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schlieBt aus dem sehr guten Erhaltungszustand der
Tektite auf hochstens 5000-jahriges Alter. Angesichts
der iibereinstimmenden physikalischen Alter sollte
jedoch letzteren grofleres Gewicht beigemessen wer-
den. Damit gehéren auch die Australite zu der gro-
Ben Gruppe der fernéstlichen Tektite, die ein Ver-
breitungsgebiet von iiber 7000 km x 4000 km ein-
nehmen, fiir das nur ein Naturereignis von gewalti-
gem Ausmal} verantwortlich gewesen sein kann.

V. Zusammenfassung

Das Prinzip der physikalischen Altersbestimmung
nach der ,,fission-track“-Methode wird erlautert. Ex-
perimentell wird ein schnelles und einfaches Verfah-
ren zur Datierung von Gldsern ausgearbeitet. Die
»fission-track“-Alter konnen auf 10% genau angege-
ben werden.
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Tektite und Kratergldser werden nach der ,,fission-
track“-Methode datiert. Die Alter stimmen zum gro-
Ben Teil mit den bekannten K-Ar-Altern iberein. Er-
kldrungen fiir verbleibende Altersdifferenzen werden
aufgefiihrt. Die physikalischen Alter der natiirlichen
Glaser werden mit den stratigraphischen Stellungen
verglichen.

Die Einteilung der Tektite nach ihrem K-Ar-Alter
in vier geschlossene Gruppen wird durch das ,fis-
sion-track“-Alter bestitigt. Ebenso wird der geneti-
sche Zusammenhang zwischen dem Nordlinger Ries
und den bohmisch-méahrischen Moldaviten bekraftigt.

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.
Smvon und Herrn Priv.-Doz. Dr. J. ZinrincEr am Max-
Planck-Institut fiir Kernphysik in Heidelberg durchge-
fiihrt wurde. Fiir niitzliche Anregungen und Ratschldage
danke ich diesen Herren herzlich.
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Conen’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 Couen! and developed by Becker
and Bier ? and Bier 3 for continuously packed col-
umns and by Marcuerri? for tray columns. The
theory refers to columns in which the isotope ex-
change takes place between two fluids in concurrent
or countercurrent flow. The case in which the fluid
currents involve bicomponency has been considered
by Vaiseere and Varsuavski® on the basis of the
number of equivalent theoretical plates.

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

2 E. W. Becker and K. Bier, Z. Naturforschg. 7 a, 651 [1952].

3 K. Bier, Chem. Ing. Techn. 28, 625 [1956] ; 31, 22 [1959].

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. 1 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 from the downflowing fluid to both
upflowing fluids (simultaneous exchange, Fig. 1b),

4 C. MarcrerT1, Z. Naturforschg. 9 a, 1012 [1954].
5 S. E. Vassere and Ya. M. Varsuavsky, J. Chim. Phys. 60,
115 [1963].
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or in which the mass transfer takes place between
all the three fluid pairs (complete exchange, Fig.
1c) may also be considered and dealt with by the
method used in this paper. Among them, the case of
successive exchange has been chosen in this work
because it differs mostly from the two fluid case con-
sidered by CoHEN.
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Fig. 1. Mass transfer between three fluids,
a) sucessive, b) simulanteous, ¢) 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 for 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 for in-
stance been used in the exchange distillation of B?
(I.c.®7) with a partially dissociated eterate com-
plex in the vapour phase.

The calculations are carried out on the following
model (Fig. 2): a liquid is supposed to flow down
through the column in countercurrent with a gas
saturated with vapour of the liquid phase. It is also
supposed that the mass transfer takes place only be-
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Fig. 2. Three-fluids column element of infinitesimal height.
L, V,l = molal flow rates; N, », n = mole fractions;
Tq dz, T< dz = molal mass transfer rates.

¢ K. E. HoLmBErG, Proc. Symp. Isotope Separation, Amster-
dam 1957, p. 201.
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tween the liquid and vapour (distillation), and the
vapour and gas (chemical exchange) whereas the
direct mass transfer from 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 T
and T through the corresponding interfaces are de-
fined for the unit height and the whole cross section
of the column. The symbols introduced by Conex
shall be used together with V' for the vapour molal
flow rate and », 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 z axis along the
column has been chosen inversely to that conventio-
nally adopted by ConeN so that the enrichment of
the considered isotope takes place at the z=0 end
of the column. 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 for the stationary state in the same way
as it has been done by Couen for two-fluid columns.
The material balance written for an infinitesimal
column element as shown in Fig. 2 leads to the sys-
tem

I (dn/dz) = - T,
V- (dv/dz) =T;—Ty, (1)
L-(dN/dz) = —T,.

According to CoHen the mass transfer rates T,
T4 may be written in the form

Ts:ks Ps[as n(l_v) —v(l—n)] s
To=kqPa[agv(1-N)-N(1-»)], (2)

where the rate constants k, k3 moles/cm?*s refer to
unit area of the corresponding interfaces, the mass
transfer rates T, Tyq moles/cm*s corresponding to
the unity of column height being therefore given by
multiplication with the perimeters P, P4 cm, of the
corresponding interfaces. The molal flow rates [, 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
column

Iln+Vv—LN=2Q, const. (3)

7 H. Loxpon, Separation of Isotopes, George Newnes Ltd.,
London 1961, p. 142.
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The system (1) has been solved to obtain the z-
dependence of the mole fractions in the simplified
case of small concentrations, n, v, N <1. In this
case the mass transfer rates (2) take the simplified
form

Ti=ksPs(asn—v),
Tq=kqPa(agv—N), (4)
and the system (1) becomes linear with constant

coefficients.
Its general solution is:

n=A+Be 'z CeIt?2

v=a, A+ (as—f;) Be ** 4 (a5—f,) Ce 1+*2,

N=agag A+ (V/L)(as+ (V) —f,) Be 12 (5)
+ (V/L)(as+ (V) — f) C 7242

in which 4, B, C are arbitrary integration constants.

The symbols used have the following meaning:

A=kyPy/l, cm™1, (6)
u=kqPs/L, cm™1, (7)
o= uft, (8)
y*=1(Lag—V), 9)
1 l 0 T
_ 1 l Q) _11_0) 10
f2_?[as+ 7(1+ ;:) 1-V1-9Q), (10)
- MQL@/V*) (as—y*) (11)

[as+ (V) L+e/y®)]E "

The difference between the solution (5) and the
usual solutions that appear in two-fluid column
theory consists in an additional exponential term;
f1 and [, 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, 4 de-
pending on the magnitude of a rate constant and
© only on their ratio. The roots f; and f, are depen-
ding only on the ratio of the rate constants.

The contribution of the two exponential terms de-
pends on the values of f; and f,; the analysis shows
that for o varying from 0 to o, f; increases from
as+1/V to o, whereas f, varies from 0 to as—7*,
having the same sign as a;,—7%". Since the root f;
is always positive, and f;>|f,|, the behaviour of
the functions is determined at small values of z by
the first exponential term e~ /:#%, whereas the second
term e /%% becomes essential at large z values. For
small values of Q, Q <1, the roots f; and f, are ap-
proximately given by
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fifi*=as+ V) (1 +0/y"),
fa2ol(as—9y") [ (¥*V f1*). (12)

The integration constants 4, B, C may be deter-
mined by means of three arbitrarily chosen concen-
tration values. In terms of n,, 7, and N,, the mole
fractions of the considered isotope at the end z=0
of the column, the constants 4, B, C may be expres-
sed as follows:

A= 7" LNe—ln—V

| 4

as—y* 1
B= - Gl b (ava—No)
+%(a5"0‘7’0), (13)
¢= ﬁ%—?—’)% (2avg—Ny)
h=(a=y)

T fo) (@)

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
w>2, 0— o and therefore f;— o, fo=a5—7".
If an additional condition agqvy= N, 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 following equations may be derived

from (5) and (13):

(as ny ‘—'1’0) .

vo—y*n As Ng—Vp _—(qgu—y*
n= "o 7*0_*_ CRA) .oe (as 7)12,

as—y as—y
o Yo V%N, * I3 —Vo —(ag—y*) A2
y=a,-2% e (s 14
pl— 7 a—7* , (14)
N=agq7.

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,, flow rates [ and L a; — ¥ and the con-
servation of isotope given by

(Lag—V) (N/ag) —ln =const.

Case b) The gas-vapour exchange is much faster
than the vapour-liquid exchange so that A > 1 and
0— 0. By introducing in (5) and (13) the corres-
ponding values
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f1=as+l/V, f2=0,

2 =,,’fﬂ,_(.
f2 I+V(15 as &q

together with the condition a5 ny =7, (the column is
fed with vapour and gas at isotopic equilibrium) the
solutions take the form

Afy—> oo,
- ,’+V“§)
L

— No—Kn,
asag—K
asad ny—N, | _® (q.0:—K |
2s 00K eXp[ = (as aq )z],
v=oasn, (15)
N=a,a4 .N"?I,('lo.
as ag—K

95 ad ng—Ny
asag—K
K= (I+Vay)/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

LN—(l+V a,) n=const.

“exp {—% (agaqg—K) z |,

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 [+ V a4
and a separation factor of a5 aq.

In both cases if at the bottom of the column the
conditions agvy=N, and asny="7, are not fulfilled
then in (14) and (15) there are also present addi-
tional terms that make the differences agv — N and
asn — v to decrease rapidly with e /1%,

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 9. For ¢ — 0 the mole fractions in the gas
and vapours tend to approach equilibrium (case b)
whereas for o — oo the approach to equilibrium of
the mole fractions takes place between the liquid
and vapour.
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The driving forces (the distances from the equi-
librium)

Ag=aqv—N

di=asn—v,
may be obtained in the general case using Egs. (5):
ds= fyBe hiz 1 f, Celelz,
l * =
dy= L [(as—7"—}) Be ™z
+(a—p* —f) Ce7h47].

The values 4, 4, vary first rapidly with z in virtue
of the e /147 exponential term; then beyond a z =z,
value the first exponential term becomes negligible,

(16)

e_fxi-zo < e_faj-zo

so that the driving forces are actually dependent on a
single exponential term e /2%, From this point up
to the end of the column the ratio

As/Ad= (" L/l) 'fz/(as— 7*—f2)

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

(7)

Besides the computation of the concentration pro-
files if the 0 and A values are known it is also of
interest to solve the problem inversely, that is to
determine the values of the parameters ¢ and 4 if
the values of the mole fractions at both ends of the

column are experimentally known.
By eliminating C e /2*Z from the first two equa-
tions (5) written for z=2Z and by using Eq. (3) it
may be shown that
—(ag—y*) . As@D-R
fe=(=1) iy da@r+4v@

R= (f;—f,) Be h#z (19)

and where 4,(Z) =asn,—v,, A3(Z) =aqv,—N,
are the driving forces at the top of the column. By
solving Eq. (18) with respect to 0 one obtains

(18)

where

g B UtV Weegd . AdA=R | (20)
da@)+Ay*L)R| L L2y* A4a(Z) + (Uy* L) 45(2)
Similarly starting from the first of Eq. (5) it may be shown that
=1 1 HO* LY dag+ (fi—as+7*) dsg 21
fZ " (h—f) [* L]l 4a(Z) +4s(Z)] — (as—y*) R (21)

The Egs. (20) and (21) are implicit in o and 4
since R contains both ¢ and 4. 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 0 and Z. If the experimental conditions don’t per-
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mit to make R0, then the Eqs. (20) and (21)
have to be solved by successive approximations,
starting with R=0 for the first approximation of o
and 4, then computing R from Eq. (19) in order to
obtain the second approximation, etc. The rate con-
stants ks, k3 may finally be determined from Egs.

(6) —(8).
Conclusions

1. By the extension of CoHeN’s theory to separat-
ing columns with successive exchange between three
fluids it is posible both to determine the dependence

SULPHATES IN MOLTEN NITRATES 749
of the mole fractions on the height of the column
from known values of the rate constants, and to
compute the rate constants if the values of the mole
fractions at the ends of the column 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 form of two
exponential terms with unequal exponents. Excepting
a zone situated at the bottom of the column, z220,
the mole fractions vary along the column so that the
ratio of the driving forces remain constant.
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(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. Ag,SO, appears to be thoroughly ionized in LiNOg and partially ionized in
KNO;; T1,SO, thoroughly in Li, Na and Ag nitrates; ZnSO, thoroughly in LiNO; 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 known!. The solutions of Ag,SO, in
LiNO; and KNO;, of Tl,SO, in LiNO;, NaNOs,
and AgNO; and of ZnSO, in LiNOs, NaNO;,
KNOj; , and AgNO; have been chosen.

A previously described! conventional cryoscopic
apparatus has been employed. All salts (C. Erba
RP, Merck “pro analysi” or BDH) have been
carefully dried before use.

The experimental results are shown in Figs. 1 — 3.
A number of numerical data, interpolated from the
experimental ones and used in the following dis-
cussion, are summarized in Table 1.

Discussion

The possibility of evaluating cryoscopically active
species ¥ and, in general, of applying the cryoscopic
method is usually conditioned to the fact that solute
and solvent do not form solid solutions. In order to
ascertain this point in the systems here involved,

System m=10.04 0.06 | 0.08
AgoS04 in KNO3 3.43 | 5.02  6.56
Ag2S04in (KNOg+0.10m. AgNOs)  3.23 | 4.78 | 6.27
AggSO4 in (KN03+0.25 m. AgNO3) 3.05 | 4.49 4 5.92
ZnSO4 in NaNO3 | | 1.92
ZnSO4 in (NaNO3+0.049m. NasSOy) | 1.75
ZnS0, in (NaNO3+0.119m. NasSO4) 1.47
ZnS04 in KNOs 177 | 242 3.01
ZnSO4 in AgNO3 1.94 i 2.78 | 3.57

0.10 | 0.2 0.4 0.6 018 | 020 | 022 024
| | |

' 8.09 | 9.53 10.01 ‘ |

| 7.69  9.04 10.37 11.67 \ |

| 7.27 | 854 9.75 [10.95 | s \ 1

| 2.35 \ 2775 | 313 347 381 412 444 474
| 213 | 249 283 317 351 | i v

‘ L79 | 2.09 | 239 269 299 3.27 3.56 3.84
3.59 414 469 ; ;
429 495 5.58 J |

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

* Work carried out with the help of the Consiglio Nazionale
delle Ricerche (Rome).

1 M. Rorra and P. Franzosint, Ann. Chim. Rome 48, 723
{1958]. —P. Fraxzosizt and C. Swister, ibid. 49, 970 [1959];
Ric. Sci. 33 (II, A) 411 [1963].



