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WARREN F. FARAGHER, WILLIAM ARTHUR GRUSE, AND FREDERIC HORACE GARNER, 

OF PITTSBURGH, PENNSYLVANIA, ASSIGNORS TO GULF REFINING COMPANY., of 
PITTSBURGH, PENNSYLVANIA, A CORPORATION OF TEXAs. 

PROCESS OF DISTILLATION. 

Application filed May 25, 

Our invention is an improvement in 
methods of distillation of petroleum, etc. 

In the distillation of an unstirred, or in 
efficiently stirred body of petroleum, etc., 
there is always a certain amount of local 
superheating, where the body of liquid is 
large and the heating is externally supplied. 
In addition there is a more or less sharp temperature gradient from the heating 
walls to the center of the body of liquid, so 
that, when the center of the body attains the 
desired temperature, the portions near the 
heating surface are much hotter. From this 
results the simultaneous vaporization of 
fractions having different boiling points 
where the liquids are thick and viscous, or 
tarry, such as heavy petroleum fractions 
and residua, or heavy tars and pitches from 
coal, and the like, and the liability of un 
desired cracking and carbonization is in 
creased. 

Furthermore, in the usual process of dis 
tillation of petroleum, etc., serious difficul 
ties are encountered due to the deposition of 
the carbonaceous solid, commonly referred 
to as “carbon' on the heated walls of the 
still. Such deposition interferes with the 
conduction of heat to the oil, and results in 
increased cost of production, due to the 
necessity of cleaning the still walls, and the 
loss of operating time during such cleaning 
operations. In addition, the life of the still 
wall is shortened, due to the rapid burning 
out of the iron. 
The object of the present invention is to 

provide a process wherein the temperature 
throughout the body of the oil may be kept 
substantially uniform, with avoidance of 
local over-heating, thus making possible the 
sharp cutting of petroleum fractions, and 
greatly reducing the deposit of carbon on 
the heating surfaces of the still. 
In the drawings: Figure 1 is a diagrammatic view showing 

an apparatus for carrying out the improved 
process; the still being a single tube still; 

Figure 2 is a transverse section showing 
another construction, on the line 2-2 of p 
Figure 3; 

Figure 3 is a section on the line 3-3 of 
Figure 2; Figure. 4 is a view similar to Figure 2 of 
another construction; 

1921. Serial No. 472,385. 

Figure 5 is a section on the line 5-5 of 
Figure 4. 
In Figure 1 there is shown a complete apparatus for carrying out the process, in 

the form of a single tube still comprising a vertical tubular casing 1 arranged within 
a suitable furnace 2, and extending above 
and below the furnace, as shown. Oil is ad 
Initted to the still through a pipe 3 from an 
pil Supply vessel 4, in which a constant level 
is maintained, by any suitable means. The 
oil to be supplied to the still is supplied to the vessel 4 by a pump 5 arranged in a pipe 
line 6, leading from a suitable source of oil 
Supply to the vessel 4. Preheaters 7 and 8 
are provided in connection with the pipe line for preheating the oil, and the pump 5 is automatically controlled (by means not 
shown), so that it will maintain a constant 
level in the Supply vessel 4. The still has 
an outlet pipe 9 which leads to the conden 
Ser 11 of usual construction. 
Within the still casing there is supported 

an eduction tube 12, by means of suitable 
Supports 18, and a gas inlet pipe 14, pro 
yided with a nozzle 15 in the form of a per 
forated ring, is arranged within the still, the ring delivering into the annular, space be 
tween the eduction tube and the still wall. 
This pipe is designed to deliver a supply of 
gas under pressure into the still, in such 
manner that the current of gas flows up 
Wardly in the annular space between the 
eduction tube and the stillwall. 
A tar pot 17 is provided at the lower end 

of the still, and the discharge pipe from the 
tar pot delivers to the casing of the pre 
heater 7 and thus acts to preheat the oil 
passing from the pump to the supply ves 
sel 4. 
A receiver 18 is provided for the con 

densate, to which the worm of the still de 
livers, and this receiver has an outlet pipe 
19. A pipe 21 leads from the receiver to a 
gas blower 22, from which a pipe 23 leads 
to the gas or vapor inlet pipe 14 before 
mentioned. A pipe 24 leads from the vapor 
ipe 9 to the oil supply vessel 4, and a 

branch pipe 25 connects this pipe 24 with the 
pipe 21 before-mentioned. A valve 26 is 
arranged in the pipe 25, and a valve 27 is 
arranged in the pipe 21. 
With this arrangement the gases intro 
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duced into the still through the pipe 14 may 
be either the fixed gases from the receiver 
18, or admixed gases and vapors obtained 
through the pipes 24 and 25, or a mixture 
of both in varying proportions. 

In the still shown and described, there is 
a free communication and circulation 
throughout the body of the oil or other 
liquid to be distilled, at the top and bottom 
of the said body, but there is a restricted 
communication and circulation laterally in 
termediate the top and bottom. The per 
forated ring, through which the gas is sup 
plied, imparts to the liquid throughout the 
area of lateral restriction, a vertical move 
ment. Such vertical movement outside the 
eduction tube is upward, and there will be 
a downward movement of the liquid within 
the eduction tube, and a lateral movement 
of the liquid below and above the eduction 
tube, to insure a thorough mixture of the 
liquid throughout the body of such liquid. 
In Figures 2 and 3 there is shown a 

construction wherein the still is of the hori 
zontal drum type. With this arrangement 
the still casing 28, arranged in a suitable 
furnace setting 29, has an oil supply pipe 
30, through which a regulated supply of oil 
can be introduced, either in the form of suc 
cessive charges, or in a more or less continu 
ous manner, and such supply may be auto 
matically regulated in any suitable manner, 
to maintain a constant level in the still. 
The still has a residue outlet 31, and a vapor 
outlet 32 leading from the top thereof to a 
condenser (not shown). 
Within the still is a series of pairs of 

longitudinally extending baffles, three pairs 
being provided in the present instance, and 
they are Supported in any suitable manner, 
as by securing them to the heads of the still. 
These baffles comprise a central pair 33, and 
lateral or outer pairs 34, the members of the 
pairs being spaced apart from each other. 
The lower edges of the baffles are spaced 
above the bottom of the still, and they are 
of such height that they will be submerged 
at their upper edges below the surface of 
the oil, so that there may be a free circula 
tion of the oil at the top and bottom of the 
body of the oil, that is, below and above the 
baffles. 
Between the pairs of baffles there are ar 

ranged perforated gas introduction pipes 35, 
36, the pipe 36 being between the central 
pair of baffles, and the pipes 35 between the 
lateral pairs. These pipes have regulating 
valves indicated at 37. Gas is supplied to 
the pipes 35, 36 in any suitable manner, and 
this gas is discharged into the oil between 
the baffles, causing an upward movement of 
the oil between the baffles, and a consequent 
downward movement outside the baffles. If 
desired, the space between the baffles may 
be sub-divided by transverse partitions, so 
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that the lateral flow of the liquid is hindered 
both laterally and longitudinally of the still. 
With this arrangement, shown in Figs. 

2 and 3, there is a free communication and 
circulation at the top and bottom of the still, 
With restricted communication laterally in 
termediate the top and bottom. A free 
mixing is brought about at the top and bot 
tom of the body of liquid, with a sweeping 
action at the bottom, which avoids a dead 
layer of oil along the still bottom. 
In Figures 4 and 5 there is shown a hori 

Zontal type of still 38 arranged in the usual 
furnace 39. The still has the oil inlet pipe 
40 and the residue outlet 41. The usual va 
por outlet 42 is provided at the top of the 
still from which the vapors are led to the 
condenser, not shown. 
Within the still is a series of transversely 

arranged baffles 43, which may vary in size, 
shape and arrangement, but which in the 
present instance are shown as arranged in 
pairs. 
ba?iles, transverse perforated pipes 44 are 
provided discharging upwardly, and con 
nected with a suitable supply pipe 45, hav 
ing a regulating valve 46therein. 
With this construction, the operation is 

much the same as in the constructions pre 
viously described. Free communication and 
circulation are provided above and below the 
baffles (it being understood that the upper 
edges of the baffles are submerged), and re 
stricted lateral communication intermedi 
ate the top and bottom and a vertical move 
ment of the liquid at such region of re 
stricted communication. 
The vertical movement in each construc 

tion is due to the “air-lift' circulation, so 
that there is no necessity for mechanical 
stirrers. The circulation is in a series of 
eddies or cycles, each eddy or cycle involv 
ing the downward circulation of the oil on 
one side of a baffle, the flow of the oil be 
neath the baffle, the upward flow of the oil 
on the opposite side of the baffle, and the 
mixing of the oil with the main body at the 
top. The oil is thus kept effectively agi 
tated and circulated, while those portions 
of the still wall which are subjected to the 
direct heat of the furnace are kept substan 
tially free from objectionable carbon de 
posit, by the scouring action of the rapidly 
circulating oil, which scours such surfaces 
in its flow. 
With the improved process, there is in 

sured a uniformity of temperature through 
out the body of the oil. The oil which is 
heated at those surfaces of the still wall ad 
jacent to the furnace is forced to move away 
from said surfaces and is mixed with the 
body of the oil, while cooler portions of the 
oil are moved toward such surfaces. Thus 
local superheating is avoided. 
In ordinary steam distillation of lubri 

In the alternate spaces between the 
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cating oils, steam is blown against the iron 
heating surfaces in a manner to form a steam. 
cushion between the oil and the still Wall. With the present process, the oil will be 
given a rapid circulation past Such surfaces, 
so that the amount of steam required for cushioning purposes will be corresponding 
ly reduced or may even be dispensed with 
The same is true when gas is substituted 
for steam. By the maintenance of a uni form temperature, cracking can be sub 
stantially avoided, or where a minima 
cracking is desired, this can be readily ob 
tained, as in the preparation of paraffin 
containing oils, for crystallization of Wax. 
In the distillation of gasoline and low boil. 
ing materials, the undesired distillation of high boiling fractions is avoided, with the 
consequent avoidance in motor fuel of an 
undesirable high dry point, that is, the pres 
ence of high boiling material. 
In the use of steam as above stated in the treating of lubricating oils to provide 

a cushion between the body of the oil and the 
still, there is an agitation, but not a directed agitation. With the improved process, the 
agitation is a controlled or directed agita 
tion. In the treating of such oils the main 
tenance of uniform temperature and the 
avoidance of superheating is of the highest 
importance, for even incipient cracking 
often means the destruction of compounds 
of high lubricating value, as is evidenced 
by the lower viscosity of a cracked mate 
rial. 
With heavy oils and pitches, where it is 

desirable to control the extent to which liq 
uid and low melting constituents are re 
moved, in order to produce a product with 
any desired hardness and range of melting 
point, and to insure a uniform temperature 
while the oil is being carried down to the 
pitch stage, in order to avoid the formation 
of coke, the improved process of the pres 
ent invention is of especial advantage in 
that the agitation through the “air-lift” 
stirring will avoid undesirable coking, pre 
vent or minimize the formation of carbon 
aceous material in the 
tate the controlling of the amount of soft 
and relatively low boiling constituents left. 
in the pitch. 

In the distillation of petroleum hydro 
carbons, it is often important to prevent, as 
much as possible, the decomposition and 
cracking of the petroleum during the dis 
tillation. It is also of importance to carry 
out the distillation with sharp cuttings of 
the fractions so that constituents of higher 
and lower boiling points will be kept sepa 
rate to the desired extent. The improved 
process of the present invention makes pos 
sible such regulated distillation without ob 
jectionable cracking or decomposition, and 
with progressive removal of fractions of 

pitch and will facili 

progressively increasing boiling point, ow 
ing to the uniform circulation and heating 
of the entire body of oil, and the conse 
quently increased uniformity of the distill 
late produced at any particular point. 
So also, owing to uniformity of heating 

and circulation, the fractional distillation 
can be continued even up to the point where 
lubricating oils are distilled over, With a 
minimum of cracking and decomposition. 

Furthermore, the improved process of the 
present invention can advantageously be 
carried out by passing the oil successively 
through a series of stills, each maintained at 
a progressively increased temperature, or 
under a progressively increasing degree of 
vacuum, so that the fractions of different 
boiling points will be successively removed 
in the successive stills, and so that the frac 
tions obtained from each still of the series 
will be of the desired uniformity of compo 
sition and of regulated boiling point. 
The normal distillation due to the heatin 

of the oil is supplemented by the action o 
the vapors which are introduced into the 
body of oil, and the vapors produced by the 
distillation will also be diluted by the gases 
introduced. The gases introduced will thus 
tend to sweep the vapors from the still and 
increase the rate of their removal. 
The gas employed for bringing about the 

circulation of the oil, in the manner de 
scribed, may be a fixed or permanent gas, 
such as natural gas, for example, which is 
inert to the oil undergoing distillation, and 
from which the distillate can be readily sep 
arated in the condensate. Such a gas can 
be used over and over again, so that the amount required is not large. It will be evi. 
dent that various gases can be used in the 
process, including even steam, which can be 
condensed with the distillate, and the result 
ing water separated from the condensed dis 
tillate. 

It will be evident that variations and mod 
ifications can be made from the exact struc 
ture illustrated and described. For exam 
ple, in the still illustrated in Fig. 1, instead 
of introducing the gas between the annular 
pipe and the still wall, the gas may be in 
troduced within the central pipe to cause 
flow of the oil upwardly therethrough and 
downwardly between the annular pipe and 
the still wall, thus bringing about a similar 
and uniform circulation of the oil and re 
sulting in substantially uniform tempera 
ture of the body of oil as a whole. So also while the gas is shown as being introduced 
into the oil in an upward direction, it is to 
be understood that the introduction means 
may be so constructed and arranged as to 
direct the gas streams downward against the 
bottom of the still; for example, in the ap 
paratus shown in Figs. 2, 3, 4 and 5, so as to 
cause an added sweeping effect upon the 
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bottom walls of the still to aid in the re 
moval of carbonaceous deposits and dead 
layers of oil. The gas would then rise 
through the appropriate channel or chan 
nels and cause circulation in much the same 
way as though directed upward in the man 
ner illustrated. 

Tars, such as coal tar, gas tar, etc. can be 
subjected to distillation in much the same 
manner as petroleum oils, and with similar 
advantages of uniformity of temperature of 
the body of tar undergoing distillation, uni 
formity of distillate taken off at any one 
time, etc. 
We claim: 
1. The method of fractionally distilling 

petroleum oils and the like, which comprises 
externally heating a body of the oil in a still 
below the cracking temperature, dividing 
the body of oil in the still into a plurality 
of vertical sections freely communicating 
at their adjacent upper and lower ends, ill 
troducing an upwardly directed gaseous 
current acting on the “air-lift' principle 
into some but not all of the vertical sections 
and thereby circulating the oil upwardly 
from the point of gas introduction in the 
vertical sections into which gas in intro 
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duced, and downwardly in the remaining 
sections, whereby the temperature of the 
body of oil in the still is maintained sub 
stantially uniform and local superheating 
and cracking is avoided, and collecting the 
distilled vapors. 

2. The method of fractionally distilling 
petroleum oil and the like, which comprises 
externally heating a body of the oil in a still 
below the clacking temperature causing the 
oil to circulate over vertically directed 
paths between the top and bottom parts of 
the body of oil and laterally at the top and 
bottom parts of the body, by introducing 
upwardly directed gaseous currents acting 
on the air-lift principle, the oil circulating 
upwardly from the point of gas introduc 
tion, whereby the formation of dead layers 
of oil is prevented and effective mixing 
throughout the body of oil is promoted to 
maintain substantial uniformity of temper 
ature throughout the oil body, and collect 
ing the clistilled vapors. 

ln testimony whereof we affix our signa 
tures. 

WARREN F. FARA GHER. 
IREDERIC HORACE GARNER. 
WILLIAMARTHUR GRUSE. 
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