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What is claimed is:
1. A two stage hydrocracking process comprising:

a) hydrocracking a hydrocarbon feed in a first hydrocracking stage under
hydrocracking conditions; and

b) passing an effluent from the first hydrocracking stage to a second hydrocracking
stage wherein the effluent is hydrocracked under hydrocracking conditions, with the catalyst in
the second hydrocracking stage comprises a base comprised of alumina, an amorphous silica-
alumina (ASA) material, a USY zeolite and ZSM-12.

2. The process of claim 1, wherein the base comprises 0.1 to 40 wt. % alumina, 30 to 80

wt. % ASA, 0 to 40 wt. % USY zeolite and 0.1 to 40 wt. %, ZSM-12.

3. The process of claim 2, wherein the amount of alumina ranges from about 20 to about

30 wt. %.

4. The process of claim 2, wherein the amount of ASA ranges from about 55 to about 75

wt. %.

S. The process of claim 2, wherein the amount of USY zeolite ranges from about 0.1 to

about 10 wt. %.

6. The process of claim 2, wherein the amount of ZSM-12 ranges from about 0.2 to about
10 wt. %.
7. The process of claim 1, wherein the selectivity of distillate products having a boiling

point in the range of 380-700 °F (193-371 °C) is at least 50 wt. %.

8. The process of claim 7, wherein the selectivity is at least 65 wt.%.

9. The process of claim 1, wherein the effluent from the first hydrocracking stage

comprises unconverted oil (UCO).

10. The process of claim 1, wherein the first hy drocracking stage employs a conventional

hydrocracking catalyst.
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11.  The process of claim 7, wherein the selectivity of heavy distillate having a boiling point

in the range of 530-700 °F (277-371 °C) is at least 15 wt. %.

12. The process of claim 7, wherein the selectivity of middle distillate having a boiling

point in the range of 380-530 °F (193-277 °C) is at least 35 wt. %.

13. The process of claim 1, wherein the catalyst in the second hydrocracking stage

comprises the metals nickel (Ni) and tungsten (W) impregnated into the base as oxides.

14. The process of claim 13, wherein the catalyst in the second hydrocracking stage
comprises from about 2 to about 10 wt. % of nickel oxide and from about 8§ to about 40 wt. %

of tungsten oxide based on the bulk dry weight of the hydrocracking catalyst.

15. The process of claim 1, wherein the catalyst in the second hydrocracking stage

comprises a modifying agent.
16. The process of claim 15, wherein the modifying agent is selected from the group
consisiing of compounds represented by structuras (13 through {43, and condensated forms

thersef
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{13 Ry, Rzand Rsare independently selected from the group consisting of hvdrogen;
hydroxyvl methyl, amiog; and Hoear or branched, substituied or unsubstinted C:-Cs alkyl
aroups, U-Cs alkenyl groups, Ci-Cshyvdrosyalky! groups, Co-Cs alkowvalkyt groups, C1-C3
aminoaibyl groups, Ci-Croxoalkyl groaps, C1-Cs carboxvatkyl groups, Ci-Cs
ammanocarboxyalkyl groups and Ci1-Cs bydroxyearboxyalkyl groups:

{23 Ba thuough Rue are independently selected from the group consisting of hvdrogen:
hydroxyl; and linear or branched, substituted or unsubstitited {2-Cs carboxyalkyl groups; and

{33 Ri1is selected from the group consisting of linear or branched, saturated and
onsaturated, substituied or unsubstituted C-Cs alkyl groups, C-Cahvdroxvalkyl groups, and

C-Cs oxoalkyt groups,

17, The process of claim 16, wheran the modifving agent comprises citrie acid.

18, The process of claimm 1, wherein the catalyst in the second hydrocracking stage is
prepared by a method comprising the steps of

{a) formung an extrudable mass containing the catalvst suppost base,

{b} extruding the mass to forr a shaped extrudate,

{c} calcining the mass to form a calcined exirudate,

{d} preparing an impregnation solution containing at least ons metal nitraie or metal
carbonate, 3 modifving agent and an amyponium contmning component, and adjusting the pH
of the impregnation solution o between 1 and 5.5 with a hydroxide base, mclusive,

(&) contacting the shaped extrudate with the impregnation sohition, and

() drving the vnpregnated extrudate al a teraperature sufficient to remove the

iropregoation solution solvent, to form a dred ipregoated exirudaie.

19. The process of claim 14, wherein the impregnation solution comprises nickel carbonaie.

20, The process of claim I8, wherein the modifving agent i5 selected from the group

congisting of compounds represenied by structures (1) through (4}, and condensaied forms

thareof
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whergin:

{13 Ri, Rrand Rs are independentiy selected from the group consisting of hvdrogen;
hydroxyvl: methyl; amioe; and hoear or branched, substituied or unsubstituted C:-Cr alky]
groups, U-Cs alkeny] groups. Ci-Cr hydrosyalkyt groups, Cn-Ca alkoxyalkyt groups, C1-0s
arninoalkyi groups, Ui~z oxoalkyl groups, £1-Cs carboxvalkyl groups. Ci1-Cs
ammnocarboxyalkyl groups and Ci-Cs hydroxycarboxy alkyl groups:

{2} Rathrough Ric are ndependently selected from the group consisting of hydrogen:
hydroxvi; and linear or branched, substituted or unsubstitited {2-Cs carboxyalkyl groups; and

(33 Ruiis selectad from the group consisting of linear or branched, saturated and
ansaturated, substituied or unsubstituted C-Cs alkyl groups, C-Cahvdroxvalkyl groups, and

C-Cs oxoalkvt groups.

2% The process of claim 20, wherein the modifyving agent comprises citric acid.
22, Ahvdrocracking catalyst compnising a base of glununa, an amorphous silicia-

aluming, a2 USY zeolite and Z8M-12.

23, The hydrocracking catalyst of claim 22, wherein the base comprises 0.1 to 40 wt. %

alumina, 30 to 80 wt. % ASA, 0to 40 wt. % USY zeolite, and 0.1 to 40 wt. % ZSM-12.
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24, The hydrocracking catalyst of claim 23, wherein the amount of alumina ranges from

about 20 to about 30 wt. %.

25.  The hydrocracking catalyst of claim 23, wherein the amount of ASA ranges from about
55 to about 75 wt. %.

26. The hydrocracking catalyst of claim 23, wherein the amount of USY zeolite ranges

from about 0.1 to about 10 wt. %.

217. The hydrocracking catalyst of claim 23, wherein the amount of ZSM-12 ranges from
about 0.2 to about 10 wt. %.

28. A hydrocracking catalyst of claim 22, wherein the catalyst comprises the metals nickel

(Ni) and tungsten (W) impregnated into the base as oxides.

29. A hydrocracking catalyst of claim 28, wherein the catalyst comprises from about 2 to
10 wt. % of nickel oxide and from about 8 to 40 wt. % of tungsten oxide based on the bulk dry
weight of the hydrocracking catalyst.

30. The catalyst process of claim 22, wherein the catalyst comprises a modifying agent.
31 The catalyst of claim 30, wherein the modifying agent is selected frony the group

congisting of compounds represenied by structures (1) through (4}, and condensaied formg
Lot J E o L

thereof

27



WO 2021/226277 PCT/US2021/030951

]
HO 1|11
}7 | —R,
ol R,
)]
R4\N _R;
Rﬁ
3
R7
\
N Rg
dN
R9
C)]

OH—R,,—OH

wherein:

{1} R:, B2 and Raare independently selected from the group consisting of hydrogen:
hydroxyl, methvl amine, and Hnear or branched, substituted or unsabstitated Ci-Cs alkvl
groups, Ci-Cs alkenyl groups, T3 hydroxvalkyl groups, Ci-Cs alkoxvalivi groups. Ci-Cs
aminoaikyi groups, Ci1-Ca oxoatkvl groups, C1-05 carboxyalbyl groups, U105
aminocarboxyvalkyvl groups and C-Cs hydroxyearboxyalkyt groups;

{2} Rathrough Rue are judependently selocted from the group consisting of hvdrogeny
hydroxyl; and linear or branched, substituted or unsubstituted Co-Cs carboxyalky! groups; and

{3} R 13 selected from the group consisting of lingar or branched, sabwrated and
unsaiurated, substiiuted or unsubstituied Ci-Cs allyl groups, Ci-Cs hvdroxsyalky! groups, and

Ci-Caoxoatkyl groups.

32, The catalvst of clanm 31, wherewn the modifying agent comprises aitric acid,
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