DETERN[INATION OF THE DIFFUSION COEFFICIENT IN A
LACQUER .LAYER BY MEANS OF A RADIOACTIVE SUBSTANCE

By F. J. GILDE
Institute of Theoretical Physics, Attila Jozsef University, Szeged
( Received May 1, 1971)

A method of calculating the diffusion coefficient, adjusted to a method of measurement impor-
tant for the application, is given. The method is based upon an exact solution of the differential
equation describing the diffusion in the homogeneous substance filling up the half-space and the
diffusion coefficient is obtained graphically.

" Several methods to characterize lacquer layers used for protecting metals are
known. One of these [I, 2] uses the diffusion coefficient of the damaging substance
diffusing into the lacquer layer to characterize the protecting effect. In the process
of measurement, for a certain time, the lacquer layer is brought into contact with a
corroding substance containing a radioactive isotope. Thereafter layers of definite
thickness are ground off the lacquer layer and activity is measured at the new sur-
faces obtained. However, a method of calculation which could yield a theoretically
correct diffusion constant has not been available so far. In the following such a
way of calculation is described. _

Let us start with considering a well known diffusion problem [3]. Let the half-
space x>0 be filled by a homogeneous substance. At the moment =0 let it be
brought into contact with a solution of concentration c,, filling the half-space x <0.
The molecules of the dissolved substance diffuse into the substance in the half-space
x>0. The phenomenon can be treated by the following differential equation:

dc 0?
Py = 0

where D is the diffusion coefficient. The well known solution of the equation for
t=>0 and x=0, with given initial conditions ¢=¢, for x<0 and ¢=0 for x>0 is:

where @ is the error integral defined by the equation

y

®(y) = %/.e"‘zdt. 3)

0



108 F. J. GILDE

The process of diffusion is interrupted at a time moment 7 =0, by removing the
solution in half-space x <0. Then the concentration distribution for x =0 is given
by (2). Let the concentration of the radioactive substance be designed by c¢. If u is
the absorption coefficient of the homogeneous substance, its activity measured on
the surface x =0 will be
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Here the factor a depends on the finite dimensione of the surface x=0 and on the
relatively small time of measuring compared to ¢. After removing a layer (0, x),
the activity measured at the new surface x >0 is given by
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whereinA the notation

d=Vbt (6
is introduced. The result of the integration of (5) is:
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where A =uac,/2. N(x) can be measured by grinding off layers of different thickness
(0, x). The characteristic d or D cannot be expressed from (7) in explicite form. Be-
sides, due to causes inherent in the method of measurement, N(0)= N, is uncertain,
therefore (4) also yields uncertain values for «. The required result can be obtained
from (7) and the measured N(x) in the following way. In the case of a given u we
. can write the following function

Table 1 N(xy)
: :f(xlsX'Zad) » (8)

N(x,)
¢ | o | fee o _ :
: g which, at fixed x, and x, depends only on 4,
0.0t 1.096 1.101 thus it can be plotted. (8) is a monotonous
88823 Hég ::32 function of 4. We read N(x,). and N(x,)
0.005 1.213 1231 from N(x) determined by measurements.
0.004 1.280 1.307 Their quotient gives f(x,, X,, d) thus d can be
0.0032 1.376 1.422 read from.the curve and D is given by (6).
838%5 . :%g :g%g In case of substances interesting for
0.0016 2071 2,404 practice u=2.124. In carrying out the mea-
0.00125 2.748 . 3.443 surements x; =0,001, x,=0.002 and
0.001 4.021 5.771 x3=0.003 cm, respectively. The values of
(0)888?3 Igggg gg% Sx1, x5, dyand f(x,, x5, d) in the range from

) ) ) d=0.01 to 0.00063 are listed in Table I.
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ONPEOEJEHUE ANOPY3ZNOHHOI'O KOEPOPULIMEHTA B CJIOE
JIAKA PAAMOAKTUBHBIM BEULIECTBOM

@. U. I'uade

ABTOPOM naercs Meton BbryucieHus auddysnonHoro koedduumenTa npumenss K MeToay
U3MEPEHUA BAXHOMY IJISl yNOTPeOJicHHusi B NpakTHke. MeToa OCHOBAaH Ha TOYHOM pELIeHHH
mibdepeHInanbHoro ypaBHeHHs AAGODY3HM OTHOCUTEILHO BEIECTBA 3aMOJHAIOLIETO TOY-
npocTpadcTBo. Jduddysvonusrit koedhduupenT nonyyaercs rpadM4eckuM METOAOM.



