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HYDRO SOMERI ZATI ON OF FI SCHER- TROPSCH WAX FI ELD OF THE | I\I\/EI\{FJ.I @ﬂ #0p01] The
pr esent i\gégﬁ_‘i(’g%qel ates to a process for converting Fischer- rogsch wax
to | ube b 882! More particularly, the present inveRETSIS208383E8%s o
converting Fischer-Tropsch waxes to tubes using a dual nolecular sieve
catal ysts system BACKGROUND OF THE | NVENTI ON [ 0002] , There is significant
econonmi c incentive to convert Fischer:Tropsch (F-T) wax to high quality

| ube basest ocks, especially base oil swith properties and performance
conparabl e to, or better than, those of polyal phaolefins (PAO. The
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Fi scher-Tropsch wax to paraffinic |ube basestocks are known. A typi cal
process is a two-stage process that hydroisonerizes Fischer-Tropsch wax to
a waxy iqqupf(j?' "PHE‘@VENTIONV‘G first step, followed by either solvent
dewaxi ng ' he waxy isoparaffins m xture in the second
step to renove residual wax and achieve a target |ube pour point. 100041
The hydroi sonerization catal ysts disclosed previously, such as Pt supported
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BACKGROUND OF THE INVENTION

[0002] . There is significant economic incentive to convert Fischer-Tropsch
(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 advénced 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



and USY. However, these |large pore catalysts are not sel ective enough to
preferentially convert normal and lightly branched paraffin wasg#AR iid7he

presence wo muladzshr anched i soparaffin nolecules. As a rgsybdrodd§73o
i soparaffin products derived from Fischer-Tropsch wax often contain

residual wax that needs to be dewaxed in order to neet target |ube cloud
points or pour points. The cloud point of a lube is the tenperature at
which the first trace of wax starts i) separate, causing the |lube to becone
turbid or cloudy (e.g., ASTM 'D2500). The pour point of a |ube is the
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dewaxi ng process. 10005) Most ctive dewaxing catalysts used in a
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paraffin isomerization, selectivity. .~ 100061 Few cafalysts ha been
reported PEFSB%Cee‘??Wﬁb'Pfa“Cﬁeéﬁ%ﬁﬁﬁd“%ﬂ’\leﬁy&scﬁ EeéHhr thieasoparalfifi dewaxi ng

of paraffipn wa Q.| QUt. ROI t ubes, e ex | e.of such.catal ysts is a
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enough pour point with mniml nolecular weight changes. 13 MAR 2007 WO
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present i, lop relates to.a process for convertin I scher- Tropsch wax
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D97). Dewaxing can be achieved by additionally using either a solvent

dewaxing process or a catalytic dewaxing 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.

One example of such catalysts is a noble metal, such as Pt, supported on
SAPQO-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.



nol ecul ar sieve catalyst with a near circular pore structure having an
average dianeter of 0.50 nmto 0.65 nm wherein the di fferenc?a @ﬁ@ﬁﬁﬁn t he
maxi num w@%aﬁha?jﬂd the mninumis < 0.05 nm(e.g., ZSM 48%.

catal ysts  conprise one or nore Goup VIIl netals (i.e.,PEEUSHIBOREY oo Rh,
lr, Pd, Pt, N ). BRI EF DESCRI PTION OF THE FI GURES 10009] Figure 1 is a plot
of hydroi sonerization yields versus |ube pour point for tubes derived from
SASOLTm C80 Fi scher-Tropsch wax (C80) g_reat ed over Pt/Beta followed by
PUZSM 48. 100101 Figure 2 is a plot of”lube yield versus |ube pour point for
i sonerization of C80 wax over Pt/Beta followed by Pt/ZSM 48, PUZSM 48

fol | oned WMWPUZSM 48 catal yst systens. 100111
Figure 3 is a plot of tube viscosity versus |ube pour point for

i sonerization of C80 wax over Pt/Beta foll owed by PUZSM 48, PUZSM 48

fol | oved. Ry Boffe pRnShaBticH ReFIE PN ARSE AN ko b RERer. 100121
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i somer i zatfirgpschiwaB gity RibleBrisastbeitd y\eshthytifi ey 48 wiftl-# SM 48
fol |l oned bygg/Bet a, %@éan&yd-al one PUZSM48 catalyst systens. 13 MAR 2007
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BRIEF DESCRIPTION OF THE FIGURES

[0009]  Figure 1 is a plot of hydroisomerization yields versus lube pour point
for lubes derived from SASOL™ C80 Fischer-Tropsch 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 C8(¢ wax over Pt/Beta followed by PUYZSM-48, Pt/ZSM-48
followed by Pt/Beta, and stand-alone P/ZSM-48 catalyst systems.

{0011}  Figure 3 is a plot of lube viscosity versus fube pour point for
isomerization of C80 wax over Pt/Beta followed by PUZSM-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 PtYZSM-48, PUZSM-48
followed by Pt/Beta, and stand-alone P/ZSM-438 catalyst systems.



(0016] The invention provides high isonerization and dewaxi ng sel ectivity

of a F-T wax with a nol ecul ar sieve catal yst foll owed by a uni {i Mé&h3iidnal

cat al yst ~obewuhsssesi eve with near circul ar pore structupeThidyiB@z@s aver age
di aneter of 0.50-0.65 nm (5.0-6.5 angstrons) wherein the maxi mum di aneter -
m ni mrum di aneter < 0.05 nm (0.5 angstrons), to forma lubricant. Goup VIII
netals on the two catalysts are preferred and platinumis the nost
preferred. The invention inproves |ubs basestock products and their
properties (e.g., pour point, cloud point). 100171 There is a synergy

bet ween t t C ; 1£9; ' | : lyst (e.g.,
Zeolite Bi@zal):sy\?rrp? géslgtﬁglpgﬁtgn ‘@gg?gg%?‘r'ﬁ%§“wg’§ PHSi’thg%?l rst few

branches yomeizdtRnsefi08iwariovey Pt/Beta folloviedUy} B/ZBM4SN RL/ZGNIefgUl ar  si eve
catal yst) does nost of the dewaxing with mninmal cracking. This nmethod can

easi | y i mpolbwmeed by|Rt/Bxita ingistandsalometBY/ZSMed® ¢ath)yst systemat a target pour
poi nt by 10% over prior methods. 13 MAR 2007 WO 2004/ 033591
PCT/ US20113/ 031739 -5- 100181 Preferably, F-T wax feed is first passed over

a single lLite ta .catalyst. The resulting internmediat roduct is then
passeg ovilﬁﬂﬂi unﬁ%f"f:ﬁsﬁéﬁ %HL‘%{ °WBE@F§H°‘?P§SE%EA¥ ‘T?Q‘frﬁ’(ﬂnf mthe final
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are 12 ri fglliaeédby PiB et anhdl sedfidialone PtiZSM-48 édialyaf syvtdriout boron (repl aci ng
sone of the alumnumatons). Zeolite Y (USY), though |less preferred than

Beta, is also contenplated in the scope of the invention. Pre-sulfided

Zeolite Beta is preferred when sone residual sulfur in the product is
accept abl 0018bo2dHigpesT 1% &piok of diessbyields yesaus lybe PoupROPHAPEr abl y have an
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DETAILED DESCRIPTION

[0016]  The invention provides high isomerization and dewaxing selectivity
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 -

';x_ J

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.



constant (rate of normal hexane conversion per volume of catal yst per unit

tinEL. Al pha is baseg on the acfixityfof the highly active s'%hﬁ 5unina
cracki ng i en as an Alpha of 1 in US. Pat. No é gyg
(incorporgﬁgghﬁén$%?erence) and neasured at 538C as desc?f@@ ‘ﬁﬂ‘y ¥ Journa
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 catal yst due to mninal nitrogen
content in the feeds. In conparison, catalysts with high Al pha val ues are
used for cracking. Al pha values may be reduced by steam ng. 13 MAR 2007 WO
2001/ 033591 PCT/ 1182003/03 1 73 9 -6- 100211 The Beta catalyst (e.g.,

of  400- rob1ES o5 BirERb IR BT Gedoed i sl RabscdlBh Bk 85 MAe Bbis' TG Mgt °°
pr ef er abl koialy2THEFBEIAE In30Aliate\R0A3 iTGeripisdbarysi pnal ol ecul ar i eve

catalyst with near-circular pore structures does nost of the dewaxing. The
por es ar eunidiineasionhbmolecul arsieyepratal ystntolfermithe finaklobs. tThese fystandl udi ng
bul kier (e.g., highly branched) nolecules. Unidinmentional neans that the
pores ar eseeniditagas| Gandw sepprated or prederabhnare integoued propgss gepee.pé t he
second catal yst ,have an average dianeter of 0.50 rimto 0.65 rimwherein
the di ffeF%sﬁ%ae@et ween a nini numdianeter and a naxi num di aneter is < 0.05
rim The pores may not al ways have a perfect geonetric circular or
elliptical cross-section. The m ni num di aneter and maxi nrum di aneter are

general | yjguloy nmeassliteButi éatﬁl;ysﬁ;rhr@l'ziWa@ﬁi@ﬂli@é]@ﬁﬁninﬁ%bﬁfé?iﬂrit}ﬁr ea equal
to the cross-sectional area of an average pore. The average pore dianeter

can be debr mathonybbromdfreplacing soere aff thefalurmnmum aoms)o Zedite ¥ @SY),and
measuring the_ mni mum di aneter and the maxi num di aneter across the center,

and cal cuﬂmghdeswemwncﬁet@,né alwqm_tmka&%_in th@@QQIfe ahikepr ef er r ed
o o P A Ao B el SRR L
5, 075, ZGQtWHL% aEP@ptEE]QFEdur es for making ZSM 48

[0020]  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 crécking
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. 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.



and is incorporated by reference herein. ZSM48 is roughly 65% zeolite
crystal and 35% alumna. O the crystals, at |east 90% preferg MXR a7 | east

95% andwoosbygesefier ably 98-99% are ideal crystals. Thepdddhxesd:730
preferably in the protonated formthough sone sodiumis acceptable. ZSM 48

I's nore robust than other catalysts with simlar functions. However, ZSM 48
Is preferably used wwth ultraclean feeds such as F-T wax to avoid
deactivation. 13 MAR 2007 WO 2004/ 033591 PCT/ US2003/031739 -7- 10025] In

t he second stage of the process, the unidi rrensi onal internediate pore
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Tenperature C part depen n the-f I qui d Space velocity
of which 0.1-20 h" is preferred, 0.5-5 h-' is nore preferred and 0.5-2 h-'
is nmost preferred. ]10027] The contact tinme for both catalysts is preferably
simlar tjg022jch Thehemdimensional museatlanseveeatalyhbwsthamaroiteatdrtporean be
different. The pressure for both catalysts is preferably simlar to each
ot her . Hyilf%‘@é‘ﬁs deexEst phibe dewaxing Ib@pqmsemeS@@ilpbﬂmn(mﬁa@cmgo

Brtferabl’? Bgrsg‘%ré@’?%'r’rsgg‘%(’%%@&'ﬂ ‘lrc‘rlgE :'_g %‘8?‘%? @Eﬁ‘hsétt aﬁggt ore
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Pl ati num or pall adi um bl ended with each ot her or other group VIII netals

follow in preference. Nickel may also be blended with group VIII precious

netal s an@02y i n&“haqbe)dcs of thesesaubentaliyst hayei anvaveragandiameteref 0.§0oup VI | |
mentioned. Preferred netal |oading on both

bl ends, all oys, tures

cat al yst SUBf@ Ois10m whoreg the ég‘ﬁm@p beivgep HminimumAiametsrangdra ed.
maximum diameter is < 0.05 nm. The pores may not always have a perfect
geometric circular or elliptical cross-section. The minimum diameter and
maximum diameter are generally only measurements of an ellipse of an cross-
sectional area equal to the cross-sectional area of an average pore. The average
pore diameter can be defined by finding the center of the pore cross-section,
and measuring the minimum diameter 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 1s 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.



100291 The feed is preferably F-T wax with a nelting point over 50C, |ess
than 7,000 ppm sul fur, and Ies/s t han /50 ppm nitrogegl. The nit'fg)g@mq[ﬁl prefer
13 MAR 20 Q4/ 033591 PCT/ US2003/ 031739 -8- ably sjanjficant ess

t han 50 p%rzn)%‘}?”ﬁ%afégen pressure is greater than 500 psisﬂgcq?ééf"%‘[’wyw[oow]
The feed is converted by the Zeolite Beta catalyst to forman inter- nediate
product which is then preferably passed directly fromthe Beta catalyst to
the uni di mensional internmediate pore gplecular sieve catalyst. In a
preferred enbodi nent of the invention, a cascaded two-bed catal yst system

consistin a first bed ,Pt/Bet i.e., atinumon Zeplite Beta) catalyst
Col T oned D028 2 b it skendsiagsit bt picess ShE upItC HoRR IS &eL i vo -
rocess fo i sonerization and hydr.odewaxi Wt jNd as
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asses fr t dr e b qui | - epar ati on.
ICépti onal I'Y, I%tc)b%rrggﬁe&}sa%l%gt.%@,%%%hgﬁgfﬂgt @he‘}d @jté)%{ B‘Zetfag eg bet ween
t he Beta AL G L i r i . . S al ysts.
100311 PeldDBEY IR, AR A isRRES i Ve ffiod pEMErabY . YOt S0
di stri but have @f Adhd Raae 0B@Bo ALV AbIROSTRAG! to Mierflabading! eed cont ai ns
C24-C60 with tail having a T5 of about 700F (371 C) and a T95 of about 1100F
(593C) with less than 1,000 ppm and preferably | ess than 200 ppm -f sul fur

or nitrogen. Mdre branching in feed structures facilitates the present
i nvent i onl08361 i nhs\iemperatusg ofj each galysbas preferabboepnsgilegescri bes t ypi cal

b hi ng. i,ndi i S i ated f . ~1The.f i f bl

i xoq w CRORDDUR. Arpirans FioRs BB odenab iR e St gt hodvbera.
cat'al yst. [RYV-IE-<% R P TY 0 Xe 3 :l L QLI r efore

cont a)(;tS i nsd)a?% %\%mﬁ{cﬁ? %f%ﬁggtogﬁggtlgﬁy?? éfeli%g’?:%xirhe l%?‘e‘%rg%?ée%#}gh@f?enent s, as
t aught byo_sruah'épgﬁ-jofsipﬁtfémm, are described in this paragraph. Were there

are two values, the value in parenthesis are approximte netric conversions
of the first value. The wei ght

[0027)  The contact time for both catalysts is preferably similar to each
other. Itis understood that the space velocity can be different. The pressure
for both catalysts is preferably similar to each other. Hydrogen cofeed flow
rate is 100-10,000 scf/bbl (17.8-1,780 n.L.L™"), more preferably 1,000-6,000
sci/bbl (178-1,068 n.L.L™"), and more preferably 1,500-3,000 scf/bbl (267-534
n.L.L7).

[- [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
VII 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-
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13 MAR 20fythe second bed without inter-stage separation. Optionally, light byproducts

(e.g., methane, ethane) can be removed between the Beta and unidimensional

intermediate pore molecular sieve catalysts.

[0031]  Feeds usually have at least about 95% n-paraffins and a boiling point
distribution of at least 500-1300°F (260-704°C). Preferred feed contains
Cy4-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
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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 determined 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 |H-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 lH-NMR, and the percentage present primarily
as C12-Co4 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 !H-NMR, for example,
by using ASTM standard D5292. Dioxygenates are measured by using infrared

(IR) absorbance spectroscopy. Branching characternistics of iso-paraffins may
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be measured by a combination of high-resolution 13C-NMR and GC with high-

resolution MS.
EXPERIMENTAL

[0033}] A cascaded two-bed catalyst system consisting of a first stage
Pt/Beta catalyst immediately followed by a second stage of Pt/ZSM-48 catalyst
1s shown to be highly active and seiective for F-T wax hydroisomerization and

dewaxing. A combination of PtVZSM-48 followed by P¢/Beta and stand-alone

PYZSM-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 severify. Detailed preferred 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 seventy 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.11”. or nL.L"' orn.L (gas)/ L (feed)). LHSV
is defined as liquid hourly space velocity. WHSYV is defined as weight hourly

space velocity.
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To obt ai " eis?'ﬂ"ésf’gel wax isonerization results, a mld (?‘8'3)& B30k
(260-332C)) first bed Pt/Beta tenperature should be enployed during |ube

hydr oprocessing. The mld Pt/Beta tenperature should be enployed with
varying Pt/ ZSM 48 tenperature to achi_q\ﬁ_e a target tube pour point. At a
constant Pt/ZSM 48 (second bed) tenperature, a high Pt/Beta tenperature was

found to have negative .effects on (i.e., increas | ube pour _point. To
achi eve #8834al ?B t‘%}Fé’F‘éi‘,"“ﬁSW%‘p’é?‘é’FF‘ﬁ@“% é%%‘ﬁ%’ea 'Ptldi%a)oﬁ&);i (136 atm
hydr ogen I .,.100351 A casc d Pt 1ZSM 48.f ol | owed by
Pt/ Beta aﬁﬁbgfi%&é?gﬁ@ﬁ fg??@%ffﬁ@%‘%’l’&f@dm "ﬁgg%ﬁmé’i?iy‘?l\‘iéwgsgfound t hat
bot h cat al wer PRI IR ] 7 ing C80
F-T wax té‘y%gﬁ'%ﬁ%sﬁﬁg Iq-lﬁ%gﬁggsest O%Leﬁ#gﬁ#ég@lgyg%ﬁ 0 e(?rpgﬁﬁ(son_ of
| ube yi el darfifg PUESML4B Ren t@ke'ﬁia@ﬂ@&eeﬁrﬁarg_@tslhaélpbﬁr %bihv.smt ed in Figure
2. Pt/Beta foolTowed by PtJZSM 48 gave approXxi mately 10 wt % hi gher | ube
yi el d at @opstaphPPEEM-g8i(setcondibed) RmMFStviugg, 4 bighdtddetb yerRpéaaira was PdZSM 48
I :

arone 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 P/ZSM-48 followed by Pt/Beta and stand-alone
PUZSM-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
PYZSM-48 gave approximately 10 wt% higher lube yield at a given pour point
than P/ZSM-48 followed by Pt/Beta or Pt/ZSM-48 alone.



o= ONlm
hoMoMr
W@bN O
> Epg-
Ommo_._: _.
_2&50
OmwNm =2
OGm%MO
i..\ S
o0 Fwoz
OT 0~
muumM?UM
— mvuM
N
—+0Oc 1 O
9%Or0~
3OOWM_V
w z MQY
04MFMOV
o ~=Z>56.
o0
o ouw
&W\QOM
Ulmn~ =
~ — |
5G5_ ' 8o¢
NOWM~O%
o+d =Zoa..
%V _MOD.
nZ= NNU
Cz>0wo0“?°
3> 30 <
o n Oaoo
ZOMU 1
mhmou >
B 5,70
N~ M~.tQ0
mhuw OAuN
Rm _. _mp—ul
< 00w3
NT®TOowcC
A O .- =]

001 9001 L001 6'001 0’101 U0qIed0IpAH [€10L
8¢S 1'05 00t b6t 0°¢t AN (+Do1LE) +4,00L
¢'LT ot LSt 98t 30V 19591 (Do 1L£-991) 4,00L-0E€
L'el 9°¢i 961 1'92 0°0¢ eyiydeN (D.991-°D) J,0£€-*D

e vy A 89 ¢'8 sen *)-1D

Pa3q uo 945m .Eo_\ﬁ onpolg
o $< L9 v8 L6 Jrewnxoidde (, 11U ‘uondwnsuo)) 1)
197 90€ LLE €LY 4] 199/9s ‘uondumsuo) (g

[ 4% 6'6v 009 9'0L 0'8L %l *UOISIAAUOD) (+Do1L€) +4000L
£001 0101 L66 001 L£001 3jewixoldde (,-7T'u “arey Fuipagjo) *H)
LS9S ¥vL96 t09¢ 132° 19 959 199398 ‘a1ey] Juipazjo) ‘Y

bl 'l Sl 'l bl ] AU ‘ASHM
01 01 0’1 01 01 44 ‘ASH1
89 89 89 89 89 sjewixordde (wie ‘aunssai])
0001 0001 0001 0001 0001 3isd ‘ainssaig
23 323 7s¢ 6v€ T8¢ ojeuwnxoidde D, ‘dameradwa]
¢h9 059 $S9 099 $99 d, ‘imeradwa
6'0F 0'6¢ 0'8¢ 0'LE 9°¢¢ sAe(] ‘Weang uo s |
[€-t 0t-¢t 62-¢ 8¢ LCt -10p “IequinN uny

8¥-INSZ/1d Aq pazAeren) xepn yasdoa ] -1ayasyy

08D ,,, TOSYS JO UONBZLIAWOSI0IPAH

CH'TdVL




d
~ 4~

NI h
UM

T
L)

PCT/US211113 /113 1 73 3 15

1
RPN

3o

W

g1s:

Sseaea C QVr A

.aa pwtOx
(s

y ¢Uoo0
zC>01lo0

R 2007

oorn
ON V vn

ti

g ai
0
+ X

UOo Eon Vr
yyay+Cpo0O

9960
L xry d W 2004/033591 9

/183

0O M’

aEEOV'XX'XXLYyFo222 7LCCACC
wco thg~4g zU Uv c o U -,

;
i

O- 12~ 00 MM'o P-

V. awd oy
Yy
d
@)

00 N

I'L6 6'L6 8'86 886 9'66 % ‘aInsojd) g

695 < Zvs 9¢S LES Srewnxoxdde (Do ‘%S6 dd.L)

LSO1 v101 L001 L66 866 do ‘%S6 dd.L
6V Z6% C]Y 4.3 L1 sjewnixoidde (D, ‘%0S dd.1l)

816 816 906 668 €8L do ‘%0$ d9L

o1y LOY 00V vy 662 djewnxoidde (Do ‘%S dd1)

0LL 99, €SL 8LL 0LS I, ‘%S ddL

21- ¥- % 8- tS- 8 D, ‘Mutod moJ

9°891 8€91 6951 vLyl SGET xapu] A)ISOOSIA
069 999 679 659 §9'€ v'6 189 ‘0,001 @ AN
0'pE 6'7€ TIg 8'p¢ 3Pl 189 D07 @ AN
pasd sanadold 2aqnT (+D0[LE) +d000L

1€-¢ 0€-¢ 62-€ 8Z-¢ LT€ -10p ‘12quiny uny

(panunued) THIAVL




pry
\%

ON N to-,
00
1]970\h

M--en m N r
00 + UX

1/ b0 09

r7 A dij®rhe
v

t7 CODaN:r d VOOi

NoO NN~oMw OO00 O00 MM-O'

00 O 00 @ Mofh33Nyr /000 N7 V21rr --~as o0 O M
O7tng A 00T MO

NEEE woO0OoOococeca C O 0 a.

MMto C

00 r
rc0 guoooFy

00 N-0 O
NOOL Mr
Ell
)

. LVC cc
"Oa UUuUwu o

OMM-~Or
O~ on 9 "

h

ad) O% hr

O\
O
o
3

001 $'001 L'001 $'001 0101 6001 uoqJedoIpAH [e10]
9'6S 4 £6€ 'S9 90z $91 qnT (+Do1LE) +4,00L
9'9Z 91¢ S'LE 122 6Tk oLy 19591 (Do 1L£-991) 4,004-0€€
vl el T8l 9'6 Tle a3 eludeN (D.991-°D) 4,0€£-°D

8¢ Ve LS A3 9 137 seH 'D-'D

Pasd uo 9,m ‘PIdLL 19Npolg

ot 8% L9 9¢ 26 68 sjewrxordde (.77 'u ‘uondwnsuo) °y)

§ZT 0L LLE 0T 91¢ 66V 1999s ‘vonduwnsuo) T4
A0 L'Ly L'09 9'pg v6L ¢'€8 %M ‘U0ISIAU0D) (Do1LE) +4,00L

0001 £09S 86 266 $601 0£01 Jjewnixoidde (.17 "a1ey Suipazyo) ’H)
6196 L09S 8Z6S SLSS 0519 986 199/30s ‘arey 3utpaazo) 'Y

29 89 89 80 890 80 ajewixoidde (une *ainssaiy)

0001 0001 0001 0001 0001 0001 disd *21nss3l g
€67 €62 €62 8¢ £67 €62 sewllxoidde (D, ‘2amesadwa |, e1ag)
09¢ 09S 095 ovs 09¢ 09¢ do “Ameradwia | e1og
8€¢ Iv€ 9% 8€€ 6vE 6¥€ sjewixoidde (D, Imesadwd ] 3p-NSZ)
ot9 $¥9 ) 0v9 099 099 d, Iyeladwa | gp-NSZ
'€ 9'87 $'9Z 91z 161 9¢ SAB(] “WeaNS Uo 3]
bT-€ 43 0Z-¢ 91-¢ 11-¢ €€ -10p “1oquInN uny

(sdfere) yorg 20) ASH'T .4 0'1) €199/ Aq pamojjog
8F-INSZ/1d papedse) e Aq pazijere) xepy yosdos-12ydsig 08D wi TOSVS Jo uoneziawosiodpAy

t A 14VL



H

A@ 0 MO0
31 )@’N06v1
MNc M
rr Nvt M

0@
r

iy

~OOMOOO N

U000 nr o kn

&

O\ O ZwoaNV Ovl~ o0 V Q aG ?~L o.

"OuN R RONhAV)
t~ MO y R a,

P 7 NNO MM ~+ MNNOONN OO0

00 d b ONOO OO NM, O\D ~O\OTr 1

.EoeeeCcy
13 MAR 2007 wb 2004/033591 PCT/ US2003/ 031739

r
7684/033%
O
h V NMUV)

MNhNOhAhO MV

M

0 C
r
WO
N
r

1'86 0'86 $'86 7’86 9'C6 916 %%im ‘aInsol) g
£6S 1S 1SS LS 1+$ oS ajewrxoidde (D, ‘%56 dd 1)
8701 6101 0£01 2901 9001 v001 do ‘%S6 d9.L
6LY 1LY 69% v6P 6t 89% ajewitxoidde (Do ‘%08 d4.L)
$68 6.8 LLS 76 0¥8 GL] 4o ‘%08 dA L
08¢ 8¢ 8¢ LY TLE 0% osjewrxoxdde (Do ‘%S d4.1)
9l1L 61L £TL €81 Z0L ¥SL do ‘%S d€.1
t 01- 0 €1 ¥S- 09- D, ‘1Ulod pnoj)
6- 12- £¢€- 0 vS- 09- Z8 D, W0g nod
TS91 8651 b EST L'891 09¢1 Seel X3puj AJISOOSIA
009 86'S LL'S 169 90°S 1€9 ¥'6 189 0,001 @ AN
€8T 8'8¢ '8¢ 0'vE CR 44 LYE 1S9 D07 @ A
pasd saradosd aqnT (+D,1L€) +4.00L

¥T-€ € 02-€ 9]-¢ 11-€ €€ -10¥ “12qunN uny

(panunuod) ¢ A 1dVL



000r4C00r- (,4'4gkn o TM7 00 O~-ONONQT OMNO UMN % Mvl N
C- MNMOLN~pO mor h~ .. OONOMCO00 On mN N N Q13pPAR28*, rn

\Nc to ' flydbdBskov! t+H 7 NO -ao. mHt di o F XY Oen c
vc no (ZrCn Mt+l ~OMvl Ot O00I 00 en 7 b O Og ﬁﬁ%ﬁ]ﬂ:quE ca ca
0.

EE 00O0O0O oYaYYYCN:LCL WalC @pmmmmm CoO :+ o0
Nmy tC'Cry U.D~.1.9uQ"u oyc ramOdN.~. OHoo I~
..a C+ ~ -18-

[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 Pt/ZSM-48 was

used instead of stand-alone P/ZSM-48 (Tables 1 and 2). This resultant

reduction of PUZSM-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 PVZSM-48 operating temperature, which was also observed for the catalyst

system PYZSM-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 PUZSM-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 pour 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 PUZSM-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 PYZSM-48 system.
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[0039]  The viscosity index of the Pt/Beta-Pt/ZSM-48 F-T lubes is similar to
that of the PVZSM-48 isomerates except at an extremely low pour point (Figure
4). For comparison, PUZSM-48 followed by Pt/Beta yields a lower lube VI at a
given pour point (e.g., 4-9 viscosity index numbers). The VI differences
observed for the three catalyst systems could be attributable to the higher shape
selectivity of ZSM-48 vs. Zeolite Beta towards multi-branched isoparaffins.
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-
PY/ZSM-48 and PYZSM-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 PVZSM-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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PCT/ US2003/ 031739 -18- 100361 Approximately 5F (2.8C) |ess PUZSM 48
tenperature is required to achieve a _bgrget pour point when a cascaded
Pt/ Beta and Pt/ZSM48 was used instead of stand-alone Pt/ZSM 48 (Tables 1

2). T
and 2) ﬁ' %verng uat 3Nstant PY/ZSM-48 temperature, the lube pour point increases

with increasing Pt/Beta temperature.

TABLE 4

Hydroisomerization of SASOL™ C80 F-T Wax to Lubes
Catalyzed by Pt/Beta Followed by Pt/ZSM-48
(Conditions: 1000 psig (68 atm), 1.0 h” LHSV for Each Catalyst)

Beta Temp. (F) | 560 | 560 | 560 | 520 | 540 | 560 | 580

Beta Temp. 293 293 293 271 282 293 304
(approx. °C)

ZSM-48 Temp. 630 645 660 660 645 645 645
(F)

1ZSM-48 Temp. 332 341 349 349 341 341 34]

(approx. °C)

Lube Properties
Pour Point,°C | 15 -15 -45 -65 -18 -15 -9
KV @ 100°C,cSt | 7.60 [ 7.16 6.49 5.20 6.62 7.16 6.01
Viscosity Index 179.2 | 167.8 | 149.8 | 138.1 | 1652 | 167.8 | 173.4

[0042]  Since degree of branching of the Pt/Beta isomerates is anticipated to
increase at high 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 PtYZSM-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



reduction of Pt/ZSM 48 severity should reduce the cracking acti%h@%z@} t he
catalyst and is assuned to be a primary contributor to the yie it for

the dual wapdmlysizesystem The addition of Pt/ Beta had njnj ts on
the range of Pt/ZSM 48 operating tenperature, which \Aﬁ?ﬁjggiﬂgggé?%ed for

the catal yst system PUZSM 48 followed by Pt/Beta (Tables 2 and 3). 100371
The viscosity and viscosity index of the nom nal 700F+ (371 C+) (C80 wax

i somerates vs. hydroprocessing severi_&y_ are plotted in Figures 3 and 4,
respectively. The three sets of data Conpared in the two di agrans

correspond to the F-T wax isonerates epared usipg Pt/ Beta fol]owed by

Pt / ZSM 48,grqﬂehs<ﬂ/¢ma¥%3fﬁg\ﬁ%§ws§um%8 ,reaﬁéprlﬁtwgmma ipgélead®e  product s
of the inyenti hscasity index.of.at | Q.,at a2 | ube pour

poi nt andYoap({)Y g@’&sﬁ?tﬁ)iaﬁge‘%’(‘c ¥ 55{505@%%53%%8&“8&&]9?’"0@)% nore than
-50C is ' ' ; ' AR t he

Pt / Bet a- Pﬁvggﬁﬂﬁﬁgg%hl#qgﬁfﬁ%e@gﬁggggsﬂg% Fy&gsﬁé%!{tl\@m\?/gé %gﬁ‘?*a%g‘l and is
very cl osactivity, hagh hibet yield, MigihalAlsdoghe dossTined highl lubeiikelsseryediiok f er ences
are also partially attributable to variation in the initial boiling point
of the acPUZBM-d8Hn isgnenving andidewaxing variousuvaxy fesdeveeindingdF-T

PUZSM 48- Pt Beta F-T i sonerates had | ower viscosities presunmably due to the
rel ativel Y3fFHh cracking activity of Pt/Beta catalyst towards

mul ti-branched isoparaffins. The cracking activity of Pt/Beta wth pure wax
or lightly branched paraffins should be low as in the case of C80 wax

| sorer i zajoag) calHEstelBoPbbRReR rERAIRNERpBIRI ARMAR park Bl 13 AR 2007
WD 2004/ 033591 PCT/ US2003/ 031739 -19- 100391 The viscosity index of the

Pt /' Bet a- PWESEbur] fo-Be hoteal fos PEZEM-48 foliowet by RUBétad TRbIEZM A | soner at es
except at an extrenmely | ow pour point (Figure 4). For conparison, PUZSM 48
fol | owed bsbemqus@pwtﬁ/e@rmewﬂmnh sEeagingR/ASMyA demperatuisding: (e. g., 4-9

vi scosity inde ers). The VI djfferen sgrved for the,three
cat ol ot SOBPUARI ieihaerafie O Wil estt ERZ ML edore 884 ect i viy of
ZSM 48 VS reliid ByBeladepeptire. "Hiit is 51 ANeRES 1 SREARL Idige pore
Beta sheuld be less selective than ZSM-48 in reacting with various branched
isoparaffins, and would convert even highly branched paraffin isomers via

cracking and additional isomerization.

TABLE S

Hydroisomerization of SASOL™ C80 F-T Wax to Lubes
Catalyzed by Pt/ZSM-48 Followed by Pt/Beta
f (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 | 5.77 | 5.06
Viscosity Index 169.4 | 158.0 1384 | 158.0 | 153.4 | 136.0




During the wax hydroi sonerization process, the smaller pore structure of
ZSM 48 (0.53 x 0.56 nm unidinensional) could effectively excliggaphmghl y

br anched, wioowngesssgr paraffins and sel ectively convert wapytTQeicsshs1psy af fins
or lightly branched paraffins, thus prohibiting the formation of
excessively branched (or low VI) isoners. However, the |arge pore structure
of Zeolite Beta (0.64 x 0.76 nm is expected to be |ess shape-selective and
possi bly continue to transform highlyg2branched paraffins to even nore
branched nol ecul es, which would, of course, lower VI of the |ube product
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and cause ) S YaPERNek SECIERbUAof RoRRAUELER sbBRRFURAPC P!
branched 1&oRpdckidg wjﬁbégnd%@émb%r9ié&i<bﬂ9§ﬁfgés€§,%?aﬂhﬂiﬁ,%ﬁé@?&@l _

nol ecul es, resulting in"a | ower |ube “viscosiTy and yield. Mre details

r egar di ng thanePt4BSe4 8 RtBdta and PUASM S dldne iiFigunéseS473.0 Tk aatralblighnd
dewaxing will be discussed in the follow ng sections, 100401 The spread

bet ween  t R¥proguet saleaitvibnter she latiss twe satalystpiy gunparable, Zosexpecied

Pt/ ZSM 48-.Pt /. is typically | t.h 30C.( Tabl 1 d3). | [,

the spr eag‘%%g}fﬁaﬁ%{%ﬁgﬂ’@?ﬂfgagﬁ@ ‘gg‘iﬁasﬁ rrﬁal Cﬁky#&?@ltml%qeaﬂgg?ggg{ﬁg
i , i nat M 48 exhi bi t ed

T uhasuBrockSy seerty FAREREARd RibeHout poff) fhat Brodifs thirdfnbille > SN0, ot

poi nt during the wax hydroi sonerization (Table 4). At constant Pt/Beta
tenperature, the |ube pour point decreases with increasing Pt/ZSM 48

t enper at uj46]L3 NAe fadlwing\exarhp)et/ WiBEdte RCIIIGISROMB/i08dMBsh. - 20 However,
at constant Pt/ZSM 48 tenperature, the |ube pour point increases wth
increasing Pt/ Beta tenperature. TABLE 4 Hydroi sonerization of SASOLTM C80
F-T Wax t.Wtal yzed by Pt/Beta Followed by Pt/ZSM 48 (Conditions:
1000 psig = 1.0 h-' LHSV for Each Catalyst) Beta Tenp. F 560 560 560
520 540 560 580

Example 1

[0047]  Feedstock. The hydrotreated SASOL™ PARAFLINT™ C80
Fischer-Tropsch wax feed was obtained from Moore and Munger, 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™ 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 6.



Beta Tenp. 293 293 293 271 282 293 304 (approx. C ZSM 48 Terrp 630 645 660
660 645 645 645 F ZSM 48 Tenp. 332 341 349 349 341 341 341 rox C Lube
Properti ewdaminasnt, C 15 -15 -45 -65 -18 -15 -9 KV 1 ggjﬂﬂ"ﬁ 7 16
6.49 5.20 6.62 7.16 6.01 Viscosity Index 179.2 167.8 14 Chugtbis 1 5,
167.8 173.4 100421 Since degree of branching of the Pt/Beta | somer at es IS
anticipated to increase at high Beta tenperature, this experinental result

i ndi cates that Pt/ZSM 48 is nore eff. gtlve in isomerizing and dewaxi ng | ess
branched isoparaffins, and thus is s pe selective. In case that a feed
contains both lightly branched and_ hi branched isoparaffins, it is
likely that the ZSM 48 cat al yst wdipl ferentially convert/isonerize the

caal yst 1 on1PRRUER SPHEREDistfBoR it SASEAS] FRhettybbsB BRR 11y C7 (e

catalyst is pxes-uua-b.l%-due_t_oq_t_s_ spall _pore structu (0.53 x
0.56 nm uni fFrEWaadaed capable ofl di #Hlerentli at G889 di {ferGHI5 i sdparaffi ns.
The ability pPodrPbi8 A preferentijall y99conv§rt rgy mal {par abfi nsjor lightly
branched par gfgp.] 0°F (< %‘ﬁ'\k} 2 | gy 13,1 70217'05359'1'
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i sonmeri zati onl [GEF L LR WO VI) of | && pour|, hi ghly brandted i somers.
This is consrstent with the Tow cracking activity, high Tube yield, mninmal
viscosity |loss, and high |ube VI observed for Pt/ZSM 48 in isonerizing and

dewaxi ng Eahnfple 2nvaxy feeds including F-T waxes.
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[0048]  Preparation é)f 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
exchang:ed at ambient temperature 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
ion 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 chiorides, 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 Pt/ZSM-48 Catalyst. PVZSM-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



100441 The correl ati on between reaction tenperature and | ube pour poi nt was
found to be normal for Pt/ZSM 48 foll owed by Pt/Beta (Table 5 | ube
pour poi ny@lemAsses €ither with increasing Pt/ZSM 48 teBPWUSi‘%‘ g%]
constant Pt/Beta tenperature or with constant PdZSM 48 tenpe

I ncreasing Pt/Beta tenperature. This is not unexpected since the Iarge por e
Beta should be | ess selective than ZSM 48 in reacting with various branched

i soparaffins, and woul d convert even I"E hly branched paraffin isonmers via
cracki ng and additional isonerization. 4TABLE 5 Hydroi sonerization of SASOLTm
C80 F-T Wax to Lubes  Catalyzed by Pt/ ZSM 48 Fol | owed by Pt/ Beta

(Condi ti on:@ntamm@q@éa }“!15‘(‘8& ¢aleined yndehmtrogpg\at PN TSR Camadyst ) zsm 48

Tenp. F 640 640 655 660 ZSM 48 T rox. .338 338 338 338 346
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310 293 2 18rr. 4 54 KV
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Pt/ Bet a- Pt/ ZSM 48 syst em has superior isonerization selectivity an | ow

cracki ng agt ¢al¢initionnHe 65¥ZSMBr/ 35%| Aantiha tatalyist 9as8 Smpré@ifiéd dithand
di esel than Pt/ ZSM 48- Pt/ Beta and Pt/ZSM 48 al one (Figures 5-7). The
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Example 4

[0050) Wax Hydroprocessing. The wax hydroisomerization experiments
were performed using a micro-unit equipped with two three-zone furmnaces and
two down-flow trilcklc-bed tubuiar 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 PUZSM-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.



" EXAMPLES Exanple 1 [00471 Feedstock. The hydrotreated SASOLTM PARAFLI NTTM
C80 Fischer-Tropsch wax feed was obtained from Mbore and Miunge l nc.,

( Shel t on, ‘%’é and used as received w thout additional pretreait 00fhe cs0
wax was a 'hy fti"&38t predominantly linear paraffins wit hPGEUS2103831G¥Nt ent of
ol efins and oxygenates. SASOLTM has been nmarketing three comercial grades
of F-T waxes: PARAFLINTTM H 1, a 700F+ (371 C+) full range Fischer-Tropsch
wax; PARAFLI NTTM C80 and C105, 700- 1%% F (371- 593C) and 1100F+ (593C+)
distillate fractions, respectively. “mol ecul ar weight distribution (in
terms of boiling point) of the waxes is illustrated briefly in Table 6. WO
2004/ 033591 |1' MJUS2013 MAR 2007 13%43 1 739 -23 TABLE 6 Ml ecul ar Wi ght

Di stribution_of SCOLTM Fi scher - Tr op es ., F-T Wax Feed H C80 Cl105

Pour Poi ni?05d g9 ygi%omperatmnﬁr 'Eeg%,ﬁ%@ ol ropsch way-ovenercageasiedcs0) , wt %
44 89 20 + % 26,8 80 am] e O eparation of

Pt/ Bet a Cg%/ zl%?/\gf%( ﬁqfogéé?dag\i %eﬁvg%\&%%cé%?teﬁohoﬂﬁgﬁ ieﬁﬁﬁl a

wat er - cont.adaish9n 0 t 99HRLEY L R2ht g.ggtl)ite Beta with
35 parts g?t'al;:sgm_ gngdW% sgiég@vﬁ%?egeg?g@g?qtp%g“ ge@ldl?{)% etla cont ai ni ng
catal yst eisukadbairard Tideax iddmeianontexpeimentBwele anded fixetlbgnged at

anbi ent tenperature with a sufficient quantity of ammonium nitrate to
renove r esituretingstheiocataliyst tiede watiothetfeed ab40(5IFS(203PE) therrhmaing thess  t hen

washed with de-ionized water and calcined in air at 1000F (538C). After air
cal ci nat i E#8CtQMd0 tup4irual opesating Wmpessvses Maiesiabhalances werggarried

out overnight for 16-24 h. Reactor temperatures were then gradually changed

to vary pour point.

{0052}  Performance of stand-alone Pt/ZSM-48 was evaluated by cooling
and bypassing the Pt/Beta catalyst in the second reactor. The experiments were
conducted under identical process conditions (1.0 LHSV, 1000 psig (68 atm),
5500 scf/bbl (979 n.L.L") Hpy) and according to similar procedures used for

testing the cascade Pt/ZSM-48 and Pv/Beta combination.

[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 §

[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-F) lube fractions. The 700°F+ (371°C+) lube



steanmed at 1020F (549C) to reduce the Al pha value of the cal cined catal yst
to less than 10. The steaned, 65% | ow acidity Beta / 35% Al um na cat al yst
was ion g@cﬁ?n’ged with a tetraanmm ne platinum chloride sol utlidoftiRulitler i on
exchange P58 to uniformy produce a catal yst cont BEHUSYOHOBIE%Pt .
After washing with de-ionized water to renove residual chlorides, the
catalyst was dried at 250F (121C) followed by a final air calcination at
680F (360C). Exanple 3 [0049] Preparation of Pt/ZSM 48 Catal yst. Pt/ ZSM 48
catal yst was prepared by extruding a“Water-containing null mx or paste
containing 65 parts of ZSM48 with 35 parts of alumna (dry basis). After
dryi ng, t Hractions were agammnalyaed b Sioghy BeaBole scnrageoddrecgtrdo - 24-

cont ai ni ng_ catal yst was cal ci ned under nitrogen, at 900F (482(5) and exchanged
at anbi entlistidlagien apgratianst The paw PoEtand poiny ofOQTFB A3 (MCHi trate to

remove resi,dual sodiumin t eql J hannel s. e.extrudate was then
nshed w THbesaresh Tearuned y ERTAELDESOERRISAS and AeiEHisROt B HTE ar o ai ¢
cal ci nati gn he 0 48 |/ 0 ] t | DRI wth a
t et r aanmi ﬁsfeﬁ’gﬂﬁdgééﬁ%ﬁ%aéé“éﬁgﬁ %‘%‘@ﬁ‘} ﬁg%ﬁgﬁe%ﬁ&svje@ﬁéi ﬁ?e%ﬁcgﬁ,t ions to
uniformy ﬁgg&i’?&g a catalyst containing 0.6% Pt. Finally, the catal yst was
dried at 5 1 X'C) followed by air calcination at 680F (360C). Exanple 4
[ 00501 Wax Hydroprocessing. The wax hydroi sonerization experinments were
performed using a mcro-unit equipped with two three-zone furnaces and two
down-flow trickl e-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 nelting point C80 wax. To reduce feed bypassi ng and

| ower zeolite pore diffusion resistance, the catal ysts extrudates were
crushed and sized to 60-80 nmesh. The reactors 1 and 2 were then | oaded with
15 cc of the 60-80 nmesh Pt/ ZSM 48 catal yst and the 60-80 nesh Pt/ Beta

catal yst, respectively. 5 cc of 80-120 nesh sand was al so added to both
catal yst beds

e



during catalyst loading to fill the void spaces. After pressure testing of
the unit, the catalysts were dried and reduced at 400F (204C)‘]f33‘{AR%@ hour
end of ‘th

under 1 tﬁ%ﬁg?{g}}ggs@}(at m), 255 cc/mn hydrogen flow At Bwfﬁiég'"(’ﬂé}g?% is

peri od, ow Of pure hydrogen was stopped and fl ow

hydrogen) was initiated at 100 cc/m n. After H2S breakthrough, the reactors
| and 2 were gradually heated to 700F (371C) and nmi ntai ned at 700F (3710
for I h (hour). After the conpleti on_zqf_ catal yst pre-sul fiding, the gas
flow was swi tched back to pure hydroden at 255 cc/minute rate, and the two
reactors r ol ed down. 13 MAR 2007 WO 2004/ 033591 PCT/ US2003/ 031739

- 25- 1005&&&5%30%“ zation of the C80 Fischer-Tropsch wax over a
cascaded Pt/ZSM 48 followed by Pt/Beta was conducted at 1.0 h" LHSV for
each catal yst and 1000 psig (68 atn) with 5500 scf (979 n.L.L-")

hydr ogen/ bbl  cirgul gt4 : i 2 Fri i iments were
started first by q’sa‘? rrg?ﬁﬁ?fﬁ%’%’%égﬁﬁgﬁ?réﬁcﬁq{aﬁg@gﬁd at 400F (2040

t hen heat iiggpdrbffinic beset susestbok tdeenpriniig:al operating tenperatures. Material
bal ances were carried out overnight for 16-24 h. Reactor tenperatures were

then gradually changed to vary pour point. 100521 Performance of

st and- al one Pt/ ZSKkstSpayamgaiia|Fisthes! Thypsehovanand ahydeygemssd-fedidver Bt / Bet a
catalyst in the second reactor. The experinents were conducted under

i denti cal Brtacetadyst camiprismgsa ZeoktelB3w and @06 opsnere(@®upt VII1 m&aptoscf / bbl
(979 n. L. Lf"éBHZ). and gaccording to simlar procedures used for testing the
cascade PtPIBANABEIME W?B&‘ﬁ’cb'o nation. [00531 Performance of Pt/Beta
foll owed by Pt/ZSM 48 was eval uated after switching the two reactors, i.e.
order of Pt/ZSM 48 ang Pt/Beta catal ysts. Process conaitions nd
experinental proc¥FfaPdsPassing tF ImigrmEdiate ProdutRYer ARIRENeRsiaRd ded Pt/ ZSM 48

and Pt/ Bet L I | oyed. . . . . P ct Separation
o P e Sk SRl BB AR SR EAL B
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 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



GC using a 60m DB-1 (0.25 mmID) capillary colum wth FID detection. Total
liquid products (TLP's) were wei ghed and anal yzed by si mul atig%ﬁ% tillation
[
3

(Simdi s, D2887) using high tenperature GC. TLP )11 ed

i nt o |BP-”§§3&“?’??3\Q-?166C) hapht ha. 330. TOOF (166-371C)  GCarusrtoapsr™ | % 700r+
(371C+) lube fractions. The 700F+ (371C+) | ube WO 2004/ 033591 13 MAR 2007
PCT/ US2003/ 031739 -26 fractions were again analyzed by Sindis to ensure
accuracy of the actual distillation operations. The pour point and cl oud
poi nt of 700F+ (371 C+) tubes were néadSured by D97 and D2500 net hods, and
their viscosities were determ ned at both 40C and 100C according to D445-3
and D445-5 net hodthe priogesseuriher comptiseMess thanabpot 2G04/ ks 6002 atm

PCT/ US2003/ 031739 -27- CLAINS: 1. A process faor co ti a

Fi scher - TrBjEegen, herginghe hb’ggiﬁﬂdﬁﬂfﬁp@tqdlﬂie‘@a@e@é@?c%ﬂsé‘i’ ng: first,
passi ng tgﬁ I(:Jligg er)- Tropsch wax and a hydrogen co-feed over a Beta catalyst
conprisin z§ I'Tt'¢ Beta and one or nore G oup VIIlI netals, to forman

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

uni di nensi onal nol ecul ar sieve catal yst conprising a unidi nmensional

internedi ate pore3. nAlpectdsgracsorhity W ¢laimaawhere¢igul ar pore structures having
an average dianeter of 0.50 nmto 0.65 nmwherein the difference between a
maxi nrum di aneter and a mininmumdianeter is < 0.05 run and one or nore G oup

VI netals; to forrBétacatapnds REpt dtiaCtehperathaseBs00-600%F (Z5(PHOCESS
according to claim1l1, wherein the Beta catalyst is kept at a tenperature of

400 to 70QH6CCR4 to 371C);

the unidimensional molecular sieve catalyst is kept at a temperature

of 600-700°F (316 to 371°C),

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

velocity of 0.5 10 2 h;

the intermediate product is passed over the unidimensional molecular

sieve catalyst at a feed liquid hourly space velocity of 0.5to 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,



t he uni di nensi onal nol ecul ar sieve catalyst is kept at a tenperature of 500
to NOT (260 to 427C); the wax is passed over the Beta catal ysi‘ gh 2 E&eed
l'iquid howrd Yeshass, velocity of 0.1 to 10 h-"; the |nte£ | 3 @% Wluct is
passed over  the tnidi mensional nol ecul ar  sieve catal yst /ngupg i qui d
hourly space velocity of 0.1 to 10 h-1; and 13 MAR 2001 WO 2004/ 033591

PCT/ US2003/ 031739 -28- the process further conprises |ess than about 1,500
psig (102 atn) hydrogen, wherein the drogen is circulated at 100 to 10, 000
scf/bbl (18 to 1780 n.L.L-'). 3. A prdcess according to claim2, wherein
the Beta catalyst is kept at a tenperature of 500-600F (260 to 316C); the
uni di nensi onal nol ecul ar sieve catalyst is kept at a tenperature of

600- 700F (316 to BielZ€)lite Beta isdmaded mg«ﬂJEtuDOérwt%eoBbbﬁt tattyg ybtheat a feed
liquid hourly space velocity of ', the intermedi ate product is
passed ov&tropRe’ Uhmstakehasedn thﬁﬁp@émegght og‘ﬁbe@eehteaﬁigxg; at a feed |iquid
hourly space velocity of 0.5 to 2 hl; and the process further conprises |ess

t han about 1,500 %;IZCI (102 atnm) _hydrogen, wherein the hydrogen is
circulated at 1,0 %4&@01%@159‘1 Mith prm()ti)wt%deslbﬁmwvﬂ’éo the A process

according 40 in the VI said catalysts is at
| east oneé’r’\? \ﬁlgme@m‘g ﬁﬁ@&#‘?ﬁ@% t&fﬁ}%ﬁﬁﬁé% and Pd; and the
uni di nensi onal nol ecul ar sieve catalyst is ZSM48 with a Al pha val ue of 10
to 50. 5. A procegs ,accor m 3._Wwherein the lite Beta has an
Al pha val ue | ess tfid roé‘@oﬂ IT?‘B“' %rll‘s‘tg'fl5 ‘éfr"o‘aaFfPﬁf\%f‘Fﬁ‘eEZ’ﬁgof&tﬁﬁgf%n | nmetal ;

consisting of Pt and Pd.
6. A process according to claim 5, wherein

the Beta catalyst is Pt/Beta; and

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.



WD 21104/ 033591 13 MAR 7397 PCT/US2 00 3/113 1 7 3 9 -29 the Zeol i te Beta
is loaded with about 0.5 wt% to about 1 wt% of the G oup VII I13 7 based
on the t j of the Zeolite Beta; the ZSM-48IS| about 0.5
w%to ag{bv?tmﬁﬁ\;\%s}olof the Goup VIII netal, based on th@ﬂﬁ%1'3"\’/aé73§ht of
the ZSM 48; and the Group VIII netal is at |east one nenber selected from
the group consisting of Pt and Pd. 6. A process according to claimb5,
wherein the Beta catalyst is Pt/Betaj,and the Pt/ZSM 48 and the Pt/ Beta are
in a cascaded two-bed catal yst systemconprising a first bed followed by a
second bed, wherein the first bed conprises the Pt/Beta catal yst and the
second bed conprises the Pt/ZSM 48 catalyst. 7. A process according to

claim6, wherein ghe ur e thef e rature of the
cecond bed are conc b hilsouRe areRoteK maae Y B Peddhs pERRBRIHL . * <
cascaded difigrt | whéRid the §(§9&9 & tock made
by the procéss accorll ng lt Rﬁé?m%be%va\/nséggg?]ﬁﬁt e igg%dgiair:g“?p ﬁ%e
basest ock cbatena vi scosity index of at least 160 at a -20C | ube pour poi nt
and a viscosity index of at least 135 at a pour point of no nore than -50C
13 MAR 2001 WO 211114/033591 PCT/ US2003/ 031739 -30- 9. An isoparaffinic

| ube basestock nade by the process according W? claiml1, wherein the
i soparaffinic | ubbaBhrisant wa 4‘é’§§0&1Wdﬁde 9t leasthal %tac%%fekﬂbe 10. A

lubricant with a vigcosity.index of at t 160 at a
pour point ana a vViscosity mgex off ate}east ?gg at a pour point o%no more than

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

11. A lubricant with a viscosity index of at least 160 at a -20°C lube
pour point and a viscosity index of at feast 135 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
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.



pour point and a viscosity index of at |east 135 at a pour point of no nore
than -50C made by the process according to claim1. 11. A |ubri q%r}@ \(/iu@]h a
viscosity index of at least 160 at a -20C tube pour point and a vi g ty
index of at least 135 at a pour point _gf_no nore than -50C made by the
process according to claim6. 12. A process according to claim1, wherein
the passing of the Fischer-Tropsch wax and the internedi ate product over
said catalysts is conducted under conditions sufficient to form an
i soparaffinic | ube basestock wth a viscosity index of at |least 160 at a
-20C | ube pour point and a viscosity index of at |east 135 at a pour point
of no nore Haan,,- 50C. 13, gl&g[reﬁc%zs accordi ng to claimb, wherein the
passi ng of tiffe LR¢ PEQRERS of R EonKertinge FiseeraLiPSch WOR AR over said
catal ysi s, 0 { I jtions sufficient to forman isoparaffinic
| ube b bsoi’sa%%‘g‘l??c Pﬁ%;éﬁnaggsvtﬁélggc&n&&ﬂ? ex of at |least 160 at a -20C | ube pour
point and a viscosity index of at |least 135 at a pour point of no nore than
-50C. 13 MARirg0passingthelRisciéreT mpscle saxainda hydnogeh ao-feed owet 2 Bptacatalyst
Fi scher-Tropsch wax to_an isoparaffinic |ube basestock, conmprising: first,
passi ngommismga dsolite Bglacindene emaote GyennyEH raetals sof forym an anteemediote al yst
conpri si n‘g a Zealite Beta and one or nore Goup VIII netals, to forman

Weh ap

i nt er m@P oduct; and second, passing the internedi ate product over a
uni di nensi onal nol ecul ar sieve catalyst conprising a ZSM 48 uni di mensi onal

i nt er nedi at §cHeHE pANiRS Wh@int&insadiat HoM® ovef aMidinfdrithaVhidlediArdigve t O
formthe isoparaffinic | ube basestock in a yield which is about 10% hi gher

at a gatalystpourprisinga ASMm 8 teidimbhsomal dnicsimediaté poreninodleoatayi sieve andodrec ul ar
sieve alone or obtained using the unidinmensional nol ecul ar sieve catal yst
first afanersimupaVHimewlst second. 15. The process according to clai m 14,
wherein the Beta catalyst is kept at a tenperature of 400 to 700F (204 to

371C); to form the isoparaflinic lube basestock in a yield which is about 10% higher at a
given pour point than that obtained using the unidimensional molecular sieve alone or
obtained using the unidimensional molecular sieve catalyst first and the Beta catalyst

second.

15. The process according to claim 14, 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
0.1t 10h™;

the intermediate product is passed over the ZSM-48 unidimensional molecular

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

the process further comprises less than about 1,500 psig (102 atm) hydrogen,
wherein the hydrogen is circulated at 100 to 10,000 scf/bb} (18 to 1780 n.LL.L™),



t he uni di nensi onal nol ecul ar sieve catalyst is kept at a tenperature of 500
to 800F (260 to 427C); the wax is passed over the Beta catal yst @eed
liquid hourly space velocity of 0,1 to 10 h"'; the internedi atéﬂ%@gﬂ t is
passed over the ZSM 48 uni di mensional _ngl ecul ar sieve catalyst at a feed
liquid hourly space velocity of 0.1 to IO h"; and the process further
conprises | ess than about 1,500 psig (102 atm hydrogen, wherein the

hydr ogen i s1€.i rihd pioedssdccdfding o taitODS,sehéreil (18 to 17B0 n.L.L"). 13 MAR
2007 -32 16. The process according to claim 15, wherein the Beta catal yst

is kept at mdBammnmlrsteis &Epbatt: @afper4tdsd of 60C-HO0FF (266 1ol 36 UB),;
uni di nensi onal nol ecul ar sieve catalyst is kept at a tenperature of

600- 700F (316 710 . ,the wax,i s ,passed over the,Beta catal yst at f eed
i qui d hoﬁr&?éﬁ%@é%@%@'%ﬂ ﬂ@@?“ﬁ%ﬂ?"%gi,i}tﬁﬁ Eif(m‘éﬁ ﬁéﬁfi”ﬁ?’é‘“ﬂP uct is

passed i i di nensi onal nol ecular sieve catalyst at a feed
i qui d6ﬂ§?ppyﬁz%§€£géz}@ty of 0.5 to 2 h"; and the process further
conprises | ess than about 1,500 psig (102 atm hydrogen, wherein the

hydrogen i stkd waxigpssdedlovir BROBER AP 8o febiliqhid Body 194% veldeily d) - 17.
The process according to claim 16, wherein the Goup VIIT netal on said
cat al yﬁtfstoi&h%’tt | east one nenber selected fromthe group consisting of Pt

and Pd; and the unidinmensional nolecular sieve catalyst is ZSM48 with a
Al pha val ue of. 10 t0.50. 18 Th 1.Qcess ,ac [ to claim 15, 16 or
17 aner el nUiaetomstiots nafact i BaARRER R BN Rduifrferdidiadfrolg@ig or 1 o
| oadi ng: .\ . : I : j tyay,-1.S aded with about
0.5 w &c}[@gtcggg{lrkﬁ a&?ﬁ%%ﬁﬁ{%%d@%%mﬁlﬁ&ﬁ%?%?5 Etga;?hed Sirll@t he total weight
of the Zeolite Beta; the ZSM48 is |oaded with about 0.5 W% to about 1 w %
of the G oughepiocessefuather compsises hess ihan aheut LEOGhsigd 02 nemyBydleegenand t he

o1 e hyiogth i ShEL1s T PO o SR T (PR o Fold S5t

17. The process according to claim 16, wherein the Group VII{ mctal on said
catalysts is at least one member selected from the group consisting of Pt and Pd; and the

unidimcnsional molecular sieve catalyst is ZSM-48 with a Alpha value of 10 to 50.

18. The process according to claim 14, 15, 16 or 17, wherein

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

the Zeolitc Beta is loaded with about 0.5 wt% to about 1 wt% of the Group Vil

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

the ZSM-48 is loaded with about 0.5 wt% to about 1 wi% of the Group VIII mctal,
bascd on the total weight of the ZSM-48; and

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

19. The process according to claim 18, wherein



Pt and Pd. 19. The process according to claim18, wherein 13 MAR 2007 -33
the Beta catalyst is Pt/Beta; and the Pt/ZSM 48 and the Pt/Beta are in a
cascaded two-bed catal yst system conprising a .first bed foll oG\é(MAR))Zﬂ[H

second bed, wherein the first bed conp lﬁges the Pt/Beta catalyst and the
second bed conprises the Pt/ZSM 48 catalyst. 20. The process according to
claim19, wherein the tenperature of the first bed and the tenperature of

the second ppOB&aatdl 1i§ Pht/Brdla;i pg¢pendently; and the internedi ate product
Is cascaded directly to the second bed. 21. The process according to claim

14, wherei ”tﬂéﬁ/%gﬁﬁ-hﬁ Gn@ftht Pe/HEtS afeGh-a daseRARd W ked RatalyRe sydib@r medi at e

product over said catalysts Is conducted under conditions sufficient to

for m agoimpeisimped fitstibed|fullewed 3854 sedondibied, wheteds dsd fiyst ibed @onmpirisas thd east 160
at a -20C | ubé pour point and a viscosity index of at [lcast 135 at a pour
poi nt Bt/Betecatolyst andhthe goond bed comprises thesli/ZA8hbA8icatplyss. cl ai m 18, wherein
t he passing of the Fischer- Tropsch wax and the internedi ate product over
said catalysts is conducted under conditions sufficient to form an

i sopar af fi n2@. | Theptaesssacxokdingtth claim E%oxhergin ndex of at |east 160 at a
-20C | ube pour point and a viscosity index of at |east 135 at a pour point
of  no nor etidrmpcrstiife 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.

21. The process according to claim 14, 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 bascstock with a viscosity index of at
least 160 at a -20°C lube pour point and a viscosity index of at lcast 135 at a pour point of

no more than -50°C.

22. The process according to claim 18, 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 st least 135 at a pour point of

no more than -50°C.





