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This invention relates to a method for distilling -

oils and more particularly it relates to a method

for the vacuum distillation of lubricating oils.
The conventional rectification or fractionation

. tower, in which vapor is fractionated by repeated

countercurrent contacts with liquid reflux, usually .

imposes an appreciable back pressure on the
source of the vapor. 'In order to maintain con-
stant or uniform flow through a given fractiona-
tor a.certain minimum inlet pressure must be
maintained. This pressure, of course, depends
upon many factors, such as the number of trays,
the tower throughput, outlet pressure, and others.
Apprecisble reflux liquid is carried on each tray
and a certain pressure frequently as high as one
half pound or even more per square inch per
tray .is consumed in forcing the upward flow of
the vapors being fractionated. Thus a 30 tray
tower may consume approximately 1 atmosphere
of pressure, and in view of this consideration, one
atmosphere of vacuuin on a fractionator outlet
will be fully dissipated at the fractionator inlet.
Thus, the futility of bubble tray fractionation in
high vacuum systems is obvious.

Lubricating oil types of hydrocarbons have very
high boiling points, so high, in fact, that such oils
frequently cannot be distilled without decomposi-
tion. By the use of steam, the distillation tem-
perature of some lubricating oils can be lowered
sufficiently to avoid thermal decomposition.
Large amounts of steam are required in such dis-
tillation hence steam costs are high. In addi-
tion, the steam distilled oils must be separated
from the condensed steam and dried before mar-
keting. Thus, vacuum distillation in some form
offers many advantages over steam methods.
Some refiners use combined steam~-vacuum proc-
esses, and such methods offer definite advantage
over the use of steam alone.

I have found a method of heavy oil distillation
wherein vacuum alone is used, and my process
has many advantages over processes in which
‘steam is used.

One object of my invention is to provide a
lubricating oil distillation method.

Another object of my invention is to. provide
_a method of lubricating oil distillation by vacuum
“and in the absence of steam.

Still another object of my invention is to pro-

vide a process for the fractionation of lubricating

oil stocks by vaporization under high vacuum in
the absence of steam followed by fractional con-
densation of the vapors,

Yet another object of my invention is to pro-
vide a process for the separation of neutral oils
from bright stocks by vacuum distillation wherein

" the color and color stability are markedly im-
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proved, which advantage is reflected in'consider-
able saving in decolorizing clay costs.

Still other objects and advantages. will be ap-
parent to those skilled in the art from a careful
study of the following disclosure, which in con-
junction with the attached drawing, forms a part
of this specification.

Figure 1 shows, diagrammatically, one form of
apparatus in Which. the process of my invention
may be practiced, and

Figure 2 shows, diagrammatically, another
form of apparatus in which the process of my
invention may be carried out.

Ordinary, commercially available vacuum pro-
ducing steam Jjets do not give sufficient vacuum

. for best lubricating oil distillation. I have found
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that neutral oils condensed in the chambers of
my apparatus make excellent circulating media,
and when used with properly designed vacuum
producing jets, very lew vacua can be produced.
In g preferred embodiment of my invention, I use
the conventional 3-stage steam jet to obtain a
vacuum of approximately 757 millimeters of mer-
cury, that is, a residual absolute pressure of 3 -
millimeters of mercury, and supplement this with
a series of properly designed oil operated jets
wherein pressures of 1 millimeter of mercury or .
lower can be obtained. I have found that by
using pressures as low as % to Yo millimeter
that neutral oil constituents can be distilled from
bright stocks at a temperature sufficiently low
as to avoid much of the thermal decomposition

-or color formation usually obtained when the
_distillation is obtained at higher pressures.

My process may be better understood by refer-
ence to Figure 1 in which numeral 10 represents
a, preferably horizontally arranged, vacuum still
apparatus, 'This cylindrical vessel may, how-
ever, be set upright, with the chamber or com-
partment having the greatest vacuum being dis-
posed at the top of the vessel or at its bottom,
as desired. -This horizontally disposed vessel 10
may be divided into five compartments, as repre-
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sented by numerals 14, 23, 35, 46 and 14, by par-
titions 56, 57, 58 and 59. Partitions §6, 571 and 58

carry Venturi jets (3, 34 and. 45, respectively.

These jets are the above referred to Jjets, which
are operated by condensed oils” Each compart-

ment is equipped with & liquid level controller,

as represented by numerals 18, 25, 37, 48 and 60,
which are -intended to control the amount of
liquid in the respective chambers, the liquid in
the said chambers being 1dentiﬁed by numerals
17, 24, 36, 471 and 6l.

In the operation of the process when using the
apparatus represented in Figure 1, long residuum
D bright stock from a bright stock still, not shown,
passes through line 11, g heat transfer means 12
in which the oil stock is heated or cooled, as re-
quired, through a spray nozzle 15 into the com-
partment 14, which is the first of the series., A
final vapor outlet 13 is connected to a 3:-stage
steam operated vacuum producing jet, not shown.
This jet produces a vacuum of the order of 3 mm,
absolute pressure wilich is communicated to the
final chambers 74 and 46. ‘The oil jet 45 .oper-
ating to reduce-the pressure in compartment 35
to approximately 1 mm. residual pressture dis-
charges into the compartment 46. Similarly, oil
jet 34, takes suction on compartiment 23 and re-
duces the pressure therein to about 14 mm., While

the oil jet 13 reduces the pressure in compartment
- .14 to the very low pressure of about % miillimeter

of mercury. ‘The above mentioned bright stock
feed at a temperature of approximately 500° to
700° F. is fed into said compartment 1§ through
spray nozzle 5. The oil at the temperature of
500° to 700° upon being sprayed into the high
" vacuum chamber 4 undergoes  considerable
* vaporization, the lower boiling hydrocarbon con-
stituents  being vaporized. These lower boiling
hydrocarbon constitutents are the type of. oily
‘compounds normally contained in the. socalled
“neutral oils.” While the “neutral oil” hydro-
carbons vaporize under ‘these -conditions, the
higher molecular weight, higher boiling hydio-
carbons remain as a liquid and settle to the
bottom of this chamber and remain as liquid 1,
This liquid, termed “D” bright stock, is dis-
charged through a line 22, cooled in a cooler 19,
the flow being. confrolled by a pump 20 and a
valve 21, the operation of the-latter being con-
trolled by the liquid level controller 18. . The stock
passes from line 22 to a storage vessel, not shown.
This stock is of good color, good .color stability
and of generally excellent quality, since the oil
has been maintained at-a relatively. low distilla-
_tion temperature for a very short period of time.
" Since the charge oil is sprayed by nozzle 15 at
& high velocity a splash plate or baffie 16 is neces-
sary to prevent liquid from being carried by oil jet
13 into the next compartment in the series.

As stated hereinbefore, the pressure main-
tained in compartment {4 is about 14 millimeter

10

“valve 3t
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compartment 23, the circulating liquid oil settling
as liquid along with additional condensate -oil.
A baffle plate 26 prevents the high velocity - dis-

.charge from jet {3 from interfering with the op-

eration ‘of jet assembly 34. Excess liquid con-
densate not needed for the effective operation of
Venturi-jet 13 -operates the liquid level con-
troller -device 25 which in turn opens an outlet
and permits removal of condensate
through a line 32 to individual condensate stor-
age, not-.shown, or through .a manifold line 68

- containing valves 33, 75 and 16 anda line 67 fo
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a composite neutral oil storage; not shown.
The oil vapors not condensed by compression
from 1 mm: to ¥ mm. in chamber 23 are further
compressed to about 1 mm. pressure on passage
through Venturi jet 34 into compartment 38.
Coinpartment 35 operates in g manner similar to
that of compartment 23, that is, by an increase
of pressure and a decrease of temperature to,
say, about 300° to 400° F. Condensate oil passes
through a line 39 and is pumped by 2 pump 40
through an exchanger 41, a line 42 to the nozzle
or jet of venturi 34. A baffle 38 prevents liquid
oil being carried into the next successive cham-
ber 46.. Excess condensate oil not needed for

" the operation of the venturi 34 and accumuiating
.in-chamber 3§ is removed therefrom through the

operation of the liquid level controller 3T which
actuates a valve 43, as the level of the oil 36 rises,
the float 37 rises also and operates to open valve
43, and conversely when oil 36 has been pumped
out to a predetermined low level the float 37 op-
erates to close valve 43. - The oil so removed may
pass through a line 44 to an individual storage,
not shown, or may .pass through the composite
neutral -0il header line 68 containing valves 1%

&

and 16 and line 67 to composite neutral ¢il storage,

not shown.

In a similar manner compartment 46 operates
The pressure is raised therein to about 3 mm.
mercury pressure by Venturi jet 45, while the
temperature is lowered to from sapproximately
150° to 250° F., and the condensate thus pro-
duced is used for the operation of the jet by
passage through a line 50, a pump 51, an ex-
changer 52 and a line 53 to the. jet. Excess oil
accumulating in this chamber is removed by the
operation of liguid. level controller mechanism
48 and an outlet valve 54. Excess condensate
oil may pass to individual storage, not shown,

_through a line 55 or through a line 68, valve 76

55

60

of mercury, and the pressure in compartment 23

is about Y3 mm. - This latter pressure is higher
than the 1§ millimeter, and amounts to compres-
sion, thas the highest boiling constituents of the
vapors entering compartment 23 are condensed
by compression and temperature reduction since
temperature therein is maintained at about 400°
to 600° F. Condensate formed therein settles
to form the liquid 24. -This liquid is withdrawn
by a pump 28 through a line 21, a cooler 29 and
passes through a line 30 to operate the said oil
jet 13 which assists in evacuation of chamber (4.
The oil with the entrained vapors issuing from
the Venturi-jet assembly 3. discharge into.the

65
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and line 67 to composite neutral oil storage, not
shown. . A splash plate 49 prevents liquid oil from
jet 45 from passing into the final spray com-
partment T4.

Oil vapors, uncondensed in compartment. 46,
pass between baffle plate 49 and partition plate
59 into spray compartment T4 in which most or
substantially all of the remaining oil vapors are
removed by absorption:in oil issuing.from sprays
69.  Excess -0il accumulating in this scrubbing
chamber is removed through the operation of a
valve 66, which is actuated by the float controller
mechanism 60, the oil passing through a line §2,
a pump 63, a heat exchanger 64; the said valve 66
and line 67 neutral oil storage, not shown, while
the main volume of the oil is continuously circu-
lated through line 62 and a line 65 which latter
leads directly to the scrubbing sprays.

The temperature of oil spray 69 is adjusted
by heat exchanger 64 to cause. condensation of

-the desired neutral oil ‘in chamber 7 and yet

permit the undesired water vapor and light hy-
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Jrocarbon vapor traces to be ejected through

line 13. :

A partition plate 11 contains a mist remover
78 for removal of oil mist which fails to settle
in chamber 74. A small opening 12 permits
liquid accumulating in & small chamber 11 free
access to the spray chamber from which it may
be removed as explained hereinbefore.

In summarizing the above detailed operation
it might be mentioned that in normal operation
the amount of bright stock oil remaining in the
first of the sequence of chambers is relatively
large, while the several intermediate fractions
accumulating in chambers 23, 35 and 46 are
relatively small in-volume. The output from the

scrubbing compartment constitutes by far the .

major portion of the neutral oil production.
The several heat exchange means mentioned
above may be used as heaters, or coolers, or
some as heaters and the remaining as coolers,
all depending upon the particular operation de-
sired. For example, exchanger {12 may operate
as a heater to impart to the feed stock sufficient
sensible heat to evaporate all of a desired portion

of the oil on passage through sprayer 15 into the

vacuum compartment {4. In case the said feed
stock comes from a still tower or other apparatus
employing a relatively high temperature, the
temperature of the oil may be such that heater
{2 may not be needed, in which case it may be
bypassed or said apparatus may serve to cool
the feed oil in case temperature -is higher than

. desired. Similarly, the several heat exchange

means 29, 4(, 52 and 64 may be operated in a
manner as dictated by the product desired from
each of the respective chambers. These heat ex-
change means are, of course, operated in cooper-
ation with the degree of vacuum in said respec-
tive chambers, as will be understood by those
skilled in the vacuum distillation art. For ex-
ample, a light neutral oil may be produced in
the scrubber chamber, while a neutral oil hav-
ing a slightly greater viscosity will come from
the next successive chamber 86. A still more
viscous oil will come from chamber 35 while the
most viscous of the oils vaporized in vaporizing
chamber 14 will be produced in chamber 23. The
relatively heavy bright stock will be removed
from the vaporizer chamber (4. The apparatus
may be so operated as to produce oils having
substantially S. A. E. viscosities, for example,
neutral oil being produced in spray chamber T4,
S. A. E. 10 in chamber 46, S. A. E. 20 in cham-
ber 35 and S. A. E. 30 in chamber 23. My
process, as mentioned, is variable in nature, and
with the proper design and construction of the
apparatus many products of good quality can
be made. It might be mentioned that the draw-
ings are merely diagrammatic in form, as for
example, the size and number of chambers. The
chambers even need not be the same size, but
may be made in approximate proportion to rela-
tive amount of each fraction to be removed. The
amount or volume of oil carried in the sump por-
tion of each chamber may be at least somewhat

dependent upon the rate of recycle through the

venturi discharging into the chamber.

Conditions of operation will obviously be differ-
ent for processing different oil stocks, for exam-
ple, the processing of a Pennsylvania bright stock
oil will require greater vacuum and/or higher
temperatures than will a Mid-Continent stock,
and the latter will require more severe condi-
tions than will a Coastal oil stock.

The apparatus shown in Figure 2 of the draw-

ing may be used in the operation of my process
in substantially the same manner of the appara-
tus illustrated in Figure 1. The primary differ-
ence between the two types of equipment is that
according to Figure 2 the vacuum chambers are

. separate and independent vessels while in Fig-

ure 1 the chambers are portions or compart-

_ ments of one large vessel. :
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"mercury absolute pressure.

In the operation of the process when using
the apparatus illustrated in Figure 2, the long
résiduum bright stock enters the apparatus by
way of 2 line 80 having been previously heated in
a still or heater, not shown. At the proper tem-

-perature the charge oil enters a vessel 81 through -

8 spray nozzle 81. Sufficient sensible heat con-
tained. in the oil causes the desired amount of °

distillation as the oil is sprayed into the vacuum _

of said vessel 81, for example, !/s millimeter of
The residual, un-
evaporated oil accumulates in the bottom of said
distillation vessel, the level of which oil is rep-
‘resented by numeral 82, and is controlled by a
liquid level control apparatus 88 which operates to
open and close a valve 84 for discharge of the
accumulated oil 82, for example, a “D” bright
stock oil, as mentioned hereinbefore. This oil
is preferably cooled in a cooler 96 on passage
through a line 85 on its way to storage, not shown.

The distilled oil vapors originating in vessel
81 are removed therefrom by passage through
a Venturi jet 86, This jet maintains the above

_inentioned !/s mm. pressure in vessel 87 by dis-

charge into a next successive vessel 88 in which
a total pressure of about Y3 mm. may exist. At
this greater pressure some condensation of vapors
occurs yielding a condensed, liquid, neutral type
oil, represented by numeral. 88. This conden-
sate oil is withdrawn through a line 92 by a
pump 93, heated or cooled as required by a
means 94 and transferred through a lipe 95 to
Venturi jet 86 for its operation. The excess
liguid accumulated in vessel 88 and not needed -
for the operation of venturi 86 is removed through
line 92, a manifold line 97 through a valve 98,
the operation of which is actuated by a float
controller device 90 disposed in vessel 88. This
excess oil or “make” may be removed from the
system through an individual product line 99
or passed on through manifold lines 100, 123
and 134 to storage, not shown. A baffle plate 91
prevents liquid passing from vessel 88 through
the vapor line to the next successive vacuum
jet. .
A next vessel, in sequence, 102, is operated by a
venturi 10! maintaining a pressure of approxi-
mately 1 mm. which pressure is a threefold in-
crease and causes condensation of another frac-
tion of neutral oil from the vapors from the pre-
vious vessel 88. Condensate 104 accumulates, @
portion being recirculated through a line 106,

by a pump 107, and through a line 110 for the

operation of the vacuum jet 10i. The recircu-
lated oil may be heated or cooled in an ex-
changer 109, as desired. The oil not needed
for operation of the said jet may be withdrawn
from the system through a neutral oil line (11,
the flow being controlled by a float controller (08
and e valve 108; or may be passed through the

" manifold line 108, lines 123 and 134 to composite

70
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neutral oil storage, not shown, as desired. A
bafile plate 103 prevents exit of liquid oil through
the vapor line to the next successive vessel.

The vapors issuing from vessel 102 pass through
another venturi 12 and are discharged therefrom
into a vacuum vessel {13 at a higher pressure of
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‘about 3 mm. and at this pressure additional -

liquid oil is condensed. This oil identified by
numeral (45 is used for vacuum producing pur-
poses by circulation through a line (i1, by a
pump 18, through a heat exchanger 1{9 and
“on through a line 120 to the jet ({2, Excess oil
not needed for vacuum producing purposes passes
. ‘from line {7 through a valve §21 and a neutral
- oil line 122 to individual storage, not shown, or
may be passed through valve (24, lines 123 and
134 to composite storage, also not shown. A float
controller device 1 16 operates to control the open-
ing and closing of valve {2{. A splash plate 114
prevents liquid passing from vessel 113 through
~.a vapor line 124 to a next successive vessel 125.
. In the final vessel 125 is mounted a liquid spray
device 126 for extracting oily constituents from
the residual vapors entering from- vapor. line
124, 'The absorption oil or washing oil as it may
be termed, is the extracted oil itself, the washing
cycle being passage of the oil represented by
numeral (27 through a line 13i by a pump {32,
. through an exchanger {33 on to the spray nozzles
126, The oil not needed for circulating is with-
drawn from the vessel by operation of a float
‘controller 129 which actuates a valve 130 permit-
ting the said oil to pass through line {131, pump
- 132 and line 134 to a neutral oil storage which is
- not shown in the drawing. A baffle plate 128
prevents passage of mist, etc., through a final
" ‘suction line (35 to a primary 3-stage steam
vacuum jet apparatus, not shown, :
The distillation temperatures held within - the

" several vacuum chambers of Figure 2 may be

substantially those given in connection with the
discussion of Figure 1, or may be varied to meet
the conditions presented by a given oil stock.
This second apparatus embodiment, as men-
. tioned hereinbefore, operates substantially as
does the apparatus of Figure 1. . Exact operating
temperatures and pressures will be determined
- at least in part by the type of feed stock to be
processed, the grade of oils to be evaporated and
subsequently condensed in each stage and other
factors too numerous to mention, all of which
are -readily understood by one versed in the
vacuum distillation art.
The oils produced herein are of good color and
-good color stability on account of the relatively
low distillation temperatures possible and the

low distillation temperatures are possible because.

of the use of the oil operated vacuum jets, The
production of the oils with good color character-
istics markedly decreases clay decolorizing costs,
and these costs in conventional high tempera-
ture operations are high.
It might also be mentioned that the process
steps may be easily operated and controlled since
- each vacuum jet operates independently of the
remaining jets, each being operated according
to the oil stock in process and the product desired.
By the use of my herein described vacuum dis-
tillation process, the residual viscous oil ‘and the
relatively less viscous condensate oils are rela-
tively “bright” as regards moisture. Commercial
practice, however, would probably dictate the
installation of clay treating for best continuocus
operation. Conventional oil distillation opera-
tions usually present high clay treating costs,
and since such costs are substantial, any appre-
ciable reduction therein will be ecohomically

valuable and herein is one important advantage

of my process. :
For purposes of simplicity 'many valves, anto-
matic controlling devices, -etc., have heen omit-
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ted from the figures and from the descriptions.
This apparatus is of standard design and read-
ily obtainable from manufacturers, and the op-
eration of which is understood by those skilled
in the oil refining art.

This second embodiment of apparatus (Figure
2) may be used to produce a “D” bright stock
and a series of neutral oils, or a bright stock
and series of oils of standard S. A. E. viscosi-
ties, as well as is the apparatus of Figure 1.  All
product streams from either apparatus will be
“bright’ since they are produced under high
vacuum and low temperatures such as 508°-700° F,
for compartments {4 and 87 of Figures 1 and 2,
respectively, temperatures of 400°-600° F. for
the next successive compartment in each figure,
while the third compartment of each may operate
at temperatures as low as 300°~500° F, 'The final
“washing” compartments operate at about 150°-
250° F. It will be readily appreciated by those
skilled in the art that these said temperatures
are exceptionally low for lubricating oil distilla-~
tion operations.

My process is not intended to be limited to the
distillation of lubricating oil but may be applied
to the distillation of any oil or oil stock wherein
vacuum or vacuum and steam distillation are ad-
vantageous.

I claim:

‘1. A process for the subatmospherie distillation
of lubricating oil stocks, comprising discharging
the lubricating oil stock in-a.heated condition
into the first of a series of serially connected con-
tainers the interior of which is maintained at sub-
atmosphieric pressure to vaporize a portion there-
of, the liquid residue therein forming one prod-
uct of the process, discharging the vapor portion
into the next container to condense a portion
thereof; causing discharge of the vapor into the
second container by aspirating it by a portion of
the condensate of that container, progressively
introducing the vapor fraction in each container
into the succeeding container by aspiration with
a part of the liguid portion of the succeeding con-
tainer, and withdrawing the liquid portions from
each container as products of the process, the
vapor portion discharged into each container be-
ing discharged into the space thereof above the
collected liquid condensate therein.

2. A distillation apparatus of the type de-
seribed comprising a plurality of containers form-
ing isolated spaces, injector connections for con-
necting said containers in series, means for main-
taining an all over subatmospheric condition in
said spaces, means for discharging a heated lubri-
cating oil stock into the first of said spaces and
connections from each of several of said spaces fo
the injector discharging thereinto for delivering
a portion of the condensate of the space to the
injector, each injector discharging the vapors of
one associated space into the other -associated
space at a higher pressure, and means for with-
drawing ‘the condensates injected in each con-
tainer therefrom as products of the process, said
injectors discharging into the spaces above the
condensate bodies collected therein.

3. An apparatus- of the character described
comprising "in combination a series of at least
three chambers, said chambers being adapted te
contain liguids and vapors, each of said cham-
bers having -a liquid outlet, means connecting
said chambers in series for vapor transfer con-
sisting of liquid -actuated vapor injectors, each
of said injectors providing a vapor outlet for the
first of said chambers and a vapor inlet for the
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second of said chambers to which it is connected,
each of said injectors discharging into the vapor
space of the associated second chamber, means
to supply injector liquid under pressure directly
from the second of said chambers connec.ed to-
gether by said vapor injector to actuate each of
said vapor injectors, whereby there is no en-
trainment of liquid from the first of said cham-
bers and said injector liquid returns directly to
the chamber from which it came.

PAUL M., WADDILL.
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