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SYSTEM FI ELD OF THE | NVENTI ON [0001] The present invention rgligy@syio a
process f Lh,ing waxy feeds to tube basestocks w

Vi sCOS| ty‘%éﬁ@%@&ﬂm OF THE | NVENTI ON [ 0002] There is sl;iégﬁ‘?sfll[’@gﬁtﬁggconom c
i ncentive to convert wax to high quality |ube basestocks, especially base
oils with properties and perfornmance conparable to, or better than, those
of pol yal phaol efins (PAO . The upgrading of wax greatly relies on advanced
wax isonerization technology that selectively transforns |inear paraffins to
mul ti-branched isoparaffins. [0003] Processes for converting wax to
paraffm c | ube basesjg N, A Lypi.cal. QGE IS a two-stage
process that hydroi sshe £ n:d AL LE 7 MYBYHMEVL i xture in the
first step, followed by either solvent dewaxing or catalytic dewaxing the
waxy isoparaffins mxture in the second step to renove residual wax and
achieve a target | ube pour point. 100041 The hydroi sonerization catal ysts

di scl ose(ﬁmlmmm supported on anor phous al uninosilicate or
Zeolite Beta (Beta), nornmally possess |large pores that allow the fornmation
of branch structures during paraffin isonerization. Exanples of other |arge

e T L A s e

sel ecti vag sttt RckP Wafes %Hdc@hlvyscggg%ert normal and lightly branched
paraffin waxes in the 13 MAR 2007 WO 2004/ 033592 PCT/ US2003/ 032098 -2

é BACKGROUND OF THE INVENTION

[0002]  There is significant economic incentive to convert wax to high
quality lube basestocks, especially base oils with properties and performance
comparable to, or better than, those of polyalphaolefins (PAQ). The upgrading
of wax greatly relies on advanced wax isomerization technology that

selectively transforms linear paraffins to multi-branched isoparaffins.

[0003]  Processes for converting wax to paraffinic lube basestocks are
known. A typical process is a two-stage process that hydroisomerizes wax to a

( waxy isoparaffins mixture in the first step, followed by either solvent dewaxing
or catalytic dewaxing the waxy isoparaffins mixture in the second step to

remove residual wax and achieve a target lube pour point.

[0004]  The hydroisomerization catalysts disclosed previously, such as Pt
supported on amorphous aluminosilicate or Zeolite Beta (Beta), normally
possess large pores that allow the formation of branch structures during
paraffin isomerization. Examples of other large pore molecular sieves include
ZSM-3, ZSM-12, ZSM-20, MCM-37, MCM-68, ECR-5, SAPO-5, SAPO-37
and USY. However, these large pore catalysts are not selective enough to '

preferentially convert normal and lightly branched paraffin waxes in the



presence of multi-branched isoparaffmnolecules. As a result, the isoparaffm
products derived fromwax often contain residual wax that negH¥AR @iibe

dewaxed wo mhfier3sé0 neet target | ube cloud points or popgr/pSioises2edhe cl oud
point of a lube is the tenperature at which the first trace of wax starts

to separate, causing the |lube to becone turbid or cloudy (e.g., ASTM
D2500). The pour point of a Ilube is the tenperature at which | ube and wax
crystallize together as a whole and-%ill not flow when poured (e.g., ASTM
D97). Dewaxi ng can be achieved by additionally using either a solvent
dewaxi ng process or a catalytic dewaxing process. [0005] Mst selective
dewaxi'ng catal ysts used in a catalytic dewaxi ng process have relatively

smal | popeeseheeliof mud-brathedtisoparaffinboldvalss. R0s atresull dhe isopardffinsel ectivel y
cracking normal and |ightly branched paraffin waxes. Such dewaxin
cat al yst prediess derived Fomowayp aftehfdomtdin oesidual avdarothat peeds tobhe gewatabo61 Few
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high no ar wel ght wax an enough pour poi nt “wit hout sacrificing
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rel at es and avijmet flow wvhcn ponverd (6.g.9 AFRMIOH). JRewaxialgi cap baikchibeskst ocks by
contactipg the wax with a unidinensional nolecular sieve catalyst with a
near i r B MHﬁmaﬁywm&@m mﬁw& NG prpcess e faialgic dewaking

process.

[0005] Most selective dewaxing catalysts used in a catalytic dewaxing
process have relatively small pore structures and catalyze lube pour point
reduction by selectively cracking normal and lightly branched paraffin waxes.

Such dewaxing catalysts usually have low paraffin isomerization selectivity.

[0006] Few catalysts have been reported to be efficient in catalyzing both
hydroisomerization and dewaxing of paraffin wax to low pour point lubes.
Also, such catalysts have difficulty to convert feeds with a high molecular
weight component, as a result of which the lube products often appear hazy (or

cloudy).

[0007]  There remains a need therefore to achieve conversion of high
molecular weight wax and a low enough pour point without sacrificing lube

isomerization dewaxing selectivity.



0.50 run to 0.65 nmwherein the difference between the maxi mum di aneter and
the minimumis < 0.05 nm(e.g., ZSM48) followed by a second hpM&Eal0ar

si eve cat , Zeolite Beta). Both catal ysts conpg,j re
Goup Vi e e R Gs, Co. R 1T P Pt PR MG
DESCRI PTI ON OF THE FI GURES [0009] Figure 1 is a plot of lube yield versus

| ube pour point for isonerization of C80 wax over Pt/ ZSM 48 fol | owed by
Pt/ Beta, and stand- al one Pt/ZSM 48 catal yst systens. [0010] Figure 2 is a
pl ot of |ube viscosity versus |ube pour point for isonerization of C80 wax
over Pt/ZSM 48 foll owed by Pt/Beta, and stand- al one Pt/ ZSM 48 cat al yst
systens. 100111 Figure 3 is a plot of viscosity index (VI) versus |ube pour
poi nt foggm@g@j(zggiﬂmgmgrmmver Pt/ ZSM 48 foll owed by Pt/Beta, and
stand- a . [0012] Figure 4 is a plot of light
gas yield versus |ube pour point for isonerization of C80 wax over

Pt/ ZSM 48 fol l owed by Pt/ Beta, and stand- alone Pt/ ZSM 48 cat al yst systens.
13 MAR 2000p81\0 20haposesoinvemivnsdes o3 poosss for aovesingwgurto lghs a pl ot
of naphtha yi el ersus .| ybe pour, point for _isongrization of C80 wax over
Pt 1ZSM 49@%%1835 aﬁ%‘%@%ﬁi%ﬁ“@ﬁmpﬁhﬁﬁﬁﬂx Withreumdymengiona p@wgar syst ens.
10014] Fi j el of. _di.es el rsys lupe Ul DOI.N or

somer 28005 air aficRaleat iR Baug et FaRitl 4 MRk iRl of .
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provi des soneri zati on and dewaxl ng selectivit
the minimum is < 0.05 nm (e.g., ZSM-48) followed by a second molecular

sieve catalyst (e.g., Zeolite Beta). Both catalysts comprise one or more Group
'VIII metals (i.e., Fe, Ru, Os, Co, Rh, Ir, Pd, Pt, Ni).

BRIEF DESCRIPTION OF THE FIGURES

[0009]  Figure lisa plot of lube yield versus lube pour point for
isomerization of C80 wax over P/ZSM-48 followed by Pt/Beta, and stand-
alone Pt/ZSM-48 catalyst systems.

[0010]  Figure 2 is a plot of lube viscosity versus lube pour point for
{i isomerization of C80 wax over Pt/ZSM-48 followed by Pt/Beta, and stand-
alone Pt/ZSM-48 catalyst systems.

[0011]  Figure 3 is a plot of viscosity index (V) versus lube pour point for
isomerization of C80 wax over P/ZSM-48 followed by Pt/Beta, and stand-
alone Pt/ZSM-48 catalyst systems.

[0012)  Figure 4 is a plot of light gas yield versus lube pour poimt for
isomerization of C80 wax over Pt/ZSM-48 followed by Pt/Beta, and stand-
alone Pt/ZSM-48 catalyst systems.



of a wax, over an unidinensional catalyst with a near circular pore
structure having an average pore dianeter of 0.50-0.65 mm (5.01 .

angst r ons wob@aes3xe2 t he maxi mum di ameter - m ni num di anepemmm%ﬁw%. 5
angstrons), followed by a nol ecul ar sieve catalyst to forma |ubricant.
Goup VIIl metals on the two catalysts are preferred and platinumis the
nost preferred. [0016] The invention inproves |ube basestock products and
their properties (e.g., pour point, -4l oud point). This nmethod effectively
reduces average | ube nolecular weight and potentially reduces |ube product
cloud point without sacrificing lube yield. This process allows inproved
use of  the heavy end of |ubes and is especially suited for waxes with

1, 000F+ {00a6] i orBiganel 5is ebtstafnaphthaldeidvérs@sube sour paggefof r act i ons may
conprise_the higher nolecular weight ~ or boiling point tail of the feeds. It
woul d belsgmeérization afdC80 wax®venBtidSMei8fotlomedby Ri/Betd, and starakeki ng for very
| ar ge nol ecul ar lght feeds if only one of the above catal ysts was used.
Thi s inv@WﬁPﬁ/ZéﬁpggFéFﬂi@WY%%& for processing heavy |lube or lubes with a
heavy component (e.g., with >5 wt% heavy raffinate) where the Beta catal yst
selectively cracks the heavy end. This 13 MAR 2007 WO 2004/ 033592

PCT/ US20 20 zDgls 1@ ' [ .th yields-simlar
to thoseﬂlt?étg i ne g(l)l{/cg? ly%@ﬁtfgﬁéﬁgg%q%‘%ﬁIh%@eﬁ%l}lja%(ﬁgtmv{/ax feed is first
passed oiemetizatlhT C80 Max Dver PHESM-asUolloR@d Bt P/Betl, ah@ skipaduct is then
passed over a single Zeolite Beta catalyst to formthe final |ube. These
first analonedWfZSNI-48 eatalyshsysternepar ated or prefer- ably are integrated
process steps (e.g., cascaded). 100181 The uni di mensi onal nol ecul ar sieve
catalyst with near-circular pore structures does nost of the dewaxing. The
pores arg 3- A, "_I"ll"- pore nol ecul ar sieves thereby excluding
bul ki er . heheey ol ecul es.

[0015]  The invention provides high isomerization and dewaxing selectivity

- of a wax.over an unidimensional catalyst with a near circular pore structure |
having an average pore diameter of 0.50-0.65 nm (5.0-6.5 angstroms) wherein
the maximum diameter - minimum diameter < 0.05 nm (0.5 angstroms),
followed by a molecular sieve catalyst to form a lubricant. Group VIII metals

on the two catalysts are preferred and platinum is the most preferred.

[0016] The invention improves lube basestock products and their properties
(e.g., pour point, cloud point). This method effectively reduces average lube
molecular weight and potentially reduces lube product cloud point without
sacrificing lube yield. This process allows improved use of the heavy end of
lubes and is especially suited for waxes with 1,000°F+ fractions and preferably
1,100°F+ fractions. These fractions may comprise the higher molecular weight
or boiling point tail of the feeds. It would be difficult to create enough
branches with minimal cracking for very large molecular weight feeds if only
one of the above catalysts was used. This invention is preferably used for
processing heavy lube or lubes with a heavy component (e.g., with >5 wt%

heavy raffinate) where the Beta catalyst selectively cracks the heavy end. This



Uni di mensi onal neans that the pores are essentially parallel to each other.
100191 The pores of the catalyst have an average diameter of OpPRAM(TO

0.65 nm \/\%ﬁ ,g”} Q.ﬁ di fference between a m ni nrum di anet el‘CﬁPS'zuﬁs/ﬂﬁMs”Um
di aneter 1Is (35 nun. The pores may not always have a perfect circular or

el liptical cross-section. The m ni num di aneter and maxi num di aneter are
generally only neasurenents of an ellipse of a cross-sectional area equal to
the cross-sectional area of an averége pore. The pores can alternatively be
defined by finding the center of the pore cross-section and using half of
the m ninum diameter and half of the maxi num di aneter to sweep an average
cross- sectional pore shape fromthe center. 100201 The preferred

uni di nenhimﬁbnmah%fmé aflightes\ebecwithlyields isimiar to thbse okiiratdeoymr e nol ecul ar
sieve catalyst of which the preferred version is ZSM48. U S. Patent

5, 075, 2688 rdloee t he procedures for making ZSM 48 and is incorporated by
reference herein. ZSM48 is roughly 65% zeolite crystal and 35% al umna. O
the crystals, at |east 90% preferably at |east 95% 13 MAR 2001 WO

2014/ 033 CT/ 034 e ideal
crystal sﬁ)%i?laﬁ ﬁ’%&gﬁi preggra %&Pﬁaﬁpﬁtgvglﬁg r@flégldc%%gp’r%n? Ig%gh sone

sodi um '&sﬁﬁﬁ%‘%@&hﬁadlaﬁ@%ﬂ&dﬁs THeh Has§cRowdr 4 diapleatdniite %Tta?‘bé‘tﬁly%tw th
simlar functions and hel'ps to protect the second catalyst (e.g., Zeolite
Beta). l@Ofbith the firw Ifibe. STthes¢ figst antl sthmdastagessan bésepanatddroe pseienal

I nternmedi ate pore nolecular sieve catalyst (e.g., Pt/ZSM48) is preferably
kept at 3vy-ageoregiatebprIress) stepiolec p@@p@a%dﬂty at 600- 700F (316-371C),. and
nost preferably at 630-660F (332-349C). ZSM 48 catal ysts used in the

i nvention preferably have an Al pha val ue of about 10 to about 50 prior to

the GougoeYsf ! "BieAlnidlReNifhl molecular sieve catalyst with near-circular pore
structures does most of the dewaxing. The pores are smaller than in large pore
molecular sieves thereby excluding bulkier (e.g., highly branched) molecules.
Unidimensional means that the pores are essentially parallel to each other.

,
[0019]  The pores of the catalyst have an average diameter of 0.50 nm to
0.65 nm wherein the difference between a minimum diameter and a maximum
diameter is < 0.05 nm. The pores may not always have a perfect circular or
elliptical cross-section. The minimum diameter and maximum diameter are
] generally only measurements of an ellipse of a cross-sectional area equal to the

cross-sectional area of an average pore. The pores can alternatively be defined
by finding the center of the pore cross-section and using half of the minimum
diameter and half of the maximum diameter to sweep an average cross-

sectional pore shape from the center.

[0020]  The preferred unidimensional molecular sieve catalyst is an
intermediate pore molecular sieve catalyst of which the preferred version is
ZSM-48. U.S. Patent 5,075,269 describes the procedures for making ZSM-48
and is incorporated by reference herein. ZSM-48 is roughly 65% zeolite
crystal and 35% alumina. Of the crystals, at least 90%, preferably at least 95%,



[0022] Zeolite Beta catalysts are 12 ring acidic silical/alumna zeolites
with or wthout boron (replacing sone of the alum num atomns). VEHAR 0687 Y

(USY), thovglnsossze; preferred than Beta, is al so cont enplpatragéndsiies scope
of the invention. Pre-sulfided Zeolite Beta is preferred when sone residual

sulfur in the product is acceptable. [0023] Zeolite Betas used in the

I nvention preferably have an Al pha value below 15, nore preferably bel ow
10, at least prior to netal loading. ™ pha is an acidity netric that is an
approximate indication of the catalytic cracking activity of the catal yst
conpared to a standard catalyst. Alpha is a relative rate constant (rate of
nor mal - hexane conversi on per volune of catalyst per unit tine). Alphais

based on ahlenestiprafierablo08-99%chirg ideal apistals, TheiZSMa48iis preferablgdki ng cat al yst
taken as an Alpha of 1 in U S. Patent 3,354,078 (incorporated by reference)

and neas dhepraiensed fors thieigh sameisodiumhis atoeptable. fSaf8liymosg  vol . 4, p.
527 (1965); val. 6, p. 278 (1966); .and val. 61, p, 395 (198Q). Feeds wth
mi ni mal ﬁ%bu%&@m oibst sﬁa?mtq wﬂ?lé)aml% nsHons sRd belpste Wptechids catal yst. In

nigh A pRECP O E e ZAOHEBHILS 02l oct'ive cracki ng. Al pha val ube. may be

reduced by steami ng. [0024] The Beta catalyst (e.g., Pt/Beta), when
contacting the internmediate product, is nost preferably kept at

t enper at yog2d} of HOBe Faefsthg® of thelpropess, the enidiraésyienalintirme0itEpoife
(260-343C), and nost preferably at 520-580F (271-304C). [0025] The

t enper at maleaflapsiehe catalysy $¢.gi, PLE@SMIHhs preferdbiy kieptiat 50048@efkdent | y.
Tenperature choice partly depends on the feed liquid hourly space velocity
of whi ch(200:427°@), more greterablyad 600-7D0SFK3 16435 1767 canst mwioet prefirablyd 0.5-2 h"
IS nost preferred—. - . . .

at 630-660°F (332-349°C). ZSM-48§ catalysts used in the invention preferably

have an Alpha value of about 10 to about 50 prior to the Group VIII metal

loading.

[0022]  Zeolite Beta catalysts are 12 ring acidic silica/alumina zeolites with

or without boron (replacing some of the aluminum atoms). Zeolite Y (USY),

though less preferred than Beta, is also contemplated in the scope of the

invention. Pre-sulfided Zeolite Beta is preferred when some residual sulfur in

the product is acceptable.

[0023]  Zeolite Betas used in the invention preferably have an Alpha value
below 15, more preferably below 10, at least prior to metal loading. Alpha is
an acidity metric that is an approximate indication of the catalytic cracking
activity of the catalyst compared to a standard catalyst. Alpha is a relative rate
constant (rate of normal hexane conversion per volume of catalyst per unit
time). Alpha is based on the activity of the highly active silica-alumina
cracking catalyst taken as an Alpha of 1 in U.S. Patent 3,354,078 (incorporated
by reference) and measured at 538°C as described in the Journal of Catalysis,
vol. 4, p. 527 (1965); vol. 6, p. 278 (1966); and vol. 61, p. 395 (1980). Feeds

with minimal nitrogen content will require low Alpha value of this catalyst. In



[ 00261 The contact time for both catalysts is preferably simlar to each
other. It is understood that the space velocity can be differ¢ftMAR THH
pressure catalysts is preferably simlar to e dr ogen
co- f eed fT‘fO%“P@’{’Eb’u s 100-10, 000 scf/bbl (17.8-1,780 a‘;{”?gmf’mm
preferably 1,000-6,000 scf/bbl (178-1,068 n.L.L""), and nost preferably

1, 500- 3, 000 scf/bbl (267-534 n.L.L-'). [ 0027] Each catal yst conprises
0.01-5 wt% of at |east one Goup VII+7-netal (i.e., Fe, Ru, Gs, Co, Rh, it,
Pd, Pt, Ni). Platinumand palladiumare nost preferred. Platinum or

pal | adi um bl ended with each other or other group VIIl netals followin
preference. N ckel may also be blended with group VIIl precious netals and
i s i ncl udeshphiisdr) @atdye with hipgh Alplaaher anb asay for lgsosdlectidel | bl ends,

al I oys, or nlxtures are nentioned. Platinumis the nost preferred met al .

Pr ef er r edracking Alphdivajuesmbythie reducidybst steameng. 1-1 wt % with  approxi matel y
0.6 wt% nost preferred. 13 MAR 2007 WD 2004/ 033592 PCT/ US2003/ 032098 -8

[ 00281 The feed preferably is a wax with a nmelting point over 50C, |ess

or et er anhP2Ees heatete¥netiEte o 2feR. 56 SOl AleRedliCL, 550 0si o
(34 2t 1) o iy, SR re BRI 8 ERBRIREEB B DIRPASIH A oy P scher

Tropsch or 'sim 0 lTower'sul nd/or
ni trogen I lyst to
form an Flrétrg}s?éf?ag%%gpprogé??ﬁ@@%ul S t’ﬁ‘éﬁ&%@g e%(fg yy;?latts?gg |$ectly from

the firsppmat@ot to the second catalyst. In a preferred enbodinent of the
[ nvent ion, a cascaded two- bed catal yst systemconsisting of a first bed
cat'al yst foI | owed by a second bed catalyst allows a highly selective
process for wax isonerization _and | ube

[0025] The temperature of each catalyst is preferably controlied

independently. Temperature choice partly depends on the feed liquid hourly

space velocity of which 0.1-20 h™* is preferred, 0.5-5 h! is more preferred, and

0.5-2 h'! is most preferred.

[0026]  The contact time for both catalysts is preferably similar to each
other. It is understood that the space velocity can be different. The pressure
for both catalysts is preferably similar to each other. Hydrogen co-feed flow
rate is 100-10,000 scf/bbl (17.8-1,780 n.L L"), more preferably 1,000-6,000

E- scf/bbl (178-1,068 n.L.L""), and most preferably 1,500-3,000 scf/bbl (267-534
nL.L™").

[0027]  Each catalyst comprises 0.01-5 wt% of at least one Group VII metal
(i.e., Fe, Ru, Os, Co, Rh, Ir, Pd, Pt, Ni). Platinum and palladium are most
preferred. Platinum or palladium blended with each other or other group VIII
metals follow in preference. Nickel may also be blended with group VIII
precious metals and is included in the scope of the invention whenever group
VIII blends, alloys, or mixtures are mentioned. Platinum is the most preferred
metal. Preferred metal loading on both catalysts are 0.1-1 wt% with
approximately 0.6 wt% most preferred.



hydr odewaxi ng with m nimal gas formation. In cascading, the internediate
product preferably directly passes fromthe first bed to the

! ! . . S8oRcpred
wi t hout iwwbenegisg@e renoval of |ight products. Optional I%T,@éézgggm%ggr oduct s
(e.g., nethane, ethane) can be renoved between the first and secon

catal ysts. [00301 More branching in feeds facilitates the present invention
and inproves final lube yield. U S. Patent 6,090,989 describes typical
branching indices and is incorporated-by reference. The feed is preferably
m xed with hydrogen and preheated before contacting it with the first
catalyst. Preferably, at least 95%of the wax is in liquid form before
contacting it with the first catalyst. 100311 The preferred neasurenents,
as taught by the specification, are described in this paragraph. Were
there are two values, the value in parenthesis is approximte nmetric
conver si 40028] t h&heifesst preférably iSrewarivgtit a iRl isgRpo0 DveE0 20 leds 033592

PCT/ US20031032098 - ercent of paraffins, may be_neasured by

hi gh- r esdhan Vmﬂmmd?ﬁl ,3nd lesehan S0 npyn nHECSeR: nbRE BREZENHSMATR ASTM

standard D529 I n nbipation. with.GC.-M5. This appr,oach al so be used -
o det er RERETEHS 16isTEA 10 Font Bifcise 16nYdresn euts BARIGH D Py genat os.

and ot herqgr, i n LSQ- ' ati o may be
measur ed (%‘3 ag@?]'f g?ﬁ?’hg aéﬁﬁg%%@%g%a%am) e?%%{{&%c% %/Eiglaﬁéﬁonbi nation with
13C- NMR. ToebscH waRYr shiRilifedeat /4x weé@&.g.xtd?ﬁm& SuPfR 26 8rlitrogén descri bed,
for exanple, in ASTM standard D2622. N Trogen may be neasured by

syri nge/ ilededs). oxi dati ve conbustion with chenilum nescence detection, for

exanpl e, by the nmethod described in ASTM standard D4629. Aromatics may be
measured as described below As taught by the specification, olefins may be

reasur e gt g fodd 8 TollSeh BBy S B TabTsheBY eSRH b ThlchiRaRRe! voT o For
product which is then preferably passed directly from the first catalyst to the
second catalyst. In a preferred embodiment of the invention, a cascaded two-
bed catalyst system consisting of a first bed catalyst followed by a second bed
catalyst allows a highly selective process for wax isomerization and lube
hydrodewaxing with minimal gas formation. In cascading, the intermediate
product preferably directly passes from the first bed to the second bed without
inter-stage removal of light products. Optionally, light byproducts (e.g.,

methane, ethane) can be removed between the first and second catalysts.

[0030] More branching in feeds facilitates the present invention and
improves final lube yield. U.S. Patent 6,090,989 describes typical branching
indices and is incorporated by reference. The feed is preferably mixed with
hydrogen and preheated before contacting it with the first catalyst. Preferably,

at least 95% of the wax is in liquid form before contacting it with the first

catalyst.

{0031}  The preferred measurements, as taught by the specification, are
described in this paragraph. Where there are two values, the value in

parenthesis is approximate metric conversion of the first value. The weight



ASTM st andard D2710. The wei ght percent of total oxygen maybe neasured by
neutron activation in conbination with high-resolution 1H NVR {¥MAR 7007
necessary oxygen content may be placed on a -fr i's by
neasuringvﬁggﬁ#kg%g{ent. For sanpl es having a water con?@%ﬁhﬁ%gaﬁuﬁgébe | ess
t han about 200 ppm by wei ght, one may use known derivitization nethods
(e.g., by using calciumcarbide to form acetylene) followed by GC M. For
sanpl es having a water content known-2.0 be greater than about 200 ppm by

wei ght, one may use the Karl -Fischer nethod, for exanple, by the nethod
described in ASTM standard D4928. The total al cohol content nay be

determ ned by high-resolution 1 HNVR and the percentage present primrily

as Cl2- ' erﬁ’]¥ RALI0 . gq_ qﬁgt e nunber may be
det ermi %ﬁrc&i{m‘t t[}gp %rga?ﬁ]?sg?ﬁgoarrp %’ﬁr%@%&@@ﬁ%g%m%ﬁ . € ﬁ:gvel of

ar omat i cgxamypld)dydae aidtho@ desttibed iRA STINstaREAUIUDSTID, HicbMBindtin exanpl e,

by using ASTM st andard D5292. D oxygenates are neasured by using infrared

(I R absaovittat€zMbetThsepprpach Bagmaddi bgusditoatetemiine ths weiglitso- par af fi ns may
13 MAR 2007 WD 2094/ 033592 PCT/.US2003/ 032098 -10 be neasured by a ‘
combi nat PeFFeatags finsaliates, adeohals qyygenaies. @nd/ather pr2gRIC GUBPPRATIDN VS,

EXPERI MENTAL [ 00321 ded two-bed catal.yst syst i sting of
ot otage Ser i pRRIER o aF B ypes oo\ RATLATIPE €8 ocond ot age of
Pt/Beta catal yst | hi ghl . act | tie. f
yarof SoRBFABEEIRHY (ML LS Bt SakisdBon RO b AL Shlhr Ry

. | di,d ans: 8 I data, Iub
T b ek e N

E%g)er at u{%m?s_lmmmﬁmmzx NitBegeh iy be pdakerdRPhassdimlioxiditiiRe on stream
IS e I e

combustion with chemiluminescence detection, for example, by the method

described in ASTM standard D4629. Aromatics may be measured as described
below. As taught by the specification, olefins may be measured by using a
Bromine index de?ermined by coulimetric analysis, for example, by using
ASTM standard D2710. The weight percent of total oxygen may be measured
by neutron activation in combination with high-resolution lH-NMR. If
necessary, the total oxygen content may be placed on a water-free basis by
measuring water content. For samples having a water content known to be less
than about 200 ppm by weight, one may use known derivitization methods
(e.g., by using calcium carbide to form acetylene) followed by GC-MS. For
samples having a water content known to be greater than about 200 ppm by
weight, one may use the Karl-Fischer method, for example, by the method
described in ASTM standard D4928. The total alcohol content may be

determined by high-resolution 1H-NMR, and the percentage present primarily
as C12-Ca4 primary alcohols may be determined by GC-MS. Cetane number
may be determined by using, for example, ASTM standard D613. The level of
aromatics may be determined by using high-resolution 1H-NMR, for example,
by using ASTM standard D5292. Dioxygenates are measured by using infrared

(IR) absorbance spectroscopy. Branching characteristics of iso-paraffins may



during which the feed contacts the catalyst. IBP is initial boiling point.
TBP is terninal boiling point. The best S.1. equival ent of starlddd 26&ibi c
feed of hydnoegaasper barrel of feed (SCF/bbl) is nornmal AdTres29030d32098dr ogen
gas per liter of feed (n.1.1"1. or n.L.L:" or n.L (gas) / L (feed)). LHSV
Is defined as liquid hourly space velocity. WHSV is defined as wei ght
hourly space velocity. 13 MAR 2007 WO 20114/ 033592 PCT/ US2003/032098 11 O
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be measured by a combination of high-resolution 13C-NMR and GC with high-

resolution MS.
EXPERIMENTAL

[0032] A cascaded two-bed catalyst system consisting of a first stage
Pt/ZSM-48 catalyst immediately followed by a second stage of Pt/Beta catalyst
is shown to be highly active and selective for hydroisomerization and dewaxing

of waxes with high molecular weight components.

[0033]  Example operating conditions, material balance data, lube yields and
properties are summarized in Table 1. TBP x% indicates temperature below
which x wt% of hydrocarbon samples boils. Time on stream {(TOS) is the time
during which the feed contacts the catalyst. IBP is initial boiling point. TBP is
terminal boiling point. The best S.1. equivalent of standard cubic feed of
hydrogen per barrel of feed (SCF/bbl) is normal liters of hydrogen gas per liter
of feed (n.1I". orn.L.L" or n.L (gas) / L (feed)). LHSV is defined as liguid
hourly space velocity. WHSYV is defined as weight hourly space velocity.
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MAR 2001 WO 2004/ 033592 PCT/ US2003/ 032098 -13 100341 To obt ai 13 sigmhijrb! €
wax i somewaaisossswesults, a mld (e.g., 500-630F (260- 3@{2@5}0{,%%@
tenperature should be enployed during | ube hydroprocessing.

Pt/ Beta tenperature should be enployed with varying Pt/ZSM48 terrperature
to achieve a target |ube pour point. To achieve nmaxi mal |ube yield, |ow
operating pressure (< 2,000 psi (2721&%tm hydrogen pressure) should be used.
100351 St and-al one Pt/ ZSM 48 was al so eval uated for isonerizing and

dewaxi ngopg4) vaxrg ebt%@&ﬁésxf;ﬁe%k 1§dﬁ9€n££ﬁﬁ‘ﬁ%§&ﬂf§ a(rhll! €z $.,200-63¢ppar i son of

| ube yields for the two catal yst systens Is [ustrated in F| gure 1. Figure

1 shows qmt33m)9m§@brﬁsér5ﬁ%é ﬂ%\ﬂ&'ﬂe%‘%ﬁloph‘d Bhﬁﬁ fl@bé) pﬁ%‘é@ﬂh%f" ly

i dentical |ube yi'éelds conpared to Pt/ ZSM one. e ad 1 tion of / Bet a

had m ni Th¢ niid PoBetotenfperatueangoudd bP&hﬁﬂb&&BmﬂHEIymggPthSMM&t ure
(Tables'1 and 2). 13 MAR 2007
temperature to achieve a target lube pour point. To achieve maximal lube yield, low

operating pressure (< 2,000 psi (272 atm) hydrogen pressure) should be used.

{0035] Stand-alone P/ZSM-48 was also evaluated for isomerizing and
dewaxing C80 wax to 700°F+ (371°C+) lube basestocks (Tables 2).
Comparison of lube yields for the two catalyst systerns is illustrated in Figure

1. Figure 1 shows that the cascaded Pt/ZSM-48 followed by Pt/Beta gave
essentially identical lube yields compared to Pt/ZSM-48 alone. The addition of
Pt/Beta had minimal effects on the range of Pt/ZSM-48 operating temperature
(Tables 'l and 2).
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[0036) The viscosity and viscosity index of the nominal 700°F+ (371°C+)
C80 wax isomerates vs. hydroprocessing severity are plotted in Figures 2 and
3, respectively. The two sets of data compared in the two diagrams correspond
to the wax isomerates prepared using Pt/ZSM-48 followed by Pt/Beta, and
stand-alone Pt/ZSM-48.

[0037]  Asshown in Figure 2, the Pt/ZSM-48-Pt/Beta isomerates had
significantly lower viscosities presumably due to the relatively high cracking
|activity of Pt/Beta catalyst towards multi-branched isoparaffins. Thus, this
dual catalysts system provides an effective method for reducing average
molecular weight of a wax feed to produce lower viscosity lube stocks without

sacrificing lube yield during wax hydroisomerization process.

[0038]  Figure 3 shows high viscosity indices observed for the Pt/ZSM-48-
Pt/Beta wax isomerates, although they are slightly lower than those of
Pt/ZSM-48 isomerates. For products of the invention, a viscosity index of at

least 150 at a -20°C lube pour point and a viscosity index of at least 130 ata

pour point of no more than -50°C is preferred.

[0039]  The spread between the lube cloud and pour points for PtYZSM-48-
Pt/Beta is mostly less than 15°C (Table 1). In general, the spread between the

lube cloud and pour points narrows with decreasing pour point.

[0040]  The overail light byproduct selectivity for the two catalyst systems is
comparable (Figures 4-6). As expected, the yields of gases, naphtha, and diese!
increase for both systems with increasing process severity (decreasing lube

pour point) that promotes hydrocracking.

AN



-16 [00361 The viscosity and viscosity index of the nomnal 700" F+ (371 C+)
C80 wax isonerates vs. hydroprocessing severity are plotted infi{@ﬁrﬁ[ﬁ 2 and
3, respec@iov%l}/. The two sets of data conpared in the two di a%rg

correspond ® P8¢ H2wax i sonerat es prepared usi ng PUZSM 42CFBFBHR33098y

Pt/ Beta, and stand-al one PUZSM 48. 100371 As shown in Figure 2, the

PUZSM 48- Pt Beta i sonerates had significantly |ower viscosities presunably
due to the relatively high cracking _la;,gtivity of Pt/Beta catal yst towards
mul ti-branched isoparaffins. Thus, thi's dual catalysts system provi des an
effective nethod for reducing average nolecular weight of a wax feed to
produce | ower viscosity |ube stocks w thout sacrificing |ube yield during
wax hydr 60%direr | The fdlowwingcaxamplepwild serve do ildustrase Bigsinyention scosi ty i ndi ces
observed for the PUZSM 48- PtBeta wax isonerates, although they are slightly
| ower than those of PUZSM 48 isonerates. For products of the invention, a
Vi SCOSi t = J f at least 150 at a -20C | ube pour point and a viscosity

i ndex ofiﬂa‘-}}zﬁﬂg—j%sl‘lO 130 at a pour point of no nore than -50C is preferred.
100391 The spread between the |ube cloud and pour points for PUZSM 48-
PtBeta is nostly | ess than 15C (Table 1). In general, the spread between the
| ube cl oped42nd pBerdspmikntFherlaydrowsateid tSA SOEMEPARAFRANT BOCHO wak00401 The
overall light byproduct selectivity for the two catal yst systens is

conpar abKe8¢)fegdmeas abtained Asomeereand Muager,dheais (Sheltnm 651) ansrsedla, and

di I f bot h,. t ith i ' . Lt
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20041 033502 POFLHEPRAS TR0 vk Wbbeodli bPbleBHs hosgehas i || Serve

to'illus nventi‘on
SASOL™ has been marketing three commercial grades of waxes:

PARAFLINT™ H1, a 700°F+ (371°C+) full range wax; PARAFLINT™ C80
and C105, 700-1100°F (371-593°C) and 1100°F+ (593°C+) distillate fractions,

respectively. The molecular weight distribution (in terms of boiling point) of -

the waxes is illustrated briefly in Table 3.

TABLE 3
Molecular Weight Distribution of Waxes in Examples

Wax Feed H1 C80 C105
j Pour Point, °C 99 82 106

IBP-700°F (<C,y), wt% 0 3 0

700-1100°F (C,4-Cep), wt% 44 89 20

1100°F+ (>Cqp), Wt% 56 8 80

Example 2

[0043]  Preparation of Pt/Beta Catalyst. Pt/Beta catalyst was prepared by
extruding a water-containing mull mix or paste containing 65 parts of Zeolite
Beta with 35 parts of alumina (dry basis). After drying, the Zeolite Beta
containing catalyst was calcined under nitrogen at 900°F (482°C) and

exchanged at ambient temperature with a sufficient quantity of ammonium



Exanpl e 1 100421 Feedstock. The hydrotreated SASOLTM PARAFLI NTTM C80 wax
(C80) feed was obtained from More and Minger, Inc., (Shelton,jiGip m\p used

as recei vagy ol gdh, addi tional pretreatnment. The C80 wax e of
predom nantly l|inear paraffins with very |ow content of Sﬁ@ﬁ%?mé{%%

oxygenates. SASOLTM has been marketing three commerci al grades of waxes:
PARAFLI NTTM H , a 700F+ (371 C+) full range wax; PARAFLINTTM C80 and C105,
700- 1100F (371-593C) and 1100F+ (593(. distillate fractions, respectively.
The nol ecul ar wei ght distribution (in terns of boiling point) of the waxes
is illustrated briefly in Table 3. TABLE 3 Mol ecul ar Weight Distribution of
2. 106 | BP-700F

(<o "SRR oy 88 s e el 64 hont B0 o) ok 5o
8 80 EXx | . 8 o

pr epar edqggll' Gvg)%{x#cggrﬁtzﬂgdégfo\?g?%ﬂé%g@g? ¥ ﬂ,@ﬁ?ﬁ aﬁ%ﬁi %(?d Ea@ég ’frj\lt g?tn?nésgSwas
parts of Aged ait BalcBRitRnMHe 654 Z@illltté B‘é{a/%%ryikﬁﬁnﬁlgre)k beSwas AT t €1 drying,

the Zeolite Beta contalning catalyst was cal cined under nitrogen at 900F

(4820) a@éean@e@ﬂarw%&lw(? RYedheERy Alphat/alid bf theStaléined eafalyidat i ty of
ammoni um 13 MAR 2001 WO 2004/ 033592 PCT/ US2003/ 032098 -18- nitrate to

renove rdegsdhah 180 Fhersteamedieb 26 dbwiaeidihaBowl 3% Hhikneinarcatkdyst was t hen
washed wiith de-ionized water and calcined in air at  1000F (538C).
1on exchanged with a tetraammine platinum chloride solution under ion
exchange conditions to uniformly produce a catalyst containing 0.6% Pt. After
washing with de-ionized water to remove residual chlorides, the catalyst was

‘dried at 250°F (121°C) followed by final air calcination at 680°F (360°C).

Example 3

[0044] Prepar:'ztion of Pt/ZSM-48 Catalyst. Pt/ZSM-48 catalyst was
prepared by extruding a water-containing mull mix or paste containing 65 parts
of ZSM-48 with 35 parts of alumina (dry basis). After drying, the ZSM-48
containing catalyst was calcined under nitrogen at 900°F (482°C) and
exchanged at ambient temperature with a sufficient quantity of ammonium
nitrate to remove residual sodium in the zeolite channels. The extrudate was
then washed with deionized water and calcined in air at 1000°F (538°C). After
air calcination, the 65% ZSM-48 / 35% Alumina catalyst was impregnated with
a tetraammine platinum nitrate solution under incipient wetness conditions to
uniformly produce a catalyst containing 0.6% Pt. Finally, the catalyst was
dried at 250°F (121°C) followed by air calcination at 680°F (360°C).



After air calcination, the 65% Zeolite Betal/ 35% Al unm na extrudate was
steaned at 1020F (549C) to reduce the Al pha value of the cal c]i3n|qzﬂg @ﬂ? al yst
to |less & alﬁn%‘p._The steanmed, 65% | ow acidity Betal/35% Al um na catal yst was
i on exchallged"W**#2a tetraammi ne pl atinum chloride sol utROHUSRA¥4329%8
exchange conditions to uniformy produce a catal yst containing 0.6% Pt.

After washing with de-ionized water to renove residual chlorides, the
catalyst was ‘'dried at 250F (121C) fgllowed by final air calcination at
680F (360C). Exanple 3 100441 Preparations of Pt/ZSM 48 Catal yst. Pt/ ZSM 48
catal yst was prepared by extruding a water-containing mull mx or paste
containipg 65 parts of ZSM48 with 35 parts of alumna (dry basis). After
dryi ng, Exampledis  cont ai ni ng catal yst was cal ci ned under nitrogen at 900F
(482C) and exchanged at ambient tenperature with a sufficient quantity of
ammonium nitrate to renove residual sodiumin the zeolite channels. The

ext rudat gy t LD, dgi.0R) ﬁ.%_g | G .. air at 1000F
(5380). g%dtag a?rﬁ'@c I c?}ﬁ%tc :é%.strz]{i'g.t EEQ%M%@ %Bgle&geﬁ%léggbt al yst was
| mpr egnatwede peifbrméd tsihg aanivromnit @jui Withteioethsesd-wdne furtiiekdrandnci pi ent
wet ness conditions to uniformy produce a catalyst containing 0.6% Pt.
Finally, thhdomﬂbvstrickbsbedﬁmibuifhra:eaaéﬂli(l(ZE’ZIDII')I dastadanowdith pption teal ci nati on
at 680F (360C), 13 MAR 200‘6 %200.4/ 03359%@%/ US2003/ 032098 -19 Exanple 4
[ 00451 WW@%&@W@QS‘%‘H@F . Wik Wiy GAE Piitz‘&@‘l"%t%%ﬁééi ments were

performed usin ] ChO-unit equj d wtht t hree;zone.furnaces and two
Gown-1 1 ofietFnBe dod btk StBLEBE el T reflsp TR REBRSIRE B h opt s on 1o
bypass t ér%é& o ME ' - o avoid
freezi ngr{%?( t eﬁgﬁ %ﬁ%(r\gle%%lﬁg¥ggfﬁgb@§@%@%%%%g§?gg%é@sg%dssi ng and
and sized to 60-80 mesh. The reactors 1.and 2 were then loaded with 15 cc of
the 60-80 mesh Pt/ZSM-48 catalyst and the 60-80 mesh Pt/Beta catalyst,

respectively. 5 cc of 80-120 mesh sand was also added to both catalyst beds

E—t

during catalyst loading to fill the void spaces. After pressure testing of the unit, .
the catalysts were dried and reduced at 400°F (204°C) for one hour under 1
atmosphere (atm), 255 cc/min hydrogen flow. At the end of this period, the
flow of pure hydrogen was stopped and flow of H3S (2% in hydrogen) was
initiated at 100 cg/min. Afier H,S breakthrough, the reactors 1 and 2 were
gradually heated to 700°F (371°C) and maintained at 700°F (371°C) for 1 h

i (hour). After the completion of catalyst pre-sulfiding, the gas flow was
switched back to pure hydrogen at 255 cc/min rate, and the two reactors were

cooled down,

{0046] Hydroisomerization of the C80 wax over a cascaded Pt/ZSM-48
followed by Pt/Beta was conducted at 1.0 h™ LHSV for each catalyst and 1000
psig (68 atm) with 5500 sc£/bbl (979 n.L.L™") hydrogen circulation rate. The
wax isomerization experiments were started first by saturating the catalyst beds
with the feed at 400°F (204°C) then heating the reactors to the initial operating
temperatures. Material balances were carried out overnight for 16-24 h,

Reactor temperatures were then gradually changed to vary pour point.



| ower zeolite pore diffusion resistance, the catal ysts extrudates were
crushed and sized to 60-80 nmesh. The reactors 1 and 2 were thgny ?ﬂ(ﬂ?d W th
15 cc of wbeobd3ddzmesh Pt/ ZSM 48 catal yst and t he 60- 8CpdBEhall/ gﬁgsa
catal yst, respectively. 5 cc of 80-120 nesh sand was al so added to both
catal yst beds during catalyst loading to fill the void spaces. After
pressure testing of the unit, the catalysts were dried and reduced at 400F
(204C) for one hour under | atnosphepe (atm, 255 cc/m n hydrogen flow At
the end of this period, the flow of pure hydrogen was stopped and fl ow of
H2S (2% i n hydrogen) was initiated at 100 cc/mn. After H2S breakt hrough,
the reactors | and 2 were gradually heated to 700F (371C) and mai ntai ned at
700F (371C) for 1 h (hour). After the conpletion of catalyst pre-sulfiding,
the gas f was 1 I p ate, and the
(08447 Péfyggﬁﬁggé%gﬁgﬁdlfg%%fﬁggm 48084k &lalvated By d@otﬁﬁg

two reactors were dr oi soneri zati on” of C80 wax

over a cafarbigshsEingdbdP4Betd cdthiBweih the Jecobe reacnms fflerfts wer® h" LHSV
for each catal ystgwgnd 1000 psigm?% atm with 5500 scf/bbl (979 n.L.L-")

hydr ogen aoindugtestunder idangicaliprocesssonditions ( ZALRNY e kYY) psigr(68 alm)e st art ed
first by turagtin e.cajalyst beds wth the feed gt 400F (204C) then
heat i ng tfﬁ)Or@ﬁhbé?%ﬁ Blt-ﬁ'e)ai']ﬂ) @mipcwé%& toimilap pERcedursaised it er i al
bal ances re garried v, i.ght - . Reactor tenperatures were
then gr a&%ﬂ%ﬁ%éﬁﬁg%%ww%gﬂﬁarp ‘é%‘%tﬂt]cg"@n%lﬂi"zom WD 2004/ 033592
PCT/ US2003/ 032098 -20 [00471 Performance of stand-al one Pt/ ZSM 48 was
eval uated by cooling and bypassing the Pt/Beta catalyst in the second
react or. H; §riments were conducted under identical process conditions
(1.0 LHsV, psig (68 atnm), 5500 scf/bbl (979 n.L.L-'") H2) and according
to simlar procedures used fer testing the cascade Pt/ZSM 48 and Pt/ Beta
mbi nat i on,

combina I[8{)]48] Product Separation and Analysis. Off-gas samples were analyzed by

GC using a 60m DB-1 (0.25 mm ID) capillary column with FID detection.

Total liquid products (TLP’s) were weighed and analyzed by simulated

distillation (Simdis, such as D2887) using high temperature GC. TLP’s were

distilled into IBP-330°F (IBP-166°C) naphtha, 330-700°F (166-371°C)

distillate, and 700°F+ (371°C+) lube fractions. The 700°F+ (371°C+) lube

fractions were again analyzed by Simdis to ensure accuracy of the actual

distillation operations. The pour point and cloud point of 700°F+ (371°C+)

lubes were measured by D97 and D2500 methods, and their viscosities were

determined at both 40°C and 100°C according to D445-3 and D445-5 methods,

respectively.



Exanpl e 5 100481 Product Separation and Analysis. Of-gas sanples were

anal yzed by GC using a 60mDB-1 (0.25 mmID) capillary colum th FID
detecti on., Total liquid products (TLP's) were weighed and anal yzaefﬂ# b&ﬂm

si mul at ed WQALHOPI3E i on (Sindis, such as D2887) using hi §aTHUSAS032008 e GC.
TLP's were distilled into | BP-330F (1 BP-166C) naphtha, 330-700F (166-371C)
distillate, and 700F+ (371 C+) |ube fractions. The 700F+ (371 C+) tube
fractions were again analyzed by Sindjg to ensure accuracy of the actual
distillation operations. The pour point and cloud point of 700F+ (371 C+)

| ubes were neasured by D97 and D2500 net hods, and their viscosities were
determn th 40C and 100C according to D445-3 and D445-5 net hods,
respecti * MAR 2007 WD 2004/ 033592 PCT/ US2003/ 032098 -21- CLAIMS: 1.
A process for converting a wax, having hydrocarbons primarily wthin C24-Cl
ru with essentially no sulfur or nitrogen content, to an isoparaffinic Iube

basest ock, compr is! AQrobkdsSfor cORtiA at@%cmlﬁ%ﬂ%&oﬁﬂﬂioﬁg?ﬁxﬁﬁil ed over

uni di nensi onal nol ecul ar sieve cata yst conpri g a unli nmensi

i nt er mediwitkinpOy,eC, gwvidredsantiallyene sulfuhongitrogehicontent, thaine st ruct ur eS havi ng
an average dianeter of 0.50 nmto 0.65 rimwherein the difference between a

maxi mum dbeparafinic dnke basestockyenmprisioger is < 0. 05 nm and one or nore G oup
VIIl metals to forman internediate product and second, passing the

or more. G oup vi HSBERTIE BegvbRAl e e e e R
molecular sieve catalyst comprising a unidimensional intermediate pore

molecular sieve with near circular pore structures having an average diameter

of 0.50 nm to 0.65 nm wherein the difference between a maximum diameter

and a minimum diameter is < 0.05 nm and one or more Group VIII metals to

form an intermediate product; and
i

second, passing the intermediate product over a Beta catalyst

comprising a Zeolite Beta and one or more Group VIII metals;

to form the isoparaffinic lube basestock.

2. A process according to claim 1, wherein

the wax comprises about 5 wt% to about 80 wt% of a 1,100°F+

fraction, based on the total weight of the wax;

the unidimensional molecular sieve catalyst is kept at a temperature

of 500 to 800°F (260 to 427°C);

the Beta catalyst is kept at a temperature of 400 to 700°F (204 to
371°C)y;

the wax is passed over the unidimensional molecular sieve catalyst at

a feed liquid hourly space velocity of 0.1 to 10 h™';



2. A process according to claim11, wherein the wax conprises about 5 wt%to
about 80 wt%of a 1, 100F+ fraction, based on the total weight &8 MRd0Max:

t he uni di vemaoamadsopol ecul ar sieve catal yst is kept at apicenpesdiogses of 500
to 800F (260 to 427C); the Beta catalyst is kept at a tenperature of 400 to
700F (204 to 371C); the wax is passed over the unidinensional nolecul ar
sieve catalyst at a feed liquid hourly space velocity of 0.1 to 10 h''; 13
MAR 2007 WD 2004/ 033592 PCT/ US2003/032B98 -22- the internedi ate product is
passed over the Beta catalyst at a feed |liquid hourly space velocity of 0.1
to 10 h-'; and the process further conprises |ess than about 1,500 psig (102

atm hydrogen, - el | i 000 scf/ bbl
(18 to 1780 n. L%s&;;'feﬂgwﬁt%gggtgggggsg?é\%k Oﬁgfa(‘:ﬁant%lg(?t %ﬁaegcgldn t he

uni di Wnsiigﬁi@'hdiﬁlf%}ﬂcérveﬁ fapt 26 Y0t i safgept at a tenperature of

600- 700F (316 to 371C); the Beta catalyst is kept at a tenperature of

500- 600F (260 to 316C); , the wax is passed over the unidi nensional

nol ecul ar si eve dhe prgessss firthex coagutises dess dharoabout 1sHRR psigd|162iatm) of 0.5 to 2
h-'; the | n{ernedi Ete_product i s passed over the Beta catggl ?t at a feed

li qui d hoirdrpgemawheredn the hydregemiseircylated at 160 tp 18.00pss bi K&t her

conpri ses tﬁfs tﬂag about 1,500 psig (102 atm hydrogen, wherein the

hydr ogen } FrLt: | ated at 1,000 to 6,000 scf/bbl (178 to

3. A process according to claim 2, wherein

! the unidimensional molecular sieve catalyst is kept at a temperature

of 600-700°F (316 to 371°C);

the Beta catalyst is kept at a temperature of 500-600°F (260 to
316°C); t

the wax is passed over the unidimensional molecular sieve catalyst at

a feed liquid hourly space velocity of 0.5to 2h™';

the intermediate product is passed over the Beta catalyst at a feed

liquid hourly space velocity of 0.5 to 2 h™'; and

the process further comprises less than about 1,500 psig (102 atm)
hydrogen, wherein the hydrogen is circulated at 1,000 to 6,000 scf/bbl (178 to
1068 n.L.L™.

4. A process according to claim 3, wherein the Group VIII metal on
said catalysts is at least one member selected from the group consisting of Pt
and Pd; and the unidimensional molecular sieve catalyst is ZSM-48 with a

Alpha value of 10 to 50 prior to the metal incorporation.

5. A process according to claim 3, wherein



1068 n.L.L""). 4. A process according to claim3, wherein the Goup VIII
metal on said catalysts is at |east one nmenber sel ected from {h@ARnMAP

consistin And Pd; and the unidi nensional nol ecul i alyst is
ZSM 48 Wifbﬁ?%m; 35%2 value of 10 to 50 prior to the net aﬂT’ﬁ%@Y’%%’?g%sl on. 5.
A process according to claim3, wherein 13 MAR 2007 WD 2004/ 033592
PCT/ US2003/ 032098 -23- the wax has a 1, 000F+ high tenperature tail; the
ZSM 48 is | oaded with about 0.5 wt%ig_about 1 wt%of the Goup VIII netal,
based on the total weight of the ZSM 48; the Zeolite Beta has an Al pha val ue
| ess than about 15 prior to loading with the Goup VIII netal; the Zeolite
Beta is | oaded wi,th about Q %.t.0 about 1 wt%of the Goup VIII netal,

G adsoucl k

based on the totHie Waxgas ads +Xigh ferapesafige Bihd the Group VI netal is
at | east one nenber selected fromthe group consisting of Pt and Pd. 6. A

Pt/ 290 45 and. t nereo ek T oad i ok 06 R ST Bt I e e e 8 8 70 T

conpri si @oﬁgﬁ?ﬂ?héfﬂdbﬁﬁd&Y‘ﬁfét@tﬁl@ve‘r’%ﬁ%ﬂh@ Mugrein the first bed
conprises the Pt/ZSM 48 catal yst and the second bed conprises the Pt/Beta

catalyst. 7. A process according to claim®6, wherein the tenperature of the
first bed and t hthetZeqlite Beaia haodn Alghasedoadessiihah absutckinpriod doed

i ndependent]y; and the internedi ate product is cascaded directly to the
second béending with the Group VIII metal;

the Zeolite Beta is loaded with about 0.5 wt% to about 1 wt% of the
Group VIII metal, based on the total weight of the Zeolite Beta; and

the Group VIII metal is at least one member selected from the group

consisting of Pt and Pd.

6. A process according to claim 5, wherein
the Beta catalyst is Pt/Beta; and

the P/ZSM-48 and the Pt/Beta are in a cascaded two-bed catalyst
system comprising a first bed followed by a second bed, wherein the first bed
{ comprises the Pt/ZSM-48 catalyst and the second bed comprises the Pt/Beta
catalyst.

7. A process according to claim 6, wherein

the temperature of the first bed and the temperature of the second

bed are controlled independently; and

the intermediate product is cascaded directly to the second bed.

8. An isoparaffinic lube basestock made by the process according to

claim 1, wherein



8. An isoparaffinic |ube basestock nmade by the process according to claim

1, wherein 13 MAR 2007 WD 2004/033592 PCT/ US2003/ 032098 -24 iggﬂm 0
I sopar affru,ézl"lgl‘pog‘}%gsestock has a viscosity index of at |east a@p a -20C
| ube pour pPoiNt and-a viscosity index of at |east 130 at P& TIGHPUMER®  of no

nore than -50C. 9. An isoparaffinic |ube basestock nade by the process
according to claiml, wherein the isoparaffinic |ube basestock has |ess
than 1 wt% aromatic content. 10. A [4pricant with a viscosity index of at

| east 150 at a -20C | ube pour point and a viscosity index of at |east 130
at a pour point of no nore than -50C nade by the process according to claim
1. 11. Alubricant with 'a viscosity index of at |east 150 at a -20C | ube

pour point and athe isepasafiniclybe basestack hag o visensityrindep eliat lkastidShi no nore
than -50C e by the process. according fo claime6. 12. A process according
to claim#?2 S dihe pref PR ARY aGHSCORKY MRGEX St 1w lﬁﬁtaérawamtproduct
over said fcat al \BI‘TS)&;S i § genduct ed under conditions sufficient to forman

i sopar af fICPOIBHEARSstock with a viscosity index of at |east 150 at a

-20C | ube pour point and a viscosity index of at least 130 at a pour point
of no nore than -50C. 13. A process according to claimb5, wherein the

passing of the wox Awdopdrariinit bEBliseiBcR iRy BeroBalstheedidthy 8 S 1 o

conducted under conditions sufficient to formadn isoparaffinic Tube

basest ockclaiir b, wherein tise ispparadifinicdiibabasestoekthakd6ssathan 1-R%6 arodpatipour poi nt
and a viscosity index of at least 130 at a pour point of no nore than -50C
13 MAR 20®nptent.

' 10. A lubricant with a viscosity index of at least 150 at a -20°C lube
pour point and a viscosity index of at least 130 at a pour point of no more than

-50°C made by the process according to claim 1.

11. A lubricant with'a viscosity index of at least 150 at a -20°C lube
pour point and a viscosity index of at least 130 at a pour point of no more than

-50°C made by the process according to claim 6.

12. A process according to claim 1, wherein the passing of the wax
and the intermediate product over said catalysts is conducted under conditions
sufficient to form an isoparaffinic lube basestock with a viscosity index of at
least 150 at a -20°C lube pour point and a viscosity index of at least 130 ata

pour point of no more than -50°C.

13. A process according to claim 5, wherein the passing of the wax
and the intermediate product over said catalysts is conducted under conditions
sufficient to form an isoparaffinic lube basestock with a viscosity index of at

least 150 at a -20°C lube pour point anda viscosity index of at least 130 ata

pour point of no more than -50°C.



-25 14. The process according to claim1l for converting a wax, having

hydr ocarbons primarily within C24 - C ,0 with essentially no Stﬂgwﬂ# D;ﬂi
nitrogen content, to an isoparaffinic Tube basestock, conprisihg: 7 t,
passing the wax and a hydrogen co-feed.,Qver a unidi nensional nol ecul ar

si eve catal yst conprising a unidinensioénal internediate pore nol ecul ar sieve
with near «circular pore structures having an average dianeter of 0.50 nmto
0.65 nmwherein the difference between a maxi num di aneter and a m ni num
dianeter is < 0.05 m and one or nore Goup VIII netals to form an

i nternedi ate product; and second, passing the internedi ate product over a

Beta catal yst, c rising a zeolite, Beta.and one or nore G.ou [11 .netals
Lo form ¢ he 1 oBbh aFeesis acr ol HelaiB dCoR ZomRETing 4 Ak, TVing Rpdsaraeihos oc
and -5 N SERS i pde t , i tic

Vi scosi %ﬁn%lwlﬁggﬁ{og%/‘meg'“%gﬁkg%ﬁgﬁﬂyggdqﬁ r??gﬂflé%%dc @é?r\ﬁégﬁggbout 59 and
20 wt %ibasfdftiic haRtbaséSocl N ﬁﬁa?.s according to claim4, wherein the wax
conprises about 5 w%to about 80 % of a 1, 100F+ fraction, based on the
total weight of the wax; the unidinensional nolecular sieve catalyst is kept
at a tenper aﬁ#&f,?m@éin@%’e wax afdQrhydkd0eh @oFédd bvert daniddmangiahal widlecuBirkept  at
a tenperature of 500 to 600F (260 to 316C) the wax is passed over the

uni di nmsieveocaihlystodcmprlising si wnidimerisadina intermediaeeporei goledul dn siavieywitipaes
velocity of 0.5 to 2 h-1 13 MAR 2007 -26 the internedi ate product is passed
over t Hirqudarparg sungiresshaving an@vrraggidiameter of 0. YhametobédHam ywhereinthe: t o 2
-'; th rocess, further conpri,ses |ess, than, about. 1, 50Q | 102 at

hydr ogeHfiSTaRGEDEPHERE ittt 34,0 Biman diagistrros 220 B3 aad bRt (176

to 106801"}“&4-(‘-}6@;5 VIII metals to form an intermediate product; and

second, passing ﬂme intermediate product over a Beta catalyst comprising a zeolite
Beta and one or more Group VIII metals to form the isoparaffinic lube basestock having
a pour point between -9°C and -54°C, a viscosity index between about 165 and 136, a
kincmatic viscosity at 100°C between about 6 and 5 ¢St in a yield between about 59 and
20 wt% based on feed.

15. The process according to claim 4, wherein

the wax comprises about § wt% to about 80 wt% of a 1,100°F+ fraction, based on

the total weight of the wax;

the unidimensional molecular sieve catalyst is kept at a temperature of 600 to
700°F (316 to 371°C)

the Beta catalyst is kept at a temperature of 500 to 600°F (260 to 316°C)

the wax is passed over the unidimcnsional molecular sieve catalyst at a feed liquid

hourly space velocity of 0.5 to 2 b



16. The process according to claim 14, wherein the Goup Vill netal or said
catalysts is at | east one nenber selected fromthe group consis 3@9}3 ?qn Pt
and Pd; and the unidinensional nolecular sieve catalyst is ZSM 43 w ;I a
Al pha value of 10 to 50 prior to the_ggtal incorporation. 17. The process
according to claim 16, wherein the wax has a 1, 000P+ high tenperature tail;
the ZSM48 is | oaded with about 0.5 wt%to about 1 wt% of the Goup VIII
netal , basesk mterneliatetpabduetiigipasseil aver tikBeussatalyiss azadierd diqeid howdg an

Al pha val ue | ess than about, 15 prior to loading with the Goup VIII netal,;
t he zespaccevabetity PEOISJ@deH it h about 0.5 wt%to about 1 wt % of the G oup
VIIl netal, based on the total weight of the Zeolite Beta; and the G oup

Vill | i I I df h i Sti f Pt
and PO 18, UTBrasest YA COBRTISRS 145 toaranaut A SUMhEng ADL BHE) BEAREERY al yst | s
PT/ Bet a; (o T | 2 th 1Pt / Bet

in aecaaé‘t%ag'@dh?M%&f%‘éf&@éﬁ%&ﬁ@ﬁg t%é@ isé“?@gygﬁ%léﬁ%t%‘l ]I 'oweg gya;e

second bed, wherein the first bed conprises the PtJZSM 48 catal yst and the
second bed conprises the Pt/Beta catalyst. 19. The process according to

claim 18, whel efThe phcdss apesrding ® elhirk 4, Wherdin ded Gaogp MIH menipenanidr e of
the second bed are controlled i ndependently; and the internedi ate product

i s cascatdyktsiiy atdedsy ono mermperseded fvm B Jtoupmonsistingaf Psand Rgl; aod theai m
14, 15, 16, 17, 18 or 19, wherein_the ssing . .of th a t he )
i nt er muidimensional molestar gaye catabu y;sngs-&S ot leha m@ror}gl&@i 30 prier
to thc metal incorporation.
17. The process according to claim 16, wherein

the wax has a 1,000°F+ high temperature tail;

the Z8SM-48 is loaded with about 0.5 wt% to about 1 wt% of the Group VIII metal,
based on the total weight of the ZSM-48;

the Zeolite Beta has an Alpha value less than about 15 prior to Joading with the
Group VIII metal;

the Zeolitc Beta is loaded with about (.5 wt% to about 1 wt% of the Group VII1

mctal, based on the total weight of the Zeolite Beta; and

the Group VIII metal is at lcast one member selected from the group consisting of
Pt and Pd.

18. The process according to claim 17, wherein

the Beta catalyst is PT/Beta; and



sufficient to forman isoparaffinic |ube basestock with a viscosity index of
at least 150 at a -20C | ube pour point and a viscosity index Of]BaPlAlé ﬁ]ﬂfst
1.30 at a pour point of no nore than -50C.

-27-

the PVZSM-48 and the Pt/Beta are in a cascaded two-bed catalyst system
comprising a first bed followed by a second bed, wherein the first bed comprises the

Pt/ZSM-48 catalyst and the second bed comprises thc Pt/Beta catalyst.
19. The process according to claim 18, wherein

the temperature of the first bed and the temperature of the second bed are

controlled independently; and

the intermediate product is cascaded directly to the second bed.

20 The process according to claim 14, 15, 16, 17, 18 or 19, wherein the passing
of the wax and the intermediate product over said catalysts is conducted under conditions
suflicient to form an isoparaffinic lube basestock with a viscosity index of at Jeast 150 at
a -20°C lube pour point and a viscosity index of at lcast 130 at a pour point of no more
than -50°C.





