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What is claimed is:

1. A hydrocracking process comprising:

passing a hydrocarbon feed to a single stage hydrocracking unit where the feed is
hydrocracked under hydrocracking conditions, and with the catalyst in the hydrocracking unit
comprising a base comprised of alumina, an amorphous silica-alumina material, a USY zeolite,

ZSM-12, and a beta zeolite.

2. The process of claim 1, wherein the base comprises 5 to 40 wt. % alumina, 30 to 80 wt.
% ASA, 0.5 1040 wt. % USY zeolite, 0.1 to 40 wt. % ZSM-12, and 0 to 40 wt. % beta zeolite.

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 45 to about 75

wt. %.

5. The process of claim 2, wherein the amount of USY zeolite ranges from about 4 to

about 20 wt. %.

6. The process of claim 2, wherein the amount of beta zeolite ranges from about 4 to 20
wt. %.

7. The process of claim 2, wherein the amount of ZSM-12 ranges from about 2 to about 20
wt. %.

8. The process of claim 1, wherein the feed comprises a VGO.

9. The process of claim 1, wherein the selectivity of middle distillate (380-530° F) is at

least 28 wt. % at about 60 wt. % apparent conversion (<700° F).

10. The process of claim 1, wherein the catalyst comprises the metals nickel (Ni) and

tungsten (W) impregnated into the base.
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11.  The process of claim 10, wherein the catalyst comprises from about 2 to about 10 wt. %
of nickel material and from about 8 to about 40 wt. % of tungsten material based on the bulk
dry weight of the hydrocracking catalyst.

12, The process of claim 1, wherein the catalyst comprises a modifying agent.

13.  The process of claim 12, wherein the modifying agent is selected from the group

consisting of compounds represenied by structures (1) through (4), and condensated forms

thereo!
)]
HO R,
C—R,
Q R.
(2)
Ry o R;
Rg
3)
R,
\
N Rg
R/ N/
1}
N\
R,‘?
“
OH—R,;—OH
wherein:

{1} B, Boand B> are independently selecied from the group consisiing of hydrogen:
bydronyl, methvl; amine, and Hnear or branched, substituted or unsobstiuted Ci-Cs allovt
groups, Ci-Cs atkeny! groups, C1-Us hydroxvalky! groups. Ci-Cs alkoxvallvi groups. C-(s
aminoalky! groups, Cr-Caoxeatkyl groups. Ci-Cs carboxyalbyl groups, {0055
arsinocarbosyvaikyi groups and C1-Cs hy droxyearboxyalkyl groups;

(2} Ra through Rae are independently selocted from the group consisting of hydrogery

hydroxvl; and hinear or branched, substituted or unsubstituted Co-Cs carboxvalky! groups; and
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{3} Risds selected from the group consisting of linear or branched, saturated and
ansaturated, substituled or unsubstituted C-Ca alkyl gronps, C-Cs hvdroxyatkyl groups, and

-0 oxoalkyt groups.

14.  The process of claim 13, wherein the modifying agent comprises citric acid.

15, The process of claim 1, wherein the catalyst in the hydrocracking unit is prepared by:

(a) forming an extrudable mass containing the catalyst base;

(b) extruding the mass to form a shaped extrudate;

(c) calcining the mass to form a calcined extrudate;

(d) preparing an impregnation solution containing at least one metal nitrate or metal
carbonate, a solvent, a modifying agent and an ammonium containing component, and
adjusting the pH of the impregnation solution to between 1 and 5.5 with a hydroxide base,
inclusive;

(e) contacting the shaped extrudate with the impregnation solution; and

(f) drying the impregnated extrudate at a temperature sufficient to remove the

impregnation solution solvent, to form a dried impregnated extrudate.

16.  The process of claim 15, wherein the impregnation solution comprises nickel carbonate.

17.  The process of claim 15, wherein the modifying agent is selacted fram the group

congisting of compowunds represenied by structures (1) through (4), and condengated forms

thereof
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wheremn;

{1y Ry, Reand B are imdependently selected from the group consisting of hvdrogen;
hydrovyl methyl; amine; and hnear or branched, substitoted or snsubstituted C1-Cralky!
groups, C-Cz atkenyi groups, Ci-Cs hydrowyally groups, Ti-Ca alkony alkyt groups, £1-8s
arminoalkyl groups, Ci-Cs oxealkyl groups, Cr-Cr carboxvalkyt groups, Ci-Cx
anunocarboxyalkyl groups and Ci-Chrbydroxyearboxyalkyl groups;

{23 Rathrough Rue are independently selected from the gronp consisting of hvdrogen:
hydroxyi: and linsar or branched, substituded or unsubstitted U2-Ca carboxvalkyl groups; and

(3} Riz e selected from the group consishing of linear or branched, satorated and
unsaturated, substituted or unsubsituted C-Cs atkyl groups, C-Cs by droxyvalkyt groups, and

-5 ovoalkyl groups.

15, The process of claimn 17, wherein the modifying agent comprises citric acid,

19 Ahvdrocracking catalyst comprising a base of alununa, an amorphous silicia-

alaming, 2 USY zeclite, g bety reolite, and Z8M-12,

28 The hvdrocracking catalyst of claim 19, wherein the base comprises 5 to 40 wt. %
alumina, 30 to 70 wt. % ASA, 0.5 t0 40 wt. % USY zeolite, 0.5 to 40 wt. % beta zeolite, and
0.1 to 40 wt. % ZSM-12.

21.  Thehvdrocracking catalvst of claim 20, wherein the amount of alumina ranges from

about 20 to about 30 wt. %.
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22, Thehvdrocracking catalyst of claim 20, wherein the amount of ASA ranges from about

45 to about 75 wt. %.

23, The hvdrocracking catalyst of claim 20, wherein the amount of USY zeolite ranges

from about 4 to about 20 wt. %.

24, The bydrocracking catalyst of claim 20, wherein the amount of beta zeolite ranges from

about 4 to 20 wt. %.

25, The hyvdrocracking catabyst of claim 20, wherein the amount of ZSM-12 ranges from

about 2 to about 20 wt. %.

26.  The hydrocracking catalyst of claim 19, wherein the catalyst comprises the metals

nickel (N1) and tungsten (W) impregnated into the base.

27.  The hydrocracking catalvst of claim 26, wherein the catalyst comprises from 2 to 10
wt. % of nickel material and from 8 to 40 wt. % of tungsten material based on the bulk dry
weight of the hydrocracking catalyst.

28.  The hydrocracking catalyst of claim 19, wherein the catalyst comprises a modifying

agent.

29.  The hydrocracking catalyst process of claim 28, wherein the modifying agent is
selected from the group consisting of compounds represented by stractures (1) through (4),

and condensated forms thereof
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whergin:

{1y Ri, Reand Ra are independently selected from the group consigting of hydrogen;
hvdrovvl methvl; amine; and lmear or branched, substituted or unsubstituted Ci-Cs alkyl
groups, (U atkenyi groups, Ci-Cahydroxyalkel groups, {-Ca alkiony alkyl groups, T-Cs
arunoalkyl groups, Ci-Os oxealkyl groups, C-Cr carboxvalkyt groups, Ci-Cs
anunccarboxyalkyl groups and O1-Cabydroxyearboxy atkyl groups:

(2) R through Ry are independently selected from the gronp consisting of hvdrogen;
hydroxvi: and linear or branchad, substituled or unsubstinted (2-Ca carboxvalkyl groups; and

{(3) Ru1s selected from the group consisting of linear or branched, saturated and
unsgturated, substituted or unsubstituted Ci-Cs alivl groups, C-Cs by droxyalkyl groups, and

105 onoatkyl groups.

30 The hydrocracking catalyst of olaim 28, wherewn the modifying agent comprises airic

31.  The hydrocracking catalyst of claim 19, wherein the catalyst in the hydrocracking unit
1s prepared by:

(a) forming an extrudable mass containing the catalyst base;

(b) extruding the mass to form a shaped extrudate;

(c) calcining the mass to form a calcined extrudate;

(d) preparing an impregnation solution containing at least one metal nitrate or metal
carbonate, a modifying agent, a solvent, and an ammonium containing component, and
adjusting the pH of the impregnation solution to between 1 and 3.5 with a hydroxide base,
inclusive;

(e) contacting the shaped extrudate with the impregnation solution; and
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(f) drying the impregnated extrudate at a temperature sufficient to remove the

impregnation solution solvent, to form a dried impregnated extrudate.

32, The hydrocracking catalyst of claim 31, wherein the impregnation solution comprises

nickel carbonate.

33.  Thehydrocracking catalyst of claim 31, wherein the modifying agent i¢ selectad from
the group consisting of compounds representad by stractares (1) through (4), and

condensatad forms thereof
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{1} R, Reand B are independenily selected fronuthe group consisting ol hvdrogen;
hydroxyl; methvl; aming; and lmear or branched, substituted or unsubstituted C:-Cs alkyl
groups, (-0 atkenyi groups, Ci-Cahydroxyalked groups, O-Ca alkony alkyd groups, T1-Cs
anunoallky] groups. Ci-Cs exealkyl groups, C-Cr carboxsyaiky! groups, (s

anminocarboxyalkyl groups and {1-Cs hydroxyearboxvatky! groups;
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{23 Rathrough Rus are independently selected from the gronp conststing of hvdrogen;
hydroxyl: and linear or branched, substituled or unsubstided U2-Ca carbosvalkyl groups; and

{3) Ruv3s selected from the group consisting of linear or branched, saturated and
uncaturated, substtivted or onsebstituted Cr-Cs alkvt groups, Ci-Cs hydroxyalkyl groups, and

05 oxonthyl groups.

34,  The hydrocracking catalyst of claim 33, wherein the modifying agent comprises citric

acid.
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