WD 2001/ 014097 1 PCT/ US2002/ 036521 PROCESS FOR MAKI NG A LUBE BASESTOCK
FI ELD OF THE | NVENTI ON [ 0001] This invention relates to the
hydr oi soneri zati on of waxy feeds including slack wax, slack wax isonerate,
Fi scher - TrOPSUHYR7 Fi scher- Tropsch _pydr oi sonerate wax§CTESTPHRIEY, and
waxy distillates to produce a |ube oil basestock or blending stock. Mre
specifically, this invention relates to the conversion of a waxy feed using
a m xed catalyst having a preselected acidity capable of pronoting the
formati on of a basestock having a predetermn within a range of VIs.
BACKGROUND OF THE | RBEOCIESS F( IARING A 1A/ BE ESEQEka for |ubricants
such as those used in automatic transm ssion fluids and passenger car
engi ne oils has becone increasingly nore severe with users requiring
basestoaﬁgggghgggﬁéigﬁxgigggg;ﬂsgr protection, inproved volatility and | ow
t enper at . xy feeds can be converted to liquid
products using well known catalytic dewaxing catalysts; however, in these
i nstances the sel ective cracking of paraffins typically results in a |oss
of viscqgosn (ViDhisMhventios ralitds s thiRtHy@lrolseffetl-atibh bEd aRyabeds iB@hﬁ!_i'ﬁ% Nunber
4,428, 865, Oeck, et al., clains a method to enhace the pour point and
vi sosi t yslackdeax oflack wdr isirharatef, Fichbr-Weopschrwan tFispher-dyopsadt i ng t he hi ghly
waxy feed with two different zeolites such _as ZSM5 and ZSM  35. [0005) In
cont r asthydreisameratatwasy wifingiesy and spxyudishates fepindace gilube ol dasestodat al yst
struct ures produces | basgest ocks wi thout [oss in

t hat have [l.inear |D r e
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BACKGROUND OF THE INVENTION

[0002]  The performance criteria for lubricants such as those used in automatic
transmission fluids and passenger car engine oils has become increasingly more
severe with 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



and yield. SUWARY OF THE | NVENTI ON [ 0006] The presently disclosed invention
Is a method for hydroi sonerizing a waxy feed to produce inproved yield of a

| ube basgsd Qpkeyibsh conmprises: (a) contacting the waxypdgghyleigEn
hydr oi somerization conditions with a catalyst conprising a unitized mi xed

powdered pellet catalyst, said catalyst conprising: (i) a first dewaxing
component selected from8, 10 and 12 t3.ng nol ecul ar sieves and m xtures

t hereof having a netal hydrogenation conponent dispersed thereon; (ii) a
second i sonerization conponent which is an anorphous inorganic oxide said
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about lamdgieh]. selectivity to ethylcyclopentane, at 10% conversion, of at
| east about 50% WD 2 003104 409 7 PCT/US2002/ 036521 -3 10007) In another

enbodi nent of the present invention both the first and second conponent
conprise_at _least one 8, 10 for 12 ring nolecular sieve or a mxture

thereochomonent have a netal hydrogenation

conponent di spersed thereon.

[0006] The presently disclosed invention is a method for hydroisdmerizing 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:

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

hydrogenation component dispersed thereon;

(ii)  a second isomerization component which is an amorphous
imorganic 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%.



100081 This and ot her enbodi nents of the invention will be discussed bel ow
BRI EF DESCRI PTI ON OF THE DRAW NG 100091 Figure 1 is a schematic draw ng
show ng the conve55| on of methylcycl ohexane to vari ous, géﬁg@ﬁ ane
conpoundS¥Y@2™I8GHI7 DESCRI PTI ON' OF THE | NVENTI ON 1001017 i table in
the practice of the present invention includes waxy hydrocarbon oils such
as slack wax, slack wax isonerate, Fisgher-Tropsch wax, Fischer-Tropsch

i sonerate waxy raffinates and waxy distillates. Typically, such feeds wll
have wax contents of 15%or nore. The preferred feed will have a nitrogen
and sulfur content each bel ow about 20% or nore. The preferred feed wll
have a H007bgern angthes lﬂmbnd@@nt @fnt&xeéu@wnbmv@mlaamh the fistrang seasmght

I ndeed, if the feed cont |ns E& aﬁ;unts ul fur and nitrogen, t he
f eed caﬁ"‘[‘i’é’°¥’F‘Fts,“toI%IE}'ISS]e’eél',t %"Ef’tPBe ﬁy &R atng JuolGeIyaF Sieys OE 3 MKMF ot r eat i ng

convent Taneot” AP 4HF St sl PRRoBtH TR0 PhT Bidiogliion kBt um na,

Ni/WO“dﬁk)HfHe F&ebp on alumina. In other words any of the Goup VIB to
Goup VI ?The groups referred to here and hereinafter are those netals
of the Periodic Table of Elenments; Sargent-Wlch Scientific Co.) on netal
oxi de- r gfo08¢t orfhis uppather enpydiensgl thy étventon-wilhhd disgussedielay.al exanpl es
of such are identified as HDN- 30, KF-840, and KF-848, etc. WD 2004/ 044097
PCT/ US2002/ 036521 -4 [00111 Hydrotreating is conducted so as to |ower the
sul fur g ) Qf . 20 wppm or | ess nitrogen or 20
wppm or Zes : 1At a.1Y =, nitrogen and 10 ppmor |ess

sul fur and m)st preferably to IeveI S beI ow 5 ppmfor nitrogen and 5 ppm or
| ess for sulfur. [0012] Waxy feeds secured from natural petrol eum sources

cont ai nyqyeant | thigare i # WieaittaWidg ARATing QAL LUAYEsIU & are known to

deacti vate
methylcyclohexane to various cyclopentane compounds at 320°C.

DESCRIPTION OF THE INVENTION

[0010]  The feed suitable in the practice of the present invention includes waxy
hydrocarbon oils such as slack wax, slack wax isomerate, Fischer-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.



hydr oi soneri zation catal ysts. To prevent this deactivation it is preferred
that the feed contain no nore than 10 ppm sul fur, preferably |ess than 2
ppm sul f uvoandmgerore than 2 ppm nitrogen, preferablypCeasziohamsit ppm
nitrogen. [0013] To achieve these limts the feed is preferably hydrotreated
to reduce the sulfur and nitrogen content. [0014] Hydrotreating can be
conduct ed using any typical hydrotreat-#hg catal yst such as Ni/M on

alum na, Co/M on alumna, Co/Ni/M on alumna, e.g., KF-840, KF-843,

HDN- 30, HDN-60, Criteria CG41 1, etc. Simlarly, bulk catalysts conprising
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used. reatt™™ng 1s pertforne enperatures in range 280C

to 400Cto g¥elf 67 20 8f1ds9 nRfSienadr 20 WHBHI GiSlebIsiiliter ¢spBEIA1IHAD fpm 38R0 psi
hydr ogenotreat gagvbpgfe in tnhe rgngre ofﬁgoo tg 58000 S(%/ bbl §ancpfgnflow

vel oci t nitrogdnhend HhgpmOorllesosu furl ddf\mogipere feratilly o leteals BelomSY pphDfk6] The
hydrotreated waxy oil is stripped to renbve anmonia and H2S and then is
subj ect éﬁf@gﬁﬂtﬁ@yﬁmﬁﬂbﬁsbﬁ%quﬂﬂf%n process of the present invention.
[0017] The catal yst enployed in the hydroisonerization of waxy feeds in
accordance with the present invention is a unitized m xed powdered pell et

ner e, andoY: N e acthied REF GO Btplch STl T of” >
t oget hersuﬁ’uf’é’r‘r{]ﬁjﬂf ehl dodp AR INAEH at¥ Erlbvén P@Qﬁﬁgﬁqﬁ?@ﬁnd conponent and

pelletizing the mxture to produce pellets ea contain all of the

powder hedarsisnaatsatiuredtdiysisy Tepieest thisGeh8fivdtivh itk brefetted ahat!the feedan be

prepared by starting with individual finished powdered conponents _
pul ver i zontpimnd npaadban hg ppoc bulfurd prafenably fessitlminetpposyifiremidsno moxé ng t he
powdered material s toget h%r to f orm a _honogeneous nmass, then

conpr es R3¢ PREY OB PIETGTaPlydessan H P MgEege g t he uniti zed pel | et

catal ysts.

[0013)  To achieve these limits the feed is preferably hydrotreated to reduce the

sulfur and nitrogen content.

[0014]  Hydrotreating can be conducted using any typical hydrotreating catalyst
such as Ni/Mo on alumina, Co/Mo on alumina, Co/N/Mo on alumina, e.g., KF-840,
KF-843, HDN-30, HDN-60, Criteria 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 H9S 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 peliet catalyst.



Pul veri zing and powdering is to a consistency achievable using a ball mll
or other such conventional powdering neans to a particle size |less than 100

m crons. iv%%g&?g%e’ first conponent is a catalytic dem;kgﬂlé?@g{agﬁr_;??;e

I ncl udi ng ine 8 10 and 12 ring nol ecul ar sieves.

nmol ecul ar sieves include alumno silicates and al um no phosphates. Exanpl es
of crystalline alumno silicates inclygde zeolites such as erionite,
chabazite, ZSM5, ZSM 11, ZSM 12, Theta-1 (ZSM 22), ZSM 23, ZSM 35, natur al
and synthetic ferrierites, ZSM 48, ZSM 57, SSZ-31, beta, nordenite,
offretite, ECR-42, MCM 71, and 1 TQ 13. Exanples of crystalli.ne al unjnum
phosphatlé ters| uatizedpes vied kgrpand 1n tnelaims megpetiat f«aclaagﬁmﬁene made

e AR Ay S RSl
f : ' - TQ 13.
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| soneri zahhihehfd previusBuebit@ those conprising anorphous refractory netal
oxi de support base (e.g., alumna, silica, zirconia, titania,

silica-magnesia, silica-alumna, etc.) on which has been preferably
deposited a catalytically active netal selected from G ou B, Goup VII
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range 0.1 to o, preferably 0.1t e prefera 02 WM%

nost  priafleeddihy alld powaletingtidto d bengistency eclievatle doipgrd Salhngllwgeshdro contr ol
the acidity of the isonerization catalyst. Thus, when the isonerization

cat al ystsuehsboyentiomahppwideringmeans & a patticlasizeilésschamll Odinnarorsci dity of the

resultant catalyst is reduced by addition
[0019]  The first component is a catalytic dewaxing component including
crystalline 8, 10 and 12 ring molecular sieves. Crystalline molecular sieves include
alumino silicates and alumino phosphates. Examples of crystalline alumino silicates
include zeolites such as erionite, chabazite, ZSM-5, ZSM-11, ZSM-12, Theta-1
(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. Examples of

Q‘ crystalline aluminum phosphates 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 thercof, preferably at lease

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



of a basic material such as yttria or nmagnesia or by controlling the ratio
of silica:alumnumin the silica-alumna. [00211 The netal hydrogenation
conponeniygcagyhQosteposi ted on either the first dewaxi remEosrsssz; t he
second i sonerization conponent or preferably on both the first and second
conponents. The netal is selected fromat |east one of Goup VIB and G oup

VIIIl, preferably Goup VIII, nore preféeerably Pt, Pd and m xtures thereof.
The amount of rret aI can range fromO0.1 to 30 w% based on catalyst. If the
metal is Pt or the preferred amount is from0.1 to 5 wt% based on
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bot h conponents, nit is preféfred that the ne dlspersmn (D) tines

t he net@ megesed) niedtippefetaBly fluotine. The cajalpticalheactivethetalcarapoesent i be at
| east 0.08. [00221 The first and second conponents are conbined in a ratio
suf fi citbatange 0 ﬂ:rtorﬁowt-,%y\plsch:mbh’e(i il 208 \M%amrﬁgmfcm&deetgtl wtYo, o105 t hout

subst ant i decrease in |. The zeoli to armr hous |nor xide ratios
for catmp%@@y&&é@d.mwJhprpéompmwuﬁ gﬁpi“&ﬁgée %a@ 1ty 050 py
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the co conponents cont al ni I n converting
net hyl wmmﬁmm@yﬁﬁab@mgm@ml@ CHRIERFHIRGR- ofCat al yst that at

320C provide a ratio of trans 1, 2- dinet hyI eycl openfane to trans- _
1, 3-di rmehd:azalanymhnpemtthneﬂ(daredumuﬂa 2/trans-1,3 DMCP) in the range of |ess
than 1 have been found to pronote maxi num yi el ds of basestocks whereas
ratios in the range of greater than about | pronote maxi num VI.

[0021]  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 V1II, 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 or Pd, the preferred amount is from 0.1 to 5 wt%, based on catalyst. In order to
maximize catalyst utilization, it is preferred 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
V1. 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.



[ 00241 The second factor is when the catalyst, inpregnated with about 0.5
wt% Pt and evaluated in converting nethyl cycl ohexane to vari ous

cycl open unds at 10% conversion, exhibits a s (s 0r

et hyl cycﬁggpgwg&ﬁegf ECP) formati on above at |east 50% f%-gg?f&f'#s 1t echni que

is further explained as follows. The reaction of MCH over the catalyst to

various cycl opentane products is showyyin Figure 1. As indicated in Figure

1, the products of MCH deconposition include ethylcycl opentane, cis- and

trans- 1, 2-di net hyl cycl opentane, cis- and trans-1, 3-di net hyl cycl opent ane and

ssed tollEA] 'néyﬁh EAPEB D] BeiErmU BB HOPHOPRT FOIR SLHTS 4B RGO act ?tvﬁi Site
Fact or s capoRtF S2RasHS negEsh 9?%@5?)9%&@ PO co b o G ven
cat al by i aBbuCRGyos PR bM&ﬂg leyABhERAR (MEH){FREFioR! aci d

sites ctivity to ECP, at 109% con ersion sure of the

rel ati veyéiepehtatié compbhndd) eCeialyshitlgh aESPO N baotitly hirkitiy alf w@ss i1/2di cates | ow
acid strengt h and low ECP selectivity values indicates high acid strength;

and ( 3) dimethyhtyictopehtaneandrahs2l-, 3 diethydc ol epentaniRayH ,2draned 153 BM@PD h the
constraint at the catalyst_active site wherein a high ratio 69 i ndi cat es

little &t tl'ﬁ?daBE? of dags t@@hkbﬁm h@erafomﬁéo PEOMPES matcémaﬁwwhlsm APRPOTKS( <1)

i ndi cate i cal ,const ra he .act i A site. 1044097

PCT/ USZG%W@I%G%&?S in e fae&% a?eﬁéfxzm AR Broguls oa ‘t’%’“ﬂ% %uce a catal yst
that will give high yi eId the ratio of trans-1,2-DCVP to trans-1,3-DCWVP i s

adjusted to | ess than about 1 predom nantly by controlling both the nunber

and stregpyp of ThdgcRnEBAOHS whé@ﬂ&rda%ﬂyspnnpfa@ma%thlabouﬁo Brabgpfed to
use Iower acid strength anorphous conponents such as al um na. [0028]

Conver sahyg evaluatedanycenvehatg methlylepclohexare 10 vasous ogilopshtine ¢ompaasisng t he
at 10% conversion, exhibits a selectivity for ethylcyclopentane (ECP) formation above
at least 50%.

[0025]  This technique is further explained as follows. The reaction of MCH over

the catalyst to various cyclopentane products is shown in Figure 1. As indicated in

Figure 1, the products of MCH decomposition include ethylcyclopentane, cis- and

trans-1,2-dimethylcyclopentane, cis- and trans-1,3-dimethyicyclopentane 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

~ a low ratio (<1) indicates a physical constraint at the active site.



acid strength of the anorphous phase. In this case it is preferred to use
hi gher acid strength anophous conponents such as silica-alum nas or

nmodi fi edw bjosas@bem nas.  Another way of making such apcausdwsézesa by
changing the ratio of the mcroporous conponent to the anorphous conponent
such that the unitized catalyst has a trans- 1,2/trans-1,3 DMCP ratio of >1.
[ 00291 The hydroi sonerization process-&tilizing the catalyst of the present
i nvention is conducted at tenperatures between about 200C to 400C,
preferably 250C to 380C, and nost preferably 300C to 350C at hydrogen

parti al sur t ween u | A ; a) ,

prefer a[ﬂ%; , o&ﬁ%‘%g‘%ﬁgﬁt %@?g& EOZS%%P %9&?3%%@&%51@%%%%&@ t!T?-)eat ratio
of 500 1.09; tDDENP i I 00 to 5,000
SCF H2/ {%"]‘%@%ﬁt g@g%g'%%gaﬁg%d? DR 9 86fiRtod 811 gisi%‘%g/aéfﬁtr? oref er abl y
0.5 to predowdibintlyabyl contr6llinge bettpihke iumbep add etrenith of the@airpheuan al ternate
enbodi nent of the present invention the waxy feed is first subject to

sol vent isdmwaizatign comgpopent. Ipas peefarted toarserldwer efid-sieGgtir amovprous[ 0031] The
dewaxi ng sol vent used may ,include the C3-C6 ketones such as nethyl ethyl
ket one ENBRPNEnRISEREH ag %@HGF?/-I ketone (M BK), m xtures of MEK and M BK,

aromati ¢ hydrocarbons |ike toluene, m xtures of ketones and aromatics |ike
MEK/ t ol uene, ethers such as nmethyl t-butyl ethers and m xtures of sane with

ket ones 00 P - . | - SL i

| i quefi [eoﬁ%ﬁor f%ﬁﬁ;‘/&?ge; ’eag‘g@%g%ég’?@gﬁ%‘?f%e%%Sg‘f&g@,&é&g}’ cl)‘pﬁ)if P%egrll]gé Itl%e'ut ane,
but yl engsidandns®el MebhRiphéNeprak. Mihibeadtsied pefihél /by ibher 41 erabl y

t he sol vent enployed will be an equal volunme mXxture of nethyl ethyl ketone
and net ftyéngts amophlouk edbmpenerdig suciabd yilithahimmee vathtodified cilicardlunrnhaso wi | |
range between 1 to 10 and preferably will be about 1:3. The dewaxed feed is
t hen subjnethesvay of mpking seher ¢ataligt ia by ¢hengingshe hasiephtisonicrop@osel It is

al so contenpl ated herein . that both the f.irst and _s.eCé)nd for’qlglonents be
component to the amorphous component such that the unifized catalyst has a trans-

1,2/trans-1,3 DMCP ratio of >1.

{0029] The hydroisomerization process utilizing the catalyst of the present
invention is conducted at temperatures between about 200°C to 400°C, preferably
250°C to 380°C, and most preferably 300°C to 350°C at hydrogen partial pressures
between about 350 to 5,000 psig (2.41 to 34.6 mPa), preferably 1,000 to 2500 psig
(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



at | east one crystalline 8, 10 or 12 ring nolecular sieves. It is also
contenplated that both the first and second conponents be a m xture of 8,

10 or 10&,'@@&_@%@ ular sieves. Thus, both the first aggrﬁjg%ag‘gxgﬁnponents_

can be s m any of the 8, 10 and 12 ring nol ecular sieves |isted
above, and m xtures thereof. It is preferred that the first conponent be

| TQ- 13 and the second conponent be sel gcted from ZSM 48, ZSM 35, ZSM 22,
ZSM 23, ZSM 57, SSZ-31, and m xtures thereof It is nore preferred that the
first conponent be selected fromITQ 13, ZSM 57, and m xtures thereof, and
t he second conponent be sel ected fromZSM 22, ZSM 23, ZSM 35, ZSM 48, SSZ-3
1, and mAbAremescs. ndredarly,dopefiedrormally gasgenoediacabens Sk Piebanccan be
deposited on either the first .dewaxing component, the second isongrization
corrponerRrOB}?leBF’elf‘g?‘%%l tyangsnd G m?&?@t ’E?&’?é@d’olﬁ%luﬁfdﬁiﬁoﬁéﬁp I¥he net al
Is sele | f..€¥0U I ef.erably G oup
TR & A R E T TR R Ta i o Tt et e
range f gk dnd Medfl Wobiityllasise. OTySidhRy Wl isolnrdtd fo §6Waht falio WAll rallfle OF 2
m xture thereof, the preferred anmount is from0O.1 to 5 wt.% based o

cat al ystbetweewii derl Otandrpreferatdis weidltta atetut ddhvEhe dewaxed féedl iptidresubgettédat t he
netal - dispersion be at least 0.3 if the nmetal is only on one conponent. If
t he met dp hydreisompazmgmsrsesodbedhereinahove. i s preferred that the di spersion
on one of the conponents be at |east 0.3. WO 2004/ 044097 PCT/ US2002/ 036521
-10 [00341 The first and second conponents are conbined in a ratio

Subst ant b dec RS abe oo tinb BARERGER] tREb A R BRI RET boMPbR G B ot o
wel ght uEisE oRE E/sHAG KA0 OF 12 HBNARb | llar SIRSe, TrBuSer il thatd 73
det er m rygif thd Erpapd @ecdral ¢ompdndrits bé a amidtiFe 918010 or 10 ring molecular

sieves. Thus, both the first and second components can be selected from any of the 8,

10 and 12 ring molecular sieves listed above, and mixtures thereof. It is preferred that

the first component be ITQ-13 and the second component be selected from ZSM-48,

ZSM-35, ZSM-22, ZSM-23, ZSM-57, SSZ-31, and mixtures thereof. It is more

preferred that the first component be selected from ITQ-13, ZSM-57, and mixtures

thereof, and the second component be selected from ZSM-22, ZSM-23, ZSM-35,

ZSM-48, SSZ-31, and mixtures therof.

‘K [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 Pi, 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.



conponents in the catalyst is based on an eval uation of the conbi ned
conponents containing about 0.5 w.% Pt in converting nethyl cycl ohexane

(MCH) tow@hsQlsseefyCl opent ane conpounds. Catal yst thatpet/ugidtosmsovi de a
ratio of trans 1,2- dinethylcyclopentane to trans 1, 3-di net hyl cycl opent ane

(t-1,2/t-1,3 DMCP) in the range of |ess than about 1 have been found to
pronote maxi mum yi el ds of basestocks.1(-00361 The second factor is when the
catal yst, inpregnated with about 0.5 wt.% Pt and evaluated in converting
met hyl cycl ohexane to various cycl opentane conpounds at 320 at 10%

conversion,  exhibi ks a selectjvity for ethylcvcl openta 2) _formation
above ak(ﬂﬁ'é&st hglbq,/éirs[t@géffcom %or{légrmﬂtﬁartg QIOﬁ‘ﬁF&ﬁ%Pf&ﬁgﬁéﬁﬁgé"%g’ fol | ows.
The reagtd : ' S is
shown' | rERGteyat ionibtSarioh MR ARIKE dprQidrE YR U R BT AoB A L™ o
i ncl ude vt MyHeCx@ 0P RNAMBFphots Snor@aflict H>Adé ratiod-for BataBishyidcovedippantthpe, cis-
and trans-1, 3-di net hyl cycl opentane and 1,1 di net hyl cycl opentane. This

t echni qime;entionordnge\froraabbhe] Wil 128 byiveeighte dubjectdmf theMCEhtest dedcribeiddi t y
and active site constraint for the catalysts according to the invention.

[ 0038] ’ﬂiﬁ]éwk-ey factors are summarized as follows: (1) conversion of MCH at
320Cis an indication of relative catalyst activity; (2) selectivity to ECP,

‘;‘LLQSE/? o3 7 cbRa bRy B Siaftriaing e pipes iend of Mestent Sefend 0y

sel ; G °

pery Us2bumPeRas 3h e Gl ' ateq BA Rn'euilain it e DGR rponents, 1 o) a es
With t heoﬁﬁﬂﬁhg abbht @ W, P@iﬁ_tc@nwéﬁh@%é&?@cq&eﬂ@ﬁé ¢MUTH) b 98ribag i 0 (>1)

indicates |ittfe or no constraint at the active site and a low ratio (<1)
i ndi cat egclapentaat aonpdugdnn€htayysathdtiae 330tC peowide a.ratib @@8hs 12+ he present
process, the ratio of trans-1,2-DCMP to trans-1,3-DCVP is adjusted to |ess
t han abdimethyjeysthpentanettoyirang lchdimethyleiglapestans (#ilt3/tdf3 DMCP) in the

range of less than about 1 have been found to promote maximum yields of

basestocks.

[0036)  The second factor is when the catalyst, impregnated with about 0.5 wt.% Pt
and evaluated in converting methyl cyclohexane to various cyclopentane compounds
at 320° at 10% conversion, exhibits a selectivity for ethylcyclopentane (ECP)

formation above at least 50%.

[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



anor phous i sonerization conponent. It is preferred to use weakly acidic
anor phous conponents such as alumna. Increasing the acidity of the

anor phous,,ph neral |y increases the above-cited rapifuslo@dddtiThe
hydr oi soi%ﬁ?iz@z@f%ﬁ?pr ocess utilizing the catalyst of the present invention

I s conducted at tenperatures between about 200C to 400C, preferably 250Cto
380C and nost preferably 300C to 350C.iat pressures between about 500 to
5,000 psig (3.55 to 34.6 nPa), preferably 1,000 to 2000 psig (7.0 to 13.9
nPa), a hydr ogen gas treat ratio of 500 to 10000 SCF H2/B (89 to 1780

ot L D b ST R G T *
enmbodi Meat Vagsftaw@? Qi%eem}em%%gm qﬂlglorgggesggué §5@> nﬁﬁ?bﬁ@ 0 42] The

sol ven 0 a pour pol Foner

dewaxi ngcg6¢ k’l@é‘hn&'ﬁ‘?@wrfﬁﬁo '(ﬂ?j Hﬂﬁ:até%% @Is%né’@g@&ﬁétr?% Eheaa%ti%tshﬁﬂ - _ethyl
ketone (MEK), methyl isobutyl” ketone (M BK), mxtures of MEK and M BK,

aromatic hydrocar bons |i ke toluene, mxtures of ketones and aromatics |ike
MEK/ t ol {@089] et hethe pressnt asoaess, filyé ratiobmfttyansel ReDEMP do tians-UrBHCHPsiane wi t h
ketones or aromatics. Simlarly, liquified, normally gaseous hydrocarbons

Ilkg pr@ﬁﬁﬁé‘i ﬁodﬁﬁﬁpt}’llaérﬂbo;lbllpbl HHB@#E@/Y Fﬁéonﬁﬁuﬂtgomlﬁ%dl%ﬂﬁﬂlemreof may be

3§|eungs ATORGI ROTEERpTioR ERPPOTEYr d1E PIBiFIEd: SCCAKDY pFidRERBREPHOR Wi cal 1y
. 2002/ 036521

115 ber aohfboih i s atuble, "o ‘\W‘Q’%E% S halthaRea fecd i<

then subjegefa@l ?IHE&aMhQQQWﬂgdgﬁldjescrl bed herei nabove. (00431 The
priesent | nvention is denonstrated below in the non-limting exanples.

EXAMPLES Exanple 1
[0040)  The hydroisomerization process utilizing the catalyst of the present

invention is conducted at temperatures between about 200°C to 400°C, preferably
250°C to 380°C and most preferably 300°C to 350°C at pressures between about 500
to 5,000 psig (3.55 to 34.6 mPa), preferably 1,000 to 2000 psig (7.0 to 13.9 mPa), a
hydrogen gas treat ratio of 500 to 10000 SCF H,/B (89 to 1780 m*/m®), preferably
2,000 to 5,000 SCF H,/B (356 to 890 m3/m3) and a LHSV of 0.5 to 5 v/v/hr,
preferably 1 to 2 v/v/hr.

[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), methy! 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



100441 This exanple illustrates the yield -VI trade-off on a hydrocracker
distillate (Feed A) for catalysts with different degrees of acidity in the
anor phowsocorsmasment .  The physical properties of the hpdraseecioass2ti still ate
(Feed A) are shown in Table 1. Table 1. Properties of Hydrocracker
Distillate Feed A Viscosity, cSt at 100C, 5.19 Viscosity, cSt at 135C
2.994 VI 150 Wax Content, w % 33.5-12Boiling Range, (5/95% C 235-533
100451 The catalyst in Table 2 (colum B) was nade by conbining the zeolite
theta-1 (TON) in the powder formw th alum na (BET Surface Area 190 n2/nB)
in  theeRpsdertd 0¥ fad Bféf@%@y QA1 bRLLERE B3N P devb ik &ibfdea i Ben si‘xbﬁ‘\ﬂi@ge”eous

powdered m xture and then formng into catalyst pellets by pressing in a

di e antb Bydrodgwhrirghes deseribed bereidiovsi ze. Both the TON and the al umina had
been | caded with palladiumin the powdered form using aqueous palladi um
tetraamne dinitrate (at pH = 10) and palladiumdichloride respectively
before being interm xed. 100461 The cat al % in Tﬁbl e i,(,c,ol um C). was made
by combiMdhg thie presentigventing it demansiraied belovrin she BonAimitng GammMes-sane
techni que as used in colum A to WO 20041044(197 PCT/ US2002/ 036521 -13
produce a honpgeneous powdered catal yst before formng into pellets. In this

case, Et%ﬂgd Edi um was | oaded (as palladiumtetraamne dinitrate) on to

the fi itized catal yst by incipient wetness. [0047] Table 2 shows a

conparison qf ,activity and selectivity of these two catalysts for
hydr od@ﬂlﬁ@l\/er sus sol vent dewaxing (colum A). The acidity differences

of each catal yst conponent and the corresponding finished unitized

catal Viidial > *HaS XhRpte e e JATEY PR oS SELONEIETG haf20C The

(Feed A) for catalysts with different degrees of acidity in the amorphous component.
The physical properties of the hydrocracker distillate (Feed A) are shown in Table 1.

Table 1: Properties of Hydrocracker Distillate Feed A

Viscosity, ¢St at 100°C, 5.16
Viscosity, ¢St at 135°C, 2.994
Vi 150
Wax Content, wt% 335
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



clearly shows the higher acidity (greater nunber and acid strength)
silica-alumna catalyst (colum C) gives |lower yield but nmuch higher VI

conpar edwgzh'%(hh@jvery low acidity associated wth al ggirRa26se5ddsn B) which

results | ield but a debit in VI. ¢ WD 21104/ 044097

PCT/ US2002/036521 C 'b VO 00 0Od uNOON"" pOONDbBbOODPpP,--, VOO
at. NM01 VoV MO-. NV..nd:.NMi r. OpAA-- MOM OC C.4 C
MOA”A" N- irj gi .rOoOnfr V[~'~ Nv' O N i~OON-"~"0O0.~ VNM

VraV>co (.y Yom A

produce a homogeneous powdered catalyst before forming into pellets. In this case,
the palladium was loaded (as palladium tetraamine dinitrate) on to the finished

unitized catalyst by incipient wetness.

[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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Viscosity, ¢St at 100C, 3.99 Viscosity, cSt at 135C, 2.366 VI 127 Wax
Content, wt% 22.4 Boiling Range, (5/95%, C 325-475 WD 2004/ 044097

I\P/IC-II\-/I/ USZOQ%A(%‘%H%@W kf) In v~ pp Ner OQucl, O G'rA\(r: ’PSC‘MJ%:(@/ ggln n

~en NpOVnhO b as H L. aO
Q A 0enC)NCC14C4MCO)'j MI ctoCCQ CCQ C

-15-

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 Hvdrocracker Distillate Feed B

( Viscosity, cSt at 100°C, 3.99
Viscosity, ¢St at 135°C, 2.366
VI 127
Wax Content, wt% 224

Boiling Range, (5/95%), °C 325-475
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Exanpl e 3 [0051] This exanple further illustrates the yield-VI trade and
shows a conparison of activity and selectivity of two catal ysts for

hydroi sonerization a hydrocraker distillate (Feed B) sol vent '
dewaxi ngWOrHRE " ¥l e il lustrates that by changing t ?T?I&Szg'fz?q}é‘érmunts of

m cr opor ous conponent to anorphous conponent the overall acidity of the
unitized catalyst an be tailored to ngximze yield or VI. [0052] Table 5
conpares two unitized catal ysts both of which have been nade by conbi ning

the powdered ZSM5 (Si/A ratio 110) with the po red anor phous conponent
in diff04RL r 11%@emsmmﬂ6&a?vﬁ@f\8$%§@i%@ﬁy%ﬁ\gﬁemﬁﬁ%n@n MEEE usi ng

plati numtetraammne diichloride. Table 5 shows a conparison of activity and
sel ecti 5%’%09 ead?nﬂﬁgg’ée&at al ysts for dewaxi ng hydrocracker Distillate B, the
physi cal properties of which are shown in Table 3, with sol vent dewaxing.
The catalyst in colum B which has a 1,2/1,3 DMCP ratio of <1 shows higher

yield bygosppwerCHMurdRa® ah8€ FaTable st aliow a&oliparisén Witled iRk #hdlveé 1, 3 DMCP
ratio >1. WD 20114/ 0441197 PCT/ US2002/ 036521 o _ 00 OM 00 OVOU V1L 7 O

p O . -robtaired By botitatalySi80 Agaih thepleast acidic chtablysN(aoluiinVB Mexhibitg highet) M A+
r? O00 00 C4tn
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 VL.

[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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Example 4

[0053]  This example illustrates that good hydrogenation metal dispersion is
required for maximum catalyst conversion. However, the metal in a mixed powdered
catalyst can be dispersed on the microporous component or on the amorphous

component.

[0054]  The catalysts in Table 6 were made by combining the zeolite theta-1 (TON)
in the powder form with alumina (BET Surface Area 190m*/m’) 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.

[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 dichioride) 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



required for maxi num catal yst conversion. However, the netal in a m xed
powdered catalyst can be dispersed on the m croporous conponent or on the
anor phougyo SRIRLNeNt . [0054] The catal ysts in Tabl e 6 WeEgysREBoIRY¥2:c0NDI Nni ng
the zeolite theta-1 (TON) in the powder formw th alum na (BET Surface Area
190n2/ n8) in the powder form followed by intimate mxing so as to forma
honogeneous powdered m xture and thenzoforming into catal yst pellets by
pressing in a die and sizing to the required nesh size. [0055] The TON in
the catalyst in colum A had been |oaded with platinum tetramne dinitrate

before i,ng Jinterm xed.wi.th al umna. 56] The .TON in the.catal yst in

col um g‘dﬁd'getﬂgéﬁp?réﬁﬂbés v Héﬂ%‘?d?ﬁhﬁ?ﬂwh%éhvdﬁérp@&rPBPﬁlrE@lq%@naqueous
pal | adi j it , . ' I i xed with

B U ot o BE SNt e Bl Por OB Whibf b Bsehiahy et 020 0 W't
palladiumin the powdered form using aqueous tetramne dinitrate (at pH=10)
before being intermxed wth platinumloaded (as platinumdichloride)

al um naj00pe058 Lodtimgeadditiynsd] Bt or Pl emntheRwasnarectapasetdColumed iandExanpl e 1.
10059) Table 6, colums A and B, conpares the activity of two TON

zeol i t eCalume Pa repgedveiphioproyas she/actevitynoibie satalyss todlng levekebthahas been

| oaded qnly Olnc‘IEPhlﬁ TON zeolite conmponent. The Pd TON al um na cat al yst

(col unm® }'Vfiﬂl"l‘i“ B9 DO 2004/ 044097 PCT/ US2002/ 036521 - 20 12% net al

di spersion, is shown to have nuch |ower activity for pour point reduction
than the Pt TOV al um na catal yst (colum A) which has 65% netal dispersion.
[ 0060] Loading additional Pt or Pd on the alum na conponent (Colum C, and

Colum D, respectively) inproves the activity of the catalyst to the |evel
of that observed in Colum A
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met hod for hydroisonmerizing a waxy fegd to produce inproved vyield of a |ube
basest ock which conprises: (a) contacting the waxy feed under

hydr oi soneri zati on conditions

Claims

1. 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 pellct

catalyst, said catalyst consisting essentially of:

(i) atleast one first component selected from 8, 10 and 12
ring molecular sieves, and mixtures thercof, having a

metal hydrogcnation component dispersed thereon; and

(ii) at least one second component, different from the first
component, selected from 8, 10 and 12 ring molccular
sieves, and mixtures thcreof, having a metal

hydrogenation component dispersed thereon.

2. The method of claim 1 wherein the at least one first component or
the at least one second component is at least one of a 10 ring and 12 ring

molecular sieve.

3. The method of claim 1 wherein the 10 and 12 ring molecular sieves

are selected from alumino silicates and alumino phosphates.

4. The method of claim 3 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, Mordcnite, Offretitc, ECR-
42, MCM-T1, and ITQ-13.



with a catal yst conprising a unitized m xed powdered pellet catalyst, said
catal yst consisting essentially of (i) at |east one first conponent sel ected
from8, 10 and 12 ring nolecular sieves, and m xtures thereof, having a
nmet al hydrogenati on conponent dispersed thereon; and (ii) at |east one
second conponent, different fron1the_5%jst conponent, selected from8, 10
and 12 ring nol ecular sieves, and m Xtures thereof, having a netal

hydr ogenati on conponent di spersed thereon. 2. The nmethod of claim 1l wherein

the at | east ong fi4st opent g t he at..l east. one cond co nent is at
| east one of a %O ﬁ?\ﬂ’eﬁéﬁjﬁgaﬂrﬂﬁ{ whﬁﬁc&wgraﬁqa&gr_m ﬁﬁﬁ%" n%r%cg’gﬁ of claim
1 wherei ; | ' j r | um no

Si 11 oat X AP AR ot fealt it (PRLRE (bitpaRE R RclCle BELFZSRARL 2T 1T

al uni na 35 |ZSMLES Z8MI-2%) ZSMEST, $SDBIZEM PnixBSbe feredtSM 12, ZSM 22, ZSM 23,
ZSM 35, natural and synthetic ferrierites, ZSM 48, ZSM 57, SSZ-31, Beta,

Mordenite, Ofretitc, ECR 42, MCM 71, and ITQ 13. -23- 5. The nethod of
claim4 wherein said at | east one first, conmponent iis | TQ 13 and said at

| east one second- cghpmmd aecordingtoadaim ﬁhml'mw\;l]@éd zstwstgmc st 2|2, ZSM 23,
ZSM 57, SSZ-31 ' T ' im4
herein Sormponkat s Sepedram LT Eorshr e M moiES ARt oS 56, ?Izgm 7
't om zona§ orsEenad colfbngft § Flecinf i PG-25 A8 PINERs, ZEM! 01 21

net hod aggogsizaaa. hed Mighired thebggfei n said first and second

7. The method according to claim 1 wherein said first and sccond
componcnls 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 at least 1 and a selectivity to ethylcyclopentane, at 10% conversion, of at least
about 50%.

8. The method according to claim 1 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 selcctivity to ethylcyclopentanc, at 10% conversion, of
at least about 50%.

9. A method for hydroisomerizing a waxy feed to produce improved

yield of a lube basestock which compriscs:



conponents are present in a ratio such that when evaluated in the conversion
of nmethyl cycl ohexane at 320C to 1, 1-di net hyl cycl opent ane, 1, 2-

di met hyl cycl opent ane, 1, 3-di net hyl cycl opent ane and et hyl cycl opent ane, the
catalyst will provide a trans- |,2-/trans-1, 3-di net hyl cycl opentane ratio in
the range of at least 1 and a selectbxity to ethyl cycl opentane, at 10%
conversion, of at |least about 50% 8“"The nethod according to claim!]
wherein said first and second conponents are present in a ratio such that

when eval uated in e conversi on of t.hyl, cycl.ohexane at 320C.t0

e ot hyl cycl optalt atbActsng Mg iiaon et iadsh B etbimenzation conditicns

1, 3-di net hyl cycl opent . t - hi.f provide a
trans-1, 2-/trans-1, 3- Sﬁ%%@ﬁ%@eﬁ#gﬁggr@ﬁgeq ﬂ'ﬁ%%(gﬁégﬁé%td %%BCF ess than
about 1. and a sel ectigm%sf Qi dWAIGYC RRAMNB R sertallydsp conversi on, of  at

| east about 50% 9. A nethod for hydroi sonerizing a waxy feed to produce

I nproved vyield of a tube basestock which conprises: -24- (a) contacting the
waxy feed under hydroi gpmestil&at ofs fironcirhpentnt welebred fecrthad, M9tandorpri sing a
unitized m xed powdered pellet catalyst, said catal yst consisting
essentially of: (i) at |eaing mudedularssicvesypndenixtures thereof, havimg@® 10 and 12
ring nol ecul ar sieves, and m xtures thereof, having a netal hydrogenation
conponent di spersed t her eon¢ta) hygiragenpion componertcBaprrsehBiereor;, different
fromthe first conponent, selected from38, 10 and 12 ring nol ecul ar

sieves, and m xtures thereaof, having a petal hydrqgenatjon conponent

di spersed thereon;: and(§ iat)leggtpﬁp,sgc BH@%?’@%@%”&W’"&%%E%US

i norgani ¢ oxi de.

component, sclected from 8, 10 and 12 ring molecular
sieves, and mixtures thereof, having a metal

hydrogenation component dispersed thereon; and

(iii) a third component which is an amorphous inorganic oxide.

10. The mcthod of claim 9 wherein the at least one first component or at
least one sccond component is at least one of a 10 ring and 12 ring molecular

sieve.

11. The method of claim 9 wherein the 10 and 12 ring molecular sieves

are selectcd from alumino silicates and alumino phosphates.

12. The method of claim 11 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.

13. The method of claim 12 wherein said at lcast 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 mixturcs thereof.



10. The method of claim9 wherein the at |east one first conponent or at

| east one second conponent is at |east one of a 10 ring and 12 ring

nol ecul ar sieve. 11. The nethod of claim9 wherein the 10 and 12 ring
nol ecul ar sieves are selected fromalumno silicates and al um no
phosphates. 12. The nethod of claim 1_%%_\/\,herei n the alumno 'silicates are

selected from ZSM5, ZSM 11, ZSM 12, "ZSM 22, ZSM 23, ZSM 35, natural and
synthetic ferrierites, ZSM 48, ZSM 57, SSZ-31, Beta, Mirrdenite, Ofretite,

0 gl I e L R .
m xt ur oSOTTRAnEE 1s SesTe FORhITARNS, PSS, o tins€ et 98GR s o a
| east ong,d b8 sePasRBnert i eéns&t:&q*rd&rﬁ IR, %%Mzﬁwﬁw.? drgNgst ures

and sard at as sélecte

t her eof , one second conponent 1's from ZSM 22,

ZSM 23, 485RIS73 | Zand midurdsSBer2bf. and m xtures thereof. 15. The method

according'to claim9 wherein said first and second conponents are present
in a ratio such that when evaluated in the conversion of nethyl cycl ohexane

?T 3339%: ﬁy}lcicﬁlég?&{é%é Clﬂ%%&ﬁ‘??é%é‘éﬁ@ﬁ‘gﬁéfgﬁ g%ﬁlt_g.gfg Qq%bmlp prf)vi de a
-1, 2- -1, 3-di . i0.in tl : |
;ES“Z seqoméﬂ;%?%ersﬁw”ﬁig%eﬁéé&mﬁﬁﬁﬁ% %‘vil?nr-aééu%szﬂ@@ﬁshﬁg%f-oﬁoﬁ tht sast d
0/ T S . . . .
conponentetdf eveipfekle RO EAL IR VETRAEC T 2020 1 the Sonversion
of  met hyinchbplIBpeftand! 1,32 metifyl dyclopintRid ¥ vhiyRRR i feRtane] ffe

catalyst will provide a trans-1,2-/trans-1,3-dimethylcyclopcuntane ratio in the range

C

of at least 1 and a selectivity to cthylcyclopentane, at 10% conversion, of at lcast
about 50%.

16. The method according to claim 9 wherein said first and second
components arc 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 | and a sclectivity to ethylcyclopentane, at 10% conversion, of
at least about 50%.

17. The method of claim 9 wherein the amorphous inorganic oxide
component is at lcast one of silica, alumina, titania, zirconia, silica-alumina and

silica-magnesia.

18. The method of ciaim 9 wherein the hydrogenation component is

selected from Pt, Pd, and mixtures thereof.



di et hyl cycl opent ane, 1, 3-di net hyl cycl opent ane and et hyl cycl opent ane, the
catalyst will provide a trans-1,2-/trans-1, 3-di nethyl cycl opentane ratio in
the range of less than about 1 and a selectivity to ethylcycl opentane, at
10% conversion, of at |east about 50% 17. The nmethod of claim9 wherein

t he anor phous inorganic oxide conpongat is at |east one of silica, alumna,
titania, zirconia, silica-alumna and silica-magnesia. 18. The nethod of
claim9 wherein the hydrogenatlon conponent is selected fromPt, and

?oﬁé‘é?éit e o 1oy method B D belbintin? hOUfkdinatiBh Bolibnlf 8938351 30

W ﬁ:ﬂoe Tglf‘dp Bflofht Fa!n@irlﬂ BroW BRI, FW%W&B@&@O wiopgani ¢ oxide is

pronDte ed wth yttrira, rare earth oxides oria and magnesi a.

20. The method of claim 9 wherein the amorphous inorganic oxide is

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





