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PROCESS FOR HI GHLY SHAPE SELECTI VE DEWAXI NG WHI CH RETARDS CATALYST AG NG 5
~This invention relates to the highly shape selective ca j j
petrol eum charge stocks, particularly streanms of high wax content which
have been hydroprocessed. In this dewaxing process, catalyst aging is
retarded, tfpdsrieds extending cycle length, and catal ySlerhed:Réce to sul fur
and nitrogen- 10 cont ai ni ng conpounds is significantly I nproved.

M nim zation of catal yst aging al so praserves yield, since high

end-of -cycl e tenperatures often result in non- selective cracking. Dewaxing
processes enpl oyi ng constrai ned internedi ate pore nol ecul ar sieves as

catal ysts possess gr YA e talytic 15
dewaxi ng processes. Ebﬁ% Lys RPE ge?"ﬁmugate cat al yst
agi ng, these high sel ecti vWHICHREFJARDSCATALYBTABINGI n a
hydr ogenat i on/ dehydr ogenati on conponent, frequently a noble netal. Such
selectbvity benefit is derived fromthe isonerization capability of the
catal yst from it s Thistiedentien relatestto thediahlyahape selediivebatalytiddavexipgobct i ve pore
structure. 20 etroleunhﬁﬁ%e?s'fockégﬂn&%ﬁy QBRS oPhgH Wiix E&h@rﬁ%}frﬁ_h‘é al ysts used
| mensi onal I'S

for | ube dewa mqi ave a uni ] ] pore structure. ype of pore
structure is PrRENtYE@PECRSEedy de )it fay@ung Brogesse ktgestiagingdxietardadiat i on i nsi de
the pores andBienydsendihd Sy2iedbngtand cﬁﬂ?ﬂlt&&aﬁée oRAIRQYNE niiRYedl. Therefore,
such catal ysts have been uae.d .corgmercla I or,u,, for dewaxing "clean”
feedstiBcks” sufantaiRing COPRAUPIR iR siapilicanty impgoved. Minimizationof.catalvet agingeat ed

sol vent ext r aglk®presérivés yialt &sncelhighteng-otiepchd temperaturey ofthagsitseharct | ve
dewaxi ng processes, key issues to be addressed are retardation of aging,
preservati on Bt '?'%ﬁraglé?%ctivi ty over the duration of the catalyst cycle,

and mai nt enance ofDemakingproessses emplodngaoonsigpinedintermaddiate pofeatsleduze ks. 30

U'S. Patent Ngy,gh 222iaRa fobidst bl #dkidiyAdn cclnioRiiegical -) er e

15 dewaxing processes. To improve catalytic activity and to mitigate catalyst

aging, these high selectivity catalysts often contain a
hydrogenation/dehydrogenation component, frequently a noble metal. Such
selectivity benefit is derived from the isomerization capability of the catalyst
from its metallic substituent and its highly shape-selective pore structure.

20 ZSM-23, and some other highly selective catalysts used for lube dewaxing,
have a unidimensional pore structure. This type of pore structure is particularly
susceptible to blockage by coke formation inside the pores and by adsorption of
polar species at the pore mouth. Therefore, such catalysts have been used
commercially only for dewaxing “clean” feedstocks such as hydrocrackates and

25 severely hydrotreated solvent extracted raffinates. In the deveiopment of
shape selective dewaxing processes, key issues to be addressed ars
retardation of aging, preservation of high selectivity over the duration of the
catalyst cycle, and maintenance of robustness for dewaxing a variety of
feedstocks. .

30 U.S. Patent No. 4,222,543 (Pelrine) and 4,814, 543 (Chen et al.) were
the earliest patents to disclose and claim the use of constrained intermediate
pore molecular sieves for lube dewaxing. U.S. Patent No. 4,283,271 (Garwood



the earliest patents to disclose and claimthe use of constrained

I ntermedi ate pore nol ecul ar sieves for | ube dewaxing. U S. Patent No.
4,283,271 (Garwoed —et al.) and U. S. Patent No. 4,283,272 (Garweod—et—
al.) later clainmed the use of these catal ysts for dewaxi ng hydrocrackates

in energy efficcient configurations. Also directed to dewaxing wth
constrai’nedwomnesssedi at e pore nol ecul ar sieves are 5, deffustmSes™M | 1 er) ,
5,246,566 (MIller) and 5,282,958 (Santilli). None of 5 t hese patents
was, however, directed to catalyst duraéhility. Pelrine' s exanples were
directed to start-of-cycle performance with furfural raffinates as feeds.
The cat al yst seuskdandi). Pdtatem dlos4,88H 273 (Garwopgiet all )l Iterxdgimed fhiedlsg ofhen exposed

to these TeCdgesSLaslaliorusiid W&ﬁﬁcrﬁyﬁe@ﬂ%ﬁ&ﬁg#citen?coﬂﬂ%p&%gsOf catal yst

aging and 10 extensi on ewaxi ses
i nvol vi ng i nt Alspulifpgedtosigwaxingyith pwtralg%lntegge%wpg‘e Mitecwaz sismésjues

di scl osed in h&@ﬁasmqmuegnszm@emﬂﬁuegwers%b,‘ssﬁ nhmfhhcf‘netd? the catalysts
of this inventio For di scl oses a

process in whifese aatP'L‘FBé’aB'gIWPﬁ%’ Hicaied tg %ﬂﬁtaﬁ’l@bﬂ'@ c%ﬂ'%neﬁ%mpley dewaxed in

t he presence wérerwrd&teamst@rmfcmmﬁadmeabe with furfural rafiiPBTRE a8 ks 2N
I nternmedi ate pore ze lite i gni.zed form . Catal yst cycle |ength

was found to Dae Ay ?/E%FdHK}BS{S'P?ﬁFﬁ Styrically gorrapidiygvhen axpesedia sol vent
extracted feethebofdeds. U. S. Patent No. 4,892, 646 (Venkat et al.) discloses a

process for |ncre%ﬁé\&glstlmn%r{sg}aogg%ws% gthe%n %5?0 pai)@g%ent %cl e lengths

and t he usef ul
i nter M@di at e pdensionedcydielenpthen de\mmﬁ)ocamswelvmlahérynedmtmée metal such

as Pt. The cabgls!sich aBZ8M-£atrR8 ethii %lhe@ d'isgw?)@)h?g#L?ﬁve}qﬂnggt aromatic

hydrocarbon at a tenperature greater a e dRitcient to
deposi t bet weggnepallygaprizabie &9 th@@ﬁ@lvswfmlg\mntnomru ShRatemttNg. yst The

SRRl o e e o b b DRI 908 7

feedstock is catalytlcally dewaxed in the presence of hydrogen over a catalyst

15 comprising an intermediate pore zeolite in the decationized form. Catalyst
cycle length was found to be improved by optimizing the sequencing of various
solvent extracted feedstocks.

U.S. Patent No. 4,892,646 (Venkat et al.) discloses a process for

increasing the original cycle length, subsequent cycle lengths and the useful life

20 of a dewaxing catalyst comprising an intermediate pore zeolite (i.e., ZSM-5) and
preferably, a noble metal such as Pt. The catalyst is pretreated with a low
molecular weight aromatic hydrocarbon at a temperature greater than 800°F, for
a time sufficient to deposit between 2 and 30% of coke, by weight, on the
catalyst. The pretreatment may be conducted in the presence of hydrogen gas.

25 U.S. Patent No. 4,347 121 (Mayer et al., hereinafter Mayer) claimed
catalytic dewaxing of hydrocrackates containing less than 10 ppm nitrogen with
a hydrofinishing step upstream of the dewaxing catalyst. Mayer is, however,
directed to ZSM-5 and ZSM-11. The hydrofinishing step is employed for the
purpose of base oil stabilization not to improve the aging characteristics of

30 Z8M-5 or ZSM-11. Commercial experience dewaxing hydrocrackates with
ZSM-5 shows negligible aging.



catal ytic dewaxing of hydrocrackates containing |ess than 10 ppm nitrogen
with a hydrofinishing step upst ream of the de\/\/aX| ng cat aI yst I\/ayer IS,
‘however; --di r ect ed-t-0--2SM M y -
for the purpose of base oil stabl lization not to | mrove the ag| ng
characteristics of 30 ZSM5 or ZSM1 1. Conmercial experience
dewaxi ng hygwl amsggskates with ZSM5 shows negli gi bl e agirhRderiesss - 3- Chen, et
al (U S Patent 4,749,467), discloses a nmethod for extendi ng dewaxi ng
catal yst cycle length by enploying the-3onbi nati on of | ow space velocity
and a high acidity intermediate pore zeolite. The high acid activity and

| ow space vel oci t Cheacet@b(U SdPatanh# 7494670 disclosee apwthed ferextepdivpause cat al yst

S deaC?#%%ﬂg‘%{éd\}f?@cle%&t@ﬁﬁerﬁ%ﬁndtﬁgﬁﬁﬁﬁﬁé{foﬁ oPRWSbhéd/e than are

dewaxi ng reac operatin eratures reduce the catal st agi ng

rate. The s anﬁelmlﬁyr?@# EI*@“!?&@"% E\E‘?ﬁmP‘éiﬁHd"’feoz"'SHBi yhe oty AciE ARkviK A

constrained i pluedpaBslialdcy Pstiuee ma|smttdf%9cléteﬁ1pefatur5)eBedﬂu§élcﬁ§1S{§| yst S
conpri SI ng intermediate cont ai ni ng nobl e

net al sShave bGE‘PFt"f"t‘flﬁ’ﬁdeﬁcﬁmﬁaﬁ/%mPEﬁ tﬁ'[”P?)’@ﬁ“{P ?ﬁ"@'ﬂ"%@??\@rerd&l’vé’ém%en dewaxi ng

heavy hydr ocr psdetidr, o@gsratitg ﬁmpmamesﬁeﬂlmeltmg/canélysla@h&kétarmymteer The
cat al yst event uaII I|nes out, . at n non- -

ture ulti
sel ective cr aERﬁ'@ é?ﬂ"f’ t%ggﬁlygu&d nSs? al c?ﬂ%rawﬁ ewg@keand yi el d
| 0ss with tinmporeanoléelaredvesed somewhat by operation at a relatively | ow
space velocity. 1 , g constrai ned
I nt ermedi ate por eq:(':ea ax'f‘gs?sggtéga@@si/%r“gg dﬁtﬁ%‘"@%ggégéa{g f eedst ocks
havi ngOeven noowsining aoklp metsls have begrieuathiy r@m falptively b@h agingmates]| y
hydrotreated gaby BSWax'l’ngfHeE%yﬁﬁﬁFB%kaé fééﬂgéf)&fgﬁégaélé‘étyﬁf @dﬂée%r at | ow

hydr ocr acker severltx been di scovere however hat the use of a
hi gh acti vitygregter. T ecatﬂlﬁi Pb‘!’?‘@&ﬂ"ﬁﬁ qubgthighdemperaiugs, 89%‘5*[‘9 WHPh can

operate effecthygivé ciicking 8fd SERFAnt yield loss. The aging rate and yield loss with
time can be reduced somewhat by operation at a relatively low space velocity.

15 Additionally, noble metal-containing constrained intermediate pore catalysts
age very rapidly when exposed to feedstocks having even modest levels of
nitrogen and sulfur, such as mildly hydrotreated solvent refined feeds or
hydrocrackates produced at low hydrocracker severity.

It has been discovered, however, that the use of a high activity

20 hydrotreating catalyst (a catalyst which can operate effectively at high space
velocities and relatively low temperatures is considered a high activity catalyst)
upstream of the dewaxing catalyst (preferably in one vessel, creating a
synergistic catalyst system) is extremely effective for reducing the dewaxing
catalyst aging rate and eventual line out temperature. The synergistic catalyst

25 system also permits operation at significantly higher space velocities than
would be possible with the dewaxing catalyst operating alone. The synergistic
combination of hydrotreating and dewaxing catalysts offers the potential for
longer cycle length while processing difficult feeds with moderate amounts of
nitrogen, sulfur and aromatics, such as low conversion hydrocrackates. This

30 invention is also effective with hydrotreated raffinates and some neat raffinates.



velocities and relatively |l ow tenperatures is considered a high activity
catal yst) upstream of the dewaxing catalyst (preferably in one vessel,
creating-a -synergi-stiec-catal yst system) is extrenely effective for reducing
t he dewaxi ng catal yst aging rate and eventual |ine gut tenperature. The
synergistic catalyst 25 system al so permts operation at

si gni fi cantyyeghbddher space velocities than would be sPhbesdM th the
dewaxi ng cat Tyst operating al one. The synergistic conbination of
hydrotreati ng and dewaxi ng catal ysts of4ters the potential for |onger cycle
| ength while processing difficult feeds with noderate anounts of nitrogen,
sul fur and armniatié arsynexpedieddsplovement rvires sitmget okl adfuaare gensrallyThi s 30
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raf finates. nce nitrogen and
sul fur are generalﬂhyrd@temoegorbmicead\/emegasémpdhsmvsnfffmr ltist al ysts | oaded

Wi th nobl e m&‘ghlﬁ?anwfers?egfeﬂsﬁé 904 WRHSTobgtidd & | nvention.

It is S|gn|f|c ess xpensweto 93 ewaxi ng reactor with a
combi n&t i on ohyd;otreatmg catplysiept pekie matgl %‘H‘E%'%Femgr@tﬁ'@fﬁmﬁﬂs teont ai ni ng

dewaxing cat alogly rkm& with thédév&xh@@éia@straﬁﬁﬁt %ls"ﬂléorhvbilaﬁ gdewaxi ng catal yst
al one. This also avoid E;as separation and clean-up typical of prior art.
e

The prior arts%n%%*l%‘ﬁﬂc ﬂ”‘t’ﬂé’%&'d’f@??ﬁﬁﬁ'd above denonstrates that previous

attenpts to retar naribgarbdsbugéed ifl tHeQraskdhdua dbeadddnisHesads dat 10
restricting condltlons c%f t he (fe\{\r/?x c&% fce gvto % ecific paranmeters, such
as tenper at ur Breyious gierarts; 1o rglard 39NgApRCYigld {qgs ?‘Fﬁf HSRY Y catal yst itself

Eashbalenhal t erethichdig edi'dlt“bgs)ﬁfﬁthe Sdvweing prochssts specﬂﬁnﬁa&i@t% SLﬁ:hlbﬁr mul at ed tﬁ
i gh al pha regquirenments, bot c el ectivity. The
i nstant i nven%"lﬁ? W ST BRECR IS Iﬁ% ynm‘? '%B %%?wggﬁgg%ﬁfﬁéﬁ" ﬁ%st hods

previ ously 15been alterecthysaddmsmi steb¢ such aalpsazoking br is érmulatqdeabighe and tine

consur ng {0 LigRb R mertl ol H0HcR darfRbao Sy R Lokl | HERLAAD 27 very

invention retards aging much more effectively than methods previously
15 disclosed. ltis also much less expensive and time consuming to implement.

The dewaxing catalysts of this invention are very effective hydrogenation
catalysts when acting alone, nearly completely saturating the aromatics in the
feed. It is, therefore, unexpected that adding a high activity hydrotreating
catalyst ahead of, and preferably in, the same reactor with the dewaxing

20 catalyst results in dramatic minimization of aging. Catalyst line-out time and
eventual equilibration temperature are reduced. Furthermore, the upper space
velocity limit for stable operation of the dewaxing catalyst is substantially
extended. The catalyst combination of the instant invention appears to have a
different aging mechanism than the dewaxing catalyst operating alone,

25 permitting higher space velocity operation simultaneously with a lower aging
rate.

The synergistic catalyst combination of the instant invention performs
well for hydrocracked feeds in addition to permitting the processing of feeds
with moderately high levels of nitrogen and sulfur. Such feeds would ordinarily

30 poison either of these catalysts alone causing rapid and uncontrollable aging.

The invention may be summarized as follows:



catal ysts when acting alone, nearly conpletely saturating the aromatics in
the feed. It is, therefore, unexpected that adding a high activity
‘hydr ot reati-ng -catalyst ahead of, and preferably in, the-s
t he dewaxi ng 20 catal yst results in dramatic_ninim zation of aging.
Catal yst' line-out tinme and eventual equilibration tenperature are reduced.
Fur t-her nor eyobdi@sggpper space velocity limt for stabl w@%on of the
dewaxi ng catal yst is substantially extended. The catal yst conbi nati on of
the instant invention appears to have &-different agi ng nmechani smthan the
dewaxi ng catal yst operating al one, 25 permtting higher space
vel oci ty oper at i orA priopesstferrratalidicglly\wewaxing a Wwriganbigedsjookawherebyite syner gi stic
cat al yst Comggﬂg 'oPiF'-e%\g i Bha é@ﬁﬁgflinglbuﬁﬁhggfafmeW’elrhinit-rﬁiefi
etds I't e

hydr ocr acked I'n a on to permtting t rocessing o eeds with
noder at el y hi dhplicablelfeedstocks are pepierentially kygracrrckates enhydeateestesioul d or di nari ly

30 poi ?é?ﬁha?éstm_r%s%evm Srabits/ct bSnvahfoial soheht Srabipi d and

uncont rol | abl e agi ng. e invention may be summarized as fol | ows: A
proces® for chROsPSRESCANG {PedEaRiis ﬁ@t%ﬁqﬁﬁfh%?ﬁe%@fdy#@aﬂn witetheby the agi ng
X{o It_he g:awa?i agiaryatts@bmtatarsda?wucuwbafédmﬁrtguaewm&ra@yﬁfbx@ﬁ m ni mi zgd.

plicabl e feedstoc are preferentia ocrac S rotreate
raf finates buPeivgen Eéea"fdépfainﬁéﬁ %%W’B@k%%?né? Bﬁ%’ﬁ%%ﬁ'gﬁaagg@évent
extraction 5 The catalystaystemesmpiises o grdstivitylhydotreatingaatabdt operdtihg presence of
hydrogen with the catal yst . m,at vel ocity.(based on the
dewaxi ng cat af"?gfe%‘?f& aﬂﬁ{%@pﬁto‘?‘?@@ﬁ@?ﬁ@"’gﬁ’a%ﬁ%’*%ﬁgerat ure range
bet weetd 450[ ebpéritiray) th tBE B&me Teastoc aesably The bydrotesatiog amd deswsxing hi gh activity
hydr ot r eat i ng rad. . r MR t,
preferably (a#%&%%g%\%?&r%éﬁ*%%éggﬁeoﬁwgﬁw% I‘;gtper é{ﬂﬁ?\%ﬁé“?gr)f%ghe sane
react or vessekatalyblcrispepntainirge congtrainef interasdiate pergtmalsavias sieveh preferably
contain one or nore noble netals with the dewaxi ng catal yst al so contai ni ng
a constrained _internedi ate_pore nol ecul ar sieve.

DESCRIPTION OF THE DRAWINGS

15 Figure 1 provides the aging profile for 0.2% Pt/ZSM-23 catalyst when

used alone to dewax a hydrocracked heavy vacuum gas oil (HVGO).

Figure 2 shows an aging profile at start-of-cycle for a 0.2% PY/ZSM-23
catalyst used to dewax a hydrocracked HVGO contaminated with 0.25% of raw
HVGO.

20 Figure 3 illustrates the aging profile for a 0.5% Pt /ZSM-23 dewaxing
catalyst using several different heavy hydrocrackate feeds.

Figure 4 shows the aging profile for a 0.2% PYZSM-23 dewaxing
catalyst when used in synergistic combination with a high activity hydrotreating
catalyst. Results using two different feeds are illustrated.

25 Figure 5 illustrates the aging profile for a 0.5% Pt/ZSM-23 dewaxing
catalyst when employed in a catalyst system with a noble metal hydrotreating
catalyst, using several different hydrocrackate feeds and a solvent refined
raffinate.

Figure 6 illustrates the aging profile for the catalyst system employing a

30 noble metal hydrotreating catalyst and 0.5% Pt/ZSM-23 operating at several
space velocities, using a heavy hydrocrackate feed.



DESCRI PTI ON OF THE DRAW NGS 15 Figure 1 provides the aging
profile for 0.2% Pt/ZSM 23 catal yst when used al one to dewax a hydrocracked
heavy vacuum gas--oi-l-—-(HVGD . Figure 2 shows an aging profile at
start-of-cycle for a 0.2% Pt/ ZSM 23 cat al yst used to_dewax a hydrocracked

HVGO contam nated with 0.25% of raw HVGO 20 Fi gure 3
i1 ustrateg?,&;}ﬁ s@pi ng profile for a 0.5% Pt /ZSM 23 atal yst using
several diftrerent heavy hydrocrackate feeds. Figure 4 s ovvs t e agi ng

profile for a 0.2% Pt/ ZSM 23 dewaxi ng &at al yst when used in synergistic
conmbination wth a high activity hydrotreating catalyst. Results using two
di fferent feeds arFégL'réYissﬁrr@i@cbrof%forthesynergistiGCOFibg'@tim &f ricbleusdtalat es t he

aging prof | e fflidbifl 2albid aAlish lﬁz%gmwﬂer%ﬂr&%at SfingigRy Oved 110 a

catal yst syst rotreating cataly usi ng several

di fferent hydossk ackate feeds and a solvent refined rafflnate Figure 6
illustrates the aging profile for the catal yst system enpl oying a 30

nobl e metal hydrotreating catalyst and 0.5% Pt/ ZSM 23 operating at several
space %el ocities, using a heavy hydrocrackate feed. Figure 7 is an aging

profile for tbgtaﬁgglgég,h kdnCof HRTRVdmaéd on of nobl e net al hydrot reating
catal yst and U. 5% PHZS%F 23 when a hydrotreated raffinate is used. 5
Det ai | ed Descf-ﬂ?ﬂ ion of the Invention Feed The present process is capable

of operating with me\p'fékentl’;fm@@s chabméisf opkratihgieittad umelrange ¢fiféeds0 produce a
range of |ubricant or.manc

charact eri sti G5MNSFH ?:rf%tgc?f‘?vaapf:%??%?e oﬁlgprucc?gt ?%%%B%WW BE%t, 1 ow

10 performance characteristics. Such characteristics include low pour point, low
cloud point, and high Viscosity Index. The quality of the lube base stock and is
dewaxing yield are dependent on the quality of the feedstock and its
amenability to processing by the catalysts of the instant invention. Feedstocks
for this process are derived from the atmospheric residuum fraction of crude oil

15 including vacuum gas oils and vacuum residues, as well as those produced by
Fisher Tropsch processing of synthesis gas.

Prior to dewaxing, crude fractions used to make lubricant stocks are
generally subjected to one or more refining steps which remove low Viscosity
Index components such as heteroatoms, aromatics, and polycyclic naphthenes.

20 This upgrading step can be accomplished by solvent extraction,
hydroprocessing, or a combination of the two steps. If the Viscosity Index
improvement occurs by a single hydroprocessing step, the upgrading process is
typically accompanied by a significant amount of conversion of the feed to
products boiling below the initial boiling point of the feed and is termed

25 hydrocracking. Hydroprocessing used in conjunction with solvent extraction will
generally not result in significant conversion of feed to light products. Low
boiling range conversion hydroprocessing is termed hydrotreating.
Hydroprocesses used for Viscosity Index improvement typically operate at
hydrogen partial pressures above 1000 psig and remove most of the sulfur and

30 nitrogen-containing species in the material being treated. Because nitrogen
and sulfur act as poisons for noble metal-containing catalysts, preferred
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the catal ysts of the instant invention. The Viscosity |Index of the dewaxed
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the entrained oil : L. ned._ by sol vent dewaxi ng,
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bifunctional catalyst is preferably used to promote the saturation and

15 subsequent ring opening of the low quality aromatic components in the feed to
produce hydrocracked products which are relatively more paraffinic.
Hydrocracking is typically carried out at high pressure primarily to minimize
catalyst aging and to favor the removal of sulfur and nitrogen-containing
species. Consistent with these process objectives, the hydrogen pressure in

20 the hydrocracking stage is at least 800 psig (about 5500 kPa abs.) and usually
is in the range of 1000 to 3000 psig (about 6300 to 20700 kPa abs). Normaliy,
hydrogen partial pressures of at least 1500 psig (about 10500 kPa abs.) are
preferred. Hydrogen circulation rates of at least about 1000 SCF/Bbl (about
180 n.L.1.™"), preferably in the range of 2000 to 8000 SCF/Bbl (about 900 to 1800

25 n.LL.™") are suitable.

Lube hydrocracker severity is generally set by the Viscosity Index target
of the base oil being produced with higher severity (higher feed conversion to
light byproducts) being required for higher VI. In some instances, particularly
those in which a high shape selective noble metal-containing dewaxing catalyst

30 is used downstream of the hydrocracker, denitrogenation and desulfurization
considerations may necessitate hydrocracker operation at higher severity than



catalytic systemof this invention has paraffin isomerization ability, |ube
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is dictated primarily by fuels considerations.

15 For hydrocrackers dedicated to lube manufacture, the conversion of the
feed to products boiling below the lube boiling range, typically to 650°F- (about
343°C-) products is generally not more than 50 wt.% of the feed. Conversion to
650°F products will exceed 30 wt% only for the poorest quality feeds and for
instances where base oil V! targets exceed those of conventional base stocks

20 (95-100 Vi).

The conversion may be maintained at the desired level by control of the
temperature in the hydrocracking stage which will normally be in the rangs of
600° to 800°F (about 315° to 430°C) and more usually in the range of about
650° to 750°F (about 345° to 400°C). Space velocity variations may also be

25 used to control severity although this will be less common in practice in view of
mechanical constraints on the system. Generally, the space velocity will be in
the range of 0.25 to 2 LHSV hr.” and usually in the range of 0.5 to 1.5 LHSV.

Significant aromatics saturation occurs in the hydrocracking process
although the degree of saturation is limited thermodynamically by the

30 hydrocracking cataiyst temperature. High temperatures shift the equilibrium of
exothermic reactions such as aromatics saturation in the reverse direction of



catalyst. It is a primary notivation behind the instant invention to
devel op a catal yst system which is both highly selective for dewaxing but
whi ch has high 5- - tolerance for feedstock inpurities

and sul fur. This enabl es operation of the hydrocracker to neet only the
requi red base stock VI and nmaxi m zes overall base oil yield. A dewaxing

catal yst™ sygjogagsiyhi ch i s capable of processing feedspphdisigeiter ate levels
of sulfur and nitrogen can also be used to | everage the pressure of the

upstream hydroprocessing unit, thus 109- savi ng capital expense.
Hydrocrackers used primarily to produce high quality fuels in which the
hi gh boi | i ng thy desirduesctibs pats.cThdrefore| njtescravhates silttypicalipihave of t en oper ate at

hi gh t oz | LA

Conver si on' | TR ALalbAE S 1Sk i Tt EBAG firPor, dhdrpEuneAces

For hydrocracaosfsemumnmmmrsonHmaeremomamne, the conversion of the feed

to products boili Agd Q@a%g{éﬁalyéf@ﬁegﬁi% idHa @8;&%3- an@%lrﬁ%falto 650F- (about
e

343C-) products is general not nore t eed. Conversion
to 650F prodeeoponedtifor Pé‘?m@@a tweﬁx%aﬁ?mgﬂc\séatUEaﬂen.;ﬁ;mtr@g@na@fqalandy f eeds and

for i st ancesgyfiBafiBattiohs d drrdcid Sombsharttor clanRing erdeRy &Ad | Onal base
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430C) and nore usual he r an 650 to 750[err (about 345 to
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seVﬁr Hby ial t haugdsu&wbmaarmnbktﬁne/\|pemananyrarfemwe:e?mbmﬂ;$rﬁer high mieeslur@f .
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the 30 rocracki ng catalyst teng\gra ratures shift
t he equili brliwh@ﬁ VW@N% Theamaupts Sf mtﬂgpﬁﬁmlmcatﬂyahrat ion in the

revergg direciheBnwhtional for a bass metal lube hydrocracking catalysts of this type and
generally will range from 1 to 10 wt.% of the Group Vill metals and 10 to 30
wt.% of the Group VI metal, based on the total weight of the catalyst. The
metals may be incorporated by any suitable method including impregnation onto
the porous support after it is formed into particles of the desired size or by

20 addition to a gel of the support materials prior to calcination. Addition to the gel
is a preferred technique when relatively high amounts of the metal components
are to be added, e.g., above 10 wt.% of the Group VI metal. These techniques
are conventional in character and are employed for the production of lube
hydrocracking catalysts.

25 The metal component of the catalyst is generally supported on a porous,
amorphous metal oxide support, and alumina or silica-alumina are preferred for
this purpose. Other metal oxide components may also be present in the
support although their presence is less desirable. Consistent with the
requirements of a lube hydrocracking catalyst, the support should have a pore

30 size and distribution which is adequate to permit the relatively bulky
components of the high boiling feeds to enter the interior pore structure of the



the desired reaction path. Therefore, hydrocrackates wll typically have
aromatics contents of 10-20 wt% generally no | ower than 5% and higher
than 30%only for | ow conversion, |ow pressure—eperatien—Hydroerackinrg————
catal ysts are bifunctional in nature including a nmetal 5 conponent
for pronoting the desired aromatics saturation, denitrogenation, and

desul furi zg}J Hsskeact i ons and an aci di c conponent fohcgpiRhgd NI cracking
and ring opening reactions. Usually a conbination of base netals is used,
with one netal fromthe iron group (G-tsp VIII) in conbination with a met al
of Goup VIB. Thus, the base netal such as nickel or cobalt is used in
conbi nati on V\i:ataiyslwhere the desireq bykiroeracking reantigns eacur. Aodhisteikieot, thel y ef f ecti ve
conbi nati on f gliais Gfl RS Hale SRR YBrd sze/tr ShilesbUnps! Gt ndiald € et al
contai ning ca sts are not typically used for single stag

hydr ocr acker sthsl‘l Alaut B¥eaf therases havingiapere sizeiss ’6?@5%3@@@%2% wéhhel fur and

nitrogen | evelsiofihfheipbresalifgh pbidiAacH Makaiged? 66300 mﬁama?e thafuum gas
oils. The anmobunts of the netals present on the cataly

convenfi onal $6ﬂ‘a!§!“%a§8'erﬁéﬁeaﬁb°l’%ﬁ@MB"P@&Q%WW ’&%Fﬁé'l‘%f‘sﬂbé’ubzio'ﬁ hi s type and

ggner aL/l nyl Lll\av'ig iy tbPe SizedTh ihetrendbdlomgo%@ﬁ. Prwerﬁdcuathlyé{dhfbrtﬁ?hﬁst} s and |10 to
wt . % of the ou ased on t al wepght of the catalyst.

The netal s neSegRng ébleﬁg%é%eq "P)eyp%?lsymgfﬁ%b %cfoé& WEP?IOJH% preperties gy

i npregnati on somedtypibal lyberhydecakipg (LHDEY) tatalysts suitabfecfomaesz in thieo parti cl es of

the desired sj tion to a gel of the support materials

prior to cal c?*ﬁ?‘?%%ggﬁaed ﬁwgﬁn?%gghe gel is a preferred techni que when

rel atmoely high amounts of the netal conponents are to be added, e.g.

above 10 wt.% of the Goup VI netaly, hese techniques are conventi onal in
character and are enpl oyed for the vr‘O'd'uctl on of | ube hydrocracking

catal ysts. 25 TheLhidG GataiystPropertiesof t he cat al yst is generally

supported on forhOr ous, anor phoysnet.gl OXI d‘FsﬁﬁHPGﬁ rt, ql mi,na or
silica-alumna are preferred for th| a15 omﬁe conponent s

may al so be pPeredeiumence/gne suppoPt33é1Ithough t 463 pr esence044§6I ess

desirable. Cogsttb@Rda Weigh the 131 170 116
Nickel, wt. pct. 4.8 4.6 5.6
Tungsten, wt. pct. 22,3 23.8 17.25
Fluorine, wt. pct. - - 3.35
Si0./A1.0; Binder - - 62.3
20 Real Density, gm/cc 4229 4238 4.023
Particle Density, gm/cc 1.744 1.451 1.483
Packing Density, gm/cc 1.2 0.85 0.94

If necessary to obtain the desired conversion, the catalyst may be
25 promoted with fluorine, either by incorporating fluorine into the catalyst during
its preparation or by operating the hydrocracking in the presence of a fluorine
compound which is added to the feed. Alumina-based catalysts are typical of
those which require fluorine promotion. Silica-alumina or zeojitic based
catalysts have requisite intrinsic acidity and do not generally require fluorine
30 addition. Fluorine containing compounds may be incorporated into the catalyst
by impregnation during its preparation with a suitable fluorine compound such



requi renents of a | ube hydrocracking catal yst, the support should have a
pore 30 size and distribution which is adequate to permt the
relatively bul ky conponents of the high boiling feeds to enter the+nterier——
pore structure of the -10- catalyst where the desired hydrocracking
reactions occur. To this extent, the catalyst will normally have a m ni num
pore size ofoodesss S0 A i.e., with no | ess than aboupcraiémbeskhe pores
having a pore size less than 50 A pore size, with the majority of the pores
having a pore size in the range of 50-400 A (no nore than 5 5% havi ng
a pore size above 400 A), preferably with no nore than about 30% havi ng
pore sizes i n dstammamigeflwfid® (NHEDY atmapiusi bifluaside (il drl HF9tof whioh thehe fi r st

stage have al \.f %Upagr{%a)fme%&mmubﬁhetd%sdm Wi R i Properties
a e

of sone typic ydrocracking (L cat alq)ists sultab use in the
hydr ocr acki ng elaneent isaweferahly fram abogt 1 tﬂ!OO‘P\éB’? daged qnrie toal weigst °fl-'dFEbper ties
Form catalyst, usuah M abst!2 to 6 wt.%. LTHe fitiorikd May be mcoréerﬁ@‘bycyl Por e

Vol urme, cc/ gm 351 0. 453 0.4

Sur f ac eﬁAr ea, regdigamthe ﬂuorme qegpound to a gel of the mptgh oxide support during the 5 N ¢ kel , w .
ggt 2 ;ﬁfeﬁ’aratlon of the catalystor By impregnation after thebpaticldsiif ﬂie&i&talyéi pct.

o havgbgg'l fg{mdeq,yrcﬁrylﬁ?reqa&]rmgéﬁ ?QB?fMQaWIyst Qontalns a

62.3 20 relgtivadly wmsmbw offlubdine, as well as HigR aBounts of the metalk 8538

?, agi?ngagalng : ,? Pedg%fa&% ‘it |sq preﬁe?rfd to H\Corporate the thaggnd ;lhe fﬁ:orme conboogﬂd
necesstyy to diitbahemetakoxittegel pribr taodryieg sndeglicining theaekto yotn thafinished

catalyst particles.
The catalyst activity may also be maintained at the desired level by in

1.483

situ fluoriding in which a fluorine compound is added to the stream which
passes over the catalyst in this stage of the operation. The fluorine compound
15 may be added continuously or intermittently to the feed or, alternatively, an
initial activation step may be carried out in which the fluorine compound is
passed over the catalyst in the absence of the feed, e.g., in a stream of
hydrogen in order to increase the fluorine content of the catalyst prior to
initiation of the actual hydrocracking. n situ fluoriding of the catalyst in this way

20 is preferably carried out to induce a fluorine content of about 1 to 10% fluorine
prior to operation, after which the fluorine can be reduced to maintenance levels
sufficient to maintain the desired activity. Suitable compounds for in situ
fluoriding are orthofluorotoluene and difluoroethane.

The metals present on the catalyst are preferably used in their sulfide

25 form and to this purpose pre-sulfiding of the catalyst should be carried out prior
to initiation of the hydrocracking. Sulfiding is an established technique and it is
typically carried out by contacting the catalyst with a sulfur-containing gas,
usually in the presence of hydrogen. The mixture of hydrogen and hydrogen
sulfide, carbon disulfide or a mercaptan such as butyl mercaptan is

30 conventional for this purpose. Presulfiding may also be carried out by



25 pronoted with fluorine, either by incorporating fluorine into the
catalyst during its preparation or by operating the hydrocrackl ng in the
presence -of a-fluerine conpou wh 3 . !
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may be carrie "8?1 hen}‘?%ﬂm ”aﬂ%glf U?%ﬁ% 8%53%68%%3'? Ees‘d'g?'s'ged over the
cat al yst i n t heaczbptably dovodatalystlifec &bk instant. mvantloralssruaremhsuafforhydrogen i n order

L increase ! Bwbliflobdif iRl Bleib B FAbAKS byl o84 g o 311 0N oF the

act ual hydrocracki Situ orrdrn T s way 20
i s preferabl yde\aamrﬂgerefﬁoettes ?@Wﬁm@ﬁ@atﬁshﬁwm Ieﬁ%moﬁﬂ%ppmw sulfvoannd 1 to 10%

fl uoriqge 50 ppmw nitrogen are preferred.

The primary difference between hydrotreating and hydrocracking is in the
degree of boiling range conversion which occurs with conversion to 650°F-
products typically being less than 10% of the feed characteristic for
hydrotreating. Hydrocracking can act alone as a VI improvement step for

20 treating vacuum gas oils to produce conventional quality lube stocks.
Hydrotreating, as defined here, does not provide as significant a boost in
Viscosity Index and must be used in conjunction with another VI improvement
step, such as solvent extraction, to produce conventional quality base stocks.

Hydrotreating occurs typically over a base metal catalyst similar in

25 compasition to lube hydrocracking catalysts although hydrotreating catalysts do
not require an acidic support. Operating pressures and temperatures are
similar to those suitable for hydrocracking although while in practice
hydrocrackers operate at H; partial pressures above 1500 psig, hydrotreaters
may operate at significantly lower pressures, less than 1000 psig for example.

30 The degree of denitrogenation and desulfurization for hydrotreating may be as
high as for hydrocracking but may be much lower because of lower operating




prior to operation, after which the fluorine can be reduced to maintenance
| evel s sufficient to naintain the desired activity. Suitable conpounds for
i-n situ-fluoriding-are orthofl uorotoluene and difl uoroethane.—The netals

present on the catalyst are preferably used in their sulfide 25 form
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remove the undesirable waxy components without removing the desirable

15 isoparaffinic components which contribute to high Viscosity Index in the
product, dewaxing with a shape-selective dewaxing catalyst is necessary. This
catalyst removes the n-paraffins together with the waxy, slightly branched chain
paraffins, while leaving the more branched chain iso-paraffins in the process
stream. Shape selective dewaxing is more fully explained in U.S. Patent No.

20 4,919,788, to which reference is made for a description of this process.
Unidimensional constrained intermediate pore molecular sieves have been
found to be particularly shape selective and have been found useful for
dewaxing very clean feedstocks. These catalysts typically contain a metal
component to enhance activity and retard aging and therefore also have the

25 ability to convert wax into lube by isomerization.

The catalytic dewaxing step in this invention is carried out with a catalyst
system comprising two catalysts acting in synergy. The initial catalyst is a high
activity hydrotreating catalyst. Such a catalyst is capable of operating at
relatively high space velocities and low temperatures. Since it is preferred to

30 practice this invention in a single reactor vessel, the hydrotreating catalyst must
have sufficient activity at the temperature at which the dewaxing catalyst



products typically being |l ess than 10% of the feed characteristic for
hydrotreating. Hydrocracking can act alone as a VI inprovement step for 20
treating-vacuum-gas—oils to produce conventional qualitytube-steecks———-
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in 25 conposition to | ube hydroadacki ng catal ysts al t hough
hydrotreati ng catal ysts do not require an acidic support. Operating
pressures and operatesr Ihersfess ydeotreating Gatalysts dontainingnoblearbételsfsach &y dr ocr acki ng
al t hough whi | t ¢ pressures
2bove 1300 ps PftAD S idiedln HEBRRAE KEhS RA Shcllnd HeiBpbdd O

pressures, | e@sdrpmtlm!)wv'ﬁ)slf gowmngewarfpteeoatm can be avoiflae datglyete of
demtrogenat'%Eﬁamﬁkg@gw\fxuvérw@xouemuf.ﬁétalmsgﬁeéﬁfe%tuuﬂareméas.réds high as for

hydr ocr acki ng e nmuch [ ower because eratin
pr essues. Natgemra!!ysbqﬁm%ﬂhwme kenagiiyt than e%h'%@e&ar@at@mta a'B’IGe f eedst ocks

for the Instalahoum\beném@meeausvma@na&cmaba@iy@:o@arra'ﬁgwonﬂmmesmwver hi ghl'y
shape sel ective catal art do not provide acceptable catal yst

life for hydrquf%'a?'éazwg%g’?&eljﬁa%%é Ngbie metals may e useskingj ¢ r ogen and

sul fur. DewaxicBmbifhtii sEapbgmawn&fWQfawﬁm f fréfbRéd/ Rtiosystivesh 2 e dewaxi ng
f eedst ocks foll rovement processing step contain quantities
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remove the undesi e wax onponents w t hout rabl e
the support although their presence is less desirable. The hydrotreatmg step

15 employed in this invention differs significantly from hydrotreating used in
combination with solvent extraction to improve base stock Viscosity index.
Firstly, the hydrotreating catalyst upstream of the dewaxing catalyst provides no
V1 boost to the finished lube. Base oil Vi is nearly identical for the case where
the dewaxing catalyst operates alone or in tandem with the hydrotreating

20 catalyst. Secondly, the effluent from the hydrotreating catalyst passes directly
over the dewaxing catalyst without any pressure reduction or light product
separation steps. As typically practiced, both hydrocrackers and hydrotreaters
do not operate in cascade with a catalytic dewaxer.

The second catalyst is a selective dewaxing catalyst based on a

25 constrained intermediate pore crystalline material, such as a zeolite or a silica
alumino-phosphate. A constrained intermediate crystalline material is defined
as having no more than one channel of 10-membered oxygen rings with
possible intersecting channel having 8-membered rings. ZSM-23 is the
preferred molecular sieve for this purpose although other highly shaps-selective

30 zeolites such as ZSM-22, ZSM-48, ZSM-50 or the synthetic ferrierite ZSM-35



15 | soparaffinic conmponents which contribute to high Viscosity | ndex

I n the product, dewaxing with a shape-sel ective dewaxing catalyst is

necessary. Thi-s €atalyst renoves the n-paraffins together with the waxy:———
slightly branched chain paraffins, while |eaving the.nore branched chain

I so-paraffins'in the process stream Shape selective dewaxing is nore fully
explai néd iwb ddinsass Pat ent No. 20 4,919, 788, to pMiusdindead €rence is

made for a description of this process. Unidinensional constrained

i ntermedi ate pore nol ecul ar si eves hawts-been found to be particularly shape

sel ective and have been found useful for dewaxing very clean feedstocks.

These cat al ysinay tispibeakéd/ Silmosiaminophasphates sushas SARD-119 SARBBIcandact i vity and

retard aging gpectNELg @5 Qwﬂf,%gor}(}%ggfmé%e tive dewaxm Pétgfygty to convert wax

into |ube by I'someriza I'n this invention

ytic dewaxi %ﬁtﬁ
is carried out Wi tTHﬁeaym!b&l&'IZ?@'t*e Z5Mt281s deseripaddn NeS. Patent Mes4076842ct i ng i n

synergy. The Liid 1k 18PbanRleforenge Binfdde AsHe dsktipubh B A 280G A Calal yst.
Such a catalyst i's capable q_eratl n rel ativel )QSM_?%sspace vel ocities

and | oW t enpePeePaiation ary| mezmecs iThe pyninelic zer|itq desipnated arece this
invention in arﬁbxﬂﬂ‘iﬁde"séﬁb@&%U\@f’r’%@ntN&éﬁS'?EQV@Eﬁd?ﬁQQﬂGWC%EHnW% nust have
sufficient aCIVIté thete ?(Lahae whi ch t} dewaxi n cataly
operates. TheFgHeo ﬁ’ffﬁ‘frb&lr?@&? Al "§/§;‘f'§f"€?ﬂﬁ* H?ﬁ’@"tmﬁlz ot al s such as
pl ati num or pabdigeitad @SM-60 Brmedre particularty debd:dbedlbyem iPRBNENBCE they have good
hydrogenationf‘&ﬁhh%ty I f poisoning with heteroatons can be avoi ded.

Catal ysts con Goup VII and Goup VIIl netals can be used but are
| ess desired 5 The irgemwd'utelgoré}eicaawmetihelysthﬁiuemhtemalrdealgnétadty t han nobl e

Fange 1 rom b. 2003 BB R oPORRG TH35) BLERARLL AU MRERNG VS, R0
met al s may be4,16€2845 1o MMB@E&”D@)W mﬁor&dﬁpmtlpn afthisizdoljebhcids um i n
preferred rat 5@2‘—,\#&%»@% s?ntﬂnes"‘?é‘gf Sr.- Pl RldeBibA 7 03! PAh{s, 10

e netals ma4 94§ 4|2£] gr?dr f 2450%761 The synthesusuolf tS(f.;}sF’O-M |g gc\-z/sec%édolg UrrSEt hod.

15 Patent No. 4,440,871.

Ferrierite is a naturally-occurring mineral, described in the literature, see,
e.g., D. W. Breck, ZEOLITE MOLECULAR SIEVES, John Wiley and Sons
(1974), pages 125-127, 146, 219 and 625, to which reference is made for a
description of this zeolite.

20 The dewaxing catalysts used in this invention include a metal
hydrogenation-dehydrogenation component which is preferably a noble metal
although not restricted to a noble metal or a combination of noble metals.
Although it may not be strictly necessary to promote the selective cracking
reactions, the presence of this component has been found to be desirable to

25 promote certain isomerization reactions and to enhance catalytic activity. The
presence of the noble metal component leads to product improvement,
especially VI, and stability. Aging of the shape-selective dewaxing catalyst is
significantly retarded in the instant invention by synergistic combination with the
upstream hydrotreating catalyst. The shape-selective, catalytic dewaxing is

30 normally carried out in the presence of hydrogen under pressure. The metal is
preferably platinum or palladium or a combination of platinum and palladium.



The netal conponent of the catalyst is generally supported on a porous,
anor phous netal oxide support A silica-al um na comnbi nat ion with low acid
activity- s-—accep ii : - ray—&l '
t he support although the| r presence S Iess desr rabL.e The hydrotreatr ng
step 15 enmployed in this invention differs significantly from

hydr ot r éat iviAgosiasasl i N conbi nati on with sol vent extr acidrRids716ksd MPr ove base
stock Viscosity Index. Firstly, the hydrotreating catal yst upstream of the
dewaxi ng catal yst provides no VI boost-180 the finished |ube. Base oil VI is
nearly identical for the case where the dewaxi ng catal yst operates al one or
i n tandem wi t The amokptf therreatalicagpoment is typically @ 40 @ perctbywaight. t he ef f | uent

from the hydr gjdiahitBlals shdbiNders Ra fs@amabr&césldéc&éery the dewaxing catalyst
wi t hout any pressure reduction or roduct separation steps. As

typically practi ce%l‘aPBt?PHCWd#eWE’F'%WhQH@h'ﬁ;‘f’ﬂi‘%rtarr\@ﬁ-t*'E!G"éy #WPeot operate in
cascade with %el%&tiv%'déi:g@t \drﬁ'\/Wélﬂﬁreaﬁﬂ@&:aﬁﬁﬁ‘s&ﬂﬁasﬁ@érﬁin)éséynér@lsﬂc sRleprtive

dewaxi n cata ase E iés ‘P‘ i nt. er medi ‘at e pore
crystald i ne néta¥begarmedgupin ?“?&?PF%‘“W%%P progtalytigdew@Xifthosphat e. A
constrai ned lpmbeair abmcarar;&tsahéymmmtsemeakedsedewaaﬁtm havi ng no nore

t han one channel of ere rin th S le intersecting
channel havi né‘ §°ﬁg rcgr% Al A %ﬁf&j@ma&%ﬁ%ﬁeﬁe‘gfg&r %@eﬁ'ﬁ?’t@&ul ar sieve
for this purpoeessehistpnafenpdd. cﬁdmdmorhs wihtheredtre pe-of eleeatéd temp@@ture and zeol i tes
such as ZSM 2 d M 35

al so be used. %§ %‘Iﬁ rﬁrﬂ%éﬂd@ Eﬁ?h{%sté}s{%%ﬁ%g?rgkg@ BF OE@A@%H and SAPO 41
are al®o suit &B0tof930°R) sreorasrswaﬂm 3@@|t@é@0°¢dam§m°ngewrmwn mosthe synt hetic
zeol 1te ZSM 23aiss Aehighidifith dodytbriec RRbEYool)S prebsfofidiy it 4,104, 151 to

which reference 1I's escrlq%tlon |te
preparati on afB0QPHpRAMeS Usuﬁ'ﬂéueiﬂﬂ @Ppic Spaes YQ'@"GE§NQ%F@H OZSM 48 is nore

particularly deseriLpsy), Weﬁhec'syrB?ﬁiﬁ‘BbatB@& sy&eﬁmrézgu *"524@ 394, 827 the

entire contents of which are i ncorJo her ei n erence.
synthetic z eoﬂp@@ahon at a higher space veiadcity t an can be achleve W|th the dewaxmg

15 catalyst operating alone with acceptable aging, yet with a relatively low aging
rate at equilibrium, is a critical feature of the instant invention. Hydrogen
circutation rates range from 100 to 1000 n.L.L.™, and more usually 250 to 600
nll?.
Reference is made to U.S. Patent No. 4,919,788 for a more extended
20 discussion of shape-selective catalytic dewaxing. As indicated previously,
hydrogen may be used as an interbed quench in order to provide optimal
temperature control in the reactor.
The degree of conversion to lower boiling species in the dewaxing stage
will vary according to the extent of dewaxing desired at this point, i.e., on the
25 difference between the target pour point and the pour point of the feed. It must
be noted that the catalyst system of the instant invention is employed primarily
to enhance the cycle length of the shape-selective catalyst. Product
characteristics will be similar to those found in other shape-selective dewaxing
processes. The degree of conversion aiso depends upon the selectivity of the
30 shape-selective catalyst which is used. At lower product pour points, and with
relatively less selective dewaxing catalysts, higher conversions and



designated ZSM50 is nore particularly described by U S. Patent No.
4,640, 829. 10 The i nternedi ate pore-size synthetic crystalline

mat eri al desi gnated ZSM 35 ("zeol i-te—Z25M 35" —efr—st+ipty—Z5M-35"—sS
described in U S. Patent No. 4,106,245 to which reference is made for a
description of this zeolite and its preparation. The synthesis of SAPO 11
i s describegoioghskssS. Patent Nos. 4,943,424 and 4, 440, fcdwseRfages Synt hesi s of
SAPO- 41 is described in U S 15 Pat ent No. 4, 440,871. Ferrierite is
a naturally-occurring nmineral, describdd-in the Iiterature see, e.g., D
W Breck, ZEOLITE MOLECULAR S| EVES, John W eY and Sons (1974), pages
125-127, 146, cewespendinglp bigherdydregemconspmaptionaill ba enaeyaterasy Imgensesair i pti on of

this zeolite. to, prodlie HRRMGXItaEe FRldMeahge, 43 B15%T.t M | nvention
i nclude a met a%%cgml)erse'cr’l%tolp(;% de %dﬁ% enation co %ene?te whi ch dIJS preferably

a nobl e netal tmlfia‘ibﬁ Cnotill be.atileastp gndin most "easﬁ%?tha%FO&’t oWt nati on of
nobl e netal s. cohirinsofiup tdvabbunmwmbshg heéésyarpeﬁ@waérﬁevteqn@maat e the

sel ective cracking reactions res ent has been found

to be d®sirablRGUERPIAE OF to process i Swg’éw gﬁ"f%?ﬁs wétgl’f@‘?ﬁ'igpt"? reRed ons and to

enhance cat al yelettivity! Builibg/rangdeoryersios o @ 650°F+(8437Chk) basiebid uswligponent | eads

to product inproverent bally VI, and stability. Aging of the

shape- sel ect i \}'éﬁ'ﬁ drgéségsgl/;st is significantly retarded in the instant

i nvention by syner #tertthepasio pdintefthemi has been naduaed4e thealesingdiahiterbyat i ng

catal yst. The nor mal |y
%léﬁf?\fe &Wa?ﬁ% tl‘(@?ev@&@&)’ﬁéfbéjﬁ)ﬂ?&e@% {réat?hgntf suchas

carried out in presente drogen un pressur e
preferthly pl avildhydrotreatinglar amrafmlssvngam@fﬁﬁbtwgmomcqu tmd@@uandm and
pal | adi um pTﬁ!i‘Jc@E%H%tpr&fucI &Whé”@sﬁéd &QFH&H?E{ES 'Israéﬂﬂ?ahﬁﬁi +¥ 1 to 10

percent by wei . Matrix materials and binders may oyed as
necessary. Shzftﬂ@]‘?é’éﬁé‘b’tem%e tethandsAyd (R MAY VPH@'“Y]FW“WWM rai ned, highly

shape-

EXAMPLES

15 Aging experiments were conducted with hydrocrackates (primarily those
derived from heavy vacuum gas oils), a light neutral raffinate, a hydrotreated
raffinate, and hydrocracked stocks contaminated with vacuum gas oil. The
experiments show benefits for a pre-hydrotreating step on dewaxing catalyst
and eventual lineout temperature, and ability to operate stably at high space

20 velocities. Properties of the aging feedstocks used in these experiments are
given by Table 2.

Feedstocks A, C, and E through M were derived by hydrocracking a
heavy vacuum gas oil (HVGO) from a mix of Persian Gulf crudes. These
materials differ from each other by the hydrocracking severity used to produce

25 them. High conversion hydrocracking increases lube Vi and reduces sulfur and
nitrogen levels. Feedstock D was produced in a similar manner by
hydrocracking an Arab Light heavy vacuum gas oil and Feed | represents a
hydrocracked light vacuum gas oil.

To test the robustness of the synergistic catalyst system, Feeds B and J

30 were produced by contaminating hydrocracked Feeds A and F with 0.25 and
1% raw HVGO respectively. Feedstock J contained the highest level of



sel ective catalyst with hydrotreating catal ysts upstreamin a synergistic
system5 may be carried out in the sane general nmanner as ot her
cat al yti ¢ dewaxi-ng-processes. Both catalysts nay be in-the same fixed hed

reactor or the hydrotreating catalyst nay be upstreamin a separate bed. A
single reactor vessel is preferred. Conditions wll therefore be of

el evat ed t gipshadsiir € and pressure W th hydrogen, typigeglkdnstss t enmperat ures
from 250 to 500[err] C (about 10 580 to 930F), nore usually 300 to
450[ err] C (about 570" to 840[err]F) and#B- n nost cases not hi gher than about
370[err] C (about 700F). Pressures extend up to 3000 psi, and nore usually
up to 2500 pshitro@weaféhefeedsoirodegsedharealdBofppown F@ed Kirepreserits & 6ght] (LHSV), over
t he synergist] t s eration at
i gher opacieyifioRs bF boralh SRl Rk treficridiod atlonfid Yoo 1E

cat al yst oper salvandewaxae bege ol diceosisingd the higfieskpulfyrontent (2360 prmkafi vel y | ow
agi ng rate at ,Q0itihd fBbddtBlted S @ critical feature of the instant invention.

Hydrogen circulation rates range from 100 to 1000 n.l.[err], and nore
usual I § 250 to 60@ead | rerresents anpilyiR-edraciedilightngiteal whichwas pat ent No.

4,919, 788 f or gahsEBUicPtiHfdRREEREEID mild conditdhs (5%SE50F-OéonvBRIRA- fejoect i ve
catal yti c dewaxi

ng. As indicated previously, dro e used as an
i nt erbed quenBHg ﬁ%- &Wﬁ’éts“l?% a5$ B\VPE@ WB'FPWA%IWq%%'F%&HP%?%%I in the
reactor. The g=gd&sbafsubsantianshigherttianltoseydrdeeackatag speci es in the dewaxi ng
stage will vary according to the extent of dewaxing desired at this point,
i.e., on the 25 di fference between the target pour point and the
pour point of the feed. It nust be noted that the catal yst system of the
instant invention is enployed primarily to enhance the cycle length of the
shape-sel ective catal yst. Product characteristics will be simlar to those
found in other shape-sel ective dewaxi ng processes. The degree of conversion
al so depends upon the selectivity of the 30 shape-sel ecti ve cat al yst
which is used. At |ower product pour points, and with relatively |ess
sel ective dewaxi ng catal ysts, higher conversions and




correspondi ngly hi gher hydrogen consunption will be encountered. In general
ternms conversion to products boiling outside the |ube range, e.g.,

315[err] G, nore typieally 343[err]C, will be at | east 5 w-%andinnpst
cases at least 10 w.% wth conversions of up to about 40 w. % bei ng

necessary only to achieve the | owest 5 pour points or to process high
wax ‘cont’entwdsaskes Wi t h catal ysts of the required sel ggiriu¥dshdkss BOi | i ng range
conversion on a 650[err]F+ (343C+) basis will usually be in the range of

10-25 wmt. % After the pour point of tkh¥-oil has been reduced to the desired
val ue by sel ective dewaxi ng, the dewaxed oil may be subjected to treatnents
such as 10 mld hydrotreating or hydrofinishing, in order to renove
col or bodi es and produce a | ube product of the desired characteristics.
Fractionation may be enp)qyed to renove light ends and to neet volatility
specifications. EXAMPLESS 1By 8= g gh;g@gm%@xg)eri ments were conducted

wi th hydrocrackates (pri i y~“those deri ved from heavy vacuumgas oils), a

| ight neutral raffi nat g hydrotreated raffinate, and hydrocracked stocks
contanm nated with vacu §‘:og |2 » Th® Se¥ ek gt ® 8show benefits for a
pre-hydrotreating step -ohsdewaxi ng catal yst and eventual |ineout

tenperature, and ability to operate stably at high space 20

vel ocities. Properties p# i?e 89 ng §FBR HEKS 2used in these experinents
are given by Table 2. egstocks A, C, and E through M were derived by
hydrocracking a heavy vaguum gas oil (HVGO) froma mx of Persian Gulf
crudes. These materiatg gi f fér @ om dach o8 #E &% & he hydrocr acki ng
severity used to producze;'25m N them I—_Ilgho Qnversi on hydrocracki ng
increases lube VI and=r@fuces 8id fur$énd & t'arggieﬁ 3 evel s. Feedstock D was
produced in a simlar nmagner by hydrocracking,ah Arab Light heavy vacuum
gas oil and Feed | replr%%enh&' a%ydremﬁ&a(ﬁgﬁiﬁgﬁé vacuum gas oil. To test

the robustness of the sygergistic catal §sht‘,svy§tmem Feeds B and J 30
wer e produced by contarg Eatgrﬁgﬁﬁiydr oB ¥ g 5 B&d8 3A and F with 0.25 and
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1% raw HVGO respectively. Feedstock J contained the highest |evel of
-18- nitrogen of the feeds processed here at 39 ppm Feed K represents a
light vacuum gas—-oi- commereci-atkty—extraeted with furfural to produce a
nom nal 100 VI sol vent dewaxed base oil. It contained. the highest sulfur
content (2300  ppnm) of any of the feeds tested. 5 Feed L
represents sAlE; extracted light neutral which was Sups@awRat |y
hydrotreated at mld conditions (<5% 650[err] F+ conversion, 1000 psig
Herr]). It has sulfur and nitrogen ce2-ents | ower than the furfural
raffi nate (Feed K) but substantially higher than the hydrocrackates.

-19- [err] -20- Exanple 1 The first two experinents were conducted with
a 0.2% Pt/ZS%ZS %iICh was prepared by platinum addition by ion exchange to
an alum na-b 5 23. In both experinents, the liquid flowrate

was hel d pri mari | Jhafirst tworegnerinasts weie camdacipg ¥3h ardask BUESM2amhics pressur e
was primari | VW%Q @%a by ?IQQnJﬁ'?aJdntBWb{} Rnx¥iEhgh sh ahm%é%uﬁ@témbl The

ZSM 23 catal ys rst experiment vvas run s without a

pr e- hy@r ot r ea23.n§p %Qt@BXPeF'@é@SAh? oy flowrpte was n.?é"e‘&f"‘ﬂar‘i'l'yo‘ﬂd DBE run.
the PYZSM-23, hydrogen partial pressure was primarily 2000 psi, and H; flow

rate was held at 2500 scf/bbl.

The ZSM-23 catalyst in the first experiment was run for 112 days without
a pre-hydrotreating step. Feed A (Table 2) was used throughout the run.

10 Because Feed A had a low level of sulfur and nitrogen relative to many of the
other feeds evaluated, catalyst aging on this feedstock should be optimistic
when compared to other feedstocks.  Despite the relatively low level of
impurities in the feed during the first 30 days on stream, the catalyst aged at
2.6°F/day before reaching a period of slower aging (0.28°F/day) at 1 LHSV

15 lasting until the end of the run (see Figure 1). From &0 to 110 days on stream,
the liquid flow rate was held primarily at 0.5 LHSV with periodic activity checks
at 1 LHSV. Therefore, the 0.28°F/day aging rate observed for this period is
likely optimistic when compared to continuous operation at 1 LHSV. When
operating at 0.5 LHSV, catalyst aging was reduced to an acceptable ievel of

20 0.03°F/day but the operating temperature required to meet a product pour point
of 10°F was fairly high at approximately 670°F (vs. start-of-cycle at less than
600°F) While the catalyst showed a 3% yield benefit over solvent dewaxing at
start-of-cycle, it gave a 4-5% debit versus solvent dewaxing during the period of
slow aging reflecting non-selective cracking at the high catalyst temperatures

25 (Table 3).

The same fresh PtYZSM-23 catalyst was used to dewax the same heavy
hydrocrackate contaminated with approximately 0.25% raw HVGO (Feed B) to
test catalyst robustness for treating feeds with moderate levels of nitrogen and
sulfur. Catalyst aging at 1 LHSV was initially very high at 4.5°F/day with start-

30 of-cycle temperature requirement to reach a 10°F pour product higher than
670°F. Reducing space velocity to 0.6 hr” after 7 days on stream only slightly



10 Because Feed A had a | ow |l evel of sulfur and nitrogen relative to
many of the other feeds eval uated, catalyst aging on this feedstock shoul d
be opti-m stic when -conp. : i : i

|l ow [ evel of inpurities in the feed during the first_30 days on stream the
catal yst aged at 2.6[err]F/ day before reaching a period of slower aging

(0. 28[ err] kygbaxass?at 1 LHSV 15 | asting until thgﬁ,gg&,&);mt he run (see
Figure 1). From60 to 110 days on stream the liquid ow rate was held

primarily at 0.5 LHSV with periodic ae2f-vity checks at 1 LHSV. Therefore,
the 0.28F/ day aging rate observed for this period is likely optimstic when
conpared to cedtdedtteaismpprmatune fegnirement tolrelsvA targipouopaintdndiigroadholdt 5 LHSV,

tal yst i l e | 2
0-031 or r1 7 aage B AR B R BE VR s FL BeP bt saivent o pr octuct
pour poi nt ofdew@KingfEablead)r [Clednly dfve RUZSM23 had limited bbilig TOprotess.a st art - of - cycl e
t | th ATV AT I . &Qﬁ% oNLeld b fit
2ol vgflts dealgxf?%%&%%}"ﬁyh%f%@g% %%@i'at("%g@@ a n%'%?{)ﬁ%l ' vergﬂg IsoI S\e/ﬁ'[

dewaxifg during the period of slow aging reflecting non-sel ective cracking
at the high qalplws tenperatures 25 (Table 3). The sane fresh
Pt/ ZSM 23 catal'yst was used to dewax the sane hea\éé hydr ocr ackat e

cont ani nat ed wi t hAZ8PFAB%RgRE BInyvas comdycted Withe Q5% PHESMBB with sevarel cat al yst

rcg?ulst ntess f HyddcRrkate@ HV/SOEIFgie!s)."PIEEHLA Wad 48l By Rh eatHidnggehaaind sul fur.
al yst agi

start- 30 nagdd%tBT‘a]]&%ﬁ%%@%é%@&@éﬁgﬁﬂﬁ% “?‘?t)‘:‘?‘@g% E‘E é]ca;ﬁj%?r }MFt Bour
produgd hi ghez vérflarth& @ QperrsM-2ReftExainple 15 (The aging narowas/conudledatly [err] af ter
o LR o BB B DR o B g R oS o
cycle, |ube yisig dnavah 4%ydroge circhlatipnfrete of 2500esstbldewaxi ng (Table 3). Cearly
(ne T 2025 T B ol s SO R v 2
stream before reaching a period of lower aging (0.08°F/day). The lower initial
15 aging rate and longer period to reach a "lined-out" state is consistent with
Chen's observation (U.S. Patent 4,749,467) and the catalyst formulation is
clearly more selective than that used in Example 1 (see Table 3). However, the
lineout temperature still exceeded 660°F and, in that respect, showed no
improvement over the catalyst of Example 1. From the data in Figures 1 and 3,
20 it can be determined that both catalysts would have approximately the same life
when operating at the same space velocity.
PY/ZSM-23 has significant activity for saturating aromatics as shown by
Table 4. A good relative indicator of the aromatics content of a base oil, widely
used within the industry, is ultraviolet absorbtivity at 226 nm. Table 2 shows
25 that 226 nm absorbtivity is reduced by at least 85% and in some cases over
95% by dewaxing over Pt/ZSM-23.



5 Exanple 2 A 200 day aging run was conducted with a 0.5% Pt/ ZSM 23 with
several hydrocrackated HVG3s (Figure 3). Platinumwas added by ion
..exchange. The additional platinuminproves -the hydrotreating ability of the
catal yst of Exanple 10 2 versus the 0.2% Pt/ ZSM 23 of Exanple 1. The
aging run was' conducted at a space velocity of 0.5 hr[err] over Pt/ZSM 23,

a hydrogen @35&/#&% pressure of 2000 psig, and wth a hyeisemsgsCi rcul ation
rate of 250 bl . The catal yst aged at approximately 0.64[err] F/ day for

the first 140 days on stream before regrhing a period of |ower aging
(0.08[err]F/day). The lower initial 15 aging rate and | onger period
to reach a "lined-out" state is consistent wth Chen's observation (U S.
Pat ent 4,749, 467) and the catalyst formulation is clearly nore selective
than that useBXampPl&Ranple 1 (see Table 3). However, the 1lineout tenperature
still exceeded 66@116&m}mEfreﬂszM-a:it:aalystmequheﬁrsmxpeluinernv\iaspsen/brrent over

th t al t 1. i i t
caﬁ gg Se%/Zr ng?i’é"g)il HP B‘éﬁt%gée%{paq %@g®mﬁ l?})sﬁg%““gﬁgtr}%ag'ﬂﬁagel y % he samaI
l'ife ween opefilbiatio of the hydretresting catpinst ¢o deytaxing cptalyFtwagSM U@ has si gni fi cant
activity Tor Bk Gl QB Gy I8 AR MbvRY aﬁ%%a@ ?ﬁ .59Qds el ative

i ndi cat or content. of a base use vm' thin the
i ndustry, |s miaintainedat 600°ardne) 58 vaytqura;tonzmeﬁWmiﬂ @9"29 Bhows 25

that 226 nm a e cases over
95% by dewaxi g%%ggtgégﬁ M&dr eﬁ?@Hﬁﬁ&e&r@&fzb@@%g&gg&r}g@?%@SM 23 catal yst

used in the f#eibbl digyidwaremerardat adeHd E‘QP”M@R%B@%P&'FMH&MK&Y%QP%@ D and F

with gg upst re&H},&W&' ERFT B Mrmdﬁgiﬁba ghows that th5 dbWaxigj éRaipdt t he
hydrotreating c

catal yst, a Pfeappgds ataéfegﬂ"%e’\é\@é Fﬁg?ﬁ 'gf%?'y %Sﬁtﬁ)(ﬁm?a@ far the W¥§Fﬁ r g?t |1ng 3.3 was

evaluated, aged at less than 0.1°F per day. Catalyst lineout occurred at a
temperature significantly lower than for the PYZSM-23 operating alone (Figure
1) when the systems are compared at constant space velocity over the

15 dewaxing catalyst. But even more unexpected is that the lineout temperature of
640°F to 665°F compares favorably with PYZSM-23 operating alone at the
same space velocity over the entire reaction system. In other words, for a fixed
reactor volume, replacing half of the catalyst volume with a high activity
hydrotreating catalyst results in the same eventual lineout temperature as if the

20 reactor was completely loaded with dewaxing catalyst but with the advantage of
a far shorter lineout period. An additional advantage is that the
prehydrotreating step appears to benefit dewaxing selectivity for equilibrated
systems (1% yield advantage vs. solvent dewaxing compared to 4-5% yield
debit vs. solvent dewaxing for PYZSM-23 operating alone).

25 Analysis of the feedstock and liquid product UV absorbtivities showed a
greater than 90% reduction in the 226 nm absorbtivity over the high activity
noble metal hydrotreating catalyst (Table 5). By comparing the data of Tables 4
and 5, it can be concluded that the hydrotreating catalyst had a slightly better
capacity for aromatics reduction than did the PYZSM-23 dewaxing catalyst.

30 Feedstock sulfur was reduced by 80% over the hydrotreating catalyst while the
nitrogen species were not measurably converted.



mai ntai ned at 600[err]F for the 58 day duration of the study. The aging run
conducted at a hydrogen partial pressure of 2000 psi and feed rate of 2500
scf/ bbt+—+tiquid was—eharged at a liquid hourly space velocity of 1 hr[err] -
over each 10 catalyst (0.5 hr[err] LHSV overall). Figure 4 shows that
t he dewaxi ng catal yst reached a near equilibrated state in only 10 days and
for -t he 't wouf6e6fsd0cks eval uated, aged at |ess than 0O, %mg AulssPEr day.
Cat al yst Ilneout occurred at a tenperature significant vver than for the
Pt/ ZSM 23 operating al one (Figure 1) Wifah t he systens are conpared at
constant space velocity over the 15 dewaxi ng catal yst. But even nore
unexpected is that the |lineout tenperature of 640F to 665[err]F conpares
favorably with Pt /BZSM 23 operating al one at the sane space velocity over
the entire reacti g system In other words, for a fixed reactor vol une,
repl acing half of gf he catal yst volume wth a high activity hydrotreating
catal yst results é the sanme eventual |ineout tenperature as if the 20
reactor was conpl & ely | oaded with dewaxi ng catal yst but with the advantage
of a far shorter L,,;leout peai od. AR additi onagmady@antage is that the
prehydrotreating ep appears to benefit dewaxing selectivity for
eqw | i brated syste (1% vyield advant age vs. sol vent dewaxi ng conpared to
4-5% yield debit sol vent dewaxing for Pt/ZSM 23 operating al one). 25
Anal ysis of the f&mlstock and |iquid product UV absorbtivities showed a
greater than 90% gggjucti oneign #he 226 nM PpsW Hliyigty over the high
activity noble mefl hydrotreating catal yst (Table 5). By conparing the
data of Tables 4 argl 5, it can be concluded that the hydrotreating catal yst
had a slightly bett®g¥apacitygfor aromatics reduction than did the

Pt/ ZSM 23 dewaxi ng 8ty | yst. 39 Feedst ock sul fur was reduced by 80%
over the hydr otreatE l@ catal ysg while tmhe ni trogen speci es were not
measur abl y converteﬁjg [err]& 8 g
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-24- Exanple 4 A 330 day agi ng experinent was conducted with the 0.5%
Pt/ ZSM 23 5 catal yst of Exanple 2 and the hydrotreati ng catal yst of

- Exanpl e 3 | oaded —F
hydrotreati ng catal yst was mai ntai ned at the sane tenper ature as the

Pt/ ZSM 23 catal yst, consistent with preferred operation of a single reactor
vessel . ‘Nei@@gd;lsﬁgt alyst was presul fided. Both catal ygigusibds " €duced in
Herr] at 500 F prior to introducing 10 liquid feed. Liquid flow rate
wax maintained at 0.5 LHSV over the deggxing catal yst. Several feedstocks
wer e dewaxed by this catal yst systemincludi ng hydrocrackates, hydrotreated
raffinates, and a raw raffinate. For the bulk of the experinents, hydrogen
partial pressure was maintai ned at 2000 psig and hydrogen fl ow was 2500
scf/bbl. An aﬂf%_bgéofile for the entire run is given by 15 Fi gure 5.
For the first ys on stream the catalyst system processed feedstocks
whi ch were al so ué&30iday agiag expsv}mpnt/v@smmcwgiwitg thadSHIPUZEM2E ¢ 2. Wil e

the deyaxing %@éw YPExapR Rhrd e ﬁb&&?eai.ﬁgeatén iﬂ%’é’%lotaﬁﬁ_ea(:h a

pseudo-equi | i ted state of operation | Pt/ ZSM 23
catal yst 20 upstreargygweﬁpwawa@jxst i B il ratio EBS/ dstreatingratalystr es of

620- 630[ err] Fwéé?ﬁanhﬁﬁte&‘éﬁth%%@ﬂéiéhfdéﬁaﬂﬁ&ﬂ& WRLFRZSM-28 @éiélyét'dans.étevtt he reduced
| ine out period and | ower uilibrated te erature 'HDT/ Pt/ ZSM 23

catal yst systW %’ﬁmﬁoﬁe@“ I°f3r?!ﬂ‘9§ rqagicrvassgl. Deiioes gatalysi was he Pt/ ZSM 23

operating al giesufitet] Bofb)catalyststvre redticadtis Hobt S00aFBlicSo itrading are conpared
at eq

o S ve! et B36R S b o et s B ud g S
HDT/ Pt / ZSM 2 Tatayyst. c8evetal fdedstblavaeradéviaxad by wmwm@swneihcmhgs“ﬂ 23
Cp T e oo bl Rk SR e RSP e TR s | o
an addi t i onalexheiirhents dydrogerceartial prassure fvgs maintained at 2000 psig and
hydrogen flow was 2500 scf/bbl. An aging profile for the entire run is given by
15 Figure 5.
For the first 120 days on stream, the catalyst system processed
feedstocks which were also used in the 0.5% P/ZSM-23 aging run of Example
2. While the dewaxing catalyst operating alone required 140 days to reach a
pseudo-equilibrated state of operation at 660°F, the HDT/Pt/ZSM-23 catalyst
20 system lined out in only 40 days at temperatures of 620-630°F for the two
feedstocks evaluated. In addition to the reduced line out period and lower
equilibrated temperature, the HDT/PYZSM-23 catalyst system showed a 1 VI
and a 1% yield benefit over the PYZSM-23 operating alone (Table 3). If the
results of Examples 2 and 4 are compared at squivalent space velocity over the
25 entire reaction system by adjusting the results of Example 2 to 2 0.35 hr* LHSV,
the HDT/PY/ZSM-23 system still offers a 10-20°F advantage over P/ZSM-23
operating alone in the eventual line out temperature. Assuming an equilibrated
aging rate of 0.1°F/day, this activity benefit translates into an additional half
year of catalyst life.
30 At approximately 120 days on stream, a low conversion heavy
hydrocrackate having a nitrogen content of 6.3 ppm nitrogen (Feed H) was
dewaxed and after an initial equilibration period, the catalyst system lined out at



30 At approximately 120 days on stream a | ow conversion heavy
hydrocrackate having a nitrogen content of 6.3 ppmnitrogen (Feed H) was
dewaxed-and after -an-ini :

| i ned out at 635[err]F. Lube yield and Vi scosi ty,~l, ndex shovved
significant advantages for this catal ytic dewaxi ng process agai nst sol vent

dewaxi ng (Tgh ﬁﬂs? Later in the aging run, a hydrocgaGkshe ?gont am nat ed
Fee

with 1% raw HVGO d J) and containing 470 ppm sul fur an ppm N was
dewaxed for approximtely 20 5 d28ys. After an equilibration period,
the catal yst systemlined out at 675[err]F and provided | ube yield

equi val ent t 05350F.vicube yibithand Viscositylingéxsshowed significhpkadvagtagés foathis y hi gher .

Th Its tal yst

compar| son t CLINRUBEAhForbihs eelis R el RS B S B0 poor |
activity and wger@m a/mxdyom#eﬁemammﬁ@damhé%orgwdrweqmeed J)andont ai ni ng much
| over |evels ta.m@umt;spﬁssuu&tarﬂps@r@m m&e&aw&@@ d#%ﬁro%a@i dﬁﬁm a light

hydr ocr ackat e dewaxed

sel ectPvity rdavat Afer qn(?“&'&\"@%‘?ﬂ pefieddhe ?ﬂja'gg 6%9 "@91’6&”" FW% apdy and

selectivity a&uaaecﬁgwylaa ehmealsmmsmeﬁtammbahwts | :?tumf&ar;a not
urrura

restricted to he st ocks. tra
raffinate (FeséQP' Waﬂ)s*f?@ 2 r?ﬁﬁr‘ﬁ 8?“'9'5{’33ﬁn? reBustiase /f heogen vvas dewaxed
for over one synértght:mthlwﬁn musmthxaxmlélluragﬁmeMS aratiftp t he

robust ness of_,the.cat St stem for. S dstoc S contai ning even
noder at el y hlﬁ?msé\?gf‘@p%raf%ﬁ???f%%mv éﬁ?’ﬁ eFFtPEf%trat ed by Figure
5 dembdstr at embntdumrhgmmlﬁﬂerlevelsofhmmt)d:sr eating cat aI yst need only to fill a

fairly small frac [ t ent on to have
advan%/ages over I%g PNy t%%%grzg(gé%r‘)ﬂg"%%ﬁ% I%atﬂy% caa°F3‘F35? ed )H'ﬁﬁ The

cat al yst systaawasethviynagligible @ging ead high gelectivily l;e!ailVétﬂSOdeﬂdéa;axﬁg/ ZSM 23 (1:2
Fill ratio) |dnBihg @ trafddhig éaelsxneaﬂ,.tpamn@aés éf*ir‘?é/‘f‘,li‘l &fgk mgeathe agi ng

thereafter. This catal yst s%/stem I ned out "at 635
d to heavy feedstocks. Also a light neutral furfural

system are not restrlct

15 raffinate (Feed K) having 2300 ppm sulfur and 16 ppm nitrogen was dewaxed
for over one month without measurable aging again demonstrating the
robustness of the catalyst system for processing feedstocks containing even
moderately high levels of impurities.

The experiment illustrated by Figure 5 demonstrated that the

20 hydrotreating catalyst need only to fill a fairly small fraction of the dewaxing
reactor for the invention to have advantages over loading the reactor with
dewaxing catalyst alone. The catalyst system employing hydrotreating catalyst
followed by PYZSM-23 (1:2 fill ratio) lined out after only 30 days and showed
negligible aging thereafter. This catalyst system lined out at 635°F while

25 running Feed F; PYZSM-23 operating alone lined out at 660°F (Figure 3).
Assuming an apparent activation energy of 45 kcal/mol for dewaxing consistent
with ZSM-23 dewaxing data from variable flow rate experiments, it is expected
that PYZSM-23 operating alone processing Feed F would line out at 650°F at
0.33 LHSV. Thus, at equivalent overall space velocity, the HDT/ZSM-23

30 approach offers a 15°F activity advantage over ZSM-23 operating alone.
Figure § also demonstrates the robustness of the HDT/ZSM-23 catalyst system



25 running Feed F;, Pt/ ZSM 23 operating alone |lined out at 660[err]F
(Figure 3). Assuming an apparent activation energy of 45 kcal /mol for

- dewaxi ng consi st ent--w t

experiments, it is expected that Pt/ZSM 23 operating. al one processi ng Feed
F would Iine out at 650F at 0.33 LHSV. Thus, at equival ent overall space

vel ocity, 4io9sidsss/ ZSM 23 30 approach offers a peTudsidessi t Yy advant age
over ZSM 23 operating alone. Figure 5 al so denonstrates the robustness of
t he HDT/ ZSM 23 cat al yst system - 26261 or processing hi gher nitrogen

containing feedstocks. Little activity debit, rapid equilibration, and

i nsi gni fi canforpgicagsingdrighes bitregarcepnidining f?ﬁ@t%ﬁbkltﬂatam&abihlrm syst em was
used to deway &'dg&gﬁq’ &%Eﬁérﬁﬁd&ﬁlt éhgrfawe@egﬂégnmd'fvfr@ﬁ% éoﬁ?oﬁﬁtn&n TabI e 1). This
| mpr ovenent S unexpect ed because the nob

hydr ot r eat i ngatéhtﬁt@’?sm Wi yised tgdeyaxa faed €antaiping puerd rpm Bmegﬁ"t r ogen and

sul fur in thﬂfécea@ Tabeuh Tis \Mvr&}%m%hﬁs B&ldly dﬁi&ﬂﬁ%tédcbebéuééftﬁﬁﬁ&ﬂlé/ e poi sons
for noble netal -contai nlsg\g 5 10

unction npl e
A sub®equent MEsGHBYIHfERHIN @g}%ﬁﬁﬁﬁf’@&a QEStIEP@‘(?F%"rB‘Bf"ﬁ%qgﬁ@aP%e sane fresh
hydr ot reati nsulﬁ»atrﬁhysdeda@m of vibicnap @elBkrowsh td ba effectinepdissnsGorafdplgt / ZSM 23
| oaded in a 2:3 fill %‘If% brytvo une A hydrocrackate having simlar
properties tﬂ‘eﬁaééﬂm?m'inﬁ fyrstions] &2 &%ﬁvaxed at various space velocities for
a period of 140 days. The overall systemwas operated at rates up to 2 LHSV
15 OVGExérﬁﬁ éSM 23, well in excess of previous data. Even at these
high feed ra ; ere were no appreciable signs of aging after a 20 day
| i ne 10ut period & subsequepkaxpsetiment wap corrlyeted (Feedrigurae) using thasarabst ant i al
advant age ovBkabufF s ftiaBld dia®aid lheR b2l 0Dt 2 nec

I ndependent of space velocit
23 loaded in a 2:3 fill ratio by volume A hydrocrackate having similar

properties to Feed F in Table 2 was dewaxed at various space velocities for a
period of 140 days. The overall system was operated at rates up to 2 LHSV

15 over the ZSM-23, well in excess of previous data. Even at these high feed
rates, there were no appreciable signs of aging after a 20 day line out period at
catalyst start up. Throughout the run, a substantial advantage over solvent
dewaxing for both lube yield and VI was obtained independent of space
velocity.

20

Example 6
Fresh hydrotreating catalyst and P/ZSM-23 catalyst, both as in Example

5, were loaded in a 3.7 fill ratio and used to dewax a hydrocracked heavy
vacuum gas oil (Feed F of Table 2). To determine the performance of the

25 invention for lower activity pre-hydrotreating, the hydrotreating catalyst was
presulfided in a mixture of 98% H»/2% H.S up to a temperature of 700°F before
the introduction of liquid feed. As shown by Table 5, the effectiveness of the
hydrotreating catalyst was significantly diminished as the 226 nm reduction over
the HDT catalyst was only 61%. However, the catalyst system showed a similar

30 period of equilibriation to the unpoisoned system of Example 4 of approximately
40 days. The catalyst system equilibrated at a temperature of 638°F which

represents a 22°F advantage, at constant space velocity over the dewaxing



Exanpl e 6 Fresh hydrotreating catalyst and Pt/ ZSM 23 catal yst, both as in
Exanple 5, were loaded in a 3:7 fi II ratio and used to dewax a hydrocracked
- heavy vacuum-gas--oil-( Fee
the 25 i nvention for |ower act|V|ty pre hydroL.r.eatl ng, the
hydrotreating ‘catal yst was presulfided in a m xture of 98% H err]/2% H2S up
to a tenpernasdgngesPf 700[err] F before the introducti oncelusdristss d feed. As
shown by Table 5, the effectiveness of the hydrotreating catal yst was
significantly dimnished as the 226 27 educti on over the HDT catal yst. was
only 61% However, the catalyst system showed a simlar 30 period of
equi | i bri at i catatyst, bvar thegase woeredhesgetaxing catalystowss| operateafwithpatithxi mat el y 40

d Th F whi ch
opresents. avabyfl o i ebafBkiinclrBinb Sl RdfilBE] Al Bobloche {10 " ©
dewaxi ng bydraeracited GO for fe davss hegplalyst syblemoasausedty demaxbyst was

operated wit Ry r t al yst
(Exampl e 2). P {yehrry B%Frgﬁgigyﬁé& grﬁ%g@g/ag?g{gr(ggég [gmér%)é?@éf%goé;g‘ys t he

catal Pst sysVAIAURSRAGRNPCHiBS-devax a ni | dl'y hydrotreat ed NVP-extract ed
raffinate (Feed LQeeQ\LQfad%uﬁQ aﬁl@hrtrﬁ@éﬂ I@ﬁbl@éonﬁuarable to tﬁ%l‘f&ﬂﬁaﬁfﬂé’t‘ée

vel ocities. Feed g ‘I"kg E%S( rogen levels conparable to the
furfural raf F?‘H%ﬁeg"d 6%9?3‘6 iFe nﬁ? gy (@‘é@ﬂsl{?e%yﬁtﬁtﬁﬁ'@ 7 shows, the
cat al yﬁt sy/sbgmmeamhmdmwt bpa&b&blbbméslepab1mﬁ¢gvéf%mZSNF§3 ﬁp to 1.9 hr'
over the Pt M ratin e adv e of the synergistic
cat al yst sysﬁ@"ﬁ\dfzaﬁ'fmsﬂff?ngﬁnptﬂﬁﬁﬁwnbﬁgeét%émﬂg'ﬂ“@ Eg'ﬁﬁﬁ‘ f@&t ends from
hydr dor ackat sightspadeaeitxitybpenatienententfennahyrgerddkgles tocfeedsswitfevanl f ur and

nitrogen inp oiﬁé;?eaﬁ%wgi%wggfsﬁlf@@%%ggnF‘;&% ed according to U. S. Patent

5,075, 269 an contain a pl ati num | oadi ng of
0.5 wt% The agi ng behavi or of the Pt/ZSM48 was eval uated for dewaxing a

heavy hydrocwg_e (Feed M in two

ZSM-48 was prepared according to U.S. Patent 5,075,269 and was ion
16 exchanged to contain a platinum loading of 0.5 wt%. The aging behavior of the
P/ZSM-48 was evaluated for dewaxing a heavy hydrocrackate (Feed M) in two
separate experiments. In the first experiment, the PVZSM-48 was used alone to
dewax the feed while in the second experiment, the hydrotreating catalyst of
Example 3 was loaded upstream of the PtYZSM-48 in a 3.7 fill ratio. In both

20 experimental runs, the catalysts were reduced in H, at 500°F before liquid feed
introduction. The hydrotreating catalyst was maintained at the same
temperature as the dewaxing catalyst. Consistent with the data of Table 5, the
hydrotreating catalyst of the second experiemntal run was found to reduce the
226 nm absorbtivity of the liquid by 90%.

25 In both experimental runs, the dewaxing catalyst lined out in a period of
30 to 40 days. However, the synergistic hyudrotreating/dewaxing catalyst
system exhibited an activity advantage over the dewaxing catalyst operating
alone of 15°F at constant LHSV over the dewaxing catalyst and 6°F, by
interpolation, when the comparison is made at constant overall space velocity

30 (see Table 6).



separate experinents. In the first experinent, the Pt/ZSM 48 was used al one
to dewax the feed while in the second experinent, the hydrotreatl ng

- catal yst of Exanple-3- : ot
ratio. In both 20 experinmental runs, the catalysts were reduced in
H2 at 500F before liquid feed introduction. The hydrotreating catal yst was
mai nt ai Ned @b odifaggssane tenperature as the dewaxi ng Capednsdioessonsi st ent
with the data of Table 5, the hydrotreating catal yst of the second
experiemtal run was found to reduce tf& 226 nm absorbtivity of the liquid
by 90% 25 In both experinmental runs, the dewaxing catal yst
lined out in BExgeledd of 30 to 40 days. However, the synergistic

hyudr ot r eat i ng/ dewgxi ; activity advant age
over the dewaxi ng\q@sthg(%g%l@%é@é’?’éﬁéé’%m@ﬁge@w?é %ggdi QrBeBF¥ant LHSV over the
dewaxi ng cat ahmtngeaaﬁbrwwityﬁ?HAhtT@spmea& pesformedhatr1 00P@, atmogpaetison i s nade at
const ant over C Exanpl e 8 The
hydrotreating cC ?"§€ ‘?“‘X #@él%pﬁswgbenzeneezlﬁg forrﬁ?)lg%zseswg hydr ogenat i on
activi by (BHﬁoydr@slt-sﬂ\Keﬁfe Phare srafipenzenegu]@nratjadf 1Zt1nSpabevelacitpr essure (1
atm. Partial |sFWﬁ§\?‘*r%rb’e'ﬁg'ﬁﬁkraté%oﬁéﬁrﬁ is (7694 hébs Bérﬁéﬁé'fv gram
hydrogen = 717 torr. There is a Herr]/benzene molar rat ? 17:1. Space
velocity is VWS‘PS”PR“’FETQO]"C The BHA rate constant is 0.024 nol es benzene
per gram catal yst per hour at 100[err]C. CLAI M5 1. A process for

catal ytically dewaxi ng a hydrocarbon feed in the presence 5 of

hydr ogen enpl oyi ng a synergistic catal yst system conprising the follow ng:




(a) a high activity hydrotreating catal yst which conprises at |east one
nmetal supported on an inorganic base, w hich is effective for reducing,
when oper at i-ng-at--t he-samre— ' ;
the aromatics content of the waxy feed, as neasured_by UV absorbt|V|ty at
226 nm- 10 - by at |east 60% (b) a constrained internedi ate pore
mol ecul ar svoessasskmvi ng at nost one pore channel of 1 reTweehesed oxygen
rings with any intersecting channels having 8-nenbered oxygen rings and
further conprising a noble netal where&9n the hydrotreating catal yst
precedes the dewaxi ng catal yst and the reaction 15 m xture passes
directly fromthe hydrotreating catal yst to the dewaxing catal yst w thout

| i ght byprod I\?gparatlon bet ween the two catal ysts. 2. The
hydrotreating catal yst of claim1l wherein said hydrotreating catal yst
possesses a benzene hydrogenation activity which is greater than 0.0024 20
ol es benzenq, pera rogfestd tdifticallewBAt a RjardldEddin 1 presehls PTOCESS Of
claiml1, whereint feedstock contacts the cat yst RIS a single

fi xed Sed wi Ohhysregesiempiayingassyapraisiccatalyst system °°"11?f§"‘19rt follewing: claim 1,

wherein the cat algpt ahrgh%mnms)ﬁparb@%n@yaagétmlcaapﬁ@és@t)é%&t&Bd dewaxi ng
catal yst |nar<?t|o bet ween rocess of claimi1l,

wherei n at | S84 syppRoTted AR gp fr@EFaHE:trLéFe &lh'?'h'é eﬁ%’?’%fq'é%ﬁ“f"ﬁg wheNal yst is a
nobl e net al . opérating at3lﬁb sdme conditiengodsahe subseduent @éW”ﬂxﬁ. cﬂﬁ%ﬁtlﬁ t he

hydrotreatin al oaded. wi th bot M | 0 of between
2:1 and 1:5 %f""?fé ntﬁ.'tb S yeYriesd an"eEFLé[PﬁﬁagﬁgﬂfPW'WﬁBz nt of noble
met aI10presen1byanleh§160%, dewaxi ng catalyst is from0O.1to 5 w.% 8.

The process of clgj m £uoYhiGhgh dREads WM e &Rl Aevs halifg SGhagt ed from

one pore channel of 10-membered oxygen rings with any intersecting channels

having 8-membered oxygen rings and further comprising a noble metal wherein
the hydrotreating catalyst precedes the dewaxing catalyst and the reaction

15 mixture passes directly from the hydrotreating catalyst to the dewaxing catalyst
without light byproduct separation between the two catalysts.

2. The hydrotreating catalyst of claim 1 wherein said hydrotreating catalyst
possesses a benzene hydrogenation activity which is greater than 0.0024
20 moles benzene per gram catalyst per hour at 100°C.

3. The process of claim 1, wherein the feedstock contacts the catalyst

system in a single fixed bed within a single vessel.

25 4. The process of claim 1, wherein the catalyst system comprises
hydrotreating catalyst and dewaxing catalyst in a ratio between 3:1 and 1:10.

5, The process of claim 1, wherein at least one supported metal of the

hydrotreating catalyst is a noble metal.
30
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the group consisting of ZSM 22, ZSM 23, ZSM 35, ZSM 48, ZSM 50, SAPO 1 1,
SAPO- 31, SAPO 41 and conbi nations thereof. 10 9. The process of claiml

wherein the feedstock to the catal ytic dewaxer—+e
or other petroleumfraction derived from at nospheri-c-resi due whi ch has been

subj ected to a hydrocracking step in which the conversion of feed to
product s bowd ssngssbel ow 650[ err] F exceeds 10 wt % 15 IrusdHhesspr ocess of

claim1l1, wherein the hydrocarbon feed is selected fromthe group consisting

of hydrocrackates, solvent extracted r33-finates, and hydrotreated

raf fi nates.

10

15

20

20
6. The process of claim 5, wherein the hydrotreating catalyst is loaded with

both Pt and Pd. in a ratio of between 2:1 and 1:5 Pt:Pd.

7. The process of claim 1 wherein the amount of noble metal present on the
dewaxing catalyst is from 0.1 to 5 wt.%.

8. The process of claim 7, wherein the dewaxing catalyst is selected from
the group consisting of ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-50, SAPO-11,
SAPO-31, SAPO-41 and combinations thereof,

9. The process of claim 1 wherein the feedstock to the catalytic dewaxer
represents a vacuum gas oil or other petroleum fraction derived from
atmospheric residue which has been subjected to a hydrocracking step in which
the conversion of feed to praducts boiling below 650°F exceeds 10 wt%.

10. The process of claim 1, wherein the hydrocarbon feed is selected from
the group consisting of hydrocrackates, solvent extracted raffinates, and
hydrotreated raffinates.

L



