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stability and index (VI) selectivity. 15 SAtary
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conponent. The catalyst is further characterized as having a significant

amount of | argepRgkRSs FOR! BROBBCINGPACREEH QUALE®Y, LOBRYCAPIRGDOmTACEOUS
feed is upgraded by reacti QfeRuEra (Ve SELEIDINE OXEPALINSTO t hat sul fur,

nitrogen and aromatic conponents are reaned and the viscosity index of
the lubricating oil base st @X MENEION) that of the feed.

The casal yst 25 system al so exhibits a high VI selectivity. VI
selectivity is a relative neasEggldLgﬁhﬁhsnlnﬂsaéiQn vi scosity index during
upgradi ng of a hydrocarbonaceous feed. A high VI selectivity is indicative
of a large i rrblee@yssemtwiw&s\ttlm Fedates t2 & PERCESS £O¥0f 30
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hydrocarbonaceoua ed ac t e present ess e y
t er ned ydroé-i“:i’é‘]&q?sz ﬂﬁs&afsg*e(fg’ d i “ﬁ' u%h g%%%e@cﬁl base
of this invention relates to a catalytlc hydrocrack;ng

process wherein the catalyst system exhibits surprising
stability and high viscosity index (VI) selectivity.

15 The catalyst of the present invention comprises a
catalyst having a small amount of zeolite in an amorphous
inorganic oxide matrix and containing a hydrogenation
component. The catalyst is further characterized as
having a significant amount of large pores. In the

20 present process, a hydrocarbonaceous feed is upgraded by
reaction over the catalyst system, so that sulfur,
nitrogen and aromatic components are removed, and the
viscosity index of the lubricating oil base stock is
increased relative to that of the feed. The catalyst

25 system also exhibits a high VI selectivity. VI
selectivity is a relative measure of the increase in
viscosity index during upgrading of a hydrocarbona@eous
feed. A high VI selectivity is indicative of a large
increase in viscosity index for a given degree of

30 convsrsion;offtye feed. The reactions involved in
upgrading the hYdrocaébonacebus feed according to the
present process are generally termed hydrocracking.

. Because feeds used in produc1ng lubricating oil base
35 stocks boil - up ty 10005F§&51E°C )gﬁnd a??ve, and contain
relatively high ﬂitrogen*dhd’sulfﬁt levéls, conventional
hydrocracking catalysts typlcally foul quickly. In order
to compensate for this high fouling rate, zeolites may be
added to the catalysts to increase both activity and
40 stability. However, conventional zeolite-containing



35 stocks boil up to [err] [err] and above, and contain relatively high
nitrogen and sul fur levels, conventional hydrocracking catalysts typically
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. may be added to the catalysts to increase both activity and 40 _
“stability. However, conventional zeolite-containing - 2- hydrocracking
"~ catal ysts used for upgrading feeds in the preparation of |ubes typically
have | ow VI selectivity. The present invention is based on the discovery of
“a 5 catal yst containing zeolite and having a pore structure not
general ly found in [ube hydrocracking catalysts which provides both
I nproved stability and i nproved Vi selectlelty for the catalyst system 10
The pore size dnghbbbraéRinglcAB1FLYS! Gad@ edl Uarhahd Eedin i Bl
f eedst ocks contal nin tal’s, pariicul ar N, St auum T eedst oc s, .have been
di scl osed in U. B?%ﬁ?%ﬁf%n I%.lui,e% YBoally hayesdov VR Felentivity.
hereinafter referred to as Tanm'574, Tanm' 661, and Tanm ' 625, and 15

in US Patent ivgs. J'r;seégﬂt Uhtedtdon: 2dpakin J?lertgien&f.é&gv%zﬁ; g §d to as
i

Threl kel '047 and el kel ' 955. Tammj s patents di sclose at” heavy oi
f eedst ock® cont PR Qptaining, Fﬁﬁ}h?$f%§3868ﬁ1 * RS Sructyre
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10 The pore'size distribution of catalysts for hydrotreating
| heavy oil feedstocks containing metals, particularly

residuum feedstocks, have been disclosed in U.S. Patents
Nos. 4,066,574; 4,113,661; and 4,341,625, hereinafter
referred to as Tamm ‘574, Tamm ‘661, and Tamm ‘625, and

15 in U.s. Patent Nos. 5,177,047 and 5,215,955, hereinafter
referred to as Threlkel ‘047 and Threlkel ‘955. Tamm’s
patents disclose that heavy oil feedstocks containing
metals, particularly residuum feedstocks, are
hydrodesulfurized using a catalyst prepared by

20 impregnating Group VIB and Group VIII metals or metal

' compounds into a support comprising alumina wherein the

support has at least 70% of its pore volume in pores
having a diameter between 80 and 150 &. Threlkel ‘047
teaches that hydrocarbon feedstocks containing metals

25 are hydrodesulfurized using a catalyst prepared by
impregnating Group VIB and Group VIII metals or metal
compounds into a support comprising alumina wherein the
support has at least 70% of its pore volume in pores
having a diameter between 70 and 130 &, with less than 5%

30 of the pore volume being in pores having a diameter above
300 & and less than 2% of the pore volume being in pores
having a diameter above 1000 &. Threlkel ’955 teaches
that hydrocarbon feedstocks containing metals are
hydxpdesulfurized using a catalyst prepared by

35 impregnating Groqp'if":ngééﬁéyﬁ-vrii metals or metal
compounds into a suﬁ%gﬁig%Bmﬁfiéin&‘alumina vherein the
support has at least 70% of its pore volume in pores



teaches that hydrocarbon feedstocks containing netals 25 are
hydrodesulfurrzed usrng a catalyst prepared by |npregnat|ng C?oup V1B and

A wherein the support has at Ieast 70% of |ts pore vol urre in pores havi ng a
di ameter between 70 and 130 [err], with |l ess than 5% 30 of the pore
“vol unme being in pores having a dianeter above 300 A and | ess than 2% of the
pore vol une being in pores having a dianeter above 1000 [err]. Threl kel

' 955 teaches that hydrocarbon feedstocks containing netals are

hydrodesul furized using a catal yst prepar e:pI by 35 i npregnating G oup
VIB and Group VIII netals or netal conpounds into a support conpri sing

al umi na_ wher ei nhwﬁ@@mrasnelaei Bét\bé‘éﬁtlﬂlo%hﬁf 19651&}3 ﬁhhv%ggetpﬁnpores
-3- having a di tg bet ween 10%3? \gnt | ess Yo the pore
vol une being i nége? HHERoXg X° %’F‘gat}a\/e 568 ’P%Y’r']g éndlilaé'§§e%’han 2% of

t he pore vol uneabeye ﬁpsndslhasrtlgpra% afetbe pdnoa oval@fie BeihgJbhinson,

in U S Patent pored A0, adhiéet&s wboveldsbydr Rdenet al ation and
hydr odesukfuri zati on process using a catalyst conprising a hydrogenation

conmponent “selected from Goup VI and Goup VIII netals, and an 10
i nor gani ¢ oxi deJPRASQILL diny Us §ppBatenty Ko .5 08P n463e dﬁacalqﬁe’s Ras 5 to 11

percent of its Mﬁﬁ&déﬂ&al&tibﬁ sﬁ RyrolBEL 2BF Bfat i¥i poskkbace area
greater than 75h;f“4]4§%£% 1§g£a rlslng a hydrogenation component
selected from Group VI and Group VIII metals, and an
10 inorganic oxide refractory support, and wherein the
catalyst has 5 to 11 percent of its pore volume in the
form of macropores, and a surface area greater than 75
m?/g of catalyst.

15 U.S. Patent No. 4,699,707 discloses that a full-range
boiling shale or fraction thereof is hydrotreated using a
catalyst having a surface area in the range of 150 to 175
nP/g and a mean pore diameter between 75 and 85 angstroms
and a pore size distribution such that at least 75

20 percent of the pores are in the range of 60 to 100
angstroms.

U.S. Patent No. 4,695,365 discloses that a spindle oil is
hydrotreated using a catalyst having a surface area of at

25 least 100 nF/gm and a mean pore diameter between about 75
and 90 angstroms and a pore size distribution wherein at
least 70 percent of the pore volume is in pores of
diameter in the range from about 20 angstroms below to 20
angstroms above the mean pore diameter.

30
U.S. Patent No. 5,171,422 discloses a lube hydrocracking
process using a zeolite of the faujasite structure -
possessing a framework silica:alumina ratio of at least
about 50:1.

35

While these patents generally teach the usefulness of
modifying the pore structure of catalysts for treating



15 U.S. Patent No. 4,699, 707 discloses that a full-range boiling shale
or fraction thereof is hydrotreated using a catalyst having a surface area

-efr—petweenr—75—and-- - -

85 angstrons and a pore size distribution such that at |east 75 20

vpercent of the pores are in the range of 60 to 100 angstrons. U. S. Patent
No. 4,695,365 discloses that a spindle oil is hydrotreated using a catal yst
having a surface area of at 25 | east 100 [err]/gmand a mean pore

<di amet er bet ween about 75 and 90 angstronms and a pore size distribution
wherein at | east 70 percent of the pore volune is in pores of dianmeter in
the range from about 20 angstrons bel ow t 5420 angstrons above the nean pore

di aneter. 30 U. t 1 2_discl oges a_ | ubg, hydrqgracki ng
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general | y teachstapility uimane byapberatiny (drc apeeed Sté WilddureOh Catal ysts

for treating 1E6§fg§é¥¥ Qﬁh?PaEQeﬁtgngOt address the specific problens
se y a

of achieving hig ect 1 Vi nd T nproved catal yst stability in the
hydrocracﬂ ng of a feed to produce a lubricating oil base stock. .5
a o e vention

According to the present invention, a process is provided
for producing a lubricating oil base stock which

10 comprises contacting under hydrocracking conditions a
hydrocarbonaceous feed with a catalyst comprising a
zeolite, a hydrogenation component and an inorganic oxide
matrix material, the catalyst having a pore volume in the
range of between about 0.25 and about 0.60 cm’/g, with a

15 mean pore diameter between about 40 & and about 100 %,
with at least about 5% of the pore volume being in pores
having a diameter of greater than about 200 A.

Among other factors, the present invention is based on

20 the discovery that a catalyst containing a small amount
of zeolite, and having a pore size distribution
characterized by a high density of pores having diameters
less than 100 &, and also high density of pores having
diameters greater than about 200 &, has improved VI

25 selectivity and improved organonitrogen removal activity
over conventional hydrocracking catalysts in lube
hydrocracking service. Furthermore, the catalyst of this
invention has a lower fouling rate than that of
conventional catalysts.

30 '

BRIEF DE ION OF THE FIG

Figure 1 is a VI selectivity plot of catalysts of this
invention compared with catalysts having pore size

35 distributions outside the range of the catalyst of. this
invention.



Summary of the Invention According to the present invention, a process is
prOV|ded for prodUC|ng a Iubrlcatlng oi | base stock mhlch 10 conprlses

cat al yst conpr|3|ng a zeollte a hydrogenatlon conponent and an inorganic
roxide matrix material, the catalyst having a pore volune in the range of
bet ween about 0. 25 and about 0.60 [err]/g, wth a 15 mean pore di aneter
bet ween about 40 [err] and about 100 [err], with at |east about 5% of the
:pore volune being in pores having a dianeter of greater than about 200
[err]. Among other factors, the present invention is based on 20 t he

di scovery that a catalyst containing a sn&PT anount of zeolite, and having

a pore size distribution __aﬁgﬁgﬁggéﬁggT%&Ensgggggiiggﬁéggégppres havi ng
di aneters | ess than 100 Aﬁﬁiﬁ g = 8“”6 aving di aneters
greater than about 200 [err], has inproved VI 25 selectivity and
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catalyst system and process which follows.

10 The discovery of the present process is embodied in a
process for producing lubricating oil base stocks
comprising hydrocracking a hydrocarbonaceous feed using a
catalyst having a low amount of a zeolite component and a
pore structure with a high density of pores having a

15 diameter in the region of 40 & to 100 4 and also having a
high density of pores having a diameter above about
200 &.

The hydrocarbonaceous feeds from which lube oils are made

20 usually contain aromatic components as well as normal and
branched paraffins of very long chain lengths. These
feeds usually boil in the gas oil range. Preferred
feedstocks are vacuum gas oils with normal boiling ranges
in the range of 350°C. to 590°C., and deasphalted

25 residual oils having normal boiling ranges from about
480°C. to 650°C. Reduced topped crude oils, shale oils,
liquified coal, coke distillates, flask or thermally
cracked oils, atmospheric residua, and other heavy oils
can also be used. In general, preferred feedstocks are

30 hydrocarbonaceous mixtures boiling above 200°C. and are
in the range of about 225°C. to 650°C.

In commercial operations, hydrocracking can take place as
a single step process, or as a multi-step process using
35 initial denitrification or desulfurization steps. The
hydrocracking step of the invention may be conducted by
contacting the feed with a fixed stationary bed of



-5- DETAI LED DESCRI PTI ON OF THE | NVENTI ON Those famliar with the art
related to the present invention will appreciate the full scope of the
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practice the present invention over its full scope froma detailed
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whi ch fol |l ows.
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features of the catal yst system and process
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operate more efficiently with a longer operating period
than on high nitrogen or sulfur feeds. Normal
hydrocracking processes will then substantially eliminate
any residual sulfur or nitrogen. Generally, a
hydrocarbon feedstock used in hydrocracking should also
have a low metals content, e.g., less than about 200 ppm,
in order to avoid obstruction of the catalyst and
plugging of the catalyst bed.

Although the catalyst used in this method exhibits
excellent stability, activity and VI selectivity,
reaction conditions must nevertheless be carefully
selected to provide the desired conversion rate while
minimizing conversion to less desired lower-boiling
products. The conditions required to meet these
objectives will depend on catalyst activity and
selectivity and feedstock characteristics such as boiling
range, as well as organonitrogen and aromatic content and
structure. While reaction conditions depend on the most
judicious compromise of overall activity, i.e.,
conversion and selectivity, it is one feature of the
present invention that selectivity remains high, even at
high conversion, and that conversion to less desired
lower-boiling products is minimized in the production of
the lubricating oil base stock.

Selectivity as it relates to hydrocracking to make a
lubricating oil base stock refers to the magnitude of the

h Wirs R ki ng can take



35 initial denitrification or desulfurization steps. The hydrocracking

step of the invention may be conducted by contacting the feed with a fixed

stationarv_had of G ot ol vk wit—a— ettt — | |
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transport bed. A sinple and therefore preferred configurationis a
:trickle-bed operation in which the feed is allowed to trickle through a
stationary fixed bed, preferably in the 5 presence of hydrogen. \Were
the hydrocarbonaceous feedstock has a high nitrogen or sulfur content, it
.is preferable to have a pretreatnment stage to renove some portion of the
nitrogen or sulfur. Wth the pretreatnent, the hydrocracking catalyst is
able to 10 operate nore efficiently w¥fi a | onger operating period than

on high nitrogen or sul fur feeds. Notpal 0, ckien rocesses will then
substantial |y ePrPfrRat8 b’hytlfees‘ﬁlﬁﬁgflggl }ﬂ%%rﬁ{]ﬁt r%gggﬁ.g General ly, a
hydr ocar bon f eetiydrokarbenacepus, feedr agke eesiHdulof Bydsogracking,,, 4ty | oy

metal s content, segdven! E2terth TF TonversLon Ppnthe feederativigivoi d

obstruction of the catalyst gqi alyst s : : h the
catal yst used iﬁeﬁﬁP§1X§¥ 855%%ﬁ$%%tg Sgrég {ég%§§%F9%¥ g%%ﬁé%*, ,%%gggivity
and VI sel%®cti viduyingehydreprachidgi oR5ORRTS A tIHEPESEewﬁéﬁﬁﬂ y
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the catalyst used in this procéss results in a high lube
yield during hydrocracking.

10
Typically, hydroprocessing conditions include a
temperature in the range of 400°F. (204°C.) to 950°F.
(510°C.), a pressure in the range of 500 to 3500 psig
(3550 to 24200 KPa abs), a liguid hourly space velocity

15 in the range 0.1 to 20.0, and a total hydrogen supply in
the range of 200 to 20,000 SCF of hydrogen per barrel of
hydrocarbonaceous feed (43-4300 std 1 H,/kg feed).
Employing the foregoing hydrocracking conditions,
conversion of feedstock to hydrocrackate product can be

20 made to come within the range of from about 10 to about
80 weight percent. However, higher conversion rates
generally result in lower selectivity and greater amount
of light, rather than middle distillate or lube boiling
range, products. Thus, a compromise must be drawn

25 between conversion and selectivity, and conversions in
thé region of about 10 to about 70 percent are preferred.
The balancing of reaction conditions to achieve the
desired objectives is part of the ordinary skill of the

* art. As used herein, conversion is that fraction of feed

30 boiling above a target temperature which is converted to
products boiling below that temperature. Generally, the
target temperature is taken as roughly the minimum of the

" boiling range of the feed.

35 The catalyst used in the present invention has a pore
structure which enhances the performance of the catalyst
for hydrocracking to produce a lubricating oil base



sel ectivity and feedstock characteristics such as boiling range, as well as
organoni trogen and aromatic content and structure. Wiile reaction

condi-ti-ens—depend-on—the—rpst

epend—on—the—rest—deetrots—conprontse—of —overatt—actTvity,
i.e., 30 conversion and selectivity, it is one feature of the present
;invention that selectivity remains high, even at high conversion, and that
conversion to less desired |l ower-boiling products is mnimzed in the
production of the lubricating oil base stock. 35 Selectivity as it rel ates
.to hydrocracking to make a lubricating oil base stock refers to the
magni t ude of the -7- increase in the viscosity index (VI) of the
hydr ocar bonaceous feed as a result of hydf88racking. At a given extent of

conversion of t feed | e B ef ers t a | [
vi scosity index °°§' aﬁg}ﬁzﬂ%}r k’%%%cé#%umé %?ogree%salﬁgél égﬁ%%/\%?é&pse -
sel ectivities i aoskt 8.-3hpandrahawts 8a88sCR{ %y PESSR¥IvInREtwesn abeBhst ant

extent of converzeNandeniialo s w4 RS) Withy Ohehhoperd Apsietezed i n Lhis
hydr opr ocessi ng HEGHRED Sheu h thiand abapErLol A BretRsably, etida
[err] to [®rr] [abouk, 40 Hramd akoutnsohd, ramderidh B30 1easB586oWsi% (3550 to
24200 KPa abs), parlcefit], dpROtdrtab1sPate1¥850CdBoutl 20 pertént Nénd ai@ 0.1 to
20.0, and a tot %rekt%gragg}? "at L&Dé)als\é about 15 percent of the pore volume
being in pores having a diameter of greater than about
200 &, preferably greater than about 350 A. Ina
10 separate preferred embodiment, the catalyst has a pore
volume with at least about 1 percent of the pore volume
being in pores having a diameter of greater than 1000 A.
As used herein, "mean pore diameter", refers to the point
on a plot of cumulative pore volume versus pore diameter
15 that corresponds to 50% of the total pore volume of the
catalyst as measured by mercury porosimetry or nitrogen
physisorption porosimetry.

The catalyst used in the hydrocracking process comprises
20 a large pore aluminosilicate zeolite. Such zeclites are
well known in the art, and include, for example, zeolites
such as X, Y, ultrastable Y, dealuminated Y, faujasite,
ZSM-12, ZSM-18, L, mordenite, beta, offretite, 85S2-24,
882-25, S8SZ-26, SSZ-31, SSZ-33, SSZ-35 and SSZ-37, SAPO-
25 5, SAPO-31, SAPO-36, SAPO-40, SAPO-41 and VPI-5. Large
pore zeolites are generally identified as those zeolites
having 12-ring pore openings. W.M. Meier and D.H. Olson,
"ATLAS OF ZEOLITE STRUCTURE TYPES", 3rd Edition,
Butterworth-Heinemann, 1992, identify and list examples
30 of suitable zeolites.

One of the zeolites which is considered to be a good
starting material for the manufacture of hydrocracking
catalysts is the well-known synthetic zeolite Y as

35 described in U.S. Patent 3,130,007 issued April 21, 1964.
A number of modifications to this material have been
reported, one of which is ultrastable Y zeolite as



the range of 200 to 20,000 SCF of hydrogen per barrel of hydrocarbonaceous
feed (43-4300 std | [err]/kg feed). Enploying t he foregoing hydr ocr acki ng

condi-ti-ens—eonverston—of—feedstock—to hydrocrackate product can be 20

made to come within the range of from about 10 to about 80 wei ght percent.
.However, higher conversion rates generally result in |lower selectivity and
greater anount of light, rather than mddle distillate or |ube boiling
range, products. Thus, a conprom se nust be drawn 25 bet ween conversi on
.and selectivity, and conversions in the region of about 10 to about 70
percent are preferred. The bal ancing of reactlon conditions to achieve the
desired objectives is part of the ordlnary Skill of the art. As used

herein, convers?%gckEb;ga{nfﬁ S,,ct ?Qegguéﬁﬁj%séﬁ% lsngF SEopdioVy a target

t enper at ure whi s converte .n at, t efiper at ure.
General |y, the 8878et Tenp¥rdier neghe ftd Fﬁ%t?ﬁ?ﬁ% of the
boi ling range okzeblétéeadditional cbhponents y=n meedddadt heFqrr eseamiple,
i nvention has A epétéﬂeté'ré‘sé""bg%hlé&ﬂ%&m&? St ik 01 FRNEFr Lledf e
catal yst for ocr ac uce a lubricating oll_base st ock,

i ncl udi ng-3 por@’aFGI Bﬁea?'n ‘%?n?rr%?ﬁeao BeRHATK10go GALBLIYRES g about 0. 60
cnB/ g, prefer ablcpnhaﬁ.m&ngl ah ddast Bﬁeaaﬂommﬂs Grefraptory/axide,t la a nean

pore di aneter %&ﬁ% [ k fi;:ﬁ Lﬁré]h & éﬁ&%ﬁb&
bet ween 5 ab eﬁbigﬂ gﬁ'tcr err a ea&i about 5
percent, pref er S9mpoRent sl r?B “Paﬁ'd: R'Bfie ’E)?‘é? iy at |east
about 15 perCenUEmhlshan@otheiuﬂsmhfldes and their oxides. Kirker, et

10 al., in U.S. Patent No. 5,171,422, disclose a

dealuminated Y zeolite for lube hydrocracking.

The preferred zeolite in the process of the present
invention is one having a faujasite structure, such as

15 zeolite y, ultrastable zeolite Y and dealuminated zeolite
Y. In order to optimize the generally conflicting
objectives of low catalyst fouling rate and high VI
selectivity of the catalyst, the catalyst generally
contains less than about 20%, preferably less than about

20 10%, and more preferably less than about 8%, and still
more preferably in the range of about 2 to about 6%
zeolite on a volatiles-free basis. While within the
broadest embodiment a wide variety of zeolites are
suitable for the hydrocracking process, the preferred

25 zeolite has low to moderate overall acidity, typically
with a 8i0,/Al1,0; molar ratio in the range of about 5 to
about 100, more preferably in the range of about 10 to
about 60. Though it is believed that lube yield is not
significantly affected by the use of a low $i0,/A1,0,

30 ratio zeolite, low valued, low boiling products tend to
be produced during hydrocracking at high conversions with
a low S8i0,/Al,0; ratio zeolite. Using a zeolite having a
higher 8i0,/Al,0; ratio tends to product a non-lube
fraction having a higher boiling point. |

35
The hydrogenation component may be at least one noble
metal and/or at least_one non-noble metal. Suitable



being in pores having a dianeter of greater than about 200 [err],
preferably greater than about 350 [err]. In a 10 separate preferred
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the pore volune being in pores having a dianeter of greater than 1000 A As
rused herein, "mean pore dianeter", refers to the point on a plot of
cunul ative pore vol une versus pore dianeter 15 that corresponds to 50%
of the total pore volunme of the catal yst as nmeasured by nercury porosinetry
-or nitrogen physisorption porosinetry. The catal yst used in the
hydr ocr acki ng process conprises 20 a large pore alumnosilicate
zeolite. Such zeolites are well known irmXGre art, and include, for

exanpl e, zeolites_such as X .Y, ultrastable Y, deglum nated .Y, faujasite,
ZoM a2 Z6n 15, TOPIA RAERIS indjuite’ BIRHIRE, Saidaith 284 Suner (&) 55

SSZ- 31, SSZ-33, mg8Bed§ afictiBSPlatinghPgrowd such s SARIL @M, ar\PO- 36,

SAPO- 40, SAPO. 41rutfidn¥h: 5 suitiie RBhendST iich818' €npasE Aldtd dant i fi ed
as ose zeolites havi -ring.p pepi ngs .M. . r, an . H. son
TATLAS OF 7oaL | TECURR P A Bl VIZra ot e RerARRie baP1: Hei nemann
1992, iderftify Zmeferredaenmiakble3getals gre ghromiymzcndlykdenudne of the
zeol }tets whi c][] E&n&gﬁéhﬂ%&fhﬂtotahla aieped a?{ﬁiird‘oimli';lﬁnﬁ’éi@iié bt Iiﬁfq{s?ehe i
manuf acture o rocracki ng ca SfS_is e - Wn_S etic zeolite
Y as 35 des S'#Bgﬁ f‘h%.% ’135’%8%?{‘%?‘{%?%07%’5?{}8%9?\&?% 1, 1964. A
nunber of nodif icompPBents camhibe precsnifided erioyntecpse thyl expasure whi ch
is ultrastabl e ¥ozaokhifur<containing gas such as hydrogen sulfide at

10 elevated temperature to convert the oxide form of the
metal to the corresponding sulfide form. '
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The hydrogenation component can be incorporated into the
catalyst by any suitable method such as by commingling

15 during a mixing step, by impregnation or by exchange.
The metal can be incorporated in the form of a cationic,
anionic or neutral complex; Pt (NI-I,),?"’ and cationic
complexes of this type will be found convenient for
exchanging metals onto the zeolite. Anionic complexes

20 such as heptamolybdate or metatungstate ions are also
useful for impregnating metals into the catalysts. One
or more active sources of the hydrogenation component may
also be blended with the zeolite and active source of the
silica-aluminum matrix material during preparation of the

25 catalyst. Active sources of the hydrogenation component
include, for example, any material having a form which is
not detrimental to the catalyst and which will produce
the desired hydrogenating component during preparation,
including any drying, calcining and reducing steps of the

30 . catalyst. Typical salts which may be used as sources of
the hydrogenation component include the nitrates,
acetates, sulfates, chloridesﬂ

The amount of hydrogenation component can range from

35 about 0.01 to about 45 percent by weight and is normally
from about 0.1 to about 35 percent by weight. The
precise amount will, of course, vary with the nature of



-9- described in U S. Patent 3,536,605 issued Cctober 27, 1970. To further
enhance the ut|||ty of synthetlc Y zeolite addltlonal conponents can be

Ward et aI descrlbes a hydrocracklng catalysts contalnlng at Ieast one
ranmor phous refractory oxide, a crystalline zeolitic alumnosilicate and a
hydr ogenati on conponent selected fromthe Goup VI and Goup VIII netals
and their sulfides and their oxides. Kirker, et 10 al., in US. Patent
:No. 5,171,422, disclose a dealum nated Y zeolite for |ube hydrocracking.
The preferred zeolite in the process of the present invention is one having

a faujasite structure, such as 15 zeGRitTe y, ultrastable zeolite Y and
deal um nated z t or t h cting
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vol atil es-free oadest  enbodi nént "a W de variety

of zeolit@s arPaIHadime P&Plﬁ‘te H;'&ﬂ Q&(Pﬁ@twﬁ%essfmet rerpr 8Paseed 25
zeolite has | omemmdmmeesvenalér asord of, Grgpps NB )y VOB And VEIXI] nol ar

ot 10 o anoseeyll: Heiehs S gy TS Aol o 10
significantly rPLRdepuR, tHEIGLEN ofizen.oFoPRLET aRd nickele, oUsesllYe, |ow
val ued, | ow boi aianachiohsofehdsé métma 1 adecasedyrsuch lagdther @esupg at
high conygrsi ongr#4 bfbtals nickel or cobalt in combination with the
Group- VIB metals tungsten or molybdenum, and the base
metal is usually sulfided or presulfided in the catalyst
when or before the catalyst is put on stream. A
preferred catalyst for the present process contains in
15 the range from about 1 to about 15% by weight, and
preferably from about 2 to about 10% by weight of at
least one Group VIII base metal, calculated as the metal
monoxide, and in the range from about 5 to about 30% by
weight, and preferably from about 10 to about 25% by
20 weight of at least one Group VIB metal, calculated as the
metal trioxide. |

The zeolite can be composited with porous inorganic oxide
matrix materials and mixtures of matrix materials such as

25 silica, alumina, silica-alumina, titania, magnesia,
silica-magnesia, silica-zirconia, silica-thoria, silica-
beryllia, silica-titania, titania-zirconia, as well as
ternary compositions such as silica-alumina-thoria,
silica-alumina-titania, silica~-alumina-magnesia and

30 silica-magnesia-zirconia. The matrix can be in the form
of a cogel. A preferred support material to facilitate
catalyst preparation and improve catalyst physical
properties is an alumina support. Even more preferred is
a zeolite composited with a silica alumina matrix

35 material, with at least 1% additional alumina binder.
When the zeolite is composited with one or more inorganic
oxide matrix material(s) to make the catalyst, the



alowfl[err] ratio zeolite. Using a zeolite having a higher [err] ratio
tends to product a non-lube fraction having a higher boiling point. 35 The

hydr ogenati-on—conponent—ray—be—at—teast—onre—robre—retat—and/or—at | east one
non-nobl e netal . Suitable -10- noble netals include platinum palladium
:and ot her nenbers of the platinumgroup such as iridiumand ruthenium

Sui tabl e non-noble nmetals include those of Goups VA, VIA, and VIIIA of the
Periodic Table. 5 Preferred non-noble netals are chrom um nol ybdenum
.tungsten, cobalt and nickel and conbi nations of these nmetals such as

ni ckel -tungsten. Non-nobl e netal conponents can be pre-sulfided prior to
use by exposure to a sul fur-containing ga3'4lich as hydrogen sul fide at 10
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preferably in the range of between about 25/75 and 75/25.
Ground catalyst which contains hydrogenation metals and

10 .has nominally the same composition as the catalyst of the
hydrocracking process may be used as a source of the
inorganic oxide matrix material. It is preferred that
the inorganic oxide matrix materials used in preparing
the catalyst be finely ground to a particle size of 50

15 microns or less, more preferably to a particle size of 30
microns or less, and still more preferably to a particle
size of 10 microns or less.

The zeolite may also be composited with inactive

20 materials, which suitably serve as diluents to control
the amount of conversion in the hydrocracking process so
that products can be obtained economically without
employing other means for controlling the rate of
reaction. Naturally occurring clays which can be

25 composited with the catalyst include the montmorillonite
and kaolin families, which families include the sub-
bentonites, and the kaolins commonly known as Dixie,
McNamee, Georgia and Florida clays or others in which the
main mineral constituent is halloysite, kaolinite,

30 dickite, nacrite or anauxite. Fibrous clays such as
halloysite, sepiolite and attapulgite can also be used as
supports. Such clays can be used in the raw state as
originally mined or initially subjected to calcination,
acid treatment or chemical modification. When used in

35 the present process, the catalyst will generally be in
the form of tablets, pellets, extrudates, or any other
form which is useful in the particular process.



al so be blended with the zeolite and active source of the silica-alum num
natrlx naterlal durlng preparatlon of the 25 catalyst Active sour ces

forntmhlch S not detrlnental to the catalyst and mhlch mnll produce the
-desired hydrogenati ng conponent during preparation, including any drying,
cal ci ning and reduci ng steps of the 30 catalyst. Typical salts which
may be used as sources of the hydrogenati on conponent include the nitrates,
-acetates, sulfates, chlorides. The anmount of hydrogenati on conponent can

range from 35 about 0.01 to about 45 percent by weight and is normally
fromabout 0.1 to about 35 percent by weight~ The precise amount will, of
course, vary mn eC , hi ghly active
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material evolved during the high temperature (= 900°F. [

10 482°C]) drying. The shape of the catalyst depends on the
specific application and process conditions of the
hydrocracking process including but not limited to
tablets, pellets, extrudates, or any other form which is
useful in the particular process. The hydrogenation

15 metals may be included by adding active sources of the
metals to the mix prior to shaping and heating.
Alternatively, the hydrogenation metals may be added
after the shaping and/or heating steps, using methods
known to the art, such as by impregnation.

20
The overall conversion rate is primarily controlled by
reaction temperatures and liquid hourly space velocity,
in order to achieve the desired VI of the product. The
process can be operated as a single-stage hydroprocessing

25 zone having a catalyst system comprising the
hydrocracking catalyst of the present process. It can
also be operated as a layered catalyst system having at
least two catalyst layers, with the lube hydrocracking
catalyst of the present process converting a

30 hydrocarbonaceous feed stream which was previously
treated in a first hydroconversion catalyst layer. In a
layered catalyst system, the first hydroconversion layer
performs some cracking and removes nitrogen and sulfur
from the feedstock before contact with the lube

35 hydrocracking catalyst. Preferably, the organonitrogen
content of the product leaving the top layer of catalyst
is less than 500 ppm, more preferably less than 250 ppm,



15 the range fromabout 1 to about 15% by wei ght, and preferably from
about 2 to about 10@6by wei ght of at | east one Group VIII base netal

30% by WEI ght, and pr ef er any from about 10 to about 25% by 20 wei ght
.of at |least one Goup VIB netal, calculated as the netal trioxide. The
zeolite can be conposited with porous inorganic oxide matrix materials and
m xtures of matrix materials such as 25 silica, alumna,
-silica-alumnna, titania, magnesia, silica-magnesia, silica-zirconia,
silica-thoria, silica- beryllia, silica-titania, titania-zirconia, as well
as ternary conpositions such as silica- alnh4ﬂa.thoria,
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of this 5 przseditegcfuch|as ah¥réyneseeokite @ndnpraterably ianin the
active Y-type zeolite having a Si0,/A1,0; of less than

10 about 10, may be included with the hydroconversion
catalyst in order to increase activity and catalyst
stability. The relative amounts of catalyst used in the
various catalyst layers is specific to each reactor
system and feedstream used, depending on, for example,

15 the severity of the operating conditions, the boiling
range of the feed, the quantity of heterocatoms such as
nitrogen and sulfur in the feed, and the desired
lubricating oil base stock properties. Typically, in a
catalyst system comprising a hydroconversion catalyst

20 layer and a lube hydrocracking catalyst layer, the
volumetric ratio of hydroconversion catalyst to
hydrocracking catalyst is in the range between about 1/99
and about 99/1, preferably between about 10/90 and about
50/50.

25
Hydroconversion reaction conditions in the
hydroconversion catalyst layer may be the same as or
different from conditions in the hydrocracking layer.
Generally, hydroconversion conditions include a

30 temperature in the range of 400°F. (204°C.) to 950°F.
(510°C.), a pressure in the range of 500 to 3500 psig
(3550 to 24200 KPa abs), a liquid hourly space velocity
in the range 0.1 to 20.0, and a total hydrogen supply in
the range of 200 to 20,000 SCF of hydrogen per barrel of

35 hydrocarbonaceous feed (43-4300 std 1 H,/kg feed).



range of between about 10/90 and 90/10, preferably in the range of between
about 20/80 and 80/20, and nore preferably in the range of between about

has nom nally the sane conposition as the catal yst of the hydrocracking

.process may be used as a source of the inorganic oxide matrix material. It
Is preferred that the inorganic oxide matrix materials used in preparing
the catal yst be finely ground to a particle size of 50 15 m crons or

-less, nmore preferably to a particle size of 30 microns or |less, and still
nore preferably to a particle size of 10 mcrons or |less. The zeolite may
al so be conp03|ted\Mtr1|nact|ve 20 m&3rial s, which suitably serve as
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index can be as high as 125 or even 130, depending on the
feedstock being treated. While methods are available for
determining the viscosity index of a waxy stock, the
viscosity index values given here are based on

15 lubricating oil base stocks which have been solvent

dewaxed, using methods well known in the art, to a -10°C.
pour point.

The catalyst of the present process also removes a

20 substantial portion of the organonitrogen and
organosulfur compounds from the hydrocarbonaceous feed.
These reactions removing heteroatom compounds are
important, as organonitrogen, and to a lesser extent
organosulfur compounds, are detrimental to downstream

25 processing of the lubricating oil base stock, such as
dewaxing and hydrofinishing. Products of the heteroatom
removal reactions, such as ammonia and hydrogen sulfide,
are significantly less detrimental to these downstream
processes. The nitrogen and sulfur contents of the

30 lubricating oil base stocks, or at least one of the
distillate fractions derived from the lubricating oil
base stock, will typically be less than 25 ppm, usually
less than 10'ppm} and levels as low as 1 ppm or less are
often observed. Indeed, it is an important

35 characteristic of the catalyst of this process that
nitrogen compounds are converted to ammonia at much
higher reaction rates, and to much larger extent, than



-13- During preparation of the catalyst of the present process, the
zeolite, and sources of the inorganic matrix material are conbined with

—stf-Hetent—water—to—gtve—a—votatt+tes——content—of—themx—of—between—=40—and——

‘60 weight 5 percent, nore preferably between 45 and 55 wei ght percent.
-This mx is then forned into a desired shape, and the shaped particles _
thermally treated to formthe catalyst. The term"volatiles" as used herein
is the material evolved during the high tenperature ([err] [err] [[err] 10
-[errr]) drying. The shape of the catalyst depends on the specific _
application and process conditions of the hydrocracking process including
but not limted to tablets, pellets, extrtdtes, or any other formwhich is

useful in the p ' 0 s. The dr o tion_ 15 tals may be
i ncl uded by add?%r&hgg%?%e"%se()‘%%‘efogye?ﬁg°%f§]‘§’et g"’f’ﬁ@"ﬁ?ﬁ" 9 or to shaping
and heating. Al PEPR&EF98ty, the hydrogenation netals may be added after the
shapi ng -and/ or heating steps, using nethods known to the art, such as by

[ [ ' i S pri ily controlled b
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the desiréd VI BYdraerafhing istephmayr be cdewaxad foldpwinged as a
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devaking or catalytic dewaxing. Zeolites such as 2ZSM-5,
Z8M-11, ZSM-12, ZSM~23, ZSM~35 and ZSM-38 have been
10 proposed for this purpose in dewaxing processes and their
use is described in U.S. Patent Nos. 3,700,585;
3,894,938; 4,176,050; 4,181,598; 4,222,855; 4,229,282 and
4,247,388. Zeolite SSZ-32 and dewaxing processes using
88Z-32 are described in U.S. Patent Nos. 5,053,373 and
15 5,252,527, the disclosures of which are incorporated
herein by reference. SAPO-11 and dewaxing processes
using SAPO-11 are described in U.S. Patent No. 4,859,311,
the disclosure of which is incorporated herein by
reference.
20
Dewaxing is typically conducted at temperatures ranging
from about 200°C. to about 475°C. at pressures from about
15 psig (205 KPa abs) to about 3000 psig (20800 KPa abs)
at space velocities (LHSV) between about 0.1 and 20 and
25 at hydrogen recycle rates of 500 to 30,000 SCF/bbl (107~
6400 std 1 H,/kg oil feed); The dewaxing catalyst may
include a hydrogenation component, particularly the Group
VIII metals such as cobalt, nickel, palladium and
platinum.
30
It is often desirable to use mild hydrogenation
(sometimes referred to as hydrofinishing) to produce more
stable lubricating oils. The hydrofinishing step can be
performed either before or after the dewaxing step, and
35 preferably after. Hydrofinishing is typically conducted
at temperatures ranging from about 190°C. to about 340°C.
at pressures from about 400 psig (2860 KPa abs) to about



| east two catal yst layers, with the |ube hydrocracking catal yst of the
present process converting a 30 hydr ocar bonaceous feed strean1mh|ch mag
e _ re
catal yst system the first hydroconversion | ayer perforns sorre cracki ng and
-renoves nitrogen and sul fur fromthe feedstock before contact with the |ube

35 hydr ocracki ng catal yst. Preferably, the organonitrogen content of
the product |eaving the top | ayer of catalyst is |ess than 500 ppm nore
-preferably |l ess than 250 ppm -14- and still nore preferably |ess than
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hydroconversi on catal yst conprising G oup™ Y= and/or Goup V11
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sul fur in the f&epefigial hin prapaxdng an acceptably stable lubricating
oil since lubricant oils prepared from hydrocracked
10 stocks tend to be unstable to air and light and tend to

form sludges spontaneously and quickly.

Suitable hydrogenation catalysts include conventional
metallic hydrogenation catalysts, particularly the Group

15 VIII metals such as cobalt, nickel, palladium and
platinum. The metal is typically associated with
carriers such as bauxite alumina, silica gel, silica-
alumina composites, and crystalline aluminosilicate
zeolites. Palladium is a particularly preferred

20 hydrogenation metal. If desired, non-noble Group VIII
metals can be used. Metal oxides or sulfides can be
used. Suitable catalysts are detailed, for instance, in
U.S. Patent Nos. 3,852,207; 4,157,294; 3,904,513 and

_ 4,673,487, all of which are incorporated herein by

25 reference.

These and other specific applications of the catalyst and
process of the present invention are illustrated in the
following examples.

30
EXAMPLES
Example 1
35 A nickel/nitric acid solution was prepared by dissolving

142.4 grams of Ni(NO,),#6H,0 in 120 cc of deionized water
and carefully mixing with 10.3 g of 70% nitric acid.



| ubricating oil base stock properties. Typically, in a catalyst system
conprising a hydroconversion catal yst 20 | ayer and a | ube hydrocracki ng

eat-abyst—tayer—the—votturetr+cratToof hydroconversiomr catatyst—to
hydrocracki ng catalyst is in the range between about 1/99 and about 99/1,
-preferably between about 10/90 and about 50/50. 25 Hydroconversion reaction
conditions in the hydroconversion catal yst | ayer may be the sane as or
different fromconditions in the hydrocracking |ayer. Generally,

-hydr oconversion conditions include a 30 tenperature in the range of
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each fract®on bdvVRiathlesciras);of Bf/conteka (RVa769i uitbxasiaRifidx val ue and
a particul ar ni izeolidte asniktln gamiliicayalumind oleoraednd. of ey ardy 363t 41 east

one of the fracy quai4tiledProed BitaPSAS Y (dHiRa 948766 sidlgR 120Ut 85 and

powder was combined an a small BP mixer and mixed for
five minutes. The jacket temperature of the mixer was

10 maintained at 140-160°F. (60°C-71°C.) while 133 cc of
deionized water was slowly added. After 3 minutes
mixing, the nickel/nitric acid solution was added by
spraying into the material in the mixer. After three
minutes the ammonium metatungstate solution was added,

15 and the mixing continued for an additional 7 minutes.
This mixture was then found to have a pH of 4.07 and a
volatiles content of 49.8%.

The mixture was then extruded, and the extrudates placed
20 1 inch deep (2.5 cm) in a screen tray and dried at 320°F.
(160°C.) for one hour. The dried extrudate were then
heated to 950°F over a 1.5 hour period and held at 950°F.
(510°C.) for one hour in 2 scf/hour (0.057 m’/hr) of
flowing dry air.
25
Example 2

A nickel/nitric acid solution was prepared by dissolving
156.9 grams of Ni(NO;),#6H,0 in 120 cc of deionized water
30 and carefully mixing with 10.3 g of 70% nitric acid.

178.8 g ammonium metatungstate was dissolved in 220 cc of
deionized water. The pH of the solution was 2.77.

35 105 g (volatiles-free) Catapal B alumina (Engelhard),
35.0 g (volatiles-free) of CBV-500 ultrastable Y zeolite
(PQ/Conteka) ground to a nominal particle size of 2



10 preferably greater than about 90. However, the viscosity index can
be as high as 125 or even 130, dependlng on the feedstock belng treated.

Vhi--e—retheds—are—avattabl-e—for—determi Ag—t tre~viSToSi ty rmdex of —a waxy
stock, the viscosity index values given here are based on 15

.lubricating oil base stocks which have been sol vent dewaxed, using nethods
well known in the art, to a [err] pour point. The catalyst of the present
process al so renoves a 20 substantial portion of the organonitrogen and
-organosul fur conpounds from the hydrocarbonaceous feed. These reactions
renovi ng het er oat om conpounds are |nportané as organonitrogen, and to a

| esser extent organosul fur conpounds, are 8tr|nental to downstream 25

processing of t i didid Gl Bven Qaéﬁi%az]‘&ﬁumﬁﬂﬁrh@fe daiae eg 307,
hydr of i ni shi ng. %F;rbcgducts of i? teroato rermva reactlons such” as

amoni a and hydr r?%ﬂﬂq:ﬂdév° tilesqfnee) firsl| 48 s(GRASAAPAFOt o t hese
downst r eam pr oceSERIALRR ppwdeycmsmbmbingdr anomt sl BP mtheeB Oand

| ubri cati ng oillp?éﬁsﬁ:&c o} as tgef tions
derived fromth rlcatkave i ﬁ%é%% s?%gkg eif% 1 cal pré b§ Iggé t han 25
ppm usual Py Ies’%l’f?Faﬁ’ameﬁ Rfahﬂﬁdlﬁéi"é"&éofgw é ﬁ ) WRilegre often
observed. | ndeedi2s tca vfadeiopbzédntatir was smawhptaideii.l cagtetrh® catal yst

o ohorrBacrt o ALl 9580, “OEPYIIR6 15 10 EEIE LIRSS dlady "
by spraying into the materlal in the mixer. After five
minutes of additional mixing, the ammonium metatungstate

10 solution was added, and the mixing continued for an
additional 5 minutes. 70.0 g (volatiles-free) of a
commercial nickel/tungsten/silica/alumina hydrotreating
catalyst, having approximately the same elemental
composition as the catalyst being prepared in this

15 example, and ground to a nominal particle size of less
than 10 microns was then slowly added, and the mixture
mixed an additional 9 minutes. The mixture was then
found to have a pH of 4.35 and a volatiles content of
50.1%.

20
The mixture was then extruded, and the extrudates placed
1 inch (2.5 cm) deep in a screen tray and dried at 320°F.
(160°C.) for one hour. The dried extrudate were then
heated to 950°F.(510°C.) over a 1.5 hour period and held

25 at 950°F.(510°C.)for one hour in 2 scf/hour (0.057 m*/hr)
of flowing dry air.

Properties of the catalysts are listed in the following

table:
30
Catalyst Comp051t10n Ex. 1 Ex., 2
Aluminum 23.7 wty 23.3 wt%
Nickel 3.84 wt 5.36 wt$%
Silicon 10.9 wt% 10.5 wt%

35 Tungsten 19.7 wt$ 20.3 wts



catal ysts used in conventional |ube hydrocracking processes. The
| ubricating oil base stock produced by the 5 hydr ocracki ng step may be
' R xHRg—ray—e—acconptistred—by one or -
nore processes known to the art, including solvent dewaxing or catalytic
.dewaxi ng. Zeolites such as ZSM5, ZSM 11, ZSM 12, ZSM 23, ZSM 35 and ZSM 38
have been 10 proposed for this purpose in dewaxing processes and their
use is described in U S. Patent Nos. 3,700,585; 3,894,938; 4,176, 050;
.4,181,598; 4, 222,855; 4,229,282 and 4, 247,388. Zeolite SSZ-32 and dewaxi ng
processes using SSZ-32 are described in U S. Patent Nos. 5,053,373 and 15
5,252,527, the disclosures of which are i+R®rporated herein by reference.
SAPO- 11 and dewaxi ng processes using SAPO 11 are described in U S. Patent
No. 4,859, 311, theI%F§CV8§EF% B [T i BOFORHISIIYat (B THP&ER% by ref erence.
20 Dewaxing i s typicatétalzonduct ed. at 0t 2n$@ra’iges Dad9$ nem*/gom about [err]
to about [err] at pr r,om abou ' 20 ahs3,t o about 3000
psi g (20800 KPa abs)elgfé%o%}(%wel ocCi tlb'e&sé?{ls-@gfgbe?]mblgggﬁ'sagg téo. 1 and 20
and -25 at hydrogen recycle rates of 500 to 30,000 SCF/bbl (107- 6400
std 1 [errg/kg oi | Fagedple Dégsitanaxi ng. satgiandt nan.izscghyes® a
hydr ogenati on conponent, particularly the Goup VIII nmetals such as cobalt,
ni ckel, palladiumand platinum 30 It is often desirable to use nmld
hydr ogenati on (sonetinmes referred to as hydrofinishing) to produce nore

Example 3
Catalyst A
10 Catalysts of this invention were tested as follows. For

each test a pilot plant reactor was charged with a layer
of standard zeolite-containing hydroconversion catalyst
and a layer of the hydrocracking catalyst of this
invention containing 4% zeolite (Catalyst A), in which
15 the volume ratio of hydroconversion
catalyst/hydrocracking catalyst was roughly 1/2.

After presulfiding the catalysts, they were tested with a
standard vacuum gas oil feed at 2200 psig (15300 KPa abs)

20 total pressure and 0.48 LHSV, with the temperature
controlled to achieve a target conversion. Products were
fractionated, and the 650°F+ (343°C+) fraction solvent
dewaxed and a viscosity index determined. Figure 1 shows
the results from testing a number of catalysts of this

25 invention, with the data showing the viscosity index of
the 650°F+ product as a function of extent of conversion.

Catalyst B

The test was repeated using a layered catalyst system
30 with the standard zeolite-containing hydroconversion

catalyst layered with a catalyst having the same pore

size distribution as Catalyst A, and with 10% zeolite

(Catalyst B). The VI selectivity data from this test,

which is also included in Figure 1, is equal to that of
35 the comparative Catalyst C (described below).



stable lubricating oils. The hydrofinishing step can be perforned either
before or after the dewaxing step, and 35 preferably after.

VG110 v V O & T Ol a0 O 0
[err] to about [err] at pressures from about 400 psig (2860 KPa abs) to
.about -17- 3000 psig (20800 KPa abs) at space velocities (LHSV) between
about 0.1 and 20 and at hydrogen recycle rates of 400 to 1500 SCF/ bbl
(86-320 std 1 [err]/kg oil feed). The hydrogenation catal yst enpl oyed mnust
-be active enough not 5 only to hydrogenate the ol efins, diolefins and
color bodies within the lube oil fractions, but also to reduce the aromatic
content. The hydrofinishing step is beneftT#tal in preparing an acceptably

st abl e Iubricatkggaggltsknce | ubricant oils prepared from hydrocracked 10
stocks tend to e to air and light and tend to form sl udges

spont aneous| y afreqeek| yas xereahied wpdnggentavened sakplyst systamle
convent i olnal metwdithi ¢hBystagdnsd izfﬁblﬁtbabaﬁtﬁini}@" t Fx?ﬂkaébﬂvéfThﬁ'cQ Oulp 15
VIl netals suc a | a | i e netal is
typically associ%gl?%&g\%pt #%%grgrtlfg‘fisthsEc%kggé%%%]slggé%ﬁ?#g%csi lica gel,

silica- al%ini na YOKPEERFELNT Faral¥pdt AFREALYSE Ri-noThei date takan frem
Pal | adiumis a phisi tebt) | yhivtefier addo2ncluddy droFagakeon, Néicis thhat

desi red, - t ' r, sul fides
can be lsed SuiPapys Baiertivl®y Beoohlh, PR WiE RopflkiRh vty o
Nos. 3,852, 207; V4 Pymbeys . lawey) £Fhansthal of Catalyst A.

10 Catalyst D

The test was repeated using a layered catalyst system
with the standard zeolite-containing hydroconversion
catalyst layered with a catalyst having a pore size
distribution smaller than that Catalyst A, and with 10%
15 zeolite (Catalyst D). The data from this test, which is
also included in Figure 1, shows that the VI selectivity
was reduced even further when a catalyst containing a
larger amount of zeolite and having a pore size
distribution outside the range of the catalyst of this
20 invention was used.

There are numerous variations on the present invention
which are possible in light of the teachings and examples
supporting the present invention. It is therefore

25 understood that within the scope of the following clainms,
the invention may be practiced otherwise than as
specifically described or exemplified herein.



4,673,487, all of which are incorporated herein by 25 ref erence. These
and other specific applications of the catalyst and process of the present

[\ O - o O » E O ¥ ATAY v T . U \AIVF EXalmp
35 A nickel/nitric acid solution was prepared by dissolving 142.4 grans
.of [err] in 120 cc of deionized water and carefully mxing with 10.3 g of
70% nitric acid. 204. 13 g ammoni um net at ungstate was di ssolved in 220 cc

of deionized water. The pH of the solution was 2.70. 1 I! ﬂ mull lree)
.g Plural alumna, 28.8 g 5  (volatiles free) of Pcycgﬂl u ﬂ I Bﬁ"l

ultrastable Y.-zeolite with a'silica/alumina nole ratio df 62,%ani 363.*4 g

(volatiles free) Siral 40 (Condea: 40/60‘F§?r]) powder was conbi ned an a

smal | BP m xer ﬁﬁﬁ& ) Qﬂa ~f ENe mnutes. The jacket tenperature of the
m xer was 10 na?%%alnégﬁgti%érr] [err] while 133 cc of deionized water

was slowy added. After 3 minutes mxing, the nickel/nitric acid solution
was added by spiayi g prticeskheofbpsdiingnat hebiicetting\loiar baBeestadiut es

Cont | nued 1ot an addiEi oy SPRBrLbes bARAGRING uider, nycdRSrblfily | "0 | e
a pH of 4207 and a anditiens g nhydrocarbeyagepushieqd Mithea gatahest
extruded, and the exiompidisingpaagzesiiite, a hydrogenation component and
an inorganic oxide matrix material, the catalyst
having a pore volume in the range of bhetween about
0.25 and about 0.60 cm’/g, with a mean pore diameter
10 between about 40 & and about 100 &, with at least
about 5% of the pore volume being in pores having a
diameter of greater than about 200 A.

2. The process according to Claim 1 wherein the mean
15 pore diameter is between about 40 and about 80 A.

3. The process according to Claim 1 wherein at least
about 10% of the pore volume is in pores having a
diameter greater than about 200 A.

20
4, The process according to Claim 1 wherein at least
about 15% of the pore volume is in pores having a
diameter greater than about 200 A.
25 5. The process according to Claim 4 wherein at least

‘about 1% of the pore volume is in pores having a
diameter greater than about 1000 A.

6. The process according to Claim 1 wherein the zeolite
30 is selected from zeolite ¥, dealuminated zeolite Y
and ultrastable zeolite Y.

7. The process according to Claim 1 wherein the
catalyst comprises from about 1 to about 20 percent
35 by weight of the zeolite.



20 1 inch deep (2.5 cm in a screen tray and dried at [err] [err] for
one hour. The dried extrudate were then heated to [err] over a 1.5 hour

| —Reur—n 2 scf/hour (0.057 nB/hr) of
flowing dry air. 25 Exanple 2 A nickel/nitric acid solution mas prepared by
.dissolving 156.9 grans of [err] in 120 cc of deionized water and
carefully mxing with 10.3 g of 70%nitric acid. 178 8 g amont

nmet at ungst at e was di ssolved in 220 cc of delonlzed he
.solution was 2.77. 35 105 g (volatiles-free) Ca ‘mm' @ﬁﬁl
(Engel hard), 35.0 g (volatiles-free) of CBV-500 ultrast a

(PQ Cont eka) ground to a nom nal partlclez%Tze of 2 -19- mcrons and

having a silicg/alu le.ratio d. 290. tiles-free)
Siral 40 (Condgg 45%%OP?D??77 ?ﬁﬁﬂf gbcgﬂﬁy%éb“&ﬁggg n% ? BP m xer and
m xed for five m nucasalyat ?msetseﬁ“p'ema{lm@tdf tchabout 10 percentns

mai nt ai ned at [err]h&eﬁéh Hbi £ thtd zeo19tedei oni zed water was sl ow y added.
After 3 m nutes m xing, ﬁe ni ckel/nitric acid solution was added by

spraying into the material in the mxer. After five mnutes of additional
m xi ng, the amfoni ufhrePrPERRRtanaerddng toselain dn whereindthe zerlite

m xi ng conti nued fomanaadﬂo,ymgo,l molEkrNHatio i) thegrangkabt | weridere) of a
comer ci al nickel/t%%%%%eglgﬁ i ga %!Hgbna hydr ot reati ng

10. The process according to Claim 1 wherein the zeolite
10 has a Si0,/Al,0; molar ratio in the range of between
about 5 and about 60.

11. The process according to Claim 1 wherein the
catalyst contains from about 0.01 to about 45
15 percent by weight of the hydrogenation component.

12. The process according to Claim 11 wherein the
hydrogenation component comprises from about 5% to
about 30% by weight, calculated as the metal

20 trioxide, of at least one Group VIB metal selected
from tungsten, molybdenum and combinations thereof.

13. The process according to Claim 12 wherein the
hydrogenation component comprises from about 1% to
25 about 15% by weight, calculated as the metal
monoxide, of at least one Group VIII base metal
selected from nickel, cobalt and combinations
thereof.

30 14. The process according to Claim 1 wherein the
catalyst contains from about 30 percent to about 90
percent by weight of the inorganic oxide matrix
material.

35 15. The process according to Claim 1 wherein the
inorganic oxide matrix material is selected from
alumina, silica alumina and combinations thereof.



catal yst, having approximately the sane el enental conposition as the
catal yst being prepared in this 15 exanple, and ground to a nom nal

particlesize—et—+ess—than—to—mrerons—was—them stowy added, and the
m xture m xed an additional 9 mnutes. The m xture was then found to have a
.pH of 4.35 and a volatiles content of 50.1% 20 The m xture was then

extruded, and the extrudates placed 1 inch (2.5 cwf~deep‘Tﬁ—5—§E?€€ﬁ—iray
and dried at [err] [err] for one hour. The dried ex mﬂ heat ed
.to [err] over a 1.5 hour period and held 25 ig“ﬂ“““ ““‘ “hour
in 2 scf/hour (0.057 [err]/hr) of flowng dry alr ~oper t es* of® t He

catal ysts are listed in the foll owi ng tabl%~ 30 Catalyst Conposi ti on Ex

é 84 Wt % Ex. §5A| u'&%‘g/ol‘@‘?CESS accora§n3 % %Lm V\Iél ﬁﬁei?ei’ﬁ 1 C\if\lte!%) 35

Tungst en hydro @B°na°e°u§0f§94wD% a vaggunrgas Qi WAYiBg fAercury
porosi netry (ASTM DAnB#mal @bailling range in Cchil ¥@nper of/about).33503c.eto] /g
Macr opor e: 0. 039 °&err]/g 0.0918 [err]/g 5 ~Particle Density
1.44 g/[ewg] 1.337g/[err] Exanple 3

17. The process according to Claim 1 wherein the
hydrocarbonacecus feed is a deasphalted residual oil
having a normal boiling range in the range of about
480°C. to 650°C.

‘10

18. The process according to Claim 1 wherein the
hydrocracking conditions include a temperature in
the range of 400°F. (204°C.) to 950°F. (510°C.), a
pressure in the range of 500 to 3500 psig (3550 to

15 24200 KPa abs), a liquid hourly space velocity in
the range 0.1 to 20.0, and a total hydrogen supply
in the range of 200 to 20,000 SCF of hydrogen per
barrel of hydrocarbonaceous feed (43-4300 std 1 H,/kg

feed).

20

19. The process according to Claim 1 providing a

conversion from about 10 to about 80 weight
percent.

25 - 20. A process according to Claim 1 wherein a 650°F.
(343°C.) + fraction of the lubricating oil base
stock is subjected to dewaxing, hydrofinishing, or a
combination thereof.

30 21. The process according to Claim 20 wherein the

dewaxing is carried out under catalytic dewaxing or
solvent dewaxing conditions.

22. A process for producing a lubricating oil base stock
35 which comprises contacting under hydrocracking |
conditions a hydrocarbonaceous feed with a catalyst
comprising:



Catal yst A 10 Catal ysts of this invention were tested as follows. For
each test a pilot plant reactor was charged with a |layer of standard

zeol -t e-conrtatrrg—hydrecenversiomcatatyst—amdt—atayer of t1e

hydr ocracki ng catal yst of this invention containing 4% zeolite (Catalyst
vefstom——

.A), in which 15 the volune ratio of hydrocon

cat al yst/ hydrocracki ng catal yst was roughly 1/2 t he
catal ysts, they were tested with a standard vacuuﬁﬁm “““H“““MPZZOO
.psig (15300 KPa abs) 20 total pressure and 0.4 n. wit hst he

tenperature controlled to achieve a target conver si on. Products wer e
fractionated, and the [err] ([err]) fracti®3i sol vent dewaxed and a

vi scosity index det egm "o sBdiE § Y Yedda Ssﬂyﬁe%éﬂnéfe%t' ng a

nunber of catalysts of thi | nvention, Wt ata show ng t he
viscosity index of the [€#991i5olA¥ING SR afafq?ﬁ‘éﬂ'tSnsW‘é Tt of conversion.

Catal yst B The test was repeated using a | ayered catal yst system 30

with the standard zeglitercaNbaoREng tOYHARORSY ByONe sl bi1cuausead vi th

a catal yst having the same pore size distri utlon as A and with

10% zeol i t% (Catal yst B) asl'l*@exlp%ﬁile’&?‘?‘?ﬁ‘tdf'd&?aa?rBﬁ??‘hl e[ &ECYPhich i s
al so included in Figure NIIISmetadl sébected from3hickel} heoleditpamet i ve

Catal yst C (described bel%lnatioﬁé th& & Slan £B6nt &5dut'as e RBRLEM
using a |layered catal yst sa/
% by weight, calculated as the metal
trioxide, of at least one Group VIB metal
10 selected from tungsten, molybdenum and
combinations thereof; and

c. from about 45 to about 75% by weight of an
amorphous silica-alumina matrix material; and
15
d. sufficient alumina support material to make
100% by weight;

wherein the catalyst has a pore volume in the range
20 of between about 0.25 and about 0.45 cm’/g, with a

mean pore diameter between about 40 4 and about

100 4, and with at least about 5% of the pore volume

being in pores having a diameter of greater than

about 200 A., and wherein the hydrocarbonaceous feed
- 25 is a vacuum gas oil having a normal boiling range in

the range of about 350°C. to 590°C.

23. A process for producing a lubricating oil base stock
comprising:
30
a. contacting a hydrocarbonaceous feed under
hydroconversion conditions with a
hydroconversion catalyst to produce a
hydrotreated product having a nitrogen content
35 of less than 100 ppm; and



with the standard zeolite-containing hydroconversion catal yst |layered with
a commercial non-zeolitic 5 hydr ocr acki ng cat al yst (Catalyst C. The

"

dat at akep—fromthi-s—test—whi-ch—+s—al-so—inecttded—nFgure—iI,—shows that
the VI selectivity of this catalyst was approximately 5 VI nunbers | ower
.than that of Catalyst A 10 Catal yst D The tes ing a

llayered catal yst systemw th the standard zeolite-co vers
ion catalyst |layered with a catal yst having a pore mg ﬂg![mﬂﬂ“m
smal l er than that Catalyst A, and with 10% 15 yst+ D).

The data fromthis test, which is also included in Figure 1, shows that the

VI selectivity was reduced even further WHEM a cat al yst cont aining a |larger

anount of zeolite ang ha\@d?ﬁ:a%tﬁﬂ e%%éaggdy&%gp#& g&&wﬁéi dsgke range of

the catal yst of this 20 nven are nunerous
variations on the presenth¥dresrackingfenditions with 2 sakalystt of the
teachinngs and exanpl es Squmusnggtdnezqm:emmawmngrmmujdslues therefore 25

understood that w thin tf&ﬁg@g)&_eof i g\gllgg &Pentt hgnign¥enti on may
be practiced otherw se than.as spéec| f| ca escri or exerrpllfl ed

herein. % -22- V\HATISG_ igepa vgnniama 165’5‘55% ?:b‘r e fasrhysy
| ubricating oil base stodiawingch porervalasmecdnt &héi rangedef begsdeenr acki ng 5

condi tions a hydrocar bonagraes of 860aN4 tdbcutC L 8bYek3/g, with a mean
pore diameter between about 40 & and about
100 &, with at least about 5% of the pore
10 volume being in pores having a diameter of
greater than about 200 &.



conprisinga zeolite, a hydrogenati on conponent and an inorganic oxide
matrix material, the catalyst having a pore volune in the range of between
th—a—reampore dianmeter 10

bet ween about 40 A@_n_cj_g,bmrl_luo [err] with at |east about 5% of the pore

.volume beingin pores having a dianmeter of greater than ab
The process aﬁlqscghgétﬂggeaﬂ(a mtah 1 whet éin the nean 15 j THES SEERT S¥hStBREN

i s between abo 80 [err]. 3. The process acdtordi RERLASER m
1 wherein at mmﬂ of "the pore volune is in pores havi ng a
di anet er great about 200 [err]. 20 4. The process according to
Claim1l wherein at | east about 15% of the 7p70re volunme is in pores having a
di anet er greater than about 20 rocess according to
Claim4 wherein at |east about% %LFhéép%hree Vol c&rgregﬁfg in pores having a
di aneter greater than about 1000 A. 6. The process according to Caim1l
wherein the zeola podBss is prov:lid%dstbﬁcpﬁditidm aenﬁi;hequyalmal umi nat ed

zeolite Y and ulyths EQQE.E zgﬁ e’ st outwlaf out §Sgcgg&ﬁwg& 2.39@ aim1l

wherein the caté"l i Ses rom a er cent

by wei ght ®f thé’lf§8FF-F¥ index splegtivify ?ﬁ'%c?é% f&e&arlau FRteo dBfm1
wherei n the cat @atallysenpontteing raoloabanbdurit tef deoltité) gnddmas a pore

size distribution characterized by a significant amount
of large pores.



by wei ght of the zeolite. 5 9. The process according to Claim1l
wherein the zeolite has a [err] nolar ratio in the range of between about 5

—and—about—108—F6—TFhe—precess—aeceording—teo—Cami—wheretn—the—zeol ite 10

has a [err] nolar ratio in the range of between about 5 and 60131 -
JThe process according to Caim1 wherein the catal yst cont aJ JHIS BREEDERE BEEN
0.01 to about 45 15 . g percent by Wi ght of-the hydrodgnati CBEPLACEB

conponent 12 —The process accor-di ngto. Cai'm 1t wher ei n t he=RyEro
conpone rom about - 5%t o about 30% by wei ght, cal cul at ed as the
met al nﬁ"scé?'%hassﬁee gfte, of .at | east one Goup VIB netal selected from

tungsten “lﬂl,ﬂ"ﬂ”' conbi nations thereof. 13. TheFpgweekofakcording to
Claim 12 rogenati on conponent conprises fromabout 1% to 25
about 15% by wei ght, cal cul ated as .the netal nonoxide, of at |east one

Goup VIII base netal selected fromnickel, cobalt and conbinations

t hereof. 30 14. The process according to Caim1l wherein the catal yst
contains fromabout 30 percent to about 90 percent by wei ght of the

i norganic oxide matrix material. 35 15. The process according to Claim

1 wherein the inorganic oxide matrix material is selected from al um na,
silica alum na and conbi nati ons t hereof.

Viscosity Index of Dewaxed Oil
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-24:- 46. The process according tq Claim1l wherein the hy
feed is a vacuum-gas oil having a normal boiling range in
about [err] to [err]. 5 17. The process according to C ai

hydr ocar bonaceous feed is a deasphalted residual oil havi

boiling range in the range of about [err] to [err] 10 18. The process
according to Caim1 wherein the hydrocracking conditions include a
tenperature in the range of [err] ([err]) to [err] ([err]), a pressure in
the range of 500 to 3500 psig (3550 to 15 24200 KPa abs), a liquid
hourly space velocity in the range 0.1 to 20D, and a total hydr ogen supply

in the range of 200 t@n@@né@@oﬁcﬁéﬂud&iﬁdrﬁgﬁ'@pﬁ%%ﬁ SUBRICATING OIL
hydr ocar bonaceous feed (43-4300 ustificla [var SELECT AIASTLO. The process

according to Caim1l providing a _conversion fron1about 10 to about 80
wei ght percen 25 20. POLE SO N 1 wherein a [err]

([err]) + fra t|on of the Iubr|cahgg%ﬁg;%ﬁggﬁg$§%$&5§bs subj ected to
dewaxi ng, hydrofinishing, or a co 21. The process
according to C ai mTHe pkesé&ith inventivrb relgtdss toahl proteast tomder catal ytic
dewaxing or sol ventyewaxh & fg®A0hidi¥darbonaceous feed to make a
' 10 lubricating oil base stock. In particular, the process
of this invention relates to a catalytic hydrocracking
process wherein the catalyst system exhibits surprising
stability and high viscosity index (VI) selectivity.

15 The catalyst of the present invention comprises a
catalyst having a small amount of zeolite in an amorphous
inorganic oxide matrix and containing a hydrogenation
component. The catalyst is further characterized as
having a significant amount of large pores. 1In the

20 present pracess; a hydrocarhonaceous feed is upgraded by
reaction over the catalyst system, so that sulfur,
nitrogen and aromatic conponents are removed, and the
viscosity index of the lubricating oil base stock is
increased relative to that of the feed. The catalyst

25 system also exhibits a high VI selectivity. VI
selectivity is a relative measure of the increase in
viscosity index during upgrading of a hydrocarbonaceous
feed. A high VI selectivity is indicative of a large

. increase in viscosity index for a given degree of

30 conversion of the feed. The reactions involved in
upgrading the hydrocarbonaceous feed according to the
present process are generally termed hydrocracking.

Because feeds used in producing lubricating oil base

35 stocks boil up to 1000°F (538°C.) and above, and contain
relatively high nitrogen and sulfur levels, conventional
hydrocracking catalysts typically foul quickly. In order
to compensate for this high fouling rate, zeolites may be
added to the catalysts to increase both activity and

40 stability. However, conventional zeolite-containing



22. A process for producing a lubricating oil base stock|[35. R L Ch
| RERLAGEMENT FREET

conpri ses contacting under hydrocracking conditi-ons a hyj
feed with a catal yst conprising: . "-25- a. from about jréag _aﬂoﬁtFEB) my
wei ght of a zeolite having a faujasite structure; b. fr i A DOULLpe 7

about 15% by wei ght,. cal culated 5 : as the nmetal nonoxide, of
at | east one Group VIIlI netal selected fromnickel, cobalt and conbinations
t hereof, and from about 5 to abpout 30% by wei ght, cal cul ated as the netal
trioxide, of at |east one G oup VIB net 10 selected from
tungsten, nol ybdenum and conbi nati ons tHereof; and c. from about 45 to
about 75% by wei ght of an anorphous silica-alumna matrix material; and 15
d. sufficient alum na support nmaterial to make 100% by wei ght; wherein
the catal yst has a pore volune in the range 20 of between about
0.25 and about 0.45 [err]/g, with a nean pore di aneter between about 40
[err] and about 100 A 'and with at |east about 5% of the pore vol une being:

in pores having a dianeter of I{fRedshy ifabebr sunakéd @00 [err]., and wherein

the hydrocarbonaceous feed 25 s a vacuum gas,oil having a normal
boiling range in therng® off Mo [Bri8 H BerF & & 8 R
e "._. \\ .. ’ = L b i ° °
| EE. .'...'.."'. “\
Br SN
:: ..-."'- ‘\\\
g:: + -."._ “\\ -
I NN
4 YN
o &
& o
NN
o ALY
8 3 , \\\.
59 © 6, L)
- ° “\
2 & e 2
-+ < N
g o % 5
< I &‘\\ m
Q - . -l
E‘ T *, o‘\\ [ ]
S 81 RO
I . “0‘3, ™ ]
°<"#°°‘~
g o ."s, o\
1 SN
+ "\._.‘. L X
8:: *‘.".,8\\‘ ®
:: ‘....'-,...o \\\\
g" - .."'.. \\‘
I ...'g'.. \\
:: ‘."'a,. ‘\‘
3 Y

aishee) »
g 1sA838) O
q15A818) 4
visAme) ¢



23. A-process for producing a |lubricating oil base stock ¢ HHPLACEEEN$%H%ET
- contacting a.hydrocarbonaceous feed under hydroconversion |conditiqns wt
hydr oconversi on catal yst to produce a hydrotreated product D&%I %a

nitrogen content 35 _ of less than 100 ppm and 26=—>5
contacting the hydrotreated product under hydrocracking condltlons with a
catal yst conprising a zeolite having a faujasite structure, a hydrogenation
conponent, and a 5 silica-alumna matrix material, the

catal yst having a pore volunme in the range of between about 0.25 and about
0.60 [err]/g, with a nean pore di aneter between about 40 A and about 100
[err], with at | east about 5% of the pore 10 vol une being in
pores having a dianeter of greater than about 200 A

PROCESS FOR PRODUCING A HI
LUBRICATING OII. USING A VI SEIECTIVE CATALYST

Abstract of the Disclosure

A process is provided for producing a high quality
lubricating oil base stock with a catalyst having a high

5 viscosity iﬁdex selectivity and low fouling rate. The
catalyst contains a low amount of zeolite, and has a pore
size distribution characterized by a significant amount
of large pores.



