(PON\{ENTION. By one or more' personsvand/or a Company.)

¢
L)

(1) Heve

insert (in

full) Name

or Names of
Applicant or
Applicants,
tollowed by
Address (es). .

(2) Hére
insert Title
of Invention.

{3) Here (n-en_

number
or ballt
aniplication(s)

4) Hege Insert.

ame. of basic
Couptry or
Countrles, and

' basledateor -

dates

(5) 8lgnae
ture (a! of
Apmlcnnt [€)]

Sem ot
Company and:
Sigralures of’

o fegr L
\v“"l Lo ) (r.‘%:tlr?lgs of

Atsoclaticn,

COMMONWEALTH OF AUSTRALIA

Patents Act 1952-1969

conventioN AppLicATioy Gof) jgpgngr |

|
b
B

'xk_,U.0.P,

We /
OF 25 East Algonquin Road, Des Plaines, State of
60017-5017,

Illinois, Unjted States of America

hereby apply for the grant of a Fatent for an invention entitled';"’
A NEW IMPROVED CATALYST FOR MID- BARREL

.........

HYDROCRACKING AND PROCESS USING SAME

which is described in the accompanying complete specification, This application is a

Convention application and is based on the application  numbered @

130,559

.. . 4
for a patent  or similar protection made m(")Unlted States of America

on 8th December 1987

..........

AARPLIZATION - ACGEPTED - ADD - AMENDMENTS s

e ALLG LD st

‘Mgur address for service is Messrs. Edwd. Waters & Sons, Patent Attorneys,

SOIQueen Street, Melbouriie, V'ictofia, Australia, _ .

DATED thls7th o

1988 L

@)

8,
i
~
PJ-‘
B
\
1
i

Louis C, Gebhardt .. .. ... .

[ . _—— e




1 b E
‘e

g A

¢ ]
(CONVENTION. Company.) . , Form8
, SC-15809-AS
COMMONWEALTH OF AUSTRALIA
Patents Act 1952-1969
DECLARATION IN SUPPORT OF A CONVENTION
APPLICATION FOP A PATENT OR PATENT OF ADDITION
ke e In support of the Convention Application made by!"
full) Name of
Company. I~ VUOP
(hereinafter referred to as the applicant) for a Patent
et e for an invention entitled;?'..2 NEW IMPROVED CATALYST
effmenfi FOR MID-BARREL HYDROCRACKING AND PROCESS USING SAME
(3 Here 1,®, .Jdohn F. Pittas
fsert full Name
E‘f"n%ﬂﬁ?&? Of'-«w---m-Z-Sn--EaS-t-«--A'l-g'onqui-n«-Roadus-_.--.Des»--.P-l.-a.ines ;State-of-Fllinois

:f“’:"‘.d R 6001775017y United-States of-America
do solemnly and sincerely declare as follows:
1. I am authorised by the applicant for the patent
to make this declaration on its behalf.
2. The basic application as defined by Section 141 of the Act was

e b made in‘®.the United States. of AMEXICA. ... o ..
soun! or
otlowed by on the 8th day of..December. . 19.87 ., by.Frank.Peter.Gartsema;

date or dates

and basie Regig Joseph Pellet; Albert Raymond Springer;Jule Anthouy. Rabo .

APDHCANL OF 7 (1ot rerisnsarsrassvasontsssentaieissstsiiatnstesvanosserstronnsasess iimtniotnslorsnscrssenssoinseobesormronsesb arorsnedsirarreinaves srsebonsaroronsolbtdoeanrs S e i
Applicants,

FRUIRRX xxxdayok KKK ARG K s
(5) Here 3,9 Frank Peter Gortsema; Regis Joseph Pellet; Albert Raymond .
Inseéct (in

and Addres Springer; Jule Anthony Rabo, residing respectively at: 7 Briarwood Lane,
T or PLeagantviI1e"(10570) 3" 31 " WolE " Road, Croton on Hudson (10520); 155 W.

frventers: - Kingshridge.Road..,.ME.. Ver.non‘.(lOSSB), «19.Windmill..Roady-Armonk-{10504)
all in the State of New York, United States of America

sgdare the actual inventor ¢ of the invention and the facts upon which thc applxcant

is entitled to make the application are as foliow:

The applicant is the assignee of the invention from the said actual .
inventbr (8).s

L TR TIA IO Y

ERTITO . -

4. The basic application referred to in paragraph 2 of this Declaration
was s dnangsmanthe first application  made in a Convention country in

respect of the invention the subject of the apphcatlon.

DEQ&..ARED at..Des Plaines, Tllinois, U.S.A.

Ameas

)

G

S

T4

A

&

smrnowmy TS



(12) PATENT ABRIDGMENT  (11) Document No. AU-B-26668/88
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 609913

(54) Title
A NEW IMPROVED CATALYST FOR MID-3ARREL. HYDROCRACKING AMD PROCESS
USING SAME
International Patent Classlfication(s)
(51)* BO1J 035/10 B01J 029/32 BC1J 029/34 BO1J 029/36
C10G 047/18 C10G 047/20
(21) Applicaticn No. : 26668/88 (22) Application Date : 08.12.88

(30) Priority Data

(81) Number (32) Date (83) Country
130559 08.12.87 US UNITED STATES OF AMERICA

(43) Publication Date ; 08.06.89
(44) Publication Date of Accepted Applicaiiori ; 09.06.91

(71) Applicant(s)
U.0.P.

(72) Inwentor(s)
FI{ANK PETER GORTSEMA; REGIS JOSEPH PELLET; ALBERT RAYMOND SPRINGER;
¢ULE ANTHONY RABQ

(74) Attorney or Agent v
WATERMARK PATENT & TRADEMARK A7TORNEYS, Locked Bag 5, HAWTHORN VIC
3122

(56) Prior Art Documents
US 4652538

(67) Claim

1, A hydrocracking process for the production of
mid-distillate product from heavy feedstocks boiling above
700°F utilising a hydrocracking catalyst compriging a
selectively extracted LZ-10 zeolite which has been acid
extracted to romove at least part of the occluded amorphous
intra-crystallineg alumina and/or silica-containing debris
from the crystal lattice.

7. A hydrocracking catalyst for the production of
mid-barrel fuels from feedstocks boiling above 700°F
comprising a selectively ¢xtracted LZ-10 zeolite, which has
F»en acid extracted to remove at least part of the occluded
amorphous intra-crystalline alumlna and/or silica containing
debris from the crystalline zeolite lattice, and has a
surface area and crystallinity exceeding that of the
unextracted LZ-10, in combination with at least one
hydrogenation catalyst component furtner characterized in
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that the crystallinity exceeds that of the unextracted
zeolite by at least 10%. '

14. A hydrocracking proce=s for the production of
diesel qil_and turbine o0il comprising treating a HVGO

- feedstock at hydrocracking reaction conditions and in the
presence of a hydrocracking catalyst comprising a
selectively extracted LZ-10 zeolite component which has been
acid extruded to remove at least part of the occluded
amorphous intra-crystalline alumina and/or silica-containing
debris from the crystazl lattice in combination with at least
one hydrogenation catalyst component.
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A NEW IMPROVED CATALYST FOR
MID-BARREL HYDROCRACKING AND PROCESS
USING SAME

FIELD OF THE INVENTION

This invention relates to a hydrocracking process for

« mid-distillate products and to hydrocracking catalysts having
improved selectivity, activity and stability for use in the
production of mid-distillate products from heavy feedstocks

" boiling above 700°F..

BACKGROUND OF THE INVENTION

Catalytic mid-barrel hydrocracking is & petroleum refining
process of increasing importance due to the increased demand
- for mid-distillate fuels. Forecasts of consumer demand for
¢ refined products are predicting shifts from the gasoline range
, hydrocarbon fuels to heavier, higher boiling mixtures such as
diesel, turliine and heavy diesel. In general, the process
consists of vonverting heavy petroleum feedstocks boiling above
700°F, such as vacuum gas oil and residual feedstocks, to a
lower boiling range. The favored product bolling range is

200-700°F turbine and diesel fuels. The catalysts used in these

R iminy. iy« B i e
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hydrocracking processes are dual functional types, consisting of a
hydrogenation component such as a Group VIII noble metai or a
combination of Group VIII (Ni,Co) and Group VIB (Mo, W) metals, in
combination with a solid acid catalyst, such as the L2-10 zeolite,
amorphous silica-alnmina gel, transition aluminas or

aluminosilicatss.’ The latter components act as acidic cracking

“.°°, catalysts and they may also act as support for the metal components.
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o ee Of the solid acid components, it is generally understood
;':; that aluminosilicate zeolites are the most active in the sense

t ’
e s

.+, ¢ that they convert the highest fraction of feedstock to lower

13 (3 )

boiling products under comparable operating conditions.

. *.+*, Activity however, is only one of three essehtial propecxties of
¢ é¢

.',**, a mid-barrel hydrocracking catalyst. The other two properties
.. ,are selectivity to produce the desired products (i.e. turbine

] L
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and/or diesel) exclusively, and stability which is a measure of
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the useful operating life of the catalyst. It has been found
‘P::‘that the high activity of strong acid zeolite catalysts does
not compensate for their poor selectivity for turbine and
diesel‘oil. and accordingly no commercial mid-barrel catalyst
ucilizes strong acid zeolites as the principal acid cracking
component. Instead this function is provided either by

.

amorphous compositions such as silica-alutanas derived from

VAN
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silica-alumina gels or by the mild acid LZ-10 zeolite, UHP-¥
zeolite described in USP 4,401,556, which shows much higher

selectivity and lower activity than strong acid zeolites.

The chemistry of gasoline and mid-barrel hydrocracking
processes are significantly different. 1In gasoline

hydrocracking multiple fragmentation of the feed molecules is

required. 1In mid-barrel hydrocracking on the other hand, the

average feedstock molzcule should be split only once and very

near the center of the molecule in order to maximize the

mid-barrel fraction, and thereby minimize the production of

light hydrocarbons, such as S and gasoline. The
zeolite component of catalysts employed for gasoline

hydrocracking are strong-acid zeolites, such as Y-82, ReY or

LZ-210 -zeolite. 1In the production of diesel and turbing fuels

multiple chain branching and multiple cracking are undesirable,

consequently, weak or mild acid catalysts are required which

+ yield considerably less isomerization and less multiple

fragmentation.

The principal prior art of which the applicants are aware
i GB 21i4594A, which was published on August 24, 1983, to
Bradrick, which describ@s the use of acid leaching of Y,
ultrastable Y, X, decation:ized Y, and their derivatives. The
steaming causes substantial loss in crystallinity and forms
crzcks &nd fissures in the crystal. Aluminum is removed from
the Y-zeolite framework lattice during this treatment.

Consequently, the resulting dealuminated crystal framework




-‘—

Briatl o

lattice has a higher sioz/}\lzo3 ratio and consequently a

._,,,,,_

smaller crystal cell constant. The acid leaching step causes by
further substantial reduction in the lattice constance (a,)

as well as substantial reduction in zeolite crystallinity.

The starting material for the preparation of the catalyst
base for the present invention is the LZ-10 (UHP-Y) decribed in i
U.S. Patent 4,401,556, This ¥ product is prepared from
ammonium exchanged Y by steaming, followed by a further
ammonium exchange to remove residual soda and resteaming to
achieve the requisite UHP-Y characteristics of having a
Sioz/Alzo3 molar ratio of from 4.5 to 35, the essential
X-ray powder diffraction pattern of zeolite Y, an ion exchange
capacity of not greater than 0.070, a unit cell dimension a,
of from 24.20 to 24.45 A, a surface area of at least
350m2/g(B—E-T), a sorptive capacity for water vapor at 25°C
and a p/p° value of 0.10 of less than 5.00 weight percent and &
Residual Butanol Test value of not more than 0.40 weight

percent.

In the treatment of the UHP-Y product in accord with the
present invention by acid or other extracting agents to remove
amorphous occluded debris formed during previous treatments,
+here is no significant change in lattice unit cell dimension,
8, while there is a substantial increase in Y zeolite

crystallinity and surface area in the treated product.
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The dramatic difference in the x-ray crystallinity of the
acid extracted product éf this invention compared to the
material prepared according to the teachings of Bradrick (GB
2114594A) 1is illustrated in Figure 1. Whereas the preparation
of acid extracted zeolites by the Bradrick method leads to
products having an x-ray crystallinity significantly less than
the starting material, the preparation of such acid extracted

products according to the present invention leads to products

-«_ having x-ray crystallinity significantly greater than the

E XY
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starting material over a wide range of siozlAlzo3 ratios.

Under the conditions described in GB2114594A, the
mid-barrel selectivity is in the range of 40 to 50% conversion
per pass for products boiling below 700°F. Selectivity can be
increased to levels in excess of 60% mid-distillate for

products in boiling range 400-700°F at 50% conversion per pass.

In the process of the present invention, selectivity to
mid-barrel products distilling in the bbiling range of
300-700°F is in the range of from about 85 to 90% at feed

conversion of 60\ per pass.

GB 2114594A refers to 8102/A1203 ratios greater than
10, and gives data for materials with ratios as high as 100.
In the procedure of the present invention much lower ratios are

effective. Siozll\lzo3 ratios of 8 to 12 are shown to be

RN el Tt Gl ec T
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more effective to produce mid-barrel products using the present
procedures for synthesizing the catalyst than the much higher

ratios descriped in the reference.

The reference describes a process in which the 8, of the
treated Y zeolite decreases in a regqular fashion with

increasing HCl/zeolite concentration (See Figure 2 thereof).

« In the presently described process there is very little, or no,

change in the cell constant with acid concentration or number

of acid treatments.

SUMMARY OF THE INVENTION

The present invention is directed to a hydrocracking .

process’ specifically applicable to the production of

mid-distillate products including turbine and diesel oil from

heavy feedstocks bwiling above 700°F, said process comprising

. the use of a product, derived from LZ2-10 (UHP-Y) 2eolite which :

has been prepared in accordance with the teachings of this
invention, as well as to hydrocracking catalysts incorporating

such LZ-10 zeolite derivatives.

DESCRIPTION OF THE INVENTION

It has been found that a particularly advantageous catalyst

for mid-barrel hydrocracking involves an alumina bound catalyst
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containing a commercially obtained silica-alumina and a
selactively acid extracted zeolite derived from LZ-10. The
L2-10 itself is a hydrophobic derivative of ammonium exchanged
Y obtained by repeated Eteaming and further NH: exchange

of the zeolite. A full description of the use of L2-10 in L
mid—bafre; catalyst applications is given in US Patent Number

4,401,556, the teachings of which are incorporated herein by

reference. In the present invention the improvement resides in

a novel treatment of the LZ2-10 catalyst component.

According to the present invention the improved catalyst
employs an LZ-10 product treated by acid or other agents to
remove part of the occluded amorphous intra-crystalline
material in place of the L2-10 itself in the hydrocracking
catalyst composition. The use of this material in combination
with suitable matrix components such as alumina,
silica-alumina, or the like and suitable hydrogenation
components results in a catalyst with superior diesel, turbine,
and heavy diesel selectivities. In addition, surprisingly, the
acid extracted L2-10 based catalysts show significantly higher
catalytic activity.

The improvement afforded by the use of this new catalyst is
illustrated by the data presented in Table 1. The catalysts of

the present invention are shown to be 5-10°F more active than

BB T T e
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the reference catalyst which contains L2-10 itself without
selective extraction. 1In addition, the new, improved catalyst
gives 3.8% more diesel, 4.8% higher turbine and 1,8% more heavy
diesel fractions, all measured at 60% conversion of the
feedstock. Superior activity for a mid-barrel hydrocracking
catalyst usually implies longer operating lifetime, and thus,
better catalyst utilization before catalyst changeout is
required because of the temperature limitations of the high

pressure equipment. The higher selectivity to the desired

., mid-barrel products demonstrated by the hydrocracking catalysts

comprising the acid extracted LZ-10 zeolite of the present

invention therefore is of great economic benefit to the

. refinery. Higher activity and lower operating temperatures are

« desirable because they favorably affect both turbine and diesel

oil quality by keeping the aromatic contents at low levels.

The resson for the superior operation of the presently

. described catalyst is not completely known, however it is

assumed to result from the selective removal of part of the
amorphous acidic, alumina and/or silica containing, debris from
the crystalline zeolity lattice, which debris is formed during
the repeated steaming steps. During steaming, substantial
amounts of alumina and some silica from the zeolite becomes

dislodgyed fxom the lattice. This step is followed by silicon

N, =
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reinsertion, “"healing" the crystalline lattice, so that during
the steaming step there is a limited loss in zeolite
crystallinity. Since the alumina and silica containing debris
occluded in the crystal may act as acidic material, it

presumably may cause undesirable over-cracking.

The removal of amorphous alumina and/or silica containing
debris can be carried out effectively by treating the LZ-10
zeolite with agents that dissolve it or complex with it. One
such class of materials which has been found to be useful in
carrying out the selective extraction of the LZ-10 according to
the present invention is treatment with various mineral acids,
such as hydrochloric or nitrii acids, During a reflux
treatment with a mineral acid, a fraction of the amorphous
occluded alumina and silica, which are not part of the zeolite
lattice, is removed. Factors which influence the degree to
which the alumina and silica can be removed from the zeolite
are: strength and type of acid, time of extraction,
temperature at which the extraction is carried out and the
number of times the process is repeated, According to the
present investion, in this process the degree of crystallinity
of the material increases, and in preferred cases the increase

in crystallinity can be very significant.

-
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It is also contemplated that the method of the present
invention can also be effectively carried out by the use of
other known extraction methods involving the use of known
extraction agents wkich do not degrade the crystallinity of the
zeolite, such as organic acids, EDTA, acetyl acetone or other

suitable chelating agents.

Properties of the acid extracted LZ2-10 zgolite material
according to the present invention are given in Tables 1 and 2,
for cell constant, degree of crystallinity,chemical composition
and mid-barrel hydrocracking performance. It should be noted
from these data that, while there is little or no change in the
crystal unit cell constant, the surface area and crystallinity
are higher and the catalytic activity and selectivity are
signifiéantly higher re'“~ive to the catalyst prepared with the
untreated material, The use of acid extracted LZ-10 as a

componenf }ii the mid-barrel catalyst as described in the

' Examples leads to catalysts having very high diesel selectivity

of up to about 88% and turhine selectivity of up to about 82%,
with very high catalytic activity. These mid-barrel
selectivities together with the improved activity and enhanced
zeolite crystallinity render the catalysts of this invention
“ar superior to state of the art type.Lz-lo based catalysts,
and far superior to the catalysts described by Bradrick.

R
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Zeolite ACTIVITY % DIESEL EFF. % TURBINE EFF.
Sig /A 9 T, °F 300-700°F 300-550F
Example Mo, Composition
1 REFERENCE Catalyst - 758 82.9 76.0
* 1 7.1% HC1 S.A.E.LZ-10 8.8 751 87.0 81.2
49.7% gilica—alumina
14.2X alumina binder
TX Ni0 22X W04
44 1712 WY S.A.E. L2-10 1.3 748 86.7 80.8
49.7X silica-alumina
14.2% alumina binder
7X NiO 22X W0
v 7.5% HCT1 A.E. L2-10 61.3 »>780

49.5% X'O alumina
20% alumina binder
6X Ni0 17X W3

A.E. = acid extracted
S.A.E. = selective acid extracted
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TABLE 2

COMPARISON OF PROPERTIES OF ACID EXTRACTED L2-10 ZEOLITES

¢ b
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(4)

Sample (1) Surface Area(a) X-Ray
No. Treatment ' ™' m“/gm §10,/A1,04 Crystallinity
1 L2-10 starting 558 5.1 100
material
. 2 Hcl s.A.E.®ax) 8,0
3 HCl1 §.A.E.(2x) 8.8 115
< 4 HCl §.A.E.(3x) 663 11.3 120
5 HNO3 8.A.E,(1x) 12.3 111
6 HNO3 S8.A.E,(2x) 24.9 129
7 HNO3 S.A.E.(1x) 24.0 135
i 8 H3103 8.A.E, (1x) 553 5.1 101
“ 9  HNO3 §.A.E.(1x) 578 g, 98
10 HNO3 8.A.E.(1x) 689 11.3 119
11 HNO3 §.A.E.(1x) 8.7 114
12 HNO3 5.A.E.(1x) 11.% 128
(1). Selective acid extracticn was carried out b varying
extraction time, temperature and concentration of exf:raction
) agent used.
(2). 6&.A.E. ~ Selective acid extraction
(3). 1-point BET method
(4). Relative to untreated L2-10 starting material
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While the invention has been described above the details of
the present invention will be botter understood by recourse to

the following examples:

EXAMPLES ) ¥

GENERAL COMMENTS

Feedstock) All data reflected in the following Examples

+‘«'*, were obtained with HVGO feedstock with the following properties:

€ L)

T § Content: 24,500 + 400 ppm
L N Content: 800 + 100 ppm
i IBP: 700°F

FBF: 1050°F
'?E? Pourpoint: 95°F
et

L Sp. Gravity  0.9218, 60°F

Testing Method:

o Ly
L} 3

'Catalyst Form: 1/16" extrudates, crushed and sized to

12x14 mesh diluted with 150 cc of 12x16 mesh quartz chips

 to give total volume of 300 cc. The quartz chip/catalyst
mixture is loaded in a S§S reactor &~ a plug‘Qetween quartz
chips (approximately 300 cc on bottom, 400 cé over the

catalyst).

T e

BT s

s



B\ P

o g

- 14 -

Activation Procedure: The system is purged with N, for

15 minutes at a flow rate of § ftalhr., followed by

purging the system with H, for 15 minutes at 5§ ft3/hr.:

the system is leak-checked under H, pressure. If the
system has no leaks, the system is depressurized to
atmoispheric pressure and the H, flow rate is set to 2.65
SCF/hr. The st flow rate is adjusted to give a blend of
10% st, 90% H, at ambient conditions and held at these
conditions for 16 min. The temperature ié then raised to
450 °F at a rate of 50°F/hr. and held at 450°F for 2 1/2
hr'.. Then the temperature is ramped from 450°F to 70G°F at
25°F/hr, and held for 2 1/2 hrs., followed by rapid cooling
to 490°F. At 490°F, the H, S blending into the H,

strgam is stopped and the system is pressurized to 2000
psig at a flow rate of 9.44 £t3/ht at STP (10,000

SCF/BBL). The feed oil is started andbadjusted to 1.0 LHSV
(150 cc/hr). These conditions are maintained for 2 1/2
hrs. to ensure complete wetting of the catalyst. The

temperature is ramped at S50°F/hr. to the process conditions.

The temperature i1e varied at the standard process
conditions to attain various conversion levels to bracket 60%
conversion to diesel oil. Gas samples were taken during each
mass balance period and analyzed for H, and C,-C, gas

components. The liquid precduct weight was me¢asured and the

.
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gpecific gravity determined. Samples were taken at each set of
conditions for simulated distillation G.C. analysis (ASTM
Procedure No. D-2887) to determins the 300°F, 550°F, and 700°F

product cutpoints.

DEFINITIONS

ACTIVITY T is defined as the reaction temperature required

to achieve 60% conversion to products boiling below 700°F.

A\ DIESEL EFF. is defined as selectivity to diesel oil at

60% conversion to diesel oil.

A TURBINE EFF. is defined as selectivity to turbine oil at

60% conversion to diesel oil.

EXAMPLE 1

Preparation of reference catalyst

A catalyst blank was prepared according to the teachings of
U.S. patent 4,419,271 having the following composition: 10%
LZ-10, 20% Catapal alumina binder, and 70% silica-alumina, the
latter having an overall composition of 55% Al,0,, 45%



-16 -

o Ry o
> =

5i0, and a surface area of between 550 and 625 mzlg (3

point BET method). A description of the method of preparation

of these sioz-Alzo3 materials is given in USP 4,097,365

and US? 4,419,271. These components were mulled and formed

into 1/16" extrudates, dried at 190°C and calcined at 500°C ?

using tl2 following heating schedule:

Room temperature to 220°C in 60 min.
Hold at 220°C for 90 min.

220° to 500°C ia 60 min.

Hold at 500°C for 12C min.

Cool down to 400°C, remove, bottle hot and seal airtight.

After determining the water pore volume of the calcined

‘ extrudates, the extrudates were pore filled with nicke! and

tungsten salts by preparing separate solutions of the proper
concentration of nickel salt and tungsten using nickel nitrate
hexahydrate and ammonium metatungstate. The two solutions were
mixed and sufficient water added to the solution to bring the
total solution volume up to the previously determined pore
volume of the calcined extrudates. After complete solution
uptake, the salt loadad extrudates were dried at 100° C and
calcined using the same previously described calcination
schedule. The finished catalyst had the overall composition:
7.1% 1.2-10, 49.7 silica-alumina, 14.2% alumina binder, 7% NiO,
and 22% WO, .

4}
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product obtained from Union Carbide, Mobile, Alabama) with HC1,
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Hydrocracking tests of the reference catalyst yielded
activity of 758°F and diesel and turbine selectivities of 82.9

and 76.0 percents, respectively.

EXAMPLE 1I
Preparation of a catalyst containing KCl acid extracted L2z-10

with a 5102/A1 O =g, 8

A catalyst was pirepared by acid washing LZ-10 (commercial

LZ-10, 100 gms, was slurried in 1 L of distilled water and |
enough concentrated Hcl added to bring the pH of the solﬁtion
to 1.0. The temperature of the slurry was brought to 85°C and
held at 85°C for 1 hour After cooling, the slurry was

, filtered using a Buchner funnel and the resu1t1ng filter cake

was thoroughly washed with d1st111ed_water following by drying
at 100°C. Elemental analyses of this material indicated a

5102/A1 O, of 8.0. The acid treatment procedure on the

‘ above material was repeatel in its entirety & second time.

Chemical analysis of the washed and dried product indicated a
510 /Al O of 8.8,

A porticn of the above hydrochloric acid twice extracted

material was used to prepare a finished catalyst identical to

R
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i
i
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that described in Example 1 in all repects, except for the

substituticn of the above described twice acid extracted LZ-10

.for the LZ-10, The sample was prepared by mulling 105 gms of

rsilica-alumina (described in Example I) with 15 gms of HCl acid
extracted LZ-10 in a laboratory size Hobart muller for 15
minutes. Peptized Catapal alumina, 30 gms, prepared by adding
4 ml of concentrated nitric acid and 75 ml of water, was added
to the same muller and the mulling carried out for an
additional 10 minutes. The mull mix was Brought to the proper

consistency by addition of water, if necessary, and extruded

, into 1/16" pellets, followed by drying at 100°C and calcination

to 500°C using the heating schedule described in Example I.

The calcined extrudates were pore filled with nickel and

‘ tungsten. A nickel solution was prepared by dissolving 36.6

gms of Ni(NOa),z‘s H,0 in 30 cc of water and 35.9 gms of
ammonium metatungstate ‘n 30 cc of water. The two solutions

were mixed together and additional water added to bring the

. total solution volume to 65 cc. The mixed solution was added

to 95.9 gms of extrudates and agitated. After complete
solution uptake the extrudates were dried at 100°C and calcined

at 500°C using the .previously described heating schedule.

The composition of the finished catalyst was 7.1% HCl
8.A.E. LZ2-10; 49.7% silica-alumina; 14.2% alumina binder; 7% ?
NiC, and 22% Wo,. i
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Hydrocracking tests of this catalyst showed that it is
significantly more active, 751°F, and substantially more
selective for the production of both diesel oil, 87.0%, and
turbine oil, 81.2%, relative to the reference catalyst of
Example I. This higher activity indicates longer catalyst life
and better product quality while the diesel and turbine
selectivities yield substantial direct economic benefits in

product value.

EXAMPLE III

Preparation of a catalyst containing HC1l acid extracted

Using the procedure described in Example II, acid extracted
LZ-10 ﬂaving a sio'z/Alzo3 = 11.3 was prepared by carrying
out the previously described acid leaching procedure a total of
3 times using HCl solution at pH=l. Each reflux acid treatment
was for a 1 hour contact period. For each acid treatment a
fresh iCl solution was used. The resulting filter cake was
thoroughly washed with distilled water an¢ dried at 100°C.
Chemical analysis of the three times acid extracted material

showed a §10,/21,0, = 11.3.

A catalyst was prepared substituting the HCl acid extracted
LZ-10 componernt having a Sidz/Alzo3 ratio of 11.3 for the

o W o AT i
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commercially available L2-10 described in Example I. The §
catalyst was prepared by mulling 105 gms of silica-azlumina b
(described in Example I) with 15 gms of the above three times

extracted LZ-10 in a laboratory muller for 10 minutes.

Peptized Catapal alumina (30 gms), prepared by adding 4.0 ml of : : i
concentrated nitric acid and 75 ml. of water was added to the |
mull mix snd the mulling carried out for an additional 15

¢ e, minutes. After the mix was adjusted to a suitable consistency

<
"ttl

BT wzth water, the mixture was extruded into 1/16" pellets, dried
'Ctt

.te.at 100°C and calcined at 500°C uszng the heating schedule

C!ft

¢ ¢ «described in Example I.
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'Metal'addition was carried out'byjpote filling after
. determining the pore volume of the extrudates. A Ni(NOa)z

]
€ tt
t'u
¢ 3

: Ni (NO

solution was prepared by dissolving 47.5 gms of
3)2 6H20 in 30 cc of water and 46.6 gms of
i ammonium metatungstate in 30 cc of water. The two solutions
“‘d‘were mixed and additional water added to bring the total
,3:5 solution volume to 80 cc. The mixed solution was added to the
extrudates (135 gms) were added and agitated. After complete
solution uptake the metal loaded extrudates were dried at 100°C
and calcined to 500°C for 2 hrs using the same heating schedule

given in Example I.

The composition of the finished catalyst was 7.1\ HCl oy
8.A.E. L2-10, 49.7% silica-alumina, 14.2% alumina binder, 7% o
NiO, and 22% Nba.
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Hydrecracking tests of tﬁe catalyst showed that it is
significantly more aztive, 748°F, and substantially more
selective for the production of both diesel oil, 86.7%, and
turbine oil, 80.8%, relative to the reference catalyst in
Example I. The results are similar as those obtained with the
catalyst shown in Example II. Both show substantial

improvement over the prior art.

EXAMPLE IV

Preparation of a catalyst containin: nitric acid extracted

LZ-10 with a 8102/A1203-11.3

A catalyst was prepared using procedures similar to that

. described in Examples II and III except that nitric acid was

used in place of HC1l for the LZ-10 acid extraction step. A
nitric acid solution was pfepared by adding 120 cc of
concentrated nitric acid to 10 1 of distilled water in a 3 neck
12 1 flask placed in a heating mantle. To the stirred nitric
acid solution was added 1,000 gms (anhydrous equivalent) of
LZ-10 and the slurry brought to reflux and held at reflux
condition for 1 hour. The slurry was cooled, filtered using a
Buchner filtering funnel and washed using 25 1 of distilled
water per kg zeolite and dried at 100° C. The chemical

ST N
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~ Examples II and III, substituting the HNd3 acid extracted
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analysis of the acid extracted product gave a siozlAl_zo3

‘of 11.3.

The HNO3 acid extracted component was incorporated into a

finished catalyst using the same prqcedures as described in

LZz-10 for the L2-10 cbmponent,

The composition of the finished catalyst was 7.1% HNO,
§.A.E. LZ-10, 49.7% silica-alumina, 14.2% alumina binder, 7%

. Ni0 and 22% WO,.

EXAMPLE V
Preparation of a Catalyst containing HCl acid extracted

L2-10 sioz/mzo3 = 61.3(Comparative)

A 2 kg batch of acid extracted L2-10 was prepared using the
following proceduré. To a glass 22 1 three neck flask
containing a glass stirring apparatus and set in a heating
mantle, was added 9.5 1 of distilled water, 4.5 1 of
concentrated HC1 and 2.275 kg of LZ-10. This mixture was
stirred for 3 hours at reflux conditioné, followed by cooling
and allowing the suspended solid to ﬁetfle; The supernatant

liquid was decanted. Additional water was added to the
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remaining slurry, the mixture was agitated and then filtered.

The filter cake was thoroughly washed with a pH=3 nitric acid

solution until the filtrate was chloride free and then given a
final wash with distilled water. The material was dried in an
oven overnight at 100°C. Chemical analysis showed the acid

extracted LZ-10 to have a sioz/hlzob = 61.3.

A catalyst was prepared using the above described acid
extracted LZ-10 component employing, the following procedure.
To a laboratory size muller was added 188 gm of acid washed
LZ-10, 238 gms of Nicoa, 521 gms of ammonium paramolybdate
and 1,237 gms of Kaiser Medium Density (KMD) alumina. All
weights quoted are anhydrous equivalents. The mulling was

, carried out for 20 minutes, 1 1 of water was added to the dry

mull and the mulling carried out for an additional 20 minutes.
Catapal alumina was peptized by adding 70 cc of concentrated
nitric acid to 2 1 of distilled water and adding 500 gm
(anhydrous) Catapal alumina. The peptized Catapal alumina was
added to the mull mix and all components were mulled together
for an additional 45 minutes. The mix was adjusted to an
extrudabl¢ consistency by addition of wat2r and the entire
batch was extruded into 1/16" pellets which were air dried at
100° C for 16 hours followed by calcination using the
previously described heating schedule.
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The compositlon of the finished catalyst was 7.5% HCl A.E.

LZ2-10, 49.5% KMD alumina, 20% alumina binder, 6% N.0., and 17
WOa..

When tested for mid-barrel hydrocracking activity the
catalyst was found to be inactive. The hydrocracking test was
terminated after 40 hours duration since even at over 780° F
the product density API was only 35.2, as compared to a typical
target API of 39.5-40,

While the invention has been described with respect to
various specific Examples and embodiments, it is to be
understood that the invention is not limited thereto and that
it may'pe variously practiced within the scope of the following

claims:
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A hydrocracking process for the production of
mid-distillate product from heavy feedstoacks boiling above
700°F utilising a hydrocracking catalyst comprising a
selectively extracted I,%-~10 zeolite which has been acid
extracted to remove at least part of ths occluded amorphous
intra-crystalline alumina and/or silica-containing debris
from the crystal lattice.

2. A hydrocracking process according to claim 1
wherein the uelectively extracted LZ-10 zeolite hay a
S§i0,/A1,0, ratio of less than about 60.

3. A hydrucracking process according to claim 1
wherein the selectively extracted LZ-10 zeolite has a
8i¢,/Al,0, ratio of from 5 to €0.

4, A hydrocracking process according to claim 1
wherein the selectively extracted LZ-10 zeolite has a
sio,/Al,0, ratio of from 8 to 20.

5. A hydrocracking process according to claim 1
wherein the LZ-10 zeolite has been selectively acid
exftiracted utilising a mineral acid.

6. A hylrocracking process according to Claim 1
wherein the mineral acid utilized to selectively acid
extract the LZ-~10 zeolite is selected from the group
comprising hydrochloric acid and nitric acid.
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7. A hydrocracking catalyst for the production of
mid-barrel fuels xrom feedstocks boiling above 700°F
comprising a selectively extracted LZ-10 zeolite, which has
been ar .d extracted to remove at least part of the occluded
amorphous intra-crystalline alumina and/or silica containing
debris from the crystalline zeolite lattice, and has a
surface area and crystallinity exceeding that of the
unextracted LZz-10, in combination with at least one
hydrogenation catalyst cowponent further characterized in
that the crystallinity exceeds that of the unextracted
zeolite by at least 10%.

8. A hydrocracking catalyst according to Claim 7
wherein the surface ar. - exceeds that of the unextracteqd
zeolite by at least 10%.

9. A hydrocracking catalyst comprising a selectively
acid extracted LZ-10 zeolite according to Claim 7 wherein
t»: LZ-10 zeolite has a Si0,/Al,0, ratio of less than about
60.

10, A hydrocracking catalyst comprising a selectively
extracted LZ-10 ze¢glite according to Claim 7 wherein the
LZ-10 zeolite has an §io,/Al,C, ratio of from 5 to 60.

11, A hydrocracking catalyst according to claim 10
wherein the LZ-10 zeolite has been selectively acid
extracted with a mineral acid.
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12. A hydroéracking catalyst according to claim 10
wherein the LZ-10 zeolite componenf has been sezlectively
acid extracted using an acid selected from the group
comprising hydrochloric acid and nitric acid.

13. A hydrocracking catalyst according to claim 7,
wherein the hydrogenation component is selected, from the
group comprising cobalt, nickel, molybdenum and tungsten.

14, A hydrocracking process for the production of
diesel oil and turbine oil comprising treating a HVGO
feedstock at hydrocracking reaction conditiorns and in the
presence of a hydrocracking catalyst comprising a
selectively extracted LZ-10 zeolite ccimponent which has been
acid extruded to remove at least part of the occluded
amorphous intra-crystalline alumina and/or silica-containing
debris from the crystal lattice in combination with at least
one hydrogenation catalyst component.

15. A hydrocracking process according to claim 14
wherein the selectively acid extracted Lz-10 component of
the hydrocracking catalyst has a si0,/Al,0, ratio of less
than about 40.

l6. A hydrocracking process according to claim 14
wherein the selectively acid extracted LZ-10 component of
the hydrocracking catalyst has a Si0,/Al,0, ratio of from 5
to 60.
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17. A hydrocracking process according to claim 14
wherein the LZ-10 zeolite component of the hydrocracking
catalyst has a surface area and crystallinity exceeding that
of the unextracted LZ-10 by at least 5% and the
hydrogenation gomponent is selected from the group
comprising cobalt, nickel, molybdenum and tungsten.

DATED this 8th day of February 1991.
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X-RAY CRYSTALLINITY AS A FUNCTION OF
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