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2 Claims.

This invention relates to mineral oil distilla-
tion; and it relates more particularly to sys-
tems for the manufacture of lubricating oil by
distillation of suitable mineral oii charging

stocks under very high vacuum, tha is, under.

very low absolute pressure.

An important object of the present invention
is to provide a high vacuum distillation system
for the production of lubricating oils as over-
head distillates, wherein the time during which
the mineral oil material undergoing distillation
is subjected to heat at the necessary tempera-
tures shall be minimized, thus minimizing the
amount of thermal decomposition or cracking
that occurs in the distilling operation.

A further object of the invention is to accom-
plish this objective by providing for such a Ssys-
tem component apparatus units which, in addi-
tion to cooperating in the general combination
or system to minimize the time factor aforesaid,
shall individually possess novel features of con-
struction and operation which render them of
general utility in oil refining and distillation,
besides giving them special utility in an appa-
ratus combination or system of the character
above referred to.

Other objects and advantages of the invention
will appear more fully as the description pro-
ceeds.

Although the employment of very high vac-
uum, e, g. absolute pressure of 25 mm. mercury
absolute and much lower, enables the manufac-
ture of lubricating oils as overhead distillates
which can be marketed and used directly as
finished lubricating oils, either without any fur-
ther refining acid treatment and filtration or
with only relatively slight refining, it is never-
theless a fact that, notwithstanding the much
lower temperatures at which distillation can be
effected under such very low absolute pressures,
a certain amount of unavoidable cracking or de-
composition occurs, in taking off the heavier
lubricating cuts or fractions from the reduced
charging stock if the stock is held for any sub-
stantial length of time at temperatures substan-
tially higher than about 625° F. Since the
amount of cracking undergone by mineral oil
always depends not only upon the temperature
to which it is heated but also upon the time it
is subjected to that temperature, and since it is
in some cases necessary to go to fairly high
temperatures in order to get off certain desired
lubricating values of the charging stock, the
importance of so conducting the distillation as
to minimize the time factor mentioned becomes

(CL 196—106)

baramount. However, there are many practical
difficulties tending to complicate the problem
of thus cutting down the time factor while at the
same time enabling production of overhead Iubri-
cating oil distillates of the desired high grade
and satisfactory character. Although these

- difficulties are encountered to g greater or less

extent in the high vacuum distillation of the
heavier fractions of any lubricating oil charg-
ing stock, they are particularly acute in the case
of paraffin base stocks typified by Pennsylvania,
crudes. This is because, in order to vaporize
the heavier lubricating oil fractions, such stocks
must be heated, even when distilled under the
very high vacua mentioned, to final distillation
temperatures well above that at which substan-
tial cracking occurs rather rapidly. Accord-
ingly, while the present invention is of utility
in high vacuum distillation of lubricating - oil
charging stocks generally, it has particular ap-
plicability to paraffin base charging stocks for
the reasons just pointed out. Therefore, in the
explanation of the principles of the invention
hereinafter to be set forth, reference will be
made more particularly, for the sake of a con-~
crete and illustrative example, to a system par-
ticularly well adapted for high vacuum distilla-
tion of a lubricating oil charging stock derived
from Pennsylvania or similar paraffin base
crude; but it will. be understood that this is
merely typical of the various uses of which the
system and its component units are capable and
is in no way intended to limit the scope of the
invention.

A desirable practical embodiment of the in-
vention is illustrated in the accompanying draw-
ings, wherein—

Fig. 1 illustrates more or less diagrammati-
cally in the form of a general layout or flow
sheet a typical high vacuum distillation system
within the scope of the invention:

Fig. 2 is a sectional elevation of a modified
form of fractionating tower or column, which in
some cases may be used to advantage in place
of the particular form of tower illustrated in
Fig. 1; ’

Fig. 3 is a vertical section of the upper part
of the tower or column on the line 3—3 of Fig. 2;

‘Figs. 4 and 5 are horizontal sections on the

lines 4—4 and 5—5, respectively, of Fig, 2;

Fig. 6 is a sectional detail, on an enlarged
scale, of the construction of entrainment elimi-
nator devices of a special type which may be
advantageously employed in the towers shown in
Tigs, 1 and 2; .
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Fig. 7 is a detail of a desirable arrangement
of condenser tubes; and

Fig. 8 is a detail of bubble tray construction
which may be employed to advantage.

Referring first to Fig. 1 of the drawings, the

system therein illustrated is particularly well -

adapted for high vacuum distillation of a paraf-
fin base crude charging stock for production of

" overhead lubricating oil distillates. In this in-
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3 two products therein made.

stance, the system is of the double flash type,

comprising two separate flash and fractionating

towers 10 and 1. The first is for the production
of average lubricating oil distillates containing
component fractions having viscosities up to as
high as 150 seconds at 210° F., for example;
while the second, which is considerably smaller,
is for the production mainly of overhead bright
stock having an average viscosity as high as 200
seconds at 210° F. All figures for viscosity given
herein are to be understood as referring to vis-
cosity determined by means of the Saybolt uni-
versal viscosimeter,

_In this instance, it will be assumed that it is

desired to make, in each tower, two side stream
fractions of lubricating oil distillations contain-
ing wax, which are to be sufficiently fractionated
to give the lower (highér viscosity) side stream
product.a high flash point. In tower 10, there-
fore, the fractionating section, consisting most
desirably of a single fractionating or. bubble tray
or plate 12, is located between the points at which
these two cuts (e..g., light distillate and heavy
distillate) are removed from that tower, in or-
der to give the desired fractionation between the
Bubble tray i3 is
similarly arranged in tower {1 for the same pur-
pose. The two cuts made in the second tower
may be an overhead bright stock cut and a rela-
tively small cut of considerably lower average
viscosity representing in part the overlap between
vapor and liquid residue in the flashing effected
in the first tower. ]

In the present example, it is further assumed
that the charge to the distillation system is a
residual product resulting from topping crude in
a preceding atmospheric pressure topping opera-
tion in which the light ends, including gasoline,
naphtha, kerosene and most of the gas oil have
already been removed, but substantially without
removal of lubricating oil compounds of the
crude. In a typical instance, the topped crude
thus charged into the system may represent 40
per cent of the original crude. Generally, the
crude will have been treated with caustic soda
before the topping operation, as by adding, say,
0.2 pint of 40° Baumé caustic soda solution per
barrel of original crude. Since the water from
this addition, as well as that originally contained
in the ecrude oil, will have been practically all
removed in the atmospheric topping unit, the

- topped crude charged into the high vacuum dis-

70

75

tillation unit or system shown in Fig. 1 will be
practically dry but will of course contain soda.
Where the crude employed is one containing no
light ends, such as gasoline and kerosene, such

‘erude may be charged directly into the system

and the caustic soda introduced into the crude
stream after it has been preheated to a temper-
ature of approximately 300° F., the crude being
then discharged into an atmospheric dehydrating
tank or tower (not shown) where the water nat-
urally contained in the crude, as well as the
water from the soda solution, is evaporated be-
fore entering the first high vacuum fractionating
tower of.the system.

2,217,356
Assuming the charging stock to be a topped

Pennsylvania crude, it may enter the system
from the topping unit through line 14 at around
200° F., being pumped by the crude charging
pump {5 through heat exchange in the two
fractionating towers, including pressable wax dis-
tillate condenser {6 and heavy distillate con-
denser 17 in tower 10, and condenser 18 in tower
{1, thereby being pre-heated to a temperature of,
say, about 485° F. The pre-heated charging

stock then goes to the pipe still heater indicated

generally at 19, passing first through convection
tube bank 20, where it is heated to approximate-
ly 595° (e. g.), and then through the radiant
tube bank 2, where it is heated to a temperature

at the heater outlet of, say; 745° F., at substan--

tially which temperature it is discharged at 22
into the vaporizing section of tower 10, entering
the tower in this instance through three inlet
nozzies 23, as more clearly shown in Fig. 5.
These nozzles are provided with restricted dis-
charge openings whereby the hot charging stock
is given a very high velocity flow (e. g., 50 to 100
feet per second) and is directed tangentially
against a plurality of evaporating members 24
(three in this instance) which, as here shown,
take the form of hollow inverted frusto-conical
shells. The hot oil thus projected against these
vaporizing members near the upper edges of their
inner faces is caused to circulate rapidly over
those faces and spread out in a thin film. The
slight downward tapering of the shells causes
the downward pull of gravity on the oil to be bal-
anced to a certain extent by the centrifugal force
due to the rapid whirl given the oil, thus tending
to prolong the time required for it to flow
from the top of each evaporating member to the
bottom. In this operation, a considerable part
of the oil undergoes evaporation, the unvaporized
liquid residue dropping from the lower edges of
members 24 to a series of evaporating pans or
trays 25 of any suitable design, shown here as
of the disc and doughnut type, and thence to the
bottom of the tower. The unvaporized liquid
residue, amounting to, say, 25 per cent of the
charging stock, leaves the bottom of the tower
immediately through line 26 and is discharged
into accumulator tank 27, the upper part of
which is connected by vent line 28 to tower | f, as
shown.

The combination of evaporating members 24,
25, arranged as shown in the vaporizing section
of tower 10 provides a very large evaporating sur-
face favoring extremely rapid evolution of oil
vapors under the low absolute pressure prevail-
ing in this part of the tower, which may advan-
tageously be in the neighborhood of 10 mm. of
mercury., Also, by immediately leading unva-
porized liquid residue from the bottom of the
tower (typically at around 625° F.), no pool of
hot liquid residue accumulates and lies in the bot-
tom of the fractionating tower to increase the
time factor of this residue in the tower and thus
give rise to some cracking in said tower with re-
sultant production of cracked vapors passing up-
wardly through the tower to contaminate over-
head lubricating cuts obtained from this tower.
Instead, by thus passing the unvaporized liquid
residue immediately into the accumulator tank
21, any decomposition products formed by hold-
ing the hot liquid residue prior to its further
treatment in the next flash stage and volatile at
the temperatures involved are given off in said
accumulator tank and therefore pass over
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through vent line 28 Inio tower 1{ where they
will not be detrimental,

The oil vapors rising from the evaporating sec-
tion 28—25 of tower 18 and having a tempera-

ture of, say, about 645° F., pass upward through

entrainment separator devices 29, three in this
instance, where all entrained Hquld particles are
removed and dropped back intc the unvaporized
liquid residue. The detailed construction of
these entrainment separator devices may de-
sirably be as shown in Figs. 2, 6 and 8, consist-
ing essentially of a series of horizontal baralle]

troughs 30, suitably supported at their ends by -

the tower wall and separated by spaces or vapor
slots 3i. These slots are surmounted by in-
verted semi-cylindrical trough-like caps 32. As
indicated by the arrows in Fig. 6, vapors passing
upward at high velocity (e. g. 40 feet per second)
through the slots or spaces 8{ are compellcd by
caps 32 to reverse their direction and to pass
downwardly between each cap and trough, which
are so positioned relatively as to constrict the
vapor passage somewhat at this point and there-
by to increase the vapor flow velocity (e. g. to 60
feet per second). After leaving this constricted
Dassage at such higher velocity, the vapors are
forced to turn through a full 180° angle and
then pass on up through the tower, while the
entrained liquid particles are thrown directly
downward and caught in the bottom of the
troughs. In order to prevent or minimize
splashing and re-entrainment of the trapped
liquid, a body 33 of suitable trapping material
that is foraminous, reticulate, or otherwise of
such character as to permit ready passage of
liquid therethrough, is provided in the lower part
of each trough 30. For this purpose, a plurality
of layers of screen wire or the like serve admir-
ably, the assemblage being most desirably sup-
ported in the trough at some liftle distance
above the bottom, as shown, to provide a shield-
ed space for reception of the separated liquid.
Idquid collecting in these protected spaces thus
provided in the troughs 30 passes through out-
lets 34 into a common drain 35, by which the
liquid iIs returned to some lower point in the
tower (e. g., to the bottom).

This type of construction for the entrainment
separators involves but-a very low pressure drop,
on the order of only 0.5 mm. mMercury per sep-
arator device under conditions normally prevail-
ing in the system, making & tota] drop of only
1.5 mm. for the entire entrainment separating
section here fliustrated.

In the form of the invention llustrated in
Fig, 1, the vapors leaving the entrainment sSen-
arating section pass next through the fraction-
ating section provided by bubble tray 12, already
referred to hereinabove, where a heavy wax-
bearing lubricating distillate cut is fractionated
from the lighter vapors. Reflux for this frac-
tionating tray is provided by the fractionating
condenser {7 previously referred to, which is lo-
cated above the tray and cooled by incoming
charging stock on its way to the pipe still hesater,
thus constituting & part of the heat exchange
whereby said charging stock is preheated.

In order to enable this fractionating of the
heavy distillate cut to be accomplished with the
minimum pressure drop, and in order to pro-
vide high ratio of slot area to tower area, the
bubble tray and bubble caps of the fraction-
ating device 12, which may be of the genersl
type more fully illustrated in Figs. 2 and 3, may
advantageously be of the special construction

shown in greater detail in Pig. 8. In a typical
instance, the bubble tray may be designed to
carry an effective liquid head of spproximately 1
inch, causing a pressure drop of approximately
i.4 mm. Hg, The vapor velocity for this pres-
sure drop can be as high as 80 feet per second,
depending on the density of the oil vapor; and
the liquid head of 1 inch assumed, diminishes
or increases accordingly as -this vapor velocity
is reduced or increased. ’

In the construction shown in Fig. 8, the bubble
tray comprises a series of terminally supported
troughs 37 in spaced parallel arrangement, with
which cooperate caps 38 in the form of inverted
troughs respectively located above the spaces
cr slots 38 between troughs 37. In this construe-

16

is

tion, the customary “teeth” 40 provided at the -

iower edges of the cap troughs 38, instead of
extending clear down to the desired nominal
liquid level Le'on the inside of the caps from the
hormal level L1 on the outside of the caps, as
is the usual practice, extend only half of this
distance (which distance Is here assumed to be 1
inch), as clearly shown in Fig. 8. In the or-
dinary type cap, the free unit slot ares is only
half the total area below the top of the slots,
while in this design the free slot area is 75
per cent of the total area below the top of the
slots, which increases the slot area per unit
lenigth or per cap by abpproximately 50 per cent.

The overflow from the bubble tray passes
through' down pipes 40e into a catch basin 81

located inside the tower (Fig. 1), which is.

equipped with an outside float type cage Mquid
level controller 42, the heavy distillate fraction
or cut collected in this catch basin and having

‘a temperature of, say, 540° F., being pumped

away by pump 43 through cooling means 44 to
storage. This heavy lubricating distillate frac-
tion, in a typical instance, may have an average

viscosity of 80 seconds st 210° F. and may com-

prise 25 per cent of the chaiging stock.

The uncondensed vapors leaving the bubble
tray fractionator 12 pass upwardly through the
heavy distillate fractional condenser 17 which,
likewise, is designed for very low pressure drop
(e. g., approximately 1 mm. mercury). A suit-
able arrangement of the tubes {1* of this con-
denser is shown in Fig. 7, where the tube bank
is fifteen rows of tubes high and the tubes are
arranged on a triangular pitch. There are no
horizontal baffles of any kind in this condenser
and at all times the liquid condensate is falling
downward in g direction opposite to the rising

vapor. In this way, a certain amount of re-

boiling of the condensate takes place in the con-
denser itself, which is desirable for present pur-
poses, particularly because it prevents the.con-
densaie being cooled considerably below its boil-

ing point and concomitant undesirable con- .

densation, as well as absorption and retention
therein, of lighter hydracarbons. The charge
oil used to cool this condenser {7 enters the top
layer of tubes of the unit and thence through

the succeeding layers of tubes in series dowmn o3

through the unit, leaving at the bottom. Most
advantageously, each layer of tubes 1s divided
into two liguid passes, making g total of 30
passes on the cooling medium side of the ‘par-
ticular condenser unit here illustrated. Tt is de-
sirable to have as low a temperature differential

20

25

30

5

40

45

50

between the cooling medium. and vapor as is

practical without using a condenser unit of ex-
cessive size.. The purpose of this is to prevent
cooling the condensate on each tube much below
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its bolling point, thus favoring a certain amount
of re-boiling of the condensate as it falls down
to the tubes below.

The -vapors leaving the heavy distillate con-
denser 11 at, say, 510° pass through a set of
fractionating pans 485, which may be similar in

" character to the liquid catch plates 81—82 shown
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on & somewhat larger scale in Fig. 2; thence
through the wax distillate condenser 16 at the
top of the tower. As here shown, this condenser
is a separate unit located on the exterior of the
tower, but it may be located inside the tower if
desired. Its construction and operation are virtu-
ally the same as those of the heavy distillate con-
denser 11. The wax distillate collecting in catch
basin 46, having a temperature of, say, 420° F,,
for example, may be withdrawn by pump 41
equipped with liquid level controller 472, and
pumped through cooler 48 to storage. - This cut
which has & viscosity of 115 seconds at 100° F.,
for example, may constitute approximately 44
per cent of the charging stock,

The uncondensed gas oil vapors leaving the
wax or light distillate condenser {6 at, say, about
355° F. in a typical instance, pass to gas oil con-
densing means 49, consisting most desirably of
duplicate vertical type condensers mounted at
the side of the tower as indicated at 49= in Fig. 2,
the vapors flowing in a single pass downwardly
parallel to the tubes 50 so that the vapor and
condensate are cooled to as low a temperature as
possible and as quickly as possible. The liquid
gas oil condensate, which in a typical instance
has a viscosity of around 52 seconds at 100° F.
and amounts to perhaps 6 per cent of the charge,
falls into a compartment 51 at the bottom of each
condenser and is pumped away to storage
through line 5i®, These condensers are water-
cooled. )

The non-condensable gas leaving the gas oil
condenser - or condensers is withdrawn through
large-diameter vapor line 52 by suitable vacuum-

- producing means, such as the 3-stage ejectors 53

which may be located on the framework and
platform 54 at the top of the tower, in the man-
ner indicated in Fig. 2. One of the chief ad-
vantages in locating the gas oil condensers on
the side of the tower, as indicated at 49® (Fig. 2),
is to leave the space at the top of the tower free
for mounting the ejectors. By this method, it is
possible to have the entire system. supported by
the tower itself, thus eliminating all separate
structural steel supports for the different units.
This is a substantial advantage, because towers
or columns operated at high temperature and hav-
ing a considerable height expand as much as two

-inches or more in being heated up from the cold,

rendering necessary-the installation of large ex-

- pansion ‘-bends. or spring mountings where the

condensers and ejectors are mounted on a struc-
tural framework separate from the tower.

The ejectors maintain an absolute pressure of
approximately 4 mm, Hg at the outlet of the gas
oil condensers; and with all units designed for
very low pressure drops, as described, an absolute
pressure at the point of flash (22) as low as 10
mm. Hg is easily maintained under these assumed
conditions. ' o

The side stream wax-containing distillates pro-
duced by the operation described hereinabove are
sufficiently closely fractionated to provide prod-
ucts of adequately high flash points and suitable
for subsequent de-waxing by available solvent
de-waxing processes, such as the benzol-acetone-
toluol and benzol-methyl-ethyl-ketone processes.

* prevailing at this point in the tower.

2,217,356

However, if these side stream wax-containing
distillates are to be de-waxed by conventional
pressing and centrifuging methods, it is advis-
able to provide for closer fractionation hetween

the heavy distillate and the lighter distillate and.

also to practically reverse the volume proportions -

of these cuts, so that the heavy distillate cut
shall amount to approximately, 43 per cent of the
charge oil and the light distillate approximately
26 per cent. The latter will then be a pressable
wax distillate, properly speaking; while the
heavy distillate, whose wax content will be largely
amorphous, will nevertheless include relatively
light fractions or ends carrying pressable wax.
Removal of these lighter ends from the heavy
distillate can be effected in various ways as, for
example, in & high vacuum re-fractionating tower
(not shown) provided with a sufficient number
of bubble trays to accomplish the desired closer
fractionation. In order to accomplish this frac-
tionation the heavy distillate cut is heated in the
re-fractionating tower to a sufficiently high tem-
perature to re-vaporize all of the pressable wax
distillate, the necessary heat being provided by
means of a separate tubular heater. The re-
fractionating tower may, for example, be con-
structed with four bubble trays above the point
of the charge inlet and two bubble trays below
the charge inlet. The tower should also be
equipped with a re-boiler below the series of
bubble trays; and it should also be provided with
a reflux condenser for supplying reflux to the
bubble trays. The overhead pressable wax dis-
tillate vapor leaving this re-fractionating tower
may be returned to tower 10 at a point above the
wax distillate drawoff (46) and below the frac-
tionating pans 45. 'This auxiliary refractionat-
ing tower would operate, under these circum-
stances, at an absolute pressure approximating 11
mm. Hg at the point of vaporization below the
bubble tray system; and since only the lighter
ends of the heavy distillate have to be re-vapor-
ized in order to substantially free the heavy dis-
tillate of its pressable wax distillate component,
the outlet temperature of the separate tubular
heater employed with this suxiliary re-fraction~
ating tower is not high enocugh to cause trouble-
some decomposition.

The liquid residue from tower {0 collecting in
accumulator tank 27 is pumped therefrom by
pump 54® through the radiant tube bank 55 of
pipe still heater {9, this bank being separate from

“the first mentioned radiant tube bank 2{ and

located in a separate firing chamber 56, which
has its own firing means §7 controllable inde-
pendently of firing means 58 of the other heater
chamber; but the firing gases from both heater
chambers exit through the common flue 59 in
which the aforementioned convection tube bank
20 is located. In radiant tube bank 55, the
residue pumped from accumulator tank 27 is very
rapidly heated to a temperature of approximately
825° F. at which it is discharged into tower {1 at
60, where the second flash vaporization occurs at
the very low absolute pressure (e. g. 6-8 mm. Hg)
Because of
the particular design and arrangement of the

. pipe still heater 19, it is possible to heat the

aforesaid residue from 670° F., the approximate
temperature at which it ordinarily enters tube

bank 55, to 825° F., in a relatively very short

period of time, only about 70 seconds in a typical
instance, considerably less than half the time
which would be required if the heater were de-
signed in the conventional manner. In other
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words, the time factor involved in this final heat-
ing of the charging stock residue is reduced to
approximately 40 per cent of what it would be
with the ordinary type of pipe still heater. .

The reduced crude stock entering tower f§ at
the approximate maximum temperature {. e
heater outlet temperature) of 825° as aforesaid,
is discharged into an evaporating section which
iIs desirably similar to that of the fractionating
tower {8, employing vaporizing surfaces 61, 682,
of the same type as 2§ and 25 employed in tower
{8. The unvaporized liquid residue, or that por-
tion of it representing the normal make of fAux
oil residue, leaving the base of the tower at about
760° in & typical instance, is passed by pump 63
through cooler 64 to storage, this flux oi! residue
usually amounting to around 10 per cent of the
original charge oll. Instead of passing this resi-
due through the cooler, it may be utilized in a
heat exchange for recovery of much of its con-
tained heat units. Most desirably, a portion of
the total final residue leaving the tower 4§ is di-
verted through line 68 by pump 66 and pumpegd
back to accumulator tank 27 where it mixes with
and substantially raises the temperature of the
residue irom tower 0 and passes therewith
through tube bank 5% of the final heater. The
volume of flux oil residue thus constantly being
re-clrculated, after the system is operating ner-
mally, may desirably be about one-half that of
the residue from tower {6 with which it is mixed
and whose temperature it thus quickly and easily
raises before entry into final heater 56. This
re-circulation accomplishes the further very de-
sirable result of enabling & constant through-put
to be maintained through the final heater ang of
providing g sufficiently high rate of fiow to en-
able keeping the tube size in this final heater
above & minimum of, say, 1.5 inches internal
diameter. At diameters less than this, consider-
2ble trouble s likely to be experienced from cok-
ing and from geposition of soda contained in the
charging stock. The pumping rate of the re-cir-
culating pump 66 is controlled by an automatic
liguig level control 67 located in the accumulator
tank, so that a constant liquid level will be main-
tained in this tenk. Without such re-circulas-
tlon or re-cycling, it is difficult to maintain a
constant rate of dow through the final heater
because, although liquid residue normally fiows
from the fractlonating tower 18 at & substan-
tially constant rate, some fluctuation may ocecur
occasionally due to slight changes in operating
temperatures and pressures in tower {8 or rate of
charge thereto. Conseguently, in the absence
of saidre-cycling, and if the operation of the final
heater charging pump 54 were controlled by the
liquid level in accumulator 27, any change in rate
of flow of residue from tower {6, unless immedi-

ately noticed by the plant operator, could cause °

& sudden stoppage of said final heater charging
pump, with resultant damage to the final heater
tubes. By providing the aforesaid recirculation
or recycling of residue from tower i¢, this giffi-
culty is overcome and & method for maintaining
a constant through-put through the final heater
is provided.

The vapors flashed off in the vaporizing sec-
tion of tower if have a temperature of ground
770° (e. g.). They pass up through entrainmens
separators 68, bubble tray {3, fractional condens-

- er 18 and fractionating pans 68, all of which are

designed for very low pressure drops, being most
desirably similar in construction and general
function fo entrainment separators 28, bubble

S5

tray 12, fractional condenser 7 and fractionat-
ing pans 46, employed in tower 0,

Heavy bright stock, containing wax, is removed
as. & side stream distillate just below bubble tray
{3 at a temperature approximating 670° (e. g.),
belng pumped by pump 7@ through cooler 7§ to

- -storage, the operation of pump 10 being auto-
matically controlled as indicated at 72. In a
typical instance,. this bright stock amounts to
around 10 to il per cent of the charge and has
an average viscosity of 160 seconds at 210° P,
‘It has a very high flash point, 600° F. open cup
test and even higher in some cases. This is g
very unusual product to be obtained by overhead
distillation from & charging stock of the Pennsyl-
vania type. It can be finished and made coler

io

15

stable by treatment with g comparatively small .

amount of clay. It Is feasible, with this appa-
ratus system, to produce from Pennsylvania,
crude, as an overhead distillate, heavy bright
stocks having average viscosities ag high as 190
to 200 (or more) seconds at 210° F. and fiash
points around 635° open cup. Such products
have not been known in the art heretofore.
Their boiling points are as much as 160° . higher
than bright stocks obtained ss overhead distil-
lates from non-wax-bearing crudes by high vac-
uum distillation, -

In the particular srrengement here shown, o
smaller percentage (e. g., between 2 and 3. per
cent) of extra-heavy distillate, also containing
wax, may be removed as 8 side stream zbove the
heavy bright stock cut by pump 73, This prod-
uct, fractionated out of the vapors leaving con-
denser {8 (at about 610° P, by the action of
fractionating pans 6§ ang fractional condenser
§9%, is taken from the column af 2 point below
condenser (8 at & temperature approximately
580° F, and is pumped through cocler 14 to stor-
age, the operation of the pump being automat-
ically controlled in the usual Way as indicated at
T3. This product may have, typically, a vis-
cosity of about 90 seconds at 218° F. and an open
cup flash point of approximately 550°, This
product can be blended back with heavy bright
stock or finished separately. It is to be noted
that this product, representing iv part a slight
overlap between the flashed vapors and liguid
residue in tower 18, is produced in relatively very
small percentage as compared to the percentage
that would normally be produced when operst-
ing at higher absolute pressures (incluging st~
mospheric), where such overlap would he very
much higher,

Residual uncondensed vapors passing con-
denser 692 at about 400° are conducted to fina]
condenser 76 where & so-called header distillate
or “stink oil,” usually amounting t¢ around 2
per cent or less of the charge, is condensed. It
consists almost entirely of partially decomposed
products resulting from the very high tempera-
ture (825°) of the final heater discharge, It is
putnped away by pump 78s. : :

Condenser 78 is connected by large-diameter
vapor conduit means (like 52) %o the vacuum
producing means, & 3-stage ejector system in this
instance,

Although the partial condenser &= may be
cooled by charge oil like the other partial con-
densers shown in the illustrated system, it is
here shown as provided with a2n oil trim cooling
system, consisting of accumulator tank 77, pump
78 and cooler 78, In this system, & fairly light
gas cil Is suitable to use as the cooling medium
to be circulated. Water cooling of the partial
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coﬁdenser 69* would give rise to difficulties due
to vaporization in the tubes of the cooling unit,
with deposition of silt and excessive tube corro-
slon.

All the condensers in the system described are!

advantageously designed for very low pressure
drop, not more than about 1 mm. Hg absolute per
unit as a maximum; and those in the final tower
{1 are most desirably designed for only half that
drop, or 0.5 mm. Hg.

It will be seen that because of the construction
and arrangement of the vaporizing section, en-

trainment-separating section and fractionating .

section of each of the towers 10 and 1, the resist-
ance to flow of vapors at high velocity upwardly
through these towers is reduced to a practical
minimum, thus also minimizing absolute pressure
drop or difference between point of flashing and
the tower outlet through which the final uncon-
densable vapors and fixed gases are withdrawn
by the vacuum-producing equipment. In the
typlical operation assumed in the foregoing de-
scription, this pressure difference amounts to only
6 mm. Hg in tower 10, and 4 mm. in tower {I.
Such drop need not exceed 10 mm. as a maximum
in systems embodying the principles of the inven-
tion. The vacuum-producing equipment em-
ployed should in all cases be of such capacity that,
in the normal operation of the system, said equip-
ment shall be capable of withdrawing uncondens-
able vapors and gases from the vapor outlets of
the towers with sufficient rapidity to maintain at
said outlet an absolute pressure not substantially
exceeding 6.mm. Hg, and most desirably not
exceeding 4 mm.

Referring again to the pipe still heater {9, the
use of a heater of this particular type, which
embodies novel features of construction and
arrangement, contributes substantially to the
achievement of one of the important objects of
the invention, namely, reducing the time to which
the charging stock has to be subjected to the rela-
tively high final heating temperature, besides
effecting important economy in fuel. In the con-
struction illustrated, that part of the unit con-
taining the convection tube bank 20 and radiant
tube bank 21 and fired by burner means 58 may
be of conventional consfruction. The furnace
gases from burner means 58, after being cooled
to approximately 1200° F. by radiation to the
radiant tube bank 21 pass down through the con-
vection bank 20, being thereby cooled to about
550° F.
ently fired by burner means 57, comprises only a
radiant bank of tubes 55. The furnace gases in
this final heater are also cooled to approximately
1200° by radiation to tubes §5, and then pass
through openings in the dividing wall between
the two furnaces and join the flue gases of the
first furnace, passing down through the common
flue containing the aforesaid convection tube
bank 20. In this way, notwithstanding the fact
that the charge oil entering the final heater tubes
§5 from accumulator 27 is at a temperature of
670°, thus rendering it impractical to provide
sufficient heat transfer surface in a convection
tube bank to cool the combustion gases to a tem-
perature lower than approximately 740°, the
heater construction and arrangement of the pres-
ent invention, whereby said charge oil from accu-

. mulator 27 is heated to the high final temperature

of 825° by passage solely through the radiant tube
bank 55, makes it possible to cool the gases from
the final heater 56 down to the same economical
low temperature, approximately 550°, as the gases

The final heater 56, however, independ- -
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from the first heater are cooled. This not only
results in a fuel saving of approximately 10 per
cent in the final heater, but it has the further
advantage that all of the heat transfer to the
charge oil going to the final tower {1 is radiant
heat, thus permitting the use of a minimum tube
surface area. By reducing this surface area, the
volume of oil contained in tubes 65 is corre-
spondingly reduced, resulting in a tower time
factor and thus reducing the amount of cracking
that cccurs. In other words, in the pipe still
heater here illustrated, the charge ol going from
accumulator 27 to tower if remains in the final
heater for a period of time on the order of only
about 70 seconds, in a typical instance; whereas
if a heater of the conventional type were em-
ployed, the oil would have to remain in the heater
tubes on the order of 1756 seconds in order to
achieve the same increase in temperature.
Otherwise stated, the present arrangement en-
ables 8 reduction of the time factor, in this stage
of heating to the final flashing temperature, to
approximately 40 per cent of what would other-
wise be required. ‘The importance of this in any
process where the charge oil must be heated to a
temperature at which cracking occurs with appre-
ciable rapidity is obvious, and this importance is
particularly pronounced where, as here, the final
temperature of the charge is much above that at
which it is generally recognized cracking of a
relatively heavy lubricating charging stock begins
to be appreciable. . :

From the foregoing, it will be seen that the
invention provides a high vacuum distillation
system of which the various component parts are
all designed and particularly adapted to cooper-
ate in reducing the period. of time during which
a charging stock must be subjected to the rela-
tively high temperatures requisite for effecting
adequate vaporization and recovery, as overhead
distillates, of the lubricating values contained
therein. Operation of the system is character-
ized by extremely rapid vaporization through
systematic filming over vaporizing surfaces of
large area, as well as high velocity flow of the
resultant vapors through entrainment-separating
and fractionating means of a type interposing
minimum resistance to vapor flow with conse-
quent minimum drop in vapor pressure, while at
the same time adequate fractionation for produc-
tion of the desired products as side stream cuts is
accomplished. In addition, large reduction is
accomplished in the time factor involved in heat-

ing to the final flashing temperature at which -

extensive cracking would necessarily occur were
it not for thus cutting down the time factor in
question. The practical importance of such g
system in enabling the successful handling of

. charging stock by a procedure involving the em-

ployment of flash vaporizing temperatures, espe-
cially in the final flashing stage, so high as to be
generally regarded as excessive and dangerous, is
sufficiently obvious without further comment,
The distillation system as thus far described
is especially well adapted, as already stated, for
processing o parafin base charging stock, such
as a topped Pennsylvania crude, where it is de-
sired to make two side stream fractions of wax
distillate which are separated by more or less
close fractionation as may be desired. In oper-
ating on a non-wax-bearing crude, on the other
hand, it may often be desired to effect in the
first flash-vaporizing stage (. e, in the first
tower of the system) only a fractionation be-
tween the gas oil cut and the side stream lube
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distillates. Under these circumstances, certain
important practical advantages are attained by
using the modified tower construction illustrated
in Fig. 2 in place of tower 10 in the system
above described and illustrated in Fig. 1. The
final tower of that system, tower 11, may also be
replaced, if desired, by the modified type shown
in Fig. 2.

Referring to Pig. 2, it will be seen that this
modified type of tower is provided in its lower
part with a vaporizing section consisting of coned
evaporating members 24% and evaporating trays
or pans 25% similar to the corresponding vapor-
izing surfaces 24, 25 of tower (0, nozzles 23 be-
ing arranged to direct high velocity jets of heat-
ed charge oil against the coned members 24¢ to
film the charge thereover for & very rapid vapori-
zation at the low absolute pressure (e. g., 10 mm.
Hg) prevailing in this section of the tower. Un-
vaporized lquid residue exits through outlet 282,
while flashed off vapors travel upwardly through
entrainment separator devices 298, similar in
construction to separators 28 of tower (8. Leav-
ing the last of this series of three entrainment
separators 28% the vapors, instead of passing
next through a bubble tray section as in tower
{8, are subjected to fractional condensation by
passage through the intertubular spaces of frac-
tional condenser 80 to condense out a heavy lu-
bricating distillate which collects on liquid catch
plates or trays 81, 82 and is withdrawn as g side
siream at 83 by an automatically controlled pump
(not shown) in the usual manner. ‘The vapors in
passing from the entrainment separating sec-
tion through the liquid catch plates 81, 82, un-
dergo a certain amount of fractionstion owing o
the contact of upwardly flowing vapors with lig-
uid overflowing the edges of the upper set of
catch plates Bf. The edges of these latter may
be V-notched or serrated so that there may be
a uniform distribution of liquid streams falling
from these upper catch plates to the lower catch
plates 82. The cooling medium employed in the
tubes of the heavy distillate condenser 88 is
charge oil that is to be preheated, and this con-
denser is operated at a sufficiently high tempera-
ture to fractionally condense s substantial part
of the higher boiling vapors without danger of
condensing any gas oil at this polnt in the tower,
as will be further explained presently.

Vapors leaving the condenser 88 vass next
through a fractionating section consisting in this
instance of & single bubble tray indicated gener-
ally at 832, the detailed construction of which
may be the same as that of bubble trays {2 angd
{3 hereinabove described. The reflux for this
iractionating section is provided by light distil-
late condenser 84 in which charge oil to be pre-
heated is also employed as the cooling medium.
The liquid fraction collecting on the bubble tray
fiows therefrom through down pipes 82 into the
compartments 88 on either side of the condenser
88. Since the vapor below these compartments
is somewhat hotter than the liquid, a certain

. amount of re-boiling takes place in these com-

partments, resuiting in closer fractionation of
this cut which is drawn off as o side siream at
88 by an automatically controlled pump (not
shown). ‘
Uncondensed vapors leaving the light distillate
condenser 84 pass thence into the water cocled
gas oil condensers 498, the resultant gas oil con-
densate collecting in §{ and being pumped away
to storage, while residual uncondensable vapors
and fixed gas are drawn through large diameter

7

Iines 52 by the 3-stage ejector equipment §3; all
as hereinabove described in connection with the
system shown in Fig. 1.

In processing a non-wax-bearing crude, as has
been assumed in describing the modified tower
construction of Figs. 2 and 3, where it would not
be essential to make more than one lube distillate
side stream cut and a gas oll overhead cut, it
would be possible to operate with only one frac-
tional condenser, such as the light distillate con-
denser 84. But in that case, all of the reflux heat
from the tower would have to be removed by this
one fractional condenser at a point where the
vapor temperature is comparatively low, and it
would be impossible, as a practical matter, to
pre-heat the charge oil (used as cooling medium)
to & temperature above approximstely 350° F. in
this one fractional condenser 84. In thus pre-
heating the charge to 350°, an insufiicient smount
of heat would be removed and it would be neces-
sary to use some other cooling medium in addi-
tion. However, if ancther condenser is placed
below the fractionating section 82+ as here
shown, where the vapor temperature is consider-
ably higher than it is above the fractionating sec-
tion, the charge may be preheated to approxi-
mately 100° higher temperature by being utilized
as the cooling medium in this second condenser,
and all the necessary heat may be removed by
the charge.

Since it is not desired to separste the two lubri-
cating oil distillate cuts from each other by close
fractionation when processing & non-wax-bear-
ing crude as in the particular case here assumed
(in practice they will ordinarily be pumped to-
gether), the average lubricating oil distillate pro-
duced will have & relatively broad boiling range,
making it a simple matier to fractionally con-
dense, by means of the condenser B@( below the
iractionating section, a large proporfion of the
higher boiling vapors while avoiding condensation
of gas oil at this point. Another advantage of
this arrangement and mode of operation is that
the volume of vapor passing through the bubble
tray fractionating section is considerably reduced
and the diameter of the fower can be reduced
at this point, as indicated at 87 in Figs. 2 and 3,
thus effecting substantial economy in cost of con-
struction. By thus arranging the seccond frac-
tional condenser below the fractionating section
of the tower, the capacity of a given tower is
greatly increased over that of one of otherwise
similar construction and arrangement, this in-
crease amounting to as much as 50 per cent in g
typical instance. | : :

Where the system of the invention is em-
ployed in processing a non-wax-bearing charg-
ing stock, it is usually not necessary o em-
ploy temperatures in either flashing stage nesr-
ly so high as when processing g wax-bearing
stock. Nevertheless, even in such lower-temper-
ature operations, employment of the system here-
in disclosed affords marked advantages in the
way of economy and increased yield of desired
products of high quality.

Although of general utility, the system here-
in disclosed is especially well adapted to be em-
ployed as a primary high vacuum distillation
unit for production of high grade lubricating oil
distillates which are to be re-distilled in & re-
run unit (not shown), genevally in the presence
of a neutralizing agent (e. g. caustic soda), for
direct production of finished lubricating olls as
overhead distillates that are sweet and stable
without having to be acid treated or fliered.
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When the system is operated in conjunction with
such a re-run unit, the small percentage of
final residuum resulting from the re-run opera-
tion may advantageously be pumped from the re-
run unit through line 88 into accumulator tank
21 at a constant rate proportional to its rate
of production in the re-run unit. It then passes,

in mixture with the rest of the charge accumu-. _

lated in tank 27, through the final heater and
i{s re-flashed in tower Ii. Since the greater
part of this residue from the re-run unit is as
heavy as the bright stock overhead distillate pro-
duced in tower {1, the yield of this bright stock
product is thus increased accordingly. This in-
crease may amount to as much as 2.5 per cent
of the crude, depending upon the type of charg-
ing stock. Moreover, this continuous re-cycling
of the re-run residue through the final flashing
stage of the primary system has the further ad-
vantage that it obviates the necessity for ac-
cumulating the re-run residue over a period of
time until enough is avallable to re-flash it in

. large bulk through e primary distillation sys-

. 28

35

tem such as that herein disclosed. Such prac-
tice involves loss of time; and it also introduces
difficulties from an operating standpoint, par-
ticularly because of the character of the residue
where soda is used in the re-run operation. In
that case, the re-run residue, besides contain-
ing the unused excess of soda, also contains the
non-volatile components of the products of re-
action of soda with unstabilizing and odor-pro-
ducing impurities present in the charging stock
supplied to the re-run units; all of which makes
the processing of such a re-run residue, by it-
self, a somewhat troublesome problem. This
trouble is avoided by constantly feeding it back
in small amount into the primary system, as
indicated at 88, so that it is extensively diluted,
constituting only about 1 per cent (e. g.) of the
charge.

Although, in the foregoing detailed descrip-.

tion of desirable practical embodiments of the
invention, reference has been made at various
points to specific dimensions, operating temper-
atures, pressures, pressure drops, etc., this is to
be understood as only for the purpose of illus-
trating typical good practice within the scope
of the invention and as affording concrete illus-
trative examples as an aid to a better under-
standing of its underlying principles, and that
the invention is not restricted to such details.
Moreover, various features of apparatus con-
struction and arrangement herein disclosed are
believed to be novel per se, as well as in combi-
nation with other units of a multi-flash sys-
tem, whether or not employed in a system oper-
ating under vacuum of any degree. The inven-
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tion is therefore not to be understood as limited
in all respects to vacuum distillation systems.

Certain subject-matter disclosed in this ap-
plication is also disclosed in the copending ap-
plication of John E. Schulze and Ronald V.
Becknell, Serial No. 140,500, filled concurrently
herewith. .

What is claimed is:

1. ‘A high vacuum distillation system for the
manufacture of mineral lubricating oils as over-
head distillates which comprises, in combination,
a flash and fractionating tower provided with
vaporizing surfaces, and also having an entrain-
ment-separating section and a fractionating sec-
tion which includes a bubble tray, said entrain-
ment-separating and fractionating sections be-
ing so constructed and arranged that the re-
sistance they offer to vapor flow in the normal
operation of the tower results in a pressure drop
therethrough not exceeding 10 mm. Hg, means
for delivering heated charging stock fo said
vaporizing surfaces, means for withdrawing frac-
tionated products from said tower in side stream,
an accumulator outside said tower, means for
continuously transferring from the base of said
tower to said accumulator unvaporized liquid
oil residue as rapidly as it separates in said
tower, a second flash and fractionating tower
having entrainment-separating and ‘fractionat-
ing sections, means for withdrawing liquid oil
residue from said accumulator for further heat-
ing said residue and for delivering it to said
second tower, means for withdrawing fraction-
ated products from -said second tower in side
stream, and vacuum-producing means connected
to the.vapor outlet of the fractionating section
of each tower and capable of maintaining at
such outlet an absolute pressure as low as 4
mm. Hg.

- 2. A fractionating tower for high vacuum dis-
tillation of mineral oil comprising, in combina-
tion, a vaporizing section; an entrainment-sep-
arating section .comprising cooperating trough
and cap members arranged to abruptly reverse
the flow direction of vapors ascending from said
vaporizing surfaces, thereby to throw entrained
liquid into said trough members, and means for
draining separated liquid from said troughs; and
a fractionating section, including bubble tray
means, located: abovel said entrainment-sepa-
rating section, said tower having a vapor out-
let above said fractionating section, and said
entrainment-separating and fractionating sec-
tions being so constructed and arranged that the

pressure drop between said outlet and said vapor-

izing section does not exceed 10 mm. Hg.

RONALD V. BECKNELL.
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