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An informal two day copference on the subject of
"Thermodynamics of Irreversible Proccsses" was held on Jenuary
5 and 6, 1950, at the Butterwick Research Laboratories of
Imperial Chemical Industries in Welwyn. About 25 people
attended, including a few guests from The Netherlands. The
intention wes largely to acquaint the audience with recent
developments and points of wvicw in the field, rather then to
bring together a group of specialists.

The lecturcs and discussions each day wero
introduced by Professor S.R. do Groot of the University of
Utrecht}; The Netherlands, who presented a review of both the
theoretical and experimental aspects of the subject.  Among
the half dozen tulks wercv discussions of theorctical and
experimental aspgets of thermal diffusion in liquids and gases,
&«nd thermo-osmosis in mombraones, remerks on the theory of the
steady state and u review of theoretical work in irreversible
thermodynomics. Two interesting matters brought up et the
meeting conzernod & possible improvement in the separution of
He® from He* with e thermsl diffusion column end the optical
technique for measurement of thermsl diffusion in liquids sapplied
by C.C. Tanner in 1927,

A list of participants is given in Appendix A.
22 Murch 1950
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THERMODYNAMICS OF IRREVERSIBLIE PROCESSES

Introduction:

The following six brief reports are sumneries of pepers
end discussions st en informal conference sponsored by Imperiel
Chémical Industries (I.C.I.) on Jerusa 8 and 6, 1950, at their
Butterwick Research Laboratories in Welwyn, sbowb 26 milos from
London. The arrangeéments were made by Mr. M.T. Sempson of £.8.1.
with the assistance of Professor A. Micheld of the University of
Amsterdem and Professor S.R. de Groot of the University of Utrecht.

The general subject for discussion wes the Thermodynamics
of Irreversible Processes, alternutively referred to as Non-
Equilibrium Thermodynemics. The purpose was to acquaint the
audience, perticulerly members of the I.C.1. leboratories, with
the general state of the work in this field, rether than bring to-
gether a group of specialists to review all the letest developments.

Professor de Groot gave a long introductory talk on the
theoretical background of the subject lending up to end including
the work of Omsager, which in 1931 sct the subject on & sound besis.
He also gave a long introductory talk on work on thermal diffusion
both in gases and liquids. These phenomene require for their
proper treatment new methods whioh extend the region of application
of classical thermodynamics, &nd are of interest today because of
the epplication of the thermal diffusion column to separation of

isotopes.

of particuler interest was the lecture of Dr. C.C. Tenner
of 1.C.I., en thermal diffusion measurements in liquid mixtures
performed 26 years ago by an optical method which measured
concentration chenges by refractive index changes. Dr. Tanner
realized the importence of making the length of the diffusion column
os small as practicable to reduce the time required to reach
equilibrium, end worked with a column 7 mm high. These measure-
monts were stated by Professor de Groot to bc still the best measure-
ments thet had been mede on thermal diffusion in liquid systems.

Dr. Denbigh of Cembridge, in addition to some theoreticel
speculations, developed a formula for the thermo-osmosis effect
which has beun tested sxperimentally with rubber membranes by Miss
Reumenn of I1.C.I., end gives rosults not in dontradiction with the
formula, but not precise enough to confirm it.

Mr. Davies of Harwell, who, with Dr. H. Lendon, has been
setting up & thermal diffusion column, described the colum and
its application to several isotope Iopcr!tlau. An interesting
technique for improving seperstion of He” fram He* is being
investigated oh involves the addition of Dz,  This may reploce
some of the He* at the enriched end and linge it is easily separated,
increases the effective oconcentration of He“.
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A peper was also given by Dr. J.M. Agar of Canbridge
on the diffusion of electrolytes (at constant temperature) and
some remarks were made by Dr. P.M. Marcus on the thermodynamics
of the thermomechanical effect in liquid helium II.

I. Review of the Thermodynamics of Irreversible Processes

S.R. de Groot (Utrecht)

General Considerations

The modern form of this subject goes back to work of
Onsager in 1931, but perts of it are much older. It has only
recently been applied to definite physical and chemical problems.

The title of the subject is somewhat paradoxical beocause
ordinary thermodynemics treets only equilibrium and reversible
processes, but tells little about irreversible processes. The
difficulty might be avoided by use of the terminology "thermo-
statics” for ordinary equilibrium thermodynemics, reserving thermo-
dynamics for non-equilibrium processes.

There exist a considerable number of physical processes
which may be described by phenomenological iaws but could not be
" treated from a comwon point of view without the methods of
irreversiblc thermodynamics. These are essentinily steady stete
processes which are constent in time but are not in equilibrium,
such as Fourier's law of heat conduction (heat flow proportional
to temperature graodient), Fick's law of diffusion, (muss flow
proportional to concentrction grudient), Ohm's law, the proportion-
ality of viscous force to velocity grudient, and the proportion-
ality of the rate of a chemicul reaction to the affinity. In meny
cases two such processes occur simultaneously, end then important
interaction phenomene occur. The governing reletions of such
phenomena may be found by the methods of irreversible thermo-
dynemics. Exemples of these are thermoelecctricity in which heat
and electrical currents flow simultencously, thermel diffusion
which is the coupling of the flew of matter und of heeat.

Other Methods for Steady State Processcs

There cre two genorol methods in addition to irreversible
thermodynamics which may be used to study the vurious stecdy state
processes. The first of these is the statistical or kinetic
method of which the best exomple is te Chapmun-Enskog theory of
trensport processcs in non-uniform gases which are not too demse.
This method suffers, however, from the disudvantuge of being
restricted to quite special phenomenc. Tho socond mothod is the
so-called quesi-thermostatical method.  This method follows the
peculiar procedure of splitting o process into a reversible and un
irreversible part and then applies ordinary thermostatics to the
reversible part, while the irrcversible parts ore noglccted. The
clussical exampls is the Thomson thermoelectric relations,
particularly the sccond Thomson rclation. The transport of
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electricity is considered as reversible but the
neglected. In the case of thormcl diffusion, however, it
clear whether to treat ti» flow of matter or of

end, in fuct, both essumptionsinve been used.

clurity is o serious defect which may lecd to

Irreversible Thermodynsmiocs -

Finally, the method of irreversible thermedynomics may
be considered, which startod with Onsager's work of 1931. Two
popers appeared then, the first of whioh is not quite correct.
Tho second is somewhat easior to read. Cosimir has mde some
smull corrections in & poper in 1946. The Onsager theory is
essenticlly a macroscopic theory which does mot require all the
detuils of the transport equetion of statistical mechanics. The
fundamental ideur is that of microscopic reversibility. If one
looks at the basic equations of physios (Newtoa's eguations, the
Schrodinger and Dirac equations), one finds they are imvariant to
the transformation t—3 -t. Onsager procesded to comnect micro-
scopioc properties with maoroscopic phencmena, and gave a general-
theorem. This theorea and its epplicctions has since been
treated by Belgian, Gersan, Americon and Duteh werkers.

Some of the ideas which guided Omsager in his formuletion
of the theory are the follewing:

(1) The special exeample of hest cchduction in anisotropic

crystuls described by the equation _’,‘ . L»&k xk

where x;, x2 and x3 ere the components of t '\-pornture grudient.
in the three directions cnd 4 is the flow of heat. The ! ;. wure
the conductivity co-efficients which form a matrix of nine
quuntitiet. Experimentally, this is o symmetric matrix in which

Lips L}; Voigt and Soret huve discussed the hoat oconduction
phanonenon for crystals which do not have a symmetry that would
leed automatically to this symmetry property.

(2) Elementary considerations in chemiocel reections and

in particular the artificial euo of the reactions

/'/ N
o
lead to a similar symmetry property.

Ouseger wants to make & conncction between macroscopic
end microscopic properties using statistical rcasoning. He
‘considers the fluctuations of a goeneral statisticel system, but no
special models or special trensport equations. Yle hus to
introduce new hypotheses which are, however, also used in Brownian
motion theory. Those are based on statistical reesoning und
microscopic reversibility.




The Derivation of m-:.ier'l Relations

There are three basic steps in the paper which derives
Onsoger's relations:

(1) Statistical Theory of Fluctuations

Consider «n adiabatiocally insuleted system which is
characterized by e number of parumeters. Examine the statisticul
variations of those parumeters from their equilibrium values.

«, ,0x,----0C, are thesu variations. The variation of entropy may
then be written NS = -'{;, 2 FikKix, where A% is a
quadratic and not & linear function of the vuriations. If P is
the probability that a certain set of o's will be realized, then P
is given by the expression P T b R

k< b’ e
Introduce the quantities X;=3-$jpdy ¥ il d?‘ 16 bon then
caloulate the average to give the result “»X’_‘ -k SA*

(2) Microscopic Reversibility

This is an old subject which has been discussed by Ehrenfest
enl others. The basic relation which is used is the following:

@) o, (k) = Gl K- 7%)
This equati pt-euu the idea t*mt the correlation of &, at a

time ¥ ~ withd,at a time)+Tis the some as with &, taken at a time
% < eguation mey also be written in the roho-ing form:
'y ; —“:—J—L—)_} NG 0 vy ey ‘
< (k) i*(hq u’gk ‘f(*){dA(f?’t)—&Lﬁ’)} :

+{3) Regression of Fluctuations

This idea is implicit in Onsager's work, but is explicitly
brought out by Casimir. Meking use of the equation X,z -7 G

Gt OX.

one writes for the decay of the fluctuations the equation i
.9 -1- ‘ L .

This deocay gt:l in the ln%e w’ryﬁ the decay of macroscopic

fluctuations. ) d write more procisely, however, the follow-

ing equation (‘&W;-kdh/t * 2Lk 5 o<t Xy

where 7,equals the time between two collisions and 7, is the
relaxation time or decay time of the fluctuatioms.

Combining Part III with Part II leads to the following

equations: ;;Z*EI'“\“K' d:‘,u-)iL-,h Xie =R ZK‘L1R Sum® 'h’RLih\l

from which the reciprocal relations | "-l, I 3 1’ follow.

: _In a megnetic field the Lorents force on & charged
perticle is F=e[x &.‘]. Now if one wants to reverse the
velocities one must reverse the magnetic field H as well. There-
fore, ifccis a function of H, one must repluce H by -H, end
obtain the Onsager relation in the form L, (W)= L;;(-H) .
Casimir found this relation in an experiment on electrfeal
conduction, nanely by considering the Hall effect and the

ivity tensor. One also obtains the relation L'L(H)‘ L: -(-H)
°m L3 M

e
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A similar result is obteined in the theory of the hoat conductivity
tensor.

It should be remarked thet the quasi-thermostatic treat-

ment of stoudy state processes does not leed to an effect of o
magnetic ficld.

II. Introduction to Experimental Work in Irrevcrsible Thermo-
dynamics

S.R. do Groot

The process of thermcl diffusion will bc used to illustrate
the experimental work in s field. s process takes pluce in
gases, liquids and even solids. It may bo described us follows:
muterial is contuined betwcen two plutes, ahot plute above and a

cold one below. Whon there are two ~—-—---—— T ket piat
components in the system a migration f ey I 2
of matter occurs and « concentration b wcold plate

gradient is set up as a result of the

temperature gradient. In the present cuse, both gradients are -
along thoe vertical. This concentration gredient gives rise to
ordinary diffusion which tends to make the mixture homogene ous

again. A steady state is oventually recched in which there is no
flow of muttor but u flow of hoat.

The phenomenon has a curious history. It was first
found by the German physicist Ludwig (1856) and some time after-
wards by Soret. In English usage the offect in liquids end
solids is called the Sorct offcct, whercas the Germens call it the
Ludwig-Soret effect. In 1857 Thomson discoverod thermo-elcetricity
which is essentially the thsrmal diffusion of clectrons in a solid
end may be described in the seme way. The effect was overlooked
in gases, however, cppurently becuuse Maxwell's special model of a
ges which assumed & fifth power repulsion law between the molecules
geve no thermul diffusion phenomenon. It wes found theoretically
in gases by Enskog in 1911 and by Chapman in 1917, who ad&o gave
some experimental evidence. Recently, the general subject has
been revived by Clusius and Dickel with their thermel diffusion
column for the separation of isotopes. One grave difficulty in
the experimental work was that it was not realized how long it
takes for the steady state to be reached, especially by the older
exper imenters.

.

The following phenomenological equation desoribes the
process in the system above: J=-1 %— I'm ;
where J is the flow of mattery; the first term on the right
expresses Fick's lew of diffusion and D is the diffusion co-
efficient; the second term on the right is the thermal &iffusion
term and D' is the thermal diffusion co-efficient. If we add to
this the equation of ctntinuity 2T : —Jdi. J then these
equations may be selved with appropriate boundary conditiois to
give the behavior of the systems The following diagrem
illustrates the behavior and shows the oxponential approach to the

-5 i .
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final steady state. : Atsymptsnt)«; value

. . /-.-..-—
U

\J
e — it slope -I}é,
Here, An is the difference in concentraticn bﬂ;-ou tht-:ot and
the cold pert and n, is the original concentration of one

component . final formul Vi YO Yt D/ -t
o L SRS o R A Ty

If the vessel is too. large it takes a very long time to '
reach the steady statce It is worth noting that information is
obtained both from the steady stete value which gives D'end from
the initial slope which gives D' directly. b

Kinetic theory has been extensively applied in comnoct-
ion with this phenomenon. It is conteined implicitly in the work
of Chapmen end Cowling. The co-efficiocnts D und D' may be
caloulated from the methods of Chapmen end of Enskog if one assumes
a ocertain intermolecular forcec exprossion. The Lennerd-Jones
model has been selected es the one necrest roslity with which tho
caloulutions are still possible. This cxpression hus the form of
the difference of two inverse powers of r, the highor power
(usually 12) is a repulsive torm, the lower power (usuully 6) a
longer range attraction. The diffusion co-efficient, the viscosity
co-efficicnt, the heat conductivity co-efficient may then be
calculated when some form of the Lemnurd-Jones formula is assumed
end the cxperimentul values are rosasonably well setisficd,, The
thermal diffusion co-efficient, however, or the ratioatb/‘p is
not verified experimentally. Ths same sccuracy is not attained in
the calculation of 0. as in the caloulation of D since o is more
sensitive to the exact nature of the force owve. Calculations
of the thermal diffusion co-officicat have clso buen made by Furry
end Jones for a Lennard-Jones potenticl with exponents 8-~ 4 and
4 - 2 and K.E. Grew hes done the ccse 9 - 5,

The reversc effoct must nlso oxist in which a concentration
gradient is given and a temperature diffcrence is produced. This
was found in geses some 80 ycers ago end should be celled the Dufour
effoct, although Clusius and Waeldmon ocell it their effect. It is
difficult to obscrve since it dies out in time. The Dufour effect
in liquids has not boen found. This is morc difficult because the
heat of mixing interferes. :

\
It is of interest to compure the oco-efficient :xsp/y in
the Soret coffect for liquids end for guses. Surprisingly, the
megnitudes muy be the some since typicul figures give g'- %gg = 1 for

geses and D' = 1 = 1 for ligquids. The sepurstion in liquids might
)

x
be even higher than in gases.

~6-




However, the Dufour effect which depends on Dl/k
%s heat conductivity) is much larger in gases where the ratio
/aF 10° = 10°, whereas in liquids it is approximetely 1. Hence

6
if the temperature difference oroduced in a gas by a concentration

-gragient is of the order 0.1° - 1°, in a liquid it would be very
small indeed.

The possibility of electrical effects due to temperature
gradients elso exists, when one considers a mixture containing an
electrolyte. An electrical potential gr.dient is set up by a
temperature gradient. However, & concentration gradient also sets
up an electrical potential gradient, theardinary diffusion potential,
which is of the same magnitude. Since such’a concentration grudient
is also induced by the temperature gradient, the two effects must be
separated in the measurements.

III. Thomod&m'icl of the Steady State - K.G. Denbigh (Cenbridge ~
Chemica neering Departmen

This paper was concerned with an attempt to put the theory
of the steady state into a simpler form. The overall objective was
to obtain the observed quantities directly from the principle of
microscopic reversibility.

First, the hypothesis due to W. Thomson (1850) was recalled
which considers a system in a stationary state (but not a true
thermodynamic equilibrium). This means that, the macroscopic
perameters are time independent. INow if in-this system a particular
process J has comeito an end (e.g. diffusion) then a virtual
fluctuation AJ will create no entropy although other processes are
still going on.

This same hypothesis was used by Helmholtz and Wernst in
the treatment of diffusion potential and the E.M.F, of the
concentration cell. Later Lastmen and Tagner applied it to the
Soret effect and London applied it to the fountain effect in He II.
Although the predicted relations were generally confirmed by
experiment, the hypothesis was not imown to be based on any deeper
physical principle.

Finally, Onsager in 1931 gave a theory of the steady state
which is based on microscopic reversibility as a fundamental
principle, From a complex fluctuation theory argument the same
verifiable physical relatipps are obtained as by Thomson's hypothesis
and, in fact, the latter may also be derived, The following schematic
representation of the different perts of the theory indicates their
relationships: .

Microscopic Fluctuation Reciprocal Verifisble
Reversibility Theory Relat.ons —™ Physical .
| Ly = L_; Relations ~
\ % ; Vs \
~ Thomson's Hypothesis )
i 7

e —

\\V
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Onsager's theory is limited to cases where tae rates are
linear functions of the thermodynemic forces, which seems to be
true only close to equilibrium. The Thomson hypothesis, end the
verifiable physic:l relations may, however, be independent of this
linearity. If they do have this greater genmerality it would be
of great interest to establish it. An attempt has been made to
obtain the physical relations directly froa microscopic reversibility
following the dotted line in the diagranm.

The foliowing diagrem illustrates a thermo-osmosis system
which has two vessels at different temperatures snd pressures
conteining a single pure substance and communicating through e
porous plate

¥ SRS

! | seas
i M H+dH
! i ; T+4T
Wi \\\__\i_""\P._J

RS ——teas » BRE. o
The relation d-\’/d\*[ '--% may then be derived either from
Thomson's hypothesis, from fhe Onsuger theory, or by a direct

calculation from microscopic reversibility, where Q% is the heat
of transport through tne porous plate, etc., and v is the molar

volume of t‘he f1luid.

The eqpation.mny also be written in integrated form as
follows: log,(F4\4/00, (L ~ 1) and compared with experiuent.
5 RlsH)

A following peper by *iss Raumann discusses this »
comparison.

IV.  Experiments on Thermo-OJsmosis Through a ffembrane - %. Raumenn,
(Butterwick Nlesearch Laberatory) -

Experiments are underwsy at the Butterwick Mesearch
Laboratory of Imperial Chemical Industries on thermo-osmosis of a
gas through various rubber membranes. The purpose of the work is
(1) to demonstrate the presence of the effect, (2) to vorify the

lew derived from theory, i.e. L“kv)‘/r)a) - -O,/R)k*k- ._l‘__‘)

where p), pp and Ty, T2 are the pressures and temperatures of the
gas on the two sides of the membrane, and Q* is the heat of trans-
port, (3) to obtain relative values of Q*, (4) to obtain absolute

values of Q*.

: The equipment consists of two thermostatted tanks, in
which areé immersed the metal gas holders. Tae latter are in
contuct with a rubber membrene. The gas reaches tihe membrane
only over a very small area while the rest of the membrane surface
is in contect with metal et t.e proper temperature for eacn side.
The temperatures are measured very neer the membrane surface by
thermocouples inserted in holes drilled nearly to the face of the
metal: Pressure me:surements in the two gas~holders sre made with
menometers. :




To show that one is not observing a mere heating effect
which increeses the pressure on one side, the gas-holders can be
connceted to a U-tube and ges continually bubbles through from the
hot cide to the cold side. One can ealso show that tais is not a
case of thermo-effusion since onc finds with Hp the effect has the
opposite sign to COp. Also the finul values of 2% may be approaca-

P
ed in time both from above and below.

Plots of the final vulue of 2% aegainst 1/‘1‘ with the data

so far obtained are not in dissgreement with the law above, but do
not as yet confirm it. If the velue of Q* for COp is 100, then for
Ny it is +19 und for Hy is -17. Thesc veluos do not correlate with
the heats of solution of the gases in natural rubber, and so other
quentities may affect Q*. .

A new ap uratus is being designed to eliminate some of
the chief difficultics with this one, namely, thut the gas is not
uniformly distributed over the membrene, and the he:t flow is not
perpendicular t> the membrane. Also, it is assumed that the
tomperature of the membrene is thit of the ph te next to it. Now
the gas will pass into porous blocks of actal to be distributed over
th. entirc surf.ce, amd the block will be surrounded by u gas zap to
meke the heut flow pecrpendiculer. Thermocouples will be inserted
into the pepous metal and the temperaturc at the surfuce will be
calculated but holes will not bs drilled whica would disturd the
heat flow.

Ve Thermal Migretion - The Sorct Effsct by C.C. Tanner (Imperial
Chemical Industrics)

The Problem and Difficulties

From 1924 - 1927 a suvt of cxperiments wes. performed by
Dr. Tenner which studied the phenomens of the Soret effect. This
effect concerns changes in concentration set up in a condensed
liguid system under the constraint of an imposed tamperaturc
grodient. The method applied at that time was quite sudcussful
in obtaining useful dete and might very well be applied azain. (In
his lectures Profossor de Groot reforred to this work as the best
in the field to date)s Since the Soret effect is & diffusion :
process which roquircs a length of time to reach cquilibrium verying
as a square of the effective length of the ajparatus, this length
must be mede es short as possible. With thé long tubus used by
carly experimenters some 500 to 1000 hours were necded to reech @
stoady state, and frequently, of course, this wes not attaincd.
In the. apparatus actually used, however, the longth was reduced
first to 9 mm end eventually to 7 mm. - Today it should be possible
to reduce the longth as far as 3 or 1 mm. One must also-de~ign the
opperatus for messurements of concentretio: as a function of'
height wiich doos not involve removing semples from the cell for
" analysis. . ;




Sy

The Method and Apparatus

The method applicd was to messuro the rofractive index
gradient in the cell containing the solution by obscrving the
deflection of a horizontal p-rallel beem of light trensmitted through
the cell. The diagrem illustrates the oxperimental arrangoment.

Condenser pl&'O-tglim\rual
| e T Rourer stz £, leos
: O= ocell ; >
. i s M R S ekt
inclined P'Tte-

shit

The angular deviation of the light besm wes prepertional to the
length of the light peth through the cell solution sund to the
refractive index gradicnt with height. Angles mousurcd woro less
than 1/10th redisn. The lizht passcd through e« slit inclincd to
the verticul and wrs then fooussed by & oylindricul lens waich ulso
turnod the imsge to a aorizontul position. Distance along this
horizontel linc correspondcd to haight . Onc constructional
difficulty that could probably be mut morc ecsily toduy concerns
the junction of the eptical glass wulls snd metul, The glass-metal
, Joint hed to be mede to avoid cracking when wermcd up.  Rlack
picene wus uscd to scal the zlass into roovssed flats of mctal.

The BExperimental Techniquo

The experimental technique is first to bring the ccll to
oquilibrium at the lower tem)ywrature and obtuin the reference
positien of the horizontal streight linc formed by the light beunm.
The tempoerature of the upper wall is then ruiscd to its finel vuluc
und in wbout five minutcs the line shifts to the inclined ‘position
characteristic of the veriation of the refructive indux with
tempcrature. The value of the lin. for purc wuter muy be obtuine
ed to check the instrument constants. A primury difficulty is
now to separate this tomp.ruturc effcct on thc refractive index
from the concuntration changes one wishes to measurc,

For solutions the line of light now continucs to shift as
diffusion changes the concentrstion ¢ at vurious huights in the
cull hence modifies the rofractive index sradient. The dovistion
of the light at any height from the line produced by the thernal
dopendence of refr.ctive index now mcosurcs the refrective ind.x
gradient at thut hoight produced by the concentration chang:.
Integration gives the total difference in refructive index botween
top and bottom of the cell, from which the concentretion diffcronce
may be obtuined. Thus the tempsreture cffect is secparstcd from
the diffusion offect. Since th. former wus relutively large, the
exporiments ‘were confincd to ro letively concentratod solutions,
usually grester than molir, exocept whure QY (u = rofractive index)

de
wes, oxceptionally lsrge.

=10~
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The final steady stcte could take as long as 24 hours
using temperature differences of 10 - 15° over a cell height of
7 mn. 4he first diffusion chunges were most rapid, however, and
exposures of the line of light were taken =t one minute intervals
over the first five minutes, snd then at longer intervals.

Results

The results obtcined showed ratherirregular variations
for moderately concentrated salt solutions, acids or bases, the
magnitude of the effect being 1 moler % change in concentration
per degree centigrade. Some solutions, however, (e.g. Lixd,
CaClp, #gClp, N%,Cl) were enomalous in not showing drift in
refractive index with tine.

VI, The Ther.al Diffusion Column at Harwell, by R. Davies -
(HarwelT) 4 -

A thermal diffusion column has been sot up at Harwell and
applied first to the separation of gzirconium and hafnium usinz
the tetrachlorides, and then to the separation of ol3 using water
vapor. The column is 8 feet long, the central platinum wire is
maintained at 1000°C, and the wills at about 150-200°:,

In the water vapor experiments, the 018 is not found
where expected, but the H, 018 nslecules are found at the top of
the column correspoinding to en exponent v in the force law for
weater molecules of less than § (approm-natel& 4. 9) The wuter
vepor is at 1 atm. pressure in the column.

In applying the column to the separation of He® from
He? an idea i's being developed that mey appreciably improve the
separation, This is, namely, to let into the column near the
upper part a smell umo‘mt of Dz (molecules of which huve the sume
molecular weight as Het e Then an analysis of the three
component system, provided the s-paration factors ure_in the
proper order, may show & blunket of D, b .tween the He® and the He¢,
For example, one might find at the top of thc coluan instead of
17 905 end 99% Hed; 1% He®, 50% Dp and 49% Het. ; The D is then
eesily separated out and the concentration of He“correspondingly
increased.
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