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* 'This invention relates to the propane-fraction-
ation-of lubricating oil stecks.  In one of its more
Speeific aspects: it relates to a method for the
treatment of low asphali-containing lubricating
oil stocks for the separation and recovery of the
lubricating oil fractions. ' Inm a still miore: specific
aspect it relates to a process for the separation
and reeovery of lubricating oil fractions from
‘erude lubricating oil stocks containing some as-
phaltic material by fractionation with liguid pro-
bane wherein asphaltic constituents are not pre-
eipitated and eaked in the oil fractionating appa-
ratus. . ‘ :

Degsphalting petroleum oils and more particu-
larly reduced erude oils from which distillate lu-
bricating oil fractions have been removed s old
in: the art. Stch operations are usually carried
ot at temperatures between about 70 and 140°
F. to-take advantage of the preeipitating action of
‘bropane oh-the heavy asphaltic constituents of
the -oil. - It has also been recognized for many
years that a fractionating effect can be obtained
with. propane-oil mixtures at temperatures rang-
ing from about 146° up to'the critical tempera-
tire of propane. Utilizing the unique properties
of - liguid propane whereby increasing tempera-
tures result in ‘progressive rejection of hydrecaz-~
‘Bons in such a manner that the higher molecular
weight components and the more aromatic and

naphthenic components are separated first and .

thie lighter components and more parafiinic hy-
dreearbons last, g combination of low terapera~
ture “distillation - ang solvent extraction -is
achieved. However, due to'the difficulties  in-

volved in working at high Pressures and in close .

proximity to the critical temperatute of bropane,
commercial expleitation was unknown until quite
recently. :

It has been found, however, that some Iow as-
phalt-content. reduced crude lubricating oils. may
be fractionateq continuously by liquid. propane
under High pressure and at a relatively high tem-
berature, while other such crude oil stocks can
be fractionated only for very short. periods of
time.. In this latter case it has been found that
the fractionating equipment became plugged with
-a. deposit of asphaltic ‘material. This asphaltic
material has apparently been precipitated from
the oil upon contact with the high temperature
Mouid propane. It should be menttioned that the
oils in question were low asphalt-centaining oils
and did not differ significantly from each other in
total asphalt content, as conventionally deter-
mined.  Why somie caused plugging trouble and
othérs did not is not clearly understood,
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An object-of my invention is to devise a process
in which a low asphalt-containing reduced crude
lubricating oil stoeck is fractionated for the sep-
aration and recovery of lubricating oil constitu-
ents. Another object of my invention is to devise
a method for the separation ang recovery of lu-
bricating oil fractions 'from such low-asphalt
content. crude lubricating oil stocks by fractiona-

Stion' with liguid propane without the formation

of hard asphaltic deposits in the oil fractionation
apparatus. Still another object of my invention
is:to- devise a continuous process for the removal
and production of lubricating oil fractions by
fractionation with propane from low-asphalt
containing reduced crude oil stocks suitable for
the manufacture of lubricating oils, wherein the

-asphaltic constituents are maintained in such a
form-that they do not adhere as a hard mass to

the fractionation equipment. Still other objects
and advantages of my invention will be obvious
to. those skilled in the art upon reading the fol-
lowing disclosure, which, taken with the attached
drawing, forms g part of this specification.

In preparing to apply the above mentioned
unique properties of liguid propane to actual
commercial fractionation of certain grades of
lubricating oils from residual stocks, a-hitherto
unrecognized problem ‘was encountered, Upon
fractionating some Mid-Continent reduced crude
oil stocks with liquid propane in g countercurrent

-contacting tower at a propane-to-oil volume ratio

of about 7 to 1 at & pressure of about 640 pounds
ber-square. inch gage, with temperatures ranging
from about 195° F. at the top to about 175° F. at
the bottom of the tower, an SAE 40 0il was sep-
arated in the: overhead product. On the other
hand, when a very similar Mid-Continent reduced
crude lubricating oil stock was charged to the
brocess under the same operating conditions a
similar fraction of lubricating oil was initially
obtained; but the column rapidly filled with a
hard asphaltic material -in the stripping section
thereby making eontinuous operation impossible.
In this second case, a third phase, that is, g semi-
fluid -asphaltic phase was apparently produced
along with a propane-rich light oil fraction and
an- oil-rich. solution of propane in heavy ‘oil.
Upon contacting the charge oil with liquid pro-
pane this third phase when first formed was sufii-
ciently fluid to flow nearly to the bottom of the
column before the ascending propane had washed
it ‘sufficiently to cause. it to set to a. hard cake.
Upon continued operation, this cake builds up in
the column until complete closure of the eolumn
occurs. “Why one low asphalt-containing oil
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should deposit its asphalt while another low as-
phalt-containing oil does not when the two oils
contain similar amounts of asphalt is not defi-
nitely known. B

In a study of three well known Mid-Continent
crude oils which have long been recognized as
excellent sources of lubricating oil stocks, hard
deposits were formed when treating two of these
stocks with liquid propane while the third was
fractionated with propane continuously and with-=
out difficulty. It has also been found that some
" YWest-Texas low asphalt content reduced crude
oils can be continuously fractionated with pro-
pane while others cannot. It is therefore realized
that propane fractionation cannot be universally
applied to all so-called low-asphalt content re-

duced crude lubricating oil stocks, as conven-

tionally practiced.

T have discovered a method for operation of
fractionating columns wherein low-asphalt con-
tent reduced crude lubricating oil stocks may be
continuously fractionated with propane for the
separation and recovery of lubricating oil frac-
tions.

The figure shows diagrammatically a fraction-
ating column, partly in elevation and partly in
section, suitable for the practice of my invention.

Referring now to the drawing, the apparatus
consists of a more or less conventional propane
fractionating column (2 having several inlet and
outlet connections. A pipe {{ at about a mid-
point in the column is for introduction of the feed
stock into the column. A pipe (6§ near the bottom
of the column serves for the introduction of liquid
propane. Bottoms material may be withdrawn
through a line 17 while overhead material mav be
withdrawn through a line i8. A heating coil 20 is
provided in the top of the column for heating
the contents for the maintenance of a tempera~
ture gradient through the column. The pipe {9
serves to conduct a heating fluid, such as, for
example, steam from a source not shown to the
coil 28, while pipe 2{ serves to conduct steam
and/or condensate away from the coil. Liquid
phase conditions should be maintained.

In the operation of propane fractionation col-
umns, it is common practice to maintain the
interface between the lower oil-rich phase and
the upper propane-rich phase at a point well
below the charge oil inlet point. In fact the crude
oil charge line is usually positioned in the upper
portion of the tower so that reduced crude oil
entering the tower may have sufficient time for
intimate and efficient contacting with the pro-
pane before it reaches the bottom of the tower.

Tt is while operating under these conditions,
i. e., addition of charge stock to the propane-rich
phase, that I have found asphalt deposits within
the tower. In most commercial towers are posi-
tioned packing or contact promoting apparatus
of some type. This contacting apparatus may be
in the form of slats, bafies or vanes, or filling
material of some type which is adapted to pro-
mote contacting between the propane and the oil
being treated. It is obvious that the more of this
contacting equipment positioned in the treating
tower. the greater is the surface upon which the
asphalt from these certain crude oils may deposit.
A tower may be operated without any slats or
contact promoting equibment, but in such cases
contacting between the crude oil and the propane
is less efficient. To promote efficiency of opera~-
tion, contacting apparatus is nearly always used
in treating towers. I have now discovered that
asphalt-containing reduced crude oils can bhe
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propane fractionated fo yield overhead products
of lubricating oils and bottoms products contain-
ing the asphalt, lower molecular weight naph-
thenie, and aromatic material, in a sufficiently
fiuid condition that the asphaltic constituents do
not adhere to the internal packing material in
the contacting tower and that they can be easily
withdrawn from the tower. This operation re-
quires that the interface between the propane-
rich phase and the oil-rich phase be carried at
a point above the charge stock inlet point and ab
ahout the center of the column. When the charge
oil is introduced into a phase in which it is solu~
ble the oil becomes easily dispersed through the
cross-section of the vessel near the point of entry
of the charge stock. Liquid propane entering the
vessel through a line 16 on passing upwardly
through this oil-rich phase then has ample oppor-
tunity to strip propane soluble materials from the
propane insolubie materials. The degree of this
stripping will, of course, be dependent upon struc-
tural and operating conditions, for example, &
longer oil stripping section will, of course, pro-
mote more efiicient stripping. By the time the
rising propane reaches the interface 15, it-is
saturated or substantially saturated with propane
soluble material and the propane-rich solution
above the interface i5 is propane saturated with
oil at the existing temperature and pressure.

The maintenance of a lower temperature in
this section (3 of the tower below interface 15
will promote stripping of a greater fraction of
the charge oil while maintenance of a higher
temperature in this section will promote dissolv-
ing of less material by the liquid propane. In like
manner, the pressure maintained within the col-
umn quite markedly affects this stripping opera-
tion. When the liquid propane, with its acquired
oil charge, reaches the upper surface I5 of this
oil phase in lower section 13 it accurnulates there
as a separate and distinet phase floating in the
upper section (4 upon the surface (5 of the oil-
rich phase. Since propane is continucusly added
to the tower through line {6, the propane is con-
tinuously rising as a discontinuous phase through
the oil-rich phase and then the propane-rich
phase rises through the upper section of the tower
as a continuous propane-rich phase. If heat is
added to this propane-rich phase from coil 20,
the heavier oily material, along with aromatic
material, will be precipitated at the higher tem-
perature in the vicinity of this coil. The preeipi-
tated oil, as droplets, is, of course, heavier specifi~
cally than the propane-rich phase and it settles
or sinks through the slowly rising propane-rich
phase. During the descent through this propane-
rich phase these oil droplets are washed with
propane for removal of whatever materials are
soluble in propane under the existing conditions.

At the bottom of the propane-rich phase, this
settled material then enters the oil-rich phase
and due to greater solubility in this Jatter phase
the aromatic and heavier oily material becomes
dissolved therein and the asphaltic material re-
mains at least in a fluid condition. However, this
asphaltic material may remain entirely dispersed
in this rich oil phase or it may remain substan-
tially as particles of precipitate. In any event,
the direction of flow of oil in the lower section {3
of the vessel is in a downward direction and, of
course, counter-current to the upwardly flowing
discontinuous propane phase. By the time this
oil-rich material reaches the bottom of the tower
the upward rising propane has extracted the
lighter lubricating oil constituents or such a frac-
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tion of g lubricating oil :constituent as -desired so
that asphaltic material, naphthenic and aromatic
materials, and such heavier lubricating oil con-
stituents as desired may be removed throush »
line 171 for such subsequent treatment as desired.

The material from the top of the tower which
survives the precipitating action of the coil 20
through its heating of the contents of the tower
may be withdrawn through the overhead line 18
for such subsequent treatment or disposal as
desired. Subsequent treatment in this case will
at least involve removal of bropane from the de-
sired lubricating oil fraction and recycling of the
bropane into this treating tower. In like manney,
one treating step of ‘the bottoms material from
line 17 will involve Propahe recovery.

I have found that by adding the reduced crude
charge into this treating vessel at a point below
the interface between the two phases, that is, into

the oil rich phase the asphaltic material remains -

in such a condition that it does not adhere to the
contacting slats 22 nor to the walls of the vegsel
in any substantial manner and that this material
may be easily removed through the line (7. This
operation may be practiced continuously for long
periods of time and in fact, indefinitely without
undue precipitation of asphalt and plugging up
of this apparatus. The exact juxtaposition of the
point of feed entry and the interface will depend
on several factors such as flow rates and column
designi. In general it has been found that the
reduced crude feed stock should enter the oil-rich
phase as far below the interface as is compatible
with efficient operation of the stripping section.
In most commercial installations the feed entry is
located from 2 to.6 feet below the interface.

It is not known definitely why when feed stock
is introduced into the tower in the oil-rich phase
the asphalt does not precipitate, hence I do not
Wwish to be. iimited by any theories or explana-
tions as to why my brocess may- be practiced for
indefinitely long periods of time without plugging
of the fractionation column by deposited asphalt.

I have found that it is advantageous to main-

tain the temperature of the oil-rich phase con-.

stant or substantially constant throughout its
portion of the treating tower while g tempera-
ture gradient is maintained from about the feed
point or specifically’ from the interface between
the two phases to the top of the tower. The acs
tual temperature at the interface {5 between the
two phases will be substantially the same as the
temperature within the bady of the oil-rich phase
while the temperature in the vicinity of the heat-
ing coil will be the highest of any point in the
tower. The precipitating asphaltic materials and
oils upon descending from the coil 28 will tend to
heat- the propane-rich phase. Since these de-
scending particles will become brogressively cool-
er during their descent, then the propane-rich
Phase - will accordingly  become progressively
warmer. as- it flows toward the heating ecoil 26.
In this: manner, s relatively  constant or uni-
form temperature gradient is maintained in this
upper section of the tower. - In many operations
the temperature difference between the coil 29
and.interface {5 may be in the vicinity of 15° to
20° F. or more.  In one eperation for the pro-
duction of an SAE 30 to 50 grade of oil the oil-
rich phase wags maintained at a terperature of
about 175° ¥, and the top of the tower was main-
tained at about 195° ¥ When the propana-to=oil
volume ratioc wag about 7 to: 1, an -SAE 40 grade
of oil was recovered through line {8 from the
overhead . product. .
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In the operation according to my invention
the propane to oil volume ratio is preferably
maintained between the limits of 6:1 to 10:1.

Ezomple

As a specific embodiment of the present in-
vention, a selected crude oil stock is topped at
atmospheric pressure, then subjected to a vacuum
distillation o remove the SAE 10 and 20 vis-
cosity grades of oil. This reduced crude oil is
pumped to the propane fractionator i2 through
line 1. The propane column is so operated. that
the continuous phase at the point of feed entry
is the oil-rich phase and the oil feed entry is
near the mid-point of the column, Liquid
bropane - is introduced through a line 16 at a
point near the bottom of the column. The points
of oil entry and propane entry are so positioned
that the oil-rich bhase may be stripped of its
light oil content by the propane rising up through
the stripping section of the column. The tem-
berature of this oil-rich phase and of the oil feed
is maintained at about 175° to 180° ¥. The top
of the tower is maintained at a temperature of
about 195° to 200° F., thereby giving a tempera-
ture gradient of about 29° . between interface
{5 and the top of the tower. Liguid-phase condi«
tions are maintained at all times with a pres-
sure of about 640 pounds ber square inch gauge.
Higher pressureg may be employed, but corre-
sponding adjustments in temperature must then

be made in order to hold the yield and viscosity

of the overhead products in the desired range.
The yield and viscosity of the overhead product
are increased with increasing pressures at a
constant temperature gradient while at constant
bressure an increase in the top tower temperaturs
Or an increase in temperature gradient reduces
both yield and viscosity. ‘The overhead product
containing the major portion of the propane is
removed by way of line {8 to 5 depropanizing col-
umn, not shown. The bottom broduct containing
& minor portion of propane is discharged through
line 1Talso to a depropanizing column, not shown.
The rate of discharge of the oil-rich phase is,
of course, so controlled that the.interface be-
tween the two phases is maintained at a constant
level, at least above the oil feed inlet, and prefer~
ably from 2 to 6 feet above the feed inlet in
most commereial columns,

Materials of construction for use in this ap-
paratus need not be special and may be selécted
from among those commereially available., A
major consideration is, of course, the equipment
must be designed and econstructed to withstand
high pressures, such a5 the 640 pounds per square
inch mentioned above, Corrosion problems may
not be pertinent. when such inert material as
propane is used in treating erude oil bottoms,

Bueh auxiliary equipment ag bressure gauges,
valves, pumps, levels and flow controllers, tem-
perature and pressure measuring and controlling
devices, ete., have not been shown for purposes of
simpHeity sinee the use of this equipment is well
understosd by those skilled in theart., It will be
obvioug that many variations and alterations in
operating conditions may be made, such as tem-
peratire or. pressurs, oy temperature gradient
of the propane-righ bhase or the exact voing: of
interface between. the propane-ri¢h’ phase and
the oil-rich phase may- all be varied within g
degree and yet remain within the intendeq spiri
and scope of my invention, :

Having disclosed my invention, I elgimi: -

-~ L. In the propane fractionation of lubricating
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oil constituents from low asphalt-content reduced
crude lubricating oil stocks and the simultancous
propane fractionation of said Iubricating oil con-
stituents wherein ‘solid to semisolid asphaltic
material precipitates upon initial contact with
ithe propane unger liquid propane fractionation
conditions and adheres to and plugs the frac-
tionating apparatus in the region adjacent and
below the raw feed entry point, a process for con-
tinuously carrying out this fractionation opera-
tion without precipitating said solid to semi-solid
asphaltic material and plugging said apparatus
with the precipitated asphalt comprising main-
taining a body of an oil-rich phase in the lower
portion of an elongated and vertically disposed
contacting zone, introducing liguid propane into
said body of oil-rich phase at a point near the
bottom of said zone, maintaining a body of oil
dissolved in ligquid propane in said zone above

and in contact with the first mentioned body of 2

oil-rich phase with a liquid-liquid interface there-
petween at a level near the midpoint, vertically,
of said zone, introducing gaid reduced crude lubri-
cating oil stock into said first mentioned body of
oil-rich phase at a point helow said interface
but above the point of introduction of said liquid
propane, maintaining substantially the same con-
stant temperature at the oil feed point and
throughout said body of oil-rich phase, main-
taining said body of oil dissolved in liquid propane
under conditions causing propane fraetionation
of the lubricating oil constituents by maintaining
a temperature gradient from the bottom to the
top of sald body of oil dissolved in liguid propane

by the addition of heat to said top of said body

of oil dissolved in liquid propane with the bottom
being substantially at the temperature of said
oil-rich phase and the top being at a higher tem-
perature and at a pressure sufficiently high to

maintain the propane in the liquid phase under 4

the aforesaid temperature conditions, removing
an oil-in-propane solution from the upper por-
tion of said body of oil dissolved in liquid propane
and removing oil-rich phase comprising the as-
phalt, a residual lubricating oil fraction and some
dissolved propane from the iower portion of
said first mentioned body of oil-rich phase.

9. In the propane fractionation of lubricating
oil constituents from low asphalt-content reduced

crude lubricating oil stocks and the simultaneous

propane fractionation of said Jubricating oil con-
stituents wherein solid to semisolid asphaltic ma-
terial precipitates upon initial contact with the
propane under liguid propane fractionation con-
ditions and adheres to and plugs the fractionat-
ing apparatus in the region adjacent and below
the raw feed entry point, & process for continu-
ously carrying out this fractionation operation
without precipitating said solid to semi-solid as-
phaltic material and plugging said apparatus with
the precipitated asphalt comprising maintaining
a body of an oil-rich phase in the lower portion
of an elongated and vertically disposed contact-
ing zone, introducing liquid propane into said
body of oil-rich phase at a point near the hottom
of said zone, maintaining a body of oil dissolved
in liguid propane in said zone above and in con-
tact with the first mentioned body of oil-rieh
phase with a liguid-liquid interface therebetween
at a level near the mid-point, vertically, of said
zone, introducing said reduced crude lubricating
oil stock into said first mentioned body of oil-
rich phase at a point below said interface bub
above the point of introduction of said liguid
propane, maintaining substantially the same con~
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stant temperature at the oil feed point and
throughout said body of oil-rich phase between
175° F. and 180° F., maintaining said body of oil
dissolved in ligquid propane under conditions
causing propane fractionation of the lubricating
oil constituents by maintaining a temperature
gradient from the bottom to the top of said body
of oil dissolved in liquid propane by the addition
of heat to said top of said body of oil dissolved
in liquid propane with the bottom being substan-
tially at the temperature of said oil-richh phase
of between 175° F. and 180° F. and the top being
at & higher temperature of between 195° F. and
200° F. and at a pressure sufficiently high to
maintain the propane in the liquid phase under
the aforesaid temperature conditions, removing
an oil-in-propane solution from the upper por-
tion of said body of oil dissolved in liquid propane
and removing oil-rich phase comprising the as-
phalt, 2 residual lubricating oil fraction and some
dissolved propane from the Jower portion of said
first mentioned body of oil-rich phase.

3. In the propane fractionation of lubricating
oil constituents from low asphalt-content re-
duced crude lubricating oil stocks and the simul-
taneous propane fractionation of said lubricating
oil constituents wherein solid to semisolid as-
phaltic material precipitates upon initial contact
with the propane under liquid propane fraction-
ation conditions and adheres to and plugs the
fractionating apparatus in the region adjacent
and below the raw feed entry point, a process
for continuously carrying out this fractionation
operation without precipitating said solid to semi-
solid asphaltic material and plugging said appa-
ratus with the precipitated asphalt comprising
maintaining a body of an oil-rich phase in the
lower portion of an elongated and vertically dis-
posed contacting zone, introducing liquid propane
into said body of oil-rich phase at a. point near
the bottom of said zone, maintaining a body of oil
dissolved in liquid propane in said zone above
and in contact with the first mentioned body of
oil-rich phase with a liquid-liquid interface there-
between at a level near the midpoint, vertically,
of said zone, intfroducing said reduced crude lubri-
cating oil stock into said first mentioned bedy
of oil-rich phase at a point below said interface
put above the point of introduction of said liquid
propane, maintaining substantially the same con-
stant temperature at the oil feed point and
throughout said body of oil-rich phase, maintain-
ing said body of oil dissolved in liquid propane
under conditions causing propane fractionation
of the lubricating oil constituents by maintaining
a temperature gradient of at least 15° F. from
the bottom to the top of said body of oil dissolved
in liquid propane by the addition of heat to said
top of said body of oil dissolved in liguid propane
with the bottom being substantially at the tem-
perature of said oil-rich phase and the top being
at a higher temperature and at a pressure suffi-
ciently high to maintain the propane in the liquid
phase under the aforesaid temperature condi-
tions, removing an oil-in-propane solution irom
the upper portion of said pody of oil dissolved in
liquid propane and removing oil-rich phase com-
prising the asphalt, a residual lubricating oil irac-
tion and some dissolved propane from the lower
portion of said first mentioned body of oil-rich
phase, . ;

4. In the propane fractionation of lubricating
oil constituents from low asphalt-content reduced
crude lubricating oil stocks and the simultaneous
propane fractionation of said lubricating oil con-
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stituents wherein solid to semisolid asphaltic ma-
terial precipitates upon initial contact with the
bropane under liquid propane fractionation con-
ditions and adheres to and plugs the fractionating
apparatus in the region adjacent and below the
raw feed entry point, 5 process for continuously
carrying out this fractionation oreration without
brecipitating said solid to semi-solid asphaltic ma-
terial and plugging said apparatus with the pre-
cipitated asphals comprising maintaining a body
of an oil-rich phase in the lower portion of an
elongated and vertically disposed contacting zone,
introducing liquid bropane into said body of oil-
rich phase at a. point near the bottom of saigd
zone, maintaining a hody of oil dissolved in liquid
bropane.in said zone above and in contact with
the first mentioned body of oil-rich phase with
a liquid-liquid interface therebetween at a level
near the midpoint, vertically, of said zone, intro-
ducing said reduced crude lubricating oil stock
into said first mentioned body of o¢il-rich phase
at a point below said interface but above the
point of introduction of said liquid propane,
maintaining the ratio of volume of said liquid
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bropane being introduced to said reduced crude g5

lubricating oil being introduced between the lim-
its of 6:1 to 10:1, maintaining substantially the
same constant temperature at the oil feed point

and throughout said body of oil-rich phase, main- :

13
taining said body of oil dissolved in liquid propaheé
under conditions causing propane fractionation
of the lubricating oil constituents by maintsin-
ing a temperature gradient of at least 15° I, from
the botiom to the top of said body of oil dis-
solved in liquid bropane by the addition of heat
to said top of said body of oil dissolved in liquid
bropane with the bottom being substantially ai
the temperature of said oil-rich phase and the
top being at a higher temperature and at a pres-
sure sufiiciently high to maintain the propane in
the liquid phase under the aforesaid tempera-
ture conditions, removing an oil-in-propane solu-
tion from the upper portion of said body of oil
dissolved in liquid bropane and removing oil-rich
phase comprising the asphalt, a residual lubri-
cating oil fraction and some dissolved propane
from the lower portion of said first mentioned
body of oil-rich phase. :
BRUCE C. BENEDICT.
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