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This invention relates to the preparation of gas oil 
charge stock for catalytic cracking and more particularly 
to such a process employing vacuum distillation and vis 
breaking and to novel apparatus employed in the process. 

In conventional processing of crude petroleum oil to 
recover fractions suitable as charge stock for catalytic 
cracking, the crude is first distilled at Substantially atmos 
pheric pressure. Gas and gasoline are recovered as over 
head products, naphtha and perhaps a light gas oil are 
taken off as side streams and the residual material is 
recovered from the bottom of the tower as atmospheric 
reduced crude. The residual fraction from the atmos 
pheric tower is then passed to a vacuum distillation tower. 
The products of vacuum distillation include gas oil and a 
heavy residual fraction or vacuum reduced crude. The 
gas oil fraction employed as catalytic cracking charge 
stock, which can be a mixture of fractions obtained by 
atmospheric and vacuum distillation, is a liquid distillate 
that boils in the range of about 500 to 1,000 F. 
To obtain additional catalytic cracking charge stock it 

is also conventional to subject petroleum fractions heavier 
than gas oil, including residual fractions from atmospheric 
and vacuum distillation, to a thermal cracking procedure 
known as viscosity breaking, or more commonly, as "vis 
breaking.' This is essentially a single-pass, mild thermal 
cracking operation in which the heavy oil is passed at 
rather short residence time through a coil heated to a tem 
perature in the range of about 850 to 950 F. The 
product is then separated to recover a gas oil cracking 
stock. 
The present invention provides an improved process and 

apparatus for recovery of catalytic cracking charge stock 
from petroleum crude oil by vacuum distillation and vis 
breaking of heavy fractions thereof. The process of the 
invention in general comprises subjecting a residual frac 
tion obtained by atmospheric distillation of crude oil to 
distillation at subatmospheric pressure in a first vacuum 
distillation zone which is positioned above a second vacu 
um distillation Zone. The first Zone is sealed against liquid 
communication. With the second Zone but has vapor com 
munication from the second Zone. From the first vacu 
un distiliation Zone a catalytic Cracking charge stock dis 
tillate fraction and a vacuum reduced crude residual frac 
tion are recovered, the distillate fraction including distill 
late from the second Zone and the residual fraction being 
free of unvaporized products from the second Zone. The 
vacuum reduced crude from the first zone is subjected to 
Visbreaking. A residual fraction of the visbreaking prod 
luct which comprises gas oil and visbroken reduced crude 
is subjected to distillation at subatmospheric pressure 
in the Second vacuum distillation zone. All of the vapor 
derived from the visbroken charge to said second zone is 
passed upwardly into said first Zone to be recovered with 
the distilate product of said first zone. All of the un 
Vaporized portion of the charge to the second zone is with 
drawn as the residual product of said second Zone free of 
products from the first zone. In the preferred modifica 
tion of the process the distillation conditions in the second 
vacuum Zone are controlled to limit the amount of vapor 
passed from the Second Zone into the first zone and thus 
to provide a gas oil product from said first zone of suitable 
composition for catalytic cracking charge stock, including 
low content of metals. 
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The apparatus of the invention comprises a novel vacu 

um tower structure. The tower in general comprises an 
elongated vertical shell having an upper flash section and 
an upper Stripping section, a lower flash section and a 
lower Stripping section, each of said stripping sections be 
ing provided with vertically spaced bubble trays and said 
upper Stripping section being separated from said lower 
flash Section by a sealing tray. Each flash section is pro 
vided With a feed line entering above the topmost tray 
of the corresponding stripping section. A vapor conduit 
extends upwardly from the lower flash section and extends 
into the upper flash Section above the feed line therefor. 
Above the upper flash section is the fractionating section 
of the vacuum tower which is provided with a series of 
Vertically Spaced bubble trays, at least one line for with 
drawing distillate product and at least one reflux line. 
At the lower end of the upper stripping section is a line 
for withdrawing residual product and a line for introduc 
ing steam. Below the sealing tray and above the top 
most bubble tray of the lower stripping section is a feed 
line for the lower flash section and at its lower end the 
lower stripping section is provided with a line for with 
drawing residual product and a line for introducing steam. 
In a preferred embodiment the vacuum tower is provided 
with separate feed heaters for the feed line to the upper 
Section and the feed line to the lower section. The 
tower is employed in combination with a visbreaking 
heater, with fractionation means for separating the vis 
breaking product into at least one distillate fraction and a 
residual fraction, with a line for delivering residual prod 
uct from the upper flash section to the visbreaking heater, 
and with a line for delivering residual product from the 
Visbreaking product separator to the feed heater for the 
lower flash section of the vacuum tower. 
The process and apparatus of the invention will be 

described in more detail by reference to the drawings of 
which: . 

FIGURE 1 is a flow diagram of an embodiment of the 
process of the invention and a diagrammatic representa 
tion of the apparatus; 
FIGURE 2 is an elevation of a portion of the vacuum 

tower, partly in section and with parts broken away; 
FIGURE 3 is an elevation in section of a portion of 

the tower taken along line III-III of FIGURE 2; 
FIGURE 4 is a plan view in section taken along line 

IV-IV of FIGURE 3; and 
FIGURE 5 is a plan view in section taken along line 

V-V of FIGURE 3. 
FIGURE 1 illustrates apparatus comprising a vacuum 

tower it which is provided with an upper flash zone or 
section 11, an upper stripping section 2, a lower flash 
Zone or Section 13, a lower stripping section i4, and a 
"blind” or sealing tray 15 which separates the lower flash 
Section i3 from the upper stripping section 12 and which 
permits the passage of vapor from the lower flash sec 
tion to the upper flash section while preventing the pas 
Sage of liquid between the two sections. The structure 
of the two separate flash sections of the vacuum tower 
will be described in more detail hereinafter with refer 
ence to FIGURES 2-5. a 
The structure of vacuum tower 10 above the upper 

flash Section is conventional. Thus, section 16 of the 
tower is a conventional fractionation or rectification sec 
tion provided with a series of vapor-liquid contacting 
means or bubble trays 17 of conventional design and with 
an overheadline 18 leading to a single vacuum producing 
means 19 Such as a conventional vacuum system compris 
ing a barometric condenser and steam jets. The tower is 
also provided with one or more lines for Withdrawing dis 
tillate fractions such as lines 23 and 24 and one or more 
lines for returning top or side reflux streams to the tower, 

| Such as lines 27 and 28. 



The vacuum tower 10 with its two separate flash sec 
tions and feed lines and its single vacuum system is pref 
erably employed in combination with separate heating 
means for the feed lines to the two flash sections. Thus, 
a heater 29 can be provided for line. 39 and a separate 
heater 43 for line 44. Instead of two heaters, a single. 
furnace or heater, which has separate heating sections for 
each feed line, the temperature for each section being 
separately controllable, can be employed. The vacuum 
tower is also employed in combination with a visbreak 
ing heater 32 to which the residual fraction from the up 
per stripping section 2 is delivered, with means such as 
the short fractionating column 33 for separating the vis 
breaking product into at least one distillate fraction and a 
residual fraction and with a line 35 for delivering the 
residual fraction of the visbreaking product to the feed 
heater 43 for the lower flash section 13 of column 10. 
The fresh feed to the unit is a residual fraction from 

atmospheric distillation of petroleum crude oil. This 
charge, which is also called atmospheric reduced crude, 
is introduced to the unit by line 38. The charge is 
heated in the charger heater 29 to a temperature, e.g., 
about 780 F., suitable for vacuum distillation at a vac 
uum tower pressure, for example, of 4 to 5 inches Hg. 
The heated feed is passed by line 39 into the upper flash 
section of tower 16. As a result of the elevated tem 
perature, the low pressure and the introduction of strip 
ping steam by line 40, the reduced crude introduced by 
line 39 is at least partially vaporized and the conven 
tional vapor-liquid contacting mechanism of rectification 
stripping columns occurs, with vapor rising upwardly in 
the tower and liquid descending. 

Steam and uncondensed hydrocarbon vapors pass over 
head by line 28 to the vacuum system 9. Suitable dis 
tillate fractions are withdrawn from the side of the 
tower. For example, a light gas oil fraction is with 
drawn by line 23, a portion thereof being refluxed to 
the top of the tower by line 27 as required. A heavy 
gas oil fraction is withdrawn by line 24, a portion there 
of being returned to the column as side reflux by line 
28 as required. 
A vacuum reduced crude oil product from the upper 

stripping section 2 is withdrawn from tray 15 by line 
41. This fraction is charged to the visbreaking furnace 
32. During passage through the coil of visbreaker 32 
the oil is heated to an outlet temperature, for example, 
of 920 F. and mild thermalcracking occurs, the extent 
of cracking depending upon the specific temperature range 
of the visbreaker and the residence time of the oil therein. 
The visbroken product passes from the furnace 32 to 

a so-called tar separator 33. This is a short, atmospheric 
distillation column provided with a few bubble trays suf 
ficient to achieve separation of the visbreaking product 
into an overhead and bottoms fraction. Preferably, a gas 
oil stream is introduced to the separator 33 by line 34 
as a quench oil to cool the hot oil quickly and prevent 
coking in the separator. 
A light distillate fraction composed of furnace oil and 

lighter material is recovered overhead by line 37 from 
separator 33 and a residual fraction comprising visbroken 
reduced crude that includes gas oil produced by Visbreak 
ing is withdrawn by line 35. The latter fraction forms 
the feed or charge stock for the lower flash section 13 
of tower 10, 
The visbreaking residium is heated by the charge heater 

43 to a suitable temperature, e.g., 770 F., for vaporizing 
a desired portion of the gas oil content thereof at the 
pressure and steam ratio of the lower section of column 
0. The lower stripping section 14 is provided with a 
few bubble trays or other vapor-liquid contacting means. 
The heated charge is introduced by line 44 to the lower 
flash section 13 above the topmost tray of lower stripping 
section 4. The lower flash section, which has vapor 
communication to the upper flash section 11, is at essen 
tially the same subatmospheric pressure as upper sec 
tion 11. The pressure in the lower section may be some 
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what higher than that of the upper section because of 
the pressure drop between the two sections. As a result 
of the low pressure, the temperature of the feed and the 
introduction of steam by line 45, gas oil and lighter 
hydrocarbons of the visbroken reduced crude are vapor 
ized and passed upwardly through vapor conduits which 
pass through the sealing tray 5 into the upper flash sec 
tion 1. Thus, the gas oil produced by visbreaking the 
vacuum reduced crude withdrawn from the upper strip 
ping section 2 is passed into the upper flash section 3 
and is recovered in the distillate fractions of lines 23 and 
24. The visbreaker gas oil is thus recovered with the 
hydrocarbons of similar boiling range obtained from the 
virgin atmospheric reduced crude which is charged to the 
upper flash section 1. 
Steam lines 4G and 45 are each provided with valves 

and therefore can supply steam to stripping sections 12 
and E4, respectively, at desired rates. Separate control 
of vaporization in the upper and lower sections is aided 
by separate control of the steam rate to each stripping 
Section. 
FIGURE 2 shows details of a preferred embodiment 

of the vacuum tower of the invention. The figure is a 
partly sectioned view in elevation with portions of the 
apparatus broken away and with certain conventional 
features onmitted. In the embodiment of FIGURE 2 
tower 50 has an upper flash section 11, an upper stripping 
section i2, a lower flash section 13 and a lower stripping 
Section 4. The lower flash section and upper stripping 
section are separated by a "blind' tray or sealing tray i5. 
The upper and lower stripping sections are provided with 
a series of vertically spaced bubble trays. The uppermost 
tray of the upper stripping section 2 is tray 20. The 
upper stripping section extends from this tray downward 
ly to the sealing tray 5. The upper flash section 11 is 
the Zone between the top stripping tray 20 and the lower 
most tray 7 of fractionating section 16. The upper 
most tray of the lower stripping section is tray 21. The 
lower stripping section extends from this tray downwardly 
to the bottom of the tower. The lower flash section is 
the zone between tray 2A and the sealing tray 15. 

Liquid is introduced to the upper flash section and the 
top tray of the upper stripping section by the feed line 39. 
This top tray 26 of the stripping section also receives 
liquid from the downcomer 46 of the lowermost tray 
27 of the fractionating section 16. Liquid is withdrawn 
from the bottom of the upper stripping section, i.e., from 
the sealing tray 15, by the residual product drawoff 
line 4. 
Two vapor conduits 47 rise from opposite sides of the 

sealing tray 5. Each vapor conduit 47 is formed by a 
vertical wall 48 in combination with a portion of the 
shell of tower G to which the wall 48 is attached. The 
wall 43 and the associated portion of the tower shell form 
a vertical vapor passage or conduit 47 which extends 
through the sealing tray 5 and upwardly into the upper 
flash section E1. 
The wall 48 and thus the vapor conduit formed there 

by, terminates in the upper flash section above the top tray 
of the upper stripping section and substantially above the 
level of feed line 39 and the outlet of downcomer 46. 
All liquid is introduced to the upper flash section below 
the upper ends of the vapor conduits 47, thus preventing 
the introduction of liquid into the vapor conduits and into 
the lower flash section. As a further precaution suitable 
means, such as baffles 50 shown in FIGURE 1, can be 
placed above the vapor conduits. Such baffles will per 
mit the flow of vapor from the conduits while reducing 
the possibility that liquid might splash into the vapor 
conduits. 
The trays of the stripping sections can be of conven 

tional design. For instance, they are provided with means 
such as bubble caps for achieving vapor-liquid contact 
and each tray is provided with means such as the weirs 
51 and 51' to maintain a liquid level on the tray. Means 
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such as the downcomers 52 and 52 are provided for 
delivering liquid from each tray to the next lower tray. 
The liquid flow design for the upper stripping section in 
FIGURES 2-5 is the so-called split flow or twin flow 
design in which the liquid downflow changes alternately 
from the sides of the tray to the middle of the tray. How 
ever, any of the different types of tray layouts can be 
employed in the apparatus of the invention, if the struc 
ture is compatible with the provision of a sealing tray 
to prevent liquid flow between the two sections of the 
tower and the provision of one or more vapor conduits 
to pass vapor from the lower flash section to the upper 
flash section. . 

The described process and apparatus provide a number 
of advantages over conventional procedures and appara 
tus for producing catalytic cracking charge from crude 
oil by vacuum distillation and visbreaking. In accord 
ance with the invention one vacuum tower does the Work 
which conventionally would require two vacuum towers. 
Thus, the tower cost is reduced and only a single vacuum 
system is required. 
Another advantage is that two distinct vacuum flash 

zones are provided, thus allowing separate flashing at 
two different sets of operating conditions for the virgin 
and visbroken feed stocks. In this way the carbon residue 
and the metals content of the gas oil cracking stocks 
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recovered as products can be more carefully controlled 
than would be possible if both stocks were distilled in 
a single vacuum Zone or were distilled in equipment 
that would permit admixture of the liquid stocks. 
The visbroken reduced crude is derived from the heav 

iest portions of the crude oil and will normally have 
a higher concentration of metallic compounds than the 
virgin atmospheric reduced crude. In accordance with 
the invention a substantial proportion of the gas oil 
derivable from the vacuum reduced crude of line 3 by 
visbreaking can be recovered with the gas oil fraction 
of the virgin atmospheric reduced crude without causing 
the mixed gas oil product to have an excessive content 
of metals. The metals content of the gas oil fraction or 
fractions withdrawn from the vacuum tower is controlled 
by controlling the fractionation conditions in the lower 
flash section of the vacuum tower. Thus, the visbroken 
feed to the lower flash section is heated by the charge 
heater 43 to a temperature suitable to vaporize an amount 
of material that will not excessively contaminate with 
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metals the distillate fractions of the upper section of the 
vacuum tower. Normally, the temperature for the lower 
flash section will be somewhat lower than that for the 
upper flash section. In any event, the operating condi 
tions for the two flash zones can be changed separately 
and readily since each section is provided with a separate 
preheater (or with a heater having separately controllable 
sections for each feed line) and with separate lines for 
stripping steam. 
The following example illustrates results obtainable in 

processing a West Texas crude of 33 API gravity in 
accordance with the invention. The yields are based 
on a charge of 100,000 barrels per day of crude to the 
atmospheric distillation column which prepares the feed 
stock for the upper flash section of the vacuum tower. 
In this example the visbreaking conditions include a vis 
breaker heater outlet temperature in the range of about 
900 to 940 F. and an inlet pressure to the visbreaker 
heater in the range of about 250 to 300 pounds per square 
inch gauge. The temperatures of 780 F. for the upper 
flash section of the vacuum tower and 770 F. for the 
lower flash section are selected to vaporize gas oil from 
the lower section having about the same low content of 
metals (i.e., nickel and vanadium) as the gas oil vapor 
ized in the upper section. Thus, the combined gas oil 
product recovered from the fractionating section of the 
vacuum tower has a satisfactorily low metals content for 
catalytic cracking charge. The quench oil introduced in 

50 

60 

65 

70 

75 

6 
the visbreaker product separator is not included in the 
product yields. . . . . Example 
Operating conditions: 

Upper flash section of vacuum tower 
Temperature-------------------. 780° F. 
Pressure----------------------- 4.5 in. Hg. 

Iower flash section of vacuum tower 
Temperature-------------------. 770 F. 
Pressure----------------------- 5 in. Hg. 

Yields: 

Barrels Vol. per 
Per Day cent of 

Crude 

33° API West Texas Crude to Atmospheric 
listillation-------------------------------- 100,000 100.0 

Atmospheric Reduced Crude to Upper Flash 
Section of Vacuum. Tower.----------------- 34,700 34.7 

Vacuum Reduced Crude to Visbreaker------ 9,990 9.9 
Wisbroken Reduced Crude (Containing 
Gas Oil) to Lower Flash Section of Vacu 
um Tower--------------------------------- 7,300 7.3 

Wisbroken Vacuum Reduced Crude (Resi 
due from Lower Section of Vacuum Tow 
er)---------------------------------------- 4,700 4.7 

Virgin Gas Oil from Vacuun Tower (Con 
tains approximately 0.2 p.p.m. Ni and 0.3 - 
p.p.m. V).--------------------------------- 24,800 24, 8 

Visbroke E. Gas Oil from Vacuum Tower (Contains approximately 0.25 p.p.m. Ni 
and 0.25 p.p.m. V)------------------------ 2,500 2.5 

Wisbroken Low Boiling Material fron. 
Vacuum Tower.-------------------------- 100 0. 

Obviously many modifications and variations of the 
invention as hereinbefore set forth may be made without 
departing from the spirit and scope thereof and there 
fore only such limitations should be imposed as are in 
dicated in the appended claims. 

I claim: 
1. The process which comprises heating atmospheric 

reduced crude to a temperature suitable for vacuum dis 
tillation thereof, subjecting the heated atmospheric re 
duced crude to vacuum distillation in a first vacuum dis 
tillation zone in a vertical vacuum distillation tower, 
recovering a vacuum reduced crude residual fraction from 
said first zone, subjecting said latter fraction to visbreak 
ing, recovering a visbreaking product consisting of gas 
oil and heavier hydrocarbons, heating said visbreaking 
product to a temperature appropriate for vacuum distilla 
tion thereof, subjecting the heated wisbreaking product 
to vacuum distillation in a second vacuum distillation 
zone having vapor communication to but sealed from 
liquid communication with said first zone said first vac 
uum distillation zone positioned above said second vac 
uum distillation zone, the temperature to which said vis 
breaking product is heated prior to introduction into said 
second zone being at least 10 F. lower than the tem 
perature to which said atmospheric reduced crude is 
heated and being controlled to limit the amount of vapor 
passed from said second zone into said first Zone so as 
to provide a gas oil product from said first zone of suit 
able composition including a low content of metals for a 
catalytic cracking charge stock, maintaining the liquids 
in said distillation zones entirely separate, passing the 
vapor derived from the visbreaking product in said sec 
ond zone into said first zone, withdrawing the unvaporized 
portion of the charge to the second zone as the residual 
product thereof free of products from said first zone, 
and recovering a gas oil fraction from said first zone 
comprising the gas oil vaporized by vacuum distillation 
of the atmospheric reduced crude and the gas oil vapor 
ized by vacuum distillation of the visbreaking product. . 

2. Apparatus comprising in combination a vacuum 
tower having an upper flash section, an upper stripping 
section, a lower flash section, a lower stripping section, 
said upper stripping section and said lower flash section 
being vertically separated by a sealing tray adapted to 
prevent liquid communication between said flash sections, 
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separate charge heating means for each of said flash 
sections, a visbreaking heater, means for separating vis 
breaking product, a feed line for introducing hydrocarbon 
liquid from one of said charge heating means to the 
upper flash section of said vacuum tower, a conduit ex 
tending from the lower flash section of said vacuum tower 
into the upper flash section of said tower and above the 
feed line for said upper flash section, said conduit pro 
viding vapor communication from said lower flash sec 
tion to said upper flash section, an overhead line from 
said vacuum tower, a single vacuum producing means 
associated with said overhead line for drawing a vacuum 
in the two flash sections of said tower, at least one side 
product withdrawal line for said tower above the upper 
flash section thereof, a line for withdrawing liquid resid 
uum from the sealing tray at the bottom of the upper 
stripping section of said tower and for delivering such 
residuum to said visbreaking heater, a line for delivering 
visbroken product to said visbreaking product separating 
means, a line for delivering a residual fraction from said 
visbreaking product separating means to the other of said 
charge heating means, a feed line for delivering heated 
charge from the latter charge heating means to said lower 
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S. 
flash section, separate lines for delivering steam to the 
lower portion of each of said stripping sections, a line 
for withdrawing residual product from the bottom of said 
lower stripping section and a line associated with said 
latter line for recycling a portion of said residual product 
to said visbreaking heater. 
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