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The present invention relates to the treatment 
of hydrocarbons, and more particularly to the con 
version of hydrocarbons into more valuable prod 
lucts by catalytic reactions involving cracking, re 
forming, dehydrogenation and polymerization. 

It is an object of this invention to convert high 
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boiling hydrocarbon oils into lower boiling hydro 
carbons, particularly gasoline. Hydrocarbon oils 
Such as gas oil, heavy distillates, petroleum re 
siduum, tars, and the like may be advantageously 
converted in accordance with this invention. 

It is a further object of this invention to im 
prove the antiknock qualities of gasoline ornaph 
tha distillate and to increase the lead suscepti 
bility thereof by subjecting such distillates to re 
forming conditions of temperature and pressure in 
the presence of a catalyst. Such reforming op 
eration involves essentially a dehydrogenation and 
structural rearrangement of the distillate mole 
cules, with or without cracking and change in 
boiling range or volatility of the reformed dis 
tillate, 

It is a further object of this invention to effect 
conversion of hydrocarbons in the presence of a 
catalyst comprising aluminum oxide and an alkali 
metal borate, such catalyst containing limited 
amounts of Water, preferably from about 5 percent 
to about 15 per cent by weight. . 

It is a further object of this invention to effect 
conversion of hydrocarbons in the presence of a 
catalyst comprising aluminum oxide and an alkali 
metal borate, the moisture content of the hydro 
carbons being controlled to provide a charging 
stock containing not more than about 40 parts per 
million (0.004 per cent by weight) of water. 

I have found that the most effective conversion 
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oxide and an alkali metal borate, and containing 
from about 5 per cent to about 15 per cent oy 
weight of water in chemical combination. In the 
conversion of high boiling oils, such as gas oil, 
into gasoline, temperatures of the Order of from 
about 850°F. to 1050°F. and pressures up to about 
3000 pounds per square inch may be employed, 
while in the reforming of gasoline ornaphtha dis 
tillates for the improvement of the antiknock 
quality thereof, temperatures of the order of 975 
F. to 1100°F. and pressures of the order of from 
atmospheric to about 1500 pounds per square inch 
may be advantageously utilized. The reaction 
time or space Velocity may be varied, depending 
upon the temperature-pressure conditions and the 
results desired. In general the contact time may 
be somewhat longer in the conversion of high boil 
ing oils into lower boiling hydrocarbons such as 
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of hydrocarbons may be obtained when the water 
content (volatile matter) of the aluminum oxide 
alkali metal borate catalyst, and particularly the 
Water content of the aluminum oxide components 
thereof, is maintained within the range of from 
about 5 per cent to about 15 per cent by weight, 
and the water - content of the hydrocarbons 
charged is maintained at not more than about 40 
parts per million. Substantial deviation of the 
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water contents of either the catalyst or the hydro 
Carbons from the range mentioned does not per 
mit optimum conversion of hydrocarbons. , 

In accordance with the present invention, hy 
drocarbons containing not more than about 40 
parts permillion of water are subjected to elevated 
temperatures, under atmospheric or superatmos 
pheric pressure, in the presence of a catalyst ca 
pable of promoting the conversion or reforming 
reaction, such catalyst comprising aluminum 

suitable pellets or masses. 

gasoline, than in the reforming of gasoline or 
naphtha distillates for the improvement in anti 
knock quality thereof. For example, in cracking 
high boiling oils, the space velocity may be of the 
order of 1 volume of charge oil per volume of 
catalyst perhour, whereasin thereforming of dis 
tillates, the space velocity may be of the order of 
1.5 to 4 volumes of charge oil per volume of cat 
alyst per hour. 
The catalyst to be employed in accordance with 

this invention comprises aluminum oxide or 
bauxite which has been impregnated with an 
alkali metal borate, said aluminum oxide or 
bauxite containing from about 5 per cent to about 
15 per cent by weight of water, most of which is 
chemically combined. The water content or 

5 volatile matter is found by heating the Oxide or 
bauxite at 1800 F. for 20 minutes, and determin 
ing the loss in weight. Such catalyst may be pre 
pared by soaking granular aluminum oxide of 
proper water content with an aqueous solution or 
Suspension of an alkali metal borate, and there 
after drying the impregnated granular material 
by heating at temperatures not in excess of about 
1000F. Or, alternatively, finely divided alumi 
num oxide may be impregnated with an alkali 
metal borate solution or suspension, and the moist 
material thereafter granulated or formed into 

The quantity of borate 
to be employed may vary from about 0.1 per cent 

50 

55 

to 10 per cent or more by weight of the aluminum 
oxide, quantities of the order of from about 1 per' 
cent to about 5 per cent being preferred. Among 
the borates which may be utilized are the meta 
borates, tetraborates, pentaborates, hexaborates, 
octaborates and dodecaborates of sodium, potas 
sium and lithium, . . . 
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The Water content of the hydrocarbon oil to be 

converted may be controlled by dehydrating the 
oil, if the water content is substantially in excess 
of about 40 parts per million. Oils containing 
substantially no water, or water in amounts up to 
about 40 parts per million, are satisfactory. 
Those containing water in excess of about 40 parts 
per million are not susceptible of high conversion 
yields. When necessary, dehydration of the oil to 
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column and passed by means of valve-controlled 
pipe 23 to storage (not shown). If desired, a 
liquid side stream comprising C or C4 hydro 
carbons, or a mixture thereof, may be removed 
from the column through valve-controlled pipe 
24, or C3 or 'C4 hydrocarbons may be withdrawn 
With the uncondensed gases, i. e., C1-Ca hydro 
carbons and Ha, from the top of the column by 
means of valve-controlled pipe 25. If desired, 

the proper water content may be accomplished by 10 at least a portion of the uncondensed gas or C3-C4 
air blowing, or treatment with dehydrating ad- hydrocarbons may be recycled to the tubular 
sorbents or chemical agents commercially avail- heating coil 6 by means of valve-controlled pipe 
able for dehydrating purposes. 26, compressor 27 and pipe 28. 
My invention may be further illustrated with In the operation of the catalyst chamber 8, the 

reference to the accompanying drawing, which 15 activity of the catalyst may be maintained or in 
shows diagrammatically a system suitable for car- creased by the introduction of gases such as 
rying out my process. steam, oxygen, or carbon dioxide, or mixtures 

- Hydrocarbon oil, such as gas oil having a thereof, by means of valve-controlled pipe 29. 
water content of not more than 40 parts per mil- And at such time as the granular catalyst 9 be 
lion, is supplied from a source (not shown) 20 comes fouled with carbon or tarry matter, the 
through valve-controlled pipe and is passed by conversion system may be shut down and the 
means of pipe 2 to heat exchanger 3, wherein the catalyst regenerated by contacting with air or 
oil is preheated by indirect heat exchange with steam at elevated temperatures, preferably not 
cracked products from the catalytic chamber in excess of about 1000 F. Such revivifying 
hereinafter described. The preheated oil is 25 agents may be introduced into chamber 8 
passed from heat exchanger 3 through pipe 4 to through valve-controlled pipe 29 and may be 
pump 5, from which it is delivered to the tubular withdrawn therefrom, together with the matter 
heating coil 6 wherein the temperature of the oil contaminating the catalyst, by means of valve 
is raised to about 950 F., under a pressure of controlled pipe 30. ... ' from about 25 to about 50 pounds per square 30 The reforming of gasoline or naphtha distil 
inch. Higher pressures, of course, may be used. lates for the improvement of antiknock quality 
In the coil the oil is vaporized and the heated may be carried out in a manner similar to that 
vapors are passed therefrom by means of pipe above described in connection with gas oil crack 
into the upper section of catalyst chamber 8 con- ing. In the reforming operation, it is advanta taining a granular catalyst 9 comprising AlO3 35 geous to employ somewhat higher temperatures, 
impregnated, for example, with 1 per cent by pressures, and rate of flow than are utilized, in 
weight of sodium borate (NaBO), and contain- the conversion of high boiling oils such as gas 
ing from about 5 per cent to about 15, per cent by oil. Depending upon the nature of the distillate 
weight of water. In the chamber 8 cracking of to be reformed, the operating conditions may be 
the heated oil in contact with the catalyst takes 40 varied in order to accomplish reforming with a 
place, with the production of hydrocarbon gases, controlled amount of cracking, or with substan 
Ha, cracked gasoline and gas oil, and Small tially no cracking, as may be desired. 
amounts of tar. The cracked products, at a My process may be further illustrated by the 
temperature of the order of 950 F., are with- following examples, which, however, are not in 
drawn from the lower section of chamber 8 and 45 tended as limiting the scope thereof. 
are passed by means of pipe O through heat ex- The results given in table were obtained by 
changer 3 in indirect heat exchange with rela- cracking, in a single pass at atmospheric pres 
tively cool charge oil introduced through valve- Sure, a petroleum gas oil under the conditions 
controlled pipe and pipe 2. In the exchanger and with the catalysts substantially as set forth. 
3 the hot, cracked products are partially cooled, 50. The gas oil employed had an A. P.I. gravity of 
and thence delivered by valve-controlled pipe if 314, and a boiling range of 256° F to 741. F. 
to fractionating column 12 provided with con- The borate-containing catalysts were prepared 
tacting plates or trays I heating coil 14, and by impregnating granular 36 mesh Al2O3 with 
cooling or reflux coil 15. The cracked products aqueous solutions of sodium borate and drying 
are fractionated in column 2 to produce an 55 the impregnated granules. The gasoline was cut 
overhead fraction comprising cracked gasoline to 400 Fiend point. 
and gases, and a bottoms fraction or residue - 
comprising cracked gas oil and small amountspf C 
tar. The cracked gas oil and tar may be with- conditions Products 
drawn from the bottom of column 2 by means of valve-controlled pipe is, and, if desired, a por- St. Catalyst Contact V: tion thereof may be recycled, with fresh charge Tepp's 
ol, to the tubular heating coil B. The remainder secondsCSEs 
of the cracked gas oil and tar may be withdrawn --- -a- , 
from the system through valve-controlled pipe 65 31F. P. M. Granur Ali0-52%. 1002 6.4 as 
and disposed of as desired. 93% ". . . . 
The gasoline vapors and gases are passed from. P. P. M. GE: 1002 6.5 32.4 . 20.5 

the top of fractionating column f2 and are in- - - SE3% . . . . 
. . troduced by means of pipe 8 into a second May: 1002 so pool is 

fractionating column 9 provided with contact- 70 Si3% 
ing trays 20, heating coil 2, and cooling.coil 22. "Fr. M Gig 100s. 7.0 al. 1, 
Herein the gases are separated from the gasoline SRAA3 • - the latter is stabled to obtain the desired "Eig 1000 6.8 as o.o. , boiling range and volatility. The stabilized gas- As 

... oline may be withdrawn from the bottom of the 75 
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rom the above resis it will be sees that the 

Alaos-Nas1340 catalysts containing at least 5 
per cent by weight of water, and gas oils con 
taining not Enore than about 40 parts per Eil 
ion (P. P. M.) of water produce the 
yields of gasoline. 
While haye described say invention particl:- 

Early with respect to the conversion of higher 
boiling hydrocarbon oils into gasolice, say 
process is also applicable to the reforaging of 
gasolice to increase the antiknock waite there 
of, as well as to the dehydrogenation of hydro 
carton gases to produce gefins and arosaics. 

clais - 

1. A process for the conversion of a yezo 
carbor stock into other Eydiocartoons, witch 
comprises contacting said stock with a catalyst 
contaprising auraniara oxide ared at arai Entetsa 
borate at a sufficiently elevated temperature to 
effect said conversion, said catalyst containing 
between 5 per cent and 5 per cent by Weight 
of Water. 

2. A process for the conversion of a hydrocar 
bon stock containing not store than about 40 
parts per inition of water into other hydrocar 
bons, which corrprises contacting saidstock with 
a catalyst cottiprising at Frei Erth oxide at Ed ar. 
akati Eneaborate at a striciety elevated tea 
perature to effect said conversion 

3. A process for the conversion of a hydrocar 
bo stock contaizig lot fore that about 48 
gaits per knifort of Water into other hydrocar 
bors, which cornprises contacting said stock with 
a catalyst congrising at Eirit, oxide as a 
alkali Zeta Elorate at a stificiently elevated 
tesiperature to effect said CoEversion, saidi cata 
lyst cottairing between 5 per cert aid 5 per 
cent by Weight of water. 

4. A process for the conversion of high boiling 
hydrocarbor oil irst Power eiing by decacas, 
which comprises subjecting a high boiling oil 
containing rot Enore that about 40 parts get 
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2. 

3. 

A. 

infilton of water to cracking teaperatittees in 
the presence of a catalyst coaprisiig attacker , 
oxide and an aka reta borate said catalyst 
containing between 5 per cent and 5 per cent 
by weight of water. 

5. A process for the conversion of hydrocar 
bons containing not more than about 40 parts 
per Enion of water into gasoline having in E 
proved antiknock qualities, which comprises 
heating said hydrocarbons to a temperature 
within the range of froa about 950 to about 
1050 F, in the presence of a catalyst compris 
ing aunia Ea oxide a data aizai sea cate, 
and containing between 5 per ceat at Rs. 5 ger 
cent by weight of Water, and separating frozzate 
conversion products a fractic. Robizag wiriche 
gasoline boiling range. 

6. A process for the co-feasion of Eydtear 
tons containing Rottfore that Rahgat 46 gartsger 
Ension of water it to gasolite having ingroved 
antiknock qualities, which congrises heatreg Saii . 
hydroecarbons to a testerate within the carage 
of from about 950 F to about 5G F under 
speratiospheric presstie, Ere the presence of a 
catalyst comprising at Egitt Era oxide and at 
akai neta orate, and containiag tetween 5 
per cent and 15 per cers by weight of water, acid. 
separating from the conversion products a frate 
tion boiling within the gasoline boiling range 

7. A process for the coversion of hydrocar 
bols containing not fore has ahert 46 garts 
per inition of water into gasolife Eawing it:- 
proved antiknock qualities, which cottigrises 
heating said hydrocario is to a terrigezaiture 
within the range of from about 950 F. to about 
1950 F. Ender speratingspheric gressuria, it 
the presence of a catalyst cotti prising 
oxide and Sodit. Crate, and certairing betweets 
5 per cert and 15 get cert by weight of Wate: 
and separating from the conversion products a. 
fraction boiling within the gaspire agiling Eazige. 
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