WO 2004/ 044097 PCT/ US2002/ 036521 PROCESS FOR MAKI NG A
LUBE BASESTOCK FI ELD OF THE | NVENTI ON [ 00011 This
WO pooafo400n rel ates to the hydroi somerizati on oPCTERX23002/036521

feeds including slack wax, slack wax isonerate,
Fi scher-Tropsch wax, Fischer-Tropsch hydroisonerate
waxy raffinates, and waxy distillates to produce a
| ube oil basestock or blending stock. Mre
speci f i cPROCHESS FORMAKING £ 1A/BE BASHSTOQK er si on
of a waXy fTeed using a m xed catal yst having a
presel ected acidity capable of pronoting the
formati on of a basestock having a predeterm ned (VI)

FIELDtQFTHE ENYENFIQNs.  BACKGROUND OF THE | NVENTI ON
[ 00021 The performance criteria for lubricants such as
those used in automatic transm ssion fluids and
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tenperature properties. [00031 Waxy feeds can be
hydr6iebuRidtedvixy taiffinttds, pndouatysdistillatgs te producewniube oil basestock
catal ytic dewaxing catal ysts; however, in these

or blemdingrstansk. tMers spestfivally, draxvangoprelsiasdprthpgonversion of a
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wax content by contacting the highly waxy feed with
two different zeolites such as ZSM5 and ZSM 35.
BAROGILOUNDQFRTHE INVENEIONXNat i on of waxy feeds using
nol ecul ar sieve based catalyst that have |inear 1D
pore structures produces | ube basestocks w thout | oss
in WO 2004/ 044097 PCT/atL)fng-gq 2/ 036521 3 VI . i.le :
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sevetd®&h users requiring basestock that provide better wear protection, improved

volatility and low temperature properties.

[0003] Waxy feeds can be converted to liquid products using well known catalytic
dewaxing catalysts; however, in these instances the selective cracking of paraffins

typically results in a loss of viscosity (VI) which is undesirable.

[0004] United States Patent Number 4,428, 865, Oleck, et al., claims a method to
enhace the pour point and visosity index of crude oils of high wax content by
contacting the highly waxy feed with two different zeolites such as ZSM-5 and ZSM-
35.

[0005]  In contrast, isomerization of waxy feeds using molecular sieve based

catalyst that have linear 1D pore structures produces lube basestocks without loss in



basest ocks that can be tailored to produce basestocks
having a predeterm ned quality and yield. SUMVARY OF
wa kia40MNGENTI ON [ 0006] The presently discl osed POWEst0DOB6521

is a nethod for hydroisonmerizing a waxy feed to

produce i nproved yield of a | ube basestock which
conmprises: (a) contacting the waxy feed under

hydr oi sonmeri zati on conditions with a catal yst

conprising a unitized m xed powdered pellet catalyst,

VI. $hifle (HeRE 2htdfstS OFBF beneTls ovénthdsd Lt in%‘fﬁﬁtoie Yewaxing, there
conponent sel’ected from8, 10 and 12 ring [ ecul ar

nonethelessrearuinsrh xieed éor infygoeed citalyistsgfoa corvatting waxy feeds to lube
hydr ogenati on conponent di spersed thereon; gii) a '

basestochnthat sambeitaidered o poopmedasesipelsthavinga paedatetmoined quality
I norgani ¢ oxi de said second conponent having a netal

and piet-ogenat i on conponent di spersed thereon; and (iii)
wherein the first and second conponents are present in
a ratio such that when evaluated in the conversion of

SUMKIAR'Y OF TEPRIXANENGiIONOC to 1, 1
-darmetnytcyctopentane, 1, 2- dinethylcycl opentane,

1, 3-di et hyl cycl opent ane and et hyl cycl opentane, the
catalyst will provide a trans-1,2-/trans-1, 3- ;

[0006] net hyThy praspetly disslossdiiovémionhie armeidieddbr hgdwisdmerizing a
aggut 1 and a, selectivity to e%hyl cycl opent ane, _at

waxy gogdcioriveryroHpved yield adw luhe sagestny, winohxowaprisesng 7
PCT/ US2002/ 036521 -3 [0007] In another enbodi nent of
the present invention both the first and second

comyon e@ﬂntﬁ@cf@;h%ewﬂy fe%ﬁ%d@f‘tﬁ%&oislo?r_lérgioattiﬂo%tcrﬁalgﬂ?ﬁic}%with a

nol écul ar si e or a‘mxture ereo _
and seceutsllyspemapasinghavttisgedBiiadd pysiaedirileobatalyst, said
corrponent

catalyst comprising:

(1) a first dewaxing component selected from 8, 10 and 12 ring
molecular sieves and mixtures thereof having a metal

hydrogenation component dispersed thereon;

(i)  asecond isomerization component which is an amorphous
inorganic oxide said second component having a metal

hydrogenation component dispersed thereon; and

(iii)  wherein the first and second components are present in a ratio
such that when evaluated in the conversion of methyl
cyclohexane at 320°C to 1,1-dimethylcyclopentane, 1,2-
dimethylcyclopentane, 1,3-dimethylcyclopentane and
ethylcyclopentane, the catalyst will provide a trans-1,2-/trans-1,3-
dimethylcyclopentane ratio in the range of less than about 1 and a
selectivity to ethylcyclopentane, at 10% conversion, of at least

about 50%.



di spersed thereon. [0008] This and ot her enbodi nents
of the invention will be discussed below BRIEF
wWORBECRE4TT ON OF THE DRAW NG [ 0009] Fi gure 1 i SP@I/US2002/036521
schemati c drawi ng show ng the conversion of
nmet hyl cycl ohexane to vari ous cycl opentane conpounds at
320C. DESCRI PTI ON OF THE | N¥ENTI ON [ 0010] The feed
suitable in the practice of the present invention
i ncl udes waxy hydrocarbon oils such as slack wax,
[000? ac ki WastHed QAR fiRient 6%E%es-ghpﬁ%ﬁtiﬁﬁ)b’oth the first and second
I scher-Tropsch isonerate xy raffinates and waxy
composériticoatpese alYeiscaht B, 16 umhl ¥ srgsnoletulhr Hiave onaxmixture
contents of 15% or nore. The preferred feed wll have
therepfniBath et fisgidndseténd caroperent hese A rhetbhy divgenatd@ycemponent
. hore. The preferred feed wll have a nitrogen and
dispersed there¥ht ent each bel ow about 20 ppm by wei ght .
Indeed, if the feed contains higher amounts of sulfur

000fc, USSR Rt SRAFERGARDANER eBlipB XTI Enbed briow

to reduce the sulfur and nitrogen contents. Any of
the conventional hydrotreating catal ysts can be

BRISHDERCRIPEEON OWTHE HRAWEYG N/ Won al um na Co/ Mo
on alumna. In other words any of the Goup VIB to
Goup WVIII. (The groups referred to here and

hereipnafter. are_t hose tals of the Periodic Table of
[0009§ & dpgure 19§rag%}h@mmceﬂ§‘§&geﬂmms te convRisioniofl oxi de

meth Bl 3 ARTpbE cxBlein PR B EYs LIS Lo’ a0,
KF-840, and KF-848, etc. WD 2004/ 044097

PCT/ US2002/ 036521 -4 [0011] Hydrotreating is

DESCRIPTION OF THE INVERTIOMN sul fur and nitrogen
contents to levels of 20 wopm or | ess nitrogen or 20

wppm or | ess sul fur especially 10 ppmless nitrogen
and 10 ppm or, | ess sul fur and nost preferably to
[0019]evengletig

e aritallp an thsy pragiies ofibs Pipeent IpsRtion ineludes waxy
bydibfirbgh il 05 P SEEK oHEG S Tack g ety FRehEe Tropsch wax,

Fischer-Tropsch isomerate waxy raffinates and waxy distillates. Typically, such feeds

will have wax contents of 15% or more. The preferred feed will have a nitrogen and
sulfur content each below about 20% or more. The preferred feed will have a nitrogen
and sulfur content each below about 20 ppm by weight. Indeed, if the feed contains
higher amounts of sulfur and nitrogen, the feed can be first subjected to hydrotreating
under typical hydrotreating conditions to reduce the sulfur and nitrogen contents. Any
of the conventional hydrotreating catalysts can be employed like Ni/Mo on alumina,
Ni/W on alumina Co/Mo on alumina. In other words any of the Group VIB to Group
VIII. (The groups referred to here and hereinafter are those metals of the Periodic
Table of Elements; Sargent-Welch Scientific Co.) on metal oxide refractory supports
may be employed. Non-limiting commercial examples of such are identified as HDN-

30, KF-840, and KF-848, etc.



sul fur and nitrogen conpounds which are known to
deactivate wax hydroi sonerization catalysts. To
w@eevont9T hi s deactivation it is preferred thaeCT/H82002/036521
feed contain no nore than 10 ppm sul fur, preferably
| ess than 2 ppm sul fur and no nore than 2 ppm
nitrogen, preferably less thén 1 ppm nitrogen. [00131
To achieve these limts the feed is preferably
hydrotreated to reduce the sulfur and nitrogen
[001£PNt §0¥drot8R:d isBeHdRkleRd0 430 Q%epﬁ %hﬁqlﬂffé gag contents
any typical hydrotreating catalyst such as N/
to leatlsrof12d, womMY loss witrogenar 20orhhrh N2 164 s@lﬂﬁmmeﬁpemﬁl}@ 10 ppm less
. KF-840, KF-843, HDN-30, HDN-60, Criteria C-41 1, etc.
n1tro@'en1alndrll()ypplb@|rlle$awhﬁuy end nwﬁpre&rab@y toNlevits hadowr5 ppm for
Cr/Ni/ %@ulfldes as described in U S Patent
nitrogen snd a0 less 1og geltur. [0015] Hydrotreating is
performed at tenperatures in the range 280C to 400C,
preferably 340C to 380C at pressures in the range 500
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hydr otreat ed waxy oil is stripped to renove anmoni a
hydramgmdBatind catahests.i Togubyent thid deactivagion it is preferred that the feed
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f eed th..th t
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cat al yst WO 2004/ 044097 PCT/ US2002/ 036521 -5 The
term"unitized" as used here and in the clains neans

[0013]hat Tep&dhi®rl thete lifhiRnBe MEdes pbafefamy Ihgdf&%‘téd?fo Rduce the
powdered first conponent with a powdered second

sulfiremdonitrogen aoatepel | eti zi ng the m xture to produce
pel | ets each of which contain all of the powder
conmponents previously recited. [0018] The unitized

t al b t.arti i th individual
o S S
I k&N
SuChpdﬁe pomd&gl} glgl‘hlﬁn? g%? oag}{éftnﬁéaa? to %@?gngg%h%gﬁr}gnaé rge% R-840,
KF-885HDN-30, HDN-60, Cr1ter1a C-411, etc. Similarly, bulk catalysts comprising

Ni/Mn/Mo or Cr/Ni/Mo sulfides as described in U.S. Patent 5,122,258 can be used.

[0015]  Hydrotreating is performed at temperatures in the range 280°C to 400°C,
preferably 340°C to 380°C at pressures in the range 500 to 3000 psi, hydrogen treat
gas rate in the range of 500 to 5000 SCF/bbl and a flow velocity in the range 0.1 to 5
LHSV, preferably 1 to 2 LHSV.

[0016]  The hydrotreated waxy oil is stripped to remove ammonia and HyS and

then is subjected to the hydroisomerization process of the present invention.

[0017]  The catalyst employed in the hydroisomerization of waxy feeds in

accordance with the present invention is a unitized mixed powdered pellet catalyst.



t hen conpressing/ extruding and pelleting thus
produci ng the unitized pellet catalysts. Pulverizing
war@4pomdering is to a consi stency achi evabl e PGI/N§2082/036521
ball m Il or other such conventional powdering neans
to a particle size |less than 100 mcrons. [0019] The
first conponent is a catal ytJc dewaxi ng conponent
including crystalline 8 10 and 12 ring nol ecul ar
sieves. Crystalline nol ecul ar sieves i ncI ude al um no
The &rh GBS NS R HeROaRNBSRRM Sphs rFxé ellet is one made
crystalline alumno silicates 1nc e z such
by néigin@rfogetiheea pohalesed fisst céigonenisSivh b wd@b’ﬂké@ond component
d Thé%\ % éﬂSM 22), ZSM 23, ZSM 35, nat%or al and P
and gsltatizeng efmtﬁumrmtmedummlkm e&SN0 BIhichsemian alloef the powder
nor deni t e, offretlte ECR- 42, MCM 71, and I TQ 13.
COmMPOREHHE E@V&HS%F%"@QI l i ne al umi num phosphat es incl ude
SAPO- 11, SAPO-4 1, SAPO-3 1, MAPO 11 and MAPO 3 1.
Preferred mol ecul ar sieves incl ude ZSM 5, ZSM 22,

[Oﬁlﬁgm 2f?l’re %tilgﬁt’ cfldﬁlet'ié n%l%?ar 5%3% gt%}rté@“@%éég V’r:&fﬁl‘}ﬁnshed
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| TQ-13. © [0020] The secon i someri zati on conmponent can
compenearty; mixingthet ypidakd mateanes tagdthertodatal ay]scbmegm’[eoals mass,

t hose conpri sing amrphous refractory netal  oxid
then gggmeqsmﬁg;@ne@ng and geUﬁtlﬂg thug; prpégcmg,th@ ghitized pellet catalysts.

ti.tania,, sil ca- magnesi a,
PulviiriER RS BRE Aaisryisknsy ahy Bleding 93)@1@%{19@ other
t r
such 3 R T HorREr B 1R Car O paiolitiad o ahOl(R Migroffs,
| ease one Goup VIII netal, nore preferabl y at | east
one noble Goup VIII netal, nost WO 2004/ 044097
[001HCT/ 202t 086hadent i6a patal wicaddwakihg cBthpomedt mickidings
thereof, and optionally including a pronoter or dopant
crystgliue &sl hand i AngpRolepmar sieveh ok aystaljine mcslecwag w&gcsamclude

sl iRl pon e Bk EcpRin ol ESRERYE HiRtne silicates

inclu?lreezgef %ﬂh% ag egﬁ)gﬁe r&%ﬁ&mge 1%§1\$1 P 2\’;&1}4‘9—1 Prf%ﬁr-f‘f’l Yhdla

(ZSN‘I@ZRGZSM ¥3078M-3 51nidubal a’ﬁ'd%yﬁfkmtf@ﬁ%rﬁeﬂ ZRWang 7. Wes7,
to control the acidi ty of the isonerization

SSZ-&4t, detas mordénite, offretite; BER-4dnktCvat 1 amdcdi@l1¥s tExamples of
crystaHPAeoeﬁﬁm?rTug%h%lsf):hates include SAPO-11, SAPO-41, SAPO-31, MAPO-11
and MAPO-31. Preferred molecular sieves include ZSM-5, ZSM-22, ZSM-23, ZSM-
48, ferrierites, SSZ-31, SAPO-11, ECR-42, MCM-71, and ITQ-13. The most

preferred molecular sieves are ZSM-48, ECR-42, MCM-71, SSZ-31, and ITQ-13.

[0020]  The second isomerization component can be any of the typical
isomerization catalyst such as those comprising amorphous refractory metal oxide
support base (e.g., alumina, silica, zirconia, titania, silica-magnesia, silica-alumina,
etc.) on which has been preferably deposited a catalytically active metal selected from
Group VI B, Group VII B, Group VIII metals and mixtures thereof, preferably at lease

one Group VIII metal, more preferably at least one noble Group VIII metal, most



material such as silica-alumna, acidity of the
resultant catalyst is reduced by addition of a basic
woradoa/u4@b7 such as yttria or magnesi a or by cone€DUB1002036521

the ratio of silica: alumnumin the silica-al um na.
[0021] The netal hydrogenati on conponent can be

deposited on either the firsé- dewaxi ng conponent, the
second i sonerization conponent or preferably on both

the first and second conponents. The netal is
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s pre met persion

mateFRll Shiclf 80§E0E aRirhiiA, &lityiofehe rddukakd) cabdl ]y@tnl@ r@cﬂudeﬂeby addition
conponents be at | east 0. 08. [0022] The first and

of a basionuhtedalppnokas yttaaercoagiasedon by eomtasllingshé fatd ent
to pronote wax isonerization and napht hene
SlllC@éme@@m tnthgisiliesoaluBuBst anti al decrease in VI. The
zeolite to anorphous inorganic oxide ratios for
catal ysts according to the invention range from about

01 ; i.ght ' tQ..t .
10024, i dney B gLl on SRR o An RSl Bh gishar the irst
dew&ﬁﬁ% bnigtnchg ehnbstead iggmeeiRion dBrﬁ'}t‘ibﬂeJih@ oP p@ﬁ@fabwbh ®oth the
of Tirst and second conponents in the cataly iI's
first bad eecaml aomemantsat The nefaltib eclectedifnad at (baqubonm v8Group VIB
contai ni ng about 0.5 wt% Pt in convertin

and GeannyVallcpeshiye o Lomase pmfgrab&wet,%pbmcbmxmres thereof.

The @mg P anetga c%{rﬁ%%ég%g%359§ ew‘g"@f l?%/slg gnacartz?lyisto I?fthe metal is
BETHCE b b o S
max{FR%k '@dfﬁl&’ét‘%ﬂtﬂ&aﬁf)n,%%%ﬁ%&@i‘eﬂ that the metal dispersion be at least 0.3
(on a scale where 100% metal dispersion is 1.0) if the metal is only on one
component. If the metal is on both components, then it is preferred that the metal
dispersion (D) times the metal concentration (C) (i.e., D x C) on one of the

components be at least 0.08.

[0022]  The first and second components are combined in a ratio sufficient to
promote wax isomerization and naphthene destruction without substantial decrease in
VI. The zeolite to amorphous inorganic oxide ratios for catalysts according to the
invention range from about 1:1 to 1:20 by weight, subject to the MCH test described

below.



whereas ratios in the range of greater than about 1
pronote maxi nrum VlI. [0024] The second factor is when
w0 b@4oatoat yst, i npregnated with about 0.5 wt % RET/US2062/036521

eval uated in converting methyl cycl ohexane to vari ous

cycl opent ane conpounds at 10% conversion, exhibits a
selectivity for ethylcycl opentane (ECP) formation

above at l|least 50% [0025] This technique is further
expl ai ned as follows. The reaction of MCH over the

[002§f‘t alyigd tetcﬁniéﬁ%gef‘ dete rﬁH§ MESEI%SEf P&ibcéf’ﬁfrsz Ca{ﬁﬁ %E\Ebr%d‘

gure 1. As cate ucts o

compybhtrete o theositdliyemnis Ibraﬁédldﬁ agtehyluayioh of e adilﬁbufédscon@fﬁbhents
trans-1, 2-di net hyl cycl opentane, cis- and

containaing abo@-Qf vehyt Uyccbm@mmgmt}a}ddydphexane (MCH) to various
d| nmet hyl cycl opent ane IS tec que al so . kngwn
cyclppRntaRs LoIBRPUR LQ%fabfsét of SO0 iiiden f%\Té‘P ot §pag 1.2-

dim GPESorRh R B S SaeniButia G ne Rsdae] DMCP)
in uFiEe IACURES) Bk SURALE oL btSmuickf\Epscocs
whetdas 2iiddng thatrhse Of grehfer Higlnddtoue lrpﬁ’s'ﬁﬁite afaxdmeh VI,

sites; (2) sel ect|V|ty to ECP, at 10% conversion, is a

measure of the relative acid strength wherein h| gh
CP sel ectivity values indicates |ow acid stren

[00214bw Thersesand &26t5 tswb%n G@scataimtcam@gna@ﬁ vgith agout 0. 3 wt% Pt
{ t.h; d (3) t f ot
and FAa%a Th oBRRRst E b Sl SbloheRing eV s GustoRnigne gpmpounds
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aﬂeggtsoo,@_ site and a lowratio (<1) indicates a physical
constraint at the active site. WO 2004/ 044097
PCT/ US2002/ 036521 -8 [0027] In the present process,

produce a_ catalyst that wll |ve hi yield, the
[0025Iat| ol hay tachaifRiers uﬂwmpéam%ﬁ% @(fxber@ca@p@itM@H over
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trans-1,2-dimethylcyclopentane, cis- and trans-1,3-dimethylcyclopentane and 1,1-

dimethylcyclopentane. This technique, also known as the MCH test is used to define

relative acid site concentration, strengths and active site constraint for the catalysts

according to the invention.

[0026]  The key factors are summarized as follows: (1) total conversion of MCH
for a given catalyst weight at 320°C is an indication of the relative number of acid
sites; (2) selectivity to ECP, at 10% conversion, is a measure of the relative acid
strength wherein high ECP selectivity values indicates low acid strength and low
ECP selectivity values indicates high acid strength; and (3) the ratio of trans-1,2~
DCMP to trans-1,3-DCMP correlates with the constraint at the catalyst active site
wherein a high ratio (>1) indicates little or no physical constraint at the active site and

~ alow ratio (<I) indicates a physical constraint at the active site.



[0028] Conversely, a catalyst that will maximze VI is

produced by increasing the acid strength of the
wa@eanphoes phase. In this case it is preferredP€DUSHE2/036521

hi gher acid strength anophous conponents such as

silica-alumnas or nodified silica-alumnas. Another

way of making such a catalys§- is by changing the ratio

of the m croporous conponent to the anorphous

conponent such that the unitized catalyst has a trans-

2/
[002?:{/ drg?g@@nglgelsg%%@ edsaid OQ{quéacLl lthakR@ill 1ve hlgff,h X%eld the

Foc Ss ut|I|2|ng the catalys

ratiol dWetrases, EﬂDCMlW@ﬁhh@ll 3-HCMirdy atlpdteal totlespgnataboas 1
bet ween about 200C to 4OOC preferably 250C to 380C,

predandnangist by cetieoBivigy batoBe mungso @ndtstmygit&ngfenhe ;amqrphbus
pressures betvveen abog Wgo to .5, 000
1sorr@ztlzet1ﬁm>a§>mpep@mer 5 preferprsbiouselgwer sglﬂgstrepg am@rralmuz

%E nga %g as treat ratio of 500 to 10,000 SCF

COmPRREHP S8b? n8/nB), preferably 2,000 to 5,000
SCF H2/ bbl (356 to 890 nB/nB) and a LHSV of 0.1 to 10
vivlihr, preferably 0.5 to 5 v/v/hr, and nore

[0028y ef E{Bcﬁhz'eYsely,tapca%al%Nt'th will 3@hizeVan lodacedbe i mcreasmg the
enbodi nent of the present invention the waxy feed is

acidfstrength ofithg entorplbowsophesat T dwamaseglt toprigoed tqasentigbér acid
the or der of +10C or | ower._[0031]. The dewaxi ng
strengbi ¢B19p g%aomﬁyn@rﬁé suefeas siicealnpings o Heedifigd ﬁﬂb?@ aluminas.

Anoﬁ%}r I&%y otﬁrpﬁ%&gket q@%XE Q}E bmc%RXgmgstg t%(% ok fS mICI'OpOI‘OUS
oS PR En, Mo ykoAnEe s o

12/ﬁaﬂcgu1 glpmpfﬁlmm xtures of same with ketones WD
2004/°044097 PCT/ US2002/ 036521 -9 or aronmatics.

Simlarly, liquefied, normally gaseous hydrocarbons
i keﬁ?@t pane, pr op%il ene, butane, butyl ene, and
[0029) nbiThethystiaisormeriza 0%@900@@8 uahangé ¢ patalsst o6 Hhe present

invepGpu el gPREtyies Befen ahous A0 AB fgtpreferably
R E O T ippsn
vy 3014 3 PP ATLRKRE 380 ok BEC DA TR0 3900 i
(7.0 to 17.2 mPa), a hydrogen gas treat ratio of 500 to 10,000 SCF H»/bbl (89 to

1780 m3/m3), preferably 2,000 to 5,000 SCF H,/bbl (356 to 890 m3/m3) and a LHSV

of 0.1 to 10 v/v/hr, preferably 0.5 to 5 v/v/hr, and more preferably 1 to 2 v/v/hr.

[0030]  In an alternate embodiment of the present invention the waxy feed is first

subject to solvent dewaxing to a pour point of the order of +10°C or lower.

[0031]  The dewaxing solvent used may include the C3-Cg ketones such as methyl
ethyl ketone (MEK), methyl isobutyl ketone (MIBK), mixtures of MEK and MIBK,
aromatic hydrocarbons like toluene, mixtures of ketones and aromatics like

MEK /toluene, ethers such as methyl t-butyl ethers and mixtures of same with ketones



[00321 It is also contenplated herein that both the
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[0033]  The metal hydrogenation component can be deposited on either the first
dewaxing component, the second isomerization component or preferably on both the
first and second components. The metal is selected from at least one of Group VIB
and Group VIII, preferably Group VIII, more preferably Pt, Pd, and mixtures thereof.
The amount of metal can range from 0.1 to 30 wt.%, based on catalyst. If the metal is
Pt, Pd or a mixture thereof, the preferred amount is from 0.1 to 5 wt.%, based on
catalyst. In order to maximize catalyst conversion, it is preferred that the metal
dispersion be at least 0.3 if the metal is only on one component. If the metal is on
both components, then it is preferred that the dispersion on one of the components be

at least 0.3.
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[0037]  This technique is further explained as follows. The reaction of MCH over
the catalyst to various cyclopentane products is shown in Fig. 1. As indicated in Fig,
1, the products of MCH decomposition include ethylcyclopentane, cis- and trans-1,2-
dimethylcyclopentane, cis- and trans-1,3-dimethylcyclopentane and 1,1

dimethylcyclopentane. This technique, also known as the MCH test is used to define

catalyst acidity and active site constraint for the catalysts according to the invention.

[0038] The key factors are summarized as follows: (1) conversion of MCH at
320°C is an indication of relative catalyst activity; (2) selectivity to ECP, at 10%
conversion, correlates with catalyst acidity wherein high ECP selectivity indicates low

catalyst acidity and low ECP selectivity indicates high catalyst acidity, and (3) the
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[0041]  In an alternate embodiment of the present invention the wax feed is first

subject to solvent dewaxing to a pour point on the order of +10°C or lower.

[0042]  The dewaxing solvent used may include the C;-Cg ketones such as methyl-
ethyl ketone (MEK), methyl isobutyl ketone (MIBK), mixtures of MEK and MIBK,
aromatic hydrocarbons like toluene, mixtures of ketones and aromatics like
MEK/toluene, ethers such as methyl t-butyl ethers and mixtures of same with ketones
or aromatics. Similarly, liquified, normally gaseous hydrocarbons like propane,
propylene, butane, butylene, and combinations thereof may be used as the solvent.
Preferably the solvent employed will be an equal volume mixture of methyl ethyl

ketone and methyl isobutyl ketone. Typically the isomerate to solvent ratio will range



Exanple 1 [0044] This exanple illustrates the yield
-VI trade-off on a hydrocracker distillate (Feed A
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anor phous conponent. The physical properties of the
hydrocracker distillate (Feed A) are shown in Table 1.
Table 1: Properties of Hydrdéracker Distillate Feed A
Viscosity, cSt at 100C, 5.19 Viscosity, cSt at 135C,
2.994 VI 150 Wax Content, wm% 33.5 Boiling Range,
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correspondi ng fi n shed un|t| zed

Viscosity, ¢St at 100°C, 5.19
Viscosity, ¢St at 135°C, 2.994
VI 150
Wax Content, wt% 33.5
Boiling Range, (5/95%) °C 235-533

[0045]  The catalyst in Table 2 (column B) was made by combining the zeolite
theta-1 (TON) in the powder form with alumina (BET Surface Area 190 m2/m3) in
the powder form followed by intimate mixing so as to form a homogeneous powdered
mixture and then forming into catalyst pellets by pressing in a die and sizing to the
required mesh size. Both the TON and the alumina had been loaded with palladium in
the powdered form using aqueous palladium tetraamine dinitrate (at pH = 10) and

palladium dichloride respectively before being intermixed.

[0046]  The catalyst in Table 2 (column C) was made by combining the zeolite

TON with silica-alumina (Si-Al) using the same technique as used in column A to
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silica-alumna catalyst (colum C) gives |ower yield

but much higher VI conpared with the very low acidity

associated with alum na (cotldmm B) which results in

high yield but a debit in VI. WO 2004/ 044097
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[0047]  Table 2 shows a comparison of activity and selectivity of these two
catalysts for hydrodewaxing versus solvent dewaxing (column A). The acidity
differences of each catalyst component and the corresponding finished unitized
catalysts is also shown using the reaction of methylcyclohexane at 320°C. The table
clearly shows the higher acidity (greater number and acid strength) silica-alumina
catalyst (column C) gives lower yield but much higher VI compared with the very low
acidity associated with alumina (column B) which results in high yield but a debit in

VL
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VI 127 Wax Content, wt% 22.4 Boiling Range, (5/95%,
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Example 2

[0048]  This example further illustrates the yield-VI trade off and shows a
comparison of activity and selectivity of two catalysts for hydrodewaxing a
hydrocraker distillate (Feed B) versus solvent dewaxing. The physical properties of
the hydrocracker distillate (Feed B) are shown in Table 3.

Table 3: Properties of Hydrocracker Distillate Feed B

Viscosity, ¢St at 100°C, 3.99
Viscosity, ¢St at 135°C, 2.366
VI 127
Wax Content, wt% 22.4

Boiling Range, (5/95%), °C 325-475
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columm C which has a 1,2/1,3 DMCP ratio >1. WD
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[0049]  The methods of making two of these catalysts (columns B and C) were

described in Example 1.

[0050] Columns B and C in Table 4 allow a comparison of the yields and VI's
obtained by both catalysts. Again the least acidic catalyst (column B) exhibits higher

yields with lower VI's compared with the higher acidic catalyst (column C).

Example 3

[0051]  This example further illustrates the yield-VI trade and shows a comparison
of activity and selectivity of two catalysts for hydroisomerization a hydrocraker
distillate (Feed B) versus solvent dewaxing. This example illustrates that by changing
the relative amounts of microporous component to amorphous component the overall

acidity of the unitized catalyst an be tailored to maximize yield or VI.

[0052]  Table 5 compares two unitized catalysts both of which have been made by
combining the powdered ZSM-5 (Si/Al ratio 110) with the powdered amorphous
component in different ratios and then loading platinum by incipient wetness using
platinum tetraamine dichloride. Table 5 shows a comparison of activity and selectivity
for these catalysts for dewaxing hydrocracker Distillate B, the physical properties of
which are shown in Table 3, with solvent dewaxing. The catalyst in column B which
has a 1,2/1,3 DMCP ratio of <1 shows higher yield but lower VI than the catalyst in
column C which has a 1,2/1,3 DMCP ratio >1.
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catal yst (col um AZ) whi ch has 65% netal dispersion.
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fol o yc PRSI SRl 5B R reim AR GERECE T gy mivxprg and then

fornfh o @ttt pRile by piessthgMh a die and sizing to the required mesh size.

[0055] The TON in the catalyst in column A had been loaded with platinum

tetramine dinitrate before being intermixed with alumina.

[0056]  The TON in the catalyst in column B had been loaded with palladium in the
powdered form using aqueous palladium tetraamine dinitrate (at pH=10) before being

intermixed with alumina.

[0057]  The TON in the catalyst in column C had been loaded with palladium in the
powdered form using aqueous tetramine dinitrate (at pH=10) before being intermixed

with platinum loaded (as platinum dichloride) alumina.
[0058]  The catalyst in column D was made as described in Example 1.
[0059]  Table 6, columns A and B, compares the activity of two TON

zeolite/alumina mixed powder catalysts in which the noble metal has been loaded only

on the TON zeolite component. The Pd TON/alumina catalyst (column B), which has
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12% metal dispersion, is shown to have much lower activity for pour point reduction

than the Pt TON/alumina catalyst (column A) which has 65% metal dispersion.

[0060] Loading additional Pt or Pd on the alumina component (Column C, and
Column D, respectively) improves the activity of the catalyst to the level of that

observed in Column A.
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et hyl cycl opentane, the catalyst will provide a trans-
1,2-/trans-1, 3- dinethylcycl opentane ratio in the
WO 200g@449p7 | ess than about 1 and a sel ectivityPECDUS2002/036521
et hyl cycl opentane, at 10% conversion, of at | east
about 50% 2. The nethod of claim1 wherein the
dewaxi ng component is at |ea¥ one of a 10 ring and
12 ring nol ecular sieve. 3. The nmethod of claiml
wherein the isonerization conponent is at |east one of
CLAIMS:a, alumna, titania, zirconia, silica-alumna and
silica-magnesia. WD 2004/ 044097 PCT/ US2002/ 036521 -23
4. The method of claim 3wherein the isomerization
1. codpmetntd fos hytirdisarmeriping aowaxp fdddcta, prafduce maproved yield of a
titania, and zirconia. 5. The nethod of claim1
1Ubevh?§¢%¥9ﬁkmdh9@m@gl§ﬁ%ti on component is a Goup VIII
metal . 6. The nethod of claimb5wherein the

hydr.ogenati on c onent. is selected from Pt, Pd,. .and .
o 0P eBhneltad MP9RE e i B oyt Swicn o
hydr oge ( bs g ' .
Fangi o RrOR SEARRSREN upitigtd FEETROwgBre BTyt said
nmet hod @itaﬁ}sﬁbmniarféhfgf ei n the anor phous i norganic

oxide is pronoted or doped with yttria, rare earth

oxi des, boria and magnesia. 9. The nethod of claiml
wher ei n(i)he hdwst devaxifgedmpbhaent lettd/fom Selthaed 12 ging
a pour point of yp to +10C, 10. A nethad for

hydr oi soner i mqj@@a%wf s mgtuseshgreotihaying e mefalel d
of a |ube basestaock.which Cﬁgﬁr&ises: (tg% contacting
the waxy fee Y @gpatﬁ%p%rpgg [ s(ﬁelrﬁﬁi H®% i ons with
a catalyst conprising a unitized m xed powdered

pel et gaf al ¥$beorkPisHmefidh@y S6mpEABt WhidH'is an amorphous

inorganic oxide said second component having a metal

hydrogenation component dispersed thereon; and

(iii) ~ wherein the first and second components are present in a ratio
such that when evaluated in the conversion of methyl
cyclohexane at 320°C to 1,1-dimethylcyclopentane, 1,2-
dimethylcyclopentane, 1,3-dimethylcyclopentane and
ethylcyclopentane, the catalyst will provide a trans-1,2-/trans-1,3-
dimethylcyclopentane ratio in the range of less than about 1 and a
selectivity to ethylcyclopentane, at 10% conversion, of at least

about 50%.

2. The method of claim 1 wherein the dewaxing component is at least one of a 10

ring and 12 ring molecular sieve.

3. The method of claim 1 wherein the isomerization component is at least one of

silica, alumina, titania, zirconia, silica-alumina and silica-magnesia.



(i) a first dewaxi ng conponent selected from38, 10 and
12 ring nolecular sieves and m xtures thereof having
w@200ad097 hydr ogenat i on conponent di spersed t hBCBUS82002/036521
(ii) a second isomerization conponent which is an
anor phous i norgani c oxi de said second conponent
having a metal hydrogenati-8a- conponent di spersed
t hereon; and WO 2004/ 044097 PCT/ US2002/ 036521 -24
(iii) wherein said first and second conponents are
4. Pregefethdd é‘# Edirh SwheGh thé %M%ti@ﬂ%ﬂ%f&ﬁn{ ft 4t1€ast one of
conversion of nethyl cycl ohexane at 320C to
silicdl, aludir® tibadisy:gidopisdhane, 1, 2- di et hyl cycl opent ane,
1, 3-di met hyl cycl opent ane and et hyl cycl opentane, the
catalyst will provide a trans- |,2-/trans-1, 3-
5. di'Hes methedobplenmdrnwhergin deihydrogenasingeosipatent gas Graup VIII
nd a selectivity to ethylcycl opentane, at 10%
metatonyver si on, of at |east about 50% 11. A nethod for
hydr oi sonmeri zing a waxy feed to produce inproved yield

6. OfTRe rﬂeﬂ?cfd gfag‘lgﬁé g&hﬁ%hﬁe ﬁggiﬁgzeg%t?én &&)ﬂﬁgﬁ .taigtsiallgg‘%eﬁi from

t he " waXy teed U Fol SO on coO i oNS W

Pt, P8, as®hBki$és AT sing a unitized m xed powdered
pel l et catal yst, said catalyst conprising: (i) at

| east one first conponent selected from8, 10 and 12
7.  riHge nrethetof elnimitewkaeimthe hyidod gerasionrengainenb avdisgeraed in
metal hydrogenation component di spersed thereon; (ii)

an arpupnigasgingniEoBetvnd Oclovrhan tnebas|3¥cvedof rom 8, 10 and

12 ring nolecular sieves, and mxtures thereof,
8. th h I%ﬂ?ﬁ?hoﬁéfa J:laimhxidvrvﬁ&%{]na 'eoarﬁlgr%ﬁggsn ?nrgrggrlli% %%gee% promoted or

doped with yttria, rare earth oxides, boria and magnesia.

9. The method of claim 1 wherein the feed is a feed that is solvent dewaxed to a

pour point of up to +10°C.

10. A method for hydroisomerizing a waxy feed to produce improved yield of a

lube basestock which comprises:

(a)  contacting the waxy feed under hydroisomerization conditions with a
catalyst comprising a unitized mixed powdered pellet catalyst, said

catalyst comprising:

(i) a first dewaxing component selected from &, 10 and 12 ring
molecular sieves and mixtures thereof having a metal

hydrogenation component dispersed thereon;

(i)  asecond isomerization component which is an amorphous
inorganic oxide said second component having a metal

hydrogenation component dispersed thereon; and



(iii) wherein said first and second conponents are
present in a ratio such that when evaluated in the
waeomnvpsepdon of methyl cycl ohexane at 320C t o PCT/US2002/036521

1, 1-di met hyl cycl opent ane, 1, 2- di nethyl cycl opent ane,

1, 3-di net hyl cycl opent ane and et hyl cycl opentane, the
catalyst will provide a traf$=1,2-/trans-1, 3-

di met hyl cycl opentane ratio in the range of |ess than
about 1 and a WO 2004/ 044097 PCT/ US2002/ 036521 -25
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of at ast about 12. The neth

wherein the gehakhnghepepsnerd ihshatohwasionwfenehyh
10 ring and 12 ring nol ecul ar sieve. 13. The method of

claim 11 whecwilohdxdage 10320 1D kl{@rn&ﬁiyéchlaperﬂamdﬁ-
are selected fromalumno silicates and al um no

phosphat es. dimethleyelopro@nes 1.8 +chmﬁt1m«:wi@p@1tﬁn¢ Aed

alum no silicat eIe edfrom Z

ZSM 12, ZSM %Eyﬁzgfﬂpfg angeeRaygh, fOé(HlF %ﬁﬁ%-iﬁ-étrans-lﬁ-
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of claim 14 M&ftﬁh@f t%%tﬁyl@&clloﬁéﬁttan@% 10R4 %Bn*@é}g%%n%’ftat least
is ITQ 13 and sai |'east one second conponent

sel ect ed frombhof®W028, ZSM 35, ZSM 22, ZSM 23, ZSM 57,

SSZ-3 1, and m xtures thereof. 16. The net hod

accordi ng to claim 14 wherein said at | east one first
11. cofpoeibed fpshydusismpesizing 6wasgeed to pedwe, impigved yield of a

i xtures thereof, .and said at | east one second
IUbercgaﬁ%sg‘PfgﬁY"hi COMMAISd from ZSM 22, ZSM 23, ZSM 35,
ZSM 48, SSZ-31, and m xtures thereof. 17. The net hod

d
ﬁngn'e&?mtﬁ& 1@9@1’ ei':ér %?:@gegg | 1%15,3%12%5221%%?1 c\?ﬁ‘aﬂ%s with a
eval uat efallyst échﬁpﬁﬁﬁg QniliffePmix®t povdered pellet catalyst, said

catalyst comprising:

(1) at least one first component selected from §, 10 and 12 ring
molecular sieves, and mixtures thereof, having a metal

hydrogenation component dispersed thereon;

(i)  at least one second component selected from 8, 10 and 12 ring
molecular sieves, and mixtures thereof, having a metal

hydrogenation component dispersed thereon; and

(ili)  wherein said first and second components are present in a ratio
such that when evaluated in the conversion of methyl
cyclohexane at 320°C to 1,1-dimethylcyclopentane, 1,2-
dimethylcyclopentane, 1,3-dimethylcyclopentane and
ethylcyclopentane, the catalyst will provide a trans-1,2-/trans-1,3-

dimethylcyclopentane ratio in the range of less than about 1 and a



cycl ohexane at 320C to |, 1-di net hyl cycl opent ane,

1, 2-di net hyl cycl opent ane, 1, 3- di net hyl cycl opent ane
wa@pe4midoyt cycl opent ane, the catalyst will provPdBUS2002/036521

trans- 1,2- /trans-I, 3-di methylcycl opentane ratio in

the range of less at least 1 and a selectivity to

et hyl cycl opent ane, at 10% c@fwersion, of at |east

about 50%

selectivity to ethylcyclopentane, at 10% conversion, of at least

about 50%.

12.  The method of claim 11 wherein the dewaxing component is at least one of a

10 ring and 12 ring molecular sieve.

13.  The method of claim 11 wherein the 10 and 12 ring molecular sieves are

selected from alumino silicates and alumino phosphates.

14, The method of claim 13 wherein the alumino silicates are selected from ZSM-
5,ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-35, natural and synthetic ferrierites,
ZSM-48, ZSM-57, SSZ-31, Beta, Mordenite, Offretite, ECR-42, MCM-71, and ITQ-
13.

15. The method of claim 14 wherein said at least one first component is ITQ-13
and said at least one second component is selected from ZSM-48, ZSM-35, ZSM-22,
ZSM-23, ZSM-57, SSZ-31, and mixtures thereof.

16.  The method according to claim 14 wherein said at least one first component is
selected from ITQ-13, ZSM-57, and mixtures thereof, and said at least one second
component is selected from ZSM-22, ZSM-23, ZSM-35, ZSM-48, SSZ-31, and

mixtures thereof.

17.  The method according to claim 11 wherein said first and second components
are present in a ratio such that when evaluated in the conversion of methyl
cyclohexane at 320°C to 1,1-dimethylcyclopentane, 1,2-dimethylcyclopentane, 1,3-
dimethylcyclopentane and ethylcyclopentane, the catalyst will provide a trans-1,2-
/trans-1,3-dimethylcyclopentane ratio in the range of less at least 1 and a selectivity to

ethylcyclopentane, at 10% conversion, of at least about 50%.



