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EXPERIMENTAL STUDY OF RADON AND
THORON DIFFUSION THROUGH BARRIERS

M. f>ur£ik, R Havlik
Institute of Preventive and Clinical Medicine

Limbova 14, 833 01 Bratislava, Slovakia

Introduction
The measurement results of diffusion parameters for radon (222Rn) and thoron (22ORn)

through barriers, experimental equipments and theoretical background of diffusion are presented
in this paper. The diffusion barriers are used for measuring radon and thoron by passive
detectors and like one of the reduction techniques in houses.

The choice of diffusion barrier is very important and it should have following properties:
- barrier for measuring and determination of radon and thoron activities must remove radon and
thoron daughters, water vapour if possible and discriminate radon and thoron
- barrier for reduction of radon in a dwelling must lower radon and thoron gas fluxes from soil
and building materials to room so that radon activity will be reduced under action level into it,
good long life mechanical and chemical properties, without of containing radium and unhealthy
materials.

The knowledge of basic parameters of barrier such as diffusion coefficient and porosity is
important in prediction of radon and thoron transport through it. From this prediction it is
possible to estimate the efficiency of passive dosimeters with barrier, their minimum time of
exposure. The radon concentration in room for given barrier in remedial action will also be
estimated.

Materials and Methods
The measuring equipment for estimation of diffusion coefficient for radon was built

according to general diffusion theory where radon transport is from volume Vj (radon chamber)
to volume V2 (diffusion room) through diffusion barrier. This equipment is shown in Fig.l and it
was described in work [1]. Constant radon activity in radon chamber is controlled by radon
source. Radon activities are measured continuously by radon monitor and by Lucas scintillation
cells sampling one or two times per day in chamber and diffusion room. Exposure time for
determination of the diffusion coefficient of barrier is from one day to one week in dependence
on properties of barrier.

The diffusion of thoron and radon was studied by further measuring apparatus which is
schematic drawn on Fig.l. Thoron or radon gas flew from exposure chamber through barrier to
free air of room. Thoron or radon gas is added continuously to chamber from the source.
Activities are calculated from spectra measured by ionisation chamber filled with nitrogen like
working gas.

The preassure of air, is measured on the both sides of barrier, is the same.

Theory
The volume activities A, and A^ of radon or thoron for geometry sketched in Fig.l are

described by kinetic equations for the gas diffusion process as follows [21

^ ^ A 2 ) ^ | ; , i=1.2. (1)
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Fig. 1 Schemes of measuring arrangement for the determination of radon and thoron
diffusion parameters.
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The symbols in equations represent: radon decay constant X, radon production rate Q, radon
exhalation rate from barrier <)>, permeability K, thickness of barrier h, diffusion area S.

The permeability of material to gas can be defined by equation

K=SD (2)

where S is solubility and D is diffusion ability of the gas in the barrier. The value of solubility for
simple gases like radon or thoron is close to one in polymers and therefore K=D [31.

Going out from the experimental possibilities, there are various solutions of equations
(1). In our paper are presented solutions for three boundary conditions, as follows:
a) The solution for constant radon activity N,, initial activity Aoin volume V2 and <j>=0 is given by

(3)

where

PS
hV2

(4)

b) If radon activity Au is added to volume Vx at the beginning of measurement, (j> =0 and Ao is the
initial activity in volume V,. The solution of the equations (1) is given by

A2(t) = A,i(e-*' - e-Lt) + Aoe-Ll (5)

c) The solution of the equations (1) is derived from a second equipment, where radon diffuses
from volume V, to free air in a room is given by

(6)

for initial activity A01 in volume V^ constant activity A2 and (j>=0.

Experimental results
Six samples were studied for radon diffusion. The thicknesses of barriers were from 0.012

mm to 2 mm, the diffusion area was 16 cm2 or 200 cm2 and the volume V2 was 30 dm3. The
following values for D are in Table 1 and they were obtained using the above given expressions
and the data from measurements.

Tab.l Calculated diffusion coeficients tested barriers

Barriers
Filter paper

Rubber
Polyethylene LD
Polyethylene HD

Glasslaminate
Polypropylene

D [mVs]

(1.25±0.13).10"7

(4.5±O.3).1O"10

(4.26±0.1).1012

(2.1±0.3).10"12

• (1,92±0/0.10-12

(5.5±O.6).1O-13

R [mm]

244±14
14.3±0.2

1.47±0.05
1.0±0.1

0.96±0.1
O.5±O.O3

h [mm]

0.17
1.4

0.012
0.55
2.0

0.09
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Fig. 2 Radon gas activities in diffusion room for different barriers: experimental - poits
theoretical - lines



XIX. RHD, Jasnd 141

Figure 2 shows the growth of radon concentrations measured with radon monitor and
calculated from the above written equations in diffusion room for different barriers. Trie overall
relative uncertainty of measured diffusion coeficients is better than 20 %.

Conclusion
The procedures used in our experiments are useful for study of diffusion ability of radon

and thoron in barriers and for determination diffusion parameters from short term measurements.
We should like to continue in the studies of diffusion parameters especially for performing a
comparison of radon and thoron diffusion parameters. In the future we will also take into
account the influence of environmental conditions on radon permeability through the barrier and
the estimation of radon and thoron concentrations by passive track detectors.
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