a combination of diffusional, impactive, 
and direct collision of the droplets with the ?lter material. 
Upon collision the droplets are retained in the ?lter by 
the surface attraction between the extremely small parti 
tiles and the relatively large ?lter material. 
However, these plug type ?lters per se generally are 

unable to remove many of the noxious vaporized com 
ponents from the smoke stream by the processes of phy 
sical and chemical adsorption. Certain of these gaseous 
components are especially toxic and adversely affect the 
human tissues with which they come into contact. Acro: 
lein is one of these undesirable gases to be found in the 
smoke of burning tobacco. This speci?c gaseous compo 
nent of tobacco smoke merits special attention, however, 
since it has been found to contribute to the inhibition of 
the action of the whiplike appendages or cells called 
cilia which line the trachea and bronchioles. These cells 
rhythmically beat to and fro, and by this action carry 
foreign bodies up and out of the respiratory tract thereby 
preventing such foreign particulate matter from accumu 
lating in the respiratory system. When the activity of the 
cilia is inhibited by the acrolein in tobacco smoke, the 
smoke particles including any tar particles contained in 
the smoke will pass by the less active or quiescent cilia 
and collect in the lungs or other parts of the respiratory 
tract. 

In attempts to improve the ciliary depressant removal 
properties of tobacco smoke ?lters various treatments 
of the ?ltering material, and certain new ?ltering mate 
rials have been proposed and tried. Among the materials 
and treatments proposed for use in or with the tobacco 
smoke ?lters was a number of well-known adsorbents such 
as activated charcoal, alumina, natural and synthetic clay, 
and silica gels. Such adsorbent-containing tobacco smoke 
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?lters are effective to some extent in removing ciliary 
depressants from the vapor phase of cigarette smoke, 
but their use has some de?nite disadvantages. For exam 
ple, such adsorbent additives indiscriminately remove from 
the tobacco smoke not only certain obnoxious or "toxic 
components, but many other components as well which 
are necessary for maintaining the desired ?avor and aroma 
of the smoke. In the case of activated carbon, which at 
the present time is the most commonly used adsorbent 
additive, the removal of these ?avoring agents imparts an 
undesirable taste to the smoke that is commonly referred 
to as the “carbon taste.” Furthermore, since the adsorp 
tion of vapors by these materials is ‘based on physical 
phenomena, which are in turn dependent upon tempera 
ture and pressure, many of the adsorbed vapors includ 
ing those that are deleterious may later be released in con 
centrated quantities as the burning Zone of the cigarette 
approaches the ?lter during the smoking of the cigarette. 
If enough carbon is used in the ?lter to compensate for 
this de?ciency, the cigarette becomes for all practical 
purposes, unsmokable. 

Therefore, it is readily apparent that an improvement 
in the tobacco smoke ?lter art which would permit the sub 
stantial reduction or complete elimination of acrolein 
vapors from tobacco smoke without at the same time ad 
versely affecting the flavor and aroma of the smoke would 
represent a substantial stride forward. Ideally this im 
provement should use a material and/or method that is 
inexpensive, reliable and commercially available. Fur 
thermore, the filter should be capable of‘ removing only 
the deleterious vapors found in tobacco smoke, and the 
vapors removed should be chemically reduced so that 
they will not be eluted at a later time due to a change in 
the ?lter structure or environment. The process whereby 
the ?lter is produced must also be compatiable with exist 
ing manufacturing equipment and capable of being per 
formed at the speeds demanded by industry. 

According to the present invention a convenient and 
effective method has been found by which a tobacco 
smoke ?lter can be constructed for the selective removal 
of acrolein vapors from tobacco smoke. This method 
consists of coating, dusting or otherwise dispersing se 
lected hexahydrotriazines onto the ?ltering material from 
which the tobacco smoke ?lter element is formed. The 
acrolein vapor is reduced chemically to an inert material 
upon its contact with the hexahydrotriazines in the ?lter 
thereby preventing the acrolein from reaching the smok 
er’s mouth. 

Therefore, an object of this invention is to provide a 
new and improved tobacco smoke ?lter unit. 
Another object of this invention is to disclose a chemi 

cal additive for tobacco smoke ?lters which will substan 
tially eliminate certain ciliary-depressant substances found 
in tobacco smoke. 
Yet another object of this invention is to disclose a 

coated granular additive for use with a tobacco smoke 
?lter which will chemically reduce the concentration of 
ciliary-depressants, such as acrolein, from the tobacco 
smoke passing through the ?lter. 

'Still another object of this invention is to disclose a 
new tobacco smoke ?lter tow, and a method of manufac 
turing the same, which contains hexahydrotriazines ca 
pable of chemically reducing the acrolein vapors found 
in tobacco smoke to a harmless material. 

A further object of this invention is to describe a cig 
arette ?lter having hexahydrotriazines therein for selec 
tively removing acrolein vapors from tobacco smoke by 
a chemical technique. 

A still further object of this invention is to describe 
a method and process of manufacturing a cigarette ?lter 
from a cellulose acetate tow which contains hexahydro 
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triazine additives capable of removing acrolein from to 
bacco smoke. 

Yet another object of this invention is to describe a 
dual-type cigarette ?lter having a section of granules 
coated with at least one hexahydrotriazine that is capable 
of selectively removing acrolein from tobacco smoke. 

These and further objects and advantages of this in 
vention will be more apparent upon reference to the ac 
companying speci?cation, speci?c working examples, and 
claims. 
As set out hereinabove, this invention in its broadest 

aspects involves the use of certain hexahydrotriazines in 
tobacco smoke ?lters for selectively removing acrolein 
vapors from tobacco smoke. The hexahydrotriazines 
which have been found to be most elfective in the selec 
tive removal of acrolein vapors from the gaseous phase 
of tobacco smoke are (1) hexamethylenetetramine; (2) 
1,3,S-tricyclohexylihexahydro~s-triazine; (3) 1,3,5-triphen 
ylhexa'hydro-s-triazine, or (4) derivatives as illustrated 
by the following general formula: 

CH3 

where R=any alkyl, aryl, and arylalkyl derivative. 
Since the hexahydrotriazines act through physical con 

tact to chemically reduce the acrolein vapor, it is very 
important that as much surface area of the hexahydro 
triazines be exposed for contact with the acrolein vapor 
as possible. This desired surface exposure can be ac 
complished, for example, by adding the hexahydrotria 
zines to any general type of cigarette “?ltering material” 
such as cellulose acetate tow, paper, cotton, polypropyl 
ene and polyethylene ?bers, or any other suitable ma 
terials having large surface areas that are inert to the 
hexahydrotriazines and can be used as a carrier me 

dium. 
The ihexhydrotriazine additives contemplated by this 

invention can be incorporated into the various carrier 
materials in any desirable manner. For example, solutions 
of the hexahydrotriazine additive in a suitable solvent, 
‘such as water, may be applied to the ?lter material by 
spraying, soaking, sprinkling or the like after which the 
solvent is driven otf as a vapor leaving the additive 
thoroughly incorporated within the material. The hexa 
hydrotriazine additives may also be applied as a ?nely 
-divided solid material through a dusting, shaking or dis 
persing medium of any suitable type which will uniform 
ly disperse the additive over the ?lter. The incorporation 
of the additive may take place at any time prior to the 
?nal packaging of the tobacco smoke ?lter. In the case 
of cigarette ?lters, it may be incorporated before or after 
the binder material is sprayed onto the tow. 
The hexahydrotriazines can also be dispersed in a plas 

ticizer or other suitable bonding liquid as, for example, 
glyceryl triacetate (triacetin) and applied to the ?ltering 
material by any convenient method such as by spraying 
or rolling the triacetin suspension on the tow or other 
?ltering materials. This desirable feature is rather unex 
pected since it was commonly believed in the tobacco 
industry that if a granular material of the hexahydro 
triazine type were incorporated into a plasticizer or bond 
ing material, the hexahydrotriazine would become inef 
fective for removing acrolein from tobacco smoke since 
the plasticizer would mask it from coming into contact 
with the smoke. This, however, does not occur. ‘In fact, 
suitable size granules of the hexahydrotriazines can be 
mixed with selected types of spinning solutions, such as 
cellulose acetate dopes, and spun to give a ?lament that 
readily neutralizes the acrolein in tobacco smoke. 
The hexahydrotriazines can also be utilized by them 

selves as one element in a dual-type cigarette ?lter. This 
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can be accomplished by using hexahydrotriazines in the 
form of a powder, pellet or applied to the surface of 
some granular substance, such as cellulose acetate 
powders, as the middle portion of the dual ?lter. The front 
and back portions of the ?lter can be constructed from any 
suitable ?ltering material as, for example, cellulose ace 
tate tow. The hexahydrotriazines may also be blended 
with or coated onto a suitable ?ake or granular thermo 
sensitive bonding material of, for example, the polyole?n 
class and the granular additive so formed can be used 
not only as a means ‘for removing acrolein vapors from 
tobacco smoke, but also as the bonding agent for a ?brous 
?lter tow material. To bond such a ?brous ?lter tow 
material with a granular polyole?n that is either coated 
with or has a powdered hexahydrotriazine blended there 
with, it is only necessary that the additive be applied to 
the ?brous ?lter and then heated to soften the thermo 
plastic particles thereby randomly fusing the ?bers of the 
tow as it is compacted into a ?lter rod. 
The amount of hexahydrotriazine additives in the ?nal 

tow or ?lter product contemplated by this invention is 
rather small but somewhat critical. Generally speaking, 
desirable reduction of ciliary depressants can be obtained 
if the hexahydrotriazine additives are incorporated into 
the ?nal tobacco product in amounts between 1 and 15 
percent by weight (dry bases). 
A further understanding of the invention will be had 

from a consideration of the following examples that may 
be used in actual commercial practice and are set forth 
to illustrate certain preferred embodiments. 

Example 1 

A 170-mm. length of 5 denier/?lament (d./ f.) crimped 
cellulose acetate ?lter tow which had 10,000 ?laments and 
weighed approximately 1 gram was spread out in a con 
ventional manner to a width of about 15 inches. The tow 
was then passed under a spray nozzle where a solution 
consisting of 50 percent by weight of hexarnethylene 
tetramine suspended in an equal weight of water was 
sprayed onto the tow. The tow containing the 50-50 w./w. 
aqueous solution of hexamethylenetetramine was then 
dried to drive off the water solvent thereby leaving a 
uniform coating of hexarnethylenetetramine over the 
cellulose acetate ?bers. The amount of the 50-50 w./w. 
aqueous solution being sprayed onto the spread tow was 
set so that the tow contained 12 percent of hexamethylene 
tetramine based on the dry weight of the tow. 
The hexamethylenetetramine coated tow was then 

sprayed with triacetin, compacted, wrapped with a paper 
to form a ?lter rod with a circumference of 25-mm., and 
allowed to stand until ?rm. The triacetin bonds the tow 
making a rigid rod and leaving the hexamethylenetetra 
mine evenly distributed throughout the tow thereby tak 
ing full advantage of the large surface area which the 
tow ?ltering material provides. This is important since the 
surface area of the tow ?ltering material is the vehicle 
which provides the contact necessary for the hexameth 
ylenetetramine to remove the acrolein vapor in the tobac 
co smoke efficiently. After the rod became ?rm, it was 
cut into 20-mm. segments which contained 12 percent hex 
amethylenetetramine based on the dry weight of the tow. 
These 20-mm. segments were attached to regular king 
size cigarettes and ZO-mm. lengths of the new ?lter tipped 
cigarettes were then cut off so that they would have the 
same length or tobacco content as a commercial king-size 
?lter cigarette. 
The ?lter tipped cigarettes were smoked with an auto 

matic smoking device and the vapors which passed 
through the ?lters were collected and analyzed by gas 
chromatography. Table 1 lists the results obtained on the 
hexamethylenetetramine ?lter. Also listed are the results 
obtained from a regular or un?ltered king-size cigarette 
and a king-size cigarette having a 20-mm. cellulose acetate 
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?lter (5 d./f., 10,000 ?laments) without any hexamethyl 
enetetramine added thereto. 

Table 1 

pg. acrolein found in smoke from one cigarette—— 
Without ?lter ___________________________ __ 90 
With a cellulose acetate ?lter ______________ __ 85 
With a hexamethylenetetramine treated cellu 

lose ?lter ____________________________ __ 45 

. Example 2 

A 170-mm. length of 5 d./f. crimped cellulose acetate 
?lter tow which had 10,000 ?laments and weighed ap 
proximately 1 gram was spread out in a conventional 
manner to a width of about 15 inches. The spread tow 
was then sprayed with triacetin until the ?bers of the tow 
contained 7 percent triacetin based on the weight of dry 
tow. 1,3,S-triphenylhexahydro-s-triazine was then dusted 
onto the triacetin treated tow until 5.5 percent based on 
the weight of dry tow had been added. The tow was then 
compacted, Wrapped with a paper to form a ?lter rod with 
a circumference of 25-mm., and allowed to stand until 
?rm. The triacetin cured the tow thus making a rigid rod 
and leaving the 1,3,S-triphenylhexahydro-s-triazine evenly 
distributed throughout the tow for efficiently removing any 
acrolein vapor it comes into contact with. After the rod 
became ?rm it was cut into 20-min. segments which were 
attached to regular king-sized cigarettes. A 20-mm. length 
of the king-size cigarette was then cut o?’ to retain the 
length of a commercial king-size cigarette. 
The ?lter tipped cigarettes were smoked with an auto 

matic smoking device and the vapors which passed 
through the ?lters were collected and analyzed by gas 
chromatography. Table 2 lists the results obtained on the 
?lter containing the 1,3,S-triphenylhexahydro-s-triazine 
additive. Also listed are the results obtained from a king 
size un?ltered cigarette and a king-size cigarette having 
a ZO-mm. cellulose acetate ?lter (5 d./f., 10,000 ?laments) 
without any 1,3,S-triphenylhexahydro~s-triazine added 
thereto. 

Table 2 

,ug. acrolein found in smoke from one cigarette~ 
Without ?lter _____________________________ ... 90 
With a cellulose acetate ?lter ___r _____________ _. 85 
With a l,3,S-triphenylhexahydro-s-triazine treated 

cellulose acetate ?lter ___________________ _- 56 

From the foregoing description it is readily apparent 
that the hexahydrotriazine containing tobacco smoke tow 
and ?lter of this invention offers numerous detoXicating 
advantages over-those ?lters previously known and used 
in the cigarette industry. For example, not only is the 
?lter a highly selective one which is capable of removing 
substantial amounts of the gas acrolein found in tobacco 
smoke as it moves through the interstices of the ?lters, but 
the acrolein removed by contacting the hexahydrotriazine 
is neutralized or reduced to an inactive and harmless by 
product which cannot later be eluted from the ?lter. Fur 
thermore, the fact that the hexahydrotriazines can be 
mixed or blended with various liquid or solid bonding 
materials for the ?lter tow, as well as with the spinning 
dopes themselves, substantially eliminates the masking, 
sifting-out and house~cleaning problems heretofore so 
commonly encountered where additives are used. The 
method and ease with which the hexahydrotriazine addi 
tives can be evenly dispersed throughout a tobacco smoke 
?lter also alleviates the need for practically all the special 
equipment, processing steps and skilled personnel that has 
heretofore been required to produce a ?lter tow having 
an additive therein. Thus the cost of producing the tow, 
as well as the ?lter units themselves, by the method and 
with the materials of this invention is substantially reduced 
over other comparable commercial products. 
The invention may be embodied in other speci?c forms 
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6 
without departing from the spirit or essential character 
istics thereof. The present embodiments are therefore to be 
considered in all respects as illustrative and not restrictive, 
the scope of the invention being indicated by the appended 
claims rather than by the foregoing description, and all 
changes which come within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein. 
What is claimed and desired to be secured by the United 

States Letters Patent is: 
1. As a new article of manufacture, a tobacco smoke 

?lter element containing a ?nely-divided hexahydrotriazinc 
which will react with and neutralize substantially all acro 
lein in the tobacco smoke passing through said ?lter ele 
ment. 

2. As a new article of manufacture, a tobacco smoke 
?lter element containing an additive of a hexahydrotri 
azine which will react with and neutralize substantially all 
acrolein in the tobacco smoke passing through said ?lter 
element, and a bonding material for said ?lter element. 

3. As a new article of manufacture, a tobacco smoke 
?lter element containing between 1 and 15 percent by 
weight of a hexahydrotriazine additive which will react 
with and neutralize substantially all acrolein in the tobacco 
smoke passing through said ?lter element. 

4. As a new article of manufacture, a tobacco smoke 
?lter element of the ?brous type containing between 1 and 
15 percent by weight of a hexahydrotriazine coated there~ 
on which will react with and neutralize substantially all 
acrolein in the tobacco smoke passing through said ?lter 
element. 

5. A tobacco smoke ?lter tow adapted to be formed into 
a tobacco smoke ?lter element comprising a carrier mate 
rial having a hexahydrotriazine material associated there 
with which will react upon contact with and neutralize the 
acrolein found in tobacco smoke. 

6. A tobacco smoke ?lter tow according to claim 5 
wherein said hexahydrotriazine material is coated on said 
carrier material. 

7. A tobacco smoke ?lter tow according to claim 5 
wherein said hexahydrotriazine material is in a ?nely 
divided form evenly distributed throughout said carrier 
material. 

8. A tobacco smoke ?lter tow according to claim 5 
wherein said carrier material is continuous ?bers of cellu 
lose acetate. 

9. A tobacco smoke ?lter for 
tain ciliary depressants from 
interstices formed in said ?lter 

selectively removing cer 
tobacco smoke comprising 
through which the tobacco 

being drawn therethrough, said hexahydrotriazine material 
being of the type that reacts with and neutralizes substan 
tially all acrolein in the smoke. 

10. A tobacco smoke ?lter of claim 9 wherein the hexa 
hydrotriazine material is selected from a compound of the 
formula 

wherein R is an alkyl, aryl or arylalkyl derivative. 
11. A tobacco smoke ?lter of claim 9 wherein the heXa 

hydrotriazine material is selected from the group consist 
ing of hexamethylenetetramine; 1,3,5-tricycloheXylhex-a 
hydro-s-triazine; and 1,3,S-triphenylhexahydro-s-triazine. 

12. A rod-shaped cigarette ?lter element adapted for 
selectively removing acrolein from tobacco smoke which 
comprises compacted substantially horizontally aligned 
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ilaments having as additives thereon a compound of the 
formula 

R 
l 

/N\ 
H2? (III-I; 
R-N N—R 

CH2 

wherein R is any alkyl, aryl or arylalkyl derivative. 
13. A rod-shaped cigarette ?lter element adapted for 

selectively removing acrolein from tobacco smoke which 
comprises compacted substantially horizontally aligned 
?laments having as additives thereon a compound selected 

8 
from the group consisting of hexamethylenetetramine; 
1,3,5'tricyclohexylhe-xahydro-s-triazine; and 1,3,5-triphen 
ylhexahydro-s-triazine. 

14. A rod-shaped cigarette ?lter according to claim 13 
5 wherein said ?laments are cellulose acetate. 
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