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(57) ABSTRACT 

The instant invention is directed to the preparation of a slurry 
catalyst composition. The slurry catalyst composition is pre 
pared in a series of steps, involving mixing a Group VIB metal 
oxide and aqueous ammonia to form an aqueous mixture and 
sulfiding the mixture to form a slurry. The slurry is then 
promoted with a Group VIII metal. Subsequent steps involve 
mixing the slurry with a hydrocarbon oil, and combining the 
resulting mixture with hydrogen gas (under conditions which 
maintain the water in a liquid phase) to produce the active 
slurry catalyst. 
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HIGHILY ACTIVE SLURRY CATALYST 
COMPOSITION 

FIELD OF THE INVENTION 

0001. The present invention relates to the preparation of 
slurry catalyst compositions useful in the processing of heavy 
oils. These oils are characterized by low hydrogen to carbon 
ratios and high carbon residues, asphaltenes, nitrogen, Sulfur 
and metal contents. 

BACKGROUND OF THE INVENTION 

0002 Slurry catalyst compositions and means for their 
preparation are known in the refining arts. Some examples are 
discussed below. 
0003 U.S. Pat. No. 4,710,486 discloses a process for the 
preparation of a dispersed Group VIB metal sulfide hydrocar 
bon oilhydroprocessing catalyst. Process steps include react 
ing aqueous ammonia and a Group VIB metal compound, 
Such as molybdenum oxide or tungsten oxide, to forma water 
soluble oxygen-containing compound Such as ammonium 
molybdate or tungstate. 
0004 U.S. Pat. No. 4,970,190 discloses a process for the 
preparation of a dispersed Group VIB metal sulfide catalyst 
for use in hydrocarbon oil hydroprocessing. This catalyst is 
promoted with a Group VIII metal. Process steps include 
dissolving a Group VIB metal compound Such as molybde 
num oxide or tungsten oxide, with ammonia to form a water 
soluble compound such as aqueous ammonium molybdate or 
ammonium tungstate. 
0005 U.S. Pat. Nos. 5,164,075 and 5,484,755 (the latter 
patent being incorporated by reference) disclose processes 
for preparation of high activity slurry catalysts for hydropro 
cessing heavy hydrocarbon oils produced from Group VIB 
metal compounds. An aqueous mixture of the metal com 
pound is sulfided with from greater than about 8 to about 14 
standard cubic feet of hydrogen sulfide per pound of Group 
VIB metal. These patents demonstrate a process of forming a 
slurry catalyst precursor and adding it to a heavy feed oil to 
form the active catalyst. These patents do not, however, dem 
onstrate the criticality of the oil viscosity in the formation of 
a highly active catalyst composition, nor the significance of 
maintaining water in the liquid phase in a crucial reaction 
step. 
0006. In the inventions disclosed in U.S. Pat. Nos. 5,164, 
075 and 5,484,755, the failure to form the oil and water 
emulsion or the slurry phase results in an inactive catalyst or 
a catalyst having low activity. 
0007. This application discloses a new slurry catalyst 
composition that is highly active. This activity results from 
preparation of the catalyst using a process employing a single 
hydrocarbon oil (preferably a vacuum gas oil) having an 
appropriate Viscosity range at 212° F. 

SUMMARY OF THE INVENTION 

0008. This invention is directed to a highly active catalyst 
composition which is suitable for processing heavy hydrocar 
bon oils. The catalyst is prepared by the following steps, 
resulting in a catalyst composition Suitable for the hydrocon 
version of heavy oils, which is prepared by: 
0009 (a) mixing a Group VIB metal oxide and aqueous 
ammonia to form a Group VI metal compound aqueous mix 
ture; 
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0010 (b) sulfiding, in an initial reactor, the aqueous mix 
ture of step (a) with a gas comprising hydrogen Sulfide to a 
dosage greater than 8 SCF of hydrogen sulfide per pound of 
Group VIB metal to from a slurry; 
0011 (c) promoting the slurry with a Group VIII metal 
compound; 
0012 (d) mixing the slurry of step (c) with hydrocarbon 
oil having a viscosity of at least 2 cSt (or 32.8 SSU): (a) 212 
F. to form Mixture X: 
0013 (e) combining Mixture X with hydrogen gas in a 
second reaction Zone, under conditions which maintain the 
water in Mixture X in a liquid phase, thereby forming an 
active catalyst composition admixed with a liquid hydrocar 
bon; and 
0014 (f) recovering the active catalyst composition. 
0015 This new highly active slurry catalyst composition 
may be stored in an active and concentrated State. The catalyst 
composition can be directly introduced into any of the known 
heavy oil or residuum upgrading processes under the existing 
conditions of that process. The catalyst can upgrade the very 
high viscosity carbonaceous and/or highly paraffinic feed 
stocks with or without dilution of the feedstock. 

BRIEF DESCRIPTION OF THE DRAWING 

(0016. The FIGURE illustrates the steps involved in the 
preparation of the catalyst composition. 

DETAILED DESCRIPTION OF THE INVENTION 

0017. This invention relates to a new highly active slurry 
catalyst composition formed from the combination of a slurry 
comprising Group VIB and Group VIII metals and a hydro 
carbon oil having a viscosity of at least 2 cSt (or 32.8 SSU) (a) 
212°F. The preferred viscosity range for the hydrocarbon oil 
is from at least about 2 cSt (or 32.8 SSU) (a) 212°F. to 15 cSt 
(or 77.9 SSU) (a) 212° F. 
(0018. The FIGURE illustrates the steps involved in the 
process of this invention. The active slurry catalyst composi 
tion is prepared by mixing line 5, containing an oxide of 
Group VIB metal Such as tungsten or molybdenum, and line 
7, containing aqueous ammonia, in a mixing Zone 10. The 
temperature of the mixing Zone is generally in the range from 
about 80° F to about 200°F. preferably from about 100°F. to 
about 150° F., and most preferably from about 110° F to 
about 120°F. The pressure of the mixing Zone 10 is generally 
from about atmospheric pressure to about 100 psig, prefer 
ably from about 5 psig to about 35 psig, and most preferably 
from about 10 psig to about 35 psig. The Group VIB metal 
oxide is dissolved in water containing the ammonia. The 
amount of ammonia added is based on the ratio of NH to 
Group VIB oxide in lbs/lbs and generally ranges from 0.1 
lbs/lbs to about 1.0 lbs/lbs, preferably from about 0.15 lbs/lbs 
to about 0.50 lbs/lbs, and most preferably from about 0.2 
lbs/lbs to about 0.30 lbs/lbs. The dissolved metal oxide in 
aqueous ammonia is moved via line 15 to the first reaction 
ZO. 

0019. The amount of hydrogen sulfide (line 9) added to the 
reaction Zone 20 is based on the ratio of HS to Group VIB 
metal oxide in SCF/lbs and generally ranges from 4.0 SCF/lbs 
to about 20 SCF/lbs, preferably from about 8.0 SCF/lbs to 
about 18 SCF/lbs, and most preferably from about 12 to 14 
SCF/lbs. The reaction time in the first reaction Zone ranges 
from about 1 hour to 10 hours, preferably from 3 hours to 8 
hours, and most preferably from about 4 hours to 6 hour per 
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pound of Group VIB metal oxide. Conditions include a tem 
perature in the range from 80° F. to 200°F. preferably in the 
range from 100°F. to 180°F., and most preferably in the range 
from 130° F. to 160° F. Pressure is in the range from 100 to 
3000 psig, preferably in the range from 200 to 1000 psig, and 
most preferably from 300 to 500 psig. The resultant slurry is 
the catalyst precursor in an aqueous slurry phase. 
0020. The resultant slurry is combined with a Group VIII 
metal compound such as Nior Co, as disclosed in U.S. Pat. 
No. 5,484.755. As an enhancement of the denitrogenation 
activity of the active slurry catalyst of the present invention, it 
is preferred that a Group VIII metal compound be added to the 
slurry before mixing the slurry with feed oil and a hydrogen 
containing gas at elevated temperature and pressure. Such 
Group VIII metals are exemplified by nickel and cobalt. It is 
preferred that the weight ratio of nickel or cobalt to molyb 
denum range from about 1:100 to about 1:2. It is most pre 
ferred that the weight ratio of nickel to molybdenum range 
from about 1:25 to 1:10, i.e., promoter/molybdenum of 4-10 
weight percent. The Group VIII metal, exemplified by nickel, 
is normally added in the form of the sulfate, and preferably 
added to the slurry after sulfiding at a pH of about 10 or below 
and preferably at a pH of about 8 or below. Group VIII metal 
nitrates, carbonates or other compounds may also be used. In 
view of the high activity of the slurry catalyst of the present 
invention, the further promotion by Group VIII metal com 
pounds is very advantageous. 
0021. The slurry containing the Group VIII metal pro 
moter is moved, via line 25, to mixing Zone 30. Mixing Zone 
30 employs an inert atmosphere which can comprise nitro 
gen, refinery gas, or any other gas having little or no oxygen. 
The slurry and a hydrocarbon oil (line 11), such as VGO, are 
mixed continuously in a high shear mode to maintain a homo 
geneous slurry in mixer 30. High shear mixing encompasses 
a range from 100 to 1600 RPM. Preferably the mixing rate is 
greater than 500 RPM and most preferably greater than 1500 
RPM. 

0022. The hydrocarbon oil has a kinetic viscosity of at 
least 2 cSt (32.8 SSU) (a) 212° F. The kinetic viscosity can 
generally range from about 2 cSt (32.8 SSU) (a) 212° F. to 
about 15 cSt (77.9 SSU) (a) 212° F., preferably from about 4 
cSt (39.5 SSU) (a) 212° F to about 10 cSt (59.2 SSU) (a) 212 
F., and most preferably from about 5 cSt (42.7 SSU) (a) 212° 
F. to about 8 cSt (52.4 SSU) (a) 212° F. The hydrocarbon oil 
causes the initial transformation of the catalyst precursor to 
an oil base from a water base. The ratio of Group VIB metal 
oxide to oil is at least less than 1.0, preferably less than 0.5, 
and more preferably less than 0:1. If the kinetic viscosity of 
the oil is below about 2 cSt (32.8 SSU) (a) 212° F or above 
about 15 cSt (77.9SSU) (a) 212° F., the first transformation of 
the catalyst precursor will result in catalyst particles agglom 
erating or otherwise not mixing. This mixture is known in the 
claims as Mixture X. 

0023 The material from mixing Zone 30 (Mixture X) 
moves to reaction Zone 40 via line 35. Hydrogen is continu 
ously added to the mixture reaction Zone 40, and high shear 
mixing is employed in the reaction Zone 40 in order to main 
tain a homogenous slurry. Hydrogen is added at low pressure 
prior to reactor 40 and at high pressure following reactor 40. 
This is done in order to keep water in liquid phase in reactor 
40, change water to vapor phase after reactor 40 in order to 
flash off the water. When the low H2 rate is used in reactor 40, 
water is still in liquid phase. Following reactor 40, more H2 is 
added, so the water changes to vapor phase, permitting sepa 
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ration from oil slurry in high pressure separator. The process 
conditions of reactor 40 are critical to forming the final cata 
lyst. The water in the mixture must be maintained in a liquid 
phase. 
0024. The temperature of the reaction Zone 40 generally 
ranges from about 300° F to 600°F. preferably from about 
350° F to about 500°F., and most preferably from about 350° 
F. to about 450° F. The pressure of the reaction Zone 40 
generally ranges from about 100 psig to about 3000 psig, 
preferably from about 200 psig to about 1000 psig, and most 
preferably from about 300 psig to about 500 psig. The hydro 
gen flow to the reaction Zone 40 generally ranges from about 
300 SCFB to about 2000 SCFB, preferably from about 300 
SCFB to about 1000 SCFB, and most preferably from about 
300 SCFB to about 500 SCFB. The reaction time in the 
reaction Zone 40 ranges from about 10 minutes to 5 hours, 
preferably from 30 minutes to 3 hours, and most preferably 
from about 1 hour to 1.5 hours. The resultant slurry mixture is 
the active catalyst composition in admixture with the hydro 
carbon oil. 
0025. The slurry mixture is passed, through line 55, to 
high pressure separator 50. More hydrogen is added in line 55 
so the water changes to vapor phase. It can then be separated 
from oil slurry in the high pressure separator. The high pres 
sure separator operates in a range from 300°F. to 700°F. 
Gases and water are removed overhead through line 45 and 
passed to a three phase separator. The active catalyst compo 
sition is moved through line 65 to storage tank 60. The active 
catalyst composition is continuously mixed in storage tank 60 
to maintain a homogenous slurry in a hydrogen atmosphere 
with little or no oxygen. In this way, the catalyst activity and 
stability are maintained. 
0026. The catalyst composition is useful for upgrading 
carbonaceous feedstocks which include atmospheric gas oils, 
vacuum gas oils, deasphalted oils, olefins, oils derived from 
tarsands orbitumen, oils derived from coal, heavy crude oils, 
synthetic oils from Fischer-Tropsch processes, and oils 
derived from recycled oil wastes and polymers. The catalyst 
composition is useful for but not limited to hydrogenation 
upgrading processes such as thermal hydrocracking, 
hydrotreating, hydrodesulphurization, hydrodenitrification, 
and hydrodemetallization. 

EXAMPLES 

Example 1 
Catalyst Preparation 

(0027. 540 gram MoO is mixed With 79 gram of NH and 
2381 gram of HO to form a solution of total 3000 gram. The 
solution is then reacted with 10.71 SCF of HS by passing a 
gas mixture of 20% HS in H into the solution under strong 
mixing. The reactor temperature is 150°F. and the total pres 
Sure is 400 psig, and the reaction time is 4 hours. After 
reaction, 460 gram NiSO solution which contains 36 gram of 
Ni is added to the above obtained slurry. The obtained slurry 
mixture is then mixed with 8000 gram of vacuum gas oil at 
100° F. The viscosity of the VGO is 5 cSt (a) 212° F. The 
resulting mixture is then pumped into a continuously flow 
tanked reactor (perfectly mixed flow reactor) with H. The H. 
gas rate is 300 SCF/B. The reactor pressure is 400 psig and 
reactor temperature is 400°F., the total reaction time is 1 hour. 
The reaction products are mixed with more H at a gas rate of 
1500 SCF/B and then go to a hot high pressure separator, 
which is also maintained at a pressure of 400 psig, with 
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temperature 500 F. to separate gas and liquid slurry. The 
obtained liquid slurry contains the highly active catalyst com 
ponent. 

1. A catalyst composition Suitable for the hydroconversion 
of heavy oils, which is prepared by: 

(a) mixing a Group VIB metal oxide and aqueous ammonia 
to form a Group VI metal compound aqueous mixture; 

(b) Sulfiding the aqueous mixture of step (a) with a gas 
comprising hydrogen Sulfide to a dosage greater than 8 
SCF of hydrogen sulfide per pound of Group VIB metal 
to form a slurry; 

(c) promoting the slurry with a Group VIII metal com 
pound; 

(d) mixing the slurry of step (c) with a hydrocarbon oil 
having a viscosity of at least 2 cSt (a 212° F. and less 
than about 15 cSt (a) 212° F to form Mixture X: 

(e) combining Mixture X with hydrogen gas in a second 
reaction Zone thereby forming an active catalyst compo 
sition admixed with a liquid hydrocarbon; and 

(f) recovering the active catalyst composition. 
2. The catalyst composition of claim 1, wherein conditions 

in the first reaction Zone comprise a temperature in the range 
from at least about 80° F. to about 200°F., and a pressure in 
the range from at least about 100 psig to about 3000 psig. 

3. The catalyst composition of claim 2, wherein conditions 
in the first reaction Zone comprise a temperature in the range 
from at least about 100°F. to about 180° F., and a pressure in 
the range from at least about 200 psig to about 1000 psig. 

4. The catalyst composition of claim3, wherein conditions 
in the first reaction Zone comprise a temperature in the range 
from at least about 130°F. to about 160°F. and a pressure in 
the range from at least about 300 psig to about 500 psig. 

5. The catalyst composition of claim 1, wherein the hydro 
carbon oil viscosity ranges from at least about 2 cSt (a 212 
F. to about 15 cSt (a) 212° F. 
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6. The catalyst composition of claim 1, wherein the Group 
VIII metal compound of step (c) is selected from the group 
consisting of nickel Sulfates and cobalt Sulfates. 

7. The catalyst composition of claim 1, wherein mixing of 
components occurs in high shear mode, in the range from 100 
RPM to 1600 RPM. 

8. The catalyst composition of claim 6, in which the weight 
ratio of nickel or cobalt to molybdenum ranges from 1:100 to 
about 1:2. 

9. The catalyst composition of claim 1, wherein the ratio of 
Group VIB metal oxide to oil is at least less than 1.0, prefer 
ably less than 0.5, and more preferably less than 0.1. 

10. The catalyst composition of claim 1, wherein the 
hydrocarbon oil is a vacuum gas oil. 

11. The catalyst composition of claim 1, wherein the con 
ditions of the second reaction Zone comprise a temperature in 
the range from at least about 350° F. to about 600°F. and a 
pressure in the range from at least about 100 psig to about 
3000 psig. 

12. The catalyst composition of claim 11, wherein the 
conditions of the second reaction Zone comprise a tempera 
ture in the range from at least about 350° F. to about 600°F. 
and the pressure in the range from at least about 200 psig to 
about 1000 psig. 

13. The compositions of claim 12, wherein hydrogen is 
continuously added to the second reaction Zone, and high 
shear mixing is employed in order to maintain a homogenous 
slurry. 

14. The catalyst composition of claim 1, which is recovered 
by means of a high pressure separator. 

15. The catalyst composition of claim 1, which is stored in 
an active and concentrated State. 

16. The catalyst of claim 14, which is continuously mixed 
in a storage tank to maintain a homogenous slurry. 
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