
Oct. 9, 1951 

p 
g 

CN 
C 
O 

S 
s 

2 

s 
R i 

S. s O 

o 

N 

R. B, SMITH 2,570,607 
WACUUM DISTILLATION OF REDUCED CRUDE 

Filed Now, l8, 1948 

S. 

d 

a 55 a 

(29-N-3 SS 
d - 

N 5 ce 
\ 

> 
o 

o 
e 
- 
t 

O 

NVENTOR 
READING BARLOW SMITH 

5uis, auaarily Bogos 
AORNEYS 

  



Patented Oct. 9, 1951 2,570,607 

UNITED STATES PATENT OFFICE 
WACUUMIDISTILLATION OF REDUCED 

CRUDE 

Reading Barlow Smith, Hammond, Ind., assignor 
to Sinclair Refining Company, New York, N.Y., 
a corporation of Maine 

Application November 18, 1948, Serial No. 60,732 

m 

My invention relates to improvements in 
vacuum distillation of heavy hydrocarbon Stocks 
which are susceptible...to cracking. More par 
ticularly, it is characterized by vacuum operation 
under higher conditions of temperature and preS 
sure than have been before applied SO as to in 
crease vacuum still capacity, or, conversely, 
reduce size of vacuum equipment. 
The immense demands placed upon the pers 

troleum industry by military necessity and 
mechanization in all phases of modern life have 
magnified many problems of petroleum refining 
from problems of efficient and economic operation 
to problems of productive necessity. The wide 
spread introduction of so-called fluid catalytic 
cracking and other catalytic cracking processes 
has greatly increased production of high-grade 
gasoline and heating oils, but in turn has placed 
great pressure upon existing refining means for 
preparing cracking feed Stocks. The prepara 
tion of cracking feed Stocks is a ready example 
of the role vacuum distillation plays in refining 
practice in economically obtaining ultimate yields 
of useful products from each barrel of crude oil. 
Inrunning reduced crudes, for example, in the 

preparation of cracking feed stocks, the reduced 
crude charge is conventionally heated in a tube 
Or coil heater and is flashed into a vacuum tower 
or still from which as much clean distillate or gas 
oil as possible is taken overhead. In conven 
tional practice it is commonly accepted that the 
flash temperature and consequently the heater 
temperature is limited by the temperatures at 
which incipient cracking occurs; that is, about 
700° to 800° F. As is well-known, cracking 
makes gas, and even Small quantities of fixed 
gases in the vacuum zone seriously interfere with 
the efficiency of the vacuum operation. For the 
maintenance of subatmospheric pressures in the 
Vacuum still requires in practical installations the 
use of Vacuum jets Which depend for efficiency 
upon Substantially complete condensation of the 
vapor throughput. Thus the presence of Small 
amounts of fixed gases sharply reduces jet effi 
ciency and requires such large and costly jets that 
operation quickly becomes impractical. Hence, 
in conventional practice it is customary to Set 
a flash temperature, Which When carried back 
through the System . to the heating Zone, Will 
avoid cracking in the system, and then reduce 
the pressure in the vacuum flash tower to the 
point necessary for the desired overhead yield. 
Obviously, the demand for high percentage over 
head yields results in flash towers which are dis 
proportionate in size to the throughput. 
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Moreover, certain well-known phenomena of 

cracking further restrict flexibility of Operation 
in conventional practice. In the past consider 
able difficulty with coking at the point of initial 
vaporization in the heater has been experienced. 
This difficulty is generally avoided by holding 
pressure on the heater coil, thereby preventing 
vaporization. But, since vaporization is pre 
vented, the temperature runs considerably high 
er because all of the heat input goes to Sensible 
heat. Furthermore, since the feed is maintained 
in the liquid phase, the residence time in the 
heater is increased. The combination of higher 
temperatures and increased residence time of 
course promotes cracking, and accordingly limits 
the benefits of liquid phase operation in conven 
tional practice. m 

I have found, however, that if I depart from 
conventional practice and deliberately establish 
a higher pressure and temperature in the SyS 
tem, I can significantly increase vacuum Still 
capacity or significantly reduce vacuum still size 
by removing fixed gases made in Cracking prior 
to the vacuum step. I thus avoid interference 
With the efficiency of the Vacuum jetS While run 
ning under conditions of higher throughput, and 
provide for improved flexibility of Operation 
with respect to pressure and phase, temperature 
and percentage Overhead yields. 
Where conventional practice is limited to flash 

temperatures in the neighborhood of 650 to 
750 F. and requires a low Vacuum still pressure 
Within the range of 20 to 75 mm., I maintain a 
pressure within the approximate range of 150 
to 350 mm. of mercury, preferably say about 
200 mm., and a temperature Within the ap 
proximate range of 750 to 850 F., preferably 
say about 830 F. I find that my improved sys 
ten of Operating results in a reduction in the 
diameter of the flash still of from one-quarter 
to one-half or more. To effect such results, I 
prefer to operate at a heater temperature of 
about 900 F. and to interpose a relatively small 
flash drum between the vacuum still inlet and 
the heater outlet. The pressure on the drum is 
usually about 90 p.s. i. a., accounting for pres 
Sure drop through the heater coil, and the ten 
perature is a few degrees below that of the heater 
outlet. 

I find that my improved system is particularly 
Valuable in running reduced crudes to ultimate 
gaS oil yields in cracking stock preparation for 
it greatly increases the capacity of existing equip 
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ment. Thus, it significantly relieves the pres 
Sure On refining capacity at a time of crude short 
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age and gasoline and heating oil shortages. Con 
Versely, it permits reduction in the size of equip 
ment necessary for the same production, and per 
nits the use of Vacuum jets in the most efficient 
Size range and at the most economical cost. 
Since vacuum jet operation is necessarily inflex 
ible, my improved scheme of vacuum distilla 
tion introduces a certain degree of flexibility 
into a previously inflexible process. I have also 
found that Iny improved method eliminates Open 
erating difficulties encountered by pushing ca 
pacity under the conventional Scheme of opera 
tion. For high pressure-high temperature Wac 
uum operation not only brings the System into 
size, but reduces entrainment of asphaltic con 
Stituents and clears up the color of the gas oil 
Overhead. 
An embodiment of my invention is further ill 

lustrated in the drawing and the following ill 
lustrative example, neither of which is offered, 
however, in a limiting sense. 
In the drawing, charge oil is introduced to the 

System through line G and is charged to heater 
A at a pressure that will maintain 90 p.s. i. a. in 
flash drum 2. The heated oil enters flash drum 
f2 through line 3, and freed from light gases 
paSSes to Vacuum still 4 through line 5 and 
pressure reducing valve 6. Light gases are taken 
OVerhead by means of line 7, and are passed 
through condenser 8 to receiving drum 9 from 
Whence fixed gases are released through line 20 
to refinery fuel or other purposes. Light gas oil 
is collected and punped to the cracking process 
through line 2 . In vacuum still 4, gas oil is 
flashed overhead at 200 mm. of mercury and a 
temperature of 830 F. through line 22, con 
dense, 23 and receiving drun. 24. Line 25 leads 
to a conventional jet condenser System (not 
shown) and line 26 serves to remove gas oil to 
the cracking proceSS. Asphalt bottoms are re 
moved through line 2. 
The Operation of my improved System is per 

haps best illustrated by comparison. With con 
Ventional Operation. On a unit running 510 bar 
rels per hour of 20° API feed stock. The unit is 
run to gas oil and asphalt of the following char 
acteristics: 

Gas Oil Asphalt butts 
Gravity, AP---- 23. Gravity, API.---- 9.9 
Bbls/hr.-------- 410 Bbls/hr ------- 100 
Aniline pt------ 187 Penetration ----- 21. 
Carbon res----- 0.21 

A comparison of the feed and overhead is seen 
in the following tests: 

Feed, Vacuum Dist. 
at 5 nm. Eg 

Overhead at 
760 mm. Ig 

ot. 
593 
640 
669 
694 
718 
735 
750 
759 

of. 
490 
580 
635 
675 
730 
760 
800 
840 
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4. 
The above rates and product qualities are pro 

duced by operation at a flash temperature of 705 
F. and a flash preSSure of 36 inn. Of mercury. 
The tower top temperature is 665° F. - and the 
heater effluent is 748 F. The diameter of the 
tower necessary for this operation, which is 
pushing maximum capacity, is 16% feet. When 
changed over to my improved method by utilizing 
a flash drum of 4 feet by 10 feet internediate the 
heater outlet and the vacuum still, a vacuum 
tower diameter of only 11 feet is required. The 
rate and product qualities are the same, but the 
flash temperature is raised to 830 F., the tower 
top temperature is 800° F., and the flash pres 
sure is 200 mm. of mercury. The heater efflu 
ent is 905 F. and the pressure 90 p.s. i. a... for 
liquid phase heating. At lower pressures which 
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permit vaporization, the heater effluent is about 
870 to 880° F. Cracking occurs under these 
conditions although in terms of cracking still 
Operation, it is relatively Small. However, in 
terms of the size of jets on the vacuum tower, 
the amount of gas produced would require such 
abnormally large jets that the operation would 
not be feasible. In the described example, how 
ever, removal of the gas facilitates the illustra 
tive high temperature and pressure operation. 

I claim: 
In Vacuum distillation of reduced crude oil 

stocks to prepare gas oil cracking stocks, the 
steps of heating a reduced crude stock in the 
liquid phase under superatmospheric pressure to 
a temperature of the order of about 900° F. to 
effect incipient cracking, passing the treated 
stock to a relatively small-flash zone and remov 
ing substantially all fixed gases while maintain 
ing the stock substantially in the liquid phase 
under superatmospheric pressure, flashing the 
preheated and degassed stock in an enlarged 
vacuum zone at about 750° to 850° F. under a 
pressure within the approximate range of 150 to 
350 mm. of mercury, removing vaporized gas oil 
overhead from the vacuum Zone and removing 
unvaporized bottoms from the vacuum Zone. 

- READING BARLOW SMITH. 
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