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The present invention relates to converting hydrotreated hydrocarbon | ube
oi | feedwmeksyisd n particular, it relates to catalytic compeaisde@asfb
hydrotreated hydrocarbon |ube oil feedstocks which contain waxy paraffins
to produce lube oil base stocks having hlgh viscosity index and | ow pour
point. Mneral oil based |lubricants are conventionally produced by a
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severe solvent treatnment nay al so be used as a Iubr| cant base stock. This
refined re5|dual fraction is usually referred to as bright stock. Neutral
oi | s, after BAdLK&ROBHY I ERIEN ow vi scosity index (V)
conponents, are conventlonally subjected to dewaxi ng, either by solvent or
catal yti c dewaxi ng processes, to achieve the desired pour point. The
dewaxed | ube st a‘dalepmsenlom\ketﬂro@fnememﬂcdxﬁremﬁ Ry&ofeatet Hyldfo@hBon ﬁfﬂ%ve
col or bodi es Viscosity Index (VI) is a reflection of the anmount of

vi scosity rfé@@éoceks | Inipartasdar, ihtdatgs és catalyticaoonvesiens £hydrotieatedr at ur e.
The product dewaxi ng are dewaxed | ube oil and sl ack wax.
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sequence carried out in the petroleum refinery which comprises fractionation of a
paraffinic crude oil under atmospheric pressure followed by fractionation under
vacuum to produce distillate fractions (neutral oils) and a residual fraction which,
after deasphalting and severe solvent treatment may also be used as a lubricant
base stock. This refined residual fraction is usually referred to as bright stock.
Neutral oils, after solvent extraction to remove low viscosity index (VI)
components, are conventionally subjected to dewaxing, either by solvent or
catalytic dewaxing processes, to achieve the desired pour point. The dewaxed
lube stock may be hydrofinished to improve stability and remove color bodies.
Viscosity Index (V1) is a reflection of the amount of viscosity decrease a
lubricant undergoes with an increase in temperature. The products of solvent

dewaxing are dewaxed lube oil and slack wax.

Catalytic dewaxing of lube stocks is accomplished by converting waxy
molecules to light products by cracking, or by isomerizing waxy molecules to
form species which remain in the dewaxed lube. Conventional dewaxing
catalysts preserve high yield primarily by having pore structures which inhibit

cracking of cyclic and highly branched species, those generally associated with
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to convert heavy, branched wax species leading to a hazy lube appearance at

ambient temperature and high cloud point relative to pour point.

| Conventional lube refining techniques rely upon the proper selection and
use of crude stocks, usually of a paraffinic character, which produce lube
fractions with desired qualities in adequate amounts. The range of permissible
crude sources may, however, be extended by the lube hydrocracking process
which is capable of utilizing crude stocks of marginal or poor quality, usually
with a higher aromatic content than the better paraffinic crudes. The lube
hydrocracking process, which is well established in the petroleum refining
industry, generally comprises an initial hydrocracking step carried out under high
pressure, at high temperature, and in the presence of a bifunctional catalyst
which effects partial saturation and ring opening of the aromatic components
which are present in the feed. The hydrocracked product is then subjected to
dewaxing in order to reach the target pour point since the hydrocracked product
usually contains species with relatively high pour points. Frequently the liquid
product from the dewaxing step is subjected to a low temperature, high pressure
hydrotreating step to reduce the aromatic content of the Iube to the desired level.



usual l'y contains species with relatively high pour points. Frequently the
liquid product fromthe dewaxing step is subjected to a | ow tenperat grél. 2004
hi gh pressure hydrotreating step to reduce the aromati c content of the
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trends in the design of autonotive engines are associated with higher
operating tenperatures as the efficiency bt the engi nes i ncreases. These

hi gher operating tenperatures require successively higher quality

| ubricants. One of the requirenents is for higher viscosity indices (VI) in
order to reduce the effects of the higher operating tenperatures on the
viscosity of theCurgimerents i tieaddstan bF alitoMlotit@ diftfindiaite assutyAns vipal | y

been attained by the use of VI inprovers, e.g. polyacrylates and
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need for the production of high VI Tubricants from mneral oil stocks

whi ch may bédegradalticre due by highctenipgrstaresamdthiighl shehoratdsoaeophised i theenpl oyed
in petroleumrefineries. U'S. Pat. No. 4,975, 6177 discloses a two-stage
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feedstocks. In the first stage,of thg%i process, .the waxy feed is
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the isonerigzation st still .contaj.ns. waxy .speci es and . .
improvers. 'fﬁus, ere 1s'a conﬁnumg hekdJOr aufomative lubricants which are

based on fluids of high Viscosity Index and which are resistant to the high

temperature, high shear rate conditions encountered in modern engines.

Synthetic lubricants produced by the polymerization of olefins in the
presence of certain catalysts have been shown to possess excellent VI values, but
they are relatively expensive to produce. There is therefore a need for the
production of high VI lubricants from mineral oil stocks which may be produced

by techniques comparable to those presently employed in petroleum refineries.

U.S. Pat. No. 4,975,177 discloses a two-stage dewaxing process for
producing lube stocks of high VI from waxy feedstocks. In the first stage of that
process, the waxy feed is catalytically dewaxed by isomerization over zeolite
beta. The product of the isomerization step still contains waxy species and
requires further dewaxing to meet target pour point. The second-stage dewaxing
employs either solvent dewaxing, in which case the rejected wax may be
recycled to thé isomerization stage to maximize yield, or catalytic dewaxing.
Catalysts which may be used in the second stage are ZSM-5, ZSM-22, ZSM-23,



requires further dewaxing to neet target pour point. The second-stage

dewaxi ng enploys either solvent dewaxing, in which case the rejected \@Tyy ; 2-
may be {‘,ec(éélged to the isonerization stage to naxim ze yield, or cataly WC 004
dewaxi ng" 9 LPysts which may be used in the second stagePGFESHONIS,

ZSM 22, ZSM 23, 9 JUL 2004 WO 01/57159 PCJ/US01/03437 4 and ZSM 35. To oo
preserve yield and VI, the second stage dewaxi ng catalyst should have
selectivity simlar to solvent dewaxing. U S. Pat. No. 4,919,788 al so

teaches a t depaxin rocess i ich a waxy feed i s partially
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catal ysts. Dewaxi ng processes en%ﬁ%gnsg lﬁﬁg}ﬁfghs%ﬁa eﬁg(eilq% P‘lﬁt\;ﬁéﬁé‘!ﬂeeva&edas_
catal ysts h;oisamtigﬁt@fergegiﬁgém@ Ybrtmoﬁﬁlyéewﬁh%@'[prééﬁ&' ytic dewaxing
processes. To inprove catalytic activity and to mtigate catal yst aging,

t hese hi gh ssibbequentiyt gewmataioydesiredf pan muint wding @ither solvent dewaxing or

hydr ogenat i on/ dehydr ogenati on conponent, frequently a noble netal. Such
sel ecti vi t cabnte dewaxing r Desixing catalysts wothehigh shapnselectidby, lsutl asf t he
catal yst fr, ' | jc subsiituent and jts_highly shape- selective pore
structure. m&ﬁ%%wfz&, apdliseipse %Efefﬁﬁf%m}/tab@{?ective catal ysts used
for | ube dewaxi ng, have a unidinmensional pore structure. This type of pore
structure is particularly susceptible_ to bl ockage b}/ coke formation inside
the pores and byPgWasing presesses smployingbighly shapersslastive simsiesias cTtabysts or e,

such catal ysts have been used commrerci al | nly. for dewaxing "clean" feed-
stocks sucHOSECSS\FIPYET selechindy thap E%ﬁ@%’ﬁ?@%%éﬁ%l’%ms@xt?%ct ed
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sel ecti Vit ¥afilpéts ofen contain a hydrogenation/dehydrogenation component, frequently

anoble metal. Such selectivity benefit is derived from the isomerization
capability of the catalyst from its metallic substituent and its highly shape-
selective pore structure. However, 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" feed-
stocks such as hydrocrackates and severely hydrotreated solvent extracted
raffinates. In the development of shape selective dewaxing processes, key issues
to be addressed are retardation of aging, preservation of high selectivity over the
duration of the catalyst cycle, and maintenance of robustness for dewaxing a

variety of feedstocks.

U.S. Pat. No. 4,222,543 (Pelriﬂe) and U.S. Pat. No. 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. Pat. No. 4,283,271



duration of the catalyst cycle, and nmaintenance of robustness for dewaxi@gyl 200
a variety of feedstocks. U S. Pat. No. 4,222,543 (Pelrine) and U.S. Pat.

No. 4,814, 543 (Chen et al.) were the earliest patents to disclose and
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dewaxi ng. U.S. Pat. No. 4,283,271 WO 01/ 5159 PCT/ USOL/ 03437 5 (Garwood et

al.) and U S. Pat. No. 4,283,272 (Garwood et al.) later clainmned the use of

t hese catal ysts for dewaxi ng hydrocrackates in energy efficient configura-
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catal yst aging and extension of cycle [ength 1n dewaxing processes

i nvol ving i DLBr ReidNGg. 5,282,658 18antill§ sSINoas off tisse Habdrfts whas] hexewss] diredte®.
Pat. No. 5,456,820 (Forbus et al.) discloses a process in which a |ube
boi | i ng r antfecataliss durdbdility. cBelaingtsi exaimples vewadirected to barpokewrice of
hydrogen over a catal yst conprjising an internediate _pore zeolite in the

decat i oni zeReHgrmaneswath Arfurphkraifinategas topds. (thaentelystsaised ap Pelrae oy
optimzing the s enci of varjous sol vent .extracted, feedstocks. U. S

Pat. No. 4, §§%ﬁe§%}=ﬁ#&ta§&maﬁly '?é’c?mgdiO SededSt or i ncreasing the
original cycle length, subsequent cycle I engths and the useful life of a
dewaxi ng catal yst, conpri.sing. an.i ntermnedi a pore zeolite (i.e,, ZSM5) and
preferably, a noble ﬁamvgrﬁm%@w@dﬁ%ﬁéeéﬁmvﬁem§>fﬁﬁ@é§%3g@ézmﬁm a | ow
nol ecul ar ' - ar hcih ecarbon. at_a tenperatusre .qreat n 800F,
for Ca 11 o extimpicR] QRIS 1chesh BF AeRARirRmdst SRR AR HgB Sl MRt on
the ~ zeolites, such as ZSM-5. For example, U.S. Pat. No. 5,456,820 (Forbus et al.)

discloses a process in which a lube boiling range feedstock is catalytically
dewaxed in the presence of hydrogen over a catalyst 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. Pat. No. 4,892,646 (Venkat et al.) discloses a process for increasing
the original cycle length, subsequent cycle lengths and the useful life 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 fow
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 pretreatinent may be conducted in the presence of hydrogen gas.

Chen, et al (U.S. Pat. No. 4,749,467), discloses a method for extending
dewaxing catalyst cycle length by employing the combination of low space
velocity and a high acidity intermediate pore zeolite. The high acid activity and

- low space velocity reduce the start-of-cycle temperature. Because catalyst



catal yst: The pretreatnent may be conducted in the presence of hydrogen
gas. Chen, et al (U.S. Pat. No. 4,749, 467), discloses a nmethod for '8 JUL 2004
extendi ng dewaxing catalyst cycle length by enploying the conbination of

| ow space WO@L/SUSey and a high acidity internediate pore zeptrigo/g3as hi gh
acid activity and |ow space velocity reduce the start-of-cycle
tenperature. Because catal yst 9 JUL 2004-%© 01/57159 PCT/ US01/ 03437 6
deactivation reactions are nore tenperature sensitive than are dewaxi ng
reactions, |ow operating tenperatures reduce the catalyst aging rate. The
same  pri ncidsRetivatiomastibs st mere pphperamre senkitiee than e dewistitigi ned

I nternedi ate pre | ecul ar sieves. Dewaxing catalysts conprising
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to have rel atjvel,y.high aging,rates when, dewaxi ng heavy hydrocrackate
feeds at a %@@g’lég%%e@gﬂw&ﬂ t‘P_FB%YJP ““@@Eﬁ”épnagﬁ%n@éﬁlw ntemnediateal | y

| i nes out at}:ﬂﬂ:ﬁﬁ)lfz&ﬂﬂfegﬁwg.e’ resulting in non- selective cracking and

significant “yie 0SS. "Théaging rate and yield loss with tinme can be
reduced sonmewhat by operation at a relatively | ow space velocity.

Additionally, no t al - cqgnt ai ni ng. constrai ned i nternmedi ate pore
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converting a wide rangé of waxy |ube oil range hydrocarbon streans

provi de a | goeaten. | Thasetadysoekemtadllpdines but bt Mghaesiperathied exsudifls fn heHL pour
poi nt and whi ch does not have the above nmentioned di sadvant ages. SUWMARY OF

| NVENTI ON Aseleetdvegracking en significarityield dossn, The agiag ratevariibyield lsedvitthat a
| ubri cat - time can be reduced somewhat by operation at a relatively low space velocity.
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.

Thus, there is a need for a process which employs a catalyst capable of
selectively converting a wide range of waxy lube oil range hydrocarbon streams
to provide a lube oil base stock having a high viscosity index and a low pour

point and which does not have the above mentioned disadvantages.

SUMMARY OF INVENTION

According to the present invention, it has now been found that a lubricat-
ing oil base stock having a low pour point and a high viscosity index can be
produced by using a catalyst comprising a zeolite ZSM-5, which has been
subjected to controlled acidity reduction, and a finely dispersed noble metal
component. The present process provides lube oil yields and viscosity indices

comparzable to those obtained by solvent dewaxing and by dewaxing using highly



ing oil base stock having a | ow pour point and a high viscosity index, can

be produced by using a catalyst conprising a zeolite ZSM5, which ha§ Hieons
subj ected to controlled acidity reduction, and a finely dispersed nobl e

netal coWPIHEAS? The present process provides |ube oil yi ECHEISANEP437
viscosity indices conparable to those obtai ned by sol vent dewaxi ng and by
dewaxi ng using highly 9 JUL 204 WO 01/57159 PCT/ US01/ 03437 7 shape

sel ective, unidinensional pore zeolites such as ZSM 23. Mreover, the nore
open pore structure aof the ZSM5 permts dewaxing of a wider range of feed

stocks t han SRBC AelgRRyecHugEensienal poee zealites étsch?aS.%SMzSM Mpreawer,ithe| ess
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DRAW NGS FI G | Shote sp %e%‘?%ﬁﬁﬁ'?{ﬁéé%ﬁ?gﬁﬁ%%% ‘i"%ﬁ Sh lgé%%}hﬁnd
sel ecti vi ty visvosit¢ endext bf 8 i o
ol phag) e b § Rl R SRR ARy Brom HdPoicrbda

(al pha=1), hydpemarborlybe dil zedatacklcestdiningswhke phtabfinOwhish ebkipaiges
viscosity index as a function of wax conversion for a hydrocracked sl ack
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ZSM 5 catal Yakon further comprises a finely dispersed noble metal component, in the

presence of hydrogen, under conversion conditions.
DESCRIPTION OF THE DRAWINGS
FIG. 1 shows the relative catalyst isomerization activity and selectivity for

converting normal hexadecane over a 1.1 wit% PYZSM-5 (alpha=8), a 0.47 wt%
PYZSM-5 (alpha=280) and a 0.44 wt% Pt/ZSM-5 (alpha=1), respectively.

FIG. 2 illustrates the lube oil yield and viscosity index as a function of
wax conversion for a hydrocracked slack wax using a 1 wt% Pt impregnated

ZSM-5 catalyst and a 1 wt% Pt exchanged ZSM-5 catalyst.

FIG. 3 shows the difference of wax conversion activity between a 1 wi%

Pt impregnated ZSM-5 catalyst and a 1 wt% Pt exchanged ZSM-5 catalyst.

FIG. 4 shows a comparison of catalytic dewaxing, using a ZSM-5 catalyst
according to the present invention, to solvent dewaxing for a hydrdcracked heavy

-neutral feedstock.



FIG 4 shows a conparison of catalytic dewaxing, using a ZSM5 cat al yst
according to the present invention, to solvent dewaxing for a hydrocraiget- 2004
heavy neutral feedstock. 9 JUL 2004 WO 01/57159 8 PCT/ US01/03437 FIG 5 ’
shows a YSWP&1¥on of catal ytic dewaxing, using a ZSM5 capetyséigsascor di ng
to the present invention, to solvent dewaxing for a |ight neutral furfural
raffinate feedstock. DETAI LED DESCRI PTION OF ENITON I n the present process,
| ube oil feedstocks with a relatively high wax content are converted to
hi gh VI [ ubri ca\:éihig a conversion process using a low acidity zeolite
ZSM 5 cat al yst Fhaows @ camparisopeoftataliytia dewaiing) ebingenZgnpist catﬂ-l?sland
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2000, prefer bet ween about 40.and 200, which has been subjected
control | ed%é’g%’)@?% ?‘? ﬁ*ﬁm&eﬁw 1BXETHeN: 9 sedvent degaxingifoes pdiglachential e net al

conponent . Hﬁrﬂr %ﬁﬂ characterized by good visconetric properties
I ncl udi ng I‘:ﬁ[g |r§005| ?ﬁ‘%&"&z‘ typically at least 90 and usually in the
range of OTAPLEPOD FIEER PM QYR e PERITIE pi cal ly bel ow at | east 40F and

usually in the nge =60 0~ 20F = FE&CKS The present process is
capabl e of operating with a wi de range of feeds of mmneral oil originto

produce a range ' S. Wt od . performnce,
characteristi cs.I ﬁ&%ﬁ%ﬁ%‘?@?ﬁ@%ﬁﬁ%8‘%85%}8‘3“1 W%Bﬁ(i?fat‘ﬁéﬂhb{gh w@X cl oud
poi nt, andcbhight MeSedsifiettad! Vg ROVENe! .product and the yield
inwhich it is obtained is tgcej% I?ldent bg%g#stlﬁg %’&yfgﬁ BIOERR USg A its
anenabi | i t geidityrreoties Z8M-shoatiRet satpdy sligaldili ' . i on.
Products of the hi ghest VI ar g’gobt ai neghg?/pgdlé{’éggldﬁ?%?gﬁ%ggﬁ%‘#g%‘ﬂ’é such
as sl ack wa and 2000, preferably between about 40 and 200, which has been subjected to

a controlled acidity reduction and contains a highly dispersed noble metal
component. The products are characterized by good viscometric properties
including high Viscosity Index, typically at least 90 and usually in the range of
100 to 150, and Iow pour points, typically below at least 40°F and usually in the
range of -60°F to 20°F.

EEEDSTOCKS

The present process is capable of operating with a wide range of feeds of
mineral oil origin to produce a range of lubricant products with good '
performance characteristics. Such characteristics include low pour point, low
cloud point, and high Viscosity Index. The quality of the product and the yield
in which it is obtained is dependent upon the quality of the feed and its
amenability to processing by the catalysts of the instant invention. Products of
the highest VI are obtained by using preferred wax feeds such as slack wax,
deoiled wax, vacuum distillates or raffinates derived from waxy crudes. Waxes
produced by Fischer-Tropsch processing of synthesis gas may also be used as
feedstocks. Products with lower VI values may also be obtained from other
feeds which contain a lower initial quantity of waxy components. The feeds

which may be used should have an initial boiling point which is no lower than



deoi |l ed wax, vacuumdistillates or raffinates derived from waxy crudes.

Waxes produced by Fischer-Tropsch processing of synthesis gas may al sof L 287
used as feedstocks. Products with lower VI values nmay al so be obtained

from ot hewo ¢gigeds Which contain a lower initial quantity OTP%HB“F"’
conponents. The feeds which may be used shoul d have an initia 1'T1 ng

point which is no lower than 9 JUL 2004 W®.01/57159 PCT/ US01/ 03437 -9 the
initial boiling point of the desired lubricant. A typical initial boiling
point of the feed exceeds 650F (343C). Feeds of this type which may be
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hydr ocracked vacuum di still at g38<4 and waxes froWhe sol veﬁt ége\gil ng 8of

raf finates aAuUmM@as@ilsdsavel aslatherdsiphibeiling faesaiaducadisalisillfteofromhe
bottom of a vacuumdistillation unit may al so be used as feedstocks to
this proces#e ¥acwum distdlationepiiarmsspherc a¢sids; raffinatesfrom thesdbentks can

al so be used., The crude.l ybe oil .feedstocks di scussed abgve are first
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hydr ogen pr gs ssdetockb it6 this fRo8ddse QUiMBrdsQUr BIERIESS the abodd 1 e.g. 800
psi g (about 5,600 kPa) or ﬁ?ghers. M | dr ﬁyérocrae ingamay %@EISHE% enpl oyed

as pretreat feedstoeks chs afsohensat! i n the instant invention. Pressures over
1000 psig are preferred for hydrocracking treatnment. Hydro- cracking
renoves or reduces nitrogen containing and sul fur containing species and

reduces aromat i c¥heendaniubeyill fesdsastkistlispsal shdve b Mschydibirbaeakd ers the
remove low VI components such as aromatics and polycyclic naphthenes.
Removal of these materials will result in a feed for the conversion process which
contains hi gher.quantities of waxy paraffins which are then converted to high VI,
low pour point iso-paraffins. Hydrotreatment is an effective pretreatment step,
particularly at high hydrogen pressures which are effective for aromatics
saturation, ¢.g. 800 psig (about 5,600 kPa) or higher. Mild hydrocracking may
also be employed as pretreatment and is preferred in the instant invention.
Pressures over 1000 psig are preferred for hydrocracking treatment. Hydro-
cracking removes or reduces nitrogen containing and sulfur-containing species
and reduces aromatics content. Hydrocracking generally also slightly alters the
boiling range of the feed, causing it to boil in a'lower range. Commercially
available catalysts such as fluoride nickel-tungsten on fluorided alumina

(NiW/F-Al,O,) may be employed for the hydrocracking pretreatment.
HYDROTREATING PROCESS

The crude lube oil feedstocks will be subjected to some degree of hydro-

treatment, such as hydrocracking in the presence of an amorphous bifunctional



boiling range of the feed, causing it to boil in a | ower range. g 2004
Comrercially available catalysts such as fluoride nickel-tungsten on - JUL -

f1 uori dedyah pya (NiWF-A 2033) may be enpl oyed for the hydrocracking
pr et r eat nent WOVEATI NQ E The crude lube oil feedstocks WFVUVHESt] ect ed

to sonme degree of hydro- treatnment, such ag_hydrocracking in the presence
of an anor phous bifunctional 9 JUL 2004 WO 01/57159 PCT/ US01/03437 - 10
catalyst to pronote the saturation and ring opening of the low quality
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saturation and ring opening of the aromatic materials.” Consistent with
t hese procesaroppgtesst saturationtieit yelbollimg mngs sonverkiontih maiﬂmﬁ{@pgtaﬁglﬂgva&ag e
is at | east 800, psig (about 5500 kPa) and usually is in the range of 17000
to 3,000 psi ¥V kyslin eoder tognixamize emakingifithekaturatey dompenenpasfithalfeed

pressures of a ast 1500 psi out 10500 kPa) are best in order to
q e Sl
obtain a hi gf4 8vHIC Bodirtsratamed fromdhe safuratipa: ansbring openingtafihe azomatiof
at least abgut. 1600 oJ) bgut 180 n.l.l"),, prefergbly in the range of
2,000 to 8,0 .Eez—;ag% B%’ﬁ%l ‘d\g‘ﬁé SE HTIHEH °hleP?ll"§£)fﬁ%ﬁ¥ craspesure in the
hydr ocr acki ROLERESn ofeJanY; i . t roduct boi | kng
bel ow t he | E%% boi I ngg %ﬂgﬁa&o&tl&%;&ca @sﬁg&%ﬁ%ﬁo(@gg&ﬁgﬁg -bf ISB’r ucts
is limted trange ofd,G00 KoB,000 pagd ul i ally
be not nore thg_n 30 wei ght perﬁ(/:é'ggngﬂ(%c ?226?%%%?9(?\Eg?%gggpggﬂnﬁﬁrx%ogéﬁhe
desired hi ghartiahpressynes of\at tdadt 1900 phigdaBowt SO0 ) Siré beffinld?8ePfPCESS.
The actual conversion is dependent on the quality of the feed with slack
wax feeds re@pipi abigh level of aromatic saturation. Hydrogen circulation rates of at least
about 1000 scf/bbl (about 180 n.L.I"), preferably in the range of 2,000 to 8,000

scf/bbl (about 900 to 1800 n.1.1") are suitable.

In the hydrocracking process, the conversion of the feed to products
boiling below the lube boiling range, typically to 650°F - (about 345°C-)
products is limited to no more than 50 weight percent of the feed and will usually
be not more than 30 weight percent of the feed in order to maintain the desired
high single pass yields which are characteristic of the process. The actual
conversion is dependent on the quality of the feed with slack wax feeds requiring
a lower conversion than petrolatum where it is necessary to remove more low
quality polycyclic components. For slack wax feeds derived from the dewaxing
of neutral stocks, the conversion to 650°F - products will, for all practical
purposes not be greater than 10 to 20 weight percent, with 5-15 weight percent
being typical for most Slack waxes. Higher conversions may be encountered

- with petrolatum feeds because they typically contain more low quality
components. With petrolatum feeds, the hydrocracking conversion will typically
be in the range of 15 to 25 weight percent to produce high VI products. The



a lower conversion than petrolatumwhere it is necessary to renove nore | ow
‘qual ity pol ycyclic conponents. For slack wax feeds derived fromthe '8 JUL 2008
dewaxi ng of neutral stocks, the conversion to 650F - products will, for

al | practW@ai/s71pur poses not be greater than 10 to 20 wei gheCpesm3e37 Wit h
<5-15 wei ght percent being typical for nost slack waxes. Hi gher conversions
may be encountered with petrol atum feedslbecause they typically contain
nore low quality conponents. Wth petrol atum feeds, the hydrocracking
conversion wll typically be in the range of 15 to 25 wei ght percent to
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conponent for pronoting the desir aromati'c atdration reactions an

usual |y a twdarhi'hand asually frethe rarg@bs0isstoukSdu'wi th one netal from G oup
VIIl in conbination with a netal of Goup VIB. Thus, the base netal such
as nickel or cobalt is used in conbination with nol ybdenum or tungsten.

The preferred cardiaradtedistid feaphreksTIthé Upardcackng 6feratiofds thegse spand to be
highly effective for pronoting the desired aromatics hydrocracking

reaction. Nuoiffitrectioetahicatatyst h fm gengiahtermsyrthese patalysts includeya hreetalsed si nce
t hey have good hydrogenation activity in the absence of sulfur but they
wi |1 nor mal $gmpeRerdop prqraetieg therdesigdmramatiss saturationgearionrs axdnsually 2he
catalyst &l Som ﬂl\é%g;[lio%aalse %‘?ertallsq? temeh&: C\ihl;l  onc lﬁiertlgl from Group VIII in
combination with a metal of Group VIB. Thus, the base metal such as nickel or
cobalt 1s used in combination with molybdenum or tungsten. The preferred
combination is nickel/tungsten since it has been found to be highly effective for
promoting the desired aromatics hydrocracking reaction. Noble metals such as
platinum or palladium may be used since they have good hydrogenation activity
in the absence of sulfur but they will normally not be preferred. The amounts of
the metals present on the catalyst are conventional for lube hydrocracking
catalysts of this type and generally will range from 1 to 10 weight percent of the
Group VIII metal and 10 to 30 weight percent of the Group VIB metal, based on
the total weight of the catalyst. If a noble metal 'componcnt such as platinum or
palladium is used instead of a base metal such as nickel or cobalt, relatively
lower amounts are in order in view of the higher hydrogenation activities of .
these noble metals, typiéally from about 0.5 to 5 weight percent being sufficient.
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

addition to a gel of the support materials prior to calcination. Addition to the gel



catal ysts of this type and generally will range from1l to 10 wei ght percent
of the Goup VIIl1 nmetal and 10 to 30 wei ght percent of the Group VIBJUL 200%
nmetal, based on the total weight of the catalyst. If a noble netal
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requi r ement salthough!siliex-Sivitiiaa reiypaldortse empidyed! Othbenfetainelite 6Ripoleidve a
pore size and distribution which is adequate to permt the relatively
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structure of the catal yst where the desired hydrocracking reactions occur.
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of
about 50 A, i.e.with no. less than abo 5 percent, of thg pores havipng a
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400 A),

enter the interior pore structure of the catalyst where the desired hydrocracking
reactions occur. To this extent, the catalyst will normally have a minimum pore
size of about 50 A, i.e with no less than about 5 percent of the pores having a
pore size less than 50 A, with the majority of the pores having a pore siz.é in the
range of 50-400 A (no more than S percent having a pore size above 400 A),
preferably with no more than about 30 percent having pore sizes in the range of
200-400 A. Preferred hydrocracking catalysts for the first stage have at least 60
percent of the pores in the 50-200 A range.

If necessary to obtain the desired conversion, the catalyst may be
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. Fluorine containing compounds may be
incorporated into the catalyst by impregnation during its preparation with a
suitable fluorine compound such as ammonium fluoride (NH,F) or ammonium

bifluoride (NH¢F.HF) of which the latter is preferred. The amount of fluorine



preferably with no nore than about 30 percent having pore sizes in the UL 200!
-range of 200-400 A Preferred hydrocracking catalysts for the first sté%é
"have at least 60 percent of the pores in the 50-200 A range. |f necessary
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the netal oodfeonimd as wellas highdmyourys af thealetdlsiasqatédalyede, tnisfprefertede
finished catal yst partjicles. The catalyst activity nay al so_be_maintained
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intermttently to the feed or, alternatively, an initial activation step
Catal'yst 1t he. HBs ERElyS ACHHEY reaialse b, MACERS] LR R AP B 1S der
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over the catalyst in this stage of the operation. The fluorine compound 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. In situ fluoriding of the catalyst in this way is preferably carried
out to induce a fluorine content of about 1 to 10 percent 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 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



hydrocracking. In situ fluoriding of the catalyst in this way is prefg(rjﬁtlngﬂm
carried out to induce a fluorine content of about |I to 10 percent fI | .

prior to wopekaisbon, after which the fluorine can be reduc | nf enance
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in situ fluoriding are orthofl uorotol uengt-and di fl uoroethane. The netals
present on the catalyst are preferably used in their sulfide form and to
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carbon di suMthdeydsogen andeaptfur-cantsining hydrobarben cibsieh dsw sarkensdepral
for this pur]{)ose.. Presul fiding may al so be carried out by contacting the
catal yst wPt8? ogen and a sul fur-containing hydrocarbon oil such as a
sour kerosene or gas oil. CONVERSI ON PROCESS The paraffinic conponents

present in original wax feed generally possess good VI characteristics
but have reﬁ&mmlﬁiﬂsﬁﬁﬁﬁﬁﬂ nts as a result of their paraffinic
nature. The objective of this invention is, therefore, to effect a

sel ective conversion of waxy species while mnimzing conversion of nore
branched speci esTba@ataffimi¢ compontntspivesent irpthecoriginalnex el gerfrally of Wax
occurs preferenti al lcﬁ}&y | sonmeri zation to formnore branched species which

have | owerP{SEES & charactemstiesguit ave relatieclydygle pouf pointcis agesult of

acconpani e | SO | zation and cracking S.required to produce very | ow

pour poi nt _stpﬁgé) %ﬁﬁg‘}c Rgﬂ'_@@mﬁ%{e@ﬁﬁﬁ%@"%@ﬁ? V5 therstare; to effgct a

invention ig1QNR e Rrilas of vm)ghspse%%e%cvtvhi ¢ %tﬁtgrr?l[zing conversion of more
branched species characteristic of lube components. The conversion of wax
occurs preferentially by isomerization to form more branched species which have
lower pour points and cloud points. Some degree of cracking accompanies

isomerization and cracking is required to produce very low pour point lube oils,

CONVERSION CATALYST

The catalyst used in this invention is one which bas a high selectivity for
the isomerization of waxy, linear or near linear paraffins to less waxy,
isoparaffinic products. The catalyst is bifunctional in character, comprising a
highly dispersed metal component on an intermediate pore size zeolite ZSM-5
support of low acidity. The ZSM-5 zeolite has an initial silica-to-alumina ratio
from about 12 to about 2000, preferably about 40 to 200, and a crystal size of
less than about 0.5 micron, preferably less than about 0.1 micron. The acidity is
maintained at a low level in order to reduce conversion to products boiling
outside the lube boiling range. In general terms, the catalyst should have an
alpha value below 15 prior to metals addition, preferably below 10, and more
preferably below 5. |
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acidity reduction can be achieved via various netho uch as eam ng,
(ii) cheni cl thisispacificataon mehedech éonstintiengirataindNSIRE Afd BivakkdleSid Ceous
ZSM5 wth no added _aluminumin the synthesis gel. Chem cal deal um nation

typi cal |y Ueagfdesarihed in detail in J. Catalysis, 61, 395 (1980).

The ZSM-5 support is subjected to controlled acidity reduction to achieve
the required alpha value prior to metals addition. This controlled acidity
reduction can be achieved via various methods such as (i) steaming, (ii) chemical
dealumination and (iii) direct synthesis of highly siliceous ZSM-5 with no added
aluminum in the synthesis gel. Chemical dealumination typically uses an acid

solution, silicon halide or chelating agents to remove zeolitic aluminum sites and

lower the acidity. Preferably the acidity is reduced by severe steaming.

Although other low-acidity ZSM-5 cata]ysfs c¢an produce products having
relatively high lube oil yield, high VI and low pour point in accordance with the
invention, the optimum performance of the catalyst is achieved by reducing the
alpha value through severe steaming of the ZSM-5 zeolite. It is believed that
severe steaming achieves the necessary chemical balance between the acid
function and the metal function, while imparting enhanced resistance to deactiva-
tion for a wide range of different lube oil feedstocks. The low alpha value can be
achieved by steaming the ZSM-5 zeolite, having a typical silica-to-alumina ratio -

of about 55, for at Jeast about 12 hours, preferable in the range of about 12 to 96
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be combined with a matrix material to formthe finished catalyst and for

this purpose conygentional very lowacidify nmatrix materials such as
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anounts from 80: 20 to 20: I ght’, rom
zeol i t e: mat aluminas such as alpha boehmite (alpha alumina monohydrate) may also be used,

provided that they do not confer any substantial degree of acidic activity on the
matrixed catalyst. The zeolite is usually composited with the matrix in amounts
from 80:20 to 20:80 by weight, typically from 80:20 to 50:50 zeolite:matrix.
Compositing may be done by conventional means including simple physical
mixing, ball-milling or wet mulling the materials together followed by dry
pressing or extrusion into the desired finished catalyst particles. A method for
extruding the zeolite with silica as a binder is disclosed in U.S. Pat. No.
4,582,815, The finished catalyst particles can be précalcined to stabilize the
support structure at temperatures of about 1000°F and for about 0.5 to about 10
hours or longer as required. If a matrix (or binder) material is used, the catalyst
is steamed after it has been formulated with the binder in order to achieve the

desired low acidity. The preferred binder for the steamed catalyst is alumina.

The catalyst also includes a metal component in order to promote the
desired conversion reactions which, proceeding through unsaturated transitionat

species, require mediation by a hydrogenation-dehydrogenation component. In
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(O/noble metal), is at least about 0.4, preferably at least about 0.6. The catalyst

may be subjected to a final calcination under conventional conditions in order to
convert the noble metal to its reduced form and to confer the required
mechanical strength on the catalyst. Prior to use the catalyst may be subjected to

- presulfiding as described above for the hydrocracking pretreatment catalyst.

CONVERSION CONDITIONS

The conditions for the conversion process are adjusted to achieve the
objective of isomerizing the waxy, linear and near-linear paraffinic components
in the waxy feed to less waxy but high VI isoparaffinic materials of relatively
lower pour point. This end is achieved while minimizing conversion to non-lube
oil boiling range products (usually 650°F - (345°C-) materials). Since the
catalyst used for the conversion has & low acidity and a highly dispersed metal
component, conversion to lower boiling products is usually at a relatively low

level and by appropriate selection of severity, the operation of the process may
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the production of less stable Iube oil products as a result of the hydrogenation

reactions being thermodynamically less favored at progressively higher operating
temperatures. Space velocities (LHSV) will typically be in the range of 0.2 to
2.0 br' The pour point of the effluent from the conversion process is in the

range from -60 to 40°F, preferably in the range from -20 to +20°F.

The conversion process is operated at hydrogen partial pressures (reactor
inlet) of at least about 300 psig (about 2069 KPa), usually 300 to 3500 psig
(2069 to 24,249 kPa) and in most cases 500 to 2500 psig (3448 to 17242 kPa).
Hydrogen circulation rates are usually in the range of about 500 to 5000 scf/bbl
(about 90 to 900 n.11.""). Since some saturation of aromatic components present
in the original feedstock takes place in the presence of the noble metal hydro-
genation component on the catalyst, some hydrogen is consumed in the
conversion process even though the desired isomerization reactions are in
hydrogen balance; for this reason, hydrogen circulation rates may need to be
adjusted in accordance with the aromatic content of the feed and also with the

temperature used in the conversion process since higher temperatures will be
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(about 180 nmiamtam jempdrature inthd progess:i GoldsHE, fis gerepally hsedt sodbie duench,
conpensate for the expected hydrogen consunption as well as to ensure a
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€MDVe €Ol Of,dditional treatments such as additional hydrotreating, in order to remove color
bodies and produce a lube oil product of the desired characteristics. Fractiona-

tion may be employed to remove light ends and to meet volatility specifications.

It is apparent that the highly advantageous results achieved with the
present process in terms of high lube oil yield, high VI, low pour point and other
product properties can be ascribed to high isomerization selectivity resulting
from a particular combination of metal activity, zeolite ZSM-5 acidity, proximity
of acid sites to metal sites and zeolite ZSM-5 crystal size. While not being
bound by theory, it is believed that the present invenﬁon achieves improved
selectivity by use of a catalyst prepared by a combination of careful acidity
reduction and the addition of a finely dispersed noble metal to reduce excessive
cracking and enhance its isomerization capability. Acidity reduction by severe
steaming enables the use of small zeolite ZSM-5 crystals to improve isomeriza-
tion selectivity. The improved ZSM-5 catalyst also has greater feed flexibility
and shows better aging characteristics than the more constrained intermediate

pore zeolites such as ZSM-23.
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at least 30 weight percent, usually at least 50 weight percent, based on the

original waxy lube oil feedstock, and products having pour points below 40°F,
typically between about -60 and 20°F, preferably between -20 and +20°F.

EXAMPLES

The following non-limiting examples illustrate the invention. The
examples include the preparation of catalysts, in accordance with the invention
and for use as comparative examples, and use of the various catalysts to

catalytically convert various hydrocarbon feed streams.
EXAMPLE 1
Catalysts were prepared as follows:

Catalyst A: A low acidity, high dispersion PYZSM-5/ALO, catalyst, Catalyst
A, was prepared as follows: A physical mixture of 80 parts ZSM-5, having a
silica-to-alumina ratio of 55, and 20 parts pseudobohemite alumina was mulled

to form a uniform mixture. All components were blended based on paris by
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Exanple 1 Catal ysts were prepared as follows: Catalyst A- A low acidity,

hi gh di spersion Ptl1ZSM 5/ A1203 catal yst, Catalyst A, was prepared as

follows: A mghrcm a0R0u selidsf bads, pAbbat ZSNYSHNQy birgling reagent avdsaddedni na
rati o of 55, a_@ 20 parts pseudobohemte alumna was nmulled to forma

uni f or m ni x{QHe MAETe thisaprave shoskausioan de sufficen aoroyd of sletyniged (I1)2004
WO 01/57159 P /USOl{ 03437 %. wei ght on 6\6100% solids basis. About 2 w %
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at 900F for 3 hours Iowe air CI natl on at hours and

steani ng at céléﬁ%oim mohp%lse hbss, aﬁa%?éaﬁﬂn%at 3G MQ@Ho@ﬂsp%eact lvity

of 1. The steaned extrudates were then exchafged W th platinumusing a
0.0064 M pl steamed datalysichad areglphh activity iofd. He stbdrned ektrodgles wareithén t he
exchange, the pH was adjusted to -5 using concentrated NH4OH sol uti on. The
ext rudat es ¢wghangad W@@lmatmum uginger 0.0064 &4 platinuan tefreammineH) Ehiorideai r
calcined for 3 ho 80F. The fjnished platinum ZSM 5/ A1203 cat al yst
had 0. 44 m%‘lwm %°/8 gémgdh%ﬁcmngsaﬁhq Pl &as adjusted to ~5 using

concentrated NH,OH solution. The extrudates were washed with DI water, dried
in an oven at 250°F and air calcined for 3 hours at 680°F. The finished platinum
ZSM-5/A1,0; catalyst had 0.44 wt% Pt. The dispersion of Pt particles in the
catalyst was measured using hydrogen chemisorption. The adsorbed H to Pt
mole ratio (H/Pt) was determined to be 0.92. This relatively high ratio of H/Pt
indicates that Pt particles are dispersed throughout the extrudates as clusters
made of a few Pt atoms. The properties of the final Catalyst A are listed in Table

1 below.

Catalyst B: A second low acidity, high dispersion P/ZSM-5/A1,0, catalyst,
Catélyst B was prepared as follows: A physical mixture of 65 parts ZSM-5,
having a silica-to-alumina ratio of 55, and 35 parts pseudobohemite alumina was
mulled to form a uniform mixture. All components were blended based on parts
by weight on a 100% solids basis. About 2 wt% HNO, binding reagent was
added to the mixture to improve the extrusion. A Sufficient amount of DI water
was added to form an extrudable paste. The mixture was auger extruded to 1/16”
cylindrical shape extrudates and dried at 250°F. The extrudates were then
nitrogen calcined at 900°F for 3 hours followed by air calcination at 1000°F for 6
hours, and steaming at 1025°F for 72 hours. The steamed catalyst had an alpha -
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finished platinum ZSM 5/ A1203 catalyst had 1.1 wt% Pt". The absorbed Hto
Pt nol e ratildeléwPt) was determni ned by hydrogen chemnisorption to be 1.1.
The properties of the final Catalyst B are listed in Table | bel ow
'Catalyst C An Hform Pt/ ZSM5 catal yst, Catal yst C, was prepared as

fol lows: ACutghist€l: Andefoernd®t/Z8NpSIdasalg)iCatalykt ), wasptdpased & RlllvWHa

ratio of 55, and 2 parts 50 W % NaOH caustic solution was nulled to forma
uni f or m ni xfupkysigel mixture of 98 parts ZSM-5, with a silica-to-alumina ratio of 55, and

2 parts 50 wt% NaOH caustic solution was mulled to form a uniform mixture. A
sufficient amount of DI water was added to form an extrudable paste. The
mixture was auger extruded to 1/16” cylindrical shape extrudates and dried in an
oven at 250°F ovemnight. The extrudates were then nitrogen calcined at 900°F
for 3 hours followed by two ammonium exchanges with 1 M NH,NO, solution
(5 cc solution/g catalyst), air calcination at 1000°F for 6 hours, and steaming at
825°F for 3 hours to provide an H-form cétalyst. The H-form catalyst had an
alpha activity of 280. The extrudates were then exchanged with platinum using a
0.0024 M platinum tetraammine (II) chloride solution (7.7 cc/g). During the
exchange, the pH was adjusted to ~5 using concentrated NH,OH solution. The
extrudates were washed with DI water, dried iﬁ an oven at 250°F and air calcined
for 3 hours at 715°F. The finished platinum ZSM-5 catalyst had 0.47 wt% Pt
and a platinum dispersion measurement by chemisorption gave a H/Pt ratio of

1.4. The properties of the final Catalyst C are listed in Table 1.

Catalyst D: A low acidity PYZSM-5/Si0, catalyst, Catalyst D, was prepared as
follows: A physical nﬁxture of 65 parts ZSM-5, having a silica-to-alumina ratio
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ished platinum ZSM-5/8i0, catalyst had 1.0 wt% Pt. Dispersion of Pt by

hydrogen chemisorption gave a H/Pt ratio of 0.17. The properties of the final
Catalyst D are listed in Table 1 below.

Catalyst E: A PYZSM-23/A),0, catalyst, Catalyst E, was prepared as follows:
A physical mixture of 65 parts ZSM-23, having a silica-to-alumina ratio of 130,
and 35 parts pseudobohemite alumina was mulled to form a uniform mixture.
All components were blended based on parts by weight on a 100% solids basis.
A sufficient amount of DI water was added to form an extrudable paste. The
mixture was auger extruded to 1/16” cylindrical shape extrudates and dried on a
belt filter. The extrudates were then nitrogen calcined at 1000°F for 3 hours
followed by ammonium exchange with a 1 M HN,NQ; solution, air calcination
at 1000°F for 6 hours and steamed at 900°F for 4 hours. The extrudates were
exchanged with platinufn using a 0.0024 M platinum tetraammine (II) chloride
solution (7.7 cc/g). The extrudates were washed with DI water, dried in an oven
at 250°F, and air calcined for 3 hours at 700°F. The finished platinutn ZSM-
23/A1,0; catalyst had 0.25 wt% Pt and a platinum dispersioni measurement by
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EXAMPLE2

Commercial grade normal hexadecane purchased from Aldrich was used

to evaluate the effectiveness of reduced acidity and metals loading (i.e. metal

dispersion) on the hydroisomerization activity and selectivity of ZSM-5 as

follows: A 5.7 gram (10 cm®)sample of Catalyst A was loaded into a % inch

diameter fixed-bed micro unit reactor and 80/120 mesh sand was added to fill the

void spaces. The catalyst was presulfided with 2% H,S in H, at 700°F for 2 hrs.

Then the reactor was cooled to 535°F and the n-hexadecane feed was introduced.

The pressure was maintained a 1000 psig, the LHSV was 0.4 hr', and the

temperature was adjusted to vary the hexadecane conversion. The experiment

was repeated for Catalysts B and C, except that with Catalyst C the LHSV was

3 hr, due to its extremely high activity. The isomerization performance results

are summarized in Table 2 and Figure 1.
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di spersion) on the hydroisonerization activity and selectivity of ZSM5 as
follows: A 5.7 gram (10 cnB)sanple of Catalyst A was |oaded into ag%g 1 gl
di ameter fixed-bed mcro unit reactor and 80/120 mesh sand was added Po
fill the wmoksrspaces. The catal yst was presulfided with 2%&;@2;& at
*700F for 2 hrs. Then the reactor was cool ed to 535F and t he n-hexadecane
feed was introduced. The pressure was nakhi ai ned a 1000 psig, the LHSV was
0.4 hr';, and the tenperature was adjusted to vary the hexadecane
conversion. The experinment was repeated for Catalysts B and C, except that
with Catal yst C the LHSV was Cat al yst AB

Descri ptionPt/ ZSM 5/ Pt/ ZS\M 5/ H-form Pt/ Pt/ ZSM 5/ Pt | ZSM 23/
A1203A1203ZSM 5Si O2A1203"1 W%@%H@dmlsmgnzammﬁl ati num

wt %0. 441. 10. 471. Q=25 Pr—Drsperston——by T’Thc“" SoFpt-er6—924-34—408-170- 9
(HIPt) Sodium pir2¥885060060 Surface JAread np/lg288B0037$290844 3| hr-,

due to its extrel | igébt Y.~ The ji someri zakion perf¢rmance results
are sunmari zed irfrgli{l’g %&@%@ 9§i}&ér%61. 9 Jkb3 2004 WBs5Q1/ 5715%4¢4
D L

PCT/ US01/ 03437 - YATOR, F' Hexadecane |Hydr oi sonferi zati on{Perf or mapce
Cat al yst ABC LHSV (hr-l) 0.4 0.4 3
Ma.x i‘Cw Yield, Wt% 42 30 3

A review of Table 2 and Figure 1 reveals that the low acidity Pt/ZSM-5
catalysts (Catalysts A and B) have significantly higher selectivity toward
isomerization than the high acidity Pt/ZSM-5 catalyst (Catalyst C). Although the
high acidity Catalyst C had extremely high activity, i.e. 95% n-C,4 conversion at
446°F at LHSV of 3 hr'!, the i-C\¢ selectivity was extremely poor, due to
catalytic cracking of n-hexadecane to light products such as C,-C, paraffins.

Moreover, a comparison of the results obtained by using Catalysts A and
B reveals that as the ZSM-5 acidity was lowered by extensive steaming, the
selectivity for isomerization to i-C,; was further improved. These results
indicate that by reducing the ZSM-5 acidity, the amount of cracking can be
reduced and the selectivity for producing high viscosity lube oil base stocks by

converting hydrotreated hydrocarbons can be increased.
EXAMPLE 3

Catalysts B and D were used, respectively, in the fixed-bed reactor of
Example 2 to convert a hydrocracked heavy neutral slack wax feedstock.

Feedstock properties are listed in Table 3.
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5.7 gram (10 cm®) samples of Catalyst B and D were respectively loaded
into the fixed-bed reactor. The catalysts were presulfided with 2% H,S in H, at
400 psi to 2 maximum temperature of 700°F. The reactor was operated at a space
fvelocity of 1 hr, a H, partial pressure of 2000 psig, and a hydrogen circulation
rate of about 4000 scf/bbl. The reaction temperature was varied to effect
changes in conversion. The reaction products were distilled to a nominal 650°F
cut point and then solvent dewaxed. The solvent dewaxed oils were analyzed for
pour point and viscosities at 40°C and 100°C. The feedstock of Table 3 was also
distilled and solvent dewaxed by the same procedﬁre as a basis to determine the

feedstock lube oil yield.

The yield and VI results for each of these catalysts as a function of wax
conversion are plotted in Figure 2. A review of Fig. 2 reveals that both catalysts
(Catalysts B and D) demonstrated the ability to isomerize the waxy lube feed-

stock. With increasing catalytic wax conversion up to around 80%, yield of
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Catalyst B, which was platinum-exchanged, showed an advantage in lube
VI over Catalyst D, which was platinum-impregnated (Figure 2, bottom plot).
VI increased with increasing wax conversion over the Pt-exchanged catalyst

(Catalyst B) but decreased by about 4-5 numbers over the impregated catalyst
(Catalyst D). '

The activity of both catalysts (Catalysts B and D) were aiso evaluated by
measuring the wax conversion as a function of temperature. The results are
plotted in Figure 3. A review of Figure 3 reveals that Catalyst B showed an
advantage in activity over Catalyst D. While not being bound by theory, it is
believed that the activity increase was due to better dispersion and average
proximity to acid sites. Chemisorption measurements indicate better dispersion
for Catalyst B relative to Catalyst D (H/Pt of 1.1 vs. 0.17). These results suggest
that selectivity of a Pt/ZSM-5 catalyst can only be improved by a combination of
acidity reduction and finely dispersed Pt addition. Just lowering acidity alone

would not produce all the desired catalyst performance.

EXAMPLE 4

Catalyst B was used in the fixed-bed reactor of Example 2 to convert a
hydrocracked heavy distillate feedstock. The feedstock properties are listed in
Table 4.
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A 40 cm® gram sample of Catalyst B was loaded into the fixed-bed
reactor. The catalyst was presulfided with 2% H,S in H, at 400 psi to a
maximum temperature of 700°F. The reactor was operated at a LHSV of 1 hr,
an H, partial pressure of 2000 psig, and a hydrogen circulation rate of about
4000 scf/bbl. The reaction temperature was varied to effect changes in conver-
sion and, as a result, changes in lube oil pour point. The reaction products were
distilled to a nominal 650°F cut point and analyzed for pour point and
viscosities. The feedstock was also distilled and solvent dewaxed and analyzed
for pour point and viscosity index as a comparison to the catalytic conversion

process using Catalyst B.



Table 4 Properties of Hydrocracked Distillate Feed Feed Descripti on500N HVI
APl Gravity30.3 Pour Point, F120 Flash Point, F491 KvV@O0O0C, cSt9.899 8 JuL 2
Sul fur, ppmX20 Nitrogen, ppn2 O in Wax (D3235), %7.9 SimDi st. (ML401-1)
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Catal yst B was | oaded into the fixed-bed _creactor. The catal yst was

presul fided with 2% HS in H2 at 400 psi'zpd a nmaxi mumtenperature of 700F.
The reactor was operated at a LHSV of 1 hr, an H2 partial pressure of 2000
psig, and a hydrogen circul ation rate of about A 4000 scf/bbl. The reaction
tenperature was ¥afPEParisor Pf aQonyprsiRpracestusing CatalystB 4adplvant dewasul t |

o nal. 650M R ABSTEY Siathi GBS DRRsbicep oAt Sianks ntiogss Ves. The
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process usi ggproiraatety the sdind Yield 39%or solvent dewaxing. Although not shown in
Figure 4, a commercial lube o0il dewaxing ZSM-5 catalyst data on a similar feed
showed a 4-5 VI number and 4-5% yield debit against solvent dewaxing. Very
low pour point (-45°F) was achieved at high yield (78%) with the low acidity,
high metal dispersion Catalyst B.

EXAMPLE S

Example 4 was repeated, using a light neutral furfural raffinate feedstock
in the presence of H,, but at different H, partial pressures. The feedstock
properties are listed in Table 5.

Table S
Properties of Solvent Extracted Light Neutral Raffinate

API Gravity 34,5
Nitrogen, ppm 23
Sulfur, ppm 2600
KV@100°C, cSt 3.58
Pour Point, F 75
Sim Dist. (M1401-1), °F

IBP : 569
5% Off 624
10% 646
50% 756
90% 846
FBP 919
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A revieﬁ/ of Fig. 5 reveals that at high pressure, lube VI approaching that
of solvent dewaxing can be obtained at a yield debit of about 5% versus solvent
dewaxing. Low pressure operation results in lube yield equivalent to solvent
dewaxing with a 9 number VI debit. It is clear that optimization of the P/ZSM-5
operating pressure would lead to si gnificantly improved performance over highly
shape selective standard lube oil dewaxing catalysts which gives a 7-10% yield
debit and produce base stocks with 7-10 lower VI values than solvent dewaxing

for this feed independent of operating pressure.

Accordingly, the P/ZSM-5 catalyst of the present invention is able to |
tolerate a wider variety of feedstocks than are highly shape selective, umdunéh-
sional pore dewaxing catalysts such as ZSM-23. The intersecting channels of
ZSM-5 are less susceptible to pore blockage and its larger pore opening permits
easier access to wax species. Highly shape selectivel dewaxing catalysts can

typically be used only for severely hydroprocessed feeds.

EXAMPLE6

Catalyst B and Catalyst E were each used respectively to convert a heavy
neutral hydrocrackate feedstock. The feedstock properties are listed in Table 6.



1 JUL 2004 WD 01/57159 -30- PCT/US01/03437 The H2 partial pressure v?s

mai ntain at both 400 and 2000 psi. The reaction products were disti s JHLt2504
a nom nal _600F cut point and anal yzed for pour point and viscosity index.
The resul Y YA Blotted in Figure 5. A review of Fig. 5 reypeahiolfsdyat

hi gh pressure, |ube VI approaching that :glf sol vent dewaxi ng can be

obtained at a yield debit of about 5% versds sol vent dewaxi ng. Low
pressure operation results in lube yield equivalent to solvent dewaxing
with a 9 nunber VI debit. It is clear that optimzation of the PtJZSM5
operating pressure woul d | ead to signi flahiﬁ.ﬁl y i nproved performance over

hi ghly shape sel ective s SggE d catal ysts which gives a
7-10%vyield debit and prg)g gagg?g C%Vg?ﬁygg‘i@af’ r VI values than
sol vent dewaxing for t&éﬁéﬂ | ndependent of gperarimng pressure.

Accordingly, the Pt/ ZzSN of the presefqt jn @ntion s able to
tolerate a wi der vari et)SulﬂJrIp@ﬁstocks than are hi ghly4shape sel ecti ve,

uni di nmen- sional pore ¢ Xi Ng_catarysts—such—as—ZSM23: i ntersecting
channels of ZSM5 are QL€ tible to pore jbl ocK8de and its larger

pore opening permts (P@Q‘ﬁbg@,p%ss to wax speC| es. f§'§§'| y Shape sel ective
dewaxi ng catal ysts can \);pl Caty—be—tused—enty—fror—severelylhydr opr ocessed
feeds. EXAMPLE F Cat al {8V Bt 480CceStl yst E were each Q6ed rdspectively to

convert a heavy neutra EME gi ocl. The, j€eedstjock properties
are listed in Table 6. q‘b&&&?&q RCT/ SN/ 03437 -31

Aromatics Content, % 15

Sim Dist (M1567), °F

IBP 686

5% Off 704

10% 753

50% 927

90% 1038
FBP 1138

The catalysts were presulfided with 2% H,S in H,at400 psito a
maximum temperature of 700°F. The experiments were conducted at a space
velocity of 1 hr, a H, partial pressure of 2000 psig, and a hydrogen circulation
rate of about 4000 sc{/bbl.

The feedstock was converted to a target pour point of 10°F over each
catalyst for a period of 30 days. The reaction temperature was adjusted to
maintain the target pour point. Over the course of the 30 day period, the
temperature for Catalyst E had to be increased by 75°F to maintain a 10°F pour
point, while Catalyst B aged by less than 10°F over the same time period. Thus,
even for severely hydroprocessed feedstocks, a low-acidity, high metal



Table 6 Properties of Heavy Neutral Hydrocrackate API G avity29.3 Sul fur,
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for a period _o? 30 days. The reactﬁi&gn é%gi?g%%%lt%%;mgﬁ%u%?%%%vﬁﬁmi ntain
the target phighlypshape selactivetPtEZSM23 deofaxikeca@lydgy period, the
tenperature for Catalyst E had to be increased by 75F to maintain a 10F
pour point, while Catalyst B aged by | ess than 10F over the same tine
period. Thus, even for severely hydroprocessed feedstocks, a |lowacidity,
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for increasing the viscosity index of a dewaxed | ube¥®isk

resulting froma hydrotreated hydrocarbon | ube oil cont ai ni

waxy paraffins which conprises contactizng a hydrotreai% @8&3
oi | feedstock containing waxy paraffins with a catal yst corrprl SI ng ZSMS
whi ch has been subjected to a controlled acidity reduction to an al pha

val ue | ess than about 15 prior to netals addition, and which catal yst
further co from0.1to 5w % based on catalyst, of a finely

di sper sed tal conponent, said noble netal having a ratio of Hto
nobl e nmetal as rreasured by cherri sor ption of at Ieast about 0.6 and a ratio
of 0 to noble

under conversio rP&P‘EE?SBfI.-%r 1n5reasrwg tﬁ? &Sgggl%tfnd@(gff Senc&gﬁ% gdr ogen,
hydr ot r eat %Fggé’%% %P‘gﬁ? Fgﬂtotlfe%f‘éasﬁ 502!1'??1? ﬁib%(‘({-lﬁféeﬁgtggkt he group

consisting o st| ate, ht neutr al

di still at e ,conediingneasty pdraffirstwhichtcemgrises uasxﬂhcﬂinagih eafedscher - Tropsch
wax, bright stock, deasphalted oils and m xtures or blends thereof. 3. The

process of hydsecarhomhbeaiihfesdstack gertasiing wazy paraftins with @caﬁ@lwst poi nt whi ch
ranges from about - 0S| t | ndex of..at about
%0 and a | GOBTIGAOM-3, SRR haitrenstniccRon ey o reattitn

to an alpha value less than about 15 prior to metals addition, and which catalyst

further comprises from 0.1 to 5 wt %, based on catalyst, of a finely dispersed
noble metal component, said noble metal having a ratio of H to noble metal as
measured by chemisorption of at least about 0.6 and a ratio of O to noble metal

of at least about 0.4, in the presence of hydrogen, under conversion conditions.

2. The process of Claim 1 wherein said hydrotreated hydrocarbon lube
oil feedstock is selected from the group consisting of a hydrotreated slack wax,
distillate, light neutrél distillate, heavy neutral distillate, furfural raffinate,
Fischer-Tropsch wax, bright stock, deasphalted oils and mixtures or blends

théreof.

3. The process of Claim 1 wherein said lube oil base stock has a pour
point which ranges from about -60 to about +20°F, a Viscosity Index of at least

about 90 and a lube oil base stock yield of at least about 30%.

4. The process of Claim 1 wherein said controlled acidity reduction
comprises high temperature steaming at conditions corrtprising a temperature of
above 550°C to about 900°C, pressures of about atmospheric to about 100 psig,
for a time of at least about 12 hours to about 96 hours, and an atmosphere of

from about 50% to about 100% water vapor.
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4. The process of Claim| wherein said controlled acidity reducti®8njUL 2004
conprises high tenperature steam ng at conditions Rk .-

of above 550C to about 900C, pressures, of about at | gec,m{?a&f
psig, for atime of at |east about 12 hours to abo g’

at nosphere of from about 50%to about 100% wat er v!gm ﬁ% 4  -34
5. The process of Caim1, in which sa:Bg cat al yst has an al pha val ue of

| ess than about 15 prior to incorporatron of the noble netal conponent. 6.
The process of daim1l, in which said catal yst has an al pha val ue of | ess
than about 5 prior to incorporation of the noble nmetal conponent. 7. The
process of CQaim1l, in which the noble netal of the noble netal conponent
is Pt, Pd or m xfturTéE robeass ofikdairdl, i@ whikk spideatdyst dias @h aiphaivalugofihi ch t he
finely dispers bI e t.al .conponent |s |ncor por at ed |nto sai d catal yst
by ion excﬁﬁ?ﬁg "m@ preleducyporgtionafih F’él“ﬂa]s ABer si on
conditions include a hydrogen parti al pressure rangi ng from 300 to 3500
psig and a tenperature from about 200 to 400C

6. The process of Claim 1, in which said catalyst has an alpha value of

less than about 5 prior to incorporation of the noble metal component.

7. The process of Claim 1, in which the noble metal of the noble metal

component is Pt, Pd or mixtures of Pt and Pd.

8. The process of Claim 1, in which the finely dispersed noble metal

component is incorporated into said catalyst by ion exchange.

9. The process of Claim 1, wherein said conversion conditions include
a hydrogen partial pressure ranging from 300 to 3500 psig and a temperature
from about 200 to 400°C.
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