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THERMAL DIFFUSION METHOD
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Application December 18, 1953, Serial No. 398,935
5 Claims. (Cl. 210—52.5)

This invention relates to an improved continuous liquid
thermal diffusion method and apparatus and particularly
to improvements in the flow patterns of thermal diffusion
methods and apparatus of the types described in U. S.
Patents 2,541,070 and 2,541,071 to Jones and Hughes
and in U. S. Patent 2,521,112 to Beams.

The Jones and Hughes patents referred to above de-
scribe a continuous method for separating, by thermal
diffusion, two fractions containing dissimilar materials
that are normally liquid under the conditions of separa-
tion and which are included in a mixture that is normally
liquid under the conditions of separation. The term
“dissimilar components,” as used in the J. ones and Hughes
patents and in the description of the present invention, is
intended to refer to two or more components in or of a
liquid or liquifiable mixture. These components may be
dissolved in a common solvent, they may be liquid com.
ponents of a mixture or one of the components may be
a solvent and other the solute.

The method of the Jones and Hughes patents in essence
involves continuously introducing a liquid mixture into
apparatus comprising a substantially vertical and nar-
row separation chamber at a point intermediate the upper
and lower ends thereof. The chamber is formed by
smooth side walls, the opposed faces of which are closely
and uniformly spaced apart. One of these walls is rela-
tively heated and the other is relatively cooled to impose
a temperature gradient across the separation chamber or
slit formed by these walls and consequently also across
the thin film or layer of liquid mixture in the chamber.
As a result of the relative heating of the liquid imme-
diately adjacent the “hot wall,” a term used in a relative
sense, and the relative cooling of the liquid immediately
adjacent the “cold wall,” a term likewise used in a rela-
tive sense, two phenomena take place. One of these is
the well-known phenomenon of thermal circulation or
convection which resolves the liquid in the chamber into
two countercurrently moving fractions, -one ascending
adjacent the hot wall and the other descending adjacent
the cold wall. The other phenomenon, not so well-
known, is that of thermal diffusion whereby different
amounts of energy of translation are imparted to dis-
similar molecules in the mixture with the result that
one type of molecule tends to accumulate adjacent the
hot wall and the other tends to accumulate adjacent the
cold wall. Consequently, the ascending fraction in the
chamber becomes progressively more concentrated in one
type of dissimilar molecule and the descending fraction
becomes progressively more concentrated in the other
type or impoverished in the first type of dissimilar mole-
cules. Withdrawal of a portion of the ascending frac-
tion from the top of the separation chamber and with-
drawal of a portion of the descending fraction from the
bottom of the separation chamber results in achieving
significant separations of dissimilar components in the
liquid mixture subjected to thermal diffusion.

In the Beams patent, it is likewise proposed to intro-
duce the liquid mixture continuously into a thermal .dif-
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fusion chamber at a point intermediate its ends. The
separation chamber, however, is in a horizontal position
and the upper wall is relatively heated, whereas the
lower wall is relatively cooled. To supply a means for
circulating the liquid in the chamber countercurrently,
since this cannot be achieved thermally in a horizontal
chamber, the patentee proposed to utilize an endless tape
moving countercurrently through the chamber and
thereby in effect dragging a fraction accumulating adja-
cent the upper hot wall toward one extremity of the
chamber and a fraction accumulating adjacent the lower
cold wall toward the opposite end of the chamber for
separate removal.

It has now been determined that the methods and
apparatus described in these patents have an inherent
disadvantage in that the portion of a given fraction which
reaches the end of a separation chamber but is not with-
drawn is forced, by displacement, to reverse its direction
of movement along the opposite chamber-forming wall
surface. This displacement of the non-withdrawn portion
of the fraction constitutes an inherent source of in-
efficiency in that further energy must be expended to
move the component concentrated in that portion toward
the first chamber-forming surface. Thus, for example,
when a fraction that becomes progressively more con-
centrated in a given component as it descends along the
cold wall of a vertical separation chamber is only par-
tially withdrawn upon reaching the lower end of the
chamber, the balance of the fraction must turn around
and begin an ascent along the hot wall. In order to drive
said given component in this turned around and ascending
fraction back to the descending fraction adjacent the cold
wall, a further amount of heat is required to impart the
necessary additional kinetic energy of translation to the
molecules thereof. Substantially the same is true when
only part of the ascending stream adjacent the hot wall
is withdrawn at the top of a vertical separation chamber
or when only part of a fraction accumulating adjacent
the hot or cold wall of a horizontal separation chamber
of the Beams type is withdrawn at one end or the other.

The present invention is directed specifically to the
problem of avoiding this inherent inefficiency in hitherto
proposed vertical and horizontal countercurrent flow
thermal diffusion methods.

In accordance with the method of the invention, the
liquid mixture to be subjected to separation into liquid
fractions containing dissimilar components is confined
in a thermal diffusion separation chamber, subjected to
a temperature gradient to separate the liquid mixture
into two countercurrently moving fractions, one adjacent
each of the opposed chamber-forming walls. At least one
of the fractions is continuously withdrawn substantially
completely from the outer énd of the chamber toward
which the fraction in question moves. Fresh liquid mix-
ture is continuously introduced into the chamber at a
location intermediate the outer ends and additional liquid
mixture, which may be identical with the fresh liquid
mixture or may contain the same dissimilar components
in different concentrations, is introduced as auxiliary feed
into the end or ends of the chamber from which a fraction
or fractions is or are substantially completely withdrawn
without substantially diluting said fraction or fractions.

The apparatus of the present invention in essence com-
prises at least two smooth, substantially parallel walls
having surfaces closely spaced apart to form at least one
thermal diffusion separation chamber, means for rela-
tively heating and cooling the opposed wall surfaces, an
inlet for the chamber remote from at least one of the
ends of the chamber, an outlet at each end of the cham-
ber, an auxiliary inlet at at least one of the ends of the
chamber, and means for avoiding substantial Intermixing,

=. at one or both ends of the chamber, between liquid



2,767,850

3

introduced through the auxiliary inlet or inlets and the
fraction or fractions withdrawn through the outlet or
cutlets of the same end or ends of the chamber.

it is apparent frem the foregoing that a number of
fow patterns and structures are contemplated -in the
method and apparatus, respectively of the present inven-
Thus, for example, the countercurrent movement
the fracticns separated within the chamber by thermal
itself, may be vertical or hori-
Vihen the flow pattern and the apparatus are
thermal circulation is ordinarily s ient 1o
impart the desired countercurrent movement to the dis-
wmiler fractions. If the flow pattern and apparatus are
herizontal, in which case thermal circulation is not a
factor, the desired countercurrent movement of the sepa-
ied fractions must be premoted by Gther means such
he moving tape means proposed in the Beams patent.
s the ficw pattern is vertical, the fresh liquid is

2 lozation intermediate the upper and lower
chamber, preferably at about the midpcint
and (#) substantially the entire ascending frac-
, he withdrawn from the top, in which case
3l liquid mixture will be introduced at the upper
end of the chamber through an auxiliary inlet without
substangially diluting the ascending fraction, (b) substan-
tially the entire descending fraction may be withdrawn
he iower end of the chamber, in which case an addi-
ionsl amount of liquid mixture will be introduced
through an auxiliary inlet at the lower end of the chamber
without substantially diluting the descending fraction, or
toth the ascending and descending fractions will be
ntially completely withdrawn at the upper and

ds, respectively, of the column, in which case
tional liguid mixture will be intreduced through aux-
vy inlets at the upper and lower ends of the column
withoul substantially diluting the ascending and descend-
ing fractions, respectively.  While the various flow pat-
5 within the scope of the invention have been de-
sed with reference to a vertical separation chamber,
i is 1o be understood of course that the same flow pat-
teris are possible in 2 horizontal separation chamber in
-1 the upper wall is the hot wall and the lower wall
is the cold wall.

The apparatus of the invention may be modified de-
sending npon the particular flow pattern desired. Thus,
for exemple, where if is desired to withdraw substan-
tielly the eniire ascending fraction in a vertical separa-
tion chamber and to introduce additional liquid mixture
threugh an auxiliary inlet at the upper end of the cham-
means stich as a baffle or the like are provided at
upper end of the chamber between the outlet and
ihe inlet to avoid substantial dilution of the ascending
fraction by the eniry of the liquid mixture. Similarly,
if substantially the entire descending fraction is to be
‘thdrawn at the lower end of the chamber, such means
provided between the outlet and the auxiliary inlet
at the lower end. If both the ascending and descending
sractions are to be substantially completely withdrawn,
such barrier means are provided at both ends of the
chamber.  Similar modifications are contemplated for
‘he varicus erbodiments wherein the separation chamber
i in the hoerizontal position.

in the preferred embodiment of the invention, liquid
mixiure is confined in a substantially vertical separation
chamber because of the inherently greater simplicity of
siructures that do not require moving parts. The width
of the separation chamber, i. e., the spacing between the
Lot and cold walls, should be no greater than about 0.15
inch and preferably between about 0.02 and 0.06 inch.

The primary advantage of the method and apparatus
of the invention is in avoiding nullification of a sub-
stantial amount of the separation that takes place within
o thermal diffusion chamber by displacing components
concentrated adjacent the hot wall toward the cold wall
and vice versa, and thereby increasing the inherent effi-
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ciency and yield without any corresponding increase in
dimensions of the apparatus or in the amount cf heat
required.

This and other advantages, as well as the utility, of
the invention will become apparent from the following
detailed description made with refereace to the accom-
panying drawing, wherein:

Figure 1 is a schematic cross-section through one em-
bodiment of the apparatus of the invention;

‘= 2 is a schematic view in cross-section taken on
g line 2—2 of Figore 1;
Figure 3 is a flow diagram schematically illustrating

aGl

the flow paitern produced in the apparatus form shown

in

wes 1 and 2
s 4 to 6, inclusive, schematically illustrate other
liow patierns within the scope of the invention; and
Fignre 7 is a schematic illustration of a cascade type
low pattern involving the use of a number of thermal
diffusion separation chambers, the flow pattern of each
~f vwhich correspends to that illustrated in Figure 4.
As shown in Figures 1 and 2, a typical form of the
aratus of the invention comprises two wall members
and 11 having smooth and substantiaily parallel sur-
qces 12 and 14 closely spaced by any suitable means
vat 16 to form a thermal diffusion separa-
= The wall member 18 is provided with
or the passage of a heating medium, an inlet
sssociated conduit 21, an auxiliary inlet 22 and
d conduoit 24, and an outlet 26 and associated
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27. The wall member 11 is provided with a

or passage of a ccoling medium therethrough or
equivalent cocling means, and an inlet 30 and associated
conduit 31, and an outlet 32 and asscciated conduit 34.
Rarriers or the like 36 and 37 are provided at the upper
and lower ends of the chamber 17 between the oppesed
cutlets and auxiliary inlets 26 and 39, on the one hand,

and 22 aad 32, cn the other.

In Figures 3-7, the letters C and H designate hot and
cold walls, respectively; Pe and P indicate the cold
und het wail fractions, respectively; and ¥ and AT
stand for feed of fresh liquid mixture and auxiliary feed
of liguid mixture, respeciively.

fn operation, fresh liguid mixture is continuously in-
troduced into the chamber 17 by way of conduit Zi
aad inlet 20 with the result that the central portion of
the chamber 17 constituies a mixing zone in which the
proporiions of the dissimilar components are subsian-
tially the same as the proportions thereof in the fresh
liquid mixture. As the liquid moves away from the cen-
tral mixing zone, it becomes resolved, by virtue of the
temperature gradient imposed across it from the hot wall
to the cold wall, into two fractions, one fraction being
progressively more concentrated in a first dissimilar com-
ponent of the liquid mixture and ascending adjacent the
hot wall, and the other fraction being progressively more
concentrated in a second dissimilar component, or pro-
gressively less concentrated in the first dissimilar com-
ponent, and descending along the cold wall. When the
ascending fraction reaches the upper end of the cham-
ber 17, it is substantially completely withdrawn through
outlet 26 and associated conduit 27. Similarly, when the
fraction descending along the cold wall reaches the lower
end of the chamber, it is substantially completely with-
drawn through outlet 32 and associated conduit 34. Ad-
ditional liquid mixture is introduced into the chamber
17 at the upper end by way of conduit 31 and auxiliary
inlet 30 and at the lower end by way of conduit 24 and
auxiliary inlet 22, The barrier or divider 39 is effective
in avoiding substantial dilution of the ascending fraction
withdrawn through outlet 26 by the liquid mixture intro-
duced through auxiliary inlet 30 and the barrier or divider
37 is similarly effective in avoiding substantial dilution
of the descending fraction withdrawn by way of outlet
32 by the additional liquid mixture introduced . through
the auxiliary inlet 22.

By removing the lower barrier or divider 37 and utiliz-
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ing either or both the ports 22 and 32 as outlets for a
portion of the descending fraction, the apparatus sche-
matically illustrated in Figure 1 may readily be con-
verted to produce the flow pattern schematically illus-
trated in Figure 4. In this embodiment, the fresh liquid
mixture is introduced into the chamber 17 by way of in-
let 20, substantially the entire ascending fraction is con-
tinuously removed by way of outlet 26, additional liquid
mixture is introduced at the upper end by way of auxiliary
inlet 3@ without substantial intermixing of the ascend-
ing fraction due to the action of barrier or divider 36,
and a portion of the descending fraction is continuously
withdrawn at the lower end of the chamber through ports
32 and 22 or both.

By eliminating the barrier or divider 36 of the ap-
paratus illustrated schematically in Figures 1 and 2 and
utilizing one or both the ports 26 and 30 as outlets for
a portion of the ascending fraction, the apparatus may
readily be converted to produce the flow pattern shown
in Figure 5. In this modification, the fresh liquid mix-
ture is introduced by way of inlet 20, a portion of the
ascending fraction is withdrawn at the upper end of the
chamber 17 by way of ports 26 or 30 or both, substan-
tially the entire descending fraction is withdrawn at the
lower end of the chamber by way of outlet 32, and ad-
ditional liquid mixture is introduced at the lower end
of the chamber by way of auxiliary inlet 22, substantial
dilution of the descending fraction by the auxiliary feed
being avoided by the action of barrier or divider 37.

Figure 6 illustrates schematically a flow pattern
corresponding to that illustrated in Figure 4, turned on
it side. This flow pattern is considered the equivalent,
in a horizontal separation chamber of the Beams type,
of the vertical flow pattern illustrated in Figure 4 and may
readily be obtained by modifying the Beams type ap-
paratus in a manner similar to that described with refer-
ence to Figures 1 and 2. It is to be understood, of course,
that flow patterns corresponding to those shown in Fig-
ures 3 and 5 are likewise possible in the Beams type ap-
paratus and come within the scope of the present inven-
tion.

While the liquid mixture introduced into the separa-
tion chamber by way of one or more auxiliary inlets
may be identical with the fresh liquid mixture, it need
not necessarily be identical in both composition and rela-
tive proportion of the dissimilar components. A flow pat-
tern in which this is illustrated is shown in Figure 7
in which the letters, A, B, C and D designate four
separation chambers similar to that illustrated in Figures
1 and 2, but modified as described to the flow pattern of
Figure 4. The letters C and H are utilized to indicate
cold and hot walls of the separation chambers, respec-
tively; F indicates the feed of fresh liquid to be sub-
jected to separation by thermal diffusion; Pn designates
the hot wall fraction; and P. designates the cold wall
fraction. In thermal diffusion chamber A the primary
feed of liquid mixture at the center of the chamber and
the auxiliary feed at the upper end are identical. In
chambers B, C and D, however, the auxiliary feed in each
instance corresponds to the portion of the cold wall frac-
tion removed from the lower end of the previous cham-
ber in series. The cascade type of flow pattern illus-
trated in Figure 7 is particularly advantageous in in-
stances in which the primary interest is in concentrating
a component that tends to accumulate adjacent the cold
wall of a thermal diffusion column. It is to be under-
stood, of course, that if the primary interest is in con-
centrating a component that tends to accumulate adja-
cent the hot wall, a similar cascading type of flow pat-
tern, wherein the flow pattern of each individual separa-
tion chamber is similar to that of Figure 5, will be more
applicable.

A determination was made, for comparative purposes,
of the results obtainable by subjecting a 50:50 mixture
of cetane and monomethyl naphthalene to thermal dif-
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fusion, utilizing, on the one hand, the vertical flow pat-
tern of Figure 4, and on the other hand, the continuous
vertical countercurrent flow method heretofore proposed,
i. e, with the auxiliary feed at the upper end of the
column eliminated. All other conditions, such as the
width, length and breadth of the chamber, and the tem-
perature gradient, were the same. In run No. 2, the
auxiliary feed was the same as the primary feed. The
results ‘'of these comparisons are tabulated immediately
below:

Table
RunNo..... .. 1 2
Primary Feed Rate, mljhr.__.________ 1,800 1,800
Secondary Feed Rate, ml./hr . T TTTTTTTTTTOTTR 900
Total Feed Rate,ml./hr ... 1, 800 2,700

Top Product Rate, mlfhr . ________ 900 1,800
Percent, by volume, of Cetane in-

Feed ... . 50 50

Hot Wall Fraction. . 57.3 56.3
Separating Efficiency.. ____ . 57.3 75.0

While the degree of separation of the cetane fraction
removed from the upper end of the chamber is slightly
reduced by the use of an auxiliary feed, it is important
to note that the volume of the fraction withdrawn from
the upper end of the chamber is doubled while the total
feed rate is increased by a factor of only 1.5. This
means that for the flow pattern of Figure 4, essentially
the same concentration of components, in the fraction
withdrawn from the upper end of the chamber, can be
obtained with half the heat consumption. Since the cost
of heat is the greaest operating cost in a thermal diffusion
operation, the reduction in heat consumption represents
a significant reduction in direct operating costs, Further-
more, it appears that the separating efficiency of run No. 2,
illustrated schematically in the flow pattern of Figure 4,
is 31% higher than that of the flow pattern in run No.
1, with which it was compared, the separating efficiency
being defined as the ratio of the product of the volume
of the hot wall fraction and the concentration of the de-
sired component therein to the product of the volume of
the feed and the concentration of the desired component
in the feed.

It is to be expected that various modifications will
readily occur to those skilled in the art upon reading this
description. All such modifications are intended to come
within the scope of the invention as defined in the ac-
companying claims. .

I claim: ' ‘

1. A method for continuously separating, by thermal
diffusion, two fractions containing dissimilar components
that are normally liquid under the conditions of sepa-
ration and which are included in a mixture normally
liquid under the. conditions of separation, which com-
prises confining the liquid mixture in a uniformly nar-
row separation chamber having substantially smooth walls
and two outer ends; imposing a temperature gradient
across the liquid by maintaining one wall at a tempera-
ture higher than the temperature of the other wall, there-
by concentrating one of said dissimilar components in the
mixture in a first fraction adjacent one wall and another
of said dissimilar components in a second fraction ad-
jacent the other wall; moving said first and second frac-
tions countercurrently and endwise within the chamber
toward the outer ends thereof; continuously withdrawing
the first fraction from one outer end of the chamber;
continuously withdrawing the second fraction from the
other outer end of the chamber; continuously introduc-
ing a first liquid mixture into one of the outer ends of
the chamber without substantially diluting the fraction
advancing toward said one of said outer ends; and con-
tinuously introducing a second liquid mixture into the
chamber at a location intermediate said outer ends.

2. A method for continuously separating, by thermal
diffusion, two fractions containing dissimilar components
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that are normally liquid under the conditions of separa-
tion and which are included in a mixture normally liquid
under the conditions of separation, which comprises con-
fining the liquid mixture in a uniformly narrow and sub-
stantially vertical separation chamber having substantial-
ly vertical and smooth walls and an upper and a lower
end; imposing a temperature gradient across the liquid by
maintaining one wall at a temperature higher than the
temperature of the other wall, thereby concentrating one
of said dissimilar components in the mixture in a first
fraction ascending adjacent the wail maintained at the
higher temperature and another of said dissimilar com-

ponents in a second fraction descending adjacent the other
wall; continuously withdrawing the first fraction from.

the upper end of the chamber; continuously withdraw-
ing the second fraction from the lower end of the cham-
ber; continuously introducing a first liquid mixture into
cne of the upper and lower ends of the chamber without
substantially diluting the fraction withdrawn from said
one of said upper and lower ends; and continuously in-
troducing a second liquid mixture into the chamber at
a location intermediate said upper and lower ends.

3. A method for continuously separating, by thermal
diffusion, two fractions containing dissimilar components
that are normally liquid under the conditions of separa-
tion and which are included in a mixture normally liquid
under the conditions of separation, which comprises con-
fining the liquid mixture in a unifermly narrow and sub-
stantially vertical separation chamber having substantial-
ly vertical and smooth walls and an upper and a lower
end; imposing a temperature gradient across the liquid
by maintaining one wall at a temperature higher than
the temperature of the other wall, thereby concentrating
one of said dissimilar components in the mixture in a first
fraction ascending adjacent the wall maintained at the
higher temperature and another of said dissimilar com-
ponents in a second fraction descending adjacent the other
wall; continuously withdrawing the first fraction from the
upper end of the chamber; continuously withdrawing the
second fraction from the lower end of the chamber; con-
tinuously introducing a first liquid mixture into the upper
end of the chamber without substantially diluting the first
fraction; and continuously introducing a second liquid
mixture into the chamber at a location intermediate the
upper and lower ends.

4. A method for continuously separating, by thermal
diffusion, two fractions containing dissimilar components
that are normally liquid under the conditions of separa-
tion and which are included in a mixture normally liquid
under the conditions of separation, which comprises con-
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fining the liquid mixture in a uniformly narrow and sub-
stantially vertical separation chamber having substantially
vertical and smooth walls and an upper and a lower end;
imposing a temperature gradient across the liquid by
maintaining one wall at a temperature higher than the
temperature of the other wall, thereby concentrating onc
of said dissimilar components in the mixture in a first
fraction ascending adjacent the wall maintained at the
higher temperature and another of said dissimilar com-
ponents in a second fraction descending adjacent the other
wall; continuously withdrawing the first fraction from
the upper end of the chamber; continucusly withdraw-
ing. the second fraction from the lower end of the cham-
ber; continuously intrcducing a first liquid mixture into
the. lower end of the chamber without substantially di-
lating the second: fraction; and continuously introducing a
second liquid mixture into the chamber at a location in-
termediate the upper and lower ends.

5. A method for continuocusly separating, by thermal
diffusion, two fractions containing dissimilar components
that are normally liquid under the conditions of separa-
tion and which are included in a mixture normally liquid
under the conditions of separation, which comprises con-
fining the liquid mixture in 2 uniformly narrow and sub-
stantially vertical separation chamber having substantizlly
vertical and smooth walls and an upper and a lower end;
imposing a temperature gradient across the liquid by
maintaining one wall at a temperature higher than the
temperature of the other wall, thereby concentrating one
of said dissimilar components in the mixture in a first
fraction ascending adjacent the wall maintained at the
higher temperature and another of said dissimilar com-
ponents in a second fraction descending adjacent the
other wall; continuously withdrawing the first fraction
from the upper end of the chamber; continuously with-
drawing the second fraction from the lower end of the
chamber; continuously intorducing a first liquid mix-
ture into the upper and lower ends of the chamber with-
out substantially diluting the first and second fractions;
and continuously introducing a second liquid mixture into
the chamber at a location intermediate the upper and
lower ends.
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