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A gravimetric method has been used to study inter­
diffusion in binary mixtures of A gN 0 3 and K N 0 3 over the 
range 50 —75 mole % A gN 03 at tem peratures below 200 °C. 
The obtained cation diffusion coefficients are of the order of
2 X 10 - 6  cm2 sec- \  i.e. considerably lower than what might 
have been expected from other diffusion measurements. It has 
previously been found that there is a tendency for self-dif­
fusion coefficients obtained with fritted discs to be lower than 
those obtained with the conventional open-end capillary tech­
nique. Some possible sources of error are discussed.

At present very little information is available on 
interdiffusion coefficients in molten salt mixtures. A 
gravimetric method, previously used at room tempera-
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Fig. 1. Interdiffusion coefficient at 190 °C plotted versus con­
centration of A gN 0 3 . The indicated errors (6%) are estimated 
from the observed maximum spread of 3% for the calibration 

and 5 % for the salt experiments.
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tu re  1> 2, has been  m odified for w ork a t e levated  tem ­
p e ra tu res  3. T he pores of a cy lin d rica l P y rex  g lass disc 
(J o b 1 i n g 3 6 1 0 /6 2 , 20 mm P O R  4) a re  filled w ith  a 
sa lt m ix tu re  of one com position , w h e rea fte r  the  d isc  is 
suspended  into a m elt of a n o th e r com position . T h e  disc 
is h an g in g  u n d e r an  a n a ly tica l b a la n ce , and  the  change 
in ap p a re n t w eight is follow ed con tinously . I t  is pos­
sib le  to ca lcu la te  the  in te rd iffusion  coefficient p rov ided  
th a t the  cell-constan t of the  disc is know n. T h e  re ­
qu ired  ca lib ra tio n  h as been  done by a co rre sp o n d in g  
ex perim en t w ith an aqueous so lu tion  ( 1 .0 -n. KC1) w ith 
know n diffusion coefficient. ( I t h as  p rev iously  been  
show n th a t the sam e cell co n stan t is o b ta in ed , if  the 
ca lib ra tio n  is done by m eans of a conductiv ity  m ea su re ­
m ent 4.) T his m ethod has been  used  to d e te rm in e  in te r ­
diffusion coefficients in  m ix tu re s  of p o tassium  and  
silver n itra tes  over the  co n cen tra tio n  ran g e  50 — 75 m ole 
% of A g N 0 3 for tem p e ra tu res  from  162 to 200 °C . 
M ean ex perim en tal values in te rp o la ted  to 190 °C  a re  
show n in F ig . 1 . T he m easu rem en ts  in d ica te  th a t th e re  
m ight be a m inim um  n ear the  eu tec tic  com position , 
w here Po lyakov  5 c la im s to have found  a m in im um  for 
both  viscosity and  e lec trica l conductiv ity .

A com parison  w ith  p rev ious m easu rem en ts  on m olten  
s a l t s 6 - 1 2  shows th a t m ost in ter- as well as self-dif- 
fusion coefficients a re  a t least one o rd e r of m ag n itu d e  
h ig h er th an  the  p re sen t re su lts . H ow ever, n e a rly  all 
o th er m easu rem en ts have been  m ad e  a t m uch h ig h er 
tem p era tu res . If  the  self-diffusion coefficients m easu red  
by the conventional c ap illa ry  te c h n iq u e 13 for p u re  
n itra tes  a re  ex trap o la ted  dow n to 190 °C  one ob ta in s 
Z)k =  3 . 2 x 1 0 ~ 6 and  D \ ^  =  8 .5  x 1 0 - 6  cm 2 sec - 1 . At 
first sight th is m igh t ra ise  the  su sp ic ion  th a t the  resu lts  
ob ta in ed  by the g rav im etrica l m ethod  a re  e rroneous. 
H ow ever, th is m ethod is considered  to give re liab le  re ­
su lts  a t room  te m p e ra tu re 2, and  th e  d ifferen t checks 
m ade so fa r do not in d ica te  th a t any  sy stem atic  e rro r  
is in troduced  w hen the  te m p e ra tu re  of o p e ra tio n  is 
h ig h er than  th a t of ca lib ra tio n  14. A  s im ila r type  of 
discs was used by us for self-d iffusion  m easu rem en ts  in 
zinc b rom ide and  th a lliu m  ch loride  4- 15. F o r these  sa lts
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a comparison with results from other capillary methods 
is possible. For ZnBr2 three methods gave about the 
same temperature dependence for the cation self-dif­
fusion coefficient (D+), but a plot shows a considerable 
displacement of the curves, the fritted disc giving D+ 
values nearly a factor of two lower than those obtained 
with the conventional capillary with an open end, here 
called the A-S ( A n d e r s o n - S a d d i n g t o n )  method. The re­
sults obtained with a long capillary fall inbetween, see 
Table 1. For T1C1 there are two independent investiga­
tions with the A-S method 16- 17, both in good agreement

with each other, but in conflict with the disc method. Thus 
the latter gave a much more pronounced temperature 
dependence. For both cation and anion the two methods 
give the same diffusion coefficients at about 535 °C, 
but a hundred degrees lower the disc method gives 
values that are about 70% of those obtained by the A-S 
method, cf. Table 1. It has recently been claimed that 
the self-diffusion coefficients previously obtained with 
the A-S method should be reduced considerably 9. This 
would reduce the discrepancies between the A-S 
method and the disc method. However, at the present 
stage all methods used so far for diffusion measure­
ments in melts should be viewed with some suspicion. 
In comparison with other capillary methods disc 
methods are characterized by numerous irregular capil­
laries of small dimensions and a very large glass sur­
face exposed to the melt. If the small dimensions of the

16 E. B e r n e  and A .  K le m m , Z. Naturforschg. 8 a, 400 [1953].
— A .  K le m m  and W. H e r r , unpublished.
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Meeting London, Sept. 1964.
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[1962].

capillaries and pores have a reducing effect on the dif­
fusion within the disc, this should mean that “wall ef­
fects” have a much larger range in melts than in 
aqueous solutions. For some A-S experiments with 
molten metals the self-diffusion coefficient seems to de­
crease with decreasing capillary diameter 18, but it has 
been suggested that such observations are due to 
disturbance by convection in the capillaries 19' 20. The 
“capillaries” in fritted discs are narrow compared with 
those used in the A-S method, 10 /vm might be taken 
as a typical diameter of a pore, but this is still a large 
distance compared with the dimensions of the diffusing 
units, even if these are assumed to be globules con­
sisting of perhaps a hundred atoms 21. The other typi­
cal property of the discs is the large glass area exposed 
to the melt. If an exchange of ions takes place between 
the two phases, this could explain why the disc methods 
give low diffusion coefficients 14. However, it seems un­
likely that both anions (Br-, Cl~) and cations (Zn2+, 
Tl+) are involved to the same extent in exchange re­
actions. The self-diffusion measurements with the disc 
have shown for both ZnBr2 and T1C1 that the ratio 
D+/D~ remains constant over the whole investigated 
temperature range, and that this ratio is about the 
same whether the disc or the A-S method is used. We 
consider this as a strong indication that reactions be­
tween the melt and the glass are negligible at least for 
the two halides in question. There has so far not ap­
peared any experimental support for assuming a priori 
that methods using fritted discs are inferior to other 
diffusion methods tested, or that “low” inter- and self­
diffusion coefficients are erronous. We hope that our 
results obtained with the gravimetric method will sti­
mulate the development of new methods for diffusion 
measurements in melts. Comparisons with new methods 
are urgently needed for settling the question of the 
reliability of the methods used so far.
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Salt ZnBr, T1C1

Diffusing ion Zn Zn TI TI Cl Cl

Temp. °C
ö a s /ö dh
Dw /ÖDH

450
1.90
1.24

550
1.81
1.40

450
1.52

550
0.95

450
1.40

550
0.93

Table 1. Comparison of self-diffusion coefficients obtained by 
different m ethods4. Subscripts indicate A S  A n d e r s o n - S a d ­

d i n g t o n , W  W a l l i n , D H  D j o r d j e v i c - H i l l s  (fritted d isc).


