Study on filtration mechanisms of particulate and
vapor components in tobacco smoke by cigarette

filters
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Abstract
There are numerous empirical equations for predicting the filtration efficiencies of tar, nicotine and other

smoke components through cigarette filters. However, very little is known on the filtration mechanisms of
tobacco smoke because of the complexities in cigarette filter structure and behavior of tobacco smoke. Cigarette
filters consist of a bundle of crimped fibers with irregular cross-section, and tobacco smoke is a complicated
mixture of multi-component particles and vapors. |

In the present work, the filtration mechanisms of particulate and vapor components in mainstream tobacco
smoke by cigarette filters are studied both experimentally and theoretically.

First, the influences of fiber cross-sectional shape and fiber crimp angle on the filtration performance are

investigated. As a result, it is shown that Y-shaped fibers favor the diffusional deposition of smoke particles by
increasing the surface area of filter, and the maximum filter performance index lies at the crimp angle of 7/6 for
both circular and Y-shaped fibers. The cigarette filters consisting of Y-shaped fibers studied in the present
experimental work have almost the same filter performance index as predicted by the numerical analysis,
because they have the crimp angles between /12 and /4.
Second, the mechanisms of selective filtration of smoke components through cigarette filters are experimentally
studied. It is found that the selective filtration occurs because some components in cigarette smoke particles
evaporate during the filtration and adsorb onto or absorb into the filter fibers together with the vapors, which are
originally in vapor state. Furthermore, it is shown that the selective filtration of smoke components is largely
dependent upon the vapor pressure and the water solubility.
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Fig.1 SEM graphs of a conventional cigarette filter
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Nomenclature

C = particle concentration [m?]
Ca =drag coefficient [-]
D =Brownian diffusion coefficient of particles [ mPs™

ds dis  =cross-sectional area equivalent diameter of fiber [m]
dg =width of fiber projected in flow direction [m]
d, =particle diameter [m]
F =dimensionless drag force -]
5 =fraction of particle [-]
£ =fraction of vapor [-1]
By =inter-fiber distance [m]
hy =hydredynamic factor | ' (-]
H =filter thickness [m]
L =total fiber length per unit area of filter [m!]
Lt =fiberlength | [m]
n =aspect ratio of fiber cross-section [-]
P =particle penetration [-]
P, =penetration of vapor | [-]
P, =penetration of particle (-]
Py =penetration of particle and vapor : [-]
Pe =Peclet number (=dg /D) ' (-]
Re =Reynolds number(=pUdy/ 1) [-1]
s =cross-sectional area of fiber [m?]
U =face airflow velocity [mes™]
u =airflow velocity [mes™]
XY =rectangular coordinates [m]
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Greek

a =packing fraction of filter [-1]
4p =pressure drop [Pa]
6 =inhomogeneity factor of fiber packing [-]
¢ =crimp angle [rad]
n =single fiber collection efficiency (-]
Ag =filter coefficient [-]
A, =pressure drop of filter per unit filter depth [Pasm™ )
H =viscosity of air [Pass ]
P =air density [kgom™]
6 =fiber rotation angle [rad]
Subscripts
num =numerical
cal =calculated
exp =experimental
Superscript
* =dimensionless
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