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My invention relates to a method of and ap-
paratus for fractionating vapors. While my in-
vention is capable of application to the separa-
tion of any mixture of vapors of different molec-
ular weights and/or different physical properties,

it finds particular utility in the fractionation of °

* hydrocarbon vapors, and for illustrative purposes
its application to such use is hereinafter de-
scribed without limiting the invention to such
application. -

The objects of my invention include a substan-
tial increase, within a compact apparatus of
small size, of the area of contact of reflux liquid
with the vapors during fractionation and a sub-
stantial increase in the surface area of the ap-
paratus at a different temperature from the va-
pors and contacted by the vapors as compared
with the conventional fractionating apparatus,
such as a bubble tower.

Another object of my invention is the easier
control of the temperature gradient during
fractionation of a mixture of vapors, which my
invention contemplates providing by defining a
long path of travel for the vapors within a com-
bact.apparatus and by subjecting each cross sec-
tion of the stream of the mixture of vapors to a
temperature gradient facilitating their selective
condensation.

Another object of my invention is to provide a
method of and apparatus for accurately and
completely condensing selectively a mixture of
vapors having condensing points differing only
slightly.

Another purpose of my invention is the pro-
vision of a method of and apparatus for frac-
tionally [condensing] distilling a mixture of va-
pors of different condensing or boiling points
either in one apparatus, from which condensates
of different condensing points are withdrawn at
different levels, or im a plurality of devices,
through which the vapor mixture in liquid form
is passed successively and from each of which a
condensate having a predetermined condensing
point or range of condensing points is withdrawn
or separated.

Other objects of my invention include the pro-
vision of an apparatus for fractionating vapors
of different condensing points which is compact
in size and inexpensive in manufacture.

Embodiments of my invention capable of per-
forming these objects and providing these ad-
vantages and others are described in the follow-
ing specification, which may be more readily un-
derstood by reterence to the accompanying draw-
ing in which:
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Figure 1 is a vertical sectional view of one em-
bodiment of my invention; Figure 14 is a re-
duced wertical section of a conventional con-
denser shown in Figure 1; )

Figure 2 is a horizontal sectional view taken
as indicated by the line 2—2 of Figure 1; and

Figures 3, 4 and 5 are fragmentary vertical
sectional views of other forms of my invention. .

Referring to the L[drawing] drawings, which
Lis] are for illustrative purposes only, the nu-
meral (I indicates a fractionating apparatus -
which includes a tower 12, having g domed top
13, and a bottom plate 14 having a central open-
ing - 1§ communicating through a depending
baffle 16 with a bubble plate chamber I7. The
bubble plate chamber 17T is provided with a plu-
rality of bubble plates i8, illustrated as three in
number, each of which includes an upwardly
projecting vapor pipe 19 with a cap 20 positioned
over the upper end thereof and extending down-
wardly therearound to adjacent the upper sur-
face of the bubble plate I8, so that vapors pass-
ing upwardly through the pipe 19 are directed
downwardly through liquid upon the bubble
plate 18 before continuing their passage up-
wardly to the tower 12. Each bubble plate 18 is
provided with a liquid pipe 19a having g cap 20a
for passing liquid downwardly therethrough, the
bubble plates 8 acting to smooth out the flow
of vapors before the vapors enter the tower 12,
I[making the rate of passage of the vapors
through the tower more uniform and limiting
the vapors entering the tower to those having the
desired range of condensing temperatures.}

The fractionating apparatus {1 includes also
a Kettle or still 21 positioned below and com-
munieating with the bubble plate chamber i7T.
The still 21 may be heated in any suitable man-
ner, as for example, by a steam coil 22, and is
provided with an outlet pipe 2ia in the bottom.
thereof for withdrawing residue therefrom, or for
connection to compentional sump tanks or an-
other fractionating apparatus corresponding to
apparatus 11. A liquid supply pipe 23 is provided
for supplying liquid to the still 21 for vaporiza-~
tion therein and may be connected to the bubble
plate chamber IT above the [lowermost] upper-
most of the bubble plates 18, so that the incom-
ing liquid oil exerts a reflux action upon the up-
wardly traveling vapors from the still 21.

Provided within the tower 12 is a [vapor] flow
line in the form of a coil [of] pipe 24 of metal of
good heat conductivity such, for example, as
copper. The coil 24 is formed so that adjacent
convolutions are in contact with each otler and
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so that its lower end communicates with the cen-
tral opening 15 of the bhottom plate 14 of the
tower 12. The upper end of the coil .24 is con-
nected to a riser pipe 25 which communicates
through a pipe 26 with a condenser 27 of con-
ventiona] construction or another fractionating
device similar to the fractionating device I1.

Positioned within the tower {2 with its outer
wall in contact with the coil 24 is a cooling jacket
32 annular in cross section and ‘ncluding an in-
ner wall 33, an outer wall 34, and top and bot-
tom walls 35 and 36, respectively. An inlet pipe
37 extends through the wall of the tower 12 and
communicates with the cooling jacket 32 near
the upper end wall 35, and an outlet pipe 38
communicates with the cooling jacket 32 adja-
cent the lower end wall 36.

The coil 24 is formed so that its external di-
ameter is substantially less than the internal di-
ameter of the tower (2, and the space between the
vertical coil 24 and the wall of the tower 12 is

filled with a heat insulating material 39 extending -

from the bottom plate |14 of the tower (2 to a
top plate 40 which extends between the upper
end of the cooling jacket 32 and the periphery
of the domed cover 13.

As illustrated, the condenser 27 includes inlet
and outlet pipes 28 and 29, respectively, for sup-
plying -a cooling medium around a plurality of
vapor pipes within the condenser 21, an outlet
pipe 30 for withdrawing the liquid condensate
therefrom, and an outlet pipe 31 for withdrawing
from the condenser any uncondensable gases.

In performing the method of my invention with

the apparatus described, the liquid to be fraction- :

ated is introduced through.the inlet pipe 23 and
passes downwardly through the bubble plates 18
to the still 21, where it is vaporized by the heat
provided by the steam coil 22. The vapors pass
upwardly through the vapor pipes {9 in the bub-
ble plates 18, under the bubble caps 20 and
through the liquid upon the upper surface of the
bubble plates 18, thus intimately commingling
with the liquid. [This commingling of the vapors
with the liguid serves to condense and lead, with

are prevented from cooling by the heat insulat-
ing material 39. Thus at every cross section of
the stream of vapors in the coil 24, there is estab-

lished  a temperature gradient diametrically

across the stream with the vapors on the inner
side of the stream being cooled more than the
vapors on the outer side of the stream.

The temperature and rate of passage of the
cooling medium through the cooling jacket [are]
may be adjusted so that vapors of a desired con-
densing point or range of condensing points are
condensed by the passage of the mixture of va-
pors through the coil 24 or that the liquid of low
boiling point (low condensing point) or range
passes while still in vapor or gaseous form up-
wardly out of the coil and into a conventional
condenser, such as 27 [thel The condensate

. [being] is either withdrawn through a condensate
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the incoming liquid to the still 21, vapors of the

hydrocarbons of high condensing points, and
serves also to preheat the incoming liquid before
it reaches the still 21.] This serves to preheat the
incoming liquid and to strip out low boiling com-
ponents by heat-exchange before the incoming
liquid reaches the still 21.

From the bubble plate chamber {7 the vapors
or gases pass upwardly through the bafile 18 into

the lower end of the coil 24. The vapors or gases :

entering the coil 24 consist of a mixture of hydro-
carbons of different condensing points. As this
gas mixture passes upwardly through the coil 24,
it is subjected to a cooling action by the liguid in
the cooling jacket 32. The outer wall 34 of the
cooling jacket 32 being in intimate contact with
the inner surface of the coil 24 and, if desired,
the space between each pair of adjacent turns ot
the coil 24 and such outer wall 34 being filled with
a suitable metal of high conductivity, the cooling
liquid within the jacket 32 is maintained in inti-
mate heat conducting relationship with the va-
pors or gases ascending in the cqil 24. ‘

It is to be noted that as the stream of vapors
[passes] pass upwardly within the coil 24, the
portions thereof adjacent the inner side of the coil
24 are subjected to a cooling action by the liquid
in the jacket 32, while those portions of the va-
nors adjacent the outer side of the coil 24 are

ot [subjected] subject to this cooling action but .

50

<
w

60

withdrawal pipe 41 connected through a suitable
trap 42 with the coil 24 adjacent its lower end or
returned through the bubble plates (8 to the still
2, as may be desired. The trap 42 may be of
any desired construction, such as a float con-
trolled valve or stream trap, passing liquid there-
through but preventing the passage of vapor
therethrough.

~As the vapors condense upon the inner side of
the wall 24, the condensate flows downwardly
therethrough -in a thin film. The surface upon
which the vapors thus condense is made ex-
tremely large by virtue of the shape of the ap-
paratus described. For example, in a coil of a
three foot diameter comprising forty turns of
pipe with a six inch internal diameter, there are
presented .approximately 570 square feet of sur-
face for contact by the vapors. The condensate
flowing downwardly in a thin fllm on the inner
side of the coil 24, is, throughout its travel in-the
coil, in intimate contact with [and commingled
with] the ascending vapors. This intimate [com-
mingling] contact of the descending reflux con-

densate and the ascending vapors insures an ex-

change between them, so that the lower boiling
fractions of the liquid condensate are vaporized
and the higher boiling fractions of the vapor are
condensed within the coil 24. Since the path of
travel of the vapors is very long within the tower
12, the temperature gradient longitudinally
within the coil can be made very gradual, and
a most accurate separation of the vapors can be
achieved.

Tests of the method of my invention performed
by apparatus such as described demonstrate a
very accurate and complete separation of a mix-
ture of hydrocarbon vapors of condensing points
differing but slightly from each other. It is my
belief that.this is in part due to the fact that, in
accordance. with my invention, the vapors are
passed in a spiral path, and a relatively sharp
temperature gradiént across each part of the path
is maintained with the temperature of the va-

- pors on the inner side of the spiral path or stream
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at a lesser value than the temperature of the va-
pors on the outer side of the spiral path or stream.

LWhile I do not desire to be restricted to the
theories herein set forth, it is my belief that the
accurate fractionation in accordance with my
invention of a mixture of vapors of cohdensing
points differing but slightly from each other is
at least in part due to action in accordance with
one or both of the above stated theories.]

In Figure 3 there is illustrated an alternative
embodiment of my invention in which the parts
like those previously described are identified by
like numbers. This embodiment of my invention




differs from the embodiment illustrated in Figures
1 and 2 in that the insulating material 39 is
omitted, and there is provided around the coil 24

and within the tower 12 a heating medium 43.

The heating medium 43 may be of any desired
material, such as steam, and is circulated through
the tower (2 in intimate contact with the outer
surface of the coil 24 by an inlet pipe 44 and an
outlet pipe 45.

In many applications of my invention, such as

the embodiment illustrated in Figure 3, the sup-
plying of heat to the outer surface of the coil
24 establishes a sharper temperature gradient
across the coil and provides improved separation
of the vapors. In this embodiment of my inven-
tion, as in that previously described, the heat con-
ducting relationship of the cooling jacket 32 with
the coil 24 may be improved by filling the spaces
between them, indicated by the numeral 46, with
a material of high heat conductivity, such as a
suitable metal.

The embodiment of my invention illustrated in
Figure 4 differs from the embodiment illustrated
.in Figure 1 in that there is substituted for the
cooling jacket 32 of the form shown in Figure 1
a cooling coil 47, each convolution of which is
positioned between and in contact with two con-
.volutions of the vapor coil 24, so that each con-
volution of the coil 47 is in heat transferring rela-
tionship with two convolutions of the vapor coil
24

in the form of apparatus 'of my invention ilius-
trated in Figure 5, adjacent convolutions of a coil
48 for vapors are connected in fluid-tight rela-

tionship as by welding 49, the whole of the space :

50 within the coil 48 being available for the ¢ir-
culation of a cooling medium. Liquid outlet lines
or taps 51 are shown provided with shut off valves
52.

The still 21 and the bubble plate chamber IT -

may be constructed separately from the tower 12
and separate from each other without departing
from my invention. Likewise, there may be sub-
stituted for the bubble plates 18 in the chamber 7
other means of smoothing out the flow of vapors
[such as Raschig rings, fuller s earth, bauxite,
iron turnings, etc.}

Further, a plurality of liquld outlet lines may.

be connected to the coil at different levels, each
withdrawing the condensate of vapors having a
definite condensing point or range of condensing
points, see Figure 5, for example.

From the foregoing, it will be seen that the
method of my invention contemplates the passage
of a mixture of vapors of different condensing
points in a curved path so that each section of
the stream has a temperature gradient there-
across with the lower temperature at the inner
side of the curved path or stream and the higher
temperature at the outer side, and with a tem-
perature gradient along the stream with the
higher temperature at the source of the stream
and the [commingling] contact of the reflux con-
densate with the vapors along the walls defining
the curved path of the stream through the length
of the stream. It will also be seen that my inven-
tion contemplates the selective condensation of a
[liquid which]} substance or substances in liquid
form jrom a vapor or gaseous phase which sub-
stance or substances may be a mixture of hydro-
carbons all .of which boil within more narrow
temperature limits than a mixture of gases or
vapors from which they are condensed; or, would
ordinarily be defined as having a more narrow
boiling point range [from] than [al} the mixture
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of gases or vapors which contains Fsaid liquidl
the substance or substances in [its] a gaseous or
vapor phase. The [the] initial mixture, of course,
[having] has a wider bolling point range than
[the liquid but which includes that of the liquid,
thatl that of individual substances which make-
up its content. The portion of the mixture which
is not so condensed [passing]} passes through the
process as a gas Or vapor.

In the process illustrated and described the
condensation takes place in a helical passage
which is provided by the pipe coil, and the con-
densation takes place [whollyl substantially upon
the Inner wall portion of the helix formed by the
coil, that is, upon the wall portion nearest the
axis of the helix, due to the fact that this inner
portion of the wall is cooled below the tempera-
ture of the remainder of the wall, or, what

, amounts to the same thing, the remainder of the
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wall is hotter than the condensing surface thereof.
Various modifications of the method and ap-

- paratus of my invention will occur to those skilled
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in the art, and my invention must be understood
therefore as not restricted to the embodiments,
steps, or applications [hereinbefore} herein spe-
cifically set forth.

In accordance with one theory, the heavier
molecules of the vapors of higher boiling point
travel slower on the average than the lighter
molecules of the vapors of lower boiling point.
Since the force upon molecules in a vapor mix-
ture within the coil 24 is proportional to the
square of their individual and separate velocities,
I have reason to believe that the lighter molecules
of the vapors of lower condensing point are moved
by molecular force action to the outer portion of
the spiral stream of vapors and that the heavier
molecules of vapors or gases of higher condensing
point thus tend to concentrate adjacent the inner
side of the spiral stream. It will appear that such
a concentration serves to increase the number of
contacts of the molecules of the latter type with
the cooler inner surface of the coil 24 and thus
to facilitate their selective condensation. It is
my belief that such an effect will be accomptished
when the greatest velocilty component of such
molecules is in the direction of travel of the
vapors or gases, or exactly opposile thereto, which
condition, because of the random motion of the
molecules, may be present over only a fraction
of the paths of the separate molecules. It is also
believed that where the action is nullified by the
random motion of the molecules, condensation of
the lighter molecules colliding with the inner
cooler surface is inhibited by their greater energy
of motion and their lower condensing tempera-

- ture.

I also believe that since the lighter molecules
of the wvapors of lower boiling points have
velocities greater than the velocities of the heavier
molecules of the vapors of higher boiling points
that the former will strike the outer, hotter wall
of the coil a proportionately greater number of
times in their travel therealong than the latter
molecules. Hence, it appears that the lighter
molecules will absorb heat energy from contact
with such outer wall at a greater rate than the
heavier molecules, thus -causing a concentration
of the heavier molecules by mass action adjacent
the inner cooled surface of the coil 24.

From the gas laws it is known that the average
velocities of the molecules are inversely propor-
tional to their molecular weights, and as a re- -
sult, it is believed that the lighter molecules will
be traveling faster than the heavier ones in the
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spiral coil which leads to a molecular force ef-
fect that is exactly opposite that of a normal
centrifuge. In a centrifuge, liquid molecules are
all traveling at the same speed, that is, the speed
of the rotor, and their difference in mass causes
separation, In the fractionating, uninterrupt-
edly-continuous relatively long path still of my

invention, each molecule is a freely moving in-

dividual particle constrained only by collision
with other molecules and inner walls of a coil.
The laws of centrifugal force and motion are
based upon the following formula:

2
F=ma=m7

a=—
. r

Where F is the force, a is acceleration, v is the
velocity, m is the imass, and r is the radius of
the coil. It is thus apparent that the squared
velocity factor is of primary importance and that
the lighter, faster, lower boiling point molecules
will be accelerated to outer, hotter portions of
the coil and 'heavier, slower, higher boiling point
molecules having lesser acceleration will be forced
by mass action from successive collision with the
more . energetic, faster moving light molecules
toward the inner cold wall where they are sub-
jected to a condensing action.

When heat is applied to a mirture of substances
in liquid form, it is recognized that the result-
ing rise in temperature produces a rise of vapor
pressure for all the constituents, and that in-
creasing temperature increases the vapor pres-
sures of lower boiling components more rapidly
than those of higher boiling components, Thus,
the vapor or gas will contain a greater portion
of the lower boiling components than the original
mixture and as a result a mixture of vapors or
gases within the coil of a molecular still such
as illustrated will be richer in lower boiling com-
ponents than either the original mizture of
liquids or the condensed reflux in the coil..

At any given temperature when a complex
substance in the form of a liquid is in contact
with its vapor the composition of the vapor
tends to become proportional to the vapor pres-
sures of the individual components of the liquid.
If the vapor is removed as it is produced the re-
maining . liquid will then become progressively
poorer in those components of higher vapor pres-
sures, i. e., those having lower boiling points.

Selective vaporizing action will be facilitated
by maintaining a sharp temperature gradient
across the coil which will in effect provide in the
reflux liquid a hot region leading to a larger pro-
portionate removal of lower boiling components
and g cold region leading to a larger proportionate
retention of high boiling components. Although
a coil as utilized in my invention is open at its
opposite ends, it can be considered as providing
a closed molecular path throughout the length
of which ascending vapors are in uninterrupted
contact with the surface of descending refiur
liquids, certain portions of which are in the form
of & film approaching molecular thinness.

It will be apparent that in employing my in-
vention there will be a temperature gradient
curve for the hot wall of the coil which will be
determined primarily by the temperature of the
vapors within the coil. A second curve for the
cold wall will be shaped in accordance with the
temperature of the cooling wall within any given
level of the cooling jacket. However, due to heat
conductivity between the two walls, that fis,
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through the metal walls of the coil, there will be
a superimposed temperature gradient which will
in turn cause an increment of separating action
to obtain throughout the length of the coil,

It is definitely known that in any enclosed
space filled with a mizture of gases or vapors
across which there is maintained a temperature
gradient there will be a wmigration of heavier
molecules toward the cooler portion of the cotl
and an opposite migralion of the lighter molecules
toward the holter portion thereof. As a gen-
eral rule, particularly as to substances within the
petroleum series, the heavier molecules are those
which -have higher boiling points, lower average
molecular velocity, and lower vapor pressure.

While I do mot desire to be restricted to the
theories herein set forth, it is my belief that the

_accurate fractionation in accordance with my in-

vention of a mirture of vapors of condensing
points differing but slightly from each other is
at least in part due to action in accordance with
one or both of the above stated theories.

It will be apparent to those skilled in the art
that in accordance with my invention the sub-
stances or [Jractions introduced as a ligquid
through the inlet pipe 23 are partly vaporized by
the still 21 and enter the tower 12 as a mixture
of gases having a relatively wide boiling point
range as made up by the more narrow boiling
point ranges of the individual substances or frac-
tions represented by. such gas mirture. Sub-
stances not vaporized will flow downwardly to-
ward the bottom of the still 21, from which point
they may be removed by pipe 2la and sent
through an apparatus corresponding to the one
described for further treatment. As the gas
mirture moves upwardly along the confined pas-
sage provided by the coil helix 24, the substance
having the highest boiling point is the first con-
densed as a liquid which then flows by gravity
toward the lower end of the coil. As the gaseous
column progresses upwardly along the coil, sub-
stances of progressively lower boiling points,
starting with the substance of highest boiling
point are selectively condensed out of the col-
umn and flow toward the lower end of the coil.
I have determined that for a given mizture of
gases representing a number of substances or
fractions of different boiling points, that the
substance or fraction of lowest boiling point will
move or flow out of the confined passage as a
substantially pure substance through the riser
pipe 25. It then can be condensed in any suit-
able condenser, such as the conventional con-
denser shown in Figures 1, 1A, and 2, into liquid
form and collected at the outlet pipe 30. In the
condenser shown, the gas representing such pure
substance of lower boiling point or, in other words,
of lower condensing point, flows through vertical
tubes about which a cooling medium passes. The
flow is from an upper to a lower header. Uncon-
densed gases may leave the lower header through

the pipe 31.
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In a single batch utilization, after the first

Jraction or substance of lowest or lower boiling

point and lowest or lower condensing point has
passed through the still, the temperature in the
still then rises to the boiling temperature of the
nert highest or higher jraction or substance
contained in the mixture of gases; this substance
then flows out through the riser pipe 25 until it
is ezhausted.

It will be apparent to those skilled in the art
that the novel features of my invention may be
employed in a continuous operation wherein a




series of stills are provided, each one itaking off
successively higher boiling substances or frac-
tions of the mizxture used. If can also be used
in connection with batch distillation where one
still is employed to successively distill off frac-
tions or substances of successively higher boiling
points starting with a substance of lower or low-
est boiling point of a mixture employed. When
speaking of vapors or gases in the claims, I have
particular reference to a vapor or gaseous phase
of a mixrture of substances or of a liquid made up
o] a mizxture of such substances, i. e. vapors in
liquid form.

It will thus be apparent that a desired sub-
stance or substances can be collected at either

end of the still. It will also be apparent, in view

o] the previous explanation, that taps may be
employed along the coil to remove substances or
Jractions of narrower boiling point ranges than
the original vapor mizture as they are progres-
stvely condensed in the coil.

As shown and described, I preferably so mount
the coil 24 that adjacent substantially horizontal
wall portions of its convolutions are in a heat
conducting relationship with respect to each
other. This serves to insure the release of any
lower boiling point substance in gaseous or vapor
form that may be enirapped in a higher boiling
point fraction, substance, or substances that have
condensed in a particular convolution or turn of
the coil, and that normally flow downwardly as
reflur liquid toward the lower end of the con-
Aned path provided by the coil. It will be noted
in Figures 1 and 3 that the cooling jacket 32
has a substantially spiral-line cooling-surface
contact with the coil 24, in other words, there is
a localized line contact between walls of the con-
volutions and the wvertical wall of the cooling
jacket 32. This is preferred over the arrange-
ment shown, for example, in Figure 4.

It will be apparent than an important feature.
of my invention makes possible selective separa-
tion of more volatile components of a mixture of
vapors by condensing and returning less volatile
components of the vapor mixture and in passing
the more volatile components in vapor form up—
wardly out of the still and into a condenser.

With reference to the example in column 4
of this specification, the length of the coil is
= DT where »=3.1416, D=the diameter of the coil,
and t=the number of turns. That is, the coil
length is 3.14 %340 or about 376 feet.

It will be apparent from a study of the two
forms of apparatus utilizing my invention and
shown in Figures 1 and 3 of the drawings, that
the insulating material along the outer side of
the free or unobstructed helical passageway, or in
other words, along the side opposite to the
actively-cooled or aris side thereof (see the jacket
32 of the construction shown in Figure 1) will
shield or so protect the passageway provided by
the helical coil 24, as to substantially inhibit or
eliminate heat loss to the surrounding atmos-
phere on this particular side along the full ex-
tent of the upwardly flowing gases, and will main-
tain a relatively high condensation-inhibiting
temperature along the full extent of this flow
side of the gases. In Figure 3 the heating me-
dium serves the same purpose, in that the flow of
such medium acts like the insulating material of
the structure of Figure 1, to shield or protect the
outer side of the upward flow of the gases from
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jected to a cooling medium for selectively con-
densing-out the gases of progressively lower boil-
ing points, as the mixture of heat-containing
gases moves upwardly along the helical passage-
way. The steps of cooling one side of the closed
helical passageway and of insulating or shielding
the other side thereof, thus subjects the upwardly
flowing gases to a sharp heat gradient across its
convolutions. It will be noted that the tempera-
ture gradient across the coil prevents the estab-
lishment of an equilibrium in any portion of
the cotl.

I claim as my invention:

L[1. A process of selectively condensing a liquid
having a narrow boiling point range from a mix-
ture of gases containing said liquid in its gaseous
phase, said mixture having a wider boiling point
range than said liquid, which comprises: passing
sald mixture of gases into the lower end of a
closed passage of helical contour so disposed that
any liquid condensed in sald passage flows by
gravity to the lower end thereof, and the mix-
ture of gases rises through the passage; and -
cooling g portion of the wall of the helical pas-
sage on the side nearest the axis of the helix
to a sufficient degree to cause a condensation
from sald mixture of the desired liquid, that
portion of the mixture not so condensed passing
while still in gaseous form out of said passage.1

[2. A process of selectively condensing a liquid
having a narrow boiling point range from g mix-~
ture of gases containing said liquid in its gaseous
phase, said mixture having a wider boiling point
range than said liquid, which comprises: pass-
ing sald mixture of gases into the lower end of
a closed passage of helical contour so disposed
that any liquid condensed in said passage flows
by gravity to the lower end thereof, and the mix-
ture of gases rises through the passage; and cool-
ing a portion of the wall of the helical passage
on the side nearest the axis of the helix to a
lower temperature than the remainder of said
wall and to a sufficient degree to cause a con-
densation from sald mixture of the desired liquid,
that portion of the mixture not so condensed
passing while still in gaseous form out of said
passage.]}

I3. A process of selectively condensing a liquid
having a narrow boiling point range from a
mixture of gases containing said liquid in its
gaseous phase, said mixture having a wider boil-

" ing point range than said liquid, which comprises:
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heat loss along the passageway provided by the

helical coil 46. The opposite or inner (axis) side

passing said mixture of gases into the lower end
of a closed passage of helical contour so disposed
that any liquid condensed in said passage flows
by gravity to the lower end thereof, and the mix-
ture of gases rises through the passage; and cool-
ing a portion of one vertical wall of the helical
passage to a sufficient degree to cause a con-
densation from said mixture of the desired liquid,
that portion of the mixture not so condensed
passing while still in gaseous form out of said
passage.]

[4. A process of selectively condensing a liquid
having a narrow boiling point range from a mix-
ture of gases containing said liquid in its gas-.
eous phase, said mixture having a wider boiling
point range than said liqguid, which comprises:
passing sald mixture of gases into the lower end
of a closed passage of helical contour so disposed
that any liquid condensed in sald passage flows
by gravity to the lower end thereof, and the
mixture of gases rises through the passage; and
cooling a portion of one vertical wall of the helical

of the passageway is, on the other hand, sub- 156 passage to a lower temperature than the re-
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mainder of said wall and to a sufficient degree to
cause condensation from said mixture of the de-
sired liquid, that portion of the mixture not so
condensed passing while still in gaseous form out

of said passage.] .
5. A fractionating pracess of selectively con-
densing-out progressively lower boiling point gases
" in lgquid form from a mizture of gases having a
wider boiling point range and containing gases
of progressively lower boiling points which com-
prises, freely flowing a heat-containing mixture
of the gases upwardly along an unobstructed-
closed-helical and upwardly-extending passage-
way, cooling the upwardly flowing gases along one
stde of the helical passageway and selectively con-
densing-out the gases of progressively lower boil-
ing points along such side of the upward extent
of the helical passageway, substantially eliminat-
ing heat loss to the surrounding atmosphere of

the upwardly-flowing gases along an opposite side :

of the helical passageway and maintaining a con-
densation - inhibiting temperature therealong,
thereby subjecting the mizture of upwardly-flow-
ing heat-containing gases to a sharp heat gradient
across convolutions of the helical passageway and
between the above-mentioned opposite sides of
the upward flow of the mizture of gases, freely
fowing the condensed-out gases by gravity down-
wardly along the helical passageway, and con-
tinuing the condensing-out action until the gases
‘of progressively lower boiling points are con-
densed-out from the mirture of gases.

6. A fractionating process of selectively con-
densing-out progressively lower boiling point gases
in lquid form from a mizxture of gases having a
wider boiling point range and containing gases
of progressively lower boiling points which com-
prises, freely flowing a heat-containing mizture
of the gases upwardly along an unobstructed-
closed-helical and upwardly-extending passage-
way, cooling the upwardly-flowing gases along an
inner side of the helical passageway and selective-
ly condensing-out the gases of progressively lower
boiling point gases along such side for the upward
extent of the helical passageway, insulating the
upwardly-flowing gases alorng an outer side of the
helical passageway from the surrounding atmos-
phere and maintaining a relatively high con-
densation - inhibiting temperature therealong,
thereby subjecting the mixture of upwardly-flow-
ing-heat-containing gases to a sharp heat gradi-
ent across convolutions of the helical passageway
and between the above-mentioned opposite sides
of the upward flow of the mixture of gases, freely
Rowing the condensed-out gases by gravity down-
wardly along the helical passageway, and con-
tinuing the condensing-out action until the gases
-0f progressively lower boiling points are con-
densed-out from the mizture of gases.

7. A fractionating process of selectively sep-
arating substantially pure substances of progres-
sively lower bolling points which comprises, freely
Rowing the substances in the form of gases in a
mizture of heat-containing gases umoardly along
an unobstructed-closed-helical and wupwardly-
extending passageway, cooling the upwardly-flow-
ing gases along an inner side of the helical pas-
sageway and selectively condensing-out gases
along the upward extent thereof of progressively
lower bofling points, substantially eliminating
heat loss to the surrounding atmosphere of the
upwardly-flowing gases along the upward ertent
of an outer side of the helical passageway and
maintaining a condensation-inhibiting tempera-
ture therealong, thereby subjecting the upwardiy
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Nlowing gases to a sharp heat gradient across
convolutions of the helical passageway and be-
tween the above-mentioned inner adnd outer sides
of the upward fiow of gases, freely flowing the
condensed-out gases by gravity downwardly along
the helical passageway, and continuing the selec-
tive condensing-out action along the umoard
extent of the inner side of the helical passage-
way until the substances of progressively lower
boiling points are condensed, and freely flowing
the remaining portion of the mirture of gases
out of an upper end of the helical passageway.

8. A fractionating process of selectively sep-
arating substantially pure substances of progres-
sively lower boiling points which comprises, freely
flowing the substances in the form of gases in
a mixture of heat-containing gases upwardly
along an unobstructed-closed-helical and upward-

- ly-extending passageway, cooling the upwardly-
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flowing gases along an inner side of the helical
passageway and selectively condensing-out gases
alony the upward extent thereof of progressively
lower boiling points, substantially eliminating
heat loss to the surrounding atmosphere along the
upward extent of an outer side of the helical pas-
sageway and maintaining a condensation-inhidit-
ing temperature therealond, thereby subjecting
the upwardly flowing gases to a sharp heat-gra-
dient across convolutions of the helical passage-
way and between the above-mentioned inner and
outer sides of the upward flow of gases, and
maintaining an effective heat-conducting rela-
tionship between the gases flowing urwardly along
adjacent convolutions of the helical passageway.

9. A fractionating process of selectively sepa-
rating substantially pure substances of progres-
sively lower beiling points which comprises,
freely flowing the substances in the form of gases
in a mizture of heat-containing gases upwardly
along an unobstructed-closed-helical and up-
wardly-extending passageway, cooling the up-
wardly-flowing gases along one side of the helical
passageway and selectively condensing-out gases
of progressively lower boiling points along the up-
ward extent thereof, insulating the upwardly-
flowing gases along an opposite side of the heli-
cal passageway from the surrounding atmosphere
and maintaining a relatively high and condensa-
tion-inhidbiting temperature therealong, thereby
subjecling the upwardly flowing gases to a sharp
heat gradient across convolutions of the helical
passageway and between the above-mentioned
opposite sides of the upward flow of gases, freely
flowing the condensed-out gases by gravity down-
wardly along the helical passageway, continu-
ing the selective condensing-out action along the
upward extent of the helical passageway until
all the substances of the mixture of gases except
the lowest boiling point substance are condensed,
and flowing the lowest boiling point substance as
@ gas out of an upper end of the passageway.

10. A fractionating process of selectively sep-
arating substantially pure substances of progres-
sively lower boiling points which comprises, freely
flowing the substances in the form of gases in a
mixture of heat-containing gases upwardly alonly
an unobstructed-closed-helical and wupwardly-
extending passageway, cooling the upwardly-
flowing gases along an inner side representing an
axis of the helical passageway and selectively con-
densing-out gases of progressively lower boiling
points along the upward extent thereof, insulating

-the upwardly-flowing gases along an outer and

opposite side of the helical passageway from the
surrounding atmosphere and mainlaining a rela-
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tively high and condensalion-inhibiting tempera-
ture therealong, thereby subjecting the upwardly-
fowing gases to a sharp heat-gradient across
convolutions of the helical passageway and be-
tween the above-mentioned opposite sides of the
upward flow of gases, freely flowing the con-
densed-out gases by gravity downwardly along the
upward extent of the helical passageway until all
the substances of the mizture of gases except the
lowest boiling point substance are condensed, and
flowing the lowest boiling point substance as a
gas out of an upper end o} the passageway.

11. A fractionating process of selectively sep-
arating substantially pure subsiances of progres-
sively lower boiling points which comprises, freely
fowing the substances in the form of gases in a
mixture of heat-containing gases upwardly along
an unobstructed-closed-helical and upwardly
extending passageway, cooling the upwardly-
flowing gases along an inner side representing an
axis of the helical passageway and selectively con-
densing-out gases of progressively. lower boiling
points along the upward extent thereof, insulat-
ing the upwardly-fiowing gases along an outer
and opposite side of the helical passageway from
the surrounding atmosphere and maintaining a
relatively high and condensation-inhibiting tem-

. perature therealong, thereby subjecting the up-
wardly-flowing gases to a sharp heat-gradient
across convolutions of the helical passageway and
between the above-mentioned opposite sides of
the upward flow of gases, freely fiowing the con-

- densed-out gases by gravity downwardly along

the upward extent of the helical passageway until

all the substances of the mizture of gases except
N
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the lowest boiling point substance are condensed,
Aowing the lowest boiling poini substance as a
gas out of an upper end of the passageway, and
separately condensing the gas representing the
gas having the lowest boiling point substance.

FLORIAN V. ATKESON.
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