
2,297,774 E. R. KAN HOFER 
HYDROCARBON CONVERSION 

Oct. 6, 1942. 

\JO LOVE!!! ! Šuolynollows: 

NVENTOR 

ELMER R. KANHOFER 
BY 

At TORNEY 

  

  

  

  



Patented Oct. 6, 1942 2,297,774 

UNITED STATES PATENT OFFICE 
2,297,774 

HYDROCARBON CONVERSION 
Elmer R. Kanhofer, Chicago, Ill., assignor to 
Universal Oil Products Company, Chicago, Ill., 
a corporation of Delaware 

Application July 31, 1939, Serial No. 287,486 
7 Claims. (Cl. 196-49) 

This invention relates to a process which in 
Wolves a series of concomitant steps wherein hy 
drocarbon oils are converted into substantial 
yields of high actane rating gasoline having a 
relatively low olefin content and improved prop 
erties with respect to susceptibility to antiknock 
ing agents and, in addition, improved storage 
Stability and low sulfur content. 
The invention involves principally high tem 

perature catalytic cracking treatment of a hy 
drocarbon oil, low temperature catalytic crack 
ing treatment of the conversion products from 
the high temperature cracking zone in the pres 
ence of an added Saturated hydrocarbon oil, sep 
aration of the low temperature conversion prod 
lucts to separate the gasoline boiling range hy 
drocarbons from the higher boiling hydrocar 
bons, recovery of the former, and the return of 
the latter to the high temperature cracking zone. 
The term "high temperature catalytic cracking 

treatment' as used throughout the specification. 
and claims refers to the treatment of a hydro 
carbon oil boiling above the range of gasoline in 
the presence of a cracking catalyst at a tempera 
ture in the range of from 800 to 1200°F. and at a 
preSSure ranging, for example, from Substantial 
ly atmospheric to 200 pounds or more per square 
inch whereby to effect substantial conversion into 
gasoline boiling range hydrocarbons and/or to 
the treatment of gasoline boiling range hydro 
carbons to improve the properties of the same 
by changing their structure without materially 
altering their boiling range; whereas low tem 
perature catalytic cracking treatment refers to 
the treatment of a mixture of hydrocarbon oil 
containing the cracked conversion products from 
the high temperature cracking treatment and an 
added saturated hydrocarbon oil in the presence 
of a cracking catalyst at a temperature in the 
range of 500 to 800° F., but preferably from 700 
to 800 F., and at a pressure ranging, for ex 
ample, from substantially atmospheric to 200 
pounds or more per square inch whereby to in 
crease the degree of saturation of the olefinic 
hydrocarbons subjected to treatment and at the 
same time effect some cracking of the heavier 
hydrocarbons. 

In One specific embodiment the invention 
comprises passing hydrocarbon oil in the heated 
vaporous state in contact with a catalyst mass in 
a high temperature cracking zone whereby to ef 
fect substantial conversion to gasoline, cooling 
the conversion products, separating a non-vapor 
ous liquid residue from the vapprous conversion 
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said vaporous conversion products with an added 
saturated hydrocarbon oil and passing the mix 
ture in the heated state in contact with a cata 
lyst mass in a low temperature cracking Zone 
whereby to increase the degree of Saturation of 
the olefinic hydrocarbons contained in the mix 
ture in addition to cracking some of the heavier 
hydrocarbons, fractionating the conversion 
products from the low temperature cracking Zone 
to separate fractionated vapors boiling in the 
range of gasoline from the higher boiling hydro 
carbons, recovering the former, condensing the 
latter in the fractionating Zone as reflux conden 
sate, and returning it to the high temperature 
cracking Zone. 
In the catalytic cracking processes now in use, 

it is common to employ relatively high tempera 
tures and relatively short contact times in order 
to obtain a substantial rate of conversion of the 
hydrocarbon oil to gasoline boiling range hy 
drocarbons. However, the gasoline obtained 
from such a process contains high percentages of 
olefinic hydrocarbons which, although increasing 
the octane rating of the gasoline, are responsible 
for the poorer susceptibility of the gasoline to 
added antiknocking agents, such as tetraethyl 
lead, and, in addition, are responsible for the 
poorer storage stability because of gum forma 
tion. It has been found that if the vaporous 
conversion products from the high temperature 
cracking treatment are commingled with a sat 
urated straight-run hydrocarbon oil and the 
mixture subjected to contact with a catalyst mass 
of essentially the same composition as that em 
ployed in the high temperature cracking treat 
ment and at a temperature in the range of 500 
to 800° F. for a relatively longer period of time 
than that employed in the preceding cracking 
treatment, a gasoline product is obtained Com 
posed primarily of paraffinic and aromatic hy 
drocarbons which have a relatively high octane 
rating, a low potential gum content, and a good 
susceptibility to antiknocking agents whereby 
it is possible with the addition of relatively small 
amounts of tetraethyl lead to obtain a gasoline 
suitable for aviation purposes. 

It is believed that in the low temperature cata 
lytic cracking, as described above, that a portion. 
of the hydrogen from the Saturated hydrocar 
bons and particularly the naphthenic hydrocar 
bons is transferred to thé olefinic hydrocarbons 
formed in the high temperature cracking treat 
ment, whereby the olefinic hydrocarbons become 
saturated to form paraffinic hydrocarbons and 

products, recovering the former, commingling 55 the naphthenic hydrocarbons converted to aro 
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matic hydrocarbons. Warious other reactions, 
such as, for example, dehydrogenation and cy 
clization of an aliphatic hydrocarbon to form an 
aromatic hydrocarbon with the formation of 2 
to 3 molecules of hydrogen which attach to the 
unreacted olefinic hydrocarbons, may also take 
place. A further discussion in connection with 
what may possibly takeplace is un necessary, Since 
the invention does not concern itself with the 
chemistry of the various reactions but is con 
cerned primarily with the process in which the 
cracking reaction may be conducted. 
The accompanying diagrammatic drawing 

shows in conventional side elevation one specific 
form of the apparatus in which the object of the 
invention may be accomplished. It is to be un 
derstood that the invention is not limited to 
processing in the specific form of apparatus 
herein disclosed and that various modifications of the process and apparatus herein described may. 
be made without departing from the broad scope 
of the invention. 

Referring now to the drawing, the charging 
stock comprising either a relatively wide boiling 
range hydrocarbon oil, which may be substan 
tially completely vaporized, or any fraction 
thereof, is introduced through line and valve 2 
to pump 3, which discharges through line 4 and 
valve 5. The charging stock is commingled in 
line 4 with cycle stock, formed as hereinafter 
described, and the mixture introduced to heating 
coil 6. The oil in passing through heating coil 
6 is substantially completely vaporized therein 
and raised to the desired temperature, which 
may range, for example, from 800 to i200 F., 
without substantial pyrolytic cracking thereof by 
means of heat supplied from furnace T. The 
heated hydrocarbon vapors leaving heating coil 
6 at a pressure ranging, for example, from sub 
stantially atmospheric to 200 pounds or more 
per Square inch, are directed through line 8 and 
valve 9 into reactor 0 wherein the vapors are 
Subjected to contact with a cracking catalyst 
disposed therein while maintaining the hydro 
carbon vapors at substantially the same tempera 
ture as that employed on the outlet of the heat 
ing coil whereby to effect substantial conversion 
of the gasoline boiling range hydrocarbons. 
The preferred cracking catalysts for use in the 

present process consist in general of a precipi 
tated alumina, hydrogel and/or zirconia hydrogel 
composited with silica hydrogel, the gel composite 
being washed, dried, formed into particles and 
calcined to produce a catalytic mass. It is not 
intended, however, that the process should be 
limited to these particular catalysts, for other 
catalysts, such as, for example, the hydrosilicates 
of alumina, acid treated clays, and the like, may 
be used within the broad scope of the invention. 

In the following specification and claims the 
terms silica, alumina, silica-zirconia, and silica 
alumina-zirconia masses are used in the broad 
Sense to designate the synthetic composites re 
ferred to above. The preferred catalysts may be 
prepared by precipitating silica, from a solution 
as a hydrogel within or upon which the alumina 
and/or Zirconia are deposited also by precipita 
tion as hydrogels. The silica hydrogel may con 
veniently be prepared by acidifying an aqueous 
solution of sodium silicate by the addition of a 
required amount of hydrochloric acid. After pre 
cipitating, the silica gel is preferably washed 

2,297,774 
an alkaline precipitant, such as ammonium hy 
droxide, ammonium carbonate orammonium sul 
fide added to the solution to precipitate alumi 
num and/or Zirconium hydrogels. The final pre 
cipitate, comprising essentially hydrated silica, 
and hydrated alumina and/or zirconia, is washed 
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until substantially free from alkali metal salts. 
The washed silica hydrogel is then suspended in 
a solution of alumina and/or zirconium salts and 75 

to Substantially completely remove water Soluble 
materials and dried at about 300 F. to produce 
a rather crumbly and granular material which 
may be ground and pelleted or sized to produce 
particles of catalyst after which the catalyst 
particles are calcined at a temperature in the 
approximate range of 1000 to 1500 F. Various 
other procedures, such as, for example, coprecipi 
tation of the hydrated gels may be employed, 
when desired, to produce the preferred catalyst. 

Reactor 0 is preferably of the type which en 
ploys a plurality of relatively small diameter re 
actor tubes containing the desired catalyst, the 
tubes being confined within an enclosed zone to 
which heat from an external source may be sup 
plied for the purpose of maintaining the react 
ants at the desired temperature during the con 
version reaction. In addition, since relatively 
short periods of operation are employed in cata 
lytic cracking because of the rather rapid de 
position of carbon upon the surface and within 
the pores of the catalyst particles which necessi 
tates frequent reactivation, it is preferred that, 
a plurality of reactors be employed, although only 
One is shown in the drawing, in order that one 
or more may be segregated and the catalysts dis 
posed therein subjected to reactivation while con 
version of the hydrocarbon vapors is being ac 
complished in the other or others. Suitable 
means, not shown, may be employed for reactiv 
ating the catalyst disposed within the various 
reactors during the period those particular re 
actors are segregated from the balance for the 
purpOSe of reactivation. 
Although the reactor described above consti 

tutes the preferred type of reactor, it is not in 
tended that the invention should be limited in 
this respect, for various other types of reactors, 
known to those in the art, may be substituted 
therefor without departing from the broad scope 
of the invention. 
The conversion products leaving reactor O are 

directed through line if and valve 2, preferably 
commingled with a saturated hydrocarbon oil, 
introduced as hereinafter described, in order to 
cool the conversion products, and the mixture in 
troduced to separator f3 by way of line 4 and 
valve 15 to separate a non-vaporous liquid residue 
from the vaporous hydrocarbons. The non-va 
porous liquid residue may be removed from sepa 
rator 3 by way of line f G and valve f7, cooled 
and recovered as a product of the process, in 
which case the vaporous - hydrocarbons are di 
rected into line f by way of line 8 and valve te 
and treated as subsequently described. However, 
When the conversion products contain little or 
no non-vaporous liquid residue, separator 3 may 
be by-passed by closing valves S and 9 in lines 
f4 and 8, respectively, and the conversion prod 
ucts, either alone or in commingled state with 
an added Saturated hydrocarbon oil, are directed 
through valve 20. 
In any case, the conversion products, either 

alone or in commingled state with the added 
Saturated hydrocarbon oil in line fl, are supplied 
to pump 26, either in the vapor state, or, when 
desired, as a normally liquid hydrocarbon. The 
vapors in line f may, when desired, be directed. 
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through line 27 and valve 28 into line 74 by means 
of which they are supplied to pump 26. 

In the above procedure, a vapor pump would 
Ordinarily be necessary since the pressure on the 
hydrocarbon vapors in line is below the desired 

3 
directed through line 39 and valve 40 into line ii. 
On the other hand, when it is desired to use 
straight-run gasoline, naphtha or kerosene, this 

pressure for use in the subsequent treatment. 
The preferred method is to cool and condense 
the vapors in line , separate the normally gase 
Ous hydrocarbons from the normally liquid hy 
drocarbons and utilize only the normally liquid 
hydrocarbons. This may be accomplished by di 
recting the vapors in line through valve 2f into 
cooler 22 wherein indirect heat exchange is ef 
fected between the vapors and the cooling me 
dium, Supplied to cooler 22 by way of closed coil 
23. The cooled mixture leaving cooler 22 is di 
rected through line 24 and valve 25 into receiver 
73 wherein the normally liquid and normally gas 
eous hydrocarbons are collected and separated. 
The normally gaseous hydrocarbons are with 
drawn through line 76 and valve 77 and recovered. 
The normally liquid hydrocarbons are directed 
through line 74 and valve 75 to pump 26. Pump 
26 discharges the oil and/or vapors through line 
29 and valve 30 and a portion or all may be di 
rected through line 3 and valve 32 into heating 
coil 33, or, when desired, the hydrocarbons may 
be directed through valve 34 into reactor 37. 
When the Saturated oil is commingled with the 
conversion products for the purpose of cooling, 
the temperature of the mixture determines 
Whether additional heat is necessary in heating 
coil 33. For example, if the temperature of the 
mixture is below that at which the conversion in 
reactor 37 is to be effected, the hydrocarbons are 
directed through line 3 and valve 32 into heat 
ing coil 33 wherein they are raised to the desired 
temperature, which may range, for example, from 
500 to 800 F., and preferably from 700 to 800° F., 
by means of heat supplied from furnace 38. The 
oil after being raised to the desired temperature 
in heating coil 33 is returned to line 29 by way of 
line 35 and valve 36. 
A Saturated hydrocarbon oil, which is used as 

the hydrogen donor in the subsequent low tem 
perature cracking zone, is preferably employed as 
the cooling oil for the conversion products in line 

and may comprise, for example, a portion of 
the hydrocarbon oil subjected to conversion in 
the high temperature catalytic cracking treat 
ment or a straight-run gasoline, naphtha or kero 
sene. The purpose, of course, in employing a 
saturated hydrocarbon oil as a cooling oil is due 
to the fact that whatever oil is employed, it 
eventually finds its way into the low tempera 
ture cracking Zone, and if recycle stock were to 
be employed as the cooling oil, very little, if any 
thing, Would be gained because it contains the 
hydrocarbons which have already acted as hy 
drogen donors. In addition, if the cycle stock is 
employed as the cooling medium, it merely neces 
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sitates the use of a larger reactor in the low tem- . 
perature catalytic cracking treatment, because in 
Such a case it would also be necessary to add 
sufficient quantities of straight-run hydrocarbon 
oil to serve as a hydrogen donor, whereas if the 
straight-run hydrocarbon oil was used directly as 
the cooling medium only it and the conversion 
products from the high temperature cracking 
treatment would be subjected to the low tempera 
ture cracking treatment. 

65 
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If the same oil that is charged to the high tem 
perature cracking treatment is employed as a 
cooling medium to the conversion products in 
line i í, a portion of the same in line 4 may be 75 

may be Supplied by way of line 4, valve 42, pump 
43, line 44, valve 45, and line 39. In addition, 
when the amount of cooling oil added to the con 
version products in line it is insufficient to serve 
as a hydrogen donor to the conversion products 
Subjected to low temperature cracking treatment, 
additional quantities of the gasoline, naphtha or 
kerosene in line 44 may be supplied to the process 
by way of line 46 and valve 47 whereby it either 
commingles with the mixture of conversion prod 
ucts and cooling oil in line 3 after which it is 
introduced to heating coil 33, or Supplied alone 
to heating coil 33 by way of line 3. 

In any case, the mixture of conversion products 
and added saturated hydrocarbon oil in line 29, 
ranging in temperature from 500 to 800 F. and 
at a pressure ranging, for example, from Substan 
tially atmospheric to 200 pounds or more per 
square inch, are introduced to reactor 37 wherein 
they are subjected to contact with a catalyst dis 
posed therein. The catalyst employed in reactor 
37 is of essentially the same composition as that 
described in connection with the catalyst em 
ployed in reactor f0. The low and high tempera 
ture catalytic cracking reactions differ essentially 
with respect to temperatures and contact times 
employed, the reaction in reactor O being carried 
out at a relatively high temperature and short 
contact time, whereas the reaction in reactor 3 
is carried out at a lower temperature and at a 
longer contact time. Reactor 37 and O may be. 
of essentially the same design, however, as was 
previously mentidined. Various other types of re 
actors may be employed to accomplish the de 
sired results. 
The conversion products leaving reactor 3 

are directed through line 48 and valve 49 to 
fractionator 50 wherein fractionated vapors boil 
ing in the range of gasoline are separated from 
the higher boiling hydrocarbons, the latter being 
condensed as reflux condensate in the fractionat 
ing zone. The fractionated vapors are directed 
from the upper portion of fractionator 50 through 
line 5 and valve 52 to cooler and condenser 53. 
Distillate leaving condenser 53, tcgether with un 
dissolved and uncondensed gases, is directed 
through line 54 and valve 55 into receiver 56 
wherein the undissolved and uncondensed gases 
are separated from the distillate. The gases Sep 
arated in receiver 56 are directed from the upper 
portion thereof through line 57 and valve 58 to 
storage or disposed of in any suitable manner. 
A portion of the distillate collected in the lower 
portion of receiver 56 is returned to the upper 
portion of fractionator 50 as a refluxing and cool 
ing medium therein by way of line. 59, valve 60, 
pump 6 f, line 62, and valve 63. The balance of 
the distillate collected in receiver 56 is directed 
through line 64 and valve 65 to storage or to 
further treatment as desired. 
The reflux condensate from fractionator 50 is 

directed through line 66 and valve 67 to pump 
68. Pump 68 discharges through line 69 and all 
or a portion of the reflux condensate may be 
directed through Jine 70 and valve Ti, cooled and 
recovered as a product of the process. Prefer 
ably, however, it is directed through valve 72 into 
line 4 where it commingles with the charging 
stock and is subjected to conversion, as previously 
described. 
An example of one specific operation of the 

process as it may be accomplished in an appara 
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tus such as illustrated and above described to ac 
complish the desired results is approximately as 
follows: 
A 30.7 A. P. I. gravity East Texas gas-oil was 

vaporized and heated to a temperature of ap 
proximately 932 F. Without substantial pyrolytic 
cracking thereof. The heated vapors under a 
superatmospheric pressure of approximately 60 
pounds per square inch were passed over a silica 
alumina-Zirconia catalyst at a liquid space veloc 
ity of 4 while maintaining the temperature of the 
vapors at approximately that at which they were 
discharged from the heater. The conversion 
products leaving the catalyst Zone were cooled to 
a temperature of approximately 650 F. with a 
portion of the gas-oil charging stock and the 
mixture introduced to a separator maintained 
under a Superatmospheric pressure of approxi 
mately 40 pounds per square inch wherein the 
non-vaporous liquid residue was separated from 
the vaporous conversion products. The non 

O 

vaporous liquid residue removed from this zone 
was cooled and recovered as a product of the 
process. The vaporous conversion products leav 
ing the separator were subjected to cooling and 
condensation. The resulting cooled and con 
densed conversion products and cooling oil exist 
ing in the proportion of approximately 3:1, re 
Spectively, were heated to a temperature of 750 
F. and the heated oil passed over a silica-alumina 
Zirconia catalyst at a liquid space velocity of 1 
and at a superatmospheric pressure of approxi 
nately 60 pounds per square inch while main 
taining the temperature substantially constant 
during the conversion reaction. The conversion 
products leaving the low temperaturature crack 
ing Zone, were subjected to fractionation at a 
Superatmospheric pressure of approximately. 40 
pounds per square inch to separate fractionated 
vapors having an end boiling point of approxi 
mately 300 F. from the higher boiling conver 
sion products, the latter being condensed as re 
flux condensate in this zone and returned to the 
high temperature cracking treatment. The frac 
tionated vapors were subjected to cooling and 
condensation and the resulting distillate and gas 
collected and separated. 
When employing an operating period of 1 hour 

before regeneration of the catalyst in the high 
temperature cracking treatment and 42 hour be 
fore regeneration of the catalyst in the low tem 
perature cracking treatment, approximately 55% 
by volume of 300 end point gasoline was ob 
tained having a bromine number of 10 and an 
octane rating of 80 which was raised to 96 upon 
the addition of 6 cc. of tetraethyl lead. 

I claim as my invention: 
1. A process for producing motor fuel of high 

Octane rating and relatively low olefin content 
which comprises subjecting hydrocarbon oil to 
catalytic cracking at a temperature in the ap 
proximate range of 800 to 1200° F. for a contact 
time such as to form olefinic gasoline, commin 
gling a saturated hydrocarbon oil with the re 
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Sultant olefinic gasoline products and contacting 
the mixture with a, cracking catalyst at a tem 
perature in the approximate irange of 500 to 800° 
F. for a longer contact time than is employed 
in the first-mentioned catalytic step, the quan 
tity of said Saturated oil and said longer contact 
time being sufficient to saturate at least the 
major portion of the olefin content of said gaSO 
line products, and recovering the thus saturated, 
catalytically cracked gasoline. 

2. A process for producing motor fuel of high 
Octane rating and relatively low olefin content 
which comprises subjecting hydrocarbon oil to 
catalytic cracking at a temperature in the ap 
proximate range of 800 to 1200 F. for a contact 
time such as to form olefinic gasoline, Commin 
gling a saturated hydrocarbon oil with the re 
sultant olefinic gasoline products and contacting 
the mixture with a cracking catalyst at a tem 
perature in the approximate range of 500 to 800 
F. for a longer contact time than is employed in 
the first-mentioned catalytic step, the quantity 
of said saturated oil and said longer contact time 
being sufficient to saturate at least the major 
portion of the olefin content of said gasoline 
products, separating the thus saturated, cata 
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lytically cracked gasoline from fractions heavier 
than gasoline and returning at least a portion 
of the latter to the first-mentioned catalytic 
cracking step. 

3. The process as defined in claim 1 further 
characterized in that said saturated oil is com 
mingled with the heated conversion products of 
said catalytic cracking whereby to cool these 
products. 

4. The process as defined in claim 1 further 
characterized in that said saturated oil comprises 
a straight-run petroleum product. 

5. A process for producing motor fuel of high 
octane rating and relatively low olefin content 
from a saturated hydrocarbon charging oil heav 
ier than gasoline, which comprises subjecting a 
portion of said charging oil to catalytic cracking. 
at a temperature in the approximate range of 
800 to 1200° F., commingling with the resultant 
olefinic gasoline products another portion of the 
saturated charging oil and contacting the mix 
ture with a cracking catalyst at a temperature 
in the approximate range of 500 to 800 F., the 
quantity of saturated charging oil so commingled. 
and the contact time of the mixture with Said 
cracking catalyst being sufficient to saturate at 
least the major portion of the olefin content of 
said gasoline products, and recovering the thus 
saturated, catalytically cracked gasoline. 

6. The process as defined in claim 1 further 
characterized in that said mixture is contacted 
with the cracking catalyst at a temperature of 
about 700 to 800°F. 

7. The process as defined in claim 5 further 
characterized in that said mixture is contacted 
with the cracking catalyst at a temperature of 
about 700 to 800' F. 
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