
CLAIMS: 

1. 	A process for preparing a slurry catalyst composition for use in the upgrade of 

heavy oil feedstock, comprising: 

providing at least an inorganic metal precursor comprising at least a Primary metal 

5 selected from Group VIB metals, Group IIB metals and Group VIII metals; 

mixing at least a polar aprotic solvent with the inorganic metal precursor to form an 

oil-dispersible inorganic metal precursor, at a weight ratio of solvent to inorganic metal 

precursor of 1:1 to 10:1; 

providing at least a sulfiding agent to sulfide the oil-dispersible inorganic metal 

10 precursor forming the slurry catalyst. 

2, 	The process of claim 1, further comprising: 

subjecting the oil-dispersible inorganic metal precursor to a reduction step for the 

Primary metal to change its oxidation state. 

15 

3. The process of any of claims 1 - 2, wherein the mixing of the polar aprotic 

solvent with the inorganic metal precursor is under high shear mixing forming to generate an 

emulsion with droplet sizes ranging from 0.1 to 300 um. 

20 4. The process of any of claims I - 2, wherein the weight ratio of solvent to 

inorganic metal precursor ranges from 2:1 to 5:1. 

5. The process of any of claims 1 - 2, wherein the oil-dispersible inorganic metal 

precursor is mixed with a hydrocarbon diluent comprising a heavy oil feedstock for the heavy 

25 oil feedstock to provide the sulfiding agent needed to sulfide the oil-dispersible inorganic 

metal precursor. 

6. The process of any of claims 1 - 2, wherein the oil-dispersible inorganic metal 

precursor is mixed with a hydrocarbon diluent containing the heavy oil feedstock at a 

30 temperature from 752°F to 1112 °F under a pressure from 1435 psig (10 MPa) to 3610 psig 

(25 MPa). 

7. The process of any of claims 1 - 2, wherein the slurry catalyst prepared thereof 

has the formula (Mt),(Lu)b(Sv)d(C),(Hx)f(0Y)g(Nz)h, wherein M is the Primary metal and 
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selected from group VIB metals, Group VIII metals, Group IIB metals; L is optional as a 

Promoter metal and L is different from M, L is at least one of a Group VIII metal, a Group 

VIB metal, a Group IVB metal, and a Group IIB metal; b >= 0; 0 =< b / a =< 5; 0.5(a + b) 

<= d <= 5(a + b); 0 <= e <=11(a+b); 0 <= f<=18(a+b); 0 <= g <= 5(a + b); 0 <= h <= 3(a 

5 + b); t, u, v, w, x, y, z, each representing total charge for each of: M, L, S, C, H, 0 and N, 

respectively; and ta+ub+vd+we+xf+yg+zh=0. 

8. The process of any of claims 1 - 2, wherein the sulfiding agent is selected from 

the group of elemental sulfur, hydrogen sulfide, ammonium sulfide, ammonium polysulfide 

10 ((NH4)2S.), ammonium thiosulfate ((NH4)2S203), sodium thiosulfate (Na2S2O3), thiourea 

(CSN2H4), carbon disulfide, dimethyl disulfide (DMDS), dimethyl sulfide (DMS), 

tertiarybutyl polysulfide (PSTB) and tertiarynonyl polysulfide (PSTN), and mixtures thereof. 

9. The process of any of claims 1 - 2, further comprising the step of mixing the 

15 slurry catalyst with a heavy oil feedstock for heavy oil upgrade. 

10. The process of any of claims 1 - 2, further comprising the step of mixing the 

oil-dispersible inorganic metal precursor with a hydrocarbon diluent prior to the sulfiding 

step. 

20 

11. The process of any of claims 1 - 2, wherein the sulfiding is in-situ upon 

contact with a heavy oil feedstock under hydroprocessing conditions for the heavy oil 

feedstock to provide the at least a sulfiding agent to sulfide the oil-dispersible inorganic metal 

precursor. 

25 

12. The process of any of claims 1 - 2, wherein the polar aprotic solvent is selected 

from the group of N-Methylpyrrolidone (NMP), dimethylformamide (DMF), 

dimethylacetamide (DMAC), hexamethylphosphortriamide (HMPA), dimethyl sulfoxide 

(DMSO), tetrahydrofuran, propylene carbonate, dimethyl sulfite, N-nitrosodimethylamine, y- 

30 but olactone, N:N dimethyl formamide, dimethyl carbonate, methyl formate, butyl formate 

and mixtures thereof. 

13. The process of any of claims 1 - 2, wherein the polar aprotic solvent is used as 

neat liquid. 
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14. The process of any of claims 1 - 2, wherein the polar aprotic solvent is dimethyl 

sulfoxide (DMSO). 

5 15. The process of any of claims 1 - 2, wherein the inorganic metal precursor is 

selected from the group of molybdenum oxide, molybdenum sulfide, molybdenum oxysulfide, 

molybdenum trioxide, ammonium heptamolybdate, and mixtures thereof. 

16. The process of any of claims 1 - 2, wherein the at least an inorganic metal 

10 precursor feed comprising at least a Group VIB metal is selected from the group of 

molybdenum oxide, molybdenum sulfide, molybdenum oxysulfide, molybdenum trioxide, 

ammonium heptamolybdate, and mixtures thereof. 

17. A process for preparing a slurry catalyst composition for use in the upgrade of 

15 heavy oil feedstock, comprising: 

providing at least an inorganic metal precursor comprising at least a Primary metal 

selected from Group VIB metals and Group VIII metals; 

providing at least an inorganic metal precursor comprising at least a Promoter metal 

selected from Group IVB metals, Group VIII metals, and Group JIB metals, wherein the 

20 Primary metal is different from the Promoter metal; 

mixing at least a polar aprotic solvent with the inorganic metal precursors to form an 

oil-dispersible mixture, at a weight ratio of polar aprotic solvent to inorganic metal precursor 

feed of 1:1 to 10:1; 

mixing the oil-dispersible mixture with a heavy oil feed under in-situ sulfidation 

25 conditions, forming the slurry catalyst. 

18. The process of claim 17, wherein the weight ratio of polar aprotic solvent to 

the inorganic metal precursors ranges from 2:1 to 5:1. 

30 19. The process of any of claims 17 - 18, wherein the oil-dispersible mixture is 

mixed with the heavy oil feed at a temperature from 752°F to 1112 °F under a pressure from 

1435 psig (10 MPa) to 3610 psig (25 MPa) for in-situ sulfiding to take place. 
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20. The process of any of claims 17 - 18, wherein the slurry catalyst prepared 

therefrom has a total surface area of at least 100 m2/g. 

21. The process of any of claims 17 - 18, wherein the slurry catalyst prepared 

5 therefrom has a total pore volume of at least 0.4 cc/g and a polymodal pore distribution with 

at least 90% of pore sizes in the range of 5 to 1,000 Angstroms in diameter. 

22. The process of any of claims 17 - 18, wherein the slurry catalyst prepared 

therefrom has a total pore volume of at least 0.5 cc/g. 

10 

23. The process of any of claims 17 - 18, wherein the slurry catalyst prepared 

therefrom comprises a plurality of dispersed particles with the dispersed particles have an 

average particle size ranging from 1 to 300 pm. 

15 24. The process of any of claims 17 - 18, wherein the polar aprotic solvent is 

selected from the group of N-Methylpyrrolidone (NMP), dimethylformamide (DMF), 

dimethylacetamide (DMAC), hexamethylphosphortriamide (HMPA), dimethyl sulfoxide 

(DMSO), tetrahydrofuran, propylene carbonate, dimethyl sulfite, N-nitrosodimethylamine, 7-

butyrolactone, N:N dimethyl formamide, dimethyl carbonate, methyl formate, butyl formate 

20 and mixtures thereof. 

25. The process of any of claims 17 - 18, wherein the polar aprotic solvent is 

dimethyl sulfoxide. 

25 26. The process of any of claims 17 - 18, wherein the slurry catalyst prepared 

thereof has the formula (14,(LU)b(SUCw)e(Hx)/(03)g(Mh, wherein M is a Primary metal 

selected from group VIB metals, Group VIII metals, Group JIB metals; L is optional as a 

Promoter metal and L is different from M, L is at least one of a Group VIII metal, a Group 

VIB metal, a Group IVB metal, and a Group IIB metal; b>= 0; 0 =< b / a =< 5; 0.5(a + b) 

30 <--= d <= 5(a + b); 0 <= e<=11(a+b); 0 <= f<=18(a+b); 0 <= g<= 5(a+ b); 0 <= h <= 3(a 

+ b); t, u, v, w, x, y, z, each representing total charge for each of: M, L, S, C, H, 0 and N, 

respectively; and ta+ub+vd+we+xf+yg+zh=0. 
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27. The process of claim 1, wherein the hydrogen feed is mixed with the slurry 

catalyst for a sufficient amount of time for the slurry catalyst to have an increase in surface 

area of at least 10% compare to a slurry catalyst that is not mixed with the hydrogen feed. 

5 28. The process of claim 27, wherein the hydrogen feed is mixed with the slurry 

catalyst for a sufficient amount of time for the slurry catalyst to have an increase in total pore 

volume of at least 10% compare to a slurry catalyst that is not mixed with the hydrogen feed. 

29. The process of claim 27, wherein the slurry catalyst treated with hydrogen 

10 	provides an increase of rate constant k-values in terms of HDS, HDN, and HDMCR of at 

least 15% compared to a slurry catalyst that is not treated with hydrogen. 

30. The process of claim 27, wherein the hydrogen feed is mixed with the slurry 

catalyst in a transfer line prior to being fed to a hydrocracker for the upgrade of heavy oil 

15 	feedstock. 

31. The process of claim 27, wherein the hydrogen feed is mixed with the slurry 

catalyst in a pre-mixing vessel prior to being fed to a hydrocracker for the upgrade of heavy 

oil feedstock. 

20 32. The process of claim 27, wherein the hydrogen feed is mixed with the slurry 

catalyst at a temperature of 350°F to 750°F. 

33. The process of claim 27, wherein the hydrogen feed is mixed with the slurry 

catalyst for at least an hour. 

25 

34. The process of claim 27, wherein the hydrogen feed is mixed with the slurry 

catalyst for 2 to 5 hours. 

35. The process of claim 27, wherein the slurry catalyst composition prepared 

30 	therefrom has a total pore volume of at least 0.4 cc/g and a polymodal pore distribution with 

at least 70% of pore sizes in the range of 5 to 2,000 Angstroms in diameter. 

36. The process of claim 27, wherein the slurry catalyst composition prepared 

therefrom has a total surface area of at least 100 m2/g. 
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37. The process of claim 27, wherein the slurry catalyst treated with hydrogen 

further provides an increase in surface area and total pore volume of at least 10% compared 

to a slurry catalyst that is not treated with hydrogen. 

5 

38. The process of claim 37, wherein the slurry catalyst treated with hydrogen 

further provides an increase in surface area and total pore volume of at least 15% compared 

to a slurry catalyst that is not treated with hydrogen. 

10 39. The process of claim 27, wherein the slurry catalyst has the formula 
munb(sv)d(cw)e(Hx)f(oymNzs

)h,  wherein M is a Primary metal selected from group VIB 

metals, Group VIII metals, Group IIB metals; L is optional as a Promoter metal and L is 

different from M, L is at least one of a Group VIII metal, a Group VIB metal, a Group IVB 

metal, and a Group IIB metal; b >= 0; 0 =< b I a =< 5; 0.5(a+ b)<= d <= 5(a + b); 0 <= e 

15 	<= 11(a+b); 0 <=f <= 18(a+b); 0 <= g <= 5(a + b); 0 <= h <= 3(a + b); t, u, v, w, x, y, z, 

each representing total charge for each of: M, L, S, C, H, 0 and N, respectively; and 

ta+ub+vd+we+xf+yg+zh=0. 

40. The slurry catalyst of claim 16, wherein b=0, and the Primary metal M is 

nickel. 

20 41. The process of claim 1, wherein 

the mixing of the catalyst precursor with the hydrocarbon diluent is in the presence of a 

redlining agent and under reducing conditions. 

42. The process of claim 41, wherein 

25 the mixing of the catalyst precursor with the hydrocarbon diluent is under high shear mixing 

forming an emulsion having droplets witli_particle sizes ranging from 1 to 300 gm. 

43. The process of claim 41, wherein providing the at least a metal precursor comprising 

at least two different metal cations comprises combining and reacting at least a Group VIB metal 

30 	compound with at least a Promoter metal compound selected from Group VIII, Group IIB, Group 

IIA, Group IVA metals and combinations thereof. 

44. The process of claim 43, wherein the at least one Group VIB metal compound is a 

water-soluble Group VIB metal salt in solution and the Promoter metal compound is a water-soluble 

35 	Group VIII metal salt in solution. 
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45. The process of claim 44, wherein the water-soluble Group VIB metal salt in solution 

is selected from the group of ammonium dimolybdate, ammonium heptamolybdate, ammonium 

octamolybdate, potassium molybdate, potassium chromium sulfate, ammonium para-molybdate and 

5 mixtures thereof. 

46. The process of claim 44, wherein the water-soluble Group VIII metal salt in solution 

is selected from the group of nickel sulfate, nickel ammonium sulfate, iron sulfate, and mixtures 

thereof. 

10 

47. The process of claim 43, wherein the Group VIB metal compound is an oil 

soluble molybdenum salt and the Promoter metal compound is an oil soluble Group VIII 

metal salt. 

15 48. The process of claim 43, wherein the at least one Group VIB metal compound 

is ammonium dimolybdate and the Promoter metal compound is nickel sulfate. 

49. The process of claim 41, wherein the slurry catalyst prepared therefrom has a 

total pore volume of at least 0.4 cc/g. 

20 

50. The process of claim 41, wherein the slurry catalyst prepared therefrom has a 

polymodal pore distribution with at least 80% of pore sizes in the range of 5 to 2,000 

Angstroms in diameter. 

25 51. The process of claim 41, wherein the slurry catalyst prepared therefrom has 

polymodal pore distribution with at least at least 80% of the pore sizes are in the range of 5 to 

1000 Angstroms in diameter. 

52. The process of claim 41, wherein the slurry catalyst prepared therefrom has a 

30 total surface area of at least 100 m2/g. 

53. The process of claim 41, wherein the slurry catalyst prepared therefrom has an 

average particle size ranging from 2 to 100 lam. 
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54. The process of claim 44, wherein the water-soluble Group VIB metal salt in 

solution has a concentration of 5 — 8 wt. % of Group VIB metal. 

55. The process of claim 54, wherein the water-soluble Group VIB metal salt in 

5 solution has a pH of at least 4. 

56. The process of claim 44, wherein the water-soluble Group VIII metal salt in 

solution has a pH of at least 4. 

10 57. The process of claim 56, wherein the water-soluble Group VIII metal salt in 

solution has a concentration of 5 — 8 wt. % of Group VIB metal. 

58. The process of claim 3, wherein the in-situ sulfiding condition is at a 

temperature from 752°F to 1112 °F and a pressure from 1435 psig (10 MPa) to 3610 psig (25 

15 MPa). 

59. The process of claim 5, wherein a sufficient amount of sulfiding agent is 

provided a molar ratio of sulfur to molybdenum of at least 1.5 to 1 to sulfide the emulsion to 

form the slurry catalyst. 

20 
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CLAIMS: 

1. A process for preparing a slurry catalyst composition for use in the upgrade o.'  

heavy oil feedstock, comprising: 

providing at least an inorganic metal precursor comprising at least a Primary 	-tal 

5 selected from Group VIB metals, Group IIB metals and Group VIII metals; 

mixing at least a polar aprotic solvent with the inorganic metal precursor o form an 

oil-dispersible inorganic metal precursor, at a weight ratio of solvent to ino 	me metal 

precursor of 1:1 to 10:1; 

providing at least a sulfiding agent to sulfide the oil-dispersible ' organic metal 

10 precursor forming the slurry catalyst. 

2. The process of claim 1, further comprising: 

subjecting the oil-dispersible inorganic metal precur •r to a reduction step for the 

Primary metal to change its oxidation state. 

15 

3. The process of any of claims 1 - 2, 	erein the mixing of the polar aprotic 

solvent with the inorganic metal precursor is un er high shear mixing forming to generate an 

emulsion with droplet sizes ranging from 0.1 o 300 ium. 

20 4. The process of any of cl ms 1 - 2, wherein the weight ratio of solvent to 

inorganic metal precursor ranges fro 	2:1 to 5:1. 

5. The process of 	y of claims 1 - 2, wherein the oil-dispersible inorganic metal 

precursor is mixed with a h 'drocarbon diluent comprising a heavy oil feedstock for the heavy 

25 oil feedstock to provide 	e sulfiding agent needed to sulfide the oil-dispersible inorganic 

metal precursor. 

6. e process of any of claims 1 - 2, wherein the oil-dispersible inorganic metal 

precursor is fixed with a hydrocarbon diluent containing the heavy oil feedstock at a 

30 temperature from 752°F to 1112 °F under a pressure from 1435 psig (10 MPa) to 3610 psig 

(25 M134). 

7. The process of any of claims 1 - 2, wherein the slurry catalyst prepared thereof 

has the formula (MULN(S`)d(C),(HNOY)g(Nz)h, wherein M is the Primary metal and 
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selected from group VIB metals, Group VIII metals, Group IIB metals; L is optional as a 

Promoter metal and L is different from M, L is at least one of a Group VIII metal, a Group 

VIB metal, a Group IVB metal, and a Group IIB metal; b >= 0; 0 =< b / a =< 5; 0.5(a 	b) 

<= d <= 5(a + b); 0 <= e<=11(a+b); 0 <=f<=18(a+b); 0 <= g<= 5(a + b); 0 <= h 	—3(a 

5 + b); t, u, v, w, x, y, z, each representing total charge for each of: M, L, S, C, H, 0 and N, 

respectively; and ta+ub+vd+we+xf+yg+zh=0. 

8. The process of any of claims 1 - 2, wherein the sulfiding a 	nt is selected from 

the group of elemental sulfur, hydrogen sulfide, ammonium sulfide, a,0, onium polysulfide 

10 ((NH4)2Sx), ammonium thiosulfate ((NH4)2S203), sodium thiosulfa 	(Na2S2O3), thiourea 

(CSN2H4), carbon disulfide, dimethyl disulfide (DMDS), dimeth 	sulfide (DMS), 

tertian/butyl polysulfide (PSTB) and tertiarynonyl polysulfide 	STN), and mixtures thereof. 

9. The process of any of claims 1 - 2, furthe comprising the step of mixing the 

15 slurry catalyst with a heavy oil feedstock for heavy o 	upgrade. 

10. The process of any of claims 1 	, further comprising the step of mixing the 

oil-dispersible inorganic metal precursor wit 	a hydrocarbon diluent prior to the sulfiding 

step. 

20 

11. The process of any o claims 1 - 2, wherein the sulfiding is in-situ upon 

contact with a heavy oil feedstocl,  under hydroprocessing conditions for the heavy oil 

feedstock to provide the at leap a sulfiding agent to sulfide the oil-dispersible inorganic metal 

precursor. 

25 

12. The process of any of claims 1 - 2, wherein the polar aprotic solvent is selected 

from the group of 	-Methylpyrrolidone (NMP), dimethylformamide (DMF), 

dimethylacetam 	(DMAC), hexamethylphosphortriamide (HMPA), dimethyl sulfoxide 

(DMSO), to 1 	1 ydrofuran, propylene carbonate, dimethyl sulfite, N-nitrosodimethylamine, y- 

30 butyrolac one, N:N dimethyl formamide, dimethyl carbonate, methyl formate, butyl formate 

and mi 	es thereof. 

13. The process of any of claims 1 - 2, wherein the polar aprotic solvent is used as 

neat liquid. 
68 



WO 2012/092006 	 PCT/US2011/066016 

14. The process of any of claims 1 - 2, wherein the polar aprotic solvent is dimetr 1 

sulfoxide (DMSO). 

5 15. The process of any of claims 1 - 2, wherein the inorganic metal precursor is 

selected from the group of molybdenum oxide, molybdenum sulfide, molybden 41 oxysulfide, 

molybdenum trioxide, ammonium heptamolybdate, and mixtures thereof. 

16. The process of any of claims 1 - 2, wherein the at least Xn inorganic metal 

10 precursor feed comprising at least a Group VIB metal is selected fro 	the group of 

molybdenum oxide, molybdenum sulfide, molybdenum oxysulfi 	molybdenum trioxide, 

ammonium heptamolybdate, and mixtures thereof. 

17. A process for preparing a slurry catalyst •mposition for use in the upgrade of 

15 heavy oil feedstock, comprising: 

providing at least an inorganic metal prec 	• r comprising at least a Primary metal 

selected from Group VIB metals and Group VI 	metals; 

providing at least an inorganic metal ,recursor comprising at least a Promoter metal 

selected from Group IVB metals, Group 	II metals, and Group IIB metals, wherein the 

20 Primary metal is different from the Pro 	oter metal; 

mixing at least a polar apro 	solvent with the inorganic metal precursors to form an 

oil-dispersible mixture, at a wei?; A ratio of polar aprotic solvent to inorganic metal precursor 

feed of 1:1 to 10:1; 

mixing the oil-disp 	sible mixture with a heavy oil feed under in-situ sulfidation 

25 conditions, forming the 	urry catalyst. 

18. Th- • ocess of claim 17, wherein the weight ratio of polar aprotic solvent to 

the inorganic 	-tal precursors ranges from 2:1 to 5:1. 

30 19. The process of any of claims 17 - 18, wherein the oil-dispersible mixture is 

mixed 	th the heavy oil feed at a temperature from 752°F to 1112 °F under a pressure from 

143 	psig (10 MPa) to 3610 psig (25 MPa) for in-situ sulfiding to take place. 
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20. The process of any of claims 17 - 18, wherein the slurry catalyst prepared 

therefrom has a total surface area of at least 100 m2/g. 

21. The process of any of claims 17 - 18, wherein the slurry catalyst prep:red 

5 therefrom has a total pore volume of at least 0.4 cc/g and a polymodal pore distng tion with 

at least 90% of pore sizes in the range of 5 to 1,000 Angstroms in diameter. 

22. The process of any of claims 17 - 18, wherein the slurry catalyst prepared 

therefrom has a total pore volume of at least 0.5 cc/g. 

10 

23. The process of any of claims 17 - 18, wherein the slurry catalyst prepared 

therefrom comprises a plurality of dispersed particles with th= dispersed particles have an 

average particle size ranging from 1 to 300 um. 

15 24. The process of any of claims 17 - 18, 	herein the polar aprotic solvent is 

selected from the group of N-Methylpyrrolidone 	P), dimethylformamide (DMF), 

dimethylacetamide (DMAC), hexamethylphosp ortriamide (HMPA), dimethyl sulfoxide 

(DMSO), tetrahydrofuran, propylene carbo 	te, dimethyl sulfite, N-nitrosodimethylamine, y-

butyrolactone, N:N dimethyl formamide, i imethyl carbonate, methyl formate, butyl formate 

20 and mixtures thereof. 

25. The process of a 	of claims 17 - 18, wherein the polar aprotic solvent is 

dimethyl sulfoxide. 

25 26. The process of any of claims 17 - 18, wherein the slurry catalyst prepared 

thereof has the form 	(1\40-N(Sv)d(CpearYOYMNz)h,  wherein M is a Primary metal 

selected from gro g VIB metals, Group VIII metals, Group IIB metals; L is optional as a 

Promoter metal and L is different from M, L is at least one of a Group VIII metal, a Group 

VIB metal, 	roup IVB metal, and a Group IIB metal; b >= 0; 0 =< b / a =< 5; 0.5(a + b) 

30 <= d<= 5 a + b); 0 <= e <= 11(a+b); 0 <= f <= 18(a+b); 0 <= g <= 5(a + b); 0 <= h <= 3(a 

+ b); t, 	v, w, x, y, z, each representing total charge for each of: M, L, S, C, H, 0 and N, 

resp ctively; and ta+ub+vd+we+xf+yg+zh=0 . 
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27. A process for preparing a slurry catalyst with improved catalytic activities in 

the upgrade of heavy oil feedstock, comprising: 

providing a slurry catalyst prepared from a solution comprising at least a water- 

soluble metal precursor salt of a Primary metal selected from Group VIB metals and 	oup 

5 VIII metals and optionally at least a water-soluble metal precursor salt of a Promot,  r metal 

selected from Group VIII metals, Group IIB metals, Group IIA metals, Group I A metals 

and combinations thereof, and sulfided by a sulfiding agent under sulfiding conditions at a 

molar ratio of sulfur to metal of at least 1.5:1, wherein the slurry catalyst c • mprises a 

plurality of dispersed particles in a hydrocarbon medium having an par, cle size ranging from 

10 1 to 300 um; 

providing a hydrogen feed; 

treating the slurry catalyst by mixing with the hydroge 	feed at a pressure from 1435 

psig (10 MPa) to 3610 psig (25 MPa) and a temperature fro 	200°F to 800°F at a rate of from 

500 to 15,000 scf hydrogen per bbl of slurry catalyst for 	minute to 20 hours, wherein the 

15 slurry catalyst treated with hydrogen provides an incro, se of rate constant k-values in terms 

of HDS, HDN, and HDMCR of at least 10% comp • ed to a slurry catalyst that is not treated 

with hydrogen. 

28. The process of claim 1, wh rein the hydrogen feed is mixed with the slurry 

20 catalyst for a sufficient amount of time 'or the slurry catalyst to have an increase in surface 

area of at least 10% compare to a sl 	catalyst that is not mixed with the hydrogen feed. 

29. The process of ny of claims 27 - 28, wherein the hydrogen feed is mixed with 

the slurry catalyst for a suff cient amount of time for the slurry catalyst to have an increase in 

25 total pore volume of at 1-.st 10% compare to a slurry catalyst that is not mixed with the 

hydrogen feed. 

30. e process of any of claims 27 - 28, wherein the slurry catalyst treated with 

hydrogen pro ides an increase of rate constant k-values in terms of HDS, HDN, and HDMCR 

30 of at least 	5% compared to a slurry catalyst that is not treated with hydrogen. 

31. The process of any of claims 27 - 28, wherein the hydrogen feed is mixed with 

slurry catalyst in a transfer line prior to being fed to a hydrocracker for the upgrade of 

heavy oil feedstock. 
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32. The process of any of claims 27 - 28, wherein the hydrogen feed is mixed with 

the slurry catalyst in a pre-mixing vessel prior to being fed to a hydrocracker for the upgra 

of heavy oil feedstock. 

5 33. The process of any of claims 27 - 28, wherein the hydrogen feed is , ixed with 

the slurry catalyst at a temperature of 350°F to 750°F. 

34. The process of any of claims 27 - 28, wherein the hydrog- 	feed is mixed with 

the slurry catalyst for at least an hour. 

10 

35. The process of any of claims 27 - 28, wherein the ydrogen feed is mixed with 

the slurry catalyst for 2 to 5 hours. 

36. The process of any of claims 27 - 28, who ein the slurry catalyst composition 

15 prepared therefrom has a total pore volume of at leas 1.4 cc/g and a polymodal pore 

distribution with at least 70% of pore sizes in the r nge of 5 to 2,000 Angstroms in diameter. 

37. The process of any of claims 	7 - 28, wherein the slurry catalyst composition 

prepared therefrom has a total surface are of at least 100 m2/g. 

20 

38. The process of any o claims 27 - 28, wherein the slurry catalyst treated with 

hydrogen further provides an inc ase in surface area and total pore volume of at least 10% 

compared to a slurry catalyst 	at is not treated with hydrogen. 

25 39. The process of claim 38, wherein the slurry catalyst treated with hydrogen 

further provides an i 	ease in surface area and total pore volume of at least 15% compared 

to a slurry catalyst hat is not treated with hydrogen. 

40. The process of any of claims 27 - 28, wherein the slurry catalyst has the 

30 formula ( 	),(LN(Sv)d(C),(1-r)f(03)g(W)h, wherein M is a Primary metal selected from 

group 	IB metals, Group VIII metals, Group JIB metals; L is optional as a Promoter metal 

and 	is different from M, L is at least one of a Group VIII metal, a Group VIB metal, a 

oup IVB metal, and a Group IIB metal; b >= 0; 0 =< b I a =< 5; 0.5(a + b)<= d <= 5(a 

+ b); 0 <= e <= 11(a+b); 0 <= f <= 18(a+b); 0 <= g<=----  5(a + b); 0 <= h .<= 3(a + b); 1, u, v , 
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w, x, y, z, each representing total charge for each of: M, L, S, C, H, 0 and N, respectively; 

and ta+ub+v d+w e+xf+yg+zh=0 . 

41. A process for preparing a slurry catalyst having improved catalytic act 	ities 

5 for use in the upgrade of heavy oil feedstock, comprising: 

providing at least a solution comprising at least a water-soluble metal pr' cursor salt of 

at least a Group VIB metal, the solution having a concentration of less than 	i wt. % of the at 

least Group VIB metal in the solution; 

sulfiding the at least a solution with a sulfiding agent, forming 	sulfided catalyst 

10 precursor; 

mixing the sulfided catalyst precursor with a hydrocarbo diluent to form a slurry 

catalyst; 

mixing a hydrogen feed with the slurry catalyst at . pressure from 1435 psig (10 

MPa) to 3610 psig (25 MPa) and a temperature from 20' °F to 800°F at a rate of from 500 to 

15 15,000 scf hydrogen per bbl of slurry catalyst for a 	ute to 20 hours , 

wherein the slurry catalyst is saturated wit 	ydrogen providing an increase of k-

values in terms of HDS, HDN, and HDMCR o .t least 15% compared to a slurry catalyst 

that is not saturated with hydrogen. 

20 42. The process of claim 4 	further comprising 

promoting the sulfided catal, st precursor with at least a water-soluble metal precursor 

salt of a Promoter metal selected rom Group VIII, Group IIB, Group IIA, Group IVA metals 

and combinations thereof. 

25 43. The process of any of claims 41 - 42, wherein the solution has a pH of at least 

4. 

44. Th process of any of claims 41 - 42, wherein the solution has a concentration 

of 5 to 8 wt. % • f the Group VIB metal in the solution. 

30 4 	The process of any of claims 41 - 42, wherein the slurry catalyst composition 

prepar d therefrom has a total surface area of at least 100 m2/g. 
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46. The process of any of claims 41 - 42, wherein the slurry catalyst composition 

prepared therefrom has a total pore volume of at least 0.4 cc/g and a polymodal pore 

distribution with at least 70% of pore sizes in the range of 5 to 2,000 Angstroms in dia ►  eter. 

5 47. The process of any of claims 41 - 42, wherein the slurry catalyst p 	pared 

therefrom has a total pore volume of at least 0.5 cc/g. 

48. The process of any of claims 41 - 42, wherein the slurry catalyst prepared 

therefrom has an average particle size ranging from 1 to 300 gm. 

10 

49. The process of any of claims 41 - 42, wherein th- slurry catalyst composition 

prepared therefrom has an average particle size ranging from 	to 150 µm.  

50. A method for improving the porosimetry of a slurry catalyst, comprising: 

15 providing a slurry catalyst having an averag 	article size ranging from 1 to 300 p. 

prepared from a solution comprising at least a wa r-soluble metal precursor salt of any of a 

Group VIB metal and a Group VIII metal, and 	fided by a sulfiding agent under sulfiding 

conditions at a molar ratio of sulfur to meta 	f at least 1.5:1; 

treating the slurry catalyst by mix 	g with the hydrogen feed at a pressure from 1435 

20 psig (10 MPa) to 3610 psig (25 MPa) and a temperature from 200°F to 800°F at a rate of 

from 500 to 15,000 scf hydrogen p- bbl of slurry catalyst for a minute to 20 hours, 

wherein the slurry cataly' treated with hydrogen provides an increase of rate constant 

k-values in terms of HDS, H I , and HDMCR of at least 10% compared to a slurry catalyst 

that is not treated with hyd 	gen. 

25 

51. A pro -ss for preparing a slurry catalyst for use in upgrading heavy oil 

feedstock, compri ng: 

providi t at least a precursor feed comprising at least a Group VIB metal, the 

precursor fe- i is a rework material obtained from a process of making hydroprocessing 

30 catalysts, 	herein the rework material has an average particle size of less than 300 p,m; 

fixing the rework material with at least a diluent forming a slurried precursor; 

providing at least a sulfiding agent to sulfide the slurried precursor forming the slurry 

c talyst. 
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52. The process of claim 51, wherein the rework material is mixed with the dil 	nt  

in an amount of 5 to 40 wt. % of total weight of the diluent. 

53. The process of any of claims 51 - 52, wherein the slurried precurso , is mixed 

5 	with a heavy oil feedstock in a reactor under hydroprocessing conditions at a to ,  perature 

from 752°F to 1112 °F under a pressure from 1435 psig (10 MPa) to 3610 p g (25 MPa). 

54. The process of claim 53, wherein under hydroprocessin conditions the heavy 

oil feedstock provides the sulfiding agent needed to sulfide the slu 	d precursor in-situ. 

10 

55. The process of any of claims 51 - 52, where the .ulfidation of the slurried 

precursor occurs ex-situ prior to a heavy oil upgrade. 

56. The process of claim 55, wherein the s fiding agent is selected from the 

15 	group of elemental sulfur, hydrogen sulfide, ammo s urn sulfide, ammonium polysulfide 

((NH4)2S,,), ammonium thiosulfate ((NH4)2S203) sodium thiosulfate (Na2S203), thiourea 

(CSN2H4), carbon disulfide, dimethyl disulfid (DMDS), dimethyl sulfide (DMS), 

tertiarybutyl polysulfide (PSTB) and terti 	onyl polysulfide (PSTN), and mixtures thereof. 

20 57. The process of any of 	aims 51 - 52, wherein the diluent is selected from 

water, VGO, cycle oil, gasoline, d' t.  late, naphtha, light cycle oil, benzene, toluene, xylene, 

and mixtures thereof. 

58. The proces of any of claims 51 - 52, wherein the rework material has an 

25 	average particle size of t least 1 gm. 

59. Thy method of claim 58, wherein the rework material has an average particle 

size of 2- 150 

30 60. The process of any of claims 51 - 52, wherein the rework material has an 

average particle size of less than 100 gm. 

61. The process of any of claims 51 - 52, wherein the rework material is obtained 

from a process of making an unsupported catalyst. 
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62. The process of any of claims 51 - 52, wherein the rework material is obtained 

from a process of making a supported catalyst. 

63. The process of any of claims 51 - 52, wherein the rework material is g eund to 

5 an average particle size of less than 300 gm by any of wet grinding and dry grindi • 

10 

64. The process of any of claims 51 - 52, wherein the rework mats ial comprises 

at least one of a metal oxide, a metal hydroxide, a metal sulfide and comb 	ations thereof, 

affixed onto a carrier comprising one or more of alumina, iron oxide, s 	ca, magnesia, titania, 

zeolite, silica-aluminate, carbon, phosphorous, and combinations th eof, and ground to an 

average particle size of less than 300 µm.  

65. A process for preparing a slurry catalyst for se in upgrading heavy oil 

feedstock, comprising: 

15 providing catalyst fines comprising at least on of an oxide, a hydroxide, a sulfide, 

and combinations thereof of at least a Primary met 	selected from Group IVB metals and 

Group VIII metals, affixed onto a carrier compr mg one or more of alumina, iron oxide, 

silica, magnesia, titania, zeolite, silica-alumi 	te, carbon, phosphorous, and combinations 

thereof, wherein the catalyst fines has an verage particle size of less than 300 µrn; 

20 mixing the catalyst fines with a 	east a diluent forming a slurried precursor; 

mixing the slurried precurso with at least a heavy oil feedstock for heavy oil upgrade, 

wherein the heavy oil feedstock r-,eases a sufficient amount of at least a sulfiding agent 

under in-situ sulfidation condi ons to form the slurry catalyst. 

25 66. The proc 	s of claim 65, wherein the in-situ sulfidation conditions by the 

heavy oil feedstock o 	urs at a temperature from 752°F to 1112 °F and a pressure from 1435 

psig (10 MPa) to 	10 psig (25 MPa). 

67. The process of any of claims 65 - 66, wherein the slurry catalyst prepared 

30 from the c talyst fines has a total surface area of at least 100 m2/g. 

68. The process of any of claims 65 - 66, wherein the slurry catalyst prepared 

f em the catalyst fines has a total pore volume of at least 0.3 cc/g and a polymodal pore 

distribution with at least 70% of pore sizes in the range of 5 to 1,000 Angstroms in diameter. 
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69. 	The process of any of claims 65 - 66, wherein the slurry catalyst prepared 

from the catalyst fines comprises a plurality of dispersed particles with the dispersed parti 	es 

have an average particle size ranging from 1 to 300 pm. 

5 	 70. 	The process of any of claims 65 - 66, wherein the slurry catalyst p -pared 

from the catalyst fines has an average particle size ranging from 2 to 150 tun. 

71. The process of any of claims 65 - 66, wherein the catalyst mes are obtained 

from a process of making a supported catalyst. 

l0 

72. The process of any of claims 65 - 66, wherein th- catalyst fines are obtained 

by grinding a supported catalyst to an average particle size of ess than 300 µm.  

73. The process of any of claims 65 - 66, w 	in the catalyst fines are mixed with 

15 	a diluent selected from water, VGO, cycle oil, gasol 	e, distillate, naphtha, light cycle oil, 

benzene, diesel oil, heptane, toluene, xylene, and 	fixtures thereof. 

74. The process of any of claims 5 	66, wherein the catalyst fines are provided at 

a rate of about 10 ppm to about 500 pp 	Primary metal per total weight of the heavy oil 

20 	feedstock. 

75. The process of ay- of claims 65 - 66, wherein providing the catalyst fines 

comprises: a) grinding a support base material to an average particle size of less than 300 pm; 

b) impregnating the reduces particle sized support base material with at least a metal 

25 	precursor; c) drying the 	pregnated support base material; and d) grinding the impregnated 

support base material o a particle size of less than 300 p.m. 

76. A  process for preparing a slurry catalyst for use in upgrading heavy oil 

feedstock, c. 	prising: 

30 providing a pressure leach solution obtained from a metal recovery process, the 

pressu • leach solution comprising at least a water-soluble metal precursor salt of a Primary 

met, , wherein the water-soluble metal precursor salt was previously leached into the 

p essure leach solution in a leaching step; 

mixing the solution with at least a hydrocarbon diluent forming a catalyst precursor; 
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providing at least a sulfiding agent to sulfide the catalyst precursor forming the slurry 

catalyst. 

77. The process of claim 76, further comprising: 

5 subjecting the catalyst precursor to reduction at a temperature above ambient. 

78. The process of any of claims 76 - 77, wherein the Primary m- al is any of a 

Group VIB metal, a Group IIB metal, and a Group VIII metal. 

10 79. The process of any of claims 76 - 77, wherein the m ing of the pressure leach 

solution with the at least a hydrocarbon diluent is under high sh 	r mixing to generate an 

emulsion with droplet sizes ranging from 0.1 to 300 Rm. 

80. The process of any of claims 76 - 77, wh@ ein the catalyst precursor is mixed 

15 with the heavy oil feedstock under in-situ sulfiding c 	ditions for the heavy oil feedstock to 

provide the sulfiding agent needed for the sulfidat 	n forming the slurry catalyst. 

81. The process of any of claims 	6 - 77, where the sulfidation of the catalyst 

precursor forming the slurry catalyst occ 	sex-situ prior to the heavy oil upgrade. 

20 

82. The process of clai 	1, wherein the sulfiding agent is selected from the 

group of elemental sulfur, hydronn sulfide, ammonium sulfide, ammonium polysulfide 

((NH4)2Sx), ammonium thios 	fate ((NH4)2S203), sodium thiosulfate (Na2S2O3), thiourea 

25 

(CSN2H4), carbon disulfid , dimethyl disulfide (DMDS), dimethyl sulfide (DMS), 

tertiarybutyl polysulfide PSTB) and tertiarynonyl polysulfide (PSTN), and mixtures thereof. 

83. Th process of claim 81, wherein the hydrocarbon diluent is selected from 

gasoline, diese 	vacuum gas oil (VGO), cycle oil (MCO or HCO), jet oil, fuel oil, heavy oil 

feedstock, a ►  d mixtures thereof. 

30 

:4 	The process of any of claims 76 - 77, wherein the pressure leach solution is 

mi 	d with the hydrocarbon diluent in an amount of 5 to 50 wt. % of total weight of the 

drocarbon diluent. 
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85. The process of any of claims 76 - 77, wherein the pressure leach solution is 

prepared from a pressure leach slurry containing up to 10 wt. % coke and up-to 2 wt% 

insoluble ammonium metavanadate in the coke by filtering the pressure leach slurry to 

remove the coke and the ammonium metavanadate. 

5 

86. The process of any of claims 76 - 77, wherein the pressure leach solution is 

from a metal recovery process for recovering metals from a spent catalyst. 

87. The process of any of claims 76 - 77, wherein the press 	e leach solution is 

10 from a metal recovery process for recovering metals from mineral o -s. 

88. The process of any of claims 76 - 77, wherein t e pressure leach solution is 

from a metal recovery process for recovering metals from r etallurgical wastes. 

15 89. The process of any of claims 76 - 77, 	erein the pressure leach solution 

contains a mixture of at least a water-soluble me 	precursor salt of a Primary metal and at 

least a water-soluble metal precursor salt of a P 	rooter metal. 

90. The process of any of clai rs 76 - 77, wherein the pressure leach solution 

20 contains a mixture of ammonium kept, 	olybdate and nickel sulfate. 

91. The process of a 	f claims 76 - 77, wherein the pressure leach solution 

contains at least 50 to 90 gpL 	ams per liter) molybdenum and 3 to 10 gpL nickel. 

25 92. The proc 	s of any of claims 76 - 77, wherein the slurry catalyst prepared 

therefrom has a total 	rface area of at least 100 m2/g, a total pore volume of at least 0.4 cc/g 

and a polymodal p. e distribution with at least 90% of pore sizes in the range of 5 to 1,000 

Angstroms in 	eter. 

30 93 	A process for preparing a slurry catalyst for use in upgrading heavy oil 

feedsto' c, comprising: 

providing a pressure leach solution containing a mixture of at least a water-soluble 

-tal precursor salt of a Primary metal and at least a water-soluble metal precursor salt of a 
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Promoter metal obtained from a metal recovery process and wherein the metal precursor salts 

were previously leached into the pressure leach solution in a leaching step; 

mixing the at least a metal precursor solution with at least a hydrocarbon diluent 

forming a catalyst precursor; 

5 mixing the at least a catalyst precursor with at least a heavy oil feedstock up der in-situ 

sulfiding conditions for the heavy oil feedstock to provide at least a sulfiding a! -nt to sulfide 

the catalyst precursor forming a slurry catalyst. 

94. The process of claim 93, wherein the pressure leach sol 	on is from a metal 

10 	recovery process for recovering metals from a spent catalyst. 

95. The process of any of claims 93 - 94, wherein 	e at least a metal precursor 

was mixed with the heavy oil feedstock at a temperature fro 	752°F to 1112°F under a 

pressure from 1435 psig (10 MPa) to 3610 psig (25 MP, for in-situ sulfiding to take place. 

15 

96. The process of any of claims 93 - 9 , wherein the hydrocarbon diluent is 

selected from gasoline, diesel, vacuum gas oil 	GO), cycle oil (MCO or HCO), jet oil, fuel 

oil, heavy oil feedstock, and mixtures thereo . 

20 97. The process of any of dims 93 - 94, wherein the pressure leach solution 

contains a mixture of ammonium 	ptamolybdate and nickel sulfate. 

98. The process of ny of claims 93 - 94, wherein the slurry catalyst prepared 

therefrom has an average p,rticle size ranging from 1 to 300 1,tm. 

25 

99. A pro 	ss for preparing a slurry catalyst for use in upgrading heavy oil 

feedstock, compri ng: 

providi 	a pressure leach solution obtained from a metal recovery process, the 

pressure lea 	solution comprising at least a water-soluble metal precursor salt of a Primary 

30 	metal, w 	rein the water-soluble metal precursor salt was previously leached into the 

press 	leach solution in a leaching step; 

providing at least a sulfiding agent to sulfide the pressure leach solution forming a 

c talyst precursor; 
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mixing the catalyst precursor with at least a hydrocarbon diluent under reducing 

conditions forming the slurry catalyst. 

100. The process of claim 99, wherein the slurry catalyst is of the formula 

5 (M),(0)b(Sv)d(Cw)e(Hx)f(0Y)ANz)h, wherein the Primary metal M is selected from 	oup VIB 

metals, Group VIII metals, Group IIB metals; L is optional as a Promoter meta and L is 

different from M, L is at least one of a Group VIII metal, a Group VIB meta a Group IVB 

metal, and a Group IIB metal; b >= 0; 0 =< b / a =< 5; 0.5(a + b) <= d 	— 5(a + b); 0 <= e 

10 

<= 11(a+b); 0 <=f <= 18(a+b); 0 <= g <= 5(a + b); 0 <= h <= 3(a + r ; t, u, v, w, x, y, z, 

each representing total charge for each of: M, L, S, C, H, 0 and N, r spectively; and 

ta+ub+vd+we+xf+yg+zh=0. 

101. A process for preparing a slurry catalyst for 	se in upgrading heavy oil 

feedstock, comprising: 

15 providing a metal precursor solution comprisi ►  g a mixture of at least two different 

water-soluble metal salts in a water solvent of at le st two different metals selected from 

Group VIB, Group VIII, Group IVB, Group II 	etals and mixtures thereof; 

mixing the metal precursor solution 	th a hydrocarbon diluent under high shear 

mixing to generate an emulsion with drop -t sizes ranging from 0.1 to 300 um; 

20 sulfiding the emulsion with at 1; ast a sulfiding agent to form the slurry catalyst having 

an average particle size ranging fro 	1 to 300 um. 

102. The process of 	aim 101, further comprising: 

subjecting the emul on to reduction in the presence of a reducing agent at a 

25 temperature above ambit t. 

103. The •rocess of any of claims 101 - 102, wherein the emulsion is mixed with 

the heavy oil feedstock in a reactor under in-situ sulfiding condition for the heavy oil 

feedstock to rovide the sulfiding agent needed for to sulfide the emulsion forming the slurry 

30 catalyst. 

104. The process of claim 103, wherein the in-situ sulfiding condition is at a 

to 	perature from 752°F to 1112 °F and a pressure from 1435 psig (10 MPa) to 3610 psig (25 

MPa). 
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105. The process of any of claims 101 - 102, where the sulfidation of the emulsio 

forming the slurry catalyst occurs ex-situ prior to the heavy oil upgrade. 

106. The process of claim 105, wherein the sulfiding agent is selected fro. the 

5 group of elemental sulfur, hydrogen sulfide, ammonium sulfide, ammonium polysulfide 

((NH4)2Sx), ammonium thiosulfate ((NH4)2S203), sodium thiosulfate (Na2S2O, 	thiourea 

(CSN2H4), carbon disulfide, dimethyl disulfide (DMDS), dimethyl sulfide 	• MS), 

tertiarybutyl polysulfide (PSTB) and tertiarynonyl polysulfide (PSTN), . d mixtures thereof. 

10 107. The process of claim 105, wherein the hydrocarbon iluent is selected from 

gasoline, diesel, vacuum gas oil (VGO), cycle oil (MCO or HC t , jet oil, fuel oil, heavy oil 

feedstock, and mixtures thereof. 

108. The process of claim 105, further comp 	g 

15 subjecting the slurry catalyst after ex-situ sul 7  dation to reduction at a temperature 

above ambient. 

109. The process of any of clai 	101 - 102, wherein the emulsion precursor 

comprises droplets having a size of less t an 100 µm.  

20 

110. The process of any e claims 101 - 102, wherein the emulsion droplets contain 

metal precursor solution in a by -ocarbon diluent 

111. The process of any of claims 101 - 102, wherein the emulsion droplets contain 

25 hydrocarbon diluent in 	metal precursor solution. 

112. Th process of any of claims 101 - 102, wherein the slurry prepared therefrom 

has a general fo 	ula (M).(1-u)b(Sv)d(C)e(Hx)f(0YWNN,  wherein M is a Primary metal 

selected fro ►  group VIB metals, Group VIII metals, Group JIB metals; L is optional as a 

30 Promoter 	etal and L is different from M, L is at least one of a Group VIII metal, a Group 

VIB 	tal, a Group IVB metal, and a Group IIB metal; b >= 0; 0 =< b / a =< 5; 0.5(a + b) 

<= 1 <= 5(a + b); 0 <= e <= 11(a+b); 0 <=f <= 18(a+b); 0 <= g <= 5(a + b); 0 <= h <= 3(a 

s); t, u, v, w, x, y, z, each representing total charge for each of: M, L, S, C, H, 0 and N, 

respectively; and ta+ub+vd+we+xf-Fyg-Fzh=0. 
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113. The process of any of claims 101 - 102, wherein the slurry catalyst prepared 

therefrom has a total surface area of at least 100 m2/g. 

114. The process of any of claims 101 - 102, wherein the slurry catalyst pr• tared 

5 therefrom has a total pore volume of at least 0.4 cc/g and a polymodal pore distrib I tion with 

at least 70% of pore sizes in the range of 5 to 1,000 Angstroms in diameter. 

115. The process of any of claims 101 - 102, wherein the slurry catalyst prepared 

therefrom has a total pore volume of at least 0.5 cc/g. 

10 

116. The process of any of claims 101 - 102, wherein 	e slurry catalyst prepared 

therefrom has an average particle size ranging from 1 to 300 

117. A process for preparing a slurry catalyst •r use in upgrading heavy oil 

15 feedstock, comprising: 

providing a metal precursor solution comp r sing at least a water-soluble Group VIB 

metal salt and a water-soluble Group VIII meta salt in a water solvent; 

mixing the at least a metal precursor :olution with a hydrocarbon diluent under high 

shear mixing to generate an emulsion pre 	sor comprising droplets having a size of 0.1 to 

20 300 um, the hydrocarbon diluent selec d from gasoline, diesel, vacuum gas oil (VGO), cycle 

oil (MCO or HCO), jet oil, fuel oil, Heavy oil feedstock, and mixtures thereof; 

mixing the emulsion wit 	a heavy oil feedstock under in-situ sulfiding condition for 

the heavy oil feedstock to pro 	de the sulfiding agent needed for to sulfide the emulsion 

forming a slurry catalyst h 	ing an average particle size ranging from 1 to 300 um. 

25 

118. The pr, cess of claim 117, wherein the mixing of the emulsion precursor with 

the heavy oil feeds ;sck is at a temperature from 752°F to 1112°F under a pressure from 1435 

prig (10 MPa) 	3610 prig (25 MPa). 

30 The process of any of claims 117 - 118, wherein the slurry catalyst prepared 

there r• 	has a total surface area of at least 100 m2/g. 
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120. The process of any of claims 117 - 118, wherein the slurry catalyst prepared 

therefrom has a total pore volume of at least 0.4 cc/g and a polymodal pore distribution wi  

at least 70% of pore sizes in the range of 5 to 1,000 Angstroms in diameter. 

5 121. The process of any of claims 117 - 118, wherein the slurry catalyst repared 

therefrom has a total pore volume of at least 0.5 cc/g. 

122. A process for preparing a slurry catalyst for use in upgrad.  g heavy oil 

feedstock, comprising: 

10 

15 

providing a metal precursor solution comprising at least a w ter-soluble Group VIB 

metal salt and a water-soluble Group VIII metal salt in a water s ►  vent; 

sulfiding the metal precursor solution with at least a s 	Tiding agent forming a water- 

based catalyst precursor; 

mixing the water-based catalyst precursor with 	ydrocarbon diluent from gasoline, 

diesel, vacuum gas oil, cycle oil, jet oil, fuel oil, hea 	oil feedstock, and 

subjecting the mixture of water-based cata 	st precursor and hydrocarbon diluent to 

reduction in the presence of a reducing agent a a temperature above ambient foiiiiing a slurry 

catalyst of the formula (mt)a(Lu)b(sv)d(cw
)e 
	xyoyvN

z)h,  wherein M is a Primary metal 

selected from group VIB metals, Group V II metals, Group IIB metals; L is optional as a 

20 Promoter metal and L is different fro 	, L is at least one of a Group VIII metal, a Group 

VIB metal, a Group IVB metal, and a Group IIB metal; b >= 0; 0 =< b / a =< 5; 0.5(a + b) 

<= d <= 5(e, ± b); 0 <= e <= 11( 	b); 0 <= f <= 18(a+b); 0 <= g <= 5(a + b); 0 <= h <= 3(a 

+ b); t, u, v, w, x, y, z, each re oresenting total charge for each of: M, L, S, C, H, 0 and N, 

respectively; and ta+ub+vd we+xf+yg+zh=0. 

25 . 

123. The prq cess of claim 122, wherein the mixing of the water-based catalyst 

precursor with a h 1 °carbon diluent is in the presence of a reducing agent and under 

reduction condi ons. 

30 12 . 	The process of any of claims 122 - 123, wherein the mixing the water-based 

catalys precursor with a hydrocarbon diluent the hydrocarbon diluent is at a high shear rate 

for . least a portion of the water-based catalyst precursor to be in emulsion having droplets 

th_particle sizes ranging from 1 to 300 !Lim. 
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125. A slurry catalyst for use in hydroprocessing a heavy oil feedstock, wherein: 

the slurry catalyst comprises a plurality of dispersed particles in a hydrocarbon 

medium, wherein the dispersed particles have an average particle size ranging from 1 t0 300 

1,tm, 

5 the slurry catalyst has a polymodal pore distribution with at least 80% of p • e sizes in 

the range of 5 to 2,000 Angstroms in diameter, and 

the slurry catalyst is prepared from sulfiding and dispersing a metal 	ecursor solution 

in a hydrocarbon diluent, the metal precursor solution comprising at leas a water-soluble salt 

of a Primary metal selected from Group VIB, Group IIB metals and 	'oup VIII metals, the 

10 	metal precursor solution having a pH of at least 4 and a concentrat n of less than 10 wt. % of 

the Primary metal in solution. 

126. The slurry catalyst of claim 125, wherein t 	slurry catalyst has a BET surface 

area ranging from 200 to 800 m2/g. 

15 

127. The slurry catalyst of any claims 1 	- 126, wherein the Primary metal is 

molybdenum and wherein the water-soluble m al salt is selected from the group of 

molybdates, alkali metal heptamolybdates, 	(ali metal orthomolybdates, alkali metal 

isomolybdates, phosphomolybdic acid, 	ybdenum oxide, molybdenum carbide, 

20 	molybdenum nitride, aluminum moly • .te molybdic acid, and mixtures thereof. 

128. The slurry catalys of  any claims 125 - 126, wherein the metal precursor 

solution further comprises at 1 ast a water-soluble salt of a Promoter metal selected from any 

of Group IVB metals, Gro • VIII metals, and Group IIB metals, wherein the Promoter metal 

25 	is different from the Pri nary metal, and the Promoter metal is present in a weight ratio of 1- 

50 wt. %. Promoter 	etal to Primary metal. 

129. e slurry catalyst of any claims 125 - 126, wherein the Promoter metal is 

nickel and w► erein the water-soluble metal salt of the Promoter metal is selected from the 

30 	group of nickel acetate, nickel carbonate, nickel chloride, nickel sulfate, nickel nitrate, nickel 

acetyla• etone, nickel citrate, nickel oxalate, and mixtures thereof. 

130. The slurry catalyst of any claims 125 - 126, wherein at least 70% of the pore 

sizes are in the range of 5 to 1000 Angstroms in diameter. 
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131. The slurry catalyst of any claims 125 - 126, wherein at least 50% of the pore 

sizes are in the range of 5 to 5000 Angstroms in diameter. 

132. The slurry catalyst of any claims 125 - 126, wherein at least 30% of t►  e pore 

5 sizes are at least 100 Angstroms in diameter. 

133. The slurry catalyst of any claims 125 - 126, wherein the slu r catalyst has a 

total pore volume of at least 0.5 cc/g. 

10 134. The slurry catalyst of claim 6, wherein the slurry ca 	lyst has a total pore 

volume of at least 0.8 cc/g. 

135. The slurry catalyst of any claims 125 - 126, 	herein the catalyst has an 

average particle size ranging from 2 to 100 Jim. 

15 

136. The slurry catalyst of any claims 1 	- 126, the metal precursor solution 

having a pH of at least 4 and a concentration o 	t least 0.1 wt. % of the Primary metal in 

solution. 

20 137. The slurry catalyst of a 	claims 125 - 126, the metal precursor solution 

having a pH of at least 5. 

138. The slurry cata 	st of any claims 125 - 126, wherein the slurry catalyst has a 

general formula (Mt),(Lu) 	MCw)e(Hx)/(0)')ANz)h, wherein M is a Primary metal selected 

25 from group VIB metals, 	roup VIII metals, and Group IIB metals; L is optional as a 

Promoter metal and 	is different from M, L is at least one of a Group VIII metal, a Group 

VIB metal, a Grow IVB metal, and a Group IIB metal; b >= 0; 0 =< b / a =< 5; 0.5(a + b) 

<= d <= 5(a + b ;0 <= e <=11(a+b); 0 <=f<= 18(a+b); 0 <= g <= 5(a + b); 0 <= h <= 3(a 

30 

+ b); t, u, v, 	', 	y, z, each representing total charge for each of: M, L, S, C, H, 0 and N, 

respective ; and ta+ub+vd+we+xf+yg+zh=0. 

139. The slurry catalyst of claim 138, wherein M is selected from molybdenum, 

gsten, and mixtures thereof and L is selected from nickel, cobalt, and mixture thereof. 
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140. The slurry catalyst of claim 138, wherein the Group VIB metal is 

molybdenum and the slurry catalyst is essentially free of Promoter metals. 

141. The slurry catalyst of claim 16, wherein b=0, and the Primary me 	M is 

5 nickel. 

42. 	The slurry catalyst of any claims 125 - 126, wherein the s 	rry catalyst has a 

1000°F+ conversion rate of at least 50% for the upgrade of a heavy of feedstock having an 

API gravity of at most 15, when the slurry catalyst is applied at a r e of less than 2 wt. % 

10 active Group VIB metal relative to the total weight of the heavy •il feedstock, 

143. The slurry catalyst of claim 138, wherein 	slurry catalyst has an X-ray 

powder diffraction pattern with a first broad diffraction oeak at Bragg angle of 8 to 18° and a 

second broad diffraction peak at Bragg angle of 32 to 40° (from 0 to 70°  20 scale). 

15 

144. The slurry catalyst of any claims, 25 - 126, wherein the slurry catalyst 

comprises a plurality of dispersed particles i 	a hydrocarbon medium selected from gasoline, 

diesel, vacuum gas oil, cycle oil, jet oil, fu- oil, heavy oil feedstock, and mixtures thereof. 

20 145. A slurry catalyst for 	e in hydroprocessing a heavy oil feedstock, wherein: 

the slurry catalyst compris s a plurality of dispersed particles in a hydrocarbon 

medium, wherein the dispersed f) articles have an average particle size ranging from 1 to 300 

um, 

the slurry catalyst f as a BET total surface area of at least 100 m2/g, and 

25 the slurry catalyst is prepared from sulfiding and dispersing a metal precursor solution 

in a hydrocarbon dil ent, the metal precursor solution comprising at least a water-soluble salt 

of a Primary met 	selected from Group VIB metals, Group IIB metals, and Group VIII 

metals, the me .1 precursor solution having a pH of at least 4 and a concentration of less than 

10 wt. % of ►  rimary metal in solution. 

30 

46. 	The slurry catalyst of claim 145, wherein at least 70% of the pore sizes are in 

the ra nge of 5 to 1000 Angstroms in diameter. 
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147. The slurry catalyst of any of claims 145 - 146, wherein the slurry catalyst has a 

BET surface area ranging from 200 to 800 m2/g. 

148. The slurry catalyst of any of claims 145 - 146, wherein at least 50% of 

5 pore sizes are in the range of 5 to 5000 Angstroms in diameter. 

149. The slurry catalyst of claim 148, wherein at least 30% of the p ire sizes are at 

least 100 Angstroms in diameter. 

10 150. The slurry catalyst of any of claims 145 - 146, where 	the slurry catalyst has a 

total pore volume of at least 0.5 cc/g. 

151. The slurry catalyst of any of claims 145 	14 , wherein the slurry catalyst has a 

total pore volume of at least 0.8 cc/g. 

15 

152. The slurry catalyst of any of claims 	45 - 146, wherein the catalyst has an 

average particle size ranging from 2 to 100 p,m.  

153. The slurry catalyst of any r claims 145 - 146, wherein the metal precursor 

20 solution further comprises at least a w. er-soluble salt of a Promoter metal selected from any 

of Group IVB metals, Group VIII 	tals, and Group IIB metals, wherein the Promoter metal 

is different from the Primary me 	, and the Promoter metal is present in a weight ratio of 1- 

50 wt. %. Promoter metal to 	mary metal. 

25 154. The slur 	catalyst of any of claims 145 - 146, wherein the metal precursor 

solution has a pH of 	least 4 and a concentration of at least 0.1 wt. % of Primary metal in 

solution. 

155. The slurry catalyst of claim 154, wherein the metal precursor solution has a 

30 pH of at 1 	st 4 and a concentration of 5 — 10 wt. % Primary metal in solution. 

156. The slurry catalyst of any of claims 145 - 146, wherein the Primary metal 

p , ecursor is a water-soluble Group VIB metal salt. 
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157. The slurry catalyst of any of claims 145 - 146, wherein the slurry catalyst 

comprises a plurality of dispersed particles in a hydrocarbon medium selected from gas. me, 

diesel, vacuum gas oil (VGO), cycle oil (MCO or HCO), jet oil, fuel oil, heavy oil fe dstock, 

and mixtures thereof. 

5 

158. The slurry catalyst of any of claims 145 - 146, wherein the catalyst is prepared 

from a metal precursor consisting essentially of a least a Group VIB meta compound. 

159. The slurry catalyst of any of claims 145 - 146, where' 	the slurry catalyst has a 

10 general formula (M)a(V)b(Sv),40e(Hx)AOYVI\r)h, wherein the rimary metal M is selected 

from group VIB metals, Group VIII metals, Group JIB metals; 	is optional as a Promoter 

metal and L is different from M, L is at least one of a Group 	III metal, a Group VIB metal, 

a Group IVB metal, and a Group JIB metal; b >= 0; 0 = 	b / a =< 5; 0.5(a + b)<= d <= 5(a 

15 

+ b); 0 <= e <= 11(a+b); 0 <=f <= 18(a+b); 0 <= g 	5(a + b); 0 <= h <= 3(a + b); t, u, v, 

w, x, y, z, each representing total charge for each o . M, L, S, C, H, 0 and N, respectively; 

and ta+ub+vd+we+xf+yg+zh=0. 

160. A slurry catalyst for use in 	droprocessing a heavy oil feedstock, wherein: 

the slurry catalyst is prepared fro 	at least a metal precursor solution comprising at 

20 least a water-soluble salt of a Primary 	etal selected from Group VIB metals and a water-

soluble salt of a Promoter metal se cted from Group VIII, Group IIB, Group IIA, Group IVA 

metals and combinations thereof; the slurry catalyst is prepared from sulfiding and dispersing 

the metal precursor solution i f a hydrocarbon diluent, 	the metal precursor solution having a 

pH of at least 4 and a concentration of less than 10 wt. % of the Primary metal in solution; 

25 and wherein 

the slurry cat yst has an average particle size of 1 — 300 um and a BET total surface 

area of at least 10 m2/g. 

161. The slurry catalyst composition of claim 160, wherein the slurry catalyst is 

30 characteri ed as having a 1000°F+ conversion rate of at least 50% for the upgrade of a heavy 

oil fee. tock having an API gravity of at most 15, when applied at a rate of less than 1 wt. % 

Pri 	.ry metal relative to the total weight of the heavy oil feedstock, 
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162. The slurry catalyst of any of claims 160 - 161, wherein the metal precursor 

solution has a concentration of 5 — 10 wt. % Primary metal in solution. 

163. The slurry catalyst of any of claims 160 - 161, wherein the Primary metal is 

5 molybdenum and wherein the water-soluble metal precursor salt is selected fro, the group of 

molybdates, alkali metal heptamolybdates, alkali metal orthomolybdates, all ali metal 

isomolybdates, phosphomolybdic acid, molybdenum oxide, molybdenum arbide, 

molybdenum nitride, aluminum molybdate, molybdic acid, and mixt 	s thereof. 

10 164. The slurry catalyst of any of claims 160 - 161, wherein the Promoter metal is 

nickel and wherein the water-soluble metal salt of the Promote metal is selected from the 

group of nickel acetate, nickel carbonate, nickel chloride, n kel sulfate, nickel nitrate, nickel 

acetylacetone, nickel citrate, nickel oxalate, and mixture: thereof. 

15 165. A process for preparing a slurry catalyst for use in the upgrade of heavy oil 

feedstock, comprising: 

providing a metal precursor solution c mprising at least a water soluble salt of a 

Primary metal selected from any of a Grou,  VIB metal and a Group VIII metal in a water 

diluent, the metal precursor solution hav'ng a pH of at least 4 and a concentration of less than 

20 10 wt. % of the Primary metal in sol 	on; 

sulfiding the metal precur 	r solution with a sulfiding agent, forming a sulfided 

catalyst precursor; and 

mixing the sulfided c 	alyst precursor with a hydrocarbon diluent to form the slurry 

catalyst wherein a slurry 	lyst prepared therefrom has an average particle size ranging 

25 from 1 to 300 gm, a B 	total surface arca of at least 100 m2/g, a polymodal pore 

distribution with at 1:. st 80% of pore sizes in the range of 5 to 2,000 Angstroms in diameter, 

and a total pore vs ume of at least 0.5 cc/g. 

166. The process of claim 165, wherein the the sulfided catalyst precursor with a 

30 hydrocar • on diluent is in the presence of a reducing agent and under reducing conditions. 

167. The process of any of claims 165 - 166, wherein the metal precursor solution 

rther comprises at least a water-soluble salt of a Promoter metal selected from any of Group 

IVB metals, Group VIII metals, and Group IIB metals, wherein the Promoter metal is 
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different from the Primary metal, and the Promoter metal is present in a weight ratio of 1 	0 

wt. %. Promoter metal to Primary metal. 

168. The process of any of claims 165 - 166, wherein the slurry catalys prepared 

5 therefrom has a BET surface area from 200 to 800 m2/g. 

169. The process of any of claims 165 - 166, wherein the slur 	catalyst prepared 

therefrom has at least 70% of pore sizes of 5 to 1000 Angstroms in di. 	eter. 

10 170. The process of any of claims 165 - 166, wherein t e slurry catalyst prepared 

therefrom has at least 50% of the pore sizes of 5 to 5000 Ang 	oms in diameter. 

171. The process of any of claims 165 - 166, w erein the slurry catalyst prepared 

therefrom has at least 30% of the pore sizes of at least 	00 Angstroms in diameter. 

15 

172. The process of any of claims 165 	166, wherein the slurry catalyst prepared 

therefrom has a total pore volume of at least 	.5 cc/g. 

173. The process of any of cla 	s 165 - 166, wherein the slurry catalyst has a total 

20 pore volume of at least 0.8 cc/g. 

174. The process of a 	of claims 165 - 166, wherein the slurry catalyst prPpqred 

therefrom has an average pa 	cle size from 2 to 100 µm. 

25 175. The proc ss of any of claims 165 - 166, wherein the metal precursor solution 

has a concentration o 5 - 10 wt. % of the Primary metal in solution. 

176. e process of any of claims 165 - 166, wherein the metal precursor solution 

has a concen,  .tion of at least 0.1 wt. % of the Primary metal in solution. 

30 

77. 	The process of any of claims 165 - 166, wherein the Primary metal is 

moly • denum and wherein the water-soluble metal precursor salt is selected from the group of 

ma ybdates, alkali metal heptamolybdates, alkali metal orthomolybdates, alkali metal 
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isomolybdates, phosphomolybdic acid, molybdenum oxide, molybdenum carbide, 

molybdenum nitride, aluminum molybdate, molybdic acid, and mixtures thereof. 

178. The process of claim 167, wherein the Promoter metal is nickel and 	erein 

5 the water-soluble metal salt of the Promoter metal is selected from the group of n.  kel 

acetate, nickel carbonate, nickel chloride, nickel sulfate, nickel nitrate, nickel . etylacetone, 

nickel citrate, nickel oxalate, and mixtures thereof. 

179. The process of any of claims 165 - 166, further comprillng: 

10 mixing at least a metal precursor solution comprising at lea 	a water-soluble salt of a 

Promoter metal selected from any of Group IVB metals, Group / III metals, and Group JIB 

metals into the sulfided catalyst precursor, prior to mixing th sulfided catalyst precursor with 

the hydrocarbon diluent. 

15 180. The process of any of claims 165 - 169,further comprising: 

providing a metal precursor solution comp sing at least a water-soluble salt of a 

Promoter metal selected from any of Group IV 	metals, Group VIII metals, and Group JIB 

metals; 

sulfiding the at least a metal prec 	sor solution comprising at least a water-soluble salt 

20 of a Promoter metal with a sulfiding a eilt, forming a sulfided Promoter metal precursor; and 

mixing the sulfided Promot* metal precursor into the sulfided catalyst precursor prior 

to mixing the sulfided catalyst pr- cursor with the hydrocarbon diluent. 

181. The process • f any of claims 165 - 166, wherein the hydrocarbon diluent 

25 comprises a heavy oil fe dstock and wherein the metal precursor solution is mixed with the 

heavy oil feedstock u der in-situ sulfiding condition for the heavy oil feedstock to provide 

the sulfiding agen 	eeded to fotin the slurry catalyst. 

182. The process of claim 181, wherein the in-situ sulfiding condition is at a 

30 temperat 	e from 752°F to 1112 °F and a pressure from 1435 psig (10 MPa) to 3610 psig (25 

MPa). 

183. The process of any of claims 165 - 166, where the sulfidation of the metal 

precursor solution occurs ex-situ prior to the heavy oil upgrade. 
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5 

184. The process of any of claims 165 - 166, wherein the sulfiding agent is selected 

from the group of elemental sulfur, hydrogen sulfide, ammonium sulfide, ammonium 

polysulfide ((NH4)2S),), ammonium thiosulfate ((NH4)2S203), sodium thiosulfate (Na2S2  6 3), 

thiourea (CSN2H4), carbon disulfide, dimethyl disulfide (DMDS), dimethyl sulfide ( I/ 	S), 

tertiarybutyl polysulfide (PSTB) and tertiarynonyl polysulfide (PSTN), and mixt 	es thereof. 

185. The process of any of claims 165 - 166, wherein the hydrocarbon diluent is 

selected from gasoline, diesel, vacuum gas oil (VGO), cycle oil (MCO or 	CO), jet oil, fuel 

oil, heavy oil feedstock, and mixtures thereof. 

10 

186. The process of any of claims 165 - 166, wherein t e slurry catalyst prepared 

thereform has a general formula (M)„(LN(S"),(Cw)AHNOY) 	z)h, wherein M is a Primary 

metal selected from group VIB metals, Group VIII metals, 	oup JIB metals; L is optional as 

a Promoter metal and L is different from M, L is at least one of a Group VIII metal, a Group 

15 VIB metal, a Group IVB metal, and a Group IIB met ; b >= 0; 0 =< b / a =< 5; 0.5(a + b) 

<= d <= 5(a + b); 0 <= e <= 11(a+b); 0 <= f <= 1 (a+b); 0 <= g <= 5(a + b); 0 <= h <= 3(a 

+ b); t, u, v, w, x, y, z, each representing total c arge for each of: M, L, S, C, H, 0 and N, 

respectively; and ta+ub+vd+we+xf+yg+zh= 

20 187. A process for preparinga slurry catalyst composition, comprising: 

25 

sulfiding a water-soluble m al precursor salt of a Group VIB metal in a water diluent 

with at least a sulfiding agent for . ng a sulfided Group VIB metal compound; 

combining and reactin the sulfided Group VIB metal compound with a water-soluble 

metal precursor salt of a Promoter metal selected from Group VIII, Group IIB, Group IIA, 

and Group IVA metals 	d combinations thereof in a water diluent to form a catalyst 

precursor; 

mixing the atalyst precursor with a hydrocarbon diluent to form a slurry catalyst 

composition ha zing an average particle size ranging from 1 to 300 tm, a BET total surface 

area of at le ..t 100 m2/g, a polymodal pore distribution with at least 80% of pore sizes in the 

30 range of 	to 2,000 Angstroms in diameter, and a total pore volume of at least 0.5 cc/g; 

herein at least one of the water-soluble metal precursor salt of a Group VIB metal 

in a 	ater diluent and the water-soluble metal precursor salt of a Promoter metal in a water 

• luent has a pH of at least 4 and a concentration of less than 10 wt. % of metal in solution. 
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188. A process for preparing a slurry catalyst for use in upgrading heavy oil 

feedstock, comprising: 

providing at least a metal precursor in solution comprising at least two differe 	metal 

cations in its molecular structure, with at least one of the metal cations is a Group V B metal 

5 cation; 

sulfiding the metal precursor with a sulfiding agent forming a catalyst .recursor; and 

mixing the catalyst precursor with a hydrocarbon diluent to form a 1 urry catalyst 

having an average particle size of 1 — 300 lam. 

10 189. The process of claim 1, wherein 

the mixing of the catalyst precursor with the hydrocarb 	diluent is in the presence of 

a reducing agent and under reducing conditions. 

190. The process of any of claims 188 - 189, # herein 

15 the mixing of the catalyst precursor with the ydrocarbon diluent is under high shear 

mixing forming an emulsion having droplets wit 	article sizes ranging from 1 to 300 µm. 

191. The process of any of claims 	88 - 189, wherein providing the at least a metal 

precursor comprising at least two differe t metal cations comprises combining and reacting at 

20 least a Group VIB metal compound 	th at least a Promoter metal compound selected from 

Group VIII, Group IIB, Group HA 	roup IVA metals and combinations thereof. 

192. The process o claim 191, wherein the at least one Group VIB metal 

compound is a water-solud e Group VIB metal salt in solution and the Promoter metal 

25 compound is a water-so 	ble Group VIII metal salt in solution. 

193. Th; process of claim 192, wherein the water-soluble Group VIB metal salt in 

solution is sele ed from the group of ammonium dimolybdate, ammonium heptamolybdate, 

ammonium 	ctamolybdate, potassium molybdate, potassium chromium sulfate, ammonium 

30 para-mol 	date and mixtures thereof. 

194. The process of claim 192, wherein the water-soluble Group VIII metal salt in 

st ution is selected from the group of nickel sulfate, nickel ammonium sulfate, iron sulfate, 

and mixtures thereof. 
94 



WO 2012/092006 
	

PCT/US2011/066016 

195. The process of claim 191, wherein the Group VIB metal compound is an oil 

soluble molybdenum salt and the Promoter metal compound is an oil soluble Group VIII 

metal salt. 

5 196. The process of claim 191, wherein the at least one Group VIB mete 

compound is ammonium dimolybdate and the Promoter metal compound is n , ccl sulfate. 

197. The process of any of claims 188 - 189, wherein the slurry catalyst prepared 

therefrom has a total pore volume of at least 0.4 cc/g. 

10 

198. The process of any of claims 188 - 189, wherein 	e slurry catalyst prepared 

therefrom has a polymodal pore distribution with at least 800/ of pore sizes in the range of 5 

to 2,000 Angstroms in diameter. 

15 199. The process of any of claims 188 -18',   wherein the slurry catalyst prepared 

therefrom has polymodal pore distribution with at east at least 80% of the pore sizes are in 

the range of 5 to 1000 Angstroms in diameter. 

200. The process of any of clat • s 188 - 189, wherein the slurry catalyst prepared 

20 	therefrom has a total surface area of at east 100 m2/g. 

201. The process of a 	of claims 188 - 189, wherein the slurry catalyst prepared 

therefrom has an average p 	le size ranging from 2 to 100 µm. 

25 202. The process of claim 192, wherein the water-soluble Group VIB metal salt in 

solution has a conce 	ation of 5 — 8 wt. % of Group VIB, metal. 

203. ►  e process of claim 202, wherein the water-soluble Group VIB metal salt in 

solution has 	pH of at least 4. 

30 

04. 	The process of claim 192, wherein the water-soluble Group VIII metal salt in 

s 1 	on has a pH of at least 4. 
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205. The process of claim 204, wherein the water-soluble Group VIII metal salt in 

solution has a concentration of 5 — 8 wt. % of Group VIB metal. 

206. A process for preparing a slurry catalyst for use in upgrading heavy oil  

5 feedstock, comprising: 

providing at least a metal precursor in solution comprising at least two d 	erent metal 

cations in its molecular structure, with at least one of the metal cations is a Group VIB metal 

cation and at least one of the metal cations is a Promoter metal cation sele ed from Group 

VIII, Group IIB, Group HA, Group IVA metals and combinations thereof; 

10 sulfiding the metal precursor with a sulfiding agent in solutio 	forming a catalyst 

precursor; and 

mixing the catalyst precursor with a hydrocarbon dilue 	to form the slurry catalyst. 

207. The process of claim 206, wherein at leas one of the Group VIB water-soluble 

15 salt in a water diluent and the Group VIII water-solub e salt in a water diluent has a pH of at 

least 4. 

208. The process of any claims 20 	- 207, wherein at least one of the Group VIB 

water-soluble salt in a water diluent and t, e Group VIII water-soluble salt in a water diluent 

20 has a metal concentration of 4 to 8 wt. 0 

209. The process of an 	claims 206 - 207, wherein providing the at least a metal 

precursor comprising at least r o different metal cations comprises combining and reacting: a 

Group VIB water-soluble 	tin a water diluent, the Group VIB water soluble salt is selected 

25 from the group of amm• um dimolybdate, ammonium heptamolybdate, ammonium 

octamolybdate, potassium molybdate, potassium chromium sulfate, ammonium para-

molybdate and mi tures thereof; and a Group VIII water-soluble salt in a water diluent, the 

Group VIII wa r soluble salt is selected from the group of nickel sulfate, nickel ammonium 

sulfate, iron sulfate, and mixtures thereof. 

30 

210. A process for preparing a slurry catalyst for use in upgrading heavy oil 

fee 	tock, comprising: 

providing at least a metal precursor of a Primary metal, the Primary metal is selected 

from a Group VIII metal, a Group IVB metal, and a Group IIB metal; 
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sulfiding the Primary metal precursor with a sulfiding agent forming a catalyst 

precursor; and 

mixing the catalyst precursor with a hydrocarbon diluent to form a slurry cat, yst 

having a particle size ranging from 1 to 300 pm; and a general formula of 
5  (mt),(sv)d(cw),(Hx

)7(o
y)g(Nz

)h5  wherein M is any of a Group VIII metal, a Gre p IVB metal, 

and a Group I1B metal; 0.5a <= d <= 4a; 0 <= 	<= lla; 0 <=f <= 18a; 0 	g <= 2a; 0 <= 

h <= 3a; t, v, w, x, y, z, each representing total charge for each of: M, S C, H, 0, and N; and 

ta+vd+we+xf+yg+zh=0. 

10 211. The process of claim 210, wherein 

the mixing of the catalyst precursor with the hydrocar on diluent is in the presence of 

a reducing agent and under reducing conditions. 

212. The process of any claims 210 - 211, 	erein 

15 the mixing of the catalyst precursor with t 	hydrocarbon diluent is under high shear 

mixing forming an emulsion having droplets wi _particle sizes ranging from 1 to 300 µm.  

20 

213. The process of any claims 	0 - 211, wherein the Primary metal precursor is a 

water soluble metal salt selected from t 	group of acetates, carbonates, chlorides, nitrates, 

sulfates, citrates, oxalates, and mixtu -s thereof 

214. The process of 	claims 210 - 211, wherein the hydrocarbon diluent is 

selected from gasoline, diese , vacuum gas oil (VGO), cycle oil (MCO or HCO), jet oil, fuel 

oil, heavy oil feedstock, a 	mixtures thereof 

25 

30 

215. The p • cess of any claims 210 - 211, wherein the sulfiding agent is selected 

from the group of lemental sulfur, hydrogen sulfide, ammonium sulfide, ammonium 

polysulfide ((N 	4)2Sx), ammonium thiosulfate ((NH4)2S203), sodium thiosulfate (Na2S2O3), 

thiourea (CS ' 2H4), carbon disulfide, dimethyl disulfide (DMDS), dimethyl sulfide (DMS), 

tertiarybu 	1 polysulfide (PSTB) and tertiarynonyl polysulfide (PSTN), and mixtures thereof 

216. The process of any claims 210 - 211, wherein the Primary metal is nickel and 

t 	Primary metal precursor is selected from the group of nickel naphthenate, nickel acetate, 

nickel oxalate, nickel citrate, nickel octotate, nickel dithiocarbamate, and mixtures thereof 
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217. The process of any claims 210 - 211, wherein the sulfidation of the Pri 	a r 

metal precursor and the mixing with a hydrocarbon diluent occurs concurrently. 

218. The process of any claims 210 - 211, wherein the Primary metal p ecursor is 

5 mixed with the heavy oil feedstock under in-situ sulfiding conditions for the 	< avy oil 

feedstock to provide the sulfiding agent needed for the sulfidation forming 	e slurry catalyst. 

219. The process of claim 218, wherein the mixing of the P r mary metal precursor 

with the heavy oil feedstock is at a temperature from 752°F to 111 °F under a pressure from 

10 1435 psig (10 MPa) to 3610 psig (25 MPa).  

220. The process of any claims 210 - 211, where 	the concentration of the Primary 

metal in the Primary metal precursor solution is less tha' 10 wt. %. 

15 221. The process of any claims 210 - 211, wherein the Primary metal precursor 

solution has a pH of at least 4. 

222. The process of any claims 	0 - 211, wherein the concentration of the Primary 

metal in the Primary metal precursor so 	tion is between 4 - 8 wt. %. 

20 

223. A process for prepa,ing a slurry catalyst for use in upgrading heavy oil 

feedstock, comprising: 

providing at least a w 	er-soluble nickel salt in solution, wherein the nickel salt is 

selected from the group of ickel nitrate, nickel sulfate, nickel acetate, nickel chloride, and 

25 mixtures thereof; 

providing at 1; ast a hydrocarbon diluent is selected from gasoline, diesel, vacuum gas 

oil, cycle oil, jet o. 	diesel, naphtha, fuel oil, heavy oil feedstock, and mixtures thereof; 

mixing 	e water-soluble nickel salt in solution with the hydrocarbon diluent under 

high shear 	ing condition forming an emulsion comprising droplets having a size of 0.1 to 

30 300 p.m; 

fixing the emulsion with a heavy oil feedstock under in-situ sulfiding condition to 

form he slurry catalyst. 
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224. The process of claim 223, wherein the mixing under high shear mixing 

condition forms an emulsion comprising droplets having a size of less than 50 gm. 

225. The process of any of claims 223 - 224, wherein the mixing of the e,  ulsion 

5 with the heavy oil feedstock is at a temperature from 752°F to 1112 °F under a p essure from 

1435 psig (10 MPa) to 3610 psig (25 MPa). 

226. The process of any claims 223 - 224, wherein the nicke 	alt solution has a pH 

of at least 4. 

10 

227. A process for preparing a slurry catalyst for use 	upgrading heavy oil 

feedstock, comprising: 

providing at least an organic nickel complex; 

mixing the organic nickel complex with the hy ocarbon diluent under high shear 

15 mixing condition forming an emulsion comprising 	oplets having a size of 0.1 to 300 pm; 

sulfiding the emulsion with at least a sul 	mg agent to form a slurry catalyst having 

a particle size ranging from 1 to 300 lam; and 	general formula of 
(musv)d(cw)earyoywNz

)h,  wherein M is any of a non-noble Group VIII metal, a Group 

IVB metal, and a Group IIB metal; 0.5a 	d <= 4a; 0 <= e <= 11a; 0 <=f <= 18a; 0 <= g 

20 <= 2a; 0 <= h <= 3a; t, v, w, x, y, z, ach representing total charge for each of: M, S, C, H, 

0, and N; and ta+vd+we+xf+yg+z =0. 

228. The process of laim 227, wherein the hydrocarbon diluent comprises a heavy 

oil feedstock and wherein t e organic nickel complex is mixed with the heavy oil feedstock 

25 under in-situ sulfiding conditions for the heavy oil feedstock to provide the sulfiding agent 

needed for the sulfide on faulting the slurry catalyst. 

229. e process of claim 227, wherein the mixing of the nickel salt with the heavy 

oil feedstock 's at a temperature from 752°F to 1112 °F under a pressure from 1435 psig (10 

30 MPa) to 3.10 psig (25 MPa). 

230. A process for preparing a slurry catalyst for use in upgrading heavy oil 

feedstock, comprising: 
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providing a metal precursor solution comprising at least a water-soluble molybdenu 

compound and a water-soluble metal zinc compound in water; 

mixing the metal precursor solution with a hydrocarbon diluent under sufficien y 

high shear mixing to generate an emulsion with droplet sizes ranging from 0.1 to 30 I p, m; 

5 sulfiding the emulsion with at least a sulfiding agent to form a slurry cata 	st having a 

particle size ranging from 1 to 300 pm; 

wherein the zinc compound is present in the slurry catalyst in a suff ient amount for 

a zinc to molybdenum weight ratio ranging from 1:10 to 10:1. 

10 231. The process of claim 230, further comprising: 

subjecting the emulsion to reduction at a temperature ab g ye ambient before or after 

the sulfiding step. 

232. The process of claims 230 - 231, wherein the emulsion is mixed with the 

15 	heavy oil feedstock in a reactor under in-situ sulfidi • condition for the heavy oil feedstock 

to provide the sulfiding agent needed for to sulfide the emulsion forming the slurry catalyst. 

233. The process of claim 3, wher' in the in-situ sulfiding condition is at a 

temperature from 752°F to 1112 °F and a pressure from 1435 psig (10 MPa) to 3610 psig (25 

20 	MPa). 

234. The process of c 	ms 230 - 231, where the sulfidation of the emulsion 

forming the slurry catalyst ocf rs ex-situ prior to the heavy oil upgrade. 

25 235. The process of claim 234, wherein the sulfiding agent is selected from the 

group of elemental s 	ur, hydrogen sulfide, ammonium sulfide, ammonium polysulfide 

([(NH4)2Sx), amm 	um thiosulfate ((NH4)2S203), sodium thiosulfate Na2S2O3), thiourea 

CSN2H4, carbo 	disulfide, dimethyl disulfide (DMDS), dimethyl sulfide (DMS), tertiarybutyl 

polysulfide 	TB) and tertiarynonyl polysulfide (PSTN), and mixtures thereof. 

30 

36. 	The process of claims 230 - 231, wherein the hydrocarbon diluent is selected 

fro 	gasoline, diesel, vacuum gas oil, cycle oil, jet oil, fuel oil, heavy oil feedstock, and 

xtures thereof. 
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237. The process of claim 5, wherein a sufficient amount of sulfiding agent is 

provided a molar ratio of sulfur to molybdenum of at least 1.5 to 1 to sulfide the emulsio 	to 

form the slurry catalyst. 

5 238. The process of claims 230 - 231, wherein the hydrocarbon diluent •mprises a 

mixture of heavy oil feedstock and at least one of a VGO, MCO, HCO, and m tures thereof. 

239. The process of claims 230 - 231, wherein the emulsion c• 	prises droplets 

having a size of 0.5 to 200 4m. 

10 

240. The process of claims 230 - 231, wherein the em , s on comprises droplets 

having a size of less than 100 p.m.  

241. The process of claims 230 - 231, where r providing a metal precursor solution 

15 	comprising at least a water-soluble molybdenum co r pound and a water-soluble metal zinc 

compound in water comprises providing a solutio r having a concentration of molybdenum in 

solution of less than 10 wt. %. 

242. The process of claims 230 - 231, wherein the metal precursor solution 

20 	comprising at least a water-soluble mo ybdenum compound and a water-soluble metal zinc 

compound in water has a concentra on of zinc in solution of less than 10 wt. %. 

243. The process of laims 230 - 231, wherein the metal precursor solution 

comprising at least a water oluble molybdenum compound and a water-soluble metal zinc 

25 	compound in water has ► 	of at least 4. 

244. Th 	rocess of claims 230 - 231, wherein the slurry catalyst prepared 

therefrom has a otal surface area of at least 100 cm3/g. 

30 24 	The process of claims 230 - 231, wherein the slurry catalyst prepared 

therefr • m has a has a total pore volume of at least 0.4 cc/g and a polymodal pore distribution 

wit 	at least 70% of pore sizes in the range of 5 to 1,000 Angstroms in diameter. 
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246. A process for preparing a slurry catalyst for use in upgrading heavy oil 

feedstock, comprising: 

5 

providing a metal precursor solution comprising at least a water-soluble molybe 

salt selected from molybdates, alkali metal heptamolybdates, alkali metal orthomoly. I ates, 

alkali metal isomolybdates, phosphomolybdic acid, molybdenum oxide, molybde 	m 

carbide, molybdenum nitride, aluminum molybdate, molybdic acid, and mixtu -s thereof, 

and a water-soluble zinc salt, at a zinc to molybdenum weight ratio ranging 	om 1:30 to 5:1; 

mixing the metal precursor solution with a hydrocarbon diluent u i er high shear 

mixing and under reducing conditions to generate an emulsion compri ng droplets having a 

10 size of 0.1 to 300 gm, the hydrocarbon diluent selected from gasoli • e, diesel, vacuum gas oil 

(VGO), cycle oil (MCO or HCO), jet oil, fuel oil, heavy oil fee• ock, and mixtures thereof; 

mixing the emulsion with at least a heavy oil feedstoc 	under in-situ sulfiding 

conditions for the heavy oil feedstock to provide at least a 	lfiding agent to sulfide the 

emulsion forming a slurry catalyst. 

15 

247. The process of claim 246, wherein 	e slurry catalyst prepared therefrom has 

an average particle size ranging from 1 to 300 

248. The process of any claims 46 - 247, wherein the emulsion is mixed with the 

20 heavy oil feedstock at a temperature fr► 	752°F to 1112°F under a pressure from 1435 psig 

(10 MPa) to 3610 psig (25 MPa) fo in-situ sulfiding to take place. 

249. A process for 6  eparing a slurry catalyst for use in upgrading heavy oil 

feedstock, comprising: 

25 providing a met 	precursor solution comprising at least a water-soluble molybenum 

salt selected from mo 	bdates, alkali metal heptamolybdates, alkali metal orthomolybdates, 

alkali metal isomo bdates, phosphomolybdic acid, molybdenum oxide, molybdenum 

carbide, molyb• num nitride, aluminum molybdate, molybdic acid, and mixtures thereof, 

and a water-, o luble zinc salt, at a zinc to molybdenum weight ratio ranging from 1:30 to 5:1; 

30 providing at least a sulfiding agent to sulfide the metal precursor solution forming a 

catalys precursor at a molar ratio of sulfur to molybdenum of at least 1.5 to 1; and 

mixing the catalyst precursor with at least a hydrocarbon diluent under reducing 

nditions forming a slurry catalyst. 
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250. A process for preparing a slurry catalyst for use in upgrading heavy oil 

feedstock, comprising: 

providing at least a first metal precursor comprising a metal salt of a Primary me 

selected from Group VIB metals, Group VIII metals, and Group IIB metals; 

5 sulfiding the first metal precursor with a first sulfiding agent at a sulfur to P imary 

metal of at least 1.5 to 1 to form a sulfided catalyst precursor; 

sulfiding the sulfided catalyst precursor with a second sulfiding agen at a molar ratio 

of sulfur to metal in the sulfided catalyst precursor of at least 1.5 to 1 ford n enhanced 

sulfided catalyst precursor; 

10 mixing the enhanced sulfided catalyst precursor with a hydra arbon diluent forming a 

slurry catalyst having an average particle size of 1 to 300 µm.  

251. The process of claim 250, further comprisint: 

providing a second metal precursor comprising a least a metal salt of a Promoter 

15 metal selected from the group of Group IVB, Group 	B, Group VIII, Group IIB metals and 

combinations thereof, wherein the Promoter metal 's different from the Primary metal; 

combining the sulfided catalyst precur s with the second metal precursor for the 

sulfided catalyst precursor to be promoted 	h the Promoter metal prior to sulfiding the 

sulfided catalyst precursor with a second 	1 iding agent. 

20 

252. The process of clai 	51, wherein the Promoter metal is nickel, cobalt, and 

mixtures thereof. 

253. The process • f claim 251, wherein the second metal precursor is selected from 

25 acetates, carbonates, chlorides, nitrates, actylacetonates, citrates, and oxalates of Group VIII 

metals. 

254. ►  e process of any claims 250 - 251, wherein first metal precursor comprising 

at least a wa r-soluble metal salt of a Group VIB metal. 

30 

55. 	The process of any claims 250 - 251, wherein Primary metal is molybdenum 

the , etal salt is selected from the group of molybdates, alkali metal heptamolybdates, alkali 

etal orthomolybdates, alkali metal isomolybdates, phosphomolybdic acid, molybdenum 
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oxide, molybdenum carbide, molybdenum nitride, aluminum molybdate, molybdic acid, and 

mixtures thereof. 

256. The process of claim 250, further comprising: 

5 providing a second metal precursor comprising at least a metal salt of a Pro 	oter 

metal selected from Group IVB, Group VIII, Group IIB metals and combinatio 	thereof; 

combining the second metal precursor into the first metal precursor p'  or to sulfiding 

the metal precursor with a first sulfiding agent to form a sulfided catalyst recursor. 

10 257. The process of claim 256, wherein the Promoter met: is selected from nickel, 

cobalt, and mixtures thereof. 

258. The process of any claims 250 - 251, where 	the Promoter metal is nickel and 

the Promoter metal salt is selected from the group of nic el acetate, nickel carbonate, nickel 

1.5 chloride, nickel sulfate, nickel nitrate, nickel acetylac tone, nickel citrate, nickel oxalate, and 

mixtures thereof. 

259. The process of any claims 25p - 251, wherein the first sulfiding agent and the 

second sulfiding agent are selected from 	e group of elemental sulfur, H2S, ammonium 

20 sulfide, ammonium polysulfide ((NH4 Sx), ammonium thiosulfate ((NH4)2S203), sodium 

thiosulfate (Na2S203), thiourea (CS 	2H4), carbon disulfide, dimethyl disulfide (DMDS), 

dimethyl sulfide (DMS), tertiaryli.atyl polysulfide (PSTB) and tertiarynonyl polysulfide 

(PSTN), and mixtures thereo 

25 260. The process of any claims 250 - 251, wherein the first sulfiding agent is the 

same as the second s 	fiding agent. 

261. e process of any claims 250 - 251, wherein the first sulfiding agent is 

different fro 	the second sulfiding agent. 

30 

62. 	The process of any claims 250 - 251, wherein the hydrocarbon diluent is 

sele ted from gasoline, diesel, vacuum gas oil (VGO), cycle oil (MCO or HCO), jet oil, fuel 

• ' 	heavy oil feedstock, and mixtures thereof. 
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5 

263. The process of claim 250, wherein the slurry catalyst formed has a general 

formula of (M),,(LN(Sv)d(C)e(I-ni(OY)g(W)h, wherein M is a Primary metal selected from 

group VIB metals, Group VIII metals, Group IIB metals; L is optional as a Promoter met 

and L is different from M, L is at least one of a Group VIII metal, a Group VIB metal, 

Group IVB metal, and a Group IIB metal; b >= 0; 0 =< b / a =< 5; 0.5(a + b) <= 	<= 5(a 

+ b); 0 <= e <= 11(a+b); 0 <= f <= 18(a+b); 0 <----- g <= 5(a + b); 0 <= h <= 3(a 	b); t, u, v, 

w, x, y, z, each representing total charge for each of: M, L, S, C, H, 0 and N 	espectively; 

and ta+ub+vd+we+xf+yg+zh=0. 

10 264. A process for preparing a slurry catalyst for use in uptrading heavy oil 

feedstock, comprising: 

providing a first metal precursor comprising water-sol • le salt of a Primary metal 

selected from Group VIB metals, Group VIII metals, and 	oup IIB metals; 

sulfiding the metal precursor with a first sulfidi t agent to form a first sulfided 

15 precursor; 

combining the first sulfided precursor with 	second metal precursor comprising a 

metal salt of a Promoter metal selected from th- group of Group VIII metals, Group VIB 

metals, Group IVB metals, and Group IIB 	= tals, and mixtures thereof wherein the 

Promoter metal is different from the P 	ry metal, for a promoted sulfided precursor; 

20 sulfiding the promoted sulfide• precursor with a second sulfiding agent at a molar 

ratio of sulfur to total metals in the 	omoted sulfided precursor of at least 1.5 to 1 for an 

enhanced sulfided catalyst prec 

mixing the enhanced 	lfided catalyst precursor with a hydrocarbon diluent forming a 

slurry catalyst having an a -rage particle size of 1 to 300 gm. 

25 

265. The p ocess of claim 264, further comprising subjecting the enhanced sulfided 

catalyst precursor, o reduction at a temperature above ambient. 

266 	The process of any claims 264 - 265, wherein the Primary metal is 

30 mo1ybde um and the water-soluble salt is selected from the group of molybdates, alkali metal 

hepta r olybdates, alkali metal orthomolybdates, alkali metal isomolybdates, 

ph sphornolybdic acid, molybdenum oxide, molybdenum carbide, molybdenum nitride, 

luminum molybdate, molybdic acid, and mixtures thereof. 
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267. The process of any claims 264 - 265, wherein the Promoter metal is nickel a 

the Promoter metal salt is selected from the group of nickel acetate, nickel carbonate, nic, el 

chloride, nickel sulfate, nickel nitrate, nickel acetylacetone, nickel citrate, nickel oxala - , and 

mixtures thereof. 

5 

268. The process of any claims 264 - 265, wherein the hydrocarbon diluent is 

selected from gasoline, diesel, vacuum gas oil, cycle oil, jet oil, fuel oil, he n vy oil feedstock, 

and mixtures thereof. 

10 269. The process of any claims 264 - 265, wherein the f st sulfiding agent and the 

second sulfiding agent are selected from the group of elementa 	ulfur, H2S, ammonium 

sulfide, ammonium polysulfide ( (NH4)2Sx), ammonium thio 	lfate ((NH4)2S203), sodium 

thiosulfate (Na2S203), thiourea (CSN2H4), carbon disulfid , dimethyl disulfide (DMDS), 

dimethyl sulfide (DMS), tertiarybutyl polysulfide (PST ) and tertiarynonyl polysulfide 

15 (PSTN), and mixtures thereof. 

270. In a process for preparing a slur` 	catalyst for use in upgrading heavy oil 

feedstock comprising: providing a first met. precursor comprising a Primary metal selected 

from Group VIB metals and a promoter 	etal precursor comprising at least a Promoter metal 

20 selected from Group IVB metals, Gro p VIII metals, Group IIB metals and combinations 

thereof, for a Promoter metal to a P imary metal weight ratio ranging from 1 — 50 wt. %; 

sulfiding the first metal precursyi and the promoter metal precursor separately, concurrently, 

or together, forming a promo 	d sulfided catalyst precursor; and mixing the promoted 

sulfided catalyst precursor 	ith a hydrocarbon diluent forming a slurry catalyst having an 

25 average particle size of 	to 300 gm, the improvement comprising: 

apportioning t least one of the metal precursors into a first portion and a second 

portion at a ratio 	first portion to second portion ranging from 1:10 to 10:1; 

employ' g the first portion in the sulfidation step to form the promoted sulfided 

catalyst pre 	rsor; and 

30 ing the second portion with the promoted sulfided catalyst precursor before, 

during or after the mixing step with a hydrocarbon diluent to form the slurry catalyst. 

106 



WO 2012/092006 
	

PCT/US2011/066016 

271. The process of claim 270, wherein: 

the at least one of the metal precursors apportioned into the first portion and the 

second portion is the promoter metal precursor. 

5 272. The process of claim 271, wherein: 

the second portion of the promoter metal precursor is mixed with the 	omoted 

sulfided catalyst precursor after the sulfidation step and prior to the mixin 	step with a 

hydrocarbon diluent. 

10 273. The process of claim 271, wherein: 

the second portion of the promoter metal precursor is 	ed with the promoted 

sulfided catalyst precursor during the mixing step with a hy• ocarbon diluent. 

274. The process of claim 271, wherein: 

15 the second portion of the promoter metal pre ursor is mixed with the promoted 

sulfided catalyst precursor after to the mixing st 	with a hydrocarbon diluent. 

275. The process of claim 271, w' erein the sulfiding of the first metal precursor 

and the promoter metal precursor formi ti.a promoted sulfided catalyst precursor comprises: 

20 sulfiding a mixture of the first 	etal precursor and the first portion of the promoter 

metal precursor with at least a sul 	ng agent to form the promoted sulfided metal precursor. 

276. The process o claim 271, wherein the sulfiding of the first metal precursor 

and the promoter metal pr 	ursor forming a promoted sulfided catalyst precursor comprises: 

25 sulfiding the firs portion of the promoter metal precursor with at least a sulfiding 

agent to form a sulfi • d metal precursor; and 

combinint 	e first metal precursor with the sulfided metal precursor to form the 

promoted sulfi 	d metal precursor. 

30 27 . 	The process of claim 271, wherein the sulfiding of the first metal precursor 

and th .romoter metal precursor forming a promoted sulfided catalyst precursor comprises: 

sulfiding the first metal precursor with at least a sulfiding agent to form a sulfided 

tal precursor; and 
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combining the first portion of the promoter metal precursor with the sulfided metal 

precursor to form the promoted sulfided metal precursor. 

278. The process of claim 270, wherein: 

5 the at least one of the metal precursors is the first metal precursor. 

279. The process of claim 278, wherein: 

the second portion of the first metal precursor is mixed with the tromoted sulfided 

catalyst precursor after the sulfidation step and prior to the mixing st 	with a hydrocarbon 

10 	diluent. 

280. The process of claim 278, wherein: 

the second portion of the first metal precursor is 	xed with the promoted sulfided 

catalyst precursor during the mixing step with a hydroc rbon diluent. 

15 

281. The process of claim 278, where 

the second portion of the first metal pr 	ursor is mixed with the promoted sulfided 

catalyst precursor prior to the mixing step 	th a hydrocarbon diluent. 

20 282. The process of claim 2 	, wherein the sulfiding of the first metal precursor 

and the promoter metal precursor firming a promoted sulfided catalyst precursor comprises: 

sulfiding a mixture of th first portion of the first metal precursor and the promoter 

metal precursor with at least 	sulfiding agent to form the promoted sulfided metal precursor. 

25 283. The proc< ss of claim 278, wherein the sulfiding of the first metal precursor 

and the promoter me 1 precursor forming a promoted sulfided catalyst precursor comprises: 

sulfiding t 	promoter metal precursor with at least a sulfiding agent to form a 

sulfided promo 	metal precursor; and 

com 	ing the first portion of the first metal precursor with the sulfided promoter 

30 	metal pre 	or metal precursor to form the promoted sulfided metal precursor. 

284. The process of claim 278, wherein the sulfiding of the first metal precursor 

a,  d the promoter metal precursor forming a promoted sulfided catalyst precursor comprises: 
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sulfiding the first portion of the first metal precursor with at least a sulfiding agent o 

form a sulfided metal precursor; and 

combining the promoter metal precursor with the sulfided metal precursor mi al  

precursor to form the promoted sulfided metal precursor. 

5 

285. The process of claim 270, wherein the hydrocarbon diluent 	selected from 

gasoline, diesel, vacuum gas oil, cycle oil, jet oil, fuel oil, heavy oil feed ock, and mixtures 

thereof. 

10 286. The process of claim 270, wherein the improvem 	t further comprises: 

sulfiding the promoted sulfided catalyst precursor wi 	a sulfiding agent for an 

enhanced sulfiding step before mixing the second portion 	th the promoted sulfided catalyst 

precursor before, during, or after the mixing step with a 	drocarbon diluent to form the 

slurry catalyst. 

15 

20 

287. The process of claim 270, where 	the Primary metal is molybdenum and the 

first metal precursor is selected from the gro • of molybdates, alkali metal heptamolybdates, 

alkali metal orthomolybdates, alkali metal *somolybdates, phosphomolybdic acid, 

molybdenum oxide, molybdenum carbi e, molybdenum nitride, aluminum molybdate, 

molybdic acid, and mixtures thereof 

288. The process of el/aim 270, wherein the  Promoter metal is nickel and the 

promoter metal precursor is 	lected from the group of nickel acetate, nickel carbonate, 

nickel chloride, nickel su 	. e, nickel nitrate, nickel acetylacetone, nickel citrate, nickel 

25 oxalate, and mixtures 	e eof. 

289. A rocess for preparing a slurry catalyst for use in upgrading heavy oil 

feedstock, co 	•rising: 

providing a first metal precursor comprising a water-soluble salt of a Primary metal 

30 selected ►  om Group VIB metals; 

providing a promoter metal precursor comprising at least a water-soluble salt of a 

Pro , oter metal selected from Group IVB metals, Group VIII metals, Group IIB metals and 

•mbinations thereof, for a Promoter metal to Primary metal weight ratio from 1 to 49 wt. 

%; 
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apportioning the promoter metal precursor into a first portion and . second portion at 

a ratio of first portion to second portion ranging from 1:10 to 10:1; 

sulfiding the first metal precursor and the first portion of the •romoter metal precursor 

with a sulfiding agent forming a sulfided catalyst precursor; and 

5 mixing the second portion of the promoter metal precu or with the sulfided catalyst 

precursor forming a promoted sulfided catalyst precursor; 

mixing the promoted sulfided catalyst precursor 	th a hydrocarbon diluent forming a 

slurry catalyst having an average particle size of 1 to 3 $0 um. 

10 290. 	The process of claim 289, wherei 	he mixing of the promoted sulfided 

catalyst precursor with a hydrocarbon diluent i under reducing conditions in the presence of 

a reducing agent. 
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