
schließt aus dem sehr guten Erhaltungszustand der 
Tektite auf höchstens 5000- jähriges Alter. Angesichts 
der übereinstimmenden physikalischen Alter sollte 
j edoch letzteren größeres Gewicht beigemessen wer-
den. Damit gehören auch die Australite zu der gro-
ßen Gruppe der fernöstlichen Tektite, die ein Ver-
breitungsgebiet von über 7 0 0 0 km X 4 0 0 0 km ein-
nehmen, für das nur ein Naturereignis von gewalti-
gem Ausmaß verantwortlich gewesen sein kann. 

V. Zusammenfassung 

Das Prinzip der physikalischen Altersbestimmung 
nach der „f ission-track"-Methode wird erläutert. Ex-
perimentell wird ein schnelles und einfaches Verfah-
ren zur Datierung von Gläsern ausgearbeitet. Die 
„f ission-track"-Alter können auf 1 0 % genau angege-
ben werden. 

Tektite und Kratergläser werden nach der „f ission-
track"-Methode datiert. Die Alter stimmen zum gro-
ßen Teil mit den bekannten K-Ar-Altern überein. Er-
klärungen für verbleibende Altersdifferenzen werden 
aufgeführt. Die physikalischen Alter der natürlichen 
Gläser werden mit den stratigraphischen Stellungen 
verglichen. 

Die Einteilung der Tektite nach ihrem K-Ar-Alter 
in vier geschlossene Gruppen wird durch das „ f is -
sion-track"-Alter bestätigt. Ebenso wird der geneti-
sche Zusammenhang zwischen dem Nördl inger Ries 
und den böhmisch-mährischen Moldaviten bekräftigt. 

Diese Arbeit stellt die Kurzfassung einer Diplom-
arbeit dar, welche im Jahre 1965 unter der Aufsicht 
von Herrn Prof. Dr. W. GENTNER, Herrn Prof. Dr. W. 
SIMON und Herrn Priv.-Doz. Dr. J. ZÄHRINGER am Max-
Planck-Institut für Kernphysik in Heidelberg durchge-
führt wurde. Für nützliche Anregungen und Ratschläge 
danke ich diesen Herren herzlich. 

Approach to the Theory of Separating Columns 
with Successive Exchange between three Fluids 

N . P A L I B R O D A 

Institute for Atomic Physics, Cluj, Rumania 

( Z . Natur forschg . 21 a , 7 4 5 — 7 4 9 [1966 ] ; r e c e i v e d 26 O c t o b e r 1965) 

COHEN'S method has been used to develop the theory of cotinuous separating columns with suc-
cessive exchange between three fluids. The equations of the column have been solved for stationary 
state and small concentrations. The general solutions representing the dependence of the mole 
fractions of the desired isotope in the three fluids on the column height involve the following 
particular cases: concurrent and countercurrent exchange between two fluids and two limiting 
cases of exchange between three fluids in which the intermediate fluid is at isotopic equilibrium 
with one of the other two fluids. As a general feature of the columns with successive exchange 
between three fluids it has been found that the ratio of the driving forces corresponding to the 
fluid pairs between which the mass-transfer takes place has a constant value along the column, 
excepting a zone situated at the bottom. Methods to calculate the rate constants from experimental 
data are given. 

The theory of isotope exchange columns has been 
worked out by COHEN 1 and developed by BECKER 
and BIER 2 and BIER 3 f or continuously packed col-
umns and by MARCHETTI 4 f o r tray columns. The 
theory refers to columns in which the isotope ex-
change takes place between two fluids in concurrent 
o r countercurrent flow. The case in which the fluid 
currents involve b i componency has been considered 
b y V A I S B E R G a n d V A R S H A V S K I 5 o n t h e b a s i s o f t h e 

number of equivalent theoretical plates. 

1 K. COHEN, The Theory of Isotope Separation, McGraw-Hill 
Book Co., New York 1951. 

2 E . W . BECKER and K . BIER, Z . Naturforschg. 7 a, 6 5 1 [ 1 9 5 2 ] . 
3 K . BIER, Chem. Ing. Techn. 2 8 , 6 2 5 [ 1 9 5 6 ] ; 31, 2 2 [ 1 9 5 9 ] . 

It is the purpose of this work to extend COHEN'S 
theory to continuous separating columns in which 
the isotope transfer between the main fluids in coun-
tercurrent flow takes place indirectly, by means of 
a third fluid. This case, which will be referred to as 
"successive exchange" (Fig . l a ) , is only one of the 
possible cases of exchange between three fluids. The 
cases in which the mass transfer can take place si-
multaneously f r o m the downf lowing fluid to both 
upf lowing fluids (simultaneous exchange, Fig. l b ) , 

4 C. MARCHETTI, Z. Naturforschg. 9 a, 1 0 1 2 [ 1 9 5 4 ] . 
5 S . E . VAISBERG and Y A . M . VARSHAVSKY, J. Chim. Phys. 6 0 , 

1 1 5 [ 1 9 6 3 ] . 
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or in which the mass transfer takes place between 
all the three fluid pairs (complete exchange, Fig . 
1 c ) may also be considered and dealt with by the 
method used in this paper. A m o n g them, the case of 
successive exchange has been chosen in this work 
because it differs mostly f r o m the two fluid case con-
sidered by COHEN. 

a) = Q = 0 

b) ( ) = 

) O . = o 

Fig. 1. Mass transfer between three fluids, 
a) sucessive, b) simulanteous, c) complete. 

In practice even if the construction of a three 
fluid column may present more technical difficulties 
than a usual two-fluid one, the choice of a three-fluid 
system may be sometimes advantageous if the ele-
mentary separation factor defined f o r a fluid pair 
without direct isotope exchange has a large value. 
It may as well be sometimes preferable to combine 
in a three fluid system a distillation with small ele-
mentary separation factor, with a chemical exchange 
that shows a larger separation factor but no counter-
current facilities. A three fluid system has f o r in-
stance been used in the exchange distillation of B 1 0 

(1. c. 6 ' 7 ) with a partially dissociated eterate com-
plex in the vapour phase. 

The calculations are carried out on the fo l lowing 
model (Fig. 2 ) : a liquid is supposed to f low down 
through the co lumn in countercurrent with a gas 
saturated with vapour of the l iquid phase. It is also 
supposed that the mass transfer takes place only be-

dz 

„ J 
L,N 

- 4 -
Td.dz Ts.dz 

1 - ^ t 
V,0 L,n 

Fig. 2. Three-fluids column element of infinitesimal height. 
L, V, I = molal flow rates; N,v,n = mole fractions; 

Td d2, r s dz = molal mass transfer rates. 

6 K. E. HOLMBERG, Proc. Symp. Isotope Separation, Amster-
dam 1957, p. 201. 

tween the liquid and vapour (distillation), and the 
vapour and gas (chemical exchange) whereas the 
direct mass transfer f r o m the gas to the liquid is not 
possible or occurs only at a negligibly small rate. 
The intermediate fluid consists therefore of the va-
pour of the liquid phase. The mass transfer rates Td 

and 7\< through the corresponding interfaces are de-
fined f o r the unit height and the whole cross section 
of the co lumn. The symbols introduced by COHEN 
shall be used together with V for the vapour molal 
flow rate and v, the mole fraction of the considered 
isotope in the vapour phase. The subscripts s and d 
are used to denote chemical exchange and distilla-
tion. The positive direction of the 2 axis along the 
co lumn has been chosen inversely to that conventio-
nally adopted by COHEN SO that the enrichment of 
the considered isotope takes place at the 2 = 0 end 
of the co lumn. The aim of this work is to establish 
the differential equations of the column for the sta-
tionary state and to solve them in the simplified case 
when the mole fractions of the considered isotope 
are small compared with unity. 

The differential equations of the column may be 
obtained f o r the stationary state in the same way 
as it has been done by COHEN f or two-fluid columns. 
The material balance written for an infinitesimal 
co lumn element as shown in Fig. 2 leads to the sys-
tem 

/• (dn /dz ) = — Ts , 

V-(dv/dz) = TS-Td, (1) 

L-(dN/dz) = - r d . 

Accord ing to COHEN the mass transfer rates Ts, 
7\j may be written in the f o rm 

Ts = ks Ps[as n ( l -v) - v ( l -n)] , 

Td = kdPd[adv(\-N)-N(l-v)], ( 2 ) 

where the rate constants ks, kd m o l e s / c m 2 - s refer to 
unit area of the corresponding interfaces, the mass 
transfer rates Ts, Td m o l e s / c m - s corresponding to 
the unity of co lumn height being therefore given b y 
multiplication with the perimeters Ps, Pd cm, of the 
corresponding interfaces. The molal f low rates I, V, 
L moles /s refer to the whole section of the column. 

A first consequence of the system ( 1 ) is the con-
stant flux of isotope through any section of the 
co lumn 

In + V v-LN = Q, const. ( 3 ) 

7 H. LONDON, Separation of Isotopes, George Newnes Ltd., 
London 1961, p. 142. 



The system (1 ) has been solved to obtain the z-
dependence of the mole fractions in the simplified 
case of small concentrations, n, v, /V 1. In this 
case the mass transfer rates (2) take the simplified 
f o rm 

Ts = ks Ps(asn-v), 

Td = kdPd(adv-N), (4 ) 

and the system (1) becomes linear with constant 
coefficients. 

Its general solution is: 

n = A + B e~f>lz + C e~f*lz, 

v = as A + (a, - A) B Xz+(as-f2)C e~f>1 z, 

N=asadA+( VJL) (cts + (l/V) - ft) B *« (5) 

+ (VjL) (a8 + (l/V) — /2) C e~ftlz 

in which A, B, C are arbitrary integration constants. 
The symbols used have the following meaning: 

X = ks Pjl, cm 1 , 

ju=kdPd/L, c m - 1 , 

iO = ju/X, 

y*=l/(Lzd-V), 

(6) 

(7) 

(8) 

(9) 

h = 
Q-

as + 1 + 

1 + 

(1 + 1 / 1 - 0 , 

(1 -Vl~Q), ( 1 0 ) 

4(l/V) (Q/y*) (as—7*) ( ID [as+{llV)(l + Qly*)V 

The difference between the solution (5 ) and the 
usual solutions that appear in two-fluid column 
theory consists in an additional exponential term; 
fx and f2 are always real because the difference 1 — Q 
is always positive. In the solutions the rate constants 
are involved in the form of two parameters, X de-
pending on the magnitude of a rate constant and 
io only on their ratio. The roots fx and f2 are depen-
ding only on the ratio of the rate constants. 

The contribution of the two exponential terms de-
pends on the values of ft and f2; the analysis shows 
that for o varying from 0 to oo, f t increases f rom 
as + l/V to oo, whereas f2 varies from 0 to as — y*, 
having the same sign as as — y*. Since the root fx 

is always positive, and fx > ( f2 |, the behaviour of 
the functions is determined at small values of z by 
the first exponential term e~flXz, whereas the second 
term becomes essential at large z values. For 
small values of Q, Q 1, the roots / 1 and f2 are ap-
proximately given by 

/2 — Ql(as—y*)/(y* Vfx*)- (12) 

The integration constants A, B, C may be deter-
mined by means of three arbitrarily chosen concen-
tration values. In terms of n0, v0 and N0, the mole 
fractions of the considered isotope at the end z = 0 
of the column, the constants A, B, C may be expres-
sed as fo l lows: 

as—y* 
L Nn — l nn — V v, 

£ = -

+ 

hY* 

+ 

ih~h) (as -y*) 
a s - y * - -ft 

( /1-/2) («S -y*) 
fx 7* 

( /1-/2) (as -y*) 
/ i - ( a s - •y*) 

— (ad v 0 - / V 0 ) 

( a s « 0 - r o ) > (13) 

( /1-/2) -y*) 

The general solution (5 ) permits to find again 
the equations of concurrent and countercurrent ex-
change between two fluids. Besides these cases en-
countered in the theory of two-fluid columns there 
are also two particular cases of exchange between 
three fluids. 

Case a) The vapour-liquid exchange is much 
faster than the vapour-gas exchange. In this case 
ju > X, £>->00 and therefore / x —> 00, f2 = as — y*. 
If an additional condition ad v0 = N0 is given, i. e. if 
the column is fed at the bottom with vapour at iso-
topic equilibrium with the liquid flowing out of the 
column, then the fol lowing equations may be derived 
from (5 ) and (13 ) : 

= v0—y* n{ 

a-s—y* 
v0-y* v = as 

+ as n0-v0 e_(at_r.)l2 

as—y* 

+ r -y ois—y 

N = adv. 

In every point of the column the vapour will be 
at isotopic equilibrium with the liquid. The behav-
iour of the three fluid systems is analogous to a two 
fluid system in countercurrent flow with a separa-
tion factor a s , flow rates I and L a(l — V and the con-
servation of isotope given by 

(L ad - V) (N/ad) -In = const . 

Case b ) The gas-vapour exchange is much faster 
than the vapour-liquid exchange so that X^> /x and 
o — > 0 . By introducing in (5 ) and (13) the corres-
ponding values 



fi = <h + l/V, 

l+Vcis 

h = 0 , 

2S 2(1 — 

a/l-* 
Z + F as 

together with the condition as n0 = r 0 (the column is 
fed with vapour and gas at isotopic equilibrium) the 
solutions take the form 

t = No~Kno 
as ad —K 

+ a s a t n 0 - N 0 

asad — K 

( 15 ) 

/V = as ad 
N0~Kn0 

as ad—K 

+ K . ( £ ( a s C t d _ ^ ) 2 j , 
a s a d — K { K | 

K= (l+Vas)/L. 

In this case there is isotopic equilibrium between 
the vapour and the gas at any height of the column. 
The isotope conservation equation is 

L i V - ( / + F a s ) n = const . 

The three fluid system is equivalent to a two fluid 
system in countercurrent flow characterized by the 
mole fractions n and N, the flow rates L and l + V as 

and a separation factor of as ad . 

In both cases if at the bottom of the column the 
conditions ad r0 = N0 and as n0 = v0 are not fulfilled 
then in (14) and (15 ) there are also present addi-
tional terms that make the differences ad v — N and 
as n — v to decrease rapidly with e~^x z. 

The case of a real three fluid system lies between 
the limiting cases a) and b ) . The extent to which 
it approaches one of these cases depends upon the 
value of o. For o - > 0 the mole fractions in the gas 
and vapours tend to approach equilibrium (case b ) 
whereas for ,0—>oo the approach to equilibrium of 
the mole fractions takes place between the liquid 
and vapour. 

The driving forces (the distances from the equi-
librium) 

As = n - v, Ai = allv-N 

may be obtained in the general case using Eqs. (5 ) : 
4 = ^Be-V' + fiCe-f*1', 

4 i = [ K - 7 * - / I ) B e ~ f ^ z ( 16 ) 

The values , vary first rapidly with z in virtue 
of the e~flXz 

exponential term; then beyond a z = z0 

value the first exponential term becomes negligible, 

so that the driving forces are actually dependent on a 
single exponential term e~fiXz. From this point up 
to the end of the column the ratio 

= (y* L/l)' fo/(as — y* — / 2 ) (17 ) 

has a constant positive value so that the driving 
forces have the same sign and undergo proportional 
variations along the column. 

Besides the computation of the concentration pro-
files if the o and A values are known it is also of 
interest to solve the problem inversely, that is to 
determine the values of the parameters ,Q and X if 
the values of the mole fractions at both ends of the 
column are experimentally known. 

By eliminating C e~filz f rom the first two equa-
tions (5 ) written for z = Z and by using Eq. (3 ) it 
may be shown that 

( 1 8 ) 

where R= ( f t - /,) B (19 ) 

and where As (Z) =asnz-vz, Ad(Z) = ad vz - Nz 

are the driving forces at the top of the column. By 
solving Eq. ( 18 ) with respect to £ one obtains 

At (Z)-R 
A&(Z) + (l/y* L) R 

l+V as 

L 
I V (as-y*) 

L2 y* 
AS(Z)-R 

Ad(Z) + (l/y* L) AS(Z) 

Similarly starting from the first of Eq. (5 ) it may be shown that 

In h(y* LIl) Aio+Ut-^+7*) ^ 
U.z (fi-fs)[(y* L/l) J d ( Z ) + ^ s ( Z ) l - ( a s - 7 * ) R' 

(20) 

(21) 

The Eqs. (20 ) and (21) are implicit in ^ and X 
since R contains both ,o and X. This difficulty may 
however be avoided by a proper choice of the height 

Z of the column. If Z is sufficiently large R becomes 
negligibly small and permits the direct computation 
of ,o and X. If the experimental conditions don't per-



mit to make R ^ O , then the Eqs. ( 2 0 ) and ( 2 1 ) 
have to be solved by successive approximations, 
starting with R = 0 f o r the first approximation of ,o 
and X, then computing R f r o m Eq. ( 1 9 ) in order to 
obtain the second approximation, etc. The rate con-
stants ks, kd may finally be determined f r o m Eqs. 
( 6 ) - ( 8 ) . 

Conclusions 

1. B y the extension of COHEN'S theory to separat-
ing columns with successive exchange between three 
fluids it is posible both to determine the dependence 

of the mole fractions on the height of the co lumn 
f r o m known values of the rate constants, and to 
compute the rate constants if the values of the mole 
fractions at the ends of the co lumn are known. 

2. The specific feature of columns with successive 
exchange between three fluids consists in the height 
dependence of the mole fractions in the f o r m of two 
exponential terms with unequal exponents. Excepting 
a zone situated at the bottom of the column, 2 ^ 0 , 
the mole fractions vary along the co lumn so that the 
ratio of the driving forces remain constant. 

On the Dissociation of Silver, Thallium and Zinc Sulphates in Some Molten Nitrates * 
P . F R A N Z O S I N I , C . S I N I S T R I , a n d G . F L O R 

Institute of Physical Chemistry, University of Pavia, Italy 

(Z . Naturforschg. 21 a, 749—752 [1966] ; received 21 February 1966) 

The cryoscopic behaviour of Ag, Tl and Zn sulphates in a number of molten univalent nitrates 
has been investigated. Ag2S04 appears to be thoroughly ionized in LiN03 and partially ionized in 
KN03; T12S04 thoroughly in Li, Na and Ag nitrates; ZnS04 thoroughly in LiN03 and partially 
in Na, K and Ag nitrates. 

The present paper aims at inquiring the ioniza-
tion of some sulphates when dissolved in molten 
nitrates having suitable characteristics, and of which 
heats of fusion and cryoscopic constants were al-
ready well k n o w n T h e solutions of A g 2 S 0 4 in 
L i N 0 3 and K N 0 3 , of T1 2 S0 4 in L i N 0 3 , N a N 0 3 , 
and A g N 0 3 and of Z n S 0 4 in L i N 0 3 , N a N 0 3 , 
K N 0 3 , and A g N 0 3 have been chosen. 

A previously described 1 conventional c ryoscop i c 
apparatus has been employed. All salts (C. E r b a 
R P , M e r c k " p r o analysi" or B D H ) have been 
carefully dried before use. 

The experimental results are shown in Figs. 1 — 3. 
A number of numerical data, interpolated f r o m the 
experimental ones and used in the fo l lowing dis-
cussion, are summarized in Table 1. 

Discussion 

The possibility of evaluating cryoscopical ly active 
species v and, in general, of applying the cryoscopic 
method is usually condit ioned to the fact that solute 
and solvent do not f o r m solid solutions. In order to 
ascertain this point in the systems here involved, 

System m — 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.24 

Ag2S04 in KNOg 3.43 5.02 6.56 8.09 9.53 10.91 
Ag2S04 in (KNOg+O.lOm.AgNOg) 3.23 4.78 6.27 7.69 9.04 10.37 11.67 
Ag2S04 in (KN03+0.25m. AgN03) 3.05 4.49 5.92 7.27 8.54 9.75 10.95 
ZnS04 in NaNOg 1.92 2.35 2.75 3.13 3.47 3.81 4.12 4.44 4.74 
ZnS04 in (NaN03+0.049m.Na2S04) 1.75 2.13 2.49 2.83 3.17 3.51 
ZnS04 in (NaN03+0.119m.Na2S04) 1.47 1.79 2.09 2.39 2.69 2.99 3.27 3.56 3.84 
ZnS04 in KNOg 1.77 2.42 3.01 3.59 4.14 4.69 
ZnS04 in AgNOg 1.94 2.78 3.57 4.29 4.95 5.58 

Table 1. ^rexp(°C) interpolated values for partially ionized sulphates. 

* Work carried out with the help of the Consiglio Nazionale 1 M. ROLLA and P. FRANZOSINI, Ann. Chim. Rome 4 8 , 723 
delle Ricerche (Rome). [1958].-P. FRANZOSINI and C. SINISTRI, ibid. 4 9 , 970 [1959]; 

Ric. Sei. 33 (II, A) 411 [1963]. 


