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ABSTRACT

The diffusion part of the emanation power is analysed for
a two site medium under quasi-stationary conditions. The emanation
power is shown to depend on 6 independent parameters which may
vary widely. The temperature dependence of the emanation power dis-
plays effects which could simulate structural changes of the materi-
2l. The fitting of the parameters to the experimental curve,if
more than 2 parsmeters are unknown and the experimental data are

scattered too widely,needs a sofisticated optimization procedure.

INTRCDUCTION

In the recently suggested model of the emanation thermal
analysis (ETA) of defective materialsl’z, the homogeneity of the
solid was supposed for the diffusion part of the emanation rate.
Such ideal case is, however, met rarely by real materials. There-
fore, the case of the diffusion in a medium with two sites of dif-
ferent mobility of the inert gas is discussed in this paper. Com-
puter simulations of the model are presented as well as the comple-
mentary study of the curve fitting under various conditiocns.

THEORY

We consider here a solid sphere of the radius T, with the
homogeneous distribution of the parent nuclide co,which decays to
the measured inert gas (the respective decay constants being Ao
and A ). If multiple sites of different mobility of the inert gas
(e.g. interstitial positions and defects of various types) are pre-
sent in the solid, the diffusion medium cen be considered”?” as a
multiple channel case. Usually, the statistical probability of the
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diffusant e transition from the i-th to the j~th channel can be cha-
racterized by some constant kij' The diffusion equation for the i~th
channel is then
. * 2 7
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where ey is the concentration of the diffusent in the i-th channel,
Di thz diffusion coefiicient and Ei the volume fraction of the
i~th chonnel, respeectively. The cquetion set (1) can be transformed
into cne equation,namely
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Under rapid exchange, the steady state for each chammel can be rea-
sonably supposed, namely

C; k"J = kzékkgck (3
In such casé, all variables but one can be eliminaoted from Eq.(2)
by the usual methods of linear algebra. In the simplest case of
two chamnels (e.g. interstitial positions of the perfect matrix
and one type of defects), we cbtain

%%(HK) = (D,, +KD2)[:%;_ + %—%]c,, -}\(4 +K)C4 + Aoco, (4)
where K=Kky/Kp . Defining
Dy= %}}%n (5)
Eq.(4) gives the femiliar form:
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Equations of this type can be solved rigorously (cf.2’4).For simpli-
city,however, we consider here the quasi-stationary conditions,i.e.
Phcl/rbt = 0, which can be met by ETA in the case of a very slow
heating. In this case, the already known5 solution can be used and
the diffusion part of the emanation power D is then
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The usual Arrhenius temperature dependences Di=DiOexp(-EDi/RT) and
K:Koexp(EK/RT) can be supposed, so that ED has 6 independent para-
meters,namely Dlo’EDl’DZO’ED2’Ko and B,
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STLULATIONS CF THE L CDEL
Examples of the computer cismulations of the nodel ore gri‘ven in Figs.
1 to 4.The vzlues of thc parameters were: Fig.l:Dlo=10'),ED1=4xlO4,
D, =0.5,E,=1.6x10% K =107%,E =3t08x10%;Fiz.2:5mme oo Fig.1,but
K_=10"Tto 0.1,E=6x10%;Fig.3:same as Fig.1,but Ep,=1to3x10%, B =6x18

Fig.4:same as Fig.3,but D, s10”*to 1,Ep,=1.5x10%,

lg &D :

Fig.3: The Ep,~1/T dependence Fig.4: The D, -1/T dependence
of lg &D of 1glyp

The interplsy of the two different diffusion channels can, as
should be clear from these examples, give rise to some peculia-
rities of the temperature dependence of &D, which could simula-
te nonexistent structural changes of the material.
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THE FITTING OF TilE PARALETERS

In connection with the peculiarities of the temperature de-
pendence of éqy the question of the fitting of the parameters’
values to the experinental curve is of importesnce. In our study,
the "experimentnl” points were calculated exactly from the model
and then scattered artificizlly by adding or substrzcting a ran-
dom crror in the given vodlaries. In the same way, the experimen-
ter’s "guesses" of the free (i.e. not fixed) paremcters were ran-
domly generated. 4s the basic fitting procedure, the FUnctional
KInimization procedure by the LInear approximation (FUMILI)6 was
used. In some cases, the random direct search procedure was exe-
cuted before FUMILI; this generally improved the convergence of
the fitting iternations cnd did, in some cases at least, preclude
the divergence or the trapping in o Tolse optimum. ' ‘

The fitting d4id not show any problems for the number of the
optinized parnmeters up to 4,if the bounds of the parameters did
not exceed +/- 5C percent in the case of E-s or x/: 10 in the case
of’ Dio(Ko)’ and the simulated experimental error did not exceed
+/- 3 rel.percent. In these cuses, the FUMILI procedure was able
to find the cerrect par:mcters with the precision of 2 rel.percent
in 7 1o 10 iter>tions. In the case of 4 and more optimized para-
meters, the effectivity of the fitting was found to depend strong~
ly on tne level cof the input information, i.e. on the number of
erperir rntal peints and, especially, on their scattering; 50 expe-
rirental points and the 2 rel.percent errcr was found to be feasi-
ble for 4 free pironeters. Hevertheless, even in these cezses, the
direct search procedure was advisable before FUMILI., In the case
of & paramcters, uncertaintiec and false optime were quite freguent.

The further improvewent of the fitting procedure for this as
well as for the previousj model is clearly needed and is under

our investigation.
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