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ABSTRACT OF THE DISCLOSURE 
Asphaltene-containing hydrocarbonaceous charge stocks 

are reacted with hydrogen in contact with a catalytic 
composite of at least one metal component selected from 
the group consisting of the borides and borohydrides of 
the metals from Groups IV, V and VI. A slurry-type 
process, which may be effected either with a metallic 
component being composited with a porous carrier mate 
rial, or with the unsupported metallic component, and 
admixed with the fresh feed charge stock. 

RELATED APPLICATION 

The present application is a Division of my copending 
application, Ser. No. 282,998, ?led Aug. 23, 1972, now 
US. Pat. No. 3,796,671, all the teachings of which co 
pending application are incorporated herein by speci?c 
reference thereto. 

This application is ?led to comply with a requirement 
for restriction in said copending application, Ser. No. 
282,998. 

APPLICABILITY OF INVENTION 

The invention herein described is adaptable to a process 
for the conversion of heavy, asphaltene-containing petro 
leum crude oils into lower-boiling hydrocarbon products. 
More speci?cally, the present invention is directed towards 
a catalytic process for continuously converting atmos 
pheric tower bottoms products, vacuum tower bottoms 
products (vacuum residuum), crude oil residuum, topped 
crude oils, coal oil, oils extracted from tar sands, etc., 
all of which are commonly referred to in the art as “black 
oils," and which contain an appreciable quantity of as 
phaltenic material. ‘In particular, the process affords a 
high degree of asphaltene conversion into hydrocarbon~ 
soluble products, while simultaneously effecting a sub 
stantial conversion of sulfurous and nitrogenous com 
pounds to reduce sulfur and nitrogen concentrations. 

Petroleum crude oils, particularly the heavy oils ex 
tracted from tar sands and vacuum residuum, contain 
high molecular weight sulfurous compounds in exceed 
ingly large quantities, being in excess of 1.0% by weight, 
and often exceeding 3.0% by weight. In addition, these 
black oils contain excessive quantities of nitrogenous com 
pounds, high molecular weight organometallic complexes 
principally comprising nickel and vanadium, and asphal 
tenic material. These high molecular weight asphalts are 
generally found to be complexed, or linked With sulfur, 
and, to a certain extent, with the organometallic con 
taminants. An abundant supply of such hydrocarbonaceous 
material currently exists, most of which has a gravity less 
than about 20.0“ API. This material 
characterized in that 10.0% by volume, and generally 
more, has a normal boiling point above a temperature of 
about 1050° F. 
The process of the present invention is particularly di 

rected toward the catalytic conversion of hydrocarbon 
aceous black oils into distillable hydrocarbon products. 
Speci?ed examples of black oils, illustrative of those to 
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which the present invention is applicable, are a vacuum 
tower bottoms product, having a gravity of 7.l° API, and 
containing 4.05% by weight of sulfur and 23.7% by 
weight of asphaltenes; and, a vacuum residuum having a 
gravity of 88° API, and containing about 6.0% by 
weight of asphaltic material. The present invention affords 
the conversion of the greater proportion of such matenal, 
heretofore having been thought to be virtually precluded. 
The principal difficulty resides in the lack of a technlque 
which affords many catalytic composites the necessary 
degree of sulfur stability, while simultaneously produc 
ing lower-boiling products from the hydrocarbon-insolu 
ble asphaltic material. Asphaltic material consists pri 
marily of high molecular weight, non-distillable coke 
precursors, insoluble in light hydrocarbons and which, 
at the conditions required to obtain acceptable desulfuri 
zation, agglomerate and polymerize to the extent that the 
catlytically active surfaces and sites of the catalyst are 
shielded from the material being processed. 

Heretofore, in the area of catalytic processing of as 
phaltene-containing material, two principal approaches 
have been advanced: liquid-phase hydrogenation and 
vapor-phase, or mixed-phase hydrocracking. In the for 
mer type of process, liquid-phase oil is passed upwardly, 
in admixture with hydrogen, a ?xed-?uidized bed of cata 
lyst particles. Although perhaps effective in converting 
at least a portion of the oil-soluble organometallic com 
plexes, this type process is relatively ineffective with re 
spect to the high-boiling asphaltics. The retention of un 
converted asphaltics suspended in a free liquid-phase oil 
for an extended period of time, results in polymerization 
and agglomeration. Some processes have been described 
which rely primarily upon cracking in the presence of 
hydrogen over a fixed-bed of a solid particulate catalyst. 
The latter rapidly succumbs to deactivation as a result 
of the deposition of coke and metallic contaminants there 
on. Furthermore, such a process requires an attendant 
high capacity regeneration system in order to implement 
the process on a continuous basis. Brie?y, the present in 
vention involves a slurry-type process utilizing a catalytic 
composite of at least one metal component selected from 
the group consisting of the borides and borohydrides of 
the metals from Groups IV, V and VI of the Periodic 
Table. The asphaltic material and catalyst are maintained 
in a dispersed state within a principally liquid phase which 
is rich in hydrogen. Intimate contact is thus afforded be 
tween the asphaltic material and the catalyst, thereby ef 
fecting reaction with hydrogen; the liquid phase is itself 
dispersed in a hydrogen-rich gas phase so that the dis 
solved hydrogen is continuously replenished. 

In addition to the hydrocarbon-insoluble asphaltenes, 
sulfurous and nitrogenous compounds, black oils contain 
greater quantities of metallic contaminants than are gen 
erally found in lighter hydrocarbon fractions. A reduc 
tion in the concentration of the organometallic contam 
inants, such as the metal porphyrins, is not easily achieved, 
and to the extent that the same no longer exert detrimental 
effects with respect to subsequent ?xed-bed catalytic proc 
essing. When a metal-contaminated hydrocarbon charge 
stock is subjected to a hydrocracking process, for ex 
ample, to produce lower-boiling hydrocarbons, the metals 
become deposited upon the catalyst, steadily increasing 
in quantity until such time as the composition of the 
catalytic composite is changed to the extent that undesir 
able results are obtained. 
The principal object of the present invention is to pro 

vide a more efficient process for the hydrore?ning con 
version of heavy hydrocarbonaceous material containing 
insoluble asphaltenes. The term “hydrore?ning,” as em 
ployed herein, connotes the catalytic treatment, in an 
atmosphere of hydrogen, of a hydrocarbon fraction or 
distillate for the purpose of eliminating and/or reducing 
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the concentration of the various contaminating in?uences 
hereinabove set forth, accompanied by hydrogenation 
and signi?cant conversion into lower-boiling hydrocarbon 
products. As previously stated, metallic contaminants are 
generally removed from hydrocarbon charge stocks by 
deposition of the same onto the catalytic composite em 
ployed. This increases the amount of catalyst, effectively 
shields the catalytically active surfaces and centers from 
the material being processed, and thereby generally pre 
cludes the e?icient utilization of ?xed-bed system. The 
present invention involves the use of a colloidally dis 
persed catalytic agent in a slurry-type process, and af 
fords greater yields of a normally liquid hydrocarbon 
product, which is more suitable for subsequent processing, I 
without experiencing the di?iculties otherwise resulting 
from the presence of the foregoing contaminating in 
?uences. 

OBJECTS AND EMBODIMENTS 

One object of the present invention is to provide a more 
efficient process for the conversion of asphaltene-contain 
ing hydrocarbonaceous charge stocks. A corollary ob 
jective is to provide a novel conversion catalyst. 

Therefore, in one embodiment, the present invention 
is directed toward a process for the conversion of a sul 
furous, asphaltene-containing hydrocarbonaceous charge 
stock, which process comprises reacting said charge stock 
with hydrogen and in contact with a catalytic composite 
of at least one metallic component selected from the 
group consisting of the borides and borohydrides of the 
metals from Groups IV, V and VI, and recovering de 
sulfurized, lower-boiling hydrocarbon products. In an 
other embodiment, the charge stock is reacted with hy 
drogen in the presence of about 2.0% to about 30.0 (on 
a mole basis) of hydrogen sul?de. 

In a preferred embodiment, the selected metal boride, 
or metal borohydride, is unsupported, and is admixed 
with said charge stock in an amount from about 1.0% 
to about 30.0% by weight. 

SUMMARY OF INVENTION 

From the foregoing embodiments, it is readily ascer 
tained that the process of the present invention involves 
the preparation of a colloidally dispersed catalytically 
active metallic component within the hydrocarbon charge 
stock from which the contaminating in?uences are in 
tended to be removed. The colloidally dispersed catalytic 
component is a metallic compound selected from the 
group consisting of the borides and borohydrides of the 
metals from Groups IV, V and VI. Thus, in accordance 
with the Periodic Table of The Elements, E. H. Sargent 
and Co., 1964, suitable catalytic metallic components are 
the borides and borohydrides of titanium, zirconium, haf 
nium, vanadium, niobium, tantalum, chromium, molyb 
denum, and/or tungsten. These compounds are solids, 
and may be employed in admixture with the charge stock 
in and of themselves, or in combination with a suitable 
refractory inorganic oxide. While any of the well-known 
refractory inorganic oxides may be utilized in combina 
tion with the metallic boride, or borohydride, the use of 
alumina is preferred. A particularly preferred porous car 
rier material is a composite of alumina and from about 
10.0% to about 90.0% by weight of silica. When utilizing 
a porous carrier material, the catalytic composite is con 
veniently prepared by commingling the metallic boride, 
or borohydride, and ?nely-divided carrier material under 
reducing conditions and subjecting the resulting mixture 
to a pilling, or co-extrusion technique under a reducing 
gas atmosphere. The catalytic agent, whether supported, 
or unsupported, is employed in an amount in the range 
of about 1.0% to about 30.0%, based upon the weight of 
the black oil charge stock. 

Brie-?y, the process is effected by initially admixing the 
desired quantity of the catalytic agent with the charge 
stock. The resulting colloidal suspension is then passed 
into a suitable reaction chamber maintained at a temper 
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4 
ature within the range of about 225° C. to about 500° C. 
and a pressure of about 500 to about 5,000 p.s.i.g.; the 
hydrogen concentration is based upon the quantity of 
charge stock, and is from about 1,000 to about 30,000 
scf./bbl. It appears that the presence of hydrogen sul?de 
in the hydrogen atmosphere enhances catalytic activity 
and produces more favorable results; therefore, hydrogen 
sul?de will be present in an amount Within the range of 
about 2.0% to about 30.0% . The process may be effected 
as a batch-type operation, or in a continuous manner in 
either upward ?ow, or downward flow. A preferred tech 
nique utilizes an elongated reaction chamber through 
which the reactants are passed in upward ?ow. The nor 
mally liquid hydrocarbons are separated from the total re 
action zone product e?iuent by any suitable means, the 
remaining metal-containing sludge being treated as here 
inafter set forth. 
The metal-containing sludge is a viscous fluid consist 

ing of the catalytically active metallic component, un 
converted asphaltic material, soluble hydrocarbons, por 
phyrinic material containing nickel, vanadium and other 
metallic contaminants, coke and heavy carbonaceous ma 
terial, etc. Following the separation of the normally liq 
uid hydrocarbons from the metal-containing sludge, the 
latter is treated with a suitable organic solvent for the 
purpose of dissolving residual hydrocarbon-soluble ma 
terial resulting from the conversion of the insoluble as 
phaltenic compounds. Any well-known organic solvent 
may be employed for the dissolution of the organic-solu 
ble material in the sludge, and the resulting solution may 
be subjected to further reaction with hydrogen by recy 
cling the same to combine with fresh hydrocarbon charge 
stock. The remaining portion of the sludge, containing the 
catalytically active agent, is combined with fresh hydro 
carbon charge stock and again reacted with hydrogen as 
aforesaid. In order to prevent a build-up of coke, un 
converted asphaltenic material and other carbonaceous 
residue, a controlled portion of the sludge will be with 
drawn from the process and sent to a suitable metals re 
covery system. 
The following examples are presented to illustrate the 

process of the present invention and the effectiveness 
thereof in converting asphaltenic material. It is not in 
tended that the present invention be unduly limited to the 
method, charge stock, catalytic agent and/or operating 
conditions employed in these illustrations. 

EXAMPLES 

The hydrocarbon charge stock is a vacuum tower bot 
toms having a gravity of 8.8° API, containing 6.0% by 
weight of asphaltenic material, 3.0% by weight of sulfur, 
and 4,300 ppm. by weight of nitrogen; the 20.0% volu 
metric distillation temperature is about 1055° F. 

EXAMPLE I 

In this example, the criteria employed to indicate the 
degree of conversion, particularly with respect to asphal 
tenic material, is the color index of the product. Obvious 
ly, the lighter the color of the product, the lower the color 
index and the greater degree of conversion. The color 
index is determined by UOP Method 707-71, based upon 
the information found in Analytical Chemistry, Volume 
34, pages 694-700, l962. 
The charge stock is employed in an amount of about 200 

grams, and is admixed with about 20.0 grams (10.0% by 
weight) of titanium borohydride. The charge stock and 
catalytic agent are intimately commingled in an 1,800 cc. 
rotating autoclave’ with hydrogen at a pressure of 100 at 
mospheres. Upon heating to a temperature of 400° C., the 
pressure increases to about 200 atmospheres. These con 
ditions are maintained for a two-hour period, after which 
the autoclave is cooled and depressured, and the contents 
separated to provide a metal-containing sludge and the 
normally liquid product e?iuent. The latter is analyzed 
for color index. and gravity, and a significant improvement 
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is observed; the gravity is increased from 88° API to 
about 25.4‘‘ API and the color index is decreased from 
about 150.0 to about 2.0. 

EXAMPLE II 

In this example, the hydrocarbonaceous black oil is a 
heavy vacuum tower bottoms product having a gravity of 
7.0° API and contaminated by the presence of 6,060 
ppm. of nitrogen, 4.0% by weight of sulfur, more than 
450 p.p.rn. of organometallic contaminants, and about 
24.0% by weight of pentane-insoluble asphaltenic ma 
terial. The charge stock, in an amount of about 200 
grams, is admixed with 25.0 grams of unsupported va 
nadium borohydride, the mixture being placed in the ro 
tating autoclave and pressured to about 100 atmospheres 
with hydrogen. The contents of the autoclave are heated 
to a temperature of about 425° C., the pressure increasing 
to about 215 atmospheres. The conditions are maintained 
for an eight—hour period, after which the autoclave is de 
pressured, cooled and the contents separated to provide 
a normally liquid hydrocarbon product. The latter indi 
cates a gravity of about 33.8“ API, 0.2% by weight of 
insoluble asphaltics, 450 p.p.m. of nitrogen and 0.88% 
by weight of sulfur. 
The foregoing speci?cation and examples clearly illus 

trate the method by which the present invention is effected 
and the bene?ts to be afforded through the utilization 
thereof. The normally liquid hydrocarbon product is sub 
stantially free from asphaltic material, and has been sig 
ni?cantly decontaminated with respect to the concentration 
of sulfurous and nitrogenous compounds. 
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I claim as my invention: 
1. A process for the conversion of a sulfurous, asphal— 

tene-containing hydrocarbonaceous charge stock which 
comprises commingling with said charge stock hydrogen 
in an amount from about 1000 to about 30,000 scf./ 
bbl. and form about 1.0% to about 30.0% by weight of 
at least one compound selected from the group consisting 
of the borides and borohydrides of the metals from 
groups IVB, VB and VIB, heating the resultant mixture 
to a temperature of from about 225° C. to about 500° C. 
to react hydrogen with the charge stock, and recovering 
desulfurized, lower-boiling hydrocarbon products. 

2. The process of claim 1 further characterized in that 
said compound is titanium borohydride. 

3. The process of claim 1 further characterized in that 
said compound is vanadium borohydride. 
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