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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 emana+5_on power dis- 

plays&ects which could simulate structural changes of the materi- 

al. The fitting of the parameters to the experimental curve,if 

more than 2 parameters 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**, 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. corn- 

puter simulations of the model are presented as well as the comple- 

m‘entary study of the curve fitting under various conditions. 

THEORY 

'::e consider here a solid sphere of the radius r. with the 

homogeneous distribution of the parent nuclide co,which decays to 

the measured inert gas (the respective decay constants being A0 

and ;\ ). 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 can be 394 considered as a 

multiple chnnnel 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 k... 
SJ 

The diffusion equation for the f-th 

channel. is then 

where ci is the concentrntion of the diffusant in the i-th channel, 

Di tins diX&sion coe.%'icient and EL the volume fraction of the 
i-th chzn~el, respectively. The cqustion set (I_) ten be transformed 

into one equztion,nomel;, 

(2) 

Under rapid exchange, the steady state for each channel can be rea- 

sonably supposed, namely 

C{p kij =L i$'kick (3) 

In such case~~ajll va?%bles but one can be eliminnted from Eq.(2) 

by the usual methods of linear algebra. In the simplest case of 

two channels (e.g. interstitial positions of the perfect matrix 

and one type of defects), tve obtain 

(4) 

where K- kJk,: . Defining 

D= DA+ KDZ Cf ?I+K ’ 
Eq.(4) gives the familiar form: 

(5,) 

Equations of this type can be solved rigorously (cf. 24 * ).For simpli- 

city,however, we consider here the quasi-stationary eonditions,i.e. 

>cl/at L 0, which can be met by ETA in the case of a very slow 

heating. In this case, the already known' solution can be used and 

the diffusion part of the emanation power &I is then 

(72 
The usual Arrhenius temperature dependences D~=Dioexp(-~~~} and 

K=Koexp(EKI%T) can besupposed, so that &, has 6 independent para- 

meters+meQ Dlo+D2,D20~DD2,Ko and EK. 
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SIIJJUTICXS OF T:-;E XDEL 

Examples of the computer simulations of the model ore given in Figs. 

1 to 4.The velues of the parameters v.~cre: Fig.l:Dlo=lC 

D20=0.5,ED2=1.6x104,K =10-G,~~=3toSr104;Fig.2:same 

-3&)1=4x104, 

Ko=10W7to 0.1,DK=6x108;Fig.3:same as 

ss Fig.l,but 

-4 
Fig.1,bu-t XD2=lto3x104,PEK=6x1~ 

Fig.4:same as Fig.3,but D20%1G tb 1,ED2=1.5x104. 

Fig.1: The EK-l/T dependence of 

lg& 

Fig.3: The ED2-l/T dependence 

Of lg&D 

Fig.2: The Ko-l/T dependence of 

lgh 

Fig.4: The D2 -l/T dependence 

Oflg D e 

The interplay 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 FITTIXG OF TiB PtlFN.23TEP.3 

In connection aith the peculiarities of the temperature de- 

pendence of &D, the question of the fitting of the psrameters' 

values to the experimental curve is of importance. In our study, 

the "ex;,er'mentrd" . , I * points were calculr,ted exactly from the model 

and then scattered artificially by adding or substrzcting a ran- 

dom error in the given bo&nries. In the s,ame way, the experimen- 

ter's "~~ucsses" of the free (i;e. not fixed) parpaeters were ran- 

doml.2 generated. As the basic fitting procedure, the FUnctional 

XInimizntion procedure b2 the LInenr approximation (FVnrILI)6 was 

used. In some cases, the random direct search procedure was exe- 

cutecl before F'J:.iILI; this g.enernlly improved the convergence of 

the fitting iterrdions cna aid, in sone cases at least, preclude 

the divcrgencc or the tr:-:pping in t; Poise optimum. 

Th:: fitting did not shov: an;r problems for the number of the 

opt idzed p~;r:inetcrs up to 4,if the bcunds of the parameters aid 

not exceed +/- 5C percent in the case of E-s or x/: 10 in the case 

of Dio(Ko), md. the sinulnted experimental error did not exceed 

+/- 3 rcl.perccnt. In these cases, the FUl,IILI procedure was able 

to find the ccrlacct p,?,r:.mcters dth the precision of 2 rel.percent 

in 7 to 10 iterations. In the case of 4 and more optimized para- 

3ct c'rs, the effectivity of the fitting was found to depend strong- 

Ig on the level cf the input informntion, i.e. on the number of 

e::~eri:rntzl pints and, especially, on their scattering; 50 expe- L 
ril-cztol points end the 2 rel.percent error was found to be feasi- 

ble fcr 4 fre e p-;r=::.ctcrs. IJevcrtheless, even in these cases, the 

&ircct search prccedure ws ndvis:able before EWdILI. In the case 

of 6 pznmcters, unccrtd.nties and c 1 ia se optima were quite frequent. 

'i'he further improvcl:,cnt of the fitting procedure for this as 

izll ns for the previous? model is clearly needed 2nd is under 

our investigation. 
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