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A method for de termining diffusivity, the constants  of the phase-boundary  react ion,  and the 
max imum at tainable concentrat ion level  on the sur face ,  in diffusional sa tura t ion of solids,  is  
p roposed .  

A mathemat ica l  descr ip t ion  of diffusion sa tura t ion p r o c e s s e s  in solids taking up foreign a toms  f r o m  a 
vapor  phase  is  usual ly based  on the concept that the r a t e  of advance of the ma t e r i a l  f r o m  the surroundings  
is much g r ea t e r  than the diffusional mobil i ty  of the diffusant ma t e r i a l  through the solid phase .  It is a s -  
sumed that  the l imiting concentra t ion of the diffusing element ,  for  the conditions specified,  is es tabl i shed 
p rac t i ca l ly  instantaneously on the in te r face  separa t ing  the phases ,  and that i t  is  mainta ined subsequently.  
In that case  the distr ibution of the concentrat ion in the diffusion zone can be desc r ibed  by the Gauss ian  e r r o r  
function [1], in the event of sa tura t ion of an isot ropic  m a t e r i a l ,  

However,  investigation of some s y s t e m s  featuring increas ing  contact t imes  d isc loses  a monotonic in-  
c r e a s e  in the concentrat ion on the sur face  of the object being saturated,  thereby ref lect ing the influence of 
p r o c e s s e s  taking place  on the phase  in te r face  on sa tura t ion k ine t ics .  Analys is  of diffusion in s y s t e m s  of 
that type has been c a r r i e d  out [2-4] under the assumpt ion  that  the flow of m a t e r i a l  a c r o s s  the in ter face  
v a r i e s  in propor t ion  to the difference between the l imit ing concentrat ion and the instantaneous value of the 
su r face  concentrat ion at each instant of t ime .  F r o m  that point of depar ture ,  the descr ip t ion  of the d is t r ibu-  
tion of the diffusant is  aided by an express ion  s imi l a r  to the known solution of the heat  conduction equation 
for  a semi- inf in i te  body under boundary conditions of the third kind [5]: 

C(x,x) eric ( 1 ) [ Ti ] 1 ) 
C~ ~ - -  exp .V-~o -[- Ti2 eric 2 ~ o  A-Ti , (1) 

where  

F o -  Dx . Ti = a 
x ~ ' V D  V T ;  

eric z - I/--~- exp ( - -  u ~) du. 

t t  

Methods for  de termining the kinetic p a r a m e t e r s  of the p r o c e s s  exper imenta l ly  may  be found in [6, 7]. 

The p r e sen t  authors  ea r l i e r  p roposed  a method [6] for  calculat ing the constants  D and a f rom exper i -  
menta l ly  der ived values of the concentra t ion on the sur face  and of the amount of ma t e r i a l  diffusing through 
a unit sur face  a rea ,  for different  instants  of t ime,  which a r e  re la ted  to the unknown values  by the exp res -  
sions 

C (0, ~) = 1 - -  exp (Ti ~) eric Ti (2) 
Co 
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Fig. 1. I l lustrat ion of procedure for calculating constants 
D, ~, and C 0. Data points on the graph were taken from 
[6]. 

and 

q('O= C~ I 2 c ~  V--a* Ti C(0' T) l C 0  . (3) 

Formula  (1) has been represen ted  [7] as a product of two functions 

C(x, T).'~Y(Ti)X [ - - -~I~ ' / .  
Co  2VFo / 

Values of the functions Y(Ti) and X(L/2~Fo) have been tabulated. Curves of the distribution of concen- 
t rat ion with respec t  to the depth of the diffusion zone a re  employed in calculating the kinetic pa rame te r s  of 
the p rocess .  In both cases ,  the limiting concentrat ion C o must  be known in order  to calculate the coeffi-  
cients ~ and D. Emphasis  is placed [7] on the fact that this concentrat ion does not coincide, as a general  
rule, with the solubility limit, or with any other curves  on the phase diagram.  It can be determined in pr in-  
ciple experimental ly as the limit toward which the concentration on the surface of the specimen tends when 
the contact  t ime in the par t icu lar  medium is sufficiently long. Under cer tain conditions, however, the pro-  
cesses  p r o g r e s s  so slowly on the phase interface that extremely laborious experiments have to be staged 
in order  to a r r ive  at the limiting concentrat ion on the surface.  The constant C o must  be known not only in 
order  to determine the kinetic constants of the saturation process ,  but a re  also of independent in teres t  in 
their own light, specifically for estimating the viability of the mater ia l  under conditions of long- te rm se r -  
vice of products  in gaseous media.  

All three constants of the saturation p rocess ,  o~, D, and C 0, can be calculated from a single se r ies  of 
experiments,  if a single procedure  is devised for the calculation of the pa ramete r s  o~ and D, as suggested 
in [6] and in [7]. 

Let us const ruct  a uniform scale of values 1/2~Fo and a matching scale of corresponding values of the 
function X(1/2VrFo) f rom [7]. If we now plot the experimental  rat ios C(x, ~')/C(0, T) on the X(1/2~Fo) scale for 
the corresponding X/vrT values, we obtain a s traight  line passing through the origin of corrd ina tes  (Fig. la) 
in the sys tem of coordinates  1/2~-Fo = q(x/2CT). The slope of that straight  line k 1 = 1/~fD can be used to de- 
te rmine  the diffusivity D. We then proceed  to construct  the dependence of q(T)/C(0, T) on ~T/C(0, T) in a c a r -  
tesian f rame of re fe rence .  We learn f rom Eqs. (2) and (3) that this dependence must  also be depicted graph-  
ically by a s traight  line (Fig. lb). The values of a and C o are  calculated* f rom the slope k 2 = (2/r 
of the straight  line and f rom the init ial  ordinate b = - -D/a .  The amount of mater ia l  diffused over a t ime T 
can be determined either f rom the weight gain of the specimen, or by calculating the area  under the con- 
centrat ion curve  C (x, T). 

*If C o is known, one diagram, Fig. lb, will be sufficient for calculating D and a. 
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Figure  1 i l lus t ra tes  this procedure ,  using the example of t rea t ing data on changes in the concent ra-  
tion on the surface  C(0, T) and in the depth of the diffusion zone C(x, ~'), as well as data on changes in the 
amount of mater ia l  diffused q(T), for  different  contact t imes  % plotted in Fig. 1 and Fig. 2 of r e fe rence  
[6]. 
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NOTATION 

is the amount of ma te r i a l  diffused through unit surface,  g/cm2; 
is  the saturat ion t ime,  sec; 
is the distance f rom surface,  cm; 
is the diffusivity, cm2/sec; 
is the constant of phase-boundary reaction,  cm/sec;  
is  the instantaneous value of concentrat ion,  g/cm3; 
is  the instantaneous value of concentrat ion on surface ,  g/cm3; 
is  the l imiting concentrat ion on surface,  g/cm3; 
is the diffusion Four i e r  ratio; 
is the diffusion Tikhonov ra t io .  
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