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JOHN E. BELL; OF BROOKLYN, NEW YORK, ASSIGNOR TO SINCLAIR REFINING COM-
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METHOD AND APPARATUS FOR DISTILLING PETROLEUM OILS.

Application filed April 1, 1924, Serial No. 703 338.

Thié_ invention. relates to’ improvements
in the fractional distillation of petroleum

~ oils and distillates and 1ncludes an 1m-

5 1mproved apparatus.

proved method of distillation as well as an

In the fractional distillation of petroleum
oils, as heretofore proposed, the vapors
from a still have been passed upwardly
through fractionating towers and there

10 brought in contact with liquid fed into the

tower and flowing downwardly therethrough,
with cascading or spraying of the liquid 1n

its passage downwardly through the tower

or with bubbling of the gases through the

15 liquid. In such towers, the so-called wash-

ing effect of liquid sheets or sprays, or the

same effect obtained by forcing the vapors
to bubble through the liquid, has been em-

phasized as the controlling feature in frac-

20 tionation. Such spraying of the liquid, how-

ever, tends to leave some of the liquid in the
form of fine drops, the surface tension of
which will prevent their evaporation, and
they will tend to be mechanically entrained

25 and. carried out of the tower with the va-

J0

40

60

The cascading of the liquid and caus-

ors. _
i through it or bubble

ing the gases to pass

through it also interposes unnecessary fric--

tion loss and tends to choke the tower. _
In the method and apparatus of the pres-
ent invention, such spraying or cascading of

the liquid through the vapors is avoided, as_
well as the bubbling of the vapors through
the liquid, and the vapors frem the still are

provided with a clear and substantially -un-
obstructed passage through the tower while
they are nevertholess brought into intimate
contact with the liquid flowing down through
the tower, and the operation of the distilla-
tion is so carried out that close fractionation
1s made possible. '

According to the present invention, the still
is provided with a tower through which a

“helical passage extends and the feed is in-

troduced at or near the top of the tower and
passes down over the turns of the helix while

the vapors from the still pass upwardly in a-

reverse direction, the heavier reflux and the
unvaporized portion of the feed entering the
still from the tower, and the lighter vapors,
from the still and from the feed, escaping
from the top of the tower as the desired
fraction, In this construction and opera-

tion the flow of the vapors upwardly through
the tower is free and unobstructive while the
vapors are nevertheless brought into direct

contact with the liquid flowing down through

the tower and are also brought into indirect

heat 1nterchange with the liquid through

the helical surfaces separating the turns of
the passage within the tower. Effective
heat interchange and refluxing of the oil
1s thus brought about, making possible close
fractionation of the oil. ' |

The present invention is of more or less
general application in the fractional dis-
tillation of petroleum oils and makes possible
the obtaining of exceptionally close cuts of
the o1l distilled, as well as the obtaining of
a greatly increased capacity or rate of dis-
tillation and fractionation. -

~ The 1nvention is of special application for
the rerunning of benzine, for the recovery of
gasoline; but it 1s also of value for the re-

running of gas-oil for the separation of gas-
oline or other like fraction therefrom, as well
as for the distillation of crude petroleum or
other petroleum fractions or distillates where
the obtaining of cloce cuts is desired.

The o1l fed to the helical tower may be
cold fresh oil, or may be o1l which has been
prelated, for example, by a previous distil-
lation or {fractionation. It may be intro-
duced at the top of the helical tower or, in
some cases, more advantageously at a distance
somewhat below the top so as to provide an
upper zone of the tower above the point

“where the feed 1s introduced.

The o1l fed into the still flows down over
the helical surfaces of the tower and is heated
by direct contact with the vapors passing

upwardly through the tower and by indirect
contact with the vapors at a higher tem-

perature in the next lower turn of the helix.
The vapors entering the bottom of the tower

from the still are cooled both by direct con-

tact with the down flowing liquid and by in-
direct heat exchange with the liquid at a lower
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temperature flowing downwardly in the next

higher turn of the helix. The heavier va-
pors are thus cooled and condensed while the

lighter constituents of the feed are vapor-

ized effective refluxing being thus brought
about. o - .
In the carrying out of the distillation, ac-

cording to the present invention, the tempera-
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ture of the oil in the still will in general be
somewhat higher than the temperature of

" the o1l flowing from the bottom of the re-

flux tower into the still. In practice, how-
ever, the distillation can be regulated so that
the tempemture of the reflux entering the

- still approximates that of the o1l in the still,
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and so that practically all of the overhead
distillate from the tower is distilled in the
tower itself from the fresh feed introduced
therethrough.

The invention prowdes moreover for the
passing of the vapors at high velocity over
the liquid surfaces so-as to sweep the liquid
surfaces and promote the heat transfer be-
tween the liquid and vapors; and the inven-

tion provides for obtaining such high velocity

of the vapors with a minimum of friction loss
and with a maximum surface of liquid sub-
jected to the action of the gases moving at

high velocity thereover..

The invention further plemdes for main-

taining a uniform distribution of the liquid

and a substantially uniform flow of the liq-
uid over the surfaces of the tower. More

‘particularly, the invention providesia tower

of helical construction with helical surfaces
made up of a series of pans or trays, each
acting as a distributor to obtain uniformity
of flow over the successive pans, and each pan
serving to hold a thin layer of the liquid, thus

somewhat prolonging the time of downward -

flow of the liquid through the tower and giv-

Ing an increased opportumty for the reﬂux-.

Ing action.

The invention also provides an improved
method of fractional distillation in which
the feed of oil may be preheated and intro-
duced at an intermediate point or at inter-
mediate points of the tower, and with intro-
duction of a lighter o1l or distillate at the to P
of the tower. By operating in this way the
capacity of the.tower can be greatly in-
creased, and a sharper fractionation can also
be obtained.” The preheating of the feed may
advantageously be accomphslled by heat in-
terchange with the vapors escaping from the
tower. This method of operation is advanta-

“geous for example in the rerunning of ben-

zine, e. ., the mixture of pressure dIStlllﬂte
and %tl a1iecht run distillate which 1s to be rerun

for rmsolme after refining with sulphuric

acid or other refining treatment

The invention will be fnrthel deseribed in
connection with the accompanying drawings
1llustrating, in a somewhat conventional and
diagrammatic manner, (elt'un embodiments
of the apparatus of the inv ention adapted
for the practice of the process of the inven-
tion; but it 1s intended and will be under-

'stood that the invention is illustrated thereby
but 1s not limited thereto. -

In the accompanying drawings Fig. 1
shows one embodiment of the invention , part-

ly in section and partly in elevation, ‘md with
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parts broken away, the drawmu being partly
conventional and dmcrrammatlc

Figs. 2 and 3 are horizontal sectional views
on the lines 22 and 3—3 respectively of
Fig. 1.

Fig.41s a p'artlal sectional view of part of

fhe tower of Fig. 1.

Fig. 5 is a view similar to that of Iig. 1
showing a mocdified construction.

IFigs. 6 and 7 are horizontal sectional views
EI} the lines 6—6 and 7—T7 respectively of

1g. 5.

Fi 12. 8 1s a partial sectional viey of a modi-
fication of the top of the tower of Fig. 5.

Fig. 9 1s a horizontal sectional view taken

on the line 9—9 of Fig. 8.

If1ie. 1018 a dlagrammatlc view shmumr
two stills arranged‘in series..

Fig. 11 1s an enlarﬂ'ed view showing a pre-
ferred construction of the ov elhppuw pans
of the tower of Fig. 1.

Fig. 12 1s a hor izontal sectional view show-
ing a modlﬁed construction: of the tower.

Fw 13 1s a detail view 1in- vertical scc-
tion showing a further modified construction.

Fig. 14 shows a modified form of distribut-
ing pan for use in the tower.

Flﬂ" 15 1s a view similar to that of Fig. 1
showi ing a further IllOdlﬁC&thIl

Fig, 16 is a sectional view on llne 16—16 of
Mo, 15.

Fw 17 1s an enlarged detail of part of the
tower shown 1n Fw 16.

Fig. 18 i1s a seetlonal view takeﬂ on the Ime

18-—-—-18 of F] 17.

Fig. 19 1s a sectional view taken on the
line 19—~19 of Fig. 16.
Fig. 20 1s a SLhLIHatIG and diagrammatic

repreeentatwn in the nature ot a flow-sheet
illustrating pictorially the operation of the

apparatus and the carrying out of the proces:
of the invention.

The tower illustrated in Figs. 1 to 4 1s of
oval or oblong cross section. It has a shell
1, mounted upon and supported by the shell
of the still 2.

to separate the two sides of the tower from
cach other. |

In the construction 1lluc:t1 ated, rods 4 ex-

tend from the sides of the tower to the central
division plate 3. these rods being so arranged
and poeltmned that a plur 111ty of overlap-

ping pans 5 may be supported thereon in such

a way as to form, together with the pans at
the ends of the division plate, a generally
helical partition dividing the tower into a
wntmuous vapor passage generally helical
in arrangement. In the construction illus-

trated, the feed oil, or lighter oil as the case

may be enters through the pipe 7 to the up-
permost tray. or pertxon of the tower and
flows down over the successive pans. Addi-
tional oil inlets 62, 63 and 04, each provided
with a regulating valve, are arranged at in-
termediate pomts A reservoir 6 at the hot-

A central plate 3 1s arranged
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tom of the tower receives the oil flowing from

the last pan 5, this reservolr being separated .

from the vapor space by the division plate
8. From the reservoir 6, the o1l overflows
through the pipe 10, back into the <till 2. -A
valve 11 permits cutting off or regulating
the flow of o1l through the pipe 10. The res-
ervoir 6 1s separated from the space below
1t by bottom plate 9, thus providing a space
between the bottom of the reflux tower and
the top of the still. A pipe 19 with regulating
valve 20 therein permits drawing oif of part
or all of the Liquid from the reservoir 6 where
this 1s desired. -

A vapor connection 12 leads from the still
to the bottom of the helical vapor pas-age
in the tower, this connection being shown as
protected by insulation 85. Sinular insula-
tion (not shown) may be used on the tower
as & whole. The vapor connection 12 has a
valve 13 arranged at its upper end to shut
off the tower from the still and has a separate
pipe connection 14 by which the vapors may
be by-passed directly to a condenser without
entering the tower. The vapor outle! Trom
the tower 1s indicated at 15.

Access may be had to the tower for inspec-

tion, repair and other purposes by means ¢f

manholes 17 at the top of the tower or man-
holes 18 on the sides of the tower. The upper
header of the tower, as a whole, 15 ind:icated
at 16. _ '

A preferred form of construction of the
individual trays forming the helix of the
tower 1s shown in Fig. 11. The pans 5 may lLe
stamped out of sheet metal and supported
upon the rods 4. The pans forming the turns
of the convolutions at the ends of the plate
3 are suitably secured together and to the shell
and plate 3 for example by riveting. “The va-
rrous pans or plates forming the helix are
shallow <o that they do not hold any con-
stderable amount of hquid and they are so
arranged as to msure a substantially uniform
distribution of the hiquid over the width of

the successive pans.

In If1e. 11 the pans 38 at the turn of the
tower are shown as overlappimg at 57 and
can be gecured to each other, for example, by
riveting, '

In the modified constructions ot Figs. 5 to
14 simtlar parts are indicated by the same
reference numerals as in FFies. 1 to 3 but with
primes appended thereto.

The towers shown 1 Ifigs. 5 to 10 and 1n
Ifvgs, 12 and 13 are eylindrieal instead of oh-
leng 1 cross-section.  ‘The helical partition
dividing the tower into a helical passage or

vapor space and providing a helical path for

the downflowing liquid may be made up of
a single continuous sheet of metal, with dis-
tributing means such as baffles or ripples
spaced apart to insure uniform distribution
of the down-flowing liquid, or it may be made
up of a series of plates oy trays, A continu-

3

ous helical dividing plate 1s 1llustrated con-
ventionally at 28 in Fig. 5, with the distrib-
uting means omitted, but this division mem-
ber may be imade of a series of individual
members as indicated in Figs. 6 and 12.

In Figs. 8 and 9 an air condenser 13 shown
as arranged at the upper end of the helical
tower, the vapors from the upper turn ot the
helix passing upwardly through the tubes 21,
extending between headers 23 and 22, and the
uncondensed vapors escaping through the
outlet pipe 15”7, A series of air 1nlets 24 are
provided each with a regulating damper 26
and a central air outlet 26 15 provided with
valve or damper 27 therein. By means ot
the dampers or valves 25 and 27 the amount
of air circulating through this added air re-
flux tower can be regulated,

In Fig. 10 two stills 2’ and 2”7 are shown
as arranged in series, each having a tower
of the helical construction illustrated 1n Fig.
D, the feed for the sccond tower being the otl
from the first.still, this oil being pumped
from the still 2 to a point somewhat below
the top of the second tower through the pipe
(0 by means of pump 71. The towers also
have connections 77 and 7”” for the introduc-
tion of stock to the top of the tower.

In order to 1nsure a uniform or approxi-
mately uniform distribution of the liquid over
the width of the helical path, distributing
plates or baflles may be provided. An initial
distributor plate is shown 1n IF1g. 12 having
openings 32 of progressively increasing size
from the center outward. The helical sur-
fices themselves may also have division mem-
bers dividing the helical surface into a series
of generally concentric surfaces. Division
plates 34 are shown in Ifig. 12 for this pur-
pose. .

In order further to promote the heat in-
terchange between the vapors and liquid, the

trays or helical surfaces may be provided with

corrugations or ribs, thus imcreasing the ef-
fective surtaces of the bottom of the pans ex-
posed to the vapors. Such ribs are shown

m Figs. 18 and 14. The individual trays 5

and 5 may be cast with these projections and
then assembled for example as illustrated in
Fig. 12.

In Ifigs. 15—19, a eylindrical helical tower
is shown, of a somewhat modified construc-
tion. This tower has its outer cylindrical
shell 51 mounted upon and supported by the
shell 52 of the still. A central pipe 53 is sup-
ported by the I-beam 54, while the individual
trays 55 are secured to and supported by the
central pipe 53 at their inner ends, for ex-
ample, by bolt 69, as illustrated in Figs. 17
and 18, and these trays or pans are supported
by the shell 51 at their outer ends, for ex-
ample, by welding the outside end 68 to the
shell as Hllustrated 1n Fig. 18, ' -

The feed lime 56 1s provided for introduc-

g the feed o1l or a lighter oil as the case may
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be into the top pan of the tower while a
branch line 57 1s provided for introducing
water when 1t i1s desired to flush out the tower,
and remove the oil therefrom. IFrom the
lower tray of the tower an outlet or overtlow
pipe 58 leads back to the still. The vapors
from the still enter the bottom of the tower
through the opening 59, while a vapor out-
let 60 1s provided at the top of the tower. A
top man-hole 61 permits access to the top ot
the tower. Three additional oil inlets 62,
63 and 64, each provided with a regulating
valve, are arranged at intermediate points 1n
the tower.

A steam line 65 1s connected with the cen-
tral pipe 53 and permits driving out of
vapors from the central pipe when the still
is shut down and the tower 1s to be opened.
This central pipe is loosely closed at 1ts upper
and lower ends and may be provided with

~ perforations at its lower end to facilitate
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draining of condensates therefrom. One or
more holes 70 in the still shell permit drain-
age back to the still of liquid collecting at the
low points in the space at the bottom of the
tower. A pipe 66 connects with a steam sup-
ply for steaming out the tower when re-
quired. _ | |
The pans or trays illustrated in Ifgs.
15—19 are similar to those of Fig. 11 but are
of substantially uniform size throughout the
tower. KEach of these pans or trays, as illus-
trated in Fig. 19, has a turned-down overtlow
lip 67, somewhat above the bottom ot the pan
so as to keep a thin layer of liquid in the pan,
and arranged for delivering the liquid over-
flow into the next lower pan. With the heli-
cal surface made up of a series of such pans
or trays, there will be a series of thin bodies
or layers of liquid in the pans, which liquid
will overflow from one pan to the next, and
thus provide a substantially continuous and

uniformly distributed flowing layer of oil

over the helical surface of the partition ex-
tending through the tower. The o1l over-
flowing from one pan to the next will assist
in breaking up and agitating the liquid, while
the maintenance of small individual bodies
of the liquid in the form of thin layers pro-
vides a large exposed surface for contact with
the vapors but nevertheless retards the free
downward flow of the liquid and prolongs
the time of such flow, as compared with simi-
lar helical surfaces having smooth helical sur-
faces which present no 1mpediments to the
free downward flow of liquid.

With a still 10 feet in diameter by 40 feet
long the helical tower may have a diameter of
8 feet and a height of around 35 feet, and 1n
the case of a fire still such a tower will pret-
erably be located on the opposite end of the
still shell from the end where the still 1s
fired. '~
In the tower illustrated in Fig. 15, the

turns of the helix are spaced apart a some-
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what greater distance at the bottom of the
tower than at the top. For example, the
lower nine revolutions of pans may be spaced
apart about 1314 i1nches, the next 9 complete
revolutions of pans may be spaced apart
about 1134 inches, the next 10 revolutions
about 974 inches and the top 7 revolutions
about 8 inches, giving cross-sectional vapor
areas decreasing progressively from about
3.5 square feet at the bottom of the tower, to
about 2 square feet at the top of the tower.
Such a tower can advantageously be operated
with an average flow of vapors from the top
of the tower in excess of 5,000 lbs. per square
foot of cross-sectional area of the vapor
space, and as much as 6,000 to 8,000 pounds or
more of vapors per square foot of vapor space
may escape from the tower per hour; or a
total of around 15,000 lbs. of vapor or more

may be taken out of the top of the tower per 3

hour in the case of a tower of the size and
construction 1llustrated. .

In the operation of the apparatus de-
scribed, the feed for the still 1s pumped in at
or near the top of the tower and flows down
over the piates of the helical partition ex-
tending through the tower and into the still.
The temperature of the still bottom 1s raised
until the vapors leaving the top of the tower
have the necessary temperature to give the
desired end pomnt in the distillate. With
crude feed and a gasoline cut with a 450° F.
end point, the temperature of the liquid in
the still would be around 580-600° F'. and the
temperature of the vapors leaving the top of
the tower about 350° F. 'The relatively high
temperature of the still bottom 1s necessary
to drive off all the light vapors that can be
cut 1into 450° F. end point distillates.

Instead of introducing cold feed, the feed
to the tower can be heated, and, 1f this 1s
done, the temperature of the still bottom nec-
essary to obtain a corresponding distillate
would be less than it would be with cold feed,
and, as a consequence, some of the lighter
constituents that might go into the 450° F.
end point distillate might remain in the still.
With cold feed, however, an increased tem-
perature of the stil] itself insures the driving
off of substantially all of the light vapors
that can be cut into 450° I. end point vapors.
By providing for the further cooling of the
tower, for example by means of an air con-
denser at 1ts upper end as illustrated in Fig,
8. an increased temperture of the oil 1n the

“stiil can be maintained to insure the drivinge

out of all of the low-boiling vapors which
might otherwise remain in the o1l in the still.
In this case, however, added heat would have
to be supplied to the oil 1n the still to repiace
that lost by the air cooling, this added heat
corresponding to the increase in temperature
of the o1l in the still.

In the operation of the apparatus, how-

ever, it is not necessary either to preheat the
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feed or to use additional cooling, for the op-
eration of the apparatus has shown that a
greater percentage of gasoline yieid can be
obtained from a crude charge, without pre-
heating of the feed, than 1s indicated by the
ordinary methods of fractionation used in
the laboratory. Certain added advantages
can however, be obtained when preheated
feed 1s used. The present invention, for ex-
ample, enables more gasoline to be cut from
the crude o1l charge than the amount which
laboratory analy51s indicates. Thus, 1n one
case where the laboratory tests indicated that
there was 35% of a 450° F. end point cut in
the crude, a yield of 39% was recovered by
the apparatus and method of the present in-
vention.

The amount of vapors that can be passed
through the tower of the present invention
depends 1n part upon the area between the
convolutions of the helix, that 1s, the cross
sectional area of the helical passage for the
vapors. At the bottom of the tower the vol-
ume of the vapors i1s greater than at the top.
since they are are at a higher temperature and
must carry the heat for evaporatmcr the light
portion of the feed and for heating the re-
maining portion of the feed to the tunpem-
ture at which the reflux leaves the tower.
Some of the hot vapors entering the bottoin

of the tower are moreover condensed and

returned as liquid, although this 1s comewhat
offset by the vapors set free from the feed.
With equal areas between the convolutions of
the helix the friction loss would be greater
at the bot?om of the tower than at the top.
This can be overcome by spacing he convolu-
tions at a greater distance apart at the bot-
tom of the tower than at the top, as il.ustrat-
ed 1in Figs. 1 and 15.

In distillation of petroleum at ordinary
temperature, a back pressure of nmore than
about three pounds on the ordinary shell
stills is objectionable. With the towers of
the present invention, however, the escape of
vapors 1s through an unobstructed helical
conduit where the frictional resistance is sub-
stantiaily the only resistance to free escape.
Accordingly, a relatively large volume of

vapors can pass through the tower without

causing objectionable back pressure,

It will be evident that the number of con-
volutions of the helix can be varied with cor-
responding variation in the length of travel
of the vapors and of refluxing action. DBy
using a sufficiently long helical passage and
providing sufficient surface in the pans the
temperature of the reflux where it leaves the
tower and enters the still can be brought up
to a temperature approximating that of the
oil in the still, for example, within 20 or 30
degrees. If the reflux was actually at the

' tempemture of the oil in the still, and if the

still temperature was suﬂimently hw'h to 1n-
sure that there was no 450° F. end pomt con-

S

stituents in the liquid oil in the still, all of
the vapors that passed out of the top of the

tower would be distilled 1m the tower itself

and none of the vapors leaving the still would
pass completely through the tower. Under
such .conditions, the volume of the vapors
passing out of the still and refluxed back
would be just sufficient to make the latent
heat of condensation at the temperature of
the reflux equal to the heat required to va-
porize the overhead distillate at the tempera-
ture at which 1t leaves the tower and to heat
the remaining portion of the feed up to the
temperature of the reflux. While these con-
ditions are difficult of attainment in practice,
they may nevertheless be approximated in
the apparatus and according to the process

‘of the present invention. That i 15, the proc-

ess of the present invention can be so carried
out. and regulated, with feed of oil to the
top of the reflux tow er, that the temperature
of the reflux entering the still approximates
more or less closely the temperature of the
oil in the still while practically

distilled from the feed during 1ts passage
through the reflux tower and practlcallv all
of the vapors entering the tower from the
still are refluxed back to the still.

In referring to the obtaming of a gasoline
cut of 450° F. end point from crude oil 1
have referred to the first distillation of crude
o1l 1n a continuous still. That is. the o1l fed
to the top or to a point somewhat below the
top of the tower would be the crude oil, and
the hot o1l from the still would be w ithdrawn
In proper proportion to maintain the desired
level in the still.

The 1invention is also applicable to the
other stills of a continuous battery, in which
case the oil from the first still would be
pumped to the tower of the second still, and
so on. The oil from the first still mav be
pumped to a point below the top of the tower
on the second still. for example, a point about
midway m the height of the tower, and a
part of the condensed distillate from the
tower, or a fraction of similar character, may
be introduced into the top of the tower
Such an arraneement of stills 1s shown con-
ventionally in I"I“‘ 10. With such a baﬁmx
of stills each provided with a tower of helical
construction the oil can be progressively
fractionated and successive fractions ob-
tained from the successive stills. The biot-
tom temperature of each still would then be
carried sufliciently high to give the desired
cut from the top of the tower of that par-
treular still. B} operating a continuous bat-
terv of stills 1n this way, a series of excep-
tionally close cuts can be obtained.

Where, however, as under present market
conditions, it may be desirable to obtain only
a 450° F'. end point stock for gasoline and a
reduced crude residue, the bottom tempera-

all of the
vapors coming off as overhead dlStlH‘ltL are U
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ture of the still is carried at about 580° F. a point somewhat below the tbp of the tower
1nstead of into the tower at its upper end.

Ordinarily the residue from such a still
would not be further fractionated, as the bot-
tom temperature of the second still would
have to be higher than that of the first, prei-
erably around 650-675° I'., and at these tem-
peratures the o1] begins to crack. IKurther-

- more, 1nasmuch as substantially the complete

gasoline content of the crude can be removed
in a single cut, the reduced crude remaining

‘then becomes a satisfactory charging stock

for pressure stills so that there 1s no further

“need of frictionation. Where, however, in-
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stead of a simgle closely regulated cut a series

5 of low-boiling fractions 1s desired, a series of

stills and tewers can advantageously be used
as a continuous battery with pumping of the

oil from the bottom of one still into the tower

of the next hotter still.
Instead of fractionating crude oil, other

petroleum fractiong or distillates can be simi-

larly fractionated. Gas oil, for example, can
be advantageously stripped of its 450° F.
end point fraction and an additional amount
of gasoline stock thus obtained, while leav-
ing the gas oil in a more valuable condition
for charging to the pressure stills. As a fur-
ther example, a gas oll cut can be separated
from reduced crude.

The invention is also of special value 1n
connection with the re-running of benzine,
e. g., admixed pressure distillate and straight
run benzine, after refining with acid for the
separation of gasoline therefrom, enabling
a substantially complete and sharp separa-
tion to be obtained. In the re-running of
such lighter fractions it will be evident that
the temperature and rate of feed, as well as
the temperature of the still itself, will be reg-
ulated to give an overhead distillate of the
desired composition. -

It is characteristic of the present invention
that the provision of a substantially unob-
structed. passage for the vapors where they
are nevertheless brought into intimate con-
tact and heat-interchanging relation with the
liquid fed into the tower enables a greatly
increased rate of distillation to take place

‘as compared with ordinary fractionating

towers. The vapors will pass through the
tower at a relatively rapid rate and with a
correspondingly high velocity.  Such a high
velocity is desirable, for it greatly increases
the effectiveness of the heat transfer between

the vapors and the liquid and tends to sweep .

the surfaces free from stagnant vapors as
well as giving a centrifugal separation of the
particles that may be carried along mechani-
cally. ' | .
With increase in velocity of the vapors,
however, there 1s an increased tendency for
liquid to be carried over mechanically with
the vapors. In order to avoid this and never-
theless maintain a high velocity of the va-
pors, I provide for introducing the feed at

1,683,151

For example, in a still-having a diameter of
about 14 feet and a length of about 40 feet,

the oblong or elliptical helical tower, such

as shown in Figs. 1—3, may have a height
of about 30 feet and cross sectional dimen-

sions of about 6 x 12 feet and, in such a tower,

the feed may be 1ntroduced about five feet
down fromtﬁe top of the tower through suit-
able openings (not shown). With a still
and tower of this size, gas o1l from coke stills
can be ré-run for gasoline with a rate of feed
to the tower: of about 135 to 150 barrels per
hour and with the recovery of 20 to 256% of
light distillate. It will be evident that, where
the feed 1s introduced below the top of the

tower, the distance from the top at which the .

feed is so introduced may be varied. For
the fractionation of very hot oil the feed may
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for example be introduced a third of the way

down from the top of the tower.

In order to obtain a still' further and

sharper fractionation, some of the overhead
distillate may be returned to the top of the
tower. This low-boiling condensate will be
re-evaporated and will exert a cooling effect
which will serve to condense and return the
higher-boiling constituents. By introducing
the feed at a distance down from the top of
the tower, and by introducing a regulated
amount of the overhead distillate at the top of
the tower, an increased sharpness of frac-
tionation can be obtained, as well as an in-

creased velocity of the vapors through the

tower, The rate of distillation can accord-
Ingly be increased ~while the increased tend-
ency to carry the heavier oil mechanically
with the vapors 1s overcome by the cooling
effect incident to the introduction of addi-
tional overhead distillate at the top of the
tower. I1f the overhead distillate itself is
carried along mechanically with the escaping
vapors, this 1s unobjectionable. -
In Fig. 15 three inlets are shown below the
top of the reflux tower and the feed may be
introduced through one or another of these
inlets. This feed may be preheated, for ex-
ample, by heat interc%angewith the vapors
escaping from the top of the tower; and light
distillate may be introduced at the top of the
tower. Preheated benzine can advantageous-
ly be introduced at such an intermediate point
and gasoline distillate introduced at the top
of the tower. The gasoline introduced at the
top will be re-vaporized and driven off, to-
gether with the gasoline from the feed, but in
re-evaporating, it will serve to cool the heav-
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ler vapors and condense them and the result-

ing liquid will then flow down through the
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tower and assist in cooling the still heavier

vapors lower down in the tower. By intro-
ducing gasoline at the top of the tower in this

way, and by intreducing pre-heated benzine

at an intermediate point, an increased yield
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of gasoline can be recovered from the ben-
zine, and the rate of distillation'can also be
materially increased. Where, for example, a
vield of about 65% of gasoline would be ob-
tained without preheating of the feed or in-

‘troduction of gasoline at the top of the tower,

a yield of 73% was obtained by introducing
oasoline at the top of the tower, and 1ntro-
ducing the benzine about 10 feet down from
the top of the tower. It will be evident, how-
ever, that the yield will vary with the char-
acter of the benzine or other oil which 1s sub-
jected to distillation. The increased yield
of gasoline is also obtained with a sharper
cut, e. g., at 450° F. end point. |
With introduction of a light distiliate 1nto
the top of the tower it also becomes possible
to take out a heavier distillate of definite
boiling point from intermediate levels of the
tower, for example, from outlets 29 arranged
at intermediate points as illustrated 1n KFigs.
1 and 4. Pockets 31 may thus be provided
for collecting the liquid at such an 1nterme-
diate point and the liquid may be drawn out

5 through one or another of the pipes 29 by

opening the regulating valve 30. '

In the operation of the towers, for exam-
ple, for the continuous fractionation of gaso-
line from crude oil, the upper portion of the
tower can be considered as primarily a heater.
The feed is cold and is heated by the vapors
in contact with it. - At first there will be a
complete condensation of the vapors due to
the fact that the feed is cold. As soon, how-
ever, as the feed becomes heated, 1t will start
to give off light vapors which will mingle
with“those coming from the still, reducing
their specific gravity. The vapors from the
«till flowing upwardly through the tower will
in turn be condensed to a greater or less ex-
tent. the heavier constituents returning as
liquid to the still and the lighter constituents
remaining in the vapor form. The conden-
sate from the vapors will be heavier than the
vapors themselves and this tends to reduce
the specific gravity of the remaiming vapors.
The interchange of heat effected 1n this way,
with driving off of the lighter vapors from

~ the feed stock and condensation of the heav-
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ier portions of the vapors from the still, 1s
carried on throughout the tower and ends
only when the reflux or feed enters the still
or when the reflux entering the still 1s at
the same temperature and consequently of
the same constitution as the liquid in the still.

The liquid in the tower 1s heated, first, by
contact with the vapors and, cecond, by the
heat that passes through the trays or pans.
That is, the heating is in part effected by di-
rect heat exchange of the vapors with the
liquid and in part by indirect contact through
the metal of the trays or pans over which the
liquid is flowing and under which the vapors
are passing. The amount of heat absorbed

65 in these two ways depends on the surfaces

7

exposed. With the same temperature differ-
ence there 1s a similar amount of heat ab-
sorbed from the vapors by the bottom sur-
faces of the pan per cquare foot of surface as
there is per square foot of liquid surface di-
rectly exposed to the vapors, assuming that
the upper surfaces of the pans are completely
covered with the liquid. The present inven-
tion takes advantage of both of these meth-
ods of heating and provides practically a
maximum area of surface of heat transier.
In apparatus in which a spray or falling
sheet of liquid i1s exposed to vapors, there 1s
a minimum of effective surface of the liquid
exposed for absorbing heat from the vapors,
whereas 1n the present invention there i1s a

maximum of surface of contact for heat 1n-

terchange, 1nasmuch as the pans or baftles
are constructed so as to be completely covered
by the liquid on the upper side and complete-
ly swept by the gases on both sides. The cas-
cading or spraying of the liquid is avoided
so that there 1s also avoided any appreciable
tendency for the gases to pick up and carry
along mechanically liquid which 1s 1ntro-
duced therein by cascading or spraying.

In the construction of the present inven-
tion the vapors have a clear passage over
the pans and are continuously kept in contact
with the liquid; while they have an equally
close contact with the bottom of the pans and
sweep over all portions of both of these ex-
posed surfaces. :

The construction 1s also such that the va-

pors can pass through the tower at a hgher
velocity, thus greatly increasing the effective
heat transfer. The importance of a high ve-
locity will be appreciated from the fact that
with double the vapor velocity approximate-
lv halt of the surface will a?,:sorb the same
amount of heat. The construction and ar-
rangement of the present invention gives
stibstantially a maximum vapor velocity 1n
contact with the heat absorbing surfaces and
with a minimum friction loss.

It is a further advantage of the present in-
vention that the bottom of the pans are n
contact with the vapors which are a full turn
further down the tower and therefore hotter
than the vapors above the hquud. In this re-
spect also the invention 1s distinguished from
so-called pan towers or bubble towers in
which the vapors in contact with the bottom
of the pans pass at once through them to the
top surfaces so that there is little difference
in temperature. In the presentinvention the
increased temperature difference between the
hotter vapors below the pans and the cooler
liquid above them makes the heat transfer
more effective both in removing highter con-
stituents from the liquid and 1n condensing
heavier constituents from the wvapors, the
heavier constituents from the vapors falling
back into the pan below at a full turn further
down on the tower.
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With an oblong construction of tower such
as 1llustrated in Figs. 1—3, a greater length
of each flight or convolution 1s obtained than
with a circular tower of the same area. Hence
an 1ncreased temperature difference between
the successive turns 1n the tower 1s obtained
which further inereases the effectiveness of

the heat transfer between the vapor flowing

upwardly and the liquid flowing downwardly.
The effectiveness of the heat transfer can be
further increased by increasing the effective
surface of thie bottoms of the pans, for exam-
ple, by providing ribs or corrugations as illus-
trated in Figs. 13 and 14.

In order to insure a uniform or approxi-
mately uniform digtribution of the liquid lat-
erally over the surface of the pans, the pans
may be given a slight mmclination from the
center of the tower outwardly or, 1f the pans
are level, distributing weirs or baffles may be
used with the weir openings so proportioned
as to make the flow across the width of the
helix proportional to the surface of the helix
at that particular point; that is, the weir
openings are small at the center and large at
the outer circumference. Where the helical
surface instead of being a continuous length
of sheet steel, i1s made up of a series of pans,
these pans in effect form a continuous helical
surface and may provide overflow lips or
baflles which insure that the o1l passes in thin
streams over the successive portions of the
helix except where it backs up at the notched
Wwelrs. |

It will thus be seen that the present inven-
tion provides an improved apparatus for dis-
tilling and fractionating petroleum o1l and
distillates with refluxng of the. vapors by

" means of feed introduced directly into contact
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therewith, and that the feed so introduced

‘acts not only by direct contact with the vapors

but also by indirect contact with the vapors at
2 complete turn further down In the tower,
{hus ereatly increasing the effectiveness of the
heat transfer end of the fractionating and re-
fluxing action. A greater temperature dif-
ference is thus obtained between the Liquid
above and the vapors below the helical sur-
faces than can be obtained with the ordinary
baflle arrangements of reflux towers.

It will also be seen that the present inven-
ticn provides an improved method of frac-
tional distillation which enables close cuts to
be obtained, for example, in the re-running
of benzine and in the topping or fractionating
of crude oil for the recovery of lighter frac-
tions such as gasoline therefrom. The inven-
tion is applicable, however, for the re-running
or fractionating of other distillates where a
similar separation into well defined fractions
is desired. ' '

1 claim:

1. In the fractional distillation of petro-
leum oils, introducing hot oil vapors into the
lower portion of a fractionating tower and 1n-
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troducing the o1l to be fractionated into thc
upper portion of the said tower, causing the

liquid oil introduced into the upper portion of

the tower to flow downwardly in a substan- .

tially continuous helical stream through the

tower and causing the oil vapors to flow up-

wardly in a helical path in direct contact with
the surface of the stream of liquid o1l and 1n
indirect hedt exchanging relation with the
stream of liquid oil at a higher point.

2. The method of fractional distillation of
petroleum oil for the separation of a fraction
of definite end point therefrom which com-
prises introducing the oil to be fractionated
into the upper portion of a fractionating
tower and causing 1t to flow downwardly
therethrough in a substantially continuous
stream to a still communicating with the low-
er end of the fractionating tower, heating the
oil in the still and driving off vapors there-
from into the lower portion of the said frac-
tionating tower and causing these hot vapors
to flow upwardly in a helical path 1n direct
contact with the surface of the stream of o1l
flowing downwardly through the tower and

in indirect heat exchanging relation with the

said stream of oil at a higher point, and
maintaining the temperature of the o1l in the
«till at a point sufficient to remove substantial-
ly all of the fraction of the desired end point.

3. In the fractional distillation of petro-
leum oils, introducing hot o1l vapors into the
lower portion of a fractionating tower and
introducing the oil to be fractionated into

the upper portion of the said tower at a

point below the top thereof, causing the hot
oil vapors introduced into the lower portion
of the tower to’flow upwardly in a helical
path through the said tower and causing the
liquid oil introduced into the upper portion
of the tower to flow downwardly through the
said path while maintaining the vapors in the
turns of the helical path in direct contact heat
exchanging relation with the liquid in the
same turn and in indirect heat exchanging re-
lation with the cooler liquid 1n the next high-
er turn, and introducing into the tower at a
point above the point of introduction of the
oil to be fractionated an o1l highter than the
oil to be fractionated.

4. In the fractional distillation of petro-
leum oils, introducing hot o1l vapors into the
lower portion ot a fractionating tower and in-
troducing the oil to be fractionated 1nto the
upper portion of the said tower, causing the
oil vapors introduced into the lower portion
of the tower to flow upwardly in a helical
path through the said tower and causing the
liquid oil introduced into the upper portion
of the said tower to flow downwardly through
the said path while maintaining the vapors
in the turns of the helical path in direct con-
tact heat exchanging relation with the liquid
in the same turn and in indirect heat exchang-
ing relation with the cooler liquid 1n the n- xt
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~ higher turn, the area through which indirect
- heat transfer is taking place being main-
~ tained 1n excess of the area of direct contact
between the vapors and the liquid. '
5. In apparatus for the fractional distilla-
tion of petroleum oils, a fractionating tower
having a vapor inlet and a liquid outlet near
the lower end and a vapor outlet and a liquid
inlet near the upper end, a helical partition

10 within the tower providing a helical path be-

tween the vapor inlet and the vapor outlet

and between the liquid inlet and the liquid

outlet, adjacent turns of the path being in in-
direct heat exchanging relation through the

9

face exposed to heat transfer to in excess of
that on the upperside. '
7. In apparatus.-for the fractional distilla-
tion of petroleum oils, a fractionating tower
having a vapor inlet and a liquid outlet near

the lower end and a vapor outlet and a liquid

inlet near the upper end, and a helical par-

tition within the tower providing a continu-

ous helical path between the vapor inlet and
the vapor outlet and the liquid inlet and the
liquid outlet and arrange

85

to permit heat
transfer therethorugh between adjacent turns
of the helical path, said partition being made-

up of a series of pans adapted to retain pools

of liquid on their upper side. , |

8. In apparatus for the fractional distilla-
tion of petroleum oils, a fractionating tower
comprising a vertically arranged shell and a
flat central plate, a helical partition being ar-
ranged between the said shell and the said
central plate to provide a helical path ex-

18 partition, and distribution means arranged
~ on the upper surface of said partition for
promoting uniform liquid flow. s

- 6. In apparatus for the fractional distilla-
~tion of petroleum oils, a fractionating tower
20 having a vapor inlet and a liquid outlet near
“the lower end and a vapor outlet and a liquid

s

inlet near the upper end, and a helical parti-
tion within the tower providing a continuous
helical path between the vapor inlet and the

tending through the tower and adapted to

confine both vapor flow and liquid flow to the

said path, a vapor inlet and a liquid outlet

26 vapor outlet and between the.liquid inlet and communicating with the said path near its
the li&uid outlet, said partition being ar-
ranged to permit heat transfer therethrough

inlet communicating with the said path near
between adjacent turns of the said helical ' |

its upper end.

. path, and means on the lower side of the said  In testimony ﬁhereof I affix my signature.
¥ partition for increasing the area of the sur- | JOHN E. BELL.

lower end and a vapor outlet and a liquid =~
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- higher turn, the area throu%h which indirect

10

18

26

tween the vapor inlet an

range

heat transfer is taking place being main-
tained in excess of the area of direct contact
between the vapors and the liquid.

5. In apparatus for the fractional distilla-
tion of petroleum oils, a fractionating tower
having a vapor inlet and a liquid outlet near
the lower end and a vapor outlet and a hquid
inlet near the upper end, a helical partition
within the tower providin
the vapor outlet
and between the liquid inlet and the liquid
outlet, adjacent turns of the path being in in-
direct heat exchanging relation through the
partition, and distribution means arranged
on the upper surface of said partition for
promoting uniform liquid flow.. |

6. In apparatus for the fractional distilla-
tion of petroleum oils, a fractionatine tower
having a vapor inlet and a liquid outlet near
the lower end and a vapor outlet and a liquid
inlet near the upper end, and a helical parti-
tion within the tower providing a continuous
helical path between the vapor inlet and the
vapor outlet and between the.liquid inlet and
the liquid outlet, said partition being ar-
to permit heat transfer therethrough
between adjacent turns of the said helical
path, and means on the lower side of the said

partition for increasing the area of the sur-

a helical path be-

face exposed to heat transfer to in excess of
that on the upperside. '

7. In apparatus-for the fractional distilla-
tion of petroleum oils, a fractionatine tower
having a vapor inlet and a liquid outﬁat near
the lower end and a vapor outlet and a liquid
inlet near the upper end, and a helical par-
tition within the tower providing a continu-
ous helical path between the vapor inlet and
the vapor outlet and the liquid inlet and the
liquid outlet and arranged to permit heat

‘transfer therethorugh between adjacent turns

o

of the helical path, said partition being made

uid on their upper side. _

- 1n apparatus for the fractional distilla-
tion of petroleum oils, 8 fractionating tower
comprism% a vertically arranged shell and a
flat centra
ranged between the said shell and the said
central plate to provide a helical path ex-
tending through the tower and adapted to
confine both vapor flow and liquid flow to the
sald path, a vapor inlet and a liquid outlet
communicating with the said path near its
lower end and a vapor outlet and a hquid
inlet communicating with the said path near
its upperend. =

In testimony whereof I affix my signature.
JOHN E. BELL.

uF_ of a series of
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CERTIFICATE OF CORRECTION.

Patent No. 1,683, 151.

Granted September 4, 1928, to

JOHN E. BELL.

It 1s bereby certified that error appears in the printed specification of the
above numbered patent requiring correction as follows: Page 1, line 82, for the

word "prelated” read "preheated"; page 5. line 25

occurrence, and line 37, for the word "he" read "the"; page 6, line 13, for the

word "frictionation"
change" read "direct
change"';

read "fractionation"; page 7, line 60, for the word "heat ex-
contact”, and line 61, for the word "contact" read "heat ex-
and that the said Letters Patent should be read with these corrections

therein that the same may conform to the record of the case in the Patent Office,
Signed and sealed this 6th day of November, A. D. 1928, o

(Seal)

M. J. Moore,
Acting Conmlssioner of Patents.
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