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: Pategted Mar. 23,“ 1926. -
 UNITED STATES

1,577,871

'PATENT OFFICE.

GEORGE L. PRICHARD AND HERBERT HENDERSON, OF PORT -ARTHUR, TEXAS, AS-
SIGNORS TO GULF REFINING COMPANY, OF PITTSBURGH, PENNSYLVANTIA, A COR-

PORATION OF TEXAS, :

PROCESS OF CONTINUOUS CATALYTIC DISTILLATION.

' Applicétion filed February 14, 1922, Serial No. 536,503,

To all whom it may concern:
‘Be it known that we, Georee L. Pricaarn
and Hereerr HeNDERSON, citizens of the
~ United States, and residents of Port Arthur,

6 in the county of Jefferson and State of

+ Texas, have invented certain new and use-

ful Improvements in Processes of Con-

“tinuous Catalytic Distillation, of which the
- following is a specification. _ '

Jo - This invention relates to processes of con-
tinuous catalytic distillation and it com-
prises distilling higher boiling hydrocar-
bons such as gas oil and the like-in the pres-
ence of a catalytic chemical such as anhy-

15 drous aluminum chlorid advantageously at
progressively rising temperatures and un-
der certain conditions ensuring the maximum
yield of lower boiling hydrocarbons with a
maximum utilization of heat units and with

20 economy in time; all as more fully. herein-

- after set forth and as claimed. -
In the distillation of higher boiling hydro-

carbons with catalytic chemicals, such as’

aluminum chlorid, the aluminum chlorid is

26 mixed with a higher boiling oil and the mix-

=]

ture is brought to distillation temperature,

-usually in the case of gas oil, to a temper-
ature around 500. to 550° F. In practice,
the vapors from -the stills are allowed to
30. pass to one or more air or other cooled con-
‘densers which serve not only to condense the

higher boiling oils vaporized, but also the.

aluminum chlorid and ~the aluminum
chlorid combinations with the oil. The con-
densates in the condensers are usually back-
trapped to the still, from which they come
and ‘the vapors of lower boiling oils,such as
gasoline, -are allowed to flow from the. air
cooled condensers to final or water cooled

35

A

-
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tures not substantially above 350°: F. the

aluminum chlorid and its combinations with
‘higher boiling oils: condense and thus can be

o
&

~ nature.of gasoline will not condense at such
" . temperature and therefore flow onward: to
the final or the water-cooled condensers.

We have found in actual operation, that

. 80 the vapors reaching the preliminary or air-
- cooled condensers in distillation :processes

such as described, not only contain aluminum-
——--ghlorid, to_which reference has been made,

but also ‘contain considerable quantities of
} . S o i Y z

condensers and thence to stock. At tempera-

back-trapped to ithe stills, while the vapors .’
5 of lIower boiling hydrocarbons mostly of the -

lower boiling oils; which are condensed and 65

returned. In other words, the back-trapping
of the aluminum chlorid and its hydrocar-
bon compounds under the conditions noted,
also results in back-trapping to the stills,
lower boiling hydrocarbons, very much like 60
gasoline, and such as kerosene and the like.
Inbeing back-trapped, the lower boiling
hydrocarbons must necessarily be again heat-
ed, since they have undergone cooling and
condensation in the preliminary condensers, 65
and this is disadvantageous because there is
a tendency for aluminum chlorid to perform -
what we call the “reverse” action, and con- -
vert lower boiling hydrocarbons into higher
boiling hydrocarbens.” Aluminum chlorid 70
has the power not only of building up; but
of breaking down hydrocarbons.

Among other objects of our invention is
the provision of ‘ways and means for utili-
zation of lower temperatures (with con- 75
sequent less resultant deterioration of the
alominum chlorid) and consumption of less.
heat units than is possible by hitherto known
processes; and the provision of a distillation
system whereby all the aluminum chlorid 8v
is utilized for the breaking down reaction
rather than the building reaction, and where-
by products with narrow range between their
initial and end boiling points may be easily

and econemically secured. - .86
-Other objects of the invention will here-

inafter appear. L T

- In the accompanying drawing showing

~one form of apparatus capable of perform-

ing our process: & - : 90

Figure 1 is a.segmental view partly in

‘section and partly in elevation of our distil-
"lation plant; : :

“Figure 2 is a didgrammatic view showing -
the. different vapor lines, condensers, etc.; 95

‘and

_ Figure 3 is a top plan view of the dia- -
grammatic showing of Figure 2;" o

- Fig. 4 is a_diagrammatic view, partly in
section showing two adjacent stills. = = 100
. Referring to the drawings and particu-
larly Figure 1, we have shown a plurality
of stills lettered A to I inclusive, stills D,

E, G and H being omitted for clarity of
presentation.: The diagrammatic views of 108

‘Figures 2 and.3 show all the stills. Each

still comprises the tank 1 having the conical --

~shaped bottom or sump 2, and an interior

L
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draft tube 3, provided with the . enclosed

shaft 4 having the propeller 5 at the lower’

end thereof and passing through the stuff-
ing box 6 at the top- of the still. Each
shaft has the beveled gear.7 meshing with

the pinion 8 on shaft 9 driven from a source-

of power (not shown). Since aluminum

‘chlorid tends to ‘settle and form an under-
«lying layer under the body of oil undergo-

ing distillation, this stirring means is par-
ticularly advantageous. The apparatus de-
seribed resuits in a circulation upwardly in
the tube and downwardly around the out-
side thereof.” The conical shaped bottom or
sump 2 provides a settling basin for the eéx-
hausted or partially exhausted sludge of oil
and aluminum chlorid which may be with-
drawn continuously or from time to time as
the exigencies of any particular case de-
mand. '

In the embodiment shown, the higher
boiling oil is heated in the tubular boiler
like arrangement 10, mounted in the furnace
11, provided with the oil or oil and gas
burner 12 and is set by means of pump 13
through line 14 to the still, preferably, to a
point near the bottom thereof -by Ppipe 15
extending toward the lower end of the still.
The higher boiling oil in admixture with
aluminum chlorid is removed from the still
by line 16 and sent to the heater 10 by
means of the pump 13. This provides for
a continuous circulation of the oil and mix-
ture in the still 1 and not only assists in the

' stirring but is particularly advantageous in

preventing localized heating of the still
-with consequent baking on of aluminum
‘chicrid and coky residue.. The circulating
system is not specifically, herein claimed, it
forming part of our application, Serial No.

516,596, filed. November 21, 1921, matured

" into Patent No: 1,476,219,

: 17 leading to the trap 18, which comprises’

46

50

56

60

Each still is provided with the vapor line

a sléeve or envelope sealed at both ends with
the vapor line terminating short of the far

‘end. Condensates in this trap flow by line

19 eitlier to still B or to another point of
disposition and use through the line 20, the
valve on lige. 21 leading. to still B being
open and the valve on line 20 being closed
in the first instance, and vice versa. - This
condensate from the trap 18 will contain
relatively large ' quantities of aluminum
chlorid “and .aluminum . chlorid hydro-
carbon compounds, together with some rela-

tively lower boiling oils and higher boiling
-oils.

The condensate taken from line 20
may be filtered through ordinary filtering
apparatus such as the tank ‘204 containing
filtering material and having outlet 208 for

~ filtered oil, outlet 20° for aluminum chlorid

65

and closure 207 for placing and removing
the filtering medium. The . aluminum
chlorid thus recovered is sent to any one of

_disposition.

1,677,871 .

the; stills or disposed of in any othei' way,
while the oil separated may be fractionated
in a well understood way or may be sent to

another still. The trap 18 is provided with -

thermometer 22 for observation of tempera-
tare,_ Leading from the trap 18 is the vapor
line 23 terminating in an air cooled con-
denser of special design. This condenser 23"
is annular in cross section and is. provided
with the preferably central flue or air space
24 for the purpscses of insuring maximum
cooling surfaces. .The vapors from line 23

‘pass in the annular space against the spiral.

70 -

15

baffle 25 and thence out of the vapor line -

26 to final or water cooled condensers (not
fl‘hown). Condensates in the air cooled con-

ens
the still B through line 28 or to other points
of use through line 29, the valve on these

-two last mentioned lines being adjusted de-

pending upon the disposition of such con-
densates.

and this is best done by heating oil and
aluminum chlorid and pumping it through
said- line, or the mixture of oil and alu-
minum chlorid may be admitted to the line
16 through line 31 and sent to the furnace 10.

‘The other stills in the series are similar
in construction to the still described and are

described flow by line 27 either to -

The aluminum chlorid may be
fed into still A through the line 30 or 30/,

80

85

80

95

provided - with the traps, condensers and -
other appurtenances as well as with the heat- |

ing device illustrated. Of course, any other .

heating device or any other process of heat:

"ing may be employed. It is advantageous

to provide thermometers 32 for each of thf,

-air cooled condensers.

100

From the apparatus and operation de-

scribed, it will be noted that the condensate
from the trap 18 goes either to the next
succeeding still or ‘may be removed for other
However, when a plurality of
stills are used, at some point in the system, it
is advantageous to send this heavy conden-
sate to a still further along in the system.
This may be accomplished through the con-
struction shown beginning at still F. The
Iine 19, leading from the trap 18, may be

-provided with a branch 33 tapping into any

one of the succeeding stills and the line 27
from the preliminary air cooled condensers

may be provided with a line 34 leading to.

any one of the succeeding stills. For pur-
poses of illustration, we have.shown these
lines 33 and 34 leading to the last still I in
geries, but it is to be undérstood that they

may lead to any one of a number of stills

between F and I. This construction may
be used for all of the stills.

The last still in the series, represented by

I, may be provided with return back-trap
lines 35 and 36 lezig.ing respectively from
the trap 18 and the air cooled condenser 237;
back to’the still. .

The arrangement described permits opera-

105

110
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tion in many different ways. ‘Occasion may
arise for transferring the oil and possibly

* the oil in admixture with aluminum chlorid

20

. used on lower boiling hydrocarbons in still’

30
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50

65

€0

63

from.any one still to another in the serie¢

‘and in order that we rmay accomplish this

result, we provide what we call a continuous
oil main 37 tapping all the stills. This main

is provided with branches 38 and 39 at each -
~still. For instance, the contents of stills A

or a portion thereof may be sent to any cne
or more of the succeeding stills and the con-

- tents of still B or any portion thereof may

be likewise transferred to one or more of the
succeeding stills, . :

With the apparatus in operation as de-

scribed, the most highly active aluminum
chlorid may be used in the first still A, with
the relatively higher boiling hydrocarbon
and the used aluminum chlorid trapped
from the traps 18 and condenser 23’ may Le

B and so on, with the possibility of chang-
ing the specific character of the oil in any
one of the stills through- the oil main 37,
described. o R ' .

As the trapped aluminum chlorid gradu-
ally loses its activity, fresh aluminum chlo-
rid may be-added to any of the stills through
the line 80 or through the line 81 leading to
the heating apparatus.. As the aluminum
chlorid passes from still to still it gradually
loses its activity so that particularly in the
last few stills of the series it may be in a-con-
dition where it is masked, so to speak with

carbon or coke, which has been formed..

We therefore provide means for recovering
the aluminum chlorid, particularly from the
last four stills in the series, although we, of
course, may use the recovery apparatus, to
be described, with any of the stills. - »
The recovery apparatus shown in Figure
1 may be of the type described and claimed
in our copending application, Serial No.
518,197, filed November 28, 1921. R
Leading from the sump of the still is the
pipe 50 suitably valved as at 51 and -such
pipe communicates with the main 52, hav-
ing valved branches 53 leading to retorts 54
mounted in the furnaces 55. Vapors of hy-
drocarbon first distilled off from these resi-
dues may go byines 56 to the pipe 57 lead-

ing to a condenser (not shown) or to one or-

more of the stills"and. the volatilized alumi-
num chlorid resulting from further heating

to a higher temperature may go by lines

58 to pipe 59 leading to an aluminum- chlo-
rid condensing ° apparatus (not- shown)
from which the aluminum chlorid may be
pumped to inlet 30 of the still A and inlet
31 of the still A or the preheating appa-
ratus.

- According to a specific embodiniert of our

invention high'boiling oil is charged by a
~ pump 13" through the heater 10 into still

In some cases aluminum chlorid va-
.pors may be sent direct to a still. :

A.  High boiling point oil such as gas oil
or the like and aluminum chlorid mixed
therewith is charged into the still A through

‘line 80. Pump 18 withdraws oil from still

A through line 16 and discharges it through
heater 10 into. the bottom of still A through

a

70

line 14. . The vapors pass from still A -

through' vapor line 17 and the still is con-
trolled by thermometer 22 placed in line 17.
That is to say, the degree of heat in the
preheater is: regulated 1n accordance with
the temperature of the vapors at this point.
The vapors then pass through the trap 18
and around the pipe located therein. The
aluminum chlorid ‘sludge is trapped from
the bottom of this trap 18 through pipe 19

73

80

and by opening the valves on line 21 the -

mixture of aluminum echlorid and oil is
trapped to still B. "If it is desired to trap
tlie mixture out at this point valve on line
21 is closed and valve on line 20 is opened,

thus trapping the mixture out to a recovery .

plant or through a filtering device as pre-
viously described. This mixture of alumi-
num chlorid sludge may be trapped off after
it ‘has
line. , S ) .

The vapors from this trap 18 pass through
vapor line 23 into the dephlegmator tower

“or air cooled condenser 23’ and the vapors

85

00

passed through any still down the

05

from this dephlegmator pass through line

26 to a final or water cooled condenser (not
shown). ‘ » . -

- The heavy oil and aluminum - chlorid
sludge from - this dephlegmator 23’ are
trapped through line 27 into the second still
B or, if found desirable, they may be

_trapped -out either to a filter and recovery

plant or direct to the recovery plant through

. valved line 29, the valves on these lines be-

ing suitably regulated as will be well under-
stood. The higher boiling condensed hydro-

‘carbons and the aluminum chlorid are sepa-
rated and ‘then either .or both sent to any
~one of the succeeding stills through the.

main 37, [ - S )
- Oil main 87 is connected to all the stilis
so that the oil can when occasion requires
be equalized throughout the entire battery.

‘When run through, a still—still B for ex-

ample—the valve 37" in line 37 is closed and.

100

108

110

115.

valve 88 opened, allowing the/ 0il to flow to- -

one side of the still and valve in line 89

i$ opened allowing the oil to flow from the
still back into the equalizing line 87. If a

still-is cut out of the line for repairs or for

any other purpose, valve 87’ is opened and’
‘valves on lines 38 and 39 are closed, allow-
‘ing the oil to flow directly past the “still.

- Back trap lines 19 and 27 ave also con-
nected, so that the sludge from the trap or

. dephlegmator from still B may trap into

still G, by-passing still F. This arrange-
ment, of course, may be adopted for any

of the stills'in the series. In other words, '

120
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the arrangement is such that any one still"

or any group of stills in the battery may

be cut out, either as regards the flow of oil

or as regards trapping arrangements, The
trap lines may be cut out entirely and re-
covering of the residue resorted to.

The last group of stills -in the battery
commencing with F is equipped with a bat-
tery of batch retorts or stills referred to as a
recovery apparatus. The sludge is drawn
from the &till through line 50 to any one of
the recovery apparatuses or retorts 54, and
the oil vapors driven off are conducted
through lines 56 and 57 to a condenser (not
shown). After all the oil vapors have been
driven off, the valves on line 56 are closed,

" and valves on lines 58 are opened, thus al-

‘20

25

30

lowing the volatilized and recovered alumi-

num chlorid vapors to pass through line 59
to the condenser (not shown) from whence
the aluminum chlorid miay be pumped back
to still A.. " : .

" It found desirable all the sludge may be
trapped off from any one of the condensers
by closing valve in line 21 and opening

“valve in line 20, also by closing valve in line

28 and opening valve in 29, thus trapping
the sludge from this point to the batch still
or retorts 54; and a certain amount of fresh
aluminum chlorid may be charged into the

~ high boiling point o1l in line 37 through

pipe 874 (Fig. 4) to make up the supply.

It will be seen that in operation all the
vapors and' oil that. come over from .any
individual still unit may be taken out; that

. is, the vapors consisting of low boiling point

40

oil vapors, high boiling point oil vapors and
aluminum chlorid may be removed. The
low boiling . point vapors, after passing
through the aluminum chlorid trap 18 and
dephlegmator 28, go to the final condensing

‘coil.. The high boiling point oil vapors and

the aluminum chlorid are either trapped to

.the next. succeeding still in line or are

trapped. out and the hirh boiling point oil
and aluminum chlorid (ur aluminum chlorid

" sludge) are filtered through any filtering

50

55

60

medium found best. We may use canvas or
asbestos paper if the filtration is done hot, in
which case the high boiling point oil which

passes through the filtering medium may be:

trapped into the next still line or may be
sent to storage to be used over again or for
some other purpose. © The aluminum chlorid
remaining on the filtering medium is either
trapped into the next succeeding still in line
or is drawn off to a recovery plant.

- If the battery of stills is run continuous,
trapping from the first to the second, secomnd
to third, and so on, at some point down
the line of stills, (at F, for instance), the

‘almminum chlorid sludge would be spent or

practically spent and may be recovered in
the manner described, or the last still may
be run to d_r‘yness, :

11,677,871

In one mode of operation, still A may be
run with a vapor temperature in the vapor
line of approximately 150° F. as indicated
by thermometer 22. The vapor temperature
in the vapor line of the last still, or still I,
may be run as high as 500° F., with the
temperatures in the vapor lines of the stills
in between gradually stepping up and rang-
ing from 150° F. for still A to 500° F. for
still 1. The temperatures of the mixtures in
the stills are determined by the vapor tem-
peratures. This permits of greater produc-
tion of low boiling point oils because we are
able to keep each individual still at a uni-
form temperature. ‘

In prior practice, the still is heated to a
gradual increasing temperature and where
fresh aluminum chlorid is charged the tem-
perature is lowered temporarily because
there is sudden production of lower boiling
point oil. We are not confronted with this
difficulty. ' ‘

Of course, the temperature to which the
coil in any still must be heated to insure con-
verting action of the aluminum chlorid on
the o1l, depends upon the mnature of the
distillate or the higher boiling oil in the
particularly still, and since these distillates
may be constantly changed not only by the
character of the condensates sent to them
from the trap and dephlegmators, but also
by the introduction of fresh oil either con-
tinuously or from time to time, it is difficult
to state the exact temperature necessary to
~‘run each still. In a general way, the oil

in the first still, gas oil, for instance, in ad-
mixture with aluminum chlorid may be
heated to about 850° to 400° F. and the
mixture in the last still may be heated from
500° to 600° ¥., with a’ gradual rise in tem-
perature from the second to the eighth still
in the series. The highly active aluminum
~chlorid in the first still under the tempera-
‘tures noted will produce considerable gaso-
line and large quantities of partially con-
verted and saturated higher boiling oil.
These in going to the second still are acted
upon by the aluminum chlorid which has
already exercised some of its converting

“action, and unless new aluminum chlorid 15!

supplied to the second still, the tempera-
ture therein should be slightly in excess
of the temperature in the first still, and
so on down the series. Since we provide
individual heating plants for ecach still
the temperatures can be easily regulated,
and, as stated, they are best determined by
observation of temperature of the vapors,
. either in the first trap or at the highest point
-in the vapor line leading from the dephleg-
mator. In the embodiment shown the traps
and dephlegmators are air cooled, their tem-
peratures and their consequential condensa-
tion power depending not only upon atmos-
pheric conditions, but upon the volume of
4 N . - .
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vapors in them at any given time; and the
volume of these vapors, or the rate of distil-
lation, in other words, may be controlled by
plants furnishing het oil to the
still or the converting chambers.” ~ ~

It is possible ‘with the arrangement de-
scribed to produce continuous flow of good

~ gasoline vapor from the. dephlegmators all

10

15

along the series while refluxing from still
to still through the traps and dephlegmators

‘the condensates including aluminum chlorid;

and when the exigencies of any particular
case demand, hydrocarbons having somewhat
higher boiling points than gasoline, but
lower boiling points than the oil undergoing
distillation, may be trapped out along the

_line, filtered free of aluminum chlorid or

20

25
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distilled. - - C

We have secured gasoline from the va-
por line of the dephlegmator having end
boiling point as low as 800° F. and we have
secured from the traps and dephlegmators
condensate having end boiling point as low
as 400° F. and 450° F. By proper manipu-

lation this may be done anywhere along the

line. This is advantageous where it is un-
desirable to send to a succeeding still hydro-
carbon having boiling points higher than
gasoline, but lower than the boiling point
of the initial oil used, because the product
so produced is'of a sweet saturated charac-
ter although it has been produced from
higher boiling point hydrocarbons, and
there is no necessity of again submitting it
to the action of the aluminum chlorid.

- By running the stills continuously as de-
scribed,. each still contains the aluminum
chlorid in a more uniform state of activity

-or exhaustion- as. the case may be. For ex-

ample, fresh aluminum chlorid is ‘charged

‘into still A and the still may be run at the
‘rate of two-tenths gallons of distillate per

pound . aluminum: chlorid charged and the

‘aluminum chlorid sludge trapped into an-
other still. This aluminim chlorid sludge
upon being trapped into the second still-

does the further work of two-tenths gallons

per pound of the chlorid making the-total

work it has done.through this stage four-
tenths gallons of distillate per. pound and so
on down the line. The aluminum chlorid
which -is trapped from the eighth still to

- the ninth still has done the work of one and
* sixth-tenth gallons per pound of aluminum

56

" simply by way of explanation.

60
5

chlorid 'charged.  These figures

are used

By removing the condensates from ‘the
traps and dephlegmators, as described, we
are enabled to obtain good, sweet,-saturated
kerocene, and other hydrocarbons having
narrow ranges between their initial and end
boiling points, while continuously produc-
ing sweet, saturated gasoline, and Tower hoil-
ing hydrocarbons - with. similarily narrow

ranges between their end and initial boiling

" points.

.. Referring to the diagrammatic showing of

Figures 2 and 3; the operation is the same-
~——as_deceribed wth regard to Figure 1, and

theze diagrammatic showings are self-ex-
planatory. ' '
- What we claim is:—

1. 'The process of producing lower boil-

(]

ing hydrocarbon from higher boiling hydro-

carbons which comprises distilling a ‘body
of higher boiling hydrocarbons -in the

precence of a catalytic chemical of the na- -

ture' of "aluminum chlorid condensing va-
pors of higher boiling hydrocarbons and
the catalytic chemical, maintaining a’'second
body of higher boiling hydrocarbon and the

(I

80

- catalytic "chemical undergoing  distillation, .

delivering said condénsafe to said .second -

body; and delivering for final condensation
vapors of lower boiling hydrocarbon pro-
duced in the first distilldtion.

2. The process of catalytic distillation
which comprices maintaining a series of
bodies of hydrocarbon and catalytic chemi-
cal of the nature of aluminum chlorid at dis-
tillation temperatures, preliminarily con-

85

090

densing higher boiling "hydrocarbons and

‘the catalytic chemical from each distillation
~and delivering the condensates from each
such distillation to a succeeding body in the

95

series, while separately and finally condens-

ing vapors of lower boiling hydrocarbons
from each such body. n

3. The process of catalytié distillation-

which comprises maintaining a plurality of
bodies of hydrocarbons and catalytic chem-
ical of the nature of aluminum ‘chlorid at

distillation temperatures, preliminarily con-'

densing higher boiling hydrocarbons hav-

. ing boiling points higher than that of gas-

oline and preliminarily condensing the cata-

while separately collecting and condensing

foo

lytic ‘chemical from each such distillation,

vapors of gasoline formed and delivering -

the ‘condensed kerosene and higher boiling
hydrocarbons together with such catalytic

116

chemical from each such body undergoing

distillation to a succeeding body undergoing .

distillation.

which comprices maintaining a plurality of

4. The process ‘of catalytic distillation

115

bodies of hydrocarbons and catalytic. chem- -

- ical of the mature of aluminum:chlorid at .
distillation temperatures, preliminaril§ con- .*

densing higher boiling hydrocarbons -and

the catalytic chemical from each such distil-
lation, while separately. collecting and -con- -

120"

densing vapors of lower boiling hydrocar- = -

bons formed, separating the higher boiling

v hydrocarbon - condensates. ' and . “catalytic
' chemical from each other and returning one
- of them to. a succeeding body undergoing
. distillation. e

125



‘5, The process of catalytic distillation
which comprises maintaining a plurality of
bodies of hydrocarbons and catalytic chemi-
cal of the nature of aluminum chlorid at
distillation temperatures, preliminarily con-

densing higher boiling hydrocarbons and

10

the catalytic chemical from each such dis-

tillation, while separately collecting and con-
densing vapors of lower boiling hydrocar-
bons formed, separating the higher boiling
-hydrocarbon condensates and catalytic chem-
ical from each other by filtration and re-

" turning one of them to a succeeding body

- 20

30

& -
R

40

5 hydrocarbon

undergoing distillation.

6. The process of catalytic distillation
which comprises maintaining a plurality of
bodies of hydrocarbons and catalytic chemi-
cal of the nature of aluminum chlorid at
distillation temperatures, preliminarily con-

densing higher boiling hydrocarbons and the

.catalytic chemical from each such distil-
Iation, while separately collecting and con-
densing vapors of lower boiling hydrocar-
bons formed, separating the higher boiling
condensates and catalytic
chemical from each other and returning the

-bigher boiling hydrocarbon condensates to

a succeeding body undergoing distillation.
7. The process of - catalytic distillation
which comprises maintaining a plurality of

bodies of hydrocarbons and catalytic chemi-

“cal ‘of the nature of aluminum chlorid at
distillation temperatures, preliminarily con-

densing higher boiling hydrocarbons and the
5 catalytic chemical from each such distilla--
“tion, while separately collecting and con-

densing vapors. of lower boiling hydrocar-
bons formed, separating the higher boiling
hydrocarbon condensates
cheinical .from each other by filtration and
returning the higher boiling hydrocarbon
condensates to a succeeding body undergoing

- distillation. . :

- 8. The process of catafyﬁc distillation, -

45

50

which comprises maintaining @ plurality of
bodies of hydrecarbons and catalytic chemi-

cal of the nature of aluminum chlorid at-

distillation temperatures, preliminarily con-

~densing higher boiling ‘hydrocarbons and

catalytic. chemical from each such distilla-

~.tion in a plurality of stages, while separate-

55"

.. undergoing distillation. - :

88

1y collecting and condensing vapors of lower
boiling hydrocarbon formed and delivering
the .condensate. of 'higher boiling hydrocar-

bons and catalytic chemical from one of said -
condensation stages to a succeeding body .

9. The process of 'catalyticf'diéﬁllation,

.00: ‘which comprises maintaining a plurality of

bodies of hydrocarbons and catalytic chemi-
cal of the nature of aluminum chlorid -at
distillation temperatures, preliminarily con-
densing higher boiling hydrocarbons and

L;;h'catal.ytlc_., chemical from each such distilla-

tion in a plurality of stages, while separately

|

“and catalytic-
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boiling hydrocarbon formed and delivering
the condensate of higher boiling hydrocar-
bon-and catalytic chemical from all of said

‘'stages of said condensation to a succeeding
‘body undergoing distillation. '

collecting and condensing vapors. of lower -

70

10. The process of catalytic distillation, ’
which comprises maintaining a plurality of

bodies of hydrocarbons and catalytic chemi-
cal of the nature of aluminum chlorid at

5

distillation temperatures, preliminarily con- .

densing. higher boiling hydrocarbons and
catalytic chemical from each such-distillation
in a plurality of stages, while separately col-
lecting and condensing vapors of lower boil-
ing hydrocarbon formed and delivering the
condensate of higher boiling hydrocarbon and
catalytic chemical from one of said stages of
condensation to a succeeding body undergo-
ing distillation, and separating the mixture
of higher boiling hydrecarbon condensates
and catalytic chemical from another of said
stages of such condensation from each other.

80

11. The  process of catalytic distillation,

which comprises- maintaining a plurality of

90

bodies of hydrocarbons and catalytic chemi-

cal -of the nature of aluminum chlorid. at
distillation temperatures, preliminarily con-
densing higher boiling hydrocarbons and
catalytic chemical from. each such distilla-
tion 1n a plurality of stages, while separately
collecting and condensing vapors of lower

boiling hydrocarbon formed and delivering -

the condensate of higher boiling hydrocarbon
and . catalytic chemical from one of said
stages of condensation to a succeeding body
undergoing distillation, and separating the
higher boiling hydrocarbon condensates and
catalytic chemical from one of said stages
of condensation from each other and return-
ing one of the so separated products to one

100

105

of said bodies other than the one from which

it was derived. :

12. The process of catalytic distillation,

which comprises maintaining’ a plurality of
bodies of hydrocarbons and catalytic chemi-

~cal of the nature of aluminum chlorid at-
_distillation temperatures, preliminarily con- -

densing higher boiling hydrocarbons and
catalytic chemical from each such distilla-

‘tion in a plurality of stages, while separate-

Iy collecting and condensing vapors of lower

‘boiling hydrocarbon formed and delivering

the condensate of higher boiling hydrocarbon
and catalytic chemical from one -of said

110

1156

120

stages of condensation to a succeeding body -

undergoin

distillation, and separating the

higher boiling hydrocarbon condensates and -

catalytic chemical from another of said

stages of condensation from each other and
returning the higher boiling hydrocarbon
so separated to one of said bodies other than
the one from which it was derived.

18. The process of catalytic distillation.
which comprises maintaining.a plurality of

125

130- -
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. bodies of hydrocarbons and catalytic chemi-

15

: o_ther

20

30

35

40

_other

cal of the nature of aluminum' chlorid at
distillation temperatures, preliminarily con-

densing higher boiling " hydrocarbons and -f

catalytic chemical from each such distilla-
tion 1n a plurality of stages, while separately
collecting and condensing vapors of lower
boiling hydrocarbon formed and delivering
the condensate of higher boiling hydrocar-
bon and catalytic chemical from one of

. . 7 . ' .
said stages’of condensation to a succeeding

bedy undergoing distillation, and separat--

ing the higher boilin%r hydrocarbon .conden-
sites and catalytic chemical from another
of said stages of condensation from each
by filtration and returning one of the
separated products to one of said bodies
than the one from which it was de-
rived. '

which comprises maintaining
bodies of hydrocarbons and catalytic chem-
ical of the nature of aluminum chlorid at
distillation temperatures, preliminarily con-
densing higher boiling hydrocarbons and
catalytic chemical from each such distilla-
tion in a plurality of stages, while sepa-

a plurality of

rately collecting and condensing vapors of

lower boiling hydrocarbon formed -and de.
livering the condensate of higher boiling

hydrocarbon and catalytic chemical from

one of said stages of condensation to a suc-
ceeding body undergoing distillation, and
separating the higher boiling hydrocarbon
condensates and catalytic chemical from an.
other of said -stages of condensation from
each other by filtration and returning the
higher boiling hydrocarbon so separated to
one of said bodies other than the one from
which it was derived. ’ R

15. The process of catalytic distillation
which comprises maintaining a plurality of
bodies of hydrocarbon and catalytic -chem-
ical of the mnature of aluminum chlorid at
distillation temperatures, preliminarily con-
densing higher boiling hydrocarbon and the
catalytic chemical from “each such distilla-

~ tion, while separating, collecting and con-

'bY

- ing liquid

b5

i tion. f ’

60

66

densing vapors of lower boiling hydrocarbon
formed, and delivering the condensed higher
boiling hydrocarbon and catalytic chemical
from each such distillation to a succeeding

body undergoing distillation while - supply-
higher hoiling hydrocarbon from'

one of the bodies undergoing distillation to
another of the bodies undergoing distilla-

16. The - process of catalytic” distillation,

which comprises maintaining a glurality of-
a

bodies of hydrocarbons and ¢at ytic chem-
ical of the nature of aluminum chlorid at
distillation temperatures, reliminarily con-
densing higher boiling hy
catalytic chemical from each such distilla-
tion while separately collecting and condens-

‘body undergoing distillation

14, The process of “catalytic distillation,

;catalytic chemical from each such: distilla-

 condensed higher boiling' hydrocarbon to 4. "

rocarbons and the

7

ing vapors of lower hoiling hydrocarbons
formed and delivering the condensed higher
boiling hydrocarbon and catalytic chemical
rom each such d'stillation to a succeeding
while supply-
ing liquid higher boiling hydrocarbon and
catalytic chemical from one of the bodies
undérgoing d'stillation to another of the
bodies undergoing distillation. :
17. The process-of .catalytic distillation,
which comprises maintaining a.plurality of
bodies of hydrocarbon and catalytic chem-
ical of the nature of aluminum chlorid at
distillation temperatures, preliminarily con-
densing higher boiling hydrocarbons and 80
catalytic chemical from cach suclh distilla- -

70

({]

‘tion, while separately collecting and con-

densing vapors 6f lower boiling hydrocar-
bons formed, separating the condensed high-

er boiling hydrocarbons and the catalytic 85.

“chemical from each other delivering one.of .

them to a succeeding body undergoing dis-
tillation and supplying liquid higher boil-
ing hydrocarbons from one of the bodies un-
dergoing distillation to ancther of the bodies
undergoing distillation. _ ‘ '
. 18. The process of catalytic distillation,
which comprises maintaining a plurality of
bodies of hydrogarbon and catalytic chem-
ical of the nature of aluminum chlorid at
distillation temperatures, preliminarily con-
densing higher boiling " hydrocarbons and
catalytic chemical from each such distilla-
tion, while separately collecting and con-
densing vapors of lower boiling hydrocar-
bons * formed, - separating the condensed .
higher boiling hydrocarbons and the cata-
lytic chemical from each other, delivering
one of them to a succeeding body undergoing -
distillation while supplying lquid. higher
boiling hydrocarbon and catalytic- chemical
from one of the bodies undergoing distilla-
tion to another of the bodies undergoing.
distillation. : S :
19. The process ‘of catalytic distillation
which comprises. maintaining a, plurality of.
bodies of hydrocarbon and catalytic chem- =
ical of the mature of  aluminum ‘chlorid at -
distillation temperatures, preliminarily con-
densing - higher . boiling hydrocarbons “and

90 -

100

110

115-

tion, while separately collecting .and ‘econ-. - -
densing vapors of lower. boiling hydrocar-: .
bons  formed; - separating - the condensed” " . ¢
higher boling hydrocarbons and, catalytic- 120.
chemical from' each “other, delivering ‘the ..

succeeding body undergoing-distillation:and
supplying liquid higher boiling hydrocarbop” .
from one of the bodies undergoing distilla- 12
tion to another of the bodies undergoing dis-" "
tillation, Lo v C
20, The process. of catalytic distillation
which comprises maintaining a plurality of
bodies of “hydrocarbon and catalytic chem-~130

N




_ical of the nature of aluminum- chlorid at

distillaticn temperatures, preliminarily con-
densing higher boiling hydrocarbons and

.catalytic chemical from each such distilla-

tion, while separately collect'ng and con-

densing vapors of lower boiling hydrocar--

bons formed, separating the condensed

~higher boiling hydrocarbons and catalytic

10

16

20

chemical from each other, delivering the
condensed higher boiling hydrocarbon to a
succeeding body undergoing distillation and
supplying liquid higher boiling hydrocar-
bons and catalytic chemical from one of the
bod es undergoing distillation to another of
{he bodies undergoing distillation.

91. The process of catalytic distillation
which comprises maintaining a series of
bodies of hydrocarbon -and catalytic chemi-
cal of the nature of aluminum chlorid at
distillation temperatures, the temperature of

- each body being higher than the temperature

of the one preceding it in the series, pre-

. liminarily condensing higher boiling hydro-

25

30

~which
3 of bodies of hydrocarbon and catalytic

carbons and the catalytic chemical from each
distillation and delivering the condensates

from ecach such distillation toa body in: the

series maintained at:a temperature higher
than. the temperature of tlfe body irom
which said condensates were derived, while
separately and finally condensing vapors of

lower boiling hydroczi’rbo‘ns‘ from each 'such:
body. ' Coe '

99. The process of - catalytic distillation
comprises maintaining < ‘a  series

chemical of the nature of aluminum chlorid

at distillation temperatures, the tempera-.
ture of each body being higher than the-

temperature of the one preceding it in the

1,677,871 T

seri;e's,. preliminarily condeﬁsing ﬁighéx" boil-
ing hydrocarbons and the catalytic chemical
from each. distillation and delivering the

>condensates from each such distillation to a

40 .

body in the series maintained at a tempera- -

ture higher than the temperature.of the
body from which said condensates were de--

45

rived, separately and finally condensing -

vapors of lower boiling hydrocarbons from
each such body, and supplying higher boil-
ing hydrocarbon from one of the bodies to

650

another of the bodies maintained at a higher

temperature.

55, The process of catalytic distilltion

which comprises maintaining a ‘series of
bodies of hydrocarbon and catalytic chemi-
cal of the nature of aluminum chlorid at dis-

]

tillation temperatures, the-temperature of
each body being higher than the temperature -

of the one preceding it in-the series, prelimi-
narily eondensing higher boiling hydrocar-

60

bons and the -catalytic chemical from each .
distillation and delivering the condensates -

from each such distillation to a body in‘the

series maintained at a.temperature higher °

than the temperature of the body from

65 .

which said. condensates were derived, sepa- -

rately and finally condensing vapors of lower’

boiling hydrocarbons from each body, and.

supplying liquid ‘higher boiling. hydrocar-
bon and catalytic chemical from one of the

a higher temperature. . - :

70

‘bodies to another of the bodies'mairitained at

" In ‘testimony whereof we have hereunto

signed our namesat Port Arthur,
this 9th day of February, 1922. -~ .. .~

“Texas, -

GEORGE L. PRICHARD, -

HERBERT HENDERSON.



