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wobeD3351 THE | NVENTI ON [ 00011 The present i nvROT/USZV03/031739

relates to a process for converting Fischer- Tropsch

wax to | ube basestocks. Myre particularly, the present

invention relates to converting Fischer-Tropsch waxes

to lubes using a dual noleelsl ar sieve catal ysts
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previously, such as Pt supported on anorphous
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(F-T) wax to high quality lube basestocks, especially base oils with properties

~ and performance comparable to, or better than, those of polyalphaolefins
(PAO). The upgrading of Fischer-Tropsch wax greatly relies on advanced wax
isomerization technology that transforms linear paraffins to multi-branched

isoparaffins with minimal cracking.

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



ZSM 3, ZSM 12, ZSM 20, MCM 37, MCM 68, ECR-5, SAPO 5,

SAPO- 37 and USY. However, these | arge pore catalysts
w@em4n083595€el ecti ve enough to preferentially cepawes1003/031739

normal and lightly branched paraffin waxes in the

presence of multi-branched isoparaffin nolecules. As a

result, the isoparaffin products derived from

Fi scher-Tropsch wax often edntain residual wax that

needs to be dewaxed in order to neet target |ube cloud
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or a catalytic dewaxihg process. [0005] Most sel ective

proéiers degved fivhy Fisshers Eebpsoh avaxadfednytontaieresiduawax that
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pour point |ubes. One exanple of such catalysts is a
crystbllize regether as whate md will ppoflewdvhen peoapd (e g1, AFTM

DET) IBruruse el e Al o ERE eRBETs solvanty
d ' US 5, 246, 566.
dﬁ‘%@emxﬁl B%%?%&}%%t?%i%j&&%@ﬁ% ﬁer e d?e and a hi gher

i sonerization selectivity to achieve a | ow enough
pour point with mniml nolecular weight changes. WO
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prpeessdgye reJativelyanall H‘gfepﬁt%leﬂgf:s- 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.
One example of such catalysts is a noble metal, such as Pt, supported on
SAPO-11. It was previously assumed that oval-shaped pore structures are

common feature of isomerization and dewaxing catalysts. See, for example US

5,246,566.

[0007]  There remains a need therefore and a higher isomerization selectivity

to achieve a low enough pour point with minimal molecular weight changes.



Tropsch wax to high quality |ube basestocks by
contacting the wax with a nol ecul ar sieve catal yst
W@ e00g/03357eo0l i te Beta) followed by a uni di mensi BOEUS2003/031739
nol ecul ar sieve catalyst with a near circular pore
structure having an average dianeter of 0.50 nmto
0.65 nmwherein the difference between the maxi num
di ameter and the mninumis3< 0.05 nm (e.g., ZSM 48).
Both catal ysts conprise one or nore Goup VIII netals
SUMMARYOQFRHEGNVENTION Ir, Pd, Pt, N). BRIEF
TDESCRTPITON OF THE FITGURES [0009] Figure 1 is a plot
of hydroi soneri zation yields versus | ube pour point
for lubes derived from SASCL( err% g Fi scher, - T ch
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méblegulae sizve samlyst atittod neatbaroul et syruvtars havinglza pemge
point for isonerization of C80 wax over Pt/Beta

dmmgtemé@ ftQ/rllmttpz)sﬁf; g whwezsmelzs!;ffemcra Sreyeay thempgimyum
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N,g,nd st and- aI one Pt/ ZSM 48 catal yst systens. WO
004/ 033591 PCT/ US2003/031739 -4 [0013] Figure 5is a
plot of light gas yields versus |ube pour point for
| Za X Beta fol |l owed by
e Y SRS D ) Pt/ Beta, and
st and- aI one Pt/ZSM 48 cat aI yst systens. [0014] Figure
6 is a plot of naphtha yields versus |ube pour point
[06(@/] | FRARE 148k ipdot ¢thydfisvmerionton Fieldevasholubevpr ppint
ZS , Pt/ ZSM 48 foIIovved by Pt/ Beta, and
fos tubies dahaaé fiieni RAMOIS™C 68| Kischesylyopsah wax (C80) treated over

Pt/Beta followed by Pt/ZSM-48.

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

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

[0012]  Figure 4 is a plot of viscosity index (VI) versus lube pour point for
isomerization of C80 wax over Pt/Beta followed by Pt/ZSM-48, Pt/ZSM-48
followed by Pt/Beta, and stand-alone Pt/ZSM-48 catalyst systems.



[0015] Figure 7 is a plot of diesel yields versus |ube

pour point for 'isonerization of C80 wax over Pt/Beta
wo odososesdl by Pt/ ZSM 48, Pt/ ZSM 48 fol | owed byr@t/BBOZ)31739

and stand-al one Pt/ ZSM 48 catal yst systens. DETAILED

DESCRI PTI ON [ 0016] The invention provides high

i sonerization and dewaxi ng selectivity of a F-T wax

with a nolecul ar sieve catadyst foll owed by a

uni di nensi onal catal yst nol ecul ar sieve with near

i3qcul t lpay yieideversehubg out paimifer of
[0(83&0_ OFfbgélpﬁan? g%qtgﬂé{gglnlggst ?Iorrs) wher ei n?)t heprmxi nmum
isatherizdtizm of G830 wmiraver RtBieta fotlovedisbynRt/Z8M-48nBEZ M,

to forma |ubricant. Grourp?cQII Il metal]s on the two
follawad py 1R/ Beta, andestand-atong it/ ZnMr4heatalyst YDt

preferred. The invention inproves |ube basestock

products and their properties (e.g., pour point,
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creati ngP the first few branches while the second
fodewed pytPt(Beta, andstand-alone Rz 4&eatalyst systerss.eve

catal yst) does nost of the dewaxing with m ninmal

cracking. This nmethod can easily inprove yield of

izgh vy bty i :
(08)57r, “EFEREg8s DI dhckel yloHiEfersly R BepboBE for
'is IR 245R0F CRL VAR oveb Pl/BefSiol lomaideiyaPl/ZSM-48, REXZSMoa@
is first passed over a single Zeolite Beta catalyst.
folltneed by HtfBaty, andtstantkdioae AR catalysheysteggassed over
a unidinmensional nolecul ar sieve catalyst to formthe
final |ube. These first and second stages can be

|y are integrated process steps

D Rtﬁﬁil) B . 019] Zeolite Beta catalysts are

12 ring acidic silica/alumna zeolites with or

wi t hout boron (replacing sonme of the al um num atomns).
[00d6p! i t'Eherinvesiidn pravidesshighdsemprizdtion sl déwaxiBgtselectiyity

al so contenplated in the scope fog t he . .
of a F-T wax with a molecular sieve catalyst followed by a unidimensional
catalyst molecular sieve with near circular pore structure having an average
diameter of 0.50-0.65 nm (5.0-6.5 angstroms) wherein the maximum diameter -
minimum diameter < 0.05 nm (0.5 angstroms), to form a lubricant. Group VIII
metals on the two catalysts are preferred and platinum is the most preferred.
The invention improves lube basestock products and their properties (e.g., pour

point, cloud point).

[0017]  There is a synergy between the two catalysts. It is believed that the
first catalyst (e.g., Zeolite Beta) improves yield and pour point by creating the
first few branches while the second catalyst (i.e., a unidimensional molecular
sieve catalyst) does most of the dewaxing with minimal cracking. This method
can easily improve yield of high viscosity index (VI) lubes at a target pour

point by 10% over prior methods.



invention. Pre-sulfided Zeolite Beta is preferred when
sone residual sulfur in the product is acceptable.

WO 0®203357e0l ite Betas used in the invention pre¢EUSINNS031739
have an Al pha value below 15, nore preferably bel ow
10, at least prior to netal |loading. Alpha is an
acidity netric that is an approxi mate indication of
the catalytic cracking acti-vity of the catal yst
conpared to a standard catalyst. Alpha is a relative
rate constant (rate of normal hexane conversion per
volume of catalyst per unit tine). Al pha is based on

[0018¢ ackieférablynF-T veaxnfegd lis/fiest pasesdgivier e single dealite Beta

catal yst taken as gn Alpha of 1 .in U S. Pat.

Ki- \
catalySt.3 THE 4onHEng itermsdiateairedueys Rmgpassed pvers

a0 S 8 AR e n
sedohdlBfdgesadf bedepafited Or pré@&rablylii8 Mitegried prstesy steps (e.g.,

Fi schetr Tropsch waxes and waxy raffinates requires a

cadoaded)Al pha val ue of the Zeolite Beta catal yst due to
m nimal nitrogen content in the feeds. In conparison,
catal ysts with high Al pha values are used for
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and nost preferably at 520-580F (271-304C). 00221 .

invEmtionnPaesuidednégolite Bstaiisretervedovhen sope resifleg] sulfur in
near.-circul ar, pore structures does nost of the

| thedé‘"\ﬂé)&?ﬁé.ac?ﬁ@a@&r es are snaller than in large pore

nol ecul ar si eves thereby excluding bulkier (e.g.,

hi ghly branched) nol ecul es. Unidinentional neans that

[ootzbg P &slita Betasssedtih #hd thvieatian pedfetablyhave ah Adpha value
[0023] The pores of the second catal yst have an

 belovei Sguort preferablydielowsid, ahlnastoprions® metahieading, Afpha is

di fference between a m.ni nrum di anet et ,and

an geighiytBeiTicsinat 1§ AHARPROX MALC BN Oy %tcaaa‘"i‘mé”é‘rx HRPE o
o6t AR T o B Rl s e
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. Pat. No. 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). The use of Fischer Tropsch waxes and waxy raffinates requires a low
Alpha value of the Zeolite Beta catalyst due to minimal nitrogen content in the
feeds. In comparison, catalysts with high Alpha values are used for cracking.

Alpha values may be reduced by steaming.



maxi mum di aneter are generally only neasurenents of an
el i pse of an cross- sectional area equal to the
w@e@gmssmect i onal area of an average pore. The POPUSHE3/031739
pore di ameter can be defined by finding the center of
the pore cross-section, and neasuring the m ninum
di aneter and the maxi num di aneter across the center,
and cal cul ati ng the averages-of the two di aneters.
[0024] The preferred unidi nensi onal nol ecul ar sieve
al y . , . _  ove:
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50066 30°R . (2863448 () sarfdomg bl prefepdbly a0 5206 80CFY 2T &d304AQ).35%
alumna. O the crystals, at |east 90% preferably at
| east 95% and nost preferably 98-99% are ideal

crystals. The ZSM 48 is, preferably in the prot.onagted
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2004/ 033591 PCT/US2003/031739 -7 [00Z5] In the second
Umitlgentiwhal neaps drat $ke potes armessemtealsy parallel tot eacteathert e

pore nol ecul ar sieve catalyst (e.g., Pt/ZSM48) is
preferably kept at 500-800F (260-427C), nore

~dreferably at - {00F -
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simlar to each other., It Is understood-that the

pofdddiaeYed! agi Beydefaiedasy findingrtkatentéhof fiiegsorerotosstsection,
both catalysts is preferably simlar to each other.
andhynbasuming thef mdimyrowliameter and the maximum diameter across the

center, and calculating the average of the two diameters.

[0024])  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%,
and most preferably 98-99% are ideal crystals. The ZSM-48 is preferably in
the protonated form though some sodium is acceptable. ZSM-48 is more
robust than other catalysts with similar functions. However, ZSM-48 is

preferably used with ultraclean feeds such as F-T wax to avoid deactivation.



rate i s 100-10, 000 scf/bbl (17.8-1,780 n.L.L"1), nore

preferably 1,000-6,000 scf/bbl (178-1,068 n.L.L"1),
wa@onah4wessel pr ef erably 1, 500- 3, 000 scf/bbl (267-BEWUS2003/031739

n.L.L-1). [0028] Each catal yst conprises 0.01-5 wt % of

at | east one Goup VIIl netal (i.e., Fe, Ru, Gs, Co,

Rh, Ir, Pd, Pt, N ). Platinumand palladi um are nost

preferred. Platinum or pal tadi um bl ended with each

other or other group VIII netals followin

[0025¢f er Bithe sedbrik@hgdraf tir! procdys, theamidichorsidhal itemadihle

precious netals and is included in the scope of the
porenmid¢dubar sidrveneatalysiyieqgi pPt/XEM-48) srateferablly dyept a0500 800°F
m xtures are nentioned. Preferred netal | oading
(2604R72G), aﬂl%tme&r@ly a1 6000 (3 16-2p Tk |andtned>§t pmeferably
wt % nost prefer 0029] The feed is preferably F-T
at 66 OROER (Ao TGy mfts svialyssoesed abe vsarion fusrably
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-8 ably significantyl |ess than 50 ppmif hydrogen
pressure is greater than 500 psig (34 atm. [0030]

[00D6E f €Elk tesnpeaitves bEeaddycatdlgstde préferabBecangelled yst to
forman inter- nediate product which is then

indepefdenth. yTgapsmmucbemel partly deperids apeths feed hiquid hourly
t he n| di n r medi.at e npl ecul ar
sp%cgt\aq £ OF Whigh (o) ke Fixprshaseesh edrs tor isarars nrsBetacoand
z%alslgglg%qﬁ%%ﬂggd cat al yst system consisting of a
)

|rst eta (i.e., platinumon Zeolite Beta)
catalyst followed by a second bed Pt/ ZSM 48 cat al yst
allows a highly selective process for wax
[0628p e rThmd:omactetnde ﬁ'mdmﬂl)catabmeﬁembhymmﬂm teeaakas
forpation.
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scifstdd$ 784,008 5. L1BVE aatl theregirefenably 19500-3 (Mﬁ)rs:lﬁfbbh@@?nﬂM

a_hoiling point
n.LL").
[0028]  Each catalyst comprises 0.01-5 wt% of at least one Group VIII 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. Preferred metal loading on

both catalysts are 0.1-1 wt% with approximately 0.6 wt% most preferred.

[0029]  The feed is preferably F-T wax with a melting point over 50°C, less
than 7,000 ppm sulfur, and less than 50 ppm nitrogen. The nitrogen is prefer-



di stribution of at |east 500-1300F (260-704C).
Preferred feed contains C24-C60 with tail having a T5
wbooabsssp1 700F (371 C) and a T95 of about 1100Er/(SH88H31739
with less than 1,000 ppm and preferably | ess than 200
ppm sulfur or nitrogen. Mre branching in feed
structures facilitates the present invention and
improves its yield. U S. PaBent 6,090,989 describes
typical branching indices and is incorporated by
mﬁ& L | SprR 1Y prefbuseds prdafertiigh 500N
abr]ﬁé%‘ re ewlég%btg]? §?’2 céﬁtlglcﬁ:}ﬂrggél? W th tEd‘ Ber{tzli 0
ps¢Q(3i4 yioh). Preferably, at [east 95%of the wax is in
ITquid formbefore contacting it with the Beta
catal yst. [0032] The preferred neasurenents, as taught
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fo%ﬁé@ﬂeﬁ!atilﬁf A bR hydesdewedxi itoméaimal Qg@é?fomatlon In
GC- in conbination with 13C NVR. Sul fur

caﬁm‘(hnlg,etﬂe hmexmsdx@oe- Raduét m@f@&@yrtﬁ@p;lyggsms%@mﬁbg first bed
f ASTM st andard D2622. . Ni
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(efggfrrnps P ncglﬁ? eeg%gn%?rggffnv‘égtbgﬁgé? d%gan@ﬁnﬂlﬁ‘nensmnal

1nf9?%e9ﬁt@§@%8fécﬁ§ar@Rﬁ)‘érdaﬁﬂgst&be| ow. As taught by the

speci tion, olefins may be neasured by using a
Brom ne i ndex determ ned by coulinetric analysis, for

ASTM standard P27 10,. Th
m&éﬁZEnFe@ds el Toxs gblraskapse I9saBTEH B A kel bg point
1?;%1}{3%%}1: at ieast?&? 1586%0&6/(\9 ‘%14‘1&)9 b fea et 8 Yottains

Co4-Cgp With tail having a T5 of about 700°F (371°C) and a Tg5 of about

1100°F (593°C) with less than 1,000 ppm and preferably less than 200 ppm
sulfur or nitrogen. More branching in feed structures facilitates the present
invention and improves its 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 Beta catalyst.

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

the Beta catalyst.

[0032]  The preferred measurements, as taught by the specification, are
described in this paragraph. Where there are two values, the value in

parenthesis are approximate metric conversions of the first value. The weight



necessary, the total oxygen content may be placed on a

wat er-free basis by neasuring water content. For
waamploasohavi ng a water content known to be | eBST/USIIAB1031739

about 200 ppm by wei ght, one nmay use known

derivitization methods (e.g., by using calcium

carbide to formacetylene) followed by GC M. For

sanpl es having a water cont2nt known to be greater

t han about 200 ppm by weight, one may use the
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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
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[0033] ONAMas€adel®oCked cdtaly@Ssystem consisting of a first stage
Pt/Beta catalyst immediately followed by a second stage of Pt/ZSM-48 catalyst
is shown to be highly active and selective for F-T wax hydroisomerization and
dewaxing. A combination of Pt/ZSM-48 followed by Pt/Beta and stand-alone
Pt/ZSM-48 were less effective. The use of the Beta catalyst in front of
Pt/ZSM-48 has minimal effects on lube viscosity-pour point or viscosity index-
pour point correlation. The isomerization of SASOL™ C80 F-T wax resulted
in high lube yield and only small amount of gas over a wide range of
processing severitly. Detailed préferrcd 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. The total
product distribution at various processing severity is shown in Figure 1. 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.I. equivalent of
standard cubic feet of hydrogen per barrel of feed (SCF/bbl) is normal liters of
hydrogen gas per liter of feed (n.1I". ornL.L"' orn.L (gas) / L (feed)). LHSV
is defined as liquid hourly space velocity. WHSV is defined as weight hourly

space velocity.
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-13 [0034] To obtain desirable wax isonerization

results, a mld (e.g., 500-138330F (260-332C)) first bed
Pt/ Beta tenperature should be enployed during |ube

[0b34ir op Mocstigintdsirdble wax foftierBeation FeUlS, finilde(es 050 0L

be enpl oyed with
630°F (260-332°C)) first bed Pt/Beta temperature should be employed during
lube hydroprocessing. The mild Pt/Beta temperature should be employed with
varying Pt/ZSM-48 temperature to achieve a target lube pour point. Ata
constant Pt/ZSM-48 (second bed) temperature, a high Pt/Beta temperature was
found to have negative effects on (i.e., increase) lube pour point. To achieve
maximal lube yield, low operating pressure (< 2,000 psi (136 atm) hydrogen

pressure) should be used.

[0035] A cascaded Pt/ZSM-48 followed by Pt/Beta and stand-alone
Pt/ZSM-48 were also evaluated and it was found that both catalyst systems
were less selective in isomerizing and dewaxing C80 F-T wax to 700°F+ |
(371°C+) lube basestocks (Tables 2 and 3). Comparison of lube yields for the
three catalyst systems tested is illustrated in Figure 2. Pt/Beta followed by
Pt/ZSM-48 gave approximately 10 wt% higher lube yield at a given pour point
than Pt/ZSM-48 followed by Pt/Beta or Pt/ZSM-48 alone.
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Hydroisomerization of SASOL™ C80
Fischer-Tropsch Wax Catalyzed by Pt/ZSM-48
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[0036]  Approximately 5°F (2.8°C) less Pt/ZSM-48 temperature is required
to achieve a target pour point when a cascaded Pt/Beta and P/ZSM-48 was
used instead of stand-alone Pt/ZSM-48 (Tables 1 and 2). This resultant
reduction of Pt/ZSM-48 severity should reduce the cracking activity of the
catalyst and is assumed to be a primary contributor to the yield benefit for the
dual catalyst system. The addition of Pt/Beta had minimal effects on the range
of Pt/ZSM-48 operating temperature, which was also observed for the catalyst
system Pt/ZSM-48 followed by Pt/Beta (Tables 2 and 3).

'[0037]  The viscosity and viscosity index of the nominal 700°F+ (371°C+)
C80 wax isomerates vs. hydroprocessing severity are plotted in Figures 3 and
4, respectively. The three sets of data compared in the two diagrams
correspond to the F-T wax isomerates prepared using Pt/Beta followed by
Pt/ZSM-48, Pt/ZSM-48 followed by Pt/Beta, and Pt/ZSM-48 alone. For
products of the invention, a viscosity index of at least 160 at a -20°C lube pour

point and a viscosity index of at least 135 at a pbur point of no more than -50°C

is preferred.

[0038) As shown in Figure 3, the viscosity of the Pt/Beta-Pt/ZSM-48 F-T
lubes changes only slightly vs. pour point and is very close to that of the
Pt/ZSM-48 lubes. The small viscosity differences are also partially attributable
to variation in the initial boiling point of the actual 700°F+ (371°C+)
distillation cuts. However, the Pt/ZSM-48-Pt/Beta F-T isomerates had lower
viscosities presumably due to the relatively high cracking activity of Pt/Beta
catalyst towards multi-branched isoparaffins. The cracking activity of Pt/Beta
with pure wax or lightly branched paraffins should be low as in the case of C80

wax isomerization catalyzed by Pt/Beta followed by Pt/ZSM-48 system.
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Approxi mately 5F (2.8C) less Pt/ZSM 48 tenperature is
required to achieve a target pour point when a

cascaded Pt/ Beta and Pt/ ZSNWP48 was used instead of
stand-al one Pt/ ZSM 48 (Tables 1 and 2). This resultant
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dual catalyst system The addition of Pt/Beta had
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During the wax hydroisomerization process, the smaller pore structure of
ZSM-48 (0.53 x 0.56 nm, unidimensional) could effectively exclude highly
branched, low pour, paraffins and selectively convert waxy normal paraffins or
lightly branched paraffins, thus prohibiting the formation of excessively
branched (or low VI) isomers. However, the large pore structure of Zeolite
Beta (0.64 x 0.76 nm) is expected to be less shape-selective and possibly
continue to transform highly branched paraffins to even more branched .
molecules, which would, of course, lower VI of the lube product and cause the
catalyst being less effective in reducing lube pour point. The easy accessibility
of Beta Zeolite's larger pore structure to highly branched isoparafﬁné also
promotes cracking of these hydrocarbon molecules, resulting in a lower lube
viscosity and yield. More details regarding the shape selectivity of ZSM-48 in

lube isomerization and dewaxing will be discussed in the following sections.

[0040]  The spread between the lube cloud and pour points for Pt/Beta-
P/ZSM-48 and Pt/ZSM-48-Pt/Beta is typically less than 30°C (Tables 1 and 3).
In general, the spread between the lube cloud and pour points narrows with

decreasing pour point.

[0041] A combination of Pt/Beta followed by P/ZSM-48 exhibited an
unusual relationship between reaction temperature and lube product pour point
during the wax hydroisomerization (Table 4). At constant Pt/Beta temperature,

the lube pour point decreases with increasing PUZSM-48 temperature.
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Pt/ ZSM 48 foll owed by Pt/Beta, and Pt/ZSM 48 al one.

For products of the invention, a viscosity index of

at least 160 at a -20C | ube pour point and a

viscosity index of at |easf0135 at a pour point of no
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Hc#:\{r%}ége A atbonkiifit BY/ P Rff '4t8ytﬁﬁlﬁ)e¥atﬂt‘?repﬂfea%@ggﬁ1‘ poidt ierbasks

anges on y VS. pour int and 1s very
wil Ritfedsthg pggegftefrﬁ},eratﬁ]td ZSM 48 tubes. The smal |
viscosity differences are also partially attributable
to variation in the initial boiling point of the

actual 700F+ (371 C+) disti,l i,on cuts. However, the
o) TaM aB Pt/ Bets Fo Y | SondABEET SIS

vi scosi tig§ dﬁﬁﬁﬁﬁmbwmﬁommotxﬁé' €80 BT Wehy tdLgibes
cracki ng act I é %i?ﬂfe@a FOIGWed By Pr/yenidss

multi-gra T. cIr V,

Pt/ Bet qﬂc{}ﬂnspﬁ) “qﬁma’nfp),] bl?gnche é%gdrhaF%yalgsft)

should be lowas in the case-of WaX——S rizati
BasaTampz 68) by| P86Be! 2566 [ 0v2f? by |5202<;M54Q yQ§®n \/\éSO
Betd Ténp33591 |PCIPUSP00S3 031783 1197] 003FR2The 293 304
(apyprog 0%ty i ndex of |the Pi/Beta- Pt/ZSMj48 F-T |ubes|is

ZSMs Femb. [Ng30 O] &hs T /gepVt $3cb@0NEIGALES egpepl &45
o X rerrely Iow paur poilnt (Figure 4). For

(Bormarisen; PZSM-4G—f-otrtoyed—by - PiiBet et
ZSMV@TFTGBe M %rlpa éﬂ/en p%@? ))C;P%? ef3a.1,ylzl-§h REED
(approso$it v i ndex nupbers) | The V| différences ohseryed

for the three catalyst systens ¢ould he attrfi butable
LJdbR ErBserticghelr shapg selgctivity of Z$M 48 vis. Zeo|ite

Pa oagar s Tl T Dr@?ﬁed%so;)ar@g’rlnslg uriizg [ heog
K T 27 T B Al S T B AR A I T
Visonsity Iaflerect j JaP e AR | 138 LA 105 | 46/ 8, 1734
paraffins and sel ectively convert waxy nor nal

paraffins or ||ightly branched paraffins, thus
prohibiting the formati on of excessively branched

(0042} VI Smlcs degres. oftiyarching of the PtiBete ipemeraes is@ngicy

Zeol it
increase at hlgh Beta temperature, this experimental result indicates that

Pt/ZSM-48 is more effective in isomerizing and dewaxing less branched
isoparaffins, and thus is shape selective. In case that a feed contains both

lightly branched and highly branched isoparaffins, it is likely that the ZSM-48

catalyst would preferentially convert/isomerize the lightly branched molecules.

This explains why P/ZSM-48 is an efficient catalyst for reducing lube pour

point.

[0043]  The shape selectivity of the catalyst is presumably due to its
relatively small pore structure (0.53 x 0.56 nm, unidimensional) capable of
differentiating different isoparaffins. The ability of ZSM-48 to preferentially

convert normal paraffins or lightly branched paraffins and exclude highly



Beta (0.64 x 0.76 nm is expected to be |ess

shape-sel ective and possibly continue to transform
wakghlogssor anched paraffins to even nore branchedr/us2003/031739

nol ecul es, which would, of course, |lower VI of the

| ube product and cause the catalyst being |ess

effective in reducing | ube pour point. The easy

accessibility of Beta ZeolRijte's | arger pore structure

to highly branched i soparaffins also pronotes

i: :

brgh R 5 i RGOS ARHBRY 5 o B3 g Uedhg
to 16FaHBE 9&1&)”‘&1@&)@:@§si$6 fgetidrisdrrerpfatidhiNieliding to 1ovp&T) of

i sonerizati'on and dewaxing will be discussed in the,
lotvgpduryhighlys brniched isonjep0 4This ih eorsistentiwiibithe dow checking

| ube cloyd and pour .pojnts for Pt/Beta- / 48 an
activity Shighdube yisid.amingma piscegitylops 28diHigh %y ?BB%%C? for

. 1 n _general | d

PUZRMEAR i tsBrF ORI ek VAolr WARG Retd S g
wad41l] A conbination of Pt/Beta followed by Pt/ZSM 48

exhi bited an wunusual relationship between reaction

tenperature and | ube product pour point during the

wax hydroi sonerjzation (Table 4). At conséznltaﬁ Pt / Bet.a
[0844}per The cerrclation hetwectprsartion ismpeaiire 38ddulf ppur point

SR A LA Pl VECTBRAL PO, o
o B0 S i 0 SR g s b nd

coflydnPPEBERN fedfferatireodr WABCORMNAGSPY ZS V¥ xempetaniresand
Cat al yzed by / Beta Fol | owed by Pt/ ZSM 48

in¢reasiog Ptdesa teroperapie.g Thegs aohpnexpegted singethe large pogen
Cat al B T .. F 560 _560 520 Q.56

BTN M O T R

isozpsal\r/gﬁﬁls,-r SPwoliRP c&%r@&%nqggh@ﬁaﬁé%cﬁﬁa'}afﬁn isomers via

~ cracking and additional isomerization.

TABLE 5

Hydroisomerization of SASOL™ (80 F-T Wax to Lubes
Catalyzed by Pt/ZSM-48 Followed by Pt/Beta
(Conditions: 1000 psig (68 atm), 1.0 h™! LHSV for Each Catalyst)

ZSM-48 Temp. (°F) 640 640 640 640 655 660
ZSM-48 Temp. (approx. | 338 338 338 338 346 349
OC) .

Beta Temp. (°F) 530 560 590 560 560 560
Beta Temp. (approx. °C) | 277 293 310 293 293 293
Lube Properties .

Pour Point, °C 0 -18 -45 -18 -33 -54
KV @ 100°C, cSt 6.92 5.97 5.16 597 | 577 | 5.06

Viscosity Index 169.4 | 158.0 138.4 | 158.0 | 1534 | 136.0




F ZSM 48 Tenp. 332 341 349 349 341 341 341 (approx. C
Lube Properties Pour Point, C 15 -15 -45 -65 -18 -15
WO 9004/385800C, cSt 7.60 7.16 6.49 5.20 6.62 7. 1BCBHUSH03/031739

Viscosity Index 179.2 167.8 149.8 138.1 165.2 167.8

173.4 [00421 Since degree of branching of the Pt/Beta
isonerates is anticipated to increase at high Beta
tenperature, this experines2al result indicates that

Pt/ ZSM 48 is nore effective in isomerizing and

[0 Xi PQBE?aSPt/QSR/PQ@%gstehﬁmﬁfeflbﬂﬁson%}fkahﬁﬂ%ele’étlvny and

pe selective se that a feed contains

lobvl cghktkm? actnieheshdagisediogvaryyidldaof hght gmp,aﬂ&;ﬂmfthen aindidiesel
is like that the ZSM 48 cat al yst
thay Bt/ésm8aPn/I§etameRt£Z$Mo4ﬁeaiopé (Fi t@rﬁs aﬁm yVhesravesalblight

bygradiict affecuurge Reer g darie b SoeoBaebIS ohs xpected,
thé 9%’&510 es r}?a%?'lt}%?ltagﬁ td‘léé}:f the yﬁgr rrzgﬂ:ﬁlagﬁts With increasing

esunma at i ve re structure

pr6&ss5 §e0‘erﬁy3@eé¥€h51ﬂg ebe B ipoirat) thet 61b1bﬁes<1fydrocrack1ng

differentiating different isoparaffins. The ability of
ZSM 48 to preferentially convert normal parafflns or

htly br nched par af fi ns. and exc ude hij WD
1004554/ o8 GallPEEB AT DY LY 85 ve 10 1A Higgnention.
i soparaffins reduces undesirabl e reactions such as
cracking (leading to |low |ube yield) and excessive
EXAMPEES soreri zation (leading to low VI) of |ow
hly branched isoners. This is consistent with
t he IOM/cracklng activity, high lube yield, mninmnal
viscosity loss, and high |ube VI observed for
48 in isomerizing and dewaxi ng various waxy
feeds including F-T waxes. [0044] The correl ation

[0(%75 s I s?occﬁ(i. Oﬂlet ﬁﬁg{rgatxtlécrl %AaﬁgLimdl %MLI&%}TWCSO
Fischer-Tropsch wax feed was obtained from Moore and Mungef, Inc.,
(Shelton, CT) and used as received without additional pretreatment. The C80
wax was a mixture of predominantly linear paraffins with very low content of
olefins and oxygenates. SASOL™ has been marketing three commercial
grades of F-T waxes: PARAFLINT™ H1, a 700°F+ (371°C+) full range
Fischer-Tropsch wax; PARAFLINT™ €80 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 6.



was found to be normal for Pt/ZSM 48 fol |l owed by
Pt/Beta (Table 5). The | ube pour point decreases
WE@Ra0hms35%i t h i ncreasi ng Pt/ ZSM 48 t enper at ur e PEMUS2003/031739

constant Pt/ Beta tenperature or wi th constant

Pt/ ZSM 48 tenperature and increasing Pt/Beta
tenperature. This is not unexpected since the |arge

pore Beta should be |ess 9glective than ZSM 48 in
reacting with various branched isoparaffins, and

woul d convert even hi ghl hed paraffin isoners

via cracking and additi’i,,AB qflgomsri zation. TABLE 5

HyIbleé Ha FaVeibht Distributfhber NSO Fischex-Tropsché®axes
Cat al yzed by Pt/ZSM 48 Fol | owed by Pt/Beta

(cﬁa'ﬁ‘,‘,f%*'%figoﬁ%g NPy | NP e TS A T
z5Rons Pointp°C (appr ox. 338 33899333 3B8 8% 349 ClB6¢ 4
TenBP-FOBBI<65), H8% 560 [560 560 Befa Ténp. (apprbx. C
2T 50893 0°F €93 293\&?’/%3 Lubeyfr opeftieggPourl Poiyg, C
O—Qg——m: A K00 —cSt1T 6792 59T 518
5| 4308°F7 (2Cob Wb scosi | ndex?0i60 4l 1585 138 4 18%
153.4 136.0 WD 2004/ 033591 PCT/ US2003/ 031739 -22
[ 0045]_ Pt/ Beta- Pt/ ZSM 48 system has superi or
E zation selectivity and |ow cracking activity,
and gives lower yields of light gases, naphtha, and

OB e IR 5 8 bR

| i vi . ; .
xR A el g 0 o G s gl 3 pars of ool
Bet#RAtH35 padtslofihlagttha (dsteREs). dteralryingatirl Jeslite Bt

i ncreasing process severity (decreasing | ube pour

copfiining datwrystwasnmld@sedydderarirogemgt 900°F (482°C) and

=

20—

exchanged at ambient femperature with a sufficient quantity of ammonium
nitrate to remove residual sodium in’the zeolite channels. The extrudate was
then washed with de-ionized water and calcined in air at 1000°F (538°C).

After air calcination, the 65% Zeolite Beta / 35% Alumina extrudate was
steamed at 1020°F (549°C) to reduce the Alpha value of the calcined catalyst to
less than 10. The steamed, 65% low acidity Beta / 35% Alumina catalyst was
jon 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 a final air calcination at 680°F (360°C).

Example 3

[0049]  Preparation of PUZSM-48 Catalyst. PZSM-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



[0046] The follow ng exanples will serve to illustrate
the invention. 'EXAMPLES Exanple 1 [0047] Feedstock.

wa bw4k3adeot r eat ed SASOLTM PARAFLI NTTM C80 PCT/US2003/031739
Fi scher-Tropsch wax feed was obtained from Moore and
Munger, Inc., (Shelton, CT) and used as received
W t hout additional pretreatnent. The C80 wax was a
m xture of predom nantly |i2dear paraffins with very
| ow content of ol efins and oxygenates. SASCLTM has

AR S e i e

exich Mg%ratﬁ’{é%ﬁh laNSTFfei Lﬁmﬂltﬁb@ 28mmonium
700- OOF (371 593C) and 1100F+ (593C+) distillate

nifraead iremsye resighend tsodriny in Teezeotitechdnacls. Biegertrudate was
distribution (in terns of b0|I| poi nt) of the waxes

themwashqctwﬁthtd@@pmwbwayer and ca!m B aing Fo(3388¢). After
/ US2003/ 0 T 6 Mol
aifgaleinalo 6 0870 SRbERRA 1176 AHORING GHEYAL Wik sOPreenatedyith

o RGPl firai BB gie i yetionn Sl o

unfoP Ry priédie a oot 7&@0%ta3ﬁ1ng&)<6%31’€ BinhRPABE catalyst was
Prepar atl on of Pt/ Beta Catalyst. Pt/Beta catal yst was

drivden @568 0321 °€)tfolldived by aintacination at 680RF @AA°CYi x or
paste containing 65 parts of Zeolite Beta with 35
parts of alumna (dry basis). After drying, the

Zeoljte Beta containing catalyst was cal ci ned under
Elﬂﬂlﬂk’gin at 900F (482C) and exchanged at anbi ent

tenperature with a sufficient quantity of anmoni um
[0050) Wax Hydroprocessihg. The wax hydroisomerization experiments
were performed usmg a micro-unit equipped with two three-zone furnaces and
two down-flow trlckle-bed tubular reactors (1/2” ID) in cascade (with option to
bypass the second reactor). The unit was carefully heat-traced to avoid
freezing of the high melting point C80 wax. To reduce feed bypassing and
lower zeolite pore diffusion resistance, the catalysts extrudates were crushed
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
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 H,S (2% in hydrogen) was ’
initiated at 100 cc/min. After 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
(hour). After the completion of catalyst pre-sulfiding, the gas flow was

switched back to pure hydrogen at 255 cc/minute rate, and the two reactors

were cooled down.



nitrate to renove residual sodiumin the zeolite

channel s. The extrudate was then washed with
walesososdsged water and calcined in air at 1000FP¢BHBSBE}/031739

After air calcination, the 65% Zeolite Beta / 35%

Alum na extrudate was steanmed at 1020F (549C) to

reduce the Al pha value of the calcined catalyst to

| ess than 10. The steaned,-265% | ow acidity Beta / 35%

Al um na catal yst was ion exchanged with a tetraanmm ne

pl ati num chl ori de sol ution under ion exchange

conditions to uniformy produce a catal yst containing
[0051§% PHydAfisemerizatixm ofghei(80 Fischesrl ropsclwaagroven a cascaded

PuZBO {euilanyed b PEReis go Sondiiiad 3 10 By cHIRY {aseogh
caiplyey and 40P psis (R Aoy gsp QSO BP L dd omentonl,

: 4 @@ﬁ?ﬁ b
CHRFEHL TBRSOALB R g g0

saﬁlrétmgaere(daw Qasids withihedfeedlay400FF (204°CHifehthddbng the
2004/033591 PCT/ US2003/ 031739 -24 contal ning catal yst

reavéorsdaltioe netlaluombeating temppsatuegs. Qaater(ahbalepcemwere carried

exchan ed at ambi ent tenperature wth suf fj
outjowemighy for 1arifdhi BeCIAT EemReEapEes WEtR [aen &?‘h{i’;ﬁw changed

sodium.in.the zeolite channels. The extrudate was
to Vﬁ%’np%g&?éﬂ ‘Wi th dei oni zed water and calcined in air
at 1000F (538C). After air calcination, the 65%
ZSM 48 | 35% Al um na catal yst was inpregnated with a
[0052] r aaPerifoengricetdfistandralona PYZSM 48 was evalvatedriyi qriodimg
wet ness conditions tQo wuniformy produce cat al

and bbrpassmgrgneol’té@stftclaltaim 3!1 the sacpad geacies; sT %@era%'rréta were
25 2
copdshey imfs s b ERE Lol 6F B STL T P B,

550¥ SEAbEATR LI ?r}gfyﬁ‘ﬁ%ﬁd&mlﬁ tYRIRIlReploREAREs USéd bra

m Cr ount equi tvvot ree-zone furnaces and

. testtlwg tﬂgws(ffah%xt{%SMMBGarQPﬁUBHﬁ%@ﬁblhﬁﬁéﬁ ors (1/2" 1D)

casca option to bypass the second
reactor) The unit was carefully heat-traced to avoid

[0053]  Performance of Pt/Beta followed by Pt/ZSM-48 was evaluated after
switching the two reactors, i.e. order of PYZSM-48 and Pt/Beta catalysts.
Process conditions and experimental procedures similar to those for testing the

cascaded Pt/ZSM-48 and Pt/Beta combination were employed.

Example S

[0054]  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



freezing of the high nelting point C80 wax. To reduce
feed bypassing and |ower zeolite pore diffusion

W0 e@imsECe, the catal ysts extrudates were cruBtiEdS20a5081739
sized to 60-80 nesh. The reactors 1 and 2 were then
| oaded with 15 cc of the 60-80 nesh Pt/ ZSM 48
catal yst and the 60-80 nesh Pt/ Beta catal yst,
respectively. 5 cc of 80-1206- nesh sand was al so added
to both catal yst beds during catalyst |oading to fil

HRES W éndues htdia®f of the defudl,
fr%ﬁgnggﬁege?é?@%mgpgeg??e% and reduced ata O(())F (204C)

didtiTationcopreationsn dRtie fourgloimtsynidesieud pointof 7RBSF€ 3T C+)
hydrogen flow. At the end of this period, the flow of
lutpnsrwemucmsgmd e DT B S5 metheds, end txer yisvpsities were

hydr ogen initiated at 100 cc/mn._ Af
detsirairedhp b@h 4Q°€eandeHLQ°§r%,069r Rg t@DﬂéSé an éﬁﬁﬂ‘ng mgethods,
heat.ed to 700F (371 C) and mai ntained at 700F (371 C
respsetiYely. (hour). After the conpletion of catal yst
pre-sulfiding, the gas flow was sw tched back to pure
hydrogen at 255 cc/mnute rate, and the two reactors
were cool ed down. WO 2004/ 033591 PCT/ US2003/ 031739
-25 [ 00511 Hydroi sonerization of the C80
Fi scher-Tropsch wax over a cascaded Pt/ZSM 48
foll owed by Pt/Beta was conducted at 1.0 h-' LHSV for
each catalyst and 1000 psig (68 atm wth 5500 scf
(979 n.L.L-1) hydrogen/bbl circulation rate. The wax
i sonerization experinments were started first by
saturating the catal yst beds with the feed at 400F
(204C) then heating the reactors to the initia
operating tenperatures. Material bal ances were carried
out overnight for 16-24 h. Reactor tenperatures were
then gradually changed to vary pour point. [00521
Perf ormance of stand-al one Pt/ ZSM 48 was eval uat ed by
cooling and bypassing the Pt/Beta catalyst in the
second reactor. The experinents were conducted under
i dentical process conditions (1.0 LHSV, 1000 psig (68
atm, 5500 scf/bbl (979 n.L.L-1) H2) and according to
simlar procedures used for



testing the cascade Pt/ ZSM 48 and Pt/ Beta conbi nati on.
[ 00531 Performance of Pt/Beta followed by Pt/ZSM 48
woere4esmbLat ed after switching the two react oPeT/US2083/031739
order of Pt/ZSM 48 and Pt/ Beta catal ysts. Process
condi tions and experinmental procedures simlar to
those for testing the cascaded Pt/ZSM 48 and Pt/ Beta
combi nati on were enpl oyed. -Exanple 5 [ 00541 Product
Separation and Analysis. Of-gas sanples were anal yzed
CPAI using a 60m DB-1 (0.25 mm I D) capillary colum
1D detection. Total liquid products (TLP' s)
were wei ghed and anal yzed by simulated distillation
(Simdis, such as D2887) using_ high tenperature GC.
TLP' s \erA prapessifor eenvesting pBiscigoA ropssh ety an

70 166-371 CO distillate, and 700F+

15?@{%&%%#? 1@?&@*?‘88% QS’HEP“SH’&%) 700F+ (371 C+) |ube WO

2004/ 033591 PCT/ US2003/ 031739 -26 fractions were

agai n an ure_a f

ot ua h et Jri s P VAL p8 B AR d-bg over a

%

B SHE LR Bingfisi p 2ol Belihd, o M IR GrTRAVHN Bherd, to
fofifataeyr imtdrprkdadte bedductOandnd 100C according to D445-3

and D445-5 net hods, respectively. W 2004/033591

PCT/ US2003/ 031739 -27- CLAIMS: 1. A process for

conver gédondap fssﬁ@fhle-ﬂrenmediata/\pnodum aver d wudanenfidiomelc

| ube basestock conprising: first, passing the
melesulagsieve @p@éystwampamgaa By idimgasiopal m&c’éale@lyeéﬁ pare

cat al r.is a Zeolite ,Beta

milrleEtsas Wi erts LAt hofe SRS AV ARy fEg Hameter
of‘U WHB‘I to @Q§ oy 9}'1’1'%?61{1 Qﬁéﬁiff‘@eﬁ&eoétwe@ﬁ aeHA AR dRHHEer

over uni'di nensi
and a minimum diameter is < 0.05 nm and one or more Group VIII metals;

to form the isoparaffinic lube basestock.

2. A process according to claim 1, wherein

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

the unidimensional molecular sieve catalyst is kept at a temperature

of 500 to 800°F (260 to 427°C);

the wax is passed over the Beta catalyst at a feed liquid hourly space

velocity of 0.1 to 10 h™;

the intermediate product is passed over the unidimensional molecular

sieve catalyst at a feed liquid hourly space velocity of 0.1 to 10 h'; and



nol ecul ar sieve catal yst conprising a unidi nensi onal
internmedi ate pore nolecular sieve with near circular
w@oo0a/033spuct ures havi ng an average di aneter oPCODUSDO3031739

to 0.65 nmwherein the difference between a maxi num
dianeter and a mininmumdianeter is < 0.05 nm and one

or nore Goup VIIl netals; to formthe isoparaffinic

| ube basestock. 2. A procesggaccording to claiml,
wherein the Beta catalyst is kept at a tenperature of

400 to t ' ' |,

nol ecul tg)rgqjs%f)ée%g%gé w%esdg%ttﬂga% gb&q?‘tnlsﬁ%@ﬁ?l&r(éoz gfm)
Hy@Eogen, RBOFeif a@@hy&ofggﬂ@ GiréIReUAX 106 1920.508 Y8l §1f3%
Beta catal yst at feed liquid hourly space veloc
1380m.1.L9. 10 h"1; the i ntermedi ate product is passed

~over the uni di nensi onal nol ecul ar  si eve catal yst at a
feed liquid hourly space velocity of 0.1 to 10 h-1;

and WO 20 91 PCY/ 3/0 1739 .-28 the process
furthergcgérré ssa?Cé)angﬁ %t ﬁ °I8Pb psig (102 atm
hydr ogen, wherein the hydrogen is circulated at 100 to

10,000 a6 Pl AR kel P91dinbirbiugb ot SoabRERT5RS o

3&(@4@ at a tenperature of 500-600F (260 to 316C); the
uni di mensi onal nol ecul ar sieve catalyst is kept at a
tenperature of 600-700F (316 to 371 C); the wax is

passed tHé’ ‘F‘lﬁldtl %nﬁ?hgl r@@ke@h)ﬁ’a?tsm@te c?hgﬁﬁq% ié?ﬁ}eéc} tF§1perz¥ture

space oclt

op6@(91q90°}r gm@syﬂ ogyer t he uni di mensi onal nol ecul ar
sieve catalyst at a teed |iquid hourly space velocity

of 0.5 to 2 h-'; and
the wax is passed over the Beta catalyst at a feed liquid hourly space

velocity of 0.5 to 2 h™;

the intermediate product is passed over the unidimensional molecular

sieve 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.

5. A process according to claim 3, wherein

the Zeolite Beta has an Alpha value less than about 15 prior to

loading with the Group VIII metal;



the process further conprises |ess than about 1,500

psig (102 atm hydrogen, wherein the hydrogen is
w@eoossmbed at 1,000 to 6,000 scf/bbl (178 to PADE82003/031739

n.L.L-1). 4. A process according to claim3, wherein

the Goup VIII netal on said catalysts is at |east

one nenber selected fromthe group consisting of Pt

and Pd; and the unidi nensi @9al nol ecul ar sieve

catalyst is ZSM48 with a Al pha value of 10 to 50. 5.

A process according to claim3, wherein the Zeolite

Poadi nd vt s Tonded Fih Ao 3R sg apBit B of the
Gx%G?Vﬁ?%AlOBAQea%n théQofall vef@ift| dfttke BebRtei Bethoaded wi th
about 0.5 W% to about 1 w%of the Goup Vill netal,

based on the total weight of the Zeolite Beta; the

ZSM 48tjes7 $NRAE G WatBd ak@iabdht 9. 3vvi%e to abloatl wit%oPiles
the Goup VIIl netal, based on the total weight of

Gtonp VEMm#3l, bastdtdiethertotap weiight ofdgheZSM-48; dnelast one
menber selected fromthe group consisting of Pt and
Pd. 6. A process according to claimb5, wherein the
Bet a ctiteaGyoup VHI metadis at leastontmembey spleagddremtthe group
Pt/Beta _are in a cascaded two-bed catal yst system
COB@WEPEé’if%QaBdE’ldrst bed foll owed by a second bed,
wherein the first bed conprises the Pt/Beta catal yst
and the second bed conprises the Pt/ZSM 48 catal yst.

7. A PpOCETY0S&GS AbEdrdehg @ clhid B) Whetdiger ei n t he
tenperature of the first bed and the tenperature of

the second bed are controlled independently; and the

I nt er nB{di Béta cafaPpki¢d Pt/Begaidded directly to the
second bed.

the Pt/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/Beta catalyst and the second bed comprises the P/ZSM-48

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

the isoparaffinic lube basestock has a viscosity index of at least 160
at a -20°C lube pour point and a viscosity index of at least 135 at a pour point

of no more than -50°C.



8. An isoparaffinic |ube basestock made by the process
according to claim1l1, wherein the isoparaffinic |ube
whamesssek has a viscosity index of at |east 1BOT/US100&031739
-20C | ube pour point and a viscosity index of at |east
135 at a pour point of no nore than -50C. WO
2004/ 033591 PCT/ US2003/ 031739 -30 ,9. An
i soparaffinic | ube basest oel)-nade by the process
according to claiml1, wherein the isoparaffinic |ube
basestock has less than 1 wt% aromatic content. 10. A
| ubricant with a viscosity index of at |east 160 at a
- 20C | be Anpisoparpffinit herecbasestosk usideybyi thd eproa:ffss at:cording to
| east 135 at a pour pojnt_ of no npre -50C ma
clpiyn f hwhgreis dassisaperslianisdube basegiogk has e_ﬁs th@rll ém% ammatlc
Wltl'} a viscosity index of at least 160 at a -20C | ube
CPB point and a viscosity index of at |east 135 at a
pour point of no nore than -50C nade by the process
according to claim6. 12. A process according to claim
1, whenei nAtliBrieagSyifle a dfisdobiey iffdexcdteit 164s0 60 lat wa30aD thbe
the internedi ate product over said catalysts is
paurpdint and amideositoindex iof atleast! ¥3 Scaterpourgadint of m;mmore than
i soparaffinic | ube basestock wth a viscosity index
-56f Camadechyg theygocess agcomhug tapl@irgdur poi nt and a
viscosity index of at least 135 at a pour point of no
nore than -50C. 13. A process according to claimb5,

0L TR el S e st e

the in product “over’ sald cat
aferﬂ 44 si %@léi oPasleasts 1f350é.t%odrfbcflﬁlr(5¥1%1more than
paraffinic e basestock wth Vi scosity index

-SQf’C&hadeeB)‘Bthe];ﬁﬁcéds akcortlifig taublairadur poi nt and a
viscosity index of at |east 135 at a pour point of no

more than -50C.

12. A process according to claim 1, wherein the passing of the
Fischer-Tropsch 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 160 at a -20°C lube pour point and a viscosity

index of at least 135 at a pour point of no more than -50°C.

13. A process according to claim 5, wherein the passing of the
Fischer-Tropsch 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 160 at a -20°C lube pour point and a viscosity

index of at least 135 at a pour point of no more than -50°C.



