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The present invention, relates to an improved 
process for the production of lower boiling, oils, 
particularly gasoline.from higher boiling hydro 
carbons by reaction in the presence of hydrogea 
at elevated pressure and in the presence of cers 
tain catalysts. The invention is particularly 
concerned with catalytic methods for converting 
higher boiling paraffin hydrocarbons in min 
eral oils, or fractions, thereof, such as crude per 
troleum oils, gas oils, top crude oils, and in other 
hydrocarbon fractions from any Source, into 
high yields of gasoline of good anti-knock prop 
erties. - 

It has previously been proposed to Subject 
solid and liquid carbonaceous materials boiling 
above gasoline...to conditions favoring SQ.. called 
destructive hydrogenation, in the presence of 
catalysts selected for their comparatively high 
hydrogen adsorption capacity. Such operations 
are usually... conducted at high pressures in the 
order of about 200 atmospheres and above. Hy 
drogenation of oils. at lower pressures have also 
been suggested, primarily for the purpose. Of al 
tering or improving the propeities. of the oil 
without substantial splitting of C-C linkages, 
such as for the removai of Sulfur, compounds 
therefrom.. Under typical conditions favoring 
hydrogenation in the presence of Such catalysts 
having comparatively high hydrogenating ac 
tivity, there are ordinarily obtained hydrocar 
bon conversion products relatively low in. aro 
matics and having a comparatively high propor 
tion of normal paraffins; the-octane ratings of the 
obtained liquid fractions in the gasoline: boil 
ing range are quite low. When applied at higher 
temperatures (above. about 925. F.) to certain 
selected charge stocks, from among those higher 
boiling than gasoline, particularly those of high 
naphthene content, gasoline of higher Octanes 
can be obtained than in the usual lower tem 
perature hydrogenation processes, but only at 
the expense of considerable reduction in gasoline 
yields. 

Light liquid hydrocarbon fractions such as 
those boiling in the range of gasoline and naph 
tha, have also been treated with catalysts, ger 
erally similar to those used in hydrogenation, 
and under conditions favoring dehydrogenation 
of naphthenes present in such fractions. Under 
the conditions, typically employed, hydrogenation 
of plefins to paraffins is obtained but cyclization 
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2 
of the paraffins does not occur to any significant 
extent. In these processes, hydrogen may be 
and usually is recycled to the process but for the 
purpose. Only of maintaining catalyst activity, 
since the process is essentially one of dehydro 
genation and results in substantial net hydrogen 
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production. 
The catalytic cracking of hydrocarbon oils, 

particularly at normal or slightly elevated press 
Sure and in the presence of hydrogen, has been 
extensively employed on a commercial scale. 
The known commercial processes generally utilize 
siliceous cracking catalysts of natural or syne 
thetic origin, the more widely used among these 
being acid-activated clays and synthetic silica 
alumina gels. In such catalytic cracking opera 
tions the rate of formation of carbonaceous or hy 
drocarbonaceous deposit, called 'coke,' limits the 
severity of conditions that, can be employed for 
efficient and economic operation, so that the ex 
tent of conversion of the oil is maintained below 
that obtaining highest gasoline yields per pass. In 
these customary cracking processes, as applied 
for instance to the cracking of gas oils, there 
can be obtained in a once-through cracking op 
eration, by proper choice of catalyst and condi 
tions, liquid products in the gasoline boiling 
range amounting to over 40% and even as high 
as 50% by volume of the oil charged. At these 
conversion levels the quantity of coke, produced 
generally amounts to in the order of about 10% 
or more by weight of the quantity of gasoline 
produced; or stated otherwise, at conversion 
levels of such gas oils corresponding to about 
40-50% by volume gasoline, the coke production 
amounts to about 3 to 5% or more by weight of 
the oil charged. At lower conversion levels, pro 
ducing less than about 40% gasoline by volume 
of oil charged, the coke production is generally 
more than proportionately lower, and the gas 
oline to coke ratios are therefore correspond 
ingly higher; such lower conversion levels are 
generally favored in commercial operations. 

It has now been found, in accordance with the 
present invention, that exceptionally high yields 
of high Octane liquid products in the gasoline 
boiling range are obtained with unusually low 
coke production, by conversion of higher boil 
ing hydrocarbons, and even such as are pre 
dominantly paraffinic, in the presence of hydro 
gen and in contact with certain catalysts under 
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specially selected conditions. The catalysts en 
ployed are composed of a siliceous mass of acid 
reaction active in catalytic cracking and con 
taining intimately associated therewith a very 
Small but critical quantity of molybdenum oxide, 
such quantity being advantageously selected 
With reference to the “acidity' of the Siliceous 
mass. The operating conditions for effecting the 
described catalytic conversion of said hydro 
carbons include temperatures in the range of 
700-900 F. and pressures in the preferred range 
of 1000-3000 pounds per square inch gauge, there 
being added to the reaction at least 3 mols hy 
drogen gas per mol of oil charged. Advanta 
geously also, the quantity of oil contacted per 
pass with a particular quantity of catalyst, or 
conversely the so called catalyst to oil ratio, are 
maintained within certain selected limits, these 
limits for any given catalyst being determined 
by the activity potential of the catalyst, as will 
hereinafter appear. 
In general, the catalysts used in accordance 

With the present invention Cornprise a siliceous 
cracking component of moderate cracking activ 
ity, that is a siliceous component having a stabi 
lized activity adapted to customary catalytic 
cracking, such as one characteristically producing 
in the cracking of a gas oil at least 25% by volume 
gasoline. The siliceous Cracking Component has 
initially incorporated thereWith a Small amount 
of noiybdenum oxide, providing less than 1% 
MoC3 by weight of the catalyst, or from about 
0.05% up to about 0.9% MoO3. For superior to 
optimum results in the described conversion proc 
eSS, C2,talystS should be employed COntaining a 
controlled quantity of molybdenum oxide bear 
ing a definite relation to the acidity of the sili 
ceous cracking component with which the molyb 
dena, is incorporated, as is further described below. 
The acidity of the siliceous component is deter 
mined by its capacity for chemisorption of 
quinoline by contact with quinoline vapors. 
As a result of fundamental research carried 

out in the same laboratories in which the present 
invention was developed (certain aspects of which 
are described in the Journal of the American 
Chemical Society, 1950, volune 2, page 1554) 
it was found that only a relatively Small fraction 
of the total Surface of oxide type cracking cata 
lyst is responsible for the catalytic activity dis 
played by Such catalyst, and that certain definite 
chemical properties are associated with this part 
Of the Catalyst identifying the active principle as 
an "acid,' capable of reacting with bases at high 
temperatures. It was further found that a gen 
eral correlation existed between catalyst acidity 
aiad activity, Such that the chemisorption chair 
acteristics of the catalyst for certain bases could 
be employed as a dependable measure of cracking 
activity. A method of characterizing catalysts 
in terms of their capacity for adsorption and 
retention of quinolines was thereupon established. 
The following procedure may be employed in de 
termining the quinoline number of the catalyst, 
involving a highly accurate direct weighing tech 
nique: 
The Catalyst is Suspended in a perforated glass 

basket by a glass wire attached to one end of the 
bean of an analytical balance. Nitrogen at a 
Constant pressure is then passed through a series 
of Saturators containing liquid quinoline main 
tained at a constant temperature by a jacket cont. 
taining boiling liquid. The nitrogen gas satu 
rated with quinoline is passed through preheated 
vapor transfer lines into contact with the catalyst 
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4. 
sample. Flow is continued until a relatively con 
stant Weight is observed, and a stream of pre 
heated nitrogen gas is then passed over the cata 
lyst to remove physically held quinoline until a 
substantially constant weight is observed. The 
difference in weight before contact with guinoline 
and after the nitrogen purge is taken as the 
amount of quinoline chemisorbed. 
To obtain the desired Superior results in a hy 

drocarbon conversion process in accordance With 
the present invention, the catalyst employed 
must contain a quantity of molybdenun. Oxide 
(calculated as MoO3) in inilinolS equal to ap 
proximately 0.2 to 1.2 times the quinoline chemi 
Sorption capacity, expressed in miliequivalents 
of the siliceous mass in which the molybdena, is 
incorporated, optimum resultS being obtained at 
about 0.7 millinois MoO3 per miliequivalient of 
quinoline chemisorbed. Thus a siliceous catalyst 
having prior to impregnation. With molybdenum 
oxides a quinoline number of 0.06 miliequivalents 
per gram, gave optimum resultS in the described 
hydrogenative hydrocarbon conversion reactions, 
at a content of molybdenunn Oxides equal to 0.6% 
by Weight of the catalyst, Corresponding to about 
0.7 millimols MoO3 per milliequivalent of acidity. 
In the same manner Siliceous catalyst inasses 
having a quinoline number of about .04 milli 
equivalent per gram prior to impregnation. With 
molybdenum oxides, should preferably be im 
pregnated with 0.4% by weight molybdena, and 
Siliceous masses of lower quinoline number, such 
as those having a quinoline nuinber of about 
.02 milliequivalent per gram should be impreg 
nated With approximately 0.2% molybdenum 
Oxides, to obtain optimum results in the present 
hydrocarbon conversion processes. Superior re 
SultS Short of the optimum are obtained, however, 
Over a limited range of MoO3 content related to 
the quinoline chemisorption capacity as indi 
cated above. Thus, for the catalyst base of 
lowest activity mentioned above, that is one hav 
ing a quinoline number of about .02 milliequiva 
lent per gram prior to incorporation of molyb 
denum oxides, there may be employed between 
about 0.06 and 0.35% of molybdenum oxides; 
While for a catalyst having a quinoline number of 
.04 miliequivalent per gram the content of no 
lybdenum oxides may lie between about 0.12 and 
0.7% by Weight. The preferred catalysts, com 
prise Silica, alumina gels of stabilized activity 
having a quinoline number of about .06.01 
me../gm. and containing about 0.6% or from 
about 0.4% to about 0.9% of molybdenum oxide. 
The various chemical reactions concurrently 

taking place during the described catalytic con 
Version of a hydrocarbon oil are quite complex 
and involve a number of different individual re 
actions on the different components of the oil. 
The results obtained in applying the process to 
oil fractions which have not been previously sub 
jected to dehydrogenation or to catalytic crack 
ing, or to oils otherwise having a low olefin con 
tent (less than 5% olefins), indicate that trans 
formation of paraffins in the oil contribute sub 
Stantially to the quality of the obtained gasoline. 
It appears that the principal and characteristic 
reactions going on include in addition to removal 
of Side chains from alkyl aromatic compounds 
and the transformation of naphthenes in the oil, 
the Splitting of carbon-carbon paraffin linkages, 
aromatization by ring closure of resulting C6 and 
higher paraffins, and isomerization of normal 
paraffins to branched chain compounds. The 
Overall balance of the process with the usual 
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cracking charges results in a net consumption of 
hydrogen, and with such charges addition of heat 
is ordinarily not required to maintain the overall 
reaction. The resulting products obtained from 
the conversion of a gas oil, for instance, are rela 
tively highly saturated and low in olefinicity; 
the liquid portion thereof, however, has an ade 
quate content, of alonaticS and is relatively high 
in the proportion of branched chain compounds, 
so that the motor gasoline fraction as a whole is 
of high anti-knock quality, equal or Superior to: 
that typically obtained in the usual cracking of 
the same oils with Synthetic silica-alumina, or 
other catalysts. The yields of desired liquid 
products, including gasoline, are markedly higher 
than in customary catalytic cracking, while the 
production of coke is greatly reduced. 
To obtain the Superior results characteristic 

of the present invention, including high rates of 
conversion and the production of large yields of 
gasoline of good octane quality, it is important 
that the oil be contacted with a sufficient quantity 
of the catalyst, the required quantity depending 
upon the acidity of the cracking component of 
the catalyst; that is the acidity of the siliceous 
catalyst imaSS prior to molybdena, incorporation. 
In general, catalyst to oil ratios furnishing at 
least one equivalent of acid prior to molybdena, 
incorporation (as determined by quinoline chem 
isorption) per 1000 rinols of oil to be contacted per 
paSS, naust be used. Higher catalyst to oil ratios 
such as those furnishing approximately an equiv 
alent or nore of acid ifor each hundred mols of 
oil, in general give increasingly Superior results 
up to certain limits. No particular advantage 
has been found for very high catalyst to oil 
ratios, as in excess of about 3 equivalents of acid 
per 100 mols of oil. 
The Small announts of coke produced in the 

process enable the use of comparatively long on 
stream periods exceeding one or two hours, or 
longer periods if desired, without necessitating 
regeneration of the catalyst. Regeneration may 
be carried out by contacting the coke-containing 
catalyst with oxygen-containing gas at elevated 
temperature not exceeding about 1000° F., for a 
sufficient period to burn off the coke to desired 
extent. 
Although the process may be carried out in 

moving catalyst Systems comprising Separate 
zones Ol' vesses for the hydrocarbon conversion 
reaction and for regeneration of the catalyst, it 
is preferred to employ fixed catalyst bed reac 
tol's, and to regenerate the catalyst periodically 
in situ as required when the activity or Selec 
tivity of the catalyst falls below that desired. The 
operation may be carried out in known manner 
employed with fixed bed catalytic conversion sys 
items, by diverting the fow of hydrocarbons at 
the end of a fixed on stream period, preferably 
to another reactor of a series, while the used 
coke-containing catalyst is being prepared for 
and subjected to regeneration. Such regenera 
tion may be effected at the pressure prevailing in 
the reaction vessel or preferably at a lower pres 
sure; in the latter instance after first depressur 
ing the vessel to desired extent. Intermediate 
the on stream reaction and regeneration of the 
catalyst, the reaction vessel and contents are 
purged by passing an incompatible gas there 
through. Thus, after the hydrocarbon conversion 
step, the vessel may be purged with hydrogen and 
the hydrogen swept out With an inert gas, Such 
as nitrogen or spent flue gas, followed by the 
admission of oxygen-containing gas to effect re 
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6 
generation. After regeneration has been carried 
out to the required extent, excess oxygen-con 
taining-gas may be swept from the vessel with 
an inert gas. Such as nitrogen, carbon dioxide or 
Spent flue gas, and hydrogen again admitted for 
a short period prior to returning the flow of 
hydrocarbons to the reactor. The admission of 
hydrogen prior to returning on-stream is desir 
able in order to restore the catalyst to the lower 
state of oxidation desired for the hydrocarbon 
conversion reaction, Since Oxidation of the cata 
lyst during the regeneration period may convert 
the same to higher oxidized State. 

In initially starting up a run the reactor is 
filled with catalyst and brought to reaction tem 
perature, preferably at ordinary pressure, by cir 
culation of a preheated gas or vapor there 
through, which is not substantially reactive in 
the presence of the catalyst. Hydrogen from a 
separate reservoir maintained under constant 
pressure is then admitted to the reactor to bring 
the same up to desired operating pressure or 
Somewhat below that pressure, followed by the 
admission of the hydrocarbons until the desired 
operating pressure conditions are established, at 
which time the fiOW of hydrocarbons and hy 
drogen is maintained in the required propor 
tions and the regular cycle of operations in 
cluding purging and regeneration Set up. 

EXAMPLE 
The following example is typical of a preferred 

Operation: 
A light East Texas gas oil of 35.5 API gravity 

containing less than 15% aromatics and boiling 
in the range of about 413 to 712 F. was passed 
over a catalyst prepared from Silica-alumina, gel 
(87.5 SiO2/12.5 Al2O3 by weight) in the form of 
cylindrical pellets having an apparent bulk 
density of 600 grams per liter, 4 mm. in diam 
eter and of like length. These pellets had a 
quinoline number of 0.06 milliequivalent per gram 
and Were impregnated With 0.6% by Weight ino 
lybdenum oxides (determined as MoO3). The 
conversion of the . oil was carried out under the 
following average operating conditions: tempera 
ture of 800 F., pressure of 1500 p.s. i. gauge, at a 
liquid space velocity of 2 volumes of oil per vol 
ume of catalyst per hour and a catalyst to oil 
volume ratio of 0.5, hydrogen being added at the 
rate of 6 mols H2 per nol of oil (average molecul 
lar weight 240), operating for an on Stream pe 
riod of One hour. Other runs were made under 
approximately the same conditions at catalyst/oil 
ratios of 0.25 and 1.0, the respective on stream 
periods being 2 hours and one-half hour. 
The yields obtained are shown in the following 

table. 
Table 1 

At catalystfoil volume 
ratio 

1.0 

8 7 Conversion, Wt. percent.-------...-------- 6 
Gasline, (C4-) Wolume percent of feed 
Oll-------------------------------------- 

Coke, Wt. percent of Feed Oil...---------- 
Dry Gas, Wt. percent of Feed Oil---...-. 
Gasoline Octane. No. (to 410° F.): 

CFR-M straight 
CFR-M-1 cc. TEL 
CFR-M-3 ce. TEL-- 
CFR-R straight.------ 
CFR-R-1 cc, TEL 

i 
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The ratio of normal to iso compounds in the C4 
fractions obtained was about 1:3 while in the C5 
fraction the ratio of normal to iso compounds 
Was about 1:10. The gasoline produced contained 
about 28–30% aromatics and 1% or less olefins. 

he catalyst employed in the above example 
Was prepared by dissolving an appropriate 
amount of ammonium molybdate in that quantity 
of Water which would be taken up by the catalyst 
While appearing dry (approximately 50 cc. H2O 
per 100 grams of catalyst) and impregnating the 
catalyst with the Solution until the Water Was 
completely soaked up. The impregnated catalyst 
was the dried and heated to 1000 F. in a muffle 
furnace for 3 hours. The initial Silica-alumina, 
pellets Subjected to impregnation were of the 
commercial type prepared by coprecipitation of 
Sodium silicate and Sodium aluminate in the 
presence of ammonium sulfate Solution furnish 
ing an amount of sulfate anion equal to the 
stoichiometric equivalent of the total alkali metal 
content of the silicate and aluminate Solutions, 
and under conditions resulting in the formation 
of a coagulum having a pH of approximately 9.7 
and containing about 3.9% by weight of Na 
(Water Washed and dried basis). The product 
was steamed, dried at 240-260° F. and coarse 
ground. The obtained coarse granules Were 
treated in a countercurrent Systern. With all 
monium nitrate Solution and Water to renove 
Sodium, then freed of excess Water on a filter 
press. About 4 of the filter cake WaS dried and 
pulverized, then mulled with the remaining Wet 
filter cake to form a paste which was molded 
into cylindrical pellets of the required size and 
the pellets dried at 220 to 240° F. Prior to treat 
ment with ammonium molybdate solution the pel 
ets were treated in air at 1400 F. for four hourS. 
The heat-treated catalyst pellets thus prepared, 
and prior to impregnation with molybdena, had 
a quinoline number of .08 milliequivalent per 
gal. 
The effect of increased catalyst to oil ratios is 

apparent from the comparative results reported 
in the above table; higher conversion and more 
gasoline is obtained as the catalyst/oil ratio is 
increased, accompanied by a relatively Small in 
crease in coke production. Even at the higher 
conversion levels the gasoline to coke ratioS in 
all instances approach or exceed an order Cf 
magnitude above that obtained in customary 
catalytic cracking. The gas oil employed in the 
above example has a density of approximately 
843 grams per liter and a determined average 
molecular Weight of about 240, corresponding to 
a content of 3.6 nols per liter. The employed 
catalyst, to oil volume ratios of 0.25, 0.5 and 1.0 
therefore, correspond to an equivalent of acid 
provided by the catalyst for each 400, 200, and 
100 molls of oil respectively. 
No particular advantage has been found for 

increasing temperature beyond about 800° F. 
Gwer pressures than that of the example, as 

down to 1000 p.s. i. gauge and otherwise at the 
same operating conditions tend toward Some de 
crease in conversion rates and increased coke; 
below 1000 p.s. i. the conversion rate falls off 
more rapidly and coke production is increasingly 
favored. 

Decreasing the hydrogen to oil molar ratio as 
down to about 3:1 results in lowering of gasoline 
production by about 20% or more of the quantity 
of gasoline obtained at 6:1 mol ratio. Space 
Velocities of 2 or more (volumes of oil per hour 
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Since at Space Velocities of about one the gasoline 
yields are considerably reduced and coke make 
approximately doubled, while at higher space 
Velocities of 3 or above, coke production shows a 
progressive decrease often accompanied by in 
crease in gasoline yields over that obtaining at 
lower Space Velocity. 

he results obtained under the described oper 
atting conditions with the particular catalysts ac 
COrding to the invention are particularly sur 
prising, Since at Comparatively high pressure and 
in the presence of hydrogen the usual cracking 
Catalysts furnish yields and products largely 
Similar to those obtained with the same catalyst 
under Customary cracking conditions (normal 
preSSures and no acted hydrogen). The molyb 
dena-containing catalysts of the invention, on 
the other hand, used under Such customary crack 
ing conditions show up considerably poorer than 
Cracking catalysts free from molybdena, produc 
ing very low gaSoline yields and exceedingly large 
guatities of coke. 
The exceptional adaptability of the catalysts 

engloyed in the described conversion operations 
of the invention is further evident from a com 
parison of results obtained with typical hydro 
genating catalyst under the same conditions. 
huS, urider the operating conditions of the in 

Vention a typical hydrogenating catalyst com 
prising vio03 on activated alumina, produces only 
an insignificant yield of gasoline from gas oil. 
The Composition of the gas produced in the proc 
eSS is indicative of a different mechanism of re 
action than that obtaining in the process of the 
present invention, as evidenced by the high pre 
dominance of Cié and comparatively low con 
tent of C3 and higher hydrocarbons in the gas 
obtained with typical hydrogenating catalyst, 
Whereas the content of branched chain com 
pounds is quite low as compared with typical gas 
cGimpositions obtained when using the described 
Catalysts of the present, invention. 
Among the various siliceous cracking catalysts 

Suitable aS components for impregnation with 
the described quantities of molybdenum oxide in 
the preparation of catalysts for use in accordance 
With the invention, there are included synthetic 
gels of Silica-alumina and silica-alumina gels 
containing a refractory third metal oxide active 
in COinbination there with, such as zirconia, 
beryilia, magnesia, thoria; composites prepared 
from hydrous Silica. With one of these specified 
refractory oxides. Also useful, but not neces 
Sarily equivalent to these synthetic composites 
are the natural hydrosilicates of aluminum 
and/or magnesium having adequate cracking ac 
tivity, including acid-activated clay, particularly 
Of the Sub-bentonite type. There also come into 
consideration active composites of clay with 
added Synthetic metal oxides, such as alumina. 
ihe quantity of molybdenum oxide incorporated 
in the catalyst will depend upon the acidity of 
the Siliceous component in which the molybdena. 
is to be incorporated, determined by quinoline 
cheaisorption capacity as hereinbefore de 
Scribed. As the cracking activity of siliceous 
CatalystS Gay Vairy with the method of prepara 
tion as well as with the proportions of its com 
ponents, SO does the quinoline adsorption ca 
pacity of Such catalyst compositions vary. The 
activity of catalysts can be stabilized and ad 
justed by calcination under selected conditions 
in Steam, air, and Selected mixtures of these; 
change in activity thus produced will also be re 

per volume of catalyst) are generally favored, its flected in the quinoline chemisorption capacity, 
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Typical cracking catalysts with their correspond 
ing quinoline adsorption capacity (prior to MoO3 
incorportion) and the preferred quantities of 
MoO3 to be added thereto in accordance with 

should be imposed as are indicated in the ap 
pended claims. 
We claim as our invention: 
1. The method of converting predominantly 

the invention are illustrated in the following 5 non-aromatic hydrocarbon oils of higher boiling 
table: range into liquid products of lower boiling range 

Table 2 

Wit. Percent, MoC)3 
Catalyst base eat, Treated Quggline 

- Range Optimum 

1. 87.5% SiO2; 12.5% Al2O3; gel coprecipi- 1,350 F., 12 hrs., 92% air, 8% steam. ----. 0.06 0.2 0.9 0.6 
tated at pH 9 to 10. 

2. Same as above.------------------------ 1,300. F., 4 hrs., 100% steam.-----------. 0.03 0.086. 0.50 0.3 
3. Sane as labgye----------------- 1,225 F., 10 hrs., 100% steam-...--------.... .044 0.12 0.75 0.4 
'4. SiO2 gel -- 1.0%; AlgO3; gel dipped in Al 1,050 F., 2 hrs., air-------------------- 0.02 0.06 0.35 0.2 

(NO3)3 solin. and heated. 
5. Commercial acid-activated clay (Fil- 1,550 F., 2 hrs., air.------------...---------. 0, 018 0.05 0.30 0.2 

trol) freed of sulfate. 
6. 90.5. SiO2; 9.5 ZrO; gel coprecipitated at 1,400°F., 10 hrs.; 95% air, 5% stealin ------- 0.033 0.09 0.55 0.3 

pH 6. 

The values in the above table showing a figure 
in the last decinal place by subscript indicate 
non-significance of that figure, in accordance 
With the usual practice in Such notation. 

In using catalysts containing about 0.6%. MoC3 
and above, the preferred operating conditions 
for conversion of light gas oils include liquid 
space rates of about 1 to 4 volumes of oil per 
hour per volutine of catalyst, and hydrogen to oil 
molar ratios of not less than 3/1 and to as high 
as 8/1 and above. For fixed bed operation the 
catalyst to oil ratio will be determined by the 
length of the on stream period in the operating 
cycle, and may lie between about 0.1/1.0 to 3/1 
volumes of catalyst. per volume of oil. For 
heavier charging stocks, less severe conditions 
should be employed, which are preferably ob 
tained by employing higher Space rates in 
'charging the oil or using lower catalyst to oil 
ratios. Within the defined range. Decrease of 
severity of conversion by reduction of tempera 
ture below about 700 F. is not advised in the 
present operations. 
Approximately the same conversion can be 

obtained with catalyst of lower activity by in 
creasing the severity of processing conditions. 
For example, in using catalysts having a low 
quinoline capacity, such as those containing as 
an optimum about 0.2% MoO3, Space rates of 
about 0.7 to about 1.3, and catalyst to oil ratioS 
preferably of about 6/1 or generally in the ranga 
of about 0.3/1 to 9/1 may be employed, consistent 
with furnishing the described acid equivalent 
per mol of oil. With catalysts of high quinoline 
number, on the other hand, less catalyst for a 
given volume of oil and higher oil charging rates 
are required. 
The more important advantages of the present 

process lie in the conversion of oils which are 
not predominantly aromatic; Such as in general, 
charge stocks containing less than about 50% 
aromatics. Although applicable to characteris 
tically naphthenic charge stocks, the results ob 
tained by the present process in the conversion 
of oils relatively rich in paraffins as those con 
taining 40% or more paraffins, are particularly 
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surprising, since in known processes of destruct 
tive hydrogenation paraffin components of the 
oil are not converted to high octane products 
in the gasoline boiling range, except at the Sac 
rifice of yields. - . m 
Osviously thany modifications and variations 

of the invention as hereinbefore set forth may 
be made without departing from the spirit and 

70 

including gasoline, which comprises subjecting 
Such an oil together with a east 3 noiar equiva 
lents of added hydrogen to contact with a catalyst 
consisting of a small quantity of molybdenum ox 
ide intimately incorporated with an adsorptive 
siliceous acidic rateriai having hydrocaliboia 
cracking activity, said contact being effected at a 
pressure of 1000 to 3000 pounds per square inch 
and at a temperature of 700 to 900 F., the quain 
tity of molybdenum oxide in said catalyst being 
correlated with the acidity of said adsorptive sili 
ceous material and corresponding to 0.2 to 1.2 mil 
limols of molybdenum oxide determined as MoC3 
per milliequivalent of quinoline chemisorption 
capacity of said siliceous material, and the ratio 
of cataylst to oil during Such contacting being 
that at least. Sufficient to furnish one equivalent 
of acid per thousand moles of oil. 

2. The method of converting paraffins and 
naphthenes in hydrocarbon oil fractions substan 
tially free of catalytic cracked gasoline into gaso 
line of high octane value, which comprises Sub 
jecting a predominantly non-aromatic distillate 
fraction of a virgin crude oil together with at 
least 3 molar equivalents of added hydrogen gas to 
contact with a catalyst consisting of an adsorptive 
acidic siliceous mass having incorporated there 
with less than 1% by weight of molybdenum oxide 
considered as MoC3, said contact being effected 
at a pressure of 1000 to 3000 pounds per Square 
inch and at a temperature of 700-900 F., en 
ploying at least 0.1 Volune of catalyst per Voi 
une of Such oil. 

3. The method of Converting paraffin-rich 
hydrocarbon oils containing less than akout 5% 
olefins and containing components boiling above 
the range of heavy naphtha, into products con 
prising predominantly gasoline, which comprises 
subjecting such paraffin-rich oil together with at 
least 3 molar equivalents of added hydrogen gas 
to contact during a fixed reaction period. With a 
catalyst comprising as components thereof a 
catalytically active silica-alumina acidic maSS, 
and molybdenum oxide intimately associated with 
said mass in an amount equal to 0.05 to 0.9% by 
weight, of said catalyst, under reaction conditions 
including temperatures of 700-900 F. and pres 
sure of 1000-3000 pounds per square inch, the 
quantity of oil contacted with the catalyst during 
said fixed reaction period being determined by 
the acidity of the silica-alumina component of 
the catalyst as measured by the capacity of Such 
component for chemisorption of quinoline, and 
being not more than 1000 mois of oil per acid 

scope thereof and therefore only such limitations 76 equivalent of said component. 
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4. The method in accordance with claim 3 
wherein the quantity of oil per pass contacted 
With the catalyst does not exceed about 100 mols 
of oil per acid equivalent of said silica-aluriaina, 
conponent. 

5. The method in accordance with claim 3 
wherein at least 6 mols of added hydrogen are 
employed per mol of oil charged. 

6. The method in accordance with clain 3 
wherein the silica-alumina component of the 
catalyst consists of a calcined synthetic silica 
alumina gel having a quinoline adsorption capa 
city of .06.01 milliequivalent per gram, and said 
component is impregnated with at least about 
0.4% by weight molybdenum oxide determined as 
MOO3. 

7. The method of catalytic conversion of non 
aromatic hydrocarbons in a virgin distillate of 
higher boiling range into gasoline of high octane 
value With Concomitant formation of relatively 
Small quantities of carbonaceous deposit, which 
compirises contacting such an oil containing non 
aromatic hydrocarbons with a fixed bed of cata 
lyst in a reaction zone at 700-900 F. and at Super 
atmospheric pressure, together with at least 3 
molar equivalents of added hydrogen, said Cata 
lyst comprising a catalytically active calcined 
siliceous gel having intimately incorporated with 
said calcined gel molybdenum oxide in an annount 
corresponding to 0.05% to 0.9% by Weight of said 
catalyst, said calcined gel in the absence of 
molybdenuin oxide having an acidity correspond 
ing to a chemisorption capacity for quinoline be 
tween about 0.02 to about 0.06 milliequivalent 
of acid per gram of Calcined gel, and wherein 
further the amount of molybdenum oxide in 
corporated with said calcined gel is equal to 0.2 
to 1.2 millinnols MoO3 per milliequivalent of such 
chemisorption capacity of said calcined gel. 

8. The method in accordance with claim 7 
Wherein the amount of molybdenum oxide in 
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Corporated with said calcined gel is equal to ap 
proximately 0.7 millimol MoC)3 per milliequiva 
lent of the quinoline chemisorption capacity of 
Said calcined gel. 

9. The method in accordance with claim 7 
wherein the pressure in said reaction Zone is at 
an approximate average of 1500 pounds per 
Square inch. 

10. The method in accordance With claim 7 
Wherein said oil is charged to said reaction Zone 
at a Space rate of not less than 2 volumes of oil 
per hour per volume of Catalyst in said ZOne. 

11. The method in accordance with claim 10 
Wherein said oil is charged Continuously to Said 
reaction zone without intermediate regeneration 
of catalyst therein, for a period of time providing 
a volume ratio of catalyst, to oil of not less than 
0.25. 

12. The method in accordance with claim 7 
wherein said oil is continuously charged to said 
reaction Zone without intern ediate legeneration 
of catalyst in said Zone, and flow of oil to said 
Zone is thereafter interrupted before the annount 
of oil entering such reaction Zone exceeds 400 
mols per acid equivolent of tine calcined gel com 
ponent of the catalyst in Said Zone as determined 
prior to inolybdenurn oxide incorporation there 
With. 
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