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- a Y zeolite with a Large Mesopore Volume of at least about 0.03
3, o : . . .
erm'/g and a Small Mesopore Peak of less than about 0.15 em'/g;

- an morganic matrix; and

- at least one active metal selected from Group 6 and Group
metals,

2. The catalyst of claim 1, wherein the zeolite has a Varge-to-Smalt
Pore Vohume Ratio of at least about 4.0.

3. The catalyst of any prior claivg, whereipthe unit cell size of the

zeolite is less thap about 24.45 Angsiroms.

4. The catalyst of any prior claj, wherein the norganic matrix is

comprised of silica, alumina, or combigations thereof,

The catalyst of any prior claim, wherein the inorganic matrix is
comprised of pseudoboehmité alumina,

6. The catalyst of any prior claim, wherein the catalyst is comprised

of at least one Groflp 6 metal selected from Pt and Pd.

7 The catalyst of any prior claim, wherein the catalyst is comprised
of at l¢

abt one Group 6 metal and one Group §/9/10 metal.

8. The catalyst of claim 7, wherein the Group 6 metal is selected from

, Mo, and W, and the Group 8/9/10 metal is selected from Fe, Co, Ni, Ru, Rh,
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Group 8/9/10 metal is seiccted from Co.

10.  The catalyst of claim 8, wherein the Group 6 metal is W and the

Group 8/9/10 metal is selected from Ni.

1. The catalyst of any of clairos 7-10, wherein the combined amount

of Group 6 mwetal and one Group 8/9/10 wetal is frovw 1 wit% 16 25 wi,

12, The catalyst of any prior claim, wherein tHe zeolite is present in the
hydrocracking catalyst i an amount of at least 10 wi%% based on the
2 g o

hydrocracking catalyst weight,

13, The catalyst of any prior claitn, wherein the hydrocracking catalyst

has a 40 A Peal of loss than about 0.15/4m’/q.

14, The catalyst of any'prior claim, wherein the zeolite has been wade
from a zeolite precursor wherein the zeolite precursor is subjected to a high
temperature steam calcingfion step at a temperature from about 1200 °F to about
1500 °F wherein the tofaperature of the zeolite precursor is within 50 °F of the

high temperature siéam calcination temperature in less than 5 minutes.

15. /The catalyst of any prior claim, wherein the zeolite precursor is a

sodium-Y zeolite.

16.  The catalyst of any of claims 14-15, wherein the zeolite precursor
ts subjected to at least one first ion-exchange step by contacting the zeolite

precursor with a first ion-exchange solution prior to the high temperature steam




e fer—The-entalyst-ofclaim-Loswherein-the-ton-exchenge-selulion——-
comprises NHNQO;.
18 The catalyst of any of claims 16-17, wherein the zeolite precyfsor
is subjected to at least one secound ton-exchange step by contacting the golite
precursor with a sceond lon-exchange solution after the high tempepdture steam

calcination step.

19.  The catalyst of claim 18, wherein the zeolit€ precursor is calcined
in air at a temperature of from about 800°F to about JZ00F after the second fon-

exchange.

20, The catalyst of any of claimgg’ 16-17, wherein the zeolite precursor
is subjected to at least one acid washipg step by contacting the zeolite precursor

with an acidic solution after the high terperature steam calcivation step.

21, The catalyst off claim 20, wherein the acidic solution comprises

oxalic acid.
22, The catalyst of any of claims 20-21, wherein the zeolite precursor

is calcined i air at a temperature of from about 800"F to about 1200°F after the

at least pfie acid washing step.

23, The catalyst of claim 14, wherein the zeolite precursor is subjectad
to at icast one first ion-cxchange step by contacting the zeolite precursor with a

tation-after-the-high-terperature-steam-caleination stepr———n
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subjected to:

~ coptacting the zeolite precursor with steam;

- subjected the zeolite precursor o at least one sccond on-~
exchange step by contacting the zeolite precursor with a secound iopl
exchaoge solution after the high temperature steam calcination gfep; and
- contacting the zeolite precursor with steam at a templrature from

about 1200°F to about 1500°F.

25, The catalyst of claim 14, wherein the Na, O dontent of the zeolite
precussor prior to the high temperature steam caleinatig step is from about 2 1o

about 5 wt% of the total precursor weight on a dry basis.

26, The catalyst of any prior clairo, #herein the Small Mesopore

i 0.13 em’/e.

Volume Peak of the zeolite is less than ab g

27.  The catalyst of any prj6r claira, whereln the Large Mesopore
Volume of the zeolite is at least gbout 0.05 cm"‘i/g.

28, A method ofmaking a hydrocracking catalyst, comprising the

steps of:

a) malgdng a zeolite from a zeolite precursor;

b)

or a copibination thereof, with a zeolite to form a catalyst mixfure;

mbining a binder precursor selected from a sifica, an alumina,

¢} drving the catalyst mixture to form a catalyst precursor; and
d) adding at least one active metal to the catalyst precursor to form
the hydrocracking catalyst;

wherein the zeolite is a Y zeolite with a Large Mesopore Volume of
at least about 0.03 cm’/g and a Small Mesopore Peak of less than about

QA5 g L
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to a high temperature stearn calcination step at a temperature from about 1200 °F

30, The method of any of claims 28-29, wherein the zeolii€ procursor
is a sodium-Y zeolite.

31, The method of any of ¢laims 28-30, whereip/the zeolite precursor
is subjected to at least one first ion-exchange step by céntacting the zeolite
precursor with a first ion-exchange solution prior tg'the high temperature stearn

calcination step.

32, The method of claim 31, wiferein the ion-exhange solution

comprises NH NQ;.

33, The method of apy of claims 31-32, wherein the zeolite precursor
is subjected to at least one gécond ion-exchange step by contacting the zeolite
precursor with at least ope second ion-exchange solution after the high
temperature steam cglCination step.

1e method of claim 33, wherein the zeolite precursor is caleined

34, /
in air at a tefaperature of from about ROO°F to about 1200°F after the at least one

second ién-exchange.

35, The method of any of claims 31-32, wherein the zeolite precursor
//Es subjected to at least one acid washing step by contacting the zeolite precursor
/
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oxalic acid.

37.  The method of any of claims 35-36, wherein the zeolite pre
is caleined 1u air at a teraperature of from about 800°F to about 1200°F after the
at least one acid washing step.

38, The method of any of claims 29-30, wherein {He zeolite precursor
is subjected to at least one first ion-exchange step by copfacting the zeolite
precursor with a fiyst ion-exchange solution after thehigh temperature steam

calcination step.

39, The method of claiva 38, whércin the zeolite precursor is further
subjected to:
- contacting the zeei"?éprecursm with stear;
o

- subjected the zgélite precursor to at least one second ion-

exchange step by coptacting the zeolite precursor with a second iou-
exchange solutige after the high tewperature steam calcination step; and
- cont ct/in ¢ the zeolite precursor with steam at a temperature from
about 12()0"/‘5 to about 1500°F,
/
40/ The method of claim 39, wherein the binder precursor is comprised
Oiip?ré)boehmite alumina,

// 41,

/ i Q
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The method of any of claims 28-40, wherein tetracthylammonium




is calcined in air at a temperature from about at a temperature of from about
800"F to about 1200°F after the drying in step ¢) and prior to the adding of thg
least one active metal in step d).

43, The method of any of claims 28-42, wherein the at legét one active
metal is added to the catalyst precursor via incipient wetngss techpdque.
44, The method of any of claims 28-43, whereid the at least oue active
metal is comprised of at least one Group 6 metal selected from Ptand Pd.
45.  The method of any of claims 28-43, wherein the at least one active
metal is comprised of at loast one Group 6 pdetal and at least one Group 8/9/10

metal.

46, The method of claiyd 45, wherein the Group 6 metal is selected
from Cr, Mo, and W, and the

Ry, Rh, Pd, Os, Ir, and P,

sroup 8/9/10 metal is selected fror Fe, Co, Ni,
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inn the hydrocracking catalyst in an amount of at least 10 wi% based on the
hydrocracking catalyst weight.
St The method of any of claims 28-50, wherein the hydrogpécking

catalyst has a 40 A Peak of less than about 0.15 em’/g.

52, A bydrocracking process for selectively catalytically cracking a

with a hydrocracking catalyst comprised of a Y z@olite with a Large Mesopore
Volume of at least about 0.03 crrf/g and a §pfall Mesopore Peak of less than
about 0.15 cm:"/g; an inotganic matrix; apd at least one active metal selected
from Group 6 and Group 8/9/10 metglé under hydrocracking conditions; and
b) producing at least one djgtillate product stream boiling in the range of
about 400 to 700°F, which has/A lower average molecular weight than the
hydrocarbon feedstock;
wherein the zeolite has a Large Mesopore Volume of at least about 0.03

cmg/’g, and a Small ¥esopore Peak of less than about (.15 crn3/’g.

(A
s

The process of claim 52, wherein the hydrocarbon feedstock is

contacted' with the hydrocracking conditions comprise a temperature of 50°F

about 3.1 hr™' to about 20 hr''; and a hydrogen treat gas rate from about 500

seflbbi-tabout 85N in')-to-about-0000-sefbbi-tabout-1706- N
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S4——TFhe-process-ofany-ef-elatme52-53wherein-the-hydeocarbon
feedstock comprises gasoil having an initial boiling point above about 400°F
(204°C), a T50 boiling point of at least about 600°F (316°C), and an end boiling

point of at least about 750°F (399°C),

55, The process of any of claims 52-54, wherein the hydigearbon
feedstock contains at least 50 wt% hydrocarbons with boiling pofuts above

T50°F (399°C),

S6.  The process of any of claims 52-55, wheyéin the zeolite has a

Large-to-Small Pore Volume Ratio of at least about 4.0.

57.  The process of any of claims 52,46, wherein the unit cell size of

the zeolite is less than about 24.45 Angstrorus.

LA
o

The process of any of glaims 52-57, whercin the inorganic mairix

is comprised of silica, alumina, opcombinations thereof.

58, The process of any of claims 52-5K, wherein the inorganic matrix

is comprised of alumina
60.  The grocess of any of claims 52-59, whercin the catalyst is
comprised of atdeast one Group & metal selected from Pt and Pd.
61/ The process of any of claims 52-59, wherein the catalyst is

compitsed of at least one Group 6 metal and one Group 8/9/10 metal.

62.  The process of claim 01, wherein the Group 6 metal is selected

from Cr, Mo, and W, and the Group 8/9/10 metal is selected from Fe, Co, Ni,

R Rh Dd 3 Jeand-di
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Group 8/9/10 metal is selected from Co.

64.  The process of claim 62, wherein the Group 6 metal is W a

Group 8/9/10 metal is selected from Ni.

65.  The process of any of claims 61-64, wherein the ¢émbined amount

of Group 6 wetal and one Group 8/9/10 metal is from 1 widyto 25 wiv,

66.  The process of any of claims 52-65, wherein the zeolite is present

in the catalyst in an amount of at least 10 wt% bagéd on the catalyst weight,

67.  The process of any of claims 82-66, wherein the catalyst has a 40

A Peak of less than about 0.15 cm /g,

68.  The process of any Of claims 52-67, wherein the zeoliie has been
made from a zeolite precursopvherein the zeolite precursor is subjected to a
high temperature steam caf€ination step at a temperature from about 1200 °F to
about 1500 “F wherein the temperature of the zeolite precursor is within 50 °F of

the high temperatugd steam calcination temperature in less than 5 minutes.

69, [he process of claim 68, wherein the Na,{) content of the
precursor/0f the zeolite prior to the high temperature steam calcination step is

out 2 to about 5 wt% of the total precursor weight on a dry basis.

from

70, The process of any of claims 52-69, wherein the Small Mesopore

. . . - 3, & 1
Volume Peak of the zeolite is less than about 0,13 em'/g, and the Large

. 3
SO s-atdeast.about (0.058 . cms/a
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CLAIMS:

1. A hydrocracking catalyst comprised of:
- a Y zeolite with a Large Mesopore Volume of at least about 0.03
cm’/g and a Small Mesopore Peak of less than about 0.15 cm’/g;
- an inorganic matrix; and
- at least one active metal selected from Group 6 and Group 8/9/10

metals.

2. The catalyst of claim 1, wherein the zeolite has a Large-to-Small Pore

Volume Ratio of at least about 4.0.

3. The catalyst of claim 1, wherein the unit cell size of the zeolite is less

than about 24.45 Angstroms.

4. The catalyst of claim 1, wherein the inorganic matrix is comprised of

silica, alumina, or combinations thereof.

5. The catalyst of claim 1, wherein the inorganic matrix is comprised of

pseudoboehmite alumina.

6. The catalyst of claim 1, wherein the catalyst is comprised of at least

one Group 6 metal selected from Pt and Pd.

7. The catalyst of claim 1, wherein the catalyst is comprised of at least

one Group 6 metal and one Group 8/9/10 metal.

8. The catalyst of claim 4, wherein the catalyst is comprised of at least

one Group 6 metal and one Group 8/9/10 metal.

9. The catalyst of claim 8, wherein the Group 6 metal is selected from Cr,
Mo, and W, and the Group 8/9/10 metal is selected from Fe, Co, Ni, Ru, Rh, Pd, Os,
Ir, and Pt.



-54 -

10.  The catalyst of claim 9, wherein the Group 6 metal is Mo and the
Group 8/9/10 metal is selected from Co.

11. The catalyst of claim 9, wherein the Group 6 metal is W and the Group
8/9/10 metal is selected from Ni.

12. The catalyst of claim 9, wherein the combined amount of Group 6

metal and one Group 8/9/10 metal is from 1 wt% to 25 wt%.

13. The catalyst of claim 1, wherein the zeolite is present in the
hydrocracking catalyst in an amount of at least 10 wt% based on the hydrocracking

catalyst weight.

14.  The catalyst of claim 1, wherein the hydrocracking catalyst has a 40 A
Peak of less than about 0.15 cm’/g.

15.  The catalyst of claim 1, wherein the zeolite has been made from a
zeolite precursor wherein the zeolite precursor is subjected to a high temperature
steam calcination step at a temperature from about 1200 °F to about 1500 °F wherein
the temperature of the zeolite precursor is within 50 °F of the high temperature steam

calcination temperature in less than 5 minutes.

16.  The catalyst of claim 1, wherein the zeolite precursor is a sodium-Y

zeolite.
17.  The catalyst of claim 15, wherein the zeolite precursor is subjected to
at least one first ion-exchange step by contacting the zeolite precursor with a first ion-

exchange solution prior to the high temperature steam calcination step.

18.  The catalyst of claim 17, wherein the ion-exchange solution comprises

NH4NO:s.

19.  The catalyst of claim 17, wherein the zeolite precursor is subjected to
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at least one second ion-exchange step by contacting the zeolite precursor with a

second ion-exchange solution after the high temperature steam calcination step.

20.  The catalyst of claim 19, wherein the zeolite precursor is calcined in
air at a temperature of from about 800°F to about 1200°F after the second ion-

exchange.

21.  The catalyst of claim 17, wherein the zeolite precursor is subjected to
at least one acid washing step by contacting the zeolite precursor with an acidic

solution after the high temperature steam calcination step.

22.  The catalyst of claim 21, wherein the acidic solution comprises oxalic

acid.

23.  The catalyst of claim 22, wherein the zeolite precursor is calcined in
air at a temperature of from about 800°F to about 1200°F after the at least one acid

washing step.

24.  The catalyst of claim 15, wherein the zeolite precursor is subjected to
at least one first ion-exchange step by contacting the zeolite precursor with a first ion-

exchange solution after the high temperature steam calcination step.

25.  The catalyst of claim 24, wherein the zeolite precursor is further
subjected to:

- contacting the zeolite precursor with steam;

- subjected the zeolite precursor to at least one second ion-exchange
step by contacting the zeolite precursor with a second ion-exchange solution
after the high temperature steam calcination step; and

- contacting the zeolite precursor with steam at a temperature from

about 1200°F to about 1500°F.

26. The catalyst of claim 15, wherein the Na;O content of the zeolite

precursor prior to the high temperature steam calcination step is from about 2 to about
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5 wt% of the total precursor weight on a dry basis.

27. The catalyst of claim 2, wherein the Small Mesopore Volume Peak of

the zeolite is less than about 0.13 cm®/ g.

28. The catalyst of claim 27, wherein the Large Mesopore Volume of the

zeolite is at least about 0.05 cm®/g.

29. A method of making a hydrocracking catalyst, comprising the steps of:

a) making a zeolite from a zeolite precursor;

b) combining a binder precursor selected from a silica, an alumina, or a
combination thereof, with a zeolite to form a catalyst mixture;

¢) drying the catalyst mixture to form a catalyst precursor; and

d) adding at least one active metal to the catalyst precursor to form the
hydrocracking catalyst;

wherein the zeolite is a Y zeolite with a Large Mesopore Volume of at
least about 0.03 cm’/g and a Small Mesopore Peak of less than about 0.15

cm’/g.

30.  The method of claim 29, wherein the zeolite precursor is subjected to a
high temperature steam calcination step at a temperature from about 1200 °F to about
1500 °F, wherein the temperature of the zeolite precursor is within 50 °F of the high

temperature steam calcination temperature in less than 5 minutes.

31. The method of claim 29, wherein the zeolite precursor is a sodium-Y

zeolite.

32. The method of claim 30, wherein the zeolite precursor is subjected to
at least one first ion-exchange step by contacting the zeolite precursor with a first ion-

exchange solution prior to the high temperature steam calcination step.

33. The method of claim 32, wherein the ion-exhange solution comprises

NH4NO:s.
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34.  The method of claim 32, wherein the zeolite precursor is subjected to
at least one second ion-exchange step by contacting the zeolite precursor with at least

one second ion-exchange solution after the high temperature steam calcination step.

35.  The method of claim 34, wherein the zeolite precursor is calcined in air
at a temperature of from about 800°F to about 1200°F after the at least one second

ion-exchange.

36.  The method of claim 32, wherein the zeolite precursor is subjected to
at least one acid washing step by contacting the zeolite precursor with an acidic

solution after the high temperature steam calcination step.

37. The method of claim 36, wherein the acidic solution comprises oxalic

acid.

38.  The method of claim 37, wherein the zeolite precursor is calcined in air
at a temperature of from about 800°F to about 1200°F after the at least one acid

washing step.

39.  The method of claim 30, wherein the zeolite precursor is subjected to
at least one first ion-exchange step by contacting the zeolite precursor with a first ion-

exchange solution after the high temperature steam calcination step.

40.  The method of claim 39, wherein the zeolite precursor is further
subjected to:

- contacting the zeolite precursor with steam;

- subjected the zeolite precursor to at least one second ion-exchange
step by contacting the zeolite precursor with a second ion-exchange solution
after the high temperature steam calcination step; and

- contacting the zeolite precursor with steam at a temperature from

about 1200°F to about 1500°F.
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41.  The method of claim 30, wherein the binder precursor is comprised of

pseudoboehmite alumina.

42.  The method of claim 30, wherein tetracthylammonium hydroxide and

water are added to the catalyst mixture in step b).

43.  The method of claim 30, wherein the catalyst precursor is calcined in
air at a temperature from about at a temperature of from about 800°F to about 1200°F
after the drying in step c) and prior to the adding of the at least one active metal in

step d).

44, The method of claim 30, wherein the at least one active metal is added

to the catalyst precursor via incipient wetness technique.

45. The method of claim 30, wherein the at least one active metal is

comprised of at least one Group 6 metal selected from Pt and Pd.

46. The method of claim 30, wherein the at least one active metal is

comprised of at least one Group 6 metal and at least one Group 8/9/10 metal.

47.  The method of claim 46, wherein the Group 6 metal is selected from
Cr, Mo, and W, and the Group 8/9/10 metal is selected from Fe, Co, Ni, Ru, Rh, Pd,
Os, Ir, and Pt.

48.  The method of claim 47, wherein the Group 6 metal is Mo and the
Group 8/9/10 metal is selected from Co.

49.  The method claim 47, wherein the Group 6 metal is W and the Group
8/9/10 metal is selected from Ni.

50.  The method of claim 46, wherein the combined amount of Group 6

metal and one Group 8/9/10 metal is from 1 wt% to 25 wt%.
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51.  The method of claim 29, wherein the zeolite is present in the
hydrocracking catalyst in an amount of at least 10 wt% based on the hydrocracking
catalyst weight.

52.  The method of claim 29, wherein the hydrocracking catalyst has a 40 A
Peak of less than about 0.15 cm?/g.

53. A hydrocracking process for selectively catalytically cracking a
hydrocarbon feedstock to form a distillate product, comprising:

a) contacting the hydrocarbon feedstock, in the presence of hydrogen, with a
hydrocracking catalyst comprised of a Y zeolite with a Large Mesopore Volume of at
least about 0.03 cm®/g and a Small Mesopore Peak of less than about 0.15 cm’/g; an
inorganic matrix; and at least one active metal selected from Group 6 and Group
8/9/10 metals under hydrocracking conditions; and

b) producing at least one distillate product stream boiling in the range of about
400 to 700°F, which has a lower average molecular weight than the hydrocarbon
feedstock;

wherein the zeolite has a Large Mesopore Volume of at least about 0.03

cm’/ g, and a Small Mesopore Peak of less than about 0.15 cm®/g.

54.  The process of claim 53, wherein the hydrocarbon feedstock is
contacted with the hydrocracking conditions comprise a temperature of 50°F (about
288°C) to about 800°F (about 427°C); a total pressure from about 300 psig (about 2.1
MPag) to about 3000 psig (about 20.7 MPag); an LHSV from about 0.1 hr! to about
20 hr''; and a hydrogen treat gas rate from about 500 scf/bbl (about 85 Nm*/m®) to
about 10000 scf/bbl (about 1700 Nm*/m>).

55.  The process of claim 54, wherein the hydrocarbon feedstock comprises
gasoil having an initial boiling point above about 400°F (204°C), a T50 boiling point
of at least about 600°F (316°C), and an end boiling point of at least about 750°F
(399°C).

56. The process of claim 54, wherein the hydrocarbon feedstock contains

at least 50 wt% hydrocarbons with boiling points above 750°F (399°C).
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57.  The process of claim 53, wherein the zeolite has a Large-to-Small Pore

Volume Ratio of at least about 4.0.

58. The process of claim 53, wherein the unit cell size of the zeolite is less

than about 24.45 Angstroms.

59.  The process of claim 53, wherein the inorganic matrix is comprised of

silica, alumina, or combinations thereof.

60.  The process of claim 53, wherein the inorganic matrix is comprised of
alumina.
61.  The process of claim 53, wherein the catalyst is comprised of at least

one Group 6 metal selected from Pt and Pd.

62.  The process of claim 53, wherein the catalyst is comprised of at least

one Group 6 metal and one Group 8/9/10 metal.

63.  The process of claim 59, wherein the catalyst is comprised of at least

one Group 6 metal and one Group 8/9/10 metal.

64.  The process of claim 63, wherein the Group 6 metal is selected from
Cr, Mo, and W, and the Group 8/9/10 metal is selected from Fe, Co, Ni, Ru, Rh, Pd,
Os, Ir, and Pt.

65.  The process of claim 64, wherein the Group 6 metal is Mo and the
Group 8/9/10 metal is selected from Co.

66. The process of claim 64, wherein the Group 6 metal is W and the
Group 8/9/10 metal is selected from Ni.

67.  The process of claim 64, wherein the combined amount of Group 6

metal and one Group 8/9/10 metal is from 1 wt% to 25 wt%.
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68. The process of claim 67, wherein the zeolite is present in the catalyst in

an amount of at least 10 wt% based on the catalyst weight.

69.  The process of claim 68, wherein the catalyst has a 40 A Peak of less
than about 0.15 cm’/g.

70.  The process of claim 53, wherein the zeolite has been made from a
zeolite precursor wherein the zeolite precursor is subjected to a high temperature
steam calcination step at a temperature from about 1200 °F to about 1500 °F wherein
the temperature of the zeolite precursor is within 50 °F of the high temperature steam

calcination temperature in less than 5 minutes.

71. The process of claim 70, wherein the Na,O content of the precursor of
the zeolite prior to the high temperature steam calcination step is from about 2 to

about 5 wt% of the total precursor weight on a dry basis.

72. The process of claim 69, wherein the Small Mesopore Volume Peak of

the zeolite is less than about 0.13 cm’/g.

73. The process of claim 72, wherein the Large Mesopore Volume of the

zeolite is at least about 0.05 cm’/g.



