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DISTILLING FPROCESS AND APPARATUS

Application filed June 29,

This invention relates to distilling proc-
esses and apparatus; and it relates more
particularly to processes of and apparatus
for distilling petroleum to produce there-

& from one or more distillates of closely con-
trolled composition, together with a restduum
substantially free of components properly
‘characterizing the distillate or distillates
sought. '

A principal object of the invention is to
provide a simple, effective, and economical
method for the continuous distillation of
petroleum or other liquid of mixed composi-
tion for production of distillates of the char-

10

156 acter above mentioned. A further object of-

the invention is to provide apparatus where-
by the foregoing object may be achieved while
at the same time utilizing to a large extent
: previously installed refinery equipment, such
20 as batteries of stills, by associating with such
equipment suitable fractionating apparatus,
thus providing a complete apparatus system
appropriate for practicing the invention at
“the Jowest cost .consistent with the accom-
25 plishment of the desired result.

While the invention is not restricted to the
field of petroleum distillation, its greatest
present utility is in that field. Accordingly
in explaining the. underlying principles of

30 the invention hereinafter, reference will be
made more particularly to petroleum dis-
tillation by way of a concrete illustrative ex-
ample. C

In thé continuous distillation of petroleum

5o as heretofore practiced, the operating equip-
ment is usually composed of a continuous still
battery, the stills of which may or may not
be fitted with towers, dephlegmators, or in
general, fractionating condensers. Assum-

40 ing the use of some form of fractionating
condensers with the stills, the conventional
mode of operation has been as follows:

The incoming oil is first passed through
heat exchangers and then flowed through the

45 stills in series which are suitably heated to
effect continuous stage-wise distillation of
the oil passing serially through the stills of
the battery. The distillation vapors, which
are successively heavier from the first to the

50 last still of the battery, pass from each still

1925. Serial No., 40,421,

into its associated fractionating condenser
wherein a relatively heavy portion of the
vapor condenses, the condensate flowing back

to the still. Vapors from the tops of the
fractionating condensers pass to water-cooled g5
condensers, and the resultant condensates are
cooled separately. The distillate from the
first still of the battery (assuming crude
petroleum to be the oil to be distilled) is found
upon test to be almost wholly within the go
gasoline boiling range -as fixed by standard
Navy specifications, for example. For in-
stance, if the crude oil contains 30 per cent

of gasoline, the distillate from the first still
comprises commonly from 5 to 15 per cent 6.
of the crude oil, depending upon the particu-
lar mode of operating the still battery. The
distillate from the second still tests perhaps

90 per cent of gasoline boiling range, the
other 10 per cent probably boiling somewhat 70
above 437° F. However, this high boiling
portion can be mixed into the gasoline when
the light distillate from the first still is mized
with the distillate from the second still.
The distillate from the second still may be 75
say 10 to 15 per cent of the total volume of
crude flowing to the battery. '

Usually only about one-half to three-
fourths of the distillate from the third still
will be found to be of gasoline boiling range, 80
and this constitutes what is known as “ben-
zine” in refinery parlance. The distillate
from this third still may in some cases be
as much as 15 to 20 per cent of the crude oil,
especially where the distillates from the first 85
and second stills were minimum percentages.

In order to secure the gasoline content of this
distillate from the third still, it is customary

to re-run the benzine in so-called “re-run -
stills”, which stills are fire-and-steam stills, 90
usually fitted with some form of dephleg-
mator to permit. more effective separation.
The distillate from these re-run stills is of
gasoline boiling range and is mixed into the
gasoline product. The bottoms or unvapor- 95
1zed portion is a light kerosene.

Assuming the battery to consist of four
stills, the distillate from the fourth or last
still comprises the gas oil, and in some plants
includes also what is the heavy end of the 100
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- kerosene. “Where heavy kerosenes are to be
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made, this fourth distillate may be re-run
to recover such heavy kerosene. More usu-

ally, however, the still battery comprises,
say, about six stills, the kerosene being taken
off. from the fourth. and possibly the fifth
stills, while the gas oil is removed in the fifth
and sixth, or in the sixth alone, as occasion
may require.

The prior practice above outlined is open
to numerous serious objections from the
standpoint of the practical refiner. In the
first place, it is impossible by this procedure
to obtain from a given crude oil the maximum
amount of distillate that will pass the stand-
ard specifications for gasoline boiling range.
Furthermore, the necessity of employing re-
run stills grestly increases the- first cost ot
the installation and its subsequent upkeep,
not to mention the large ground space occu-
pied by said re-run stills. The system as 2
thermally inefficient and un-
economical in operation.. These and other
objections are overcome by the process of the
present irivention and certain additional ad-
vantages are also-attained, as will ‘appear
more fully from the description hereinafter.

In contrast to prior methods of continu-
ously distilling petroleum in accordance with
the general procedure above outlined, the
processof the presentinvention involvessharp
fractionation of the. distillation vapor com-

ing from each of the stills of 2 battery, in.

such manner that everything that can be in-
cluded in the gasoline under standard speci-
fications leaves the distilling system and is
obtained in the gasoline condensate, while
everything that should not be included as
gasoline leaves the system either in the form
of residuum, or of gas-oil, kerosene, or the
like, which may be withdrawn at one or more

intermediate points in' the system. Stated -

enerally, this result is achieved by conduct-
ing the distillation vapors from all of the
distilling units of the battery into a rectify-
ing system
character in the sense that the liquid therein
with which the distillation yapors counter-

currently contact is provided solely by re-

50

fluxing into the rectifying system condensate

~ from the rectified vapors that leave said sys-

tem. Ordinarily said rectifying system takes

. the form of a single column fractionator,

55.
" tinguished from

“fractionator” in the correct
by which it is sharply dis-
apparatus of the fraction-
ating condenser type. While a structurally
unitary or single rectifying column or frac-
tionator is generally the most convenient
form of unitary rectifying system to employ
in the practice of the present invention, this
is not a rigid requirement within the broad
scope of the inventive idea here involved so
long as the conditions of operation here em-
phasized are cbserved, namely, that the only

using the term
technical sense

which is essentially unitary 1n.

1,668,468

counter-flowing liquid introduced as such
into the aforesaid rectifying system shall be
refluxed condensate from rectified vapors
leaving the system. '
/Certain very important practical advan-
tdges result irom the novel procedure char-

acterizing the invention. In the first place,

70

the necessity for re-run stills is éntirely elim-

inated, while in place of such equipment it is
only necessary to install a rectifying column
of which the cost is relatively very small as
compared to that of a battery of re-run stills
and which occupies only a fraction of the
ground space required by such a battery.
Kurthermore, as will be more fully herein-
after pointed out, the yield of salable gasoline
is substantially increased and a material

&

80.

economy of heat units is etfected, not to men- -
tion other advantages that will appear as the

description proceeds.

The underlying principles of the inven- -

tion can be further explained to best advan- -
tage in connection with a detailed description
of a typical practical embodiment thereof
that has been found to give good results in
practice. In this description, reference will
be made to the accompanying drawings which
illustrate more or less diagrammatically typi-
cal apparatus installations useful in carrying
out the process. ‘Referring to these draw-
ings, N

Kig. 1is a diagrammatic view in elevation
of a typical plant embodying the principles
of the invention, wherein a single rectifying
column or fractionator is associated with a
battery of four stills of the ordinary pot
type;

Fig. 2 is a similar view of & plant in which
a battery of pipe stills is.used 1n place of the
pot stills of Fig. 1; _ .

Fig. 2a is a cross sectional view of one of
the pipe stills; and- : . ,

Fig. 3 is a similar view of another plant
also embodying the broad principles of the
invention in which, however, the rectifying
system differs structurally from that illus-
trated in Figs. 1 and 2. : :

Referring first more particularly to Fig.
1 of the drawings, the crude petroléum or
other oil to be distilled is pumped by the
pump 10 through heat exchangers 117 110,
11, 119, in which exchangers the heat from
the hot residuum leaving the system is trans-
ferred in part to be incoming crude. Fromy
the last heat exchanger, the oil flows by pipe
12 to the first of a series or battery of stills’
Nos. I, 1T, III, IV. From still No. I, the
oil passes by pipe 13 into still No. I, thence
by pipe 14 into still No. III, thence by pipe
15 into still No: IV. From still No. IV, the
hot outflowing residuum exits through pipe
16 and is forced by pump 17 through the heat
exchangers before mentioned, countercurrent- -
ly to the incoming crudé petroleum as al-
ready described.

~

85

90

95

100

‘105

110

115

120

125

130



10

16

20

26

30

36

40

45

60

56

a0

85

1,868,466

Stills Nos. I, TI, II1, IV are of any suit-
able type or form and are set in any conven-
tional or suitable way. In the present in-
stance, said stills are horizontal, cylindrical
stills of the pot type, supported in brick work
in the usual manner with their upper exposed
portions covered by heavy insulating lagging.
The stills and the interconnecting piping are
so arranged that the oil flows into one end of
still No. I and out of the opposite end into

-still No. I, then out of the opposite end of

still No. 11 to still No. IIT and so on. "The
interconnecting piping between the stills
should be of sufficient size to permit easy flow
of oil from one still to the next without un-
due back pressure. When normal running
conditions have been established, the oil in
the respective stills of the battery stands at
successively lower levels, as indicated at L,
L;, L, Ly, due to corresponding differences
in back pressure from the rectifying system
to be described presently. Of course, if the
stills themselves are set at successively lower
levels, the depth of oil int each still may be the
same. In any case, the oil level in any given
still should always be such-that the heating
surface of the still is completely covered with
oil in order that local overheating may not
occur at points where the still bottom 1s ex-
posed to the direct fire beneath the still.
The vapors from each still are introduced
into a suitable rectifying or fractionating

-system at suitable points. In the installation

illustrated in Fig..1, this rectifying or frac-
tionating system consists of a single frac-

tionating column, indicated generally at C,

having an appropriate number of bubbler-
cap sections which may be of any usual or
suitable design. It is not essential that the
rectifying column be of the bubbler-cap type,
the essential point being that the apparatus
be of such character as to afford full oppor-
tunity for countercurrently contacting up-
wardly flowing vapors with downwardly
flowing liquid under conditions ensuring an
approximation to equilibrium conditions at
all points in the rectifying system. Such con-
ditions can be realized in certain other forms
of columns, such as packed columns, for ex-
ample. In general, the distillation vapors
from the several stills of the battery should
be introduced into the fractionating column
at such respective points that the vapors in-
troduced at any one of said points will be,
as nearly as is practically possible, in equi-
librium with the vapor and liquid within the
column at that point when the entire bat-
tery-of stills and the column are function-
ing smoothly and properly in the regular
course of operation.

In the present instance, it will be seen that
the vapor from still No. T is almost all gaso-
line, although of necessity it contains a small
proportion (the equilibrium proportion) of
the higher boiling components of the petro-

3

leum from which the vapor was evolved.
Consequently, this vapor is introduced into
the column near the top but such a sufficient
number of sections below the top that the
small proportion of heavy oil molecules con-
tained in this vapor will be removed by the
process of countercurrent contacting within
the fractionating column.

The vapor from still No. IV is the least rich
in volatile constituents and is therefore intro-
duced into the bottom section of the fraction-
ating column C. The vapors from stills Nos,
II and III are introduced at appropriate
points in the column intermediate the points
at which the vapors from stills Nos. I and 1V
are introduced. As before stated, the gen-
eral principle governing the selection of the
point for introducing the vapors from any
of the stills into the column is that the point
selected should be such that the introduced
vapors will be substantially in equilibrium
with the vapor and liquid within the column
at that point when the entire battery of stills
and the column are functioning smoothly and
properly in the regular course of operation.
In any given case 1t will be necessary to take
several factors into account and to follow the
general rule that the vapors should enter the
column at the point where they will be most
nearly in equilibrium when the column is
functioning properly.

In the present example the fractionating
column consists of sixteen bubbler-cap sec-
tions, but the number of sections may of
course be varied depending upon the vari-
ous factors of operation to be taken into ac-
count. Xach section is provided with a draw-
off pipe 18 for liquid, which draw-off pipe
is provided with a valve and trap, as indi-
cated. These draw-off pipes enter a header
18* Vapor from the top of the column is
led by vapor pipe 19 to condenser 20 which
may be of any desired form. In the pres-
ent instance the condenser consists of a worm

21 arranged within a tank filled with cool-

ing water, and it may be arranged to con-
dense all the gasoline vapors passing into it

“from the fractionating column. As will be

pointed out hereinafter, however, it is some-
times an advantage to operate this condenser
in such manner that.the lighter portions of
the gasoline vapors escape condensation
therein, and when this procedure is followed,
such lighter vapors pass on into a second con-
denser. 22, yielding a light condensate which
is collected in cooler 23, so-called fixed gases
or normally uncondensable vapors being
vented from the system at 24, The conden-
sate produced in condenser 20 passes from
the condenser into a dividing box 25. It
will be seen that the liquid enters the box
at one end and thence flows through two
weirs 26—27, the horizontal opening of these
weirs being adjustable by manual controls
28—29, as indicated, so that the proportion
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~ of the distillate flowing through the respec-
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tive weirs may be adjusted to any desired
proportion. The discharge through weir 27
passes through a cooler 30 and thence to any
suitable recelving tank or other place of stor-
age (not shown). The discharge through

-the other weir (26) is directed back to the

top of the fractionating column and consti-

tutes the reflux to the column. This flow.

may be by gravity or, as in the case here illus-
trated, the discharge of weir 26 goes to a re-
ceiving tank 31 and is pumped therefrom by
pump 32 into the top section of the column,
asindicated. In theinstaliation here shown,
the feed of liquid from receiving tank 31 into
the top of the fractionating column is auto-
matically controlled by the level of the liquid
in the receiving tank by float-contrelled
means indicated diagrammatically at 33 and
arranged to govern the actuating mechanism
of the pump 82, the arrangement being such
that the pump automatically delivers reflux

to the top of the fractionating column at the

same rate that the refiux liquid runs into the
receiving tank to which the suction side of
the pump is connected. ' C
The liquid condensates received in coolers
23 and 80, respectively, are usually mixed to-
gether and constitute the gasoline product
of the plant. . ‘ _
~ It will be seen that in the specific procedure
just described, the reflux liquid returned to
the top .of the fractionating column is not
rich in very light gasoline vapors, these latter
largely éscaping condensation in condenser
20 and therefore not yielding any liquid
product entering dividing box 25 from which
reflux is supplied to the column. In some
cases it ig advantageous thus to avoid return-
ing very light gasoline fractions to the top
of the column, and while the process of the
invention does not necessarily involve this
specific procedure, it forms a’desirable fea-
ture of the invention in its more specific as-
pects and has been found to work well in
practice. o -
At 34 is indicated a small exhausting col-
umn into which liquid from the bottom of
the main fractionating column C may be run.
The use of this exhausting column is optional
and is dependent upon the nature of the prod-
uct that it is desired to obtain from the bot-
tom of the column. Ordinarily, the appara-
tus may be so run that the liquid from the

bottom of the column contains a negligible .
_proportion of gasoline, say less than one to

three percent. If it were desired to produce
from the bottom of the column a liquid prod-
uct containing no gasoline and possibly not
even a lighter part of what is normally kero-
sene, this could be done by using the exhaust-
ing column referred to. Heat must be sup-

- plied in the form of vapor to the bottom of

65

the exhausting column and this is done by
means of a -small auxiliary heater. (not

1,865,486

shown). In the present example the liquid

from the bottom of the main fractionating
column C is shown entering the top section of
the exhausting column 34, while the vapors

from the exhausting column leave through

vapor off-take 85. The exhausting column
is particularly useful in any case where it
may be desired for any reason to run the rest
of the battery in such manner that the liquid
leaving the bottom of the main column con-
tains a substantial percentage of gasoline or
of other distillate Eelow the particular cut
point. -

‘Where the exhausting column 34 is not em-
ployed, or at least operates on less than all

of the liquid leaving the bottom of the col--
umn C, liquid leaves: the bottom of said col-

umn C-through pipe 36 which delivers it to
cooler 37. In the present example this liquid
may be assumed to be a gas-oil fraction. If
the kerosene can not be included either in the
gasoline or in the gas-oil fraction, it must be

_withdrawn at some intermediate point along

thecolumn. Inthepresent instance,the kero-
sene fraction is withdrawn through pipe 38
and header 18* from that section of the col-
umn C indicated at 39. This kerosene frac-
tion is delivered into an exhausting column
40 which contains a heating coil 41 in its base.
The vapors leave the column 40 through pipe
42 and pass into condenser 43 where conden-
sate is formed and refluxes through pipe 44

back to the top of the exhausting column 40;.

while the uncondensed vapors are delivered

through pipe 45 to vapor-manifold 46 from

which they can be directed into any desired
section of the fractionating column C. In
this way, liquids of various compositions can

be removed from the column C through suit-

2hly located draw-off lines 38, 382, 38, 38¢,

70

75.
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and any one of the liquids so removed may be -

treated in an exhausting column as desired.
That is, if it be found that from no section
of the column can a liquid of exactly the de-
sired composition be withdrawn directly, this
procedure can be adapted to obtain a liquid
of the composition desired. A liquid can be
withdrawn from some one section of the col-
umn C-that. is of such composition that
its. higher boiling portion is satisfactory.

_The volatile end of this liquid can then be

removed in an exhausting column and the va-
por so formed returned to the column C at the
point where it is most nearly in equilibrium
when the column is operating norinally.

If desired, that portion of the auxiliary ex-

110

115

120

hausting column 40 above the feed section .

into which liquid is delivered through pipe
38 may be omitted: The sections above this
feed section perform g rectifying function,
and in some instances would be unnecessary
because it would be immaterial whether a
portion of the heavier components in the lig-
uid fed in through pipe 38 was or-not vapor-

125

ized and returned to the main column C. If 130
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the upper sections of column 40 were omitted
as 'suggested, it would mean that the liquid
fed to the top of the exhausting column
through pipe 38 would function as the reflux,
the arrangement in this case being similar to
that shown for the other exhausting column

. 84, TUnder such circumstances it would in

most instances be desired to remove per-
haps not more than ten per cent by volume
of the liquid fed to the top of column 40.
Consequently the reflux ratio would be 8 or 9
to 1, which would be ample for all require-
ments. :

Reference has been made hereinabove to
removal of intermediate products as liquids.
They may, however, be removed as vapors;
and to this end the rectifying or fractionat-
ing system may be provided with offtake
means whereby vapor may be withdrawn

from any desired section or locality. Inorder

to avoid complicating the drawings, such
means are not 1llustrated here but are of suf-
ficiently well understood character not to
require special explanation. The choice as
to whether a given desired product should be
removed as a liquid or as a vapor depends
upon whether it is desired to have such prod-
uct free from volatile components or fres
from heavy components and of particularly
good color. In the first case, it should be re-
moved as a liquid; in the second, as a vapor.

Tt 'is also feasible and desirable.under some
conditions to employ an auxiliary column
into which vapor is introduced from the main
column, but to which auxiliary column no
heat is supplied in addition to that contained
in the vapor itself. In such an arrangement,
the auxiliary column should be provided with
a reflux condenser and a certain amount of
Iiquid should be refluxed to the top of said
column; a vapor product leaving the upper
part of the column and being condensed and

collected. The liquid from the base of ‘this-

auxiliary column, which liquid may desirably
be thermally equivalent to the liquid refluxed
to the top of said column, may either be re-
turned into the main column at an appropri-
ate point or may be collected separately as
a product.

In starting the battery into operation, it
may be found desirable in some cases to re-
turn the liquid from the bottom of the column
C to still No. IIT for a time. This is because
normal and regular operation of the system
will not be attained immediately upon start-

- ing up, and consequently gasolineinmorethan

the normal small amount will be found for
a time in the liquid exiting from the bottom
of column C. A valved return line 47, branch-
ing from line 36 and entering line 14, is there-
fore provided for permitting temporary re-
turn of liquid from the bottom of column C
to still No. II1. - It is preferable to return
this liquid to still No. III rather than to still
No. IV because re-vaporization and recovery

B

of all of the gasoline content of the returned -

liquid is thereby rendered more certain.

It is to be especially noted that the dis-
tillation vapor from each still of the bat-
tery is sharply fractionated in operating in
accordance with the process of the invention,
This is true even of the vapor from still No.
I. The vapor from this still contains only a
small amount of high-boiling hydrocarbonss

and although it would be possible to include

these hydrocarbons in the gasoline without
making a product having an end-point above

/(U

T8

437° F., it is undesirable to do this because, -

just to the extent that these higher boiling
hydrocarbons are included in the gasoline,
the average boiling point of the gasoline is
raised, particularly in the later stages of the
distillation test to which the gasoline is sub-
jectéd understandard specifications. Accord-
ing to the present process, the greater part
of the undesirably heavy hydrocarbons that
formerly could be kept out of the gasoline
fraction only by special means such as redis-
tillation, can be easily excluded ; while much
of the gasoline formerly going into the gas-
oil fraction is recovered.

In one way of operating the illustrated
still battery in practicing the present process,
the vapor from still No. IL may correspond
very closely to the “benzine” fraction above
referred to as obtained in prior practice. In
the present process, these benzine vapors are

80

1]

80

96

introduced into the column, as shown, sev-

eral sections below the point at which the
vapors from still No. I are introduced ; and
by the action of the column, this benzine
vapor is fractionated in such manner that
only the gasoline portion exits from the col-
umn as a vapor, while the non-gasoline por-
tion passes down the column as a liquid.
The vapor from still No. III, although it
contains no light gasoline, contains a moder-
ate proportion of hydrocarbons that boil be-
low 437° F. This 1s also-true of the vapor
from still No, IV, although to a less degree.
Both of these vapors are introduced into the
fractionating column at the respectively low-
er points indicated and are similarly frae-
tionated so that only such portion thereof
as can properly be included in the gasoline
exits from the top of the fractionating col-
umn. As a result of proceeding in the man-
ner above described, re-running is completely
eliminated ; and in a plant where re-run stills
form a part of the original equipment, the
re-run stills may therefore be entirely dis-
pensed with or used for some other purpose.
A further advantage of the novel process, al-
ready mentioned above, is the increased yield
of marketable gasoline. In actual practice
it has been found that employment of the
novel process in distilling a given crude, for
example, results in an increased yield of gaso-
line amounting to from 15 to 30 per cent of
the yield obtained from the same crude dis-
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tilled by the described method of the prior

art.  Furthermore, the new process is charac-
terized by materially reduced fuel consump-
tion. In prior practice, where the liquids
condensed in fractionating condensers are
returned to the respective stills for re-vapori-
zation, this constant re-vaporization with the
absorption of sensible and latent heats mate-
rially increases the fuel consumption.. This

1o fuel consumption can be cut as much as 25

per cent or more by distillation in accordance

- with the present invention as above described.
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In addition to the advantages already men-
tioned, there are others possessed by the in-

“vention that are of material importance.

For example, the color of the gasoline product
obtained is improved over that obtained in

prior practice, and consequently less acid is

required in refining. Again, the easier con-
trol and more flexible operation of the battery

as a whole is marked, and consequently the

operating costs for labor and supervision are
reduced. All these advantages attainable by
the present invention result in increased rev-
enues and reduced expenses amounting to
many thousands of dollars monthly in a plant
of substantial size running several thousand
barrels of oil daily as such plants quite com-
monly do. '

The plant illustrated in Figs. 2 and 20 is
generally similar in mode of operation to that
illustrated in Fig. 1 and may be used with
équal and in some cases greater advantage in
practicing the novel process. The principal
difference is in the employment of pipe stills
as primary vaporizers instead of horizontal

- eylindrical stills. In the present instance the
primary vaporizing portion of the system con-
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_sists of a battery of pipe stills which may; for

example, comprise five pipe coil units, 50,

-51, 52, 58 and 54, serially related and all

housed within a suitable furnace structure in-
dicated generally at 55, the interior of the
furnace structure being divided vertically

into four sections by partition walls 56 and .

horizontally by apertured partition walls 57.
Each section defined by the vertical furnace
walls has a combustion chamber 58 at the top,

from which flame and hot combustion gases
pass downwardly around one of the pipe coils -

51, 52, 58, 54, and thence through apertures
59 in the wall 57 and around pipe coil 50,
the gases finally passing to a suitable stack

-through flue 60. - L
The crude oil enters the system through a.

system of heat exchangers indicated general-
ly at 61 and similar to that described in con-

. mnection with Fig. 1; passes thence through

(1}

line 62 into pipe coil 50 which i§ located

in the lower part of the pipe still battery and .
-which therefore is subjected to the heating

effect of combustion gases at a substantially
lower temperature than are pipe coils 51, 52,
53 and 54. From heating coil 50, the oil is
delivered through line 63 into a flash vapor-

1,888,466

izer 64, most desirably of the type disclosed
in our copending application, Serial No.
626,278, filed March 20, 1923. It is sufficient
to state here that this vaporizer may con-

sist of upper and lower sections 65, 66, filled 4q

with suitable packing, such as ring packing
or the like, between which sections is located
a distributing baffle 67 upon which the super-

heated oil from pipe coil 50 is delivered |
through line 63. In this vaporizer the hot oil 4;

is rapidly distributed over an enormously
extended surface and a vapor flashed off
which approximates the. equilibrium vapor
of the liquid for the temperature and pres-

sure prevailing in the vaporizer. The vapor.

thus flashed off, preferably scrubbed of its

8(

entrained liquid and to some extent recti- .

fied in passing through the upper packed
section 65, leaves the vaporizer through line
68 and is delivered thereby into the upper
part of fractionating column C’ which may
be similar in all respects to the fractionating
column C of Fig. 1. The liquid remaining
unvaporized in vaporizer 64 is withdrawn
therefrom by pump 69 which forces it
through pipe 70 into and through pipe coil
51 in the pipe still furnace where said: oil
is superheated at a substantially higher tem-

8i

9

perdture than the oil in pipe coil 50. From -

pipe coil 51 the superheated oil is delivered

‘through pipe 71 into a second flash vaporizer

72 which may be essentially similar to va-

porizer 64 already described. Vapors flashed
off in vaporizer 72 are delivered through line

73 into a somewhat lower section of the frae-

tionating column C’, as shown; while sep-
arated liquid oil is drawn from vaporizer 72
through trapped line 74 by a suitable pump
(not shown) and forced through the next
pipe coil in series, namely, pipe coil 52. In
aunanner similar to that already described in
connection with pipe coil 51, the oil passing
through pipe coil 52 is superheated at a still
higher temperature and is discharged into a
third vaporizer (not shown), the vapors
flashed off therein being introduced into a
still lower section of the fractionating col-
umn C’ through vapor line 75, while the sep-
arated liquid oil passes into and through pipe
coil 53 in the furnace where it is still fur-
ther superheated and then delivered into a
fourth vaporizer (not shown). From this
fourth vaporizer, the flashed-off vapors pass

into the fractionating column through vapor-

line 76, while the separated liquid o1l passes
into the last pipe coil 54 of the battery where
it is superheated to the maximum tempera-
ture employed and then delivered to a fifth
vaporizer (not shown) from which the sep-

arated vapors pass into the base of the frac-

tionating column through vapor line 77.

“ The other parts of the system shown in
Figs. 2 and 2a, and their mode of function-
ing, are similar to the corresponding. parts
shown in Fig. 1 and require no further de-
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tailed description. Where necessary or desir-
“able, an auxiliary exhausting column (not
shown), similar to that shown at 84 in Fig.
1, may be employed to treat the liquid oil
leaving the base of the main column C’. One
important advantage in employing the ap-
paratus system illustrated in Figs. 2 and 2a
is the greater efficiency that can bé realized
by the use of pipe coil stills as compared to
16 bulk stills of the pot type or the horizontal

(=]

cylindrical type. Furthermore, by employ--

ing vaporizers of the type illustrated at 64
and 72 in, conjunction with such pipe stills,

a much cleaner separation of substantially
15 equilibrium vapors from the superheated oil
ig initially obtained prior to the introduction
of vapors into the fractionating column from
the several still units than is possible when

a system of the type illustrated in Fig. 1 is

20 ¢mployed.. This renders satisfactory win-
-ning of the gasoline content of.the oil more
certain, but in broad principle the system
shown 1n Figs. 2 and 2a does not fundamen-
tally differ from that shown in Fig. 1. -
In the system illustrated in Fig. 8, a bat-
tery of four horizental cylindrical stills is
employed as in the case of the system illus-
trated in Fig. 1. The rectifying system, how-
ever, differs from the specific form thereof
illustrated in Figs. 1 and 2 principally in
that, instead of a single rectifying or frac-
tionating column, there are employed a plu-

25
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rality of rectifying or fractionating units,.

one for each of the stills of the battery, which
are so related structurally and functionally,
however, as nevertheless to constitute a uni-
tary rectifying system within the meaning
of this eéxpression as hereinabove defined.
Thus, the vapors from stills Nos. I, T, ITT
and IV pass into the base of rectifying units
80, 81, 82 and 83, respectively. Liquid.for
countercurrent contacting with the vapors in
" the rectifying units passes in series through
the four units in the order 80—81—82—83.

35
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tifying system as such is the gasoline prod-
uct refluxed from the dividing box 25 into
the top section of rectifying unit 80. The
liquid leaving the bottom of each of the rec-
tifying units 80, 81 and 82 is led directly into
the top of the next succeeding unit of the
series, as shown; the liquid leaving the bot-
tom of rectifying unit 83 being, in a typical
instance, a gas-oil substantially free of gas-
oline constituents. On the other hand. the
vapors leaving the top of rectifying unit 83
are introduced into the bottom of the next
preceding unit 82 in the series, and so on, the
completely rectified gasoline vapors finally
80 Jeaving the top of rectifying unit 80 and en-
tering the condenser as shown to yield a gas-
" oline condensate of which at least a portion
is refluxed to the top of said unit 80 as al-

" ready stated.
85 The system just described may include also

50
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The only liquid oil introduced into the rec-

auxiliary exhausting columns of the type de-
scribed in connection with the systems shown
in Figs. 1 and 2, where it is desired to draw
intermediate liquid products from different
portions of the rectifying system in order to
obtain products of certain specified charac-
teristics.

It is also feasible to so arrange the piping
connections that any one of the four recti-
fying units, with its.cooperating still, may be
cut out of the system for repairs or cleaning
out, without interfering with operation of
the remaining units and stills in the manner
described. Such flexibility is at times very
desirable in a system of this kind.

The general mode of operation of such a
system as this does not differ materially from
that of the other novel systems hereinabove
described; but in some situations it-is: con-
venient to split up the rectifying system struc-
turally into a plurality of serially related
units of the character described, and by ar-
ranging the apparatus as described, it is pos-
sible to do this while observing the essen-
tial conditions of operation characterizing
the invention and realizing its benefits whol-
1y or in large measure.

In referring to conditions of operation
such that introduction of counterflow liguid
into the system is to be avoided at points oth-
er than that adjacent where rectified vapors
leave the system, it is not intended to exclude
from the scope of the invention herein dis-
closed and claimed the case where it may be
necessary or advisable, as a temporary meas-
ure or otherwise, to re-run a distillate (e. g.
so-called “benzine”) for separation into gas-
oline and a heavier fraction by introducing
such distillate into some appropriate point in

‘the main column.

What we claim is: : o

1. Distilling apparatus comprising in com-
bination, a plurality of stills, connected in
series for flow of liquid through the entire
series, a single rectifying or fractionating
column, vapor lines arranged to conduct va-
pors from the several stills separately into

- different sections of said column adjacent

the top and bottom of the column and at
intermediate points thereof where the va-

pors are respectively substantially in equi-

librium with the vapor and liquid of the
column, condensing means into which vapors
pass from said column, means for reflux-

1ing condensate to the upper part of the col-

umn; an auxiliary exhausting column con-
nected at a_point intermediate the ends of
the rectifying column for withdrawing a
fraction of approximately desired composi-
tion, and means for returning to said recti-
fying column vapor from said exhausting
column at a point in substantial equilibrium
with the liquid and vapor in said rectifying
system. .

2. Distilling apparatus comprising in
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combination, a plurality of stills connected
in-series for flow of liquid through the en-
tire series, a single rectifying or fractionat-
ing column, vapor lines arranged to conduct
6 vapors from the several stills separately into
_different sections of .said column at points
thereof where they are respectively substan-
tially in equilibrium with the vapors and
liquids of the column, condensing means into
10 which vapors pass from said column, means
for refluxing condensate to the upper part
of said column, an auxiliary exhausting col-
umn, means for diverting liquid thereinto
from a section of said fractionating column,
16 and means for returning to said fractionat-
ing column vapor from said exhausting col--
uman. - . )
3. The process of distilling lignids of
mixed composition which comprises passing
20 such a liquid serially through a plurality of
suitably heated distilling chambers, conduct-
ing evolved vapors from all of said distilling
chambers into a unitary rectifying system,
condensing rectified vapors leaving said rec-
26 tifying system, providing a rectifying coun-
terflow of liquid in contact with said vapors
in said rectifying system by refluxing at
least a part of the condensate from said rec-
tified vapors to said rectifying system at a
30 point adjacent where said rectified vapors
. leave said system while avoiding introduc-
tion of counterflow liquid, as such, elsewhere.
into said system, the evolved vapors from
"each of said distilling chambers being. in-
35 troduced into that part of said rectifying
system where they will be respectively sub-
stantially in equilibrium with the vapor and
liquid in said system, removing from said
rectifying system an intermediate fraction
40 of an approximately desired composition, ex-
hausting said fraction of-its more volatile
portion to obtain a product of an exactly pre-
determined composition, returning said
more volatile portion to the rectifying sys-
45 tem at such point as to be in substantial
equilibrium with the liquid and vapor in said *
system, and withdrawing a desired distilla-
tion product from a point in the combined
rectifying and condensing system. ,
50 In testimony whereof we hereunto affix
our signatures, )

EUGENE H. LESLIE.
EDWIN M. BAKER.




