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CATALYTIC CONVERSION OF HYDROCARBON 
MIXTURES 

The invention herein described relates primarily to a 
process for the conversion of asphaltene-containing hy 
drocarbonaceous mixtures commonly referred to as 
black oils for the removal of organo-metallic contami 
nants, nitrogenous and sulfurous compounds, and the 
conversion of heptane-insoluble asphaltenic material. 
Petroleum crude oils, and topped or reduced crude 

oils, as well as other heavy hydrocarbon fractions and 
/or distillates, including black oils, heavy cycle stocks, 
visbreaker liquid effluent, crude tower bottoms prod 
uct, tar sand oils, etc., are contaminated by the inclu 
sion of excessive quantities of various non-metallic and 
metallic impurities. Among the non-metallic impurities 
are nitrogen, sulfur and oxygen which exist as heteroa 
tomic compounds. Both nitrogenous and sulfurous 
compounds are objectionable since the combustion of 
fuels containing these impurities results in the release 
of nitrogen oxides and sulfur oxides, presenting a seri 
ous problem with respect to atmospheric pollution. 
In addition to the foregoing described contaminating 

in?uences, petroleum crude oils and other heavy hy 
drocarbonaceous material contain high molecular 
weight asphaltenic compounds. These are non 
distillable, oil-insoluble coke precursors which may be 
complexed with sulfur, nitrogen, oxygen, and various 
metals. Although the metallic contaminants may exist 
within the hydrocarbonaceous material in a variety of 
forms, they are generally present as organo-metallic 
compounds of relatively high molecular weight, such as 
metallic porphyrins. A considerable quantity of the or 
gano-metallic complexes are linked with asphaltenic 
and become concentrated in the residual fraction; 
other organo-metallic complexes are volatile, oil 
soluble and are, therefore, present in the lighter distil 
late fraction, i.e., boiling below aabout 1,050°F. 
(621°C) A reduction in the concentration of the or 
ganometallic complexes is not easily achieved, and to 
the extent that the crude oil, reduced crude oil, or 
other heavy hydrocarbon charge stock derived there 
from becomes suitable for further processing. Notwith 
standing that the concentration of these organo 
metallic complexes may be relatively small in distillate 
oils, for example, often less than about 10 ppm., calcu 
lated as if the complex existed as the elemental metal, 
subsequent processing techniques are adversely af 
fected thereby. With respect to a process for hydrore 
?ning or treating of hydrocarbon fractions and/or dis 
tillates, the presence of large quantities of asphaltenic 
material and organo-metallic compounds interferes 
considerably with the activity of the catalyst with re 
spect to the destructive removal of the nitrogenous, sul 
furous and oxygenated compounds, which function is 
normally the easiest for the catalytic composite to per 
form to an acceptable degree. 
A wide variety of heavy hydrocarbon fractions and 

/or distillates may be converted and treated, or decon 
taminated effectively through the utilization of the 
method of the present invention. Such heavy hydrocar 
bon fractions include full boiling range crude oils, 
topped or reduced crude oils, atmospheric distillates, 
visbreaker bottoms product, heavy cycle stock from. 
thermally or catalytically-cracked charge stocks, heavy 
vacuum gas oils, shale oil, tar sand oils, etc. A Wyo 
ming sour crude oil, having a gravity of 23.2° API at 
60°F., is contaminated by the presence of 2.8% by 
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2 
weight of sulfur, 2,700 ppm. of total nitrogen, approxi 
mately 100 ppm. of metallic complexes, computed as 
elemental metals, and contains a high boiling, insoluble 
asphaltenic fraction in an amount of about 8.5% by 
weight. A more dif?cult charge stock to convert into 
useful liquid hydrocarbons, is a crude tower bottoms 
product, having a gravity, degrees API at 60°F., of 14.3, 
and contaminated by the presence of 3.0% by weight 
of sulfur, 3,830 ppm. of total nitrogen, 185 ppm. of 
total metals and about 10.93% by weight of asphal 
tenes. 

It must be acknowledged that published literature 
recognizes various types of processes designed to effect 
the hydrore?ning and conversion of black oils. Thus, 
many literature references and/or publications might 
be found which disclose propane deasphalting followed 
by thermal cracking or coking of the resulting normally 
liquid product, desalting followed by halogen hydride 
treatment to coagulate the metallic-containing asphal 
tenes, etc. It is noteworthy that the latter processing 
schemes are unconcerned with catalytic processing of 
black oils. 
Furthermore, with respect to catalytic processing, 

two principal approaches have been advanced: liquid 
phase and vapor phase. In the former, liquid-phase oil 
is passed (generally upwardly) in admixture with hy— 
drogen, into a ?xed or ?uidized bed of catalyst parti 
cles. In the latter, vapor-phase oil is passed (generally 
downward) in admixture with hydrogen into a ?xed 
bed of catalyst particles. Regardless of the ?ow con?g~ 
uration or the charge stock phase, I have unexpectedly 
discovered that when the catalytic particles comprise 
vanadium and when hydrogen sul?de is added to the 
reaction zone, there is a critical range of the hydrogen 
sul?de partial pressure which must be maintained to 
promote the maximum hydrogenation and hydrocrack 
ing activity of the vanadium catalyst. The critical range 
of the hydrogen sul?de partial pressure is from about 
10 mole percent to about 25 mole percent. 
A principal object of the present invention is to pro 

vide an improved process for the conversion of a hy 
drocarbon feedstock, particularly a black oil, utilizing 
a vanadium catalyst in conjunction with a critical range 
of hydrogen sul?de partial pressure. 
Another object involves providing a process which 

affords a greater degree of asphaltene conversion to 
“distillable” hydrocarbons, thereby increasing the vol 
umetric yield of more valuable hydrocarbons. 
These, and other objectives and advantages are 

achieved through the use of a broad embodiment of the 
present invention which encompasses a process for the 
conversion of a hydrocarbon charge stock, which pro 
cess comprises: admixing a hydrocarbon charge stock 
with a catalyst comprising vanadium and reacting the 
resulting mixture with hydrogen and added hydrogen 
sul?de at hydrocarbon conversion conditions, charac 
terized in that the partial pressure of said hydrogen sul 
?de is from about 10 mole percent to about 25 mole 
percent. 
Other embodiments of my invention reside in the use 

of particular operating conditions. 
The inventive concept encompassed by the foregoing 

described embodiments stem from the recognition of 
the criticality of the hydrogen sul?de partial pressure 
in the hydrocarbon reaction zone. 

Heretofore, it was believed, and the prior art so indi 
cates, that only a relatively small hydrogen sul?de par 
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tial pressure was required to enhance the hydrocarbon 
conversion characteristics of a vanadium catalyst. Al 
though it may be expected that those skilled in the art 
would attempt to adjust the hydrogen sul?de partial 
pressure in the hope of ?nding improved conversion 
characteristics, such a person would not be able to ac 
curately predict a complex correlation between hydro 
gen sul?de partial pressure and the conversion charac 
teristics of a vanadium catalyst merely by varying the 
hydrogen sul?de partial pressure unless extensive ex 
perimental work had been performed. I not only have 
found that the conversion characteristics of a vanadium 
catalyst may be substantially enhanced by increasing 
the hydrogen sul?de partial pressure but that the de 
gree of conversion does not bear a linear relationship 
to the partial pressure. Under the circumstances, a va 
nadium catalyst while in the presence of a narrow range 
of hydrogen sul?de partial pressure at conversion con 
ditions exhibits an unusually high conversion ability 
which is completely unexpected. 
The criticality of the hydrogen sul?de partial pres 

sure is illustrated in the accompanying drawing. The 
data utilized in formulating the drawing were obtained 
in accordance with the speci?c example hereinafter set 
forth. Brie?y, however, with reference to the drawing, 
data points 1, 2, 3, 4 and 5 through which curve 6 is 
drawn were obtained by processing anthracene with a 
vanadium catalyst at constant conversion conditions, 
varying only the hydrogen sul?de partial pressure. The 
criticality attached to the range of hydrogen sul?de 
partial pressure of from about 10 mole percent to about 
25 mole percent is readily ascertained by the character 
of the curve, in that a hydrogen sul?de partial pressure 
less than 10 percent or greater than 25 percent exhibits 
inferior conversion, which is, therefore, not well suited 
for the production of the desired converted hydrocar 
bons. 
The character of the curve in the drawing is unusual, 

and totally unexpected in view of the teachings of the 
prior art respecting the hydrogen sul?de partial pres 
sure as utilized in vanadium catalyzed hydrocarbon 
conversion. 
As hereinbefore set forth, the process of the present 

invention is particularly directed to the conversion of 
a hydrocarbon charge stock and more particularly to 
the conversion of asphaltene-containing hydrocarbo 
naceous mixtures commonly referred to as black oils. 
Such charge stocks may be derived from conventional 
crude oil, tar sand extract, shale oil, coal liquefaction 
product, etc. However, the hydrocarbon feed to be uti 
lized in the present invention is preferably black oils. 
As mentioned previously, the process of the present 

invention relates to a hydrocarbon conversion process 
which utilizes a catalyst comprising vanadium. The cat 
alyst may be employed in a ?xed bed process, a slurry 
process or a moving bed process. In a fixed or a moving 
bed process, the vanadium is preferably associated with 
a porous inorganic oxide such as silica or alumina. Such 
catalysts are well known to those skilled in the art and 
the literature abounds with their methods of prepara 
tion. In a slurry process, the vanadium catalyst often is 
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4 
composed of unsupported vanadium or a compound 
thereof. The unsupported catalyst is colloidally dis 
persed in the hydrocarbon charge stock and then the 
mixture of hydrocarbon and vanadium catalyst is re 
acted in the presence of hydrogen. According to my in 
vention, however, the reaction will occur more favor 
ably in the presence of a critical range of hydrogen sul 
?de. The slurry process is preferably conducted in an 
up?ow manner. 
A particular source of hydrogen sul?de is not re 

quired to practice my invention. However, a conve 
nient source of the hydrogen sul?de is a hydrogen sul 
?de laden gas slipstream removed from the circulating 
gas in a catalytic hydrocarbon desulfurization unit. Al 
ternatively, essentially pure hydrogen sul?de may be 
injected into the catalytic reaction zone of this inven 
tion. 
According to the present invention, hydrocarbon 

conversion conditions are meant to include a pressure 
from about 500 psig. to about 5000 psig. and a temper 
ature from about 500°F. to about 1000°F. 
The following example is given to further illustrate 

the process of the present invention and to indicate the 
bene?ts to be afforded through the utilization thereof. 
It is understood that the example is given for the sole 
purpose of illustrating the means by which curve 6 in 
the accompanying drawing is obtained, and that the ex 
ample is not intended to limit the generally broad scope 
and spirit of the appended claims. 

EXAlVlPLE 

The data presented in this example is pertinent to the 
accompanying drawing, and the latter should be re 
ferred to in conjunction with the following discussion. 
The hydrocarbon charge stock utilized in the test pro 
cedure for evaluating the effect of hydrogen sul?de 
partial pressure was a practical grade anthracene. 
Finely divided vanadium tetrasul?de was selected to be 
the catalyst precursor for this example. 
A 0.72 gram sample of vanadium tetrasul?de (V84) 

was placed in an 850 cc. rotating autoclave with 25 g. 
of anthracene. After the air had been purged from the 
autoclave vessel, the required amount of hydrogen sul 
?de was added and then the vessel was pressure to 100 
atmospheres (1470 psig.) with hydrogen. The tempera 
ture of the vessel was increased to 350°C. (662°F.) and 
held at this temperature for 2 hours. Then the vessel 
was cooled at room temperature and depressured. The 
recovered hydrocarbon product was analyzed by chro 
matography to determine the percentage of hydro 
cracked product as a percentage of the recovered hy 
drocarbon liquid. 

In the first run, no hydrogen sul?de was added and 
the hydrocracked product was only 11.3 volume per 
cent. During the next four runs, suf?cient hydrogen sul 
?de was added to create a hydrogen sul?de partial 
pressure of 7.01, 9.98, 21.1 and 30.8 mole percent, re 
spectively and the hydrocracked product was 24.6, 
40.9, 45.7 and 5.0 volume percent, respectively. 
A summary of the results of the hereinabove de 

scribed runs are presented below in Table I. 

TABLE I 

RUN l 2 3 4 5 

H15 Partial Pressure 
Mole % 0 7.01 9.98 21.1 30.8 
Hydrocracked Product. 
As A Percentage Of The 
Recovered Hydrocarbon 

11.3 24.6 40.9 45.7 5.0 Liquid, ‘7: 
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As described brie?y hereinabove, the drawing was 
obtained by plotting the data points, 1, 2, 3, 4 and 5 
which correspond directly with Runs 1 through 5. 
Curve 6 was then drawn along the plotted data. 
From the drawing, which is a pictorial representation 

of the effect of hydrogen sul?de partial pressure upon 
the hydrocracking capabilities of a vanadium catalyst, 
it can easily be seen that the most favorable hydro 
cracking yields are obtained with a hydrogen sul?de 
partial pressure from about 10 to about 25 mole per 
cent. 
The foregoing speci?cation and example clearly illus— 

trate the improvements encompassed by the present 
invention and the bene?ts to be afforded a process for 
the maximization of ‘conversion ability of a vanadium 
catalyst. 

I claim as my invention: 
1. A process for the conversion of a hydrocarbon 
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6 
charge stock which comprises admixing said charge 
stock with a catalyst comprising vanadium and reacting 
the resulting mixture with hydrogen and added hydro 
gen sul?de at hydrocarbon conversion conditions, 
characterized in that the partial pressure of said hydro 
gen sul?de is from about 10 mole percent to about 25 
mole percent. 

2. The process of claim 1 further characterized in 
that said catalyst comprising vanadium is an unsupp 
ported vanadium sul?de catalyst. 

3. The process of claim 1 further characterized in 
that said hydrocarbon charge stock is asphaltene con 
taining black oil. 

4. The process of claim 1 further characterized in 
that said hydrocarbon conversion conditions comprise 
a pressure from about 500 psig. to about 5000 psig., 
and a temperature from about 500°F. to about 1,000°F. 

* * * * * 


