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HYDRO SOMERI ZATI ON SYSTEM FI ELD OF THE | NVENTI ON
WO 0@a0335The present invention relates to a proRP€EES1008/032098
converting waxy feeds to |ube basestocks with a
reduced viscosity. BACKGROUND OF THE | NVENTI ON [ 0002]
There is significant econonic incentive to convert wax
to high quality |ube baseslt’ocks, especially base oils
with properties and performance conparable to, or
better than, those of polyal phaol efins (PAO. The
upgr adi ng LUBE'EY DRGISOMERIZATIONSYSEEM Wax
i sonerization technology that ' selectively transforns
i near paraffins to nmulti-branched isoparaffins.
[ 0003] Processes for converting wax to paraffinic tube
FIREIPOPTHRE INVENTIUN A typical process is a
T TWO-3tage process tnat hydroi sonerizes wax to a waxy
i soparaffins mxture in the first step, followed by
ei ther_sol vent dewaxing_  or catalytic dewaxing the
[00RAky ilSwsppresgrtiinkention tplates o & prcsstmEoaVeRingWaEYEReds

si, dual X d achieyve a target tube pour point.
to biBB ALy R 6N UsEOUN- at al yst s di scl osed
previously, such as Pt supported on anorphous

alumnosilicate or Zeolite Beta (Beta), normally

BACKGROUNDIOFPHE INVENEIONV the formation of branch
structures during paraffin 1sonerization. Exanples of

ot her large pore nol ecul ar sieves include ZSM 3, .
ZSM 12, ZSM 20, . 37, MOM.68, ECR-5, SAPO 5, SAPO 37
oozl U .erm%\i{é%ﬁh%%map JREHLVE @ SPRY L Max fodigh

avfifl e VeSS bepBoiafiy 828K G bt proR AR 18 inalle
corltpdrab280 8t Be#& I Ban, those of polyalphaolefins (PAO). The upgrading

of wax greatly relies on advanced wax isomerization technology that

!

selectively transforms linear paraffins to multi-branched isoparaffins.

[0003]  Processes for converting wax to paraffinic lube basestocks are
known. A typical process is a two-stage process that hydroisomerizes wax toa
waxy isoparaffins mixture in the first step, followed by either solvent dewaxing
or catalytic dewaxing the waxy isoparaffins mixture in the second step to

remove residual wax and achieve a target lube pour point.

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

preferentially convert normal and lightly branched paraffin waxes in the



presence of multi-branched isoparaffin nolecules. As a
result, the isoparaffin products derived from wax
wo@Rdoen3xsent ai n resi dual wax that needs to be JdPOEKSH03/032098
in order to neet target |ube cloud points or pour
poi nts. The cloud point of a Ilube is the tenperature
at which the first trace of wax starts to separate,
causing the lube to becomé turbid or cloudy (e.g.,
ASTM D2500). The pour point of a lube is the ‘
tenperature at which |ube and wax crystallize together
as a whole and wll not flow when poured _ (e.g., ASTM
n
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lub® khe pempérature d othictn tHeyfisse kracé bf elay stdrtsciol seParsds, valising
and lightly branched paraffin waxes. Such dewaxi ng

the tuheatoybecomesurid pr ety @vg. pASIZIM DR 509dndihie renir peint of a
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of which the | ube products often appear hazy (or
procdssudy). [0007] There remamins a need therefore to

achi eve conversion of high nolecular weight wax and a
| ow enough pour point wthout sacrificing | ube
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converting wax to high quality |ube basestocks by
redwdivndsyt selectiviedy vacking hormal raindi lightlyi ranchedopaaffimmwaxes.

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 Iubes.
Also, such catalysts have difficulty to convert feeds with a high molecular

weight component, as a result of which the lube products often appear hazy (or

cloudy).

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

isomerization dewaxing selectivity.



sieve catalyst with a near circular pore structure

havi ng an average dianeter of 0.50 nmto 0.65 nm
wob@re3339t he difference between the maxi num di BCEUS2003/032098

and the minimumis < 0.05 nm(e.g., ZSM48) foll owed

by a second nol ecul ar sieve catalyst (e.g., Zeolite

Beta). Both catalysts conprise one or nore Goup WVIII

metals (i.e., Fe, Ru, Os,¥o, Rh, Ir, Pd, Pt, N).

BRI EF DESCRI PTION OF THE FI GURES [0009] Figure 1 is a

pl ot of |ube yield versus | ube pour point for

i sonerization of C80 wax over Pt/ZSM 48 fol | owed by
SUMMBRY OB KHE(NYENTIENN Pt/ ZSM 48 catal yst systens.

[0010] Figure 2 is a plot of |ube viscosity versus

| ube pour point for isonerization of C80 wax over

| ZSM 4 . . - .
10008} ) 7o BresSe RYERi Y el Fppdds HabyefWiRax to bigh
quaRfy b8 Hasestockls ritd0ting@e Swx Withe Bdimasioial fmélecular

I Sonerization of C80 wax over Pt/ZSM 48 followed by
sievPtcaBdyst, witind nstacidsulat pore sRucASMhaBinganed wesages divunster of
({0012] Figure 4 is a(ﬁ),l t of light gas yield versus
0.50 mipetopfb? NpbWAereinhe diflsrencehetivesn Hie mavInNR dreter and

Pt/.ZSM 48 f owed by Rt/ n -

the wipizRyn 50 RIELE € 2N 906 b 338! B¥fecutar

i i ' 8 ofle Bt HoreiG

s STRHRER, MAARE e O it o o soreGroup

'VIII mens (iza FQRQIOCED, Wiy Invkt, PRINDSM 48 fol | oned by
Pt/ Beta, and stand- al one Pt/ ZSM 48 catal yst systens.
[0014] Figure 6 is a plot of diesel yield versus |ube

i er C80 wax over
M&@é&b&‘@ —and stand- al one

Pt/ ZSM 48 cat al yst systens.

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

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

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

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



1, DETAI LED DESCRI PTI ON [ 0015] The invention provides
hi gh i sonmerization and dewaxi ng selectivity of a wax,
WwW@2@r/033592uni di nensi onal catal yst with a near cPCTUSZN3/032098
pore structure having an average pore di aneter of
0.50-0.65 nm (5.0-6.5 angstrons) wherein the maximm
di aneter - mninmmdiameter < 0.05 nm (0.5 angstrons),
fol llowed by a nol ecul ar stdeve catalyst to forma
lubricant. Group VIIl nmetals on the two catalysts are
preferred and platinun1is’the nost preferred. [0016]
The invention inproves |ube basestock products and
[0018hei rFiguopéis & piot of aaphthapoeld yessus lube poutppisit fer) .
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-and is especially suited for waxes with 1, 000F+
fractions and preferably 1,100F+ fractions. These

[001#] actFignse 6y a plotpfidieset hieldvgisas lulw pourlprintfer ght  or
boiling point tail of the feeds. It would be difficult
isomegizationtaf HWEK over BHERAE-4% foflorvedi biaPt Betae Rnd standr

along SR cfRbET @m¥es” Tni <" nvent on’ i s pref er ably

used for processing heavy |ube or [ubes with a heavy
conmponent (e.g., with >5 w% heavy raffinate) where

DETATLED DESCRIPTION! ectivel y cracks the heavy end.
Thi s WD 20047 033592 PCT/ US2003/ 032098 -5 invention

can glve a lighter lube with yields simlar to t hose

oonBE 2 PGS S fon o B Sk, SRR ety

ot SR I NS CRTR oLl A SR BESTOd Pt

hav1ﬁ@€a‘heaxfdr£§é paedisnsendf 5150655081 (5H-6 6Wg@treﬂls§0 Iwherem
prefer-

the maximum diameter - minimum diameter < 0.05 nm (0.5 angstroms),

followed by a molecular sieve catalyst to form a lubricant. Group VIII metals

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

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



ably are integrated process steps (e.g., cascaded).
100181 The uni di nensi onal nol ecul ar si eve cat al yst
WQOWGh/088592 - ci rcul ar pore structures does nopstPOFf/US1963/032098

dewaxi ng. The pores are smaller than in |l arge pore

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

hi ghly branched) nol ecul es Uni di mensi onal neans t hat
the pores are essentially parallel to each other.

[0019] The pores of the catal yst have an average

diameter of 0.50 nmto 0.65 nmwherein the difference

. between a m ni num.di anet er. d.a.maxi pum djaneter is
inveRBighigan,giy® signon ua R YieRB o RagElo Bod bttt Gter
ZSI\ZMSCMBEE or elliptical cross-section. The m ni num
i ameter and maxi num di anmeter are generally only
nmeasurenents of an ellipse of a cross-sectional area
equal to the «cross-sectional area of an average pore.
[001The pRreferabbn vedxtfeed it finse pgssed avef aeSM-45 cdtalydt.nghe he

enter of fhe pore ¢rqss-sectjon and using _half of the
resulfing HisRmedialearRRuCt iR naSeAd OV mEREk AR et ratalyst

S n e S-S i I e I
to f3HF AR ARH5hT At B g P Rar b EAE P8 RNt T e
| | Al bt € pore nol ecul ar
ably:eilrgglztegg‘{tgdli ?ﬁcegfsﬁsi E:éhg]f E%%ggg?}er red version is
ZSM48. U.S. Patent 5,075,269 describes the procedures
for making ZSM 48 and is incorporated by reference
[0018E ei Fhe aidimensienalanglerylas sigyve &atalyst with pear-giraler mwe,

oo S 53, B S TRABIEI e v
o5 GeLEARNY S81BY B1RiGes, FEN lBchand B

Unidiftbngionat neane tha bhepoSikrel &seatialdy parallebtistachhather.
ot her catalysts with simlar functions and helps to

protect the second catalyst (e.g., Zeolite Beta).
[001&]2?; | n(prtgg glftc]%lqrﬁatéiﬂgf% %tegxlp%\?ezagé diameter (gth(?.SO nm to
0.65 nm wherein the difference between a minimum diameter and a maximum
diameter is < 0.05 nm. The pores may not always have a perfect circular or
elliptical cross-section. The minimum diameter and maximum diameter are
generally only measurements of an ellipse of a cross-sectional area equal to the
cross-sectional area of an average pore. The pores can alternatively be defined
by finding the center of the pore cross-section and using half of the minimum
diameter and half of the maximum diameter to sweep an average cross-

sectional pore shape from the center.

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



nol ecul ar sieve catalyst (e.g., Pt/ZSM48) is
preferably kept at 500-800F (260-427C), nore
wee@hesabl y at 600- 700F (316-371 C), and nost PCT/US2003/032098

preferably at 630-660F (332-349C). ZSM 48 catal ysts

used in the invention preferably have an Al pha val ue

of about 10 to about 50 prior to the Goup VIII netal

| oadi ng. [0022) Zeolite Beta cat al ysts are 12 ring

acidic silica/alumna zeolites with or wthout boron
(replacing sone of the alum num atons). Zeolite Y

(USY), though less preferred_ than Beta, is also )
and gaest prpfesatdy 989V nare idspbcrystalh e ThedSMi4shis preferably in

e S T R A R
robif Bl GEEELARPAASH bk ARKAGRES O BEBRT5 PROMGNAKD
secdRiGHtalpEi @g.! BeoBledbethpadi ng. Alpha is an acidity

metric that 1s an approxi mate indication of the
catal ytic cracking activity of the catal yst conpared
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hav®an 29ph4 ¥8RR)of dboad$0 tovabbutriOpried tontht Gxgep CIIh treetd]
will require | ow Al pha value of this catalyst. In WO

loadi®4/ 033592 PCT/ US2003/ 032098 -7 conpari son,
catal ysts with high Al pha values are used for |ess
sel ective cracking. Al pha values nay be reduced by

orgh 23890 s 81 0 S i i

or \7\?{2}%)}{1@ gg{ilig (répRkind sonfyohatahimsmeh 24618s) 0Bolite Y (USY),
though less prefefred than Beta, is also contemplated in the scope of the

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

 the product is acceptable.

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

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



nore preferably at 500-650F (260-343C), and nost
preferably at 520-580F (271-304C). [0025] The

wao eqopesEbur e of each catal yst is preferably coptT/vk1083032098
i ndependently. Tenperature choice partly depends on
the feed liquid hourly space velocity of which 0.1-20
h71 is preferred, 0.5-5 h"1 is nore preferred, and
0.5-2 h-1 is nost preferréd. [0026] The contact tine
for both catalysts is preferably simlar to each
other. It is understood that the space velocity can be

different. The pressur for both catalysts is .
conm%t@%@m@%y%&%%&& Vailm&r? uﬁ@%? gess selestivey

cndf 0l R W0

n.L.L"1), and nost preferably 1,500-3,000 scf/bbl
(267-534 n.L.L"1). [0027] Each catal yst conprises
[0024] 01- BhevBetatatalyst &agt PoBetaly when vomtacting dhe intermeediate
Fe, Ru, Gs, Co, Rh, Ir, Pd, Pt, N ). Platinum and
proghzit] ia ameshpaeferahly keppaieemperiureplod ORI GE @3 Gha
bl ended with each other or other group VIII rreésl o
more rFisiALLY 3 P0G oURE 2oR3ARY). Aag O rEETNy I SA0RBORF
I VI1I precious netals and is included in the :
(27E'é§%£e)c)of the i nventi on whenever group VIII blends,
all oys, or mxtures are nmentioned. Platinumis the
, nost preferred netal. Preferred netal |oading on both

0033t al T fendbdrathird of el emhlyt isaRefepailyaloatinlledc wt %
[:%%st prefé??ed. WO 2004/03%?92%ECT/U8g§g3/032098 -8

indgpeada]tlyThEemperhtprestheriedpartly slepemdsxomittenfead digjuid hgurly
poi nt over 50C, | ess. _than 7,000 msul fur, and | ess
spadenestonity pHRR PdodN HBEeb LS i FoREre prarardong
ss. th nitrogen if hydrogen pressure is
05585 iy ERE

g (34 atm). For exanple, a heavy
raffi nate can be bl ended with a Fi scher- :

[0026] The contact time for both catalysts is preferably similar to each
other. It is understood that the space velocity can be different. The pressure
for both catalysts is preferably similar to each other. Hydrogen co-feed flow
rate is 100-10,000 scf/bbl (17.8-1,780 n.L.L™"), more preferably 1,000-6,000
scf/bbl (178-1,068 n.L.L'™"), and most preferably 1,500-3,000 scf/bbl (267-534
nL.L™Y.

[0027)  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. Platinum is the most preferred
metal. Preferred metal loading on both catalysts are 0.1-1 wt% with

approximately 0.6 wt% most preferred.



Tropsch wax or simlar clean waxy feed (e.g., to | ower
sul fur and/or nitrogen levels). [0029] The feed is
w@eorwnmesyserd by the first catalyst to forman  PCT/US2003/032098
internmedi ate product which is then preferably passed
directly fromthe first catalyst to the second
catalyst. In a preferred epbodi nent of the invention,
a cascaded two- bed catal ¥t system consisting of a
first bed catalyst followed by a second bed catalyst
allows a highly selective process for wax
i sonerization and | ube hydrodewaxing with m niml gas
fornation In cascading, the intermediate product

o0 RS e REANY RSER ol DR R
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pref%ﬁfb@f‘lés@ daal VPpPm nilrBLeRIf Muiregdr pmﬁuregs belowe§d8 psig

facilitates the present invention and tggroves final
(34 himhe Boretxample, S hmwmafﬁmtegan bedletslkedrwite e Rlthe(ral

branchl ng d and i.s cor pqr at ed er ence.
Tropseh Waeer $1§m£1.r eéma\wg/y eﬂe@ @ﬁOWﬁy & ﬁ‘P fEnitrogen

Esgeheated before contacting it wth the first

talyst. Preferably, at |least 95%of the wax is in

liquid formbefore contacting it with the first

catal yst. [0031] The preferred neasurenents, as taught
[0029y t HEhesfeedii§ comtarted, byathe ﬂmewalylsetd) fomt dm mtermediate

raph Where there are two val ues, the val ue |

proo&@ h

ioleisithen §r¢fwb&k pasted ey dram te FESt GAtadyStin e

copdso iR arehs s Shhodid S IR ERrion. o caspaded two-

e SRS S OB SAN e AMR EysEn g Wiktond

catab@obilowt adiighlwiselectize Ilzﬁoce'ﬁh ifor wap isvanérizeionadsiolube
used to deternmine the weig Eercenta ge of

hydrodewaning with ningoabgas fomag@na sascading the interpediate
prodcuc[cTBrel}era{)fy directly passes from the first bed to the second bed without

inter-stage removal of light products. Optionally, light byproducts (e.g.,

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

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

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

catalyst.

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

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



The iso- to normal -paraffin ratio may be neasured by

perform ng gas chromatography (GC) or GC-MS in
w@eoohiossabi on with 13C-NVR. Sul fur may be neaseecBUS1993/032098

XRF (X-Ray Fluorescence), as described, for exanple,

in ASTM standard D2622. Nitrogen may be neasured by

syringe/inlet oxidative cgQnbustion with

cheni | um nescence detection, for exanple, by the

met hod described in ASTM standard D4629. Aromatics

may be neasured as described below As taught by the

specification, olefins rmg be neasured Plé usi ng a

y

per@nd of neraffieemag dieanaisieed by highrresebitionc” MBI or f or
exafito B e abed S gy e et s gn hoisbitgyion
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perdb‘ﬁta?%e\/hﬁtlﬁlfsaf_fui‘a?t@s,*hﬂédlﬁ)lﬁg)bxyfg@ﬁ&éi,i and ovaéesrganiy éthporfeats.

sanpl es having a water content known to be |ess than

Thedbouto RIMappearaffinweiigmay ohmeasiyred by parfoaming gas
derivitization methods (e.g., by usi ? cal ci um
chramatogriphyd Gy on GEeMS hn@mbimlatiom&dﬂbg GIMR. Sulur may

sanpl es having a water content knownt e greater,
be mwﬁrmm&ﬁm Blporgscener); asoﬁ@Cﬁhygu‘%é e%ﬁ@pﬁe, in

l,- Fi s t fQ . ] e
s wdsl PP 2Re T ech dhe £ SEMBsBoreite R pigacive
conﬁo%gﬁ&mRvime%lurﬁﬁ{e%wﬂdéedétéwom - @aPIE B P helmEHNR,
and the percentage present primarily as CI2-C24
desqibedanyA $ThDétahdanddy4 629 . dAremaiicrenhalp\beGleddiredas deseribed
nunber may be determ ned by _using, for exanple, K ASTM
belayy.aAg4reghtdyzhe ppecifissdon,gileiing maythegaesmyed by using a

BrofiadeR Seishitfe BY lefiictd ealhtiBetod S bbPls, I lnsing
ASPVEIRERE TR 10y TR i %%ﬂ hﬁfeﬁ@' of fdthY) o)@?%g][rﬁéﬁ 6€ measured

spectroscopy. Branc aracteri st
b o e e T a Tt Fon
necés3&ryNitie tared 0§ gen cbnteingimay be placed on a water-free basis by
measuring water content. For samples having a water content known to be less
than about 200 ppm by weight, one may use known derivitization methods
(e.g., by using calcium carbide to form acetylene) followed by GC-MS. For
samples having a water content known to be greater than about 200 ppm by
weight, one may use the Karl-Fischer method, for example, by the method

described in ASTM standard D4928. The total alcohol content may be
determined by high-resolution 1H-NMR, and the percentage present primarily

as C12-Coq 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



resol uti on M5. EXPERI MENTAL [00321 A cascaded two-bed

catal yst systemconsisting of a first stage Pt/ZSM 48
W@ 2108033592 | nedi ately foll owed by a second st apeT/u$2003/032098

Pt/Beta catalyst is shown to be highly active and

sel ective for hydroisonerization and dewaxi ng of

waxes W th high nol ecul ar i ght conponents. [00331

Exanpl e operating condit i'cmg, mat eri al bal ance dat a,

| ube yields and, properties are sunmmarized in Table

1. TBP x% i ndi cates tenperature below which x wt % of

hydr ocar bon sanples boils. Tinme on_.stream (TOS) is the
be measarediby acgmbtimation dfehigheadsaution 3t3€-NMRcaada(E(}sﬁith higth-

is.initial boiling point. TBP is term nal boiling
feSOé‘éﬁlQﬂMa'-he best S.1. equival ent of standard cubic feed

of hydrogen per barrel of feed (SCF/ bbl) is nornal

liters of hydrogen gas per liter of feed (n.l.l(err).

r nL (gas) / L (feed)). LHSV is defined

WOUH y space velocity. WHSV is defined as

wei ght hourly space velocity. WO 2004/ 033592

PCT/ US2003/ 032098 11 NOO OMOCL Od: W00 d: \O\O
[0032) m Mars@deditvacbad gatlysisysigm gopsisting of a firstptagee N

0,0 0.0 00 N M N o N MM 00
PuZRMsS etpsiciubediafely dollaed Byt eepdlake Byl Galeyst
is shown to be highly active and selective for hydroisomerization and dewaxing

of waxes with high molecular weight components.

[0033] Example operating conditions, material balance data, lube yields and
properties are summarized in Table 1. TBP x% indicates temperature below
which x wt% of hydrocarbon samples boils. Time on stream (TOS) is the time
. during which the feed contacts the catalyst. IBP is initial boiling point. TBP is
terminal boiling point. The best S.I. equivalent of standard cubic feed of
hydrogen per barrel of feed (SCF/bbl) is normal liters of hydrogen gas per liter
of feed (n.1.1". or nLL”or n.L (gas) / L (feed)). LHSV is defined as liquid
hourly space velocity. WHSYV is defined as weight hourly space velocity.
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2004/ 033592 PCT/ US2003/ 032098 -13 [00341 To obtain
desirabl e wax isonerization results, a mld (e.g.,
500- 630F (260-332C)) PtrBbta tenperature should be
enpl oyed during | ube hydroprocessi ng.
[0034]  To obtain desirable wax isomerization results, a mild (e.g., 500-630°F

(260-332°C)) 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. To achieve maximal lube yield, low

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

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

1. Figure 1 shows that the cascaded Pt/ZSM-48 followed by Pt/Beta gave
essentially identical lube yields compared to Pt/ZSM-48 alone. The addition of
Pt/Beta had minimal effects on the range of Pt/ZSM-48 operating temperature

(Tables '1 and 2).



The mld Pt/Beta tenperature should be enployed with
varying Pt/ZSM 48 tenperature to achieve a target
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operating pressure (< 2,0004psi (272 atm hydrogen
pressure) should be used. [0035] Stand-al one Pt/ ZSM 48
was al so evaluated for isonerizing and dewaxing C30
wax to 700F+ (371C+) | ube basestocks (Tables 2).
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The viscosity and viscosity index of the nom nal 700F+
(371C+) C80 wax isomerat€$-vs. hydroprocessing
severity are plotted in Figures 2 and 3,
respectively. The two sets of data conpared in the two
di agrams correspond to the wax isonerates prepared
[0036]i NgTRE #ZSbkitBahd visvosidy ydeRtofBle aomamal 700CEhd331 Urre)
Pt/ ZSM-48. [0037] As shown in Figure 2, the
C8(Pwag Smaates/Behydiopseessamgseretty ae glotiadcantigpresvend

5, ey TheEr T o ABotBri L Ll gt Hhrespond
to th¥lvhk iR ARAaRE brbsaRa Rl PF7SIY4S foliéWed by Pt/Beta, and
stand-alone Pt/ZSM-48.

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

sacrificing lube yield during wax hydroisomerization process.
t '

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

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

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

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

lube cloud and pour points narrows with decreasing pour point.

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

pour point) that promotes hydrocracking.



dual catal ysts system provi des an effective nmethod for

reduci ng average nolecular weight of a wax feed to
WEe@dsis9t ower viscosity |ube stocks without PCT/US2003/032098

sacrificing lube yield during wax hydroi sonmerization

process. [0038] Figure 3 shows high viscosity indices

observed for the Pt/ZSM 48- Pt/ Beta wax i sonerates,

al though they are slightlyl*ower than those of

Pt/ ZSM 48 i sonerates. For products of the invention, a

viscosity index of at |east 150 at a -20C | ube pour
[00#qi Nt ThdoRoWirme tdrhylek Rl sehie tatillhsese tHSthwvahtian. pour

poi nt of no nore than -50C is preferred. [0039] The

spread between the |ube cloud and pour points for

- Pt/ ZSM 48- Pt/ Beta is nostly |less than 15C (Table 1).

El?ﬁﬂéﬁheral, the spread between the |ube cloud and
pour points narrows with decreasing pour point. [0040]
The overall |ight byproduct selectivity for the two

[0011(;23t al Y%Edﬁ%fﬁ}é €ThRe F§dr&&'&%r$QS@primLmTM 630 wax

pect ed, yi el ds of gases, naphtha, and diesel

(C80) Ferwas bbtaiteat froryMoens and Muriger,laas i(BhelpomdeEsand used
severity (decreasing |ube pour_point) that 5r aonot es

as rRgeived m&mu? g??ﬂzigng mﬁm@l&@z- ﬂ@l‘?/%v}’%/vwz gyxturg pf
0041] .T i i i

orch 9B b AR PO G G i S0 EE,

M’S&”Wa%%tegg éﬁﬁ%g g};rnkﬁ/g&%’férb%ﬁf%ﬁﬂeh ofSfaxegx  (C80)

eeéd was obtal ned ore an nger, Inc.,

PARAMIINGT™ 16T) a 0GRS €371 °85) (et @aneetwink | mmAEan% @30

pretreatnment. The C80 wax was a m xture of _
andPC 80 M00aNt00PFl (3M¢a59396a) ahd i1i6 0%+ (5988CH)| distiltate fimetions,

of olefins and oxygenates, _SASOL(err) has been | -
respretively. ibhe modecudariveighi distrihuitnas(in termxelsboiling point) of

PARAFL I er HL,.a. 700F+,(371C+) full range wax;
the i HHEER ‘wﬂy%ﬁgféﬁs, 700- 1100F (371-593C) and
1100F+ (593C+) distillate fractions,

TABLE 3
Molecular Weight Distribution of Waxes in Examples

Wax Feed H1 C80 C105

Pour Point, °C 99 82 106

IBP-700°F (<Cy4), wt% 0 3 0

700-1100°F (Cz4-Cqp), W% 44 89 20

1100°F+ (>Ceg), Wt% 56 8 80
Example 2

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

exchanged at ambient temperature with a sufficient quantity of ammonium



respectiyely. The nol ecul ar wei ght distribution (in
terns of boiling point) of the waxes is illustrated
whrioe0s3p9i n Tabl e 3. TABLE 3 Mol ecul ar Wei ght PCT/US2003/032098
Distribution of Waxes in Exanples Wax Feed H1 C80
C105 Pour Point, C 99 82 106 |BP-700F (<C24), Wt %O
3 0 700-1100F (CZ4 C60), w% 44 89 20 1100F+ (>C60),
wt% 56 8 80 Exanple 2 [OO%] Preparation of Pt/Beta
Cat al yst. Pt/Beta catal yst was prepared by extruding
a water-containing mull mx or paste containing 65

mtﬂ@@df osreffovéastidhial sodeim inithdzeditpahimedd. Therktraddtdryas
basis). After drying, the Zeolite Beta containing

then atashyd witlbde-tmlizé hwdtermadrcaidinedmeair at 1 QUITE (5382C).
and exchanged at_anbi ent ten‘gerature with a

Aftgrégrbcglcg%ﬁ;ﬁgm 63% @Olﬁﬁﬁﬂﬁﬁ/ arosluroing axtaxiate was
stearBed ah V3D FHAI050) 19 BoBRa MR B haliag) ecaengd catalyst to
s R PR Ay At
ion GRS Gl iotadlmep La?%h‘;@"?b??ﬁimé?hﬁﬁ‘ﬁf 3P ned
exchahgd verditions toemsiformaly produdthe catbyatrechtaifing 0o Pt. After

acidity Betal/35% Al um na catal yst S on exchanged
washing veith de-ienined watgs|taremane sefidyal ggl@gtﬁleét ﬂwaﬁﬂaﬂrwas

L R EAR e T

de-ioni zed water to renove residual chlorides, the
catalyst was 'dried at 250F (121C) followed by final
Ex&npl€s! cination at 680F (360C).

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

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



Exanpl e 3 [00441 Preparation of Pt/ZSM 48 Catal yst.

Pt/ ZSM 48 catal yst was prepared by extruding a
wowri0e033sent ai ning mull m x or paste contai ni ngPGBURENG/E32098

of ZSM48 with 35 parts of alum na (dry basis). After

drying, the ZSM 48 containing catal yst was cal ci ned

under nitrogen at 900F (482C) and exchanged at

anbi ent tenperature with A%ufficient quantity of

amonium nitrate to renove residual sodiumin the

zeolite channels. The extrudate was then washed with

Exspddidzed water and calcined in air at 1000F (538C).
ter air calcination, the 65% ZSM 48 / 35% Al um na

catalyst was inpregnated with a tetraamm ne platinum
- ni traW tion under n E‘éf wet ness ,condi ti ons,C
[0045]; 1 o ﬁe&a%esamgat & Wik B ARl QMeRZa Gy gseriments

ol O A3 g S T bR s

twordRh R &&1&@5&@&&9&1& 132028 (1/219D) bx aagade ¢witBQftlon to

Wax Hydroprocessi ng. The wax hydroi soneri zation
bypesptire sreondreactanry: phe tnitrveas carefudlysheat-tracedibd avoid
ed wth two three-zone f rna

freef;@ﬁfé]c'%9 thevhigh maliiag patt GIRLVaF. ede W%Fe@%/bz'paﬁ%yg apd

SRS PR B RS RALS A80  Sb
and¥izd ', 40-90 iR TR ﬂéﬁbt%?s F%ﬁdWere-Eﬁeﬁ ¢sHded WRRAS cc of

ypassing and |ower zeolite pore diffusion

the 60585 le B1/ZSM-4@adatdly st andethier6ddsd axshdtBeata cstabybt, and
sized to 60-80 nmesh. The reactors éﬁand 2 re _then

respastigely. vi ehofi80-d20gnesh spndsvasalseaddediq cagalyst beds

I - 80 h Pt/ I ,
durfrigs e BpgindS S B whl Saccie o i P Wving of g gnit
o N o O BT s
atmtogﬁh&@ (&S 0S5 W@hﬁn@[ycﬁgg@ﬂﬁoﬁve daceR eild oiGafks ﬁéfﬂﬂ})ﬁhe

one hour under
flow of pure hydrogen was stopped and flow of HyS (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/min rate, and the two reactors were

cooled down.

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

Reactor temperatures were then gradually changed to vary pour point.



at nosphere (atn), 255 cc/m n hydrogen flow. At the end
of this period, the flow of pure hydrogen was stopped
w@ea4083Bve of H2S (2% i n hydrogen) was i niti at BCI/E$2008032098
cc/mn. After H2S breakthrough, the reactors 1 and 2
were gradually heated to 700F (371 C) and mai nt ai ned
at 700F (371 C for 1 h (hour). After the conpletion
of catalyst pre-sulfiding20the gas flow was sw tched
back to pure hydrogen at 255 cc/min rate, and the two
reactors were cooled down. [0046] Hydroi sonerization
of the C80 wax over a cascaded Pt/ ZSM 48 foll owed by
Pt/Beta was conducted at 1.0 h-1 LHSV for each ]
[004At al Peifomnshct@IGtandsaloné P8/ Z8VY48nivah ebdl0ated dfy driuling
(979 n.L.L"1) hydrogen circulation rate. The wax
andibypassing the BiBetrsetalysiin shewsecondirapgtery he sxpgsyments were

confS AR L8 bR L L85, ol (8
sSOBBF B, TP s U o s s s o

testin@ BB cakcade PHEIM-4818nd B/Bduatdnibipatioged to vary pour
pol nt. WD 2004/ 033592 PCT/ US2003/ 032098 -20 [00471

Performance of stand-al one Pt/ ZSM 48 was eval uated by .
cooling and bypassing the Pt/Beta catalyst in the

X reactor. The experinments 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

jpm | SgonUnROAhGN sis! SHfigag simplesasaedmalyzed b
[OO@J/ Zsﬁﬁ%fgkgﬁg Pt /lBgt a corr&g?}f}lgti on.gﬁ.Exarrgl e 5 [0048y1 Y

OB 1.3 il oo St
Totelaléqli/iﬂaxrw%& (P 0 Wb mlé‘?&%m émlyzeﬁg?é?m)wla@pd
distffeionsimtitgbud 79 B g I g AR MEEREITLP s were
disti it S BB ErEE1 654E) AapRhE, 330-700°F (166-371°C)
distillate, and 700°F+ (371°C+) lube fractions. The 700°F+ (371°C+) lube

fractions were again analyzed by Simdis to ensure accuracy of the actual
distillation operations. The pour point and cloud point of 700°F+ (371°C+)
Jubes were measured by D97 and D2500 methods, and their viscosities were

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

respectively.



distilled into I BP-330F (1BP-166C) naphtha, 330-700F
(166-371C) distillate, and 700F+ (371 C+) | ube
wo e@en3sos. The 700F+ (371 C+) |ube fracti onsP@EDS2003/032098
agai n analyzed by Sindis to ensure accuracy of the
actual distillation operations. The pour point and
cl oud point of 700F+ (371 Cit+) | ubes were neasured by
D97 and D2500 net hods, antfheir viscosities were
determ ned at both 40C and 100C according to D445-3
and D445-5 nethods, respectively. WO 2004/ 033592
CLAIMSS2003/ 032098 -21- CLAIMS: 1. A process for
converting a wax, having hydrocarbons primrily
within C24-0110 with essentially no sulfur or nitrogen

tent, ,t ' Jini . . .
copr ts; Agetopte o CHReRlihg dofd faFAREb A ony pmerily
withfly €S8, 0 ¥Ath SstitiAlly R $hFned: ni%?@ﬁ ebAfent 1648
cat a?“ysil conpri si ng“a uni di mensi onal intermedi ate pore
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second, passing the intermediate product over a Beta catalyst

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

to form the isopérafﬁnic lube basestock.

2. A process according to claim 1, wherein

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

fraction, based on the total weight of the wax;

the unidimensional molecular sieve catalyst is kept at a temperature

of 500 to 800°F (260 to 427°C);

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

the wax is passed over the unidimensional molecular sieve catalyst at

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



of 500 to 800F (260 to 427C); the Beta catalyst is
kept at a tenperature of 400 to 700F (204 to 371C)
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sieve catalyst at a feed liquid hourly space velocity
of 0.1 to 10 h"1; WD 2004/ 033592 PCT/ US2003/ 032098
-22 the internedi ate product is passed over the Beta
catalyst at a feed I|iquid2hourly space velocity of
0.1 to 10 h-1; and the process further conprises |ess
t han about 1,500 psig (102 atm hydrogen, wherein the
hydr oggg 1ﬂt§rrﬁéd1§ﬂé'1ﬁb&ﬁ’ct61§ pa&ediovel theDBBtaatIPdtlat @18ed O
1780 n. 1). process according to claim2,

hthdﬁﬁnhzﬂhmeu@kﬁﬂy&ﬁi)bnnHOMﬁtemdlar sieve catalyst is
kept at a tenperature of 600-700F (316 to 371 C); the

Beta catal yst i,;s _kept at. a erature of . . 500-
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0L §r iate product is passed over the Beta catal yst

17%& g”¥ﬂgd liquid hourly space velocity of 0.5 to 2
h"1; and the process further conprises | ess than about
1, 500 psig (102 atm . hydroge wherei n the hydrogen
is ciPe uﬁapme%&acgoabngttwbumo% wherelb| (178 to 1068
n.L.L-1). 4. A process according to claim 3, mherein
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of 600-700°F (316 to 371°C);

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

the wax is passed over the unidimensional molecular sieve catalyst at

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

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

liquid hourly space velocity of 0.5 to 2 by and

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

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

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

5. A process according to claim 3, wherein



and Pd; and the unidinensional nol ecul ar sieve

catalyst is ZSM48 with a Al pha value of 10 to 50
wW@rioan3se2 t he metal incorporation. 5. A procesBCT/US2003/032098

according to claim 3, wherein WO 2004/ 033592

PCT/ US2003/ 032098 -23 the wax has a 1, 000F+ hi gh

tenperature tail; the ZSM48 is | oaded with about 0.5

wt % to about 1 wt % of the'23C5roup VIIl metal, based on

the total weight of the ZSM 48; the Zeolite Beta has

an Al pha val ue | ess than about 15 prior to [ oading

with tihewek odp aMl,000°Fetlagh tdrhgerdfigbitdig Beta is | oaded
with about 0.5 wt%to about 1 wt%of the Goup VIII

metal, based on the total weight of the Zeolite Beta;
and t e ZEMHg8\it Idadee weith abouat. wa%t tocatwuird i of the
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catalyst is Pt/Beta; and the Pt/ZSM 48 and the Pt/Beta
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loadihgStitR etk GeuppViIHeRethie Pt/ ZSM 48 catal yst and the

second bed conprises the Pt/Beta catalyst. 7. A
process according to claim®6, wherein the ten‘gerature

of t hthef ZeglitetRata imlgadébwitbrabous O wtlftotabeus & ydfel of the
. bed are control] ed i ndependent|y. d..the jnternediate

GrogpodiiL mstal a&da%ﬂleapﬁa@&w@tﬁ thrZeglis fatbend 5. an
i soparaffinic | ube basestock nmade by the process

accor flN@rdp VilIdhéhtlis aMEsELRe member selected from the group
consisting of Pt and Pd.

i

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

7. A process according to claim 6, wherein

the temperature of the first bed and the temperature of the second
bed are controlled independently; and

the intermediate product is cascaded directly to the second bed.

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

claim 1, wherein
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i soparaffinic | ube basestock has a viscosity index of
w@rookmaasp2 150 at a -20C | ube pour point and apPCT/US2003/032098

viscosity index of at |least 130 at a pour point of no

nore than -50C. 9. An isoparaffinic |ube basestock

made by the process according to claiml, wherein the

i soparaffinic | ube basestddk has less than 1 w %

aromatic content. 10. A -lubricant with a viscosity

i ndex of at |east 150 at a -20C |l ube pour point and a

Vi SCOofeli¥opdidfitnielutid bdseadtk hada discasity iridaxoo it ledst 150
nore than = -50C nade by the process according to claim

at a1209Q lulfe petarpoianindia viscosityinsen sif ay 16astie30 of a poult paint
150 at a -20C lube pour point and a viscosity index

of nofmate thaasf0¥30 at a pour point of no nore than -50C
made by the process according to claimé6. 12. A
process according to claim1, wherein the passing of

t he x ,and the.dnternedi ate . .pro r ' .
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conngcosity index of at least 130 at a pour point of no

nore than -50C. 13. A process according to claimb5,
wherein the passing of the wax and the internedi ate
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b tock with.a .vi ' ' f o
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11. A lubricant with a viscosity index of at least 150 at a -20°C lube
pour point and a viscosity index of at least 130 at a pour point of no more than

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

12. A process according to claim 1, wherein the passing of the wax ‘
and the intermediate product over said catalysts is conducted under conditions
sufficient to form an isoparaffinic lube basestock with a viscosity index of at

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

pour point of no more than -50°C.

13. A process according to claim 5, wherein the passing of the wax
and the intermediate product over said catalysts is conducted under conditions
sufficient to form an isoparaffinic lube basestock with a viscosity index of at
least 150 at a -20°C lube pour point and a viscosity index of at least 130 ata

pour point of no more than -50°C.



