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Low Order Correction for Subsurface Contributions in Diffusion Experiments
By

and M. WUTTIG

D. POWERSZ)

Penetration plots for the determination of radio tracer diffusion coefficients can
be obtained in two ways; either the activity of sections or the residual activity of the
diffusion couple can be determined as a function of the sectioning depth. In both cases
corrections for absorption of tracer radiation may have to be made. Such corrections
are required more often for the residual activity technique and this letter addresses
itself to these. A criterion will be given which permits one to decide if the data analy-
sis can be kept simple or if more involved procedures /1/ are required. In developing
the criterion it will be assumed that the counting geometry is kept constant.

Consider the residual activity in a diffusion couple sectioned to the penetration
depth x, oo ‘

I(x) = f ey, tlexp [-uly - x)] dy .

X
Here, c(y, t) gives the tracer distribution in the couple and p is the linear attenuation
coefficient of the tracer radiation. For a thin, planar source the former is given by
/2/ '

/2 exp(- y2/4Dt$ .

/2

oy, t) = qeeDt)

After introducing the abbreviation Q = q(r Dt)-1 and the complementary error

function, the activity becomes

/2

@

+nont 2] .

I(x) =Q exp(p2 Dt + p)erfe [x(4m)'1

This expression is suitable for aniterative linearized regression analysis /3/ of the

data. In some cases it can be simplified, however. If the asymptotic series expansion

1) Rolla, Missouri 65401, USA.

2) Submitted in partial fulfillment of the requirements for the Ph.D. Degree. Now
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Table 1
sectioning | thinnest | desirable | tracer | pIDfin Fe | validity of first
technique feasible YDt isotope /5to 7/ order approximation
section (3)
(cm) (cm)

! 1.40x107" no
anodic 2x10”8 1x107° A 4.17x1072 no
oxidation 014 7. 68x10_3 no

y% 1.12x107% no

! 2.80x10" yes
mechanical 4x10_5 leo-3 Zr93 8.33x10+1 yes

1
lathing clt 1.53x10" yes

v 2.25x10"" no

of the complementary error function /4/,

2 2. o (-1)™2m)!

erfe(z) = Fexp(—z ) -t—)—%%):l (2)

ki m=0 m!(2z)

is used, (1) becomes
= 1)™(2m) 1/ 1/
2 - 2m)! -1/2 2
I(x) = Q exp(-x"/4Dt) Z omil * T = X(4Dt) + 11 (Dt) .

m=0 m!(2r)

This series approximation is better than 1% for r > 2 and for r > 5 only its zeroth

term need be considered. An accuracy of 1% is assured for the whole penetration

1/2

plot if u(Dt) > 5, It thus follows that

/2

I(x) = %Q exp(-xZ/Dt) [x(4Dt)_1/ 2, u(Dt)l/ 2} 1 anx, y(Dt)l 5 . (3)

This expression reduces to a simple Gaussian in the limit of large attenuations, i.e.,

in cases where ;‘I(Dt)]'/2 »> x4 Dt)-l/z.

dny) suonIpUOD pue swie | aY) 39S *[£202/.0/.0] Uo Arigiauljuo AB|IM ‘20UBIS JO AISRAIIN LNCSSII AQ $ITOTYOTZZ esSA/Z00T OT/I0p/L0d™ A8 |1 ARe.q 1 putjuo//SAny WOy papeojumoq ‘T *LZ6T ‘X96ETZST

Aol ImA

35UBD17 SUOLILWIOD dAIERID 3|gedl dde ays Ag pausenoh ae sapie YO ‘9sn Jo Sa|ni J0j Ariq i auluQ A3 UO (SUONIpuoD-pL



Short Notes K81

A few combinations of penetration depths, x, and linear attenuation coefficients,
», as they might be encountered in a diffusion experiment are listed in Table 1. The

/

1
experimental condition x ~ (4Dt) 2 has been incorporated. It can be seen from this
Table 1 that (3) is valid in the case of very low energy beta emitters. These isotopes
include the important carbon-14 tracer, thus rendering long range carbon interstitial

diffusion experiments in transition elements susceptible to a simplified analysis.
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