WD 2004/ 043594 PCT/ US2002/ 036522 PROCESS FOR | MPROVI NG BASESTOCK LOW
TEMPERATURE PERFORMANCE USI NG A COVBI NATI ON CATALYST SYSTEM FIELD OF THE
| NVENTI ON [ 0001] This invention relates to the hydrodewaxi ng of waxy feeds
i ncl udi nQvo a3 ax, sl ack wax isonerate, Fischer- Tr opBEHUSNI/C36522

Fi scher-Tropsch hydroi sonerate, waxylraffinates, and waxy distillates to
produce a | ube oil basestock or blending stock. Mire specifically, this

i nvention relates to the conversion of a waxy feed using a m xed cat al yst
capabl e of pronoting wax isonerization and naphthene destruction to forma
| ube basest RROGESS rF(DRrﬂMPR@VIN@Ba&SESTEOGKIQOW TEMPERZXTERE e

properties. ppy SN GETOMBINAPION CARUT YSPSYSTEM! erf @ T or

| ubricants sT f
passenger car eng| ne oils has becorre I ncreasi ngly nor e severe W|th users
requiring basestock that provide better wear protection, inproved

vol ati | i t yFEHEKDI OF THIHENMENEI@Noperti es. [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

i et st 080 IPa: 2R FR6GR iclasB S ﬁ@shy‘i‘?@h g of VA e nicihgy nod 1 o
enhance | NaaBON PAAT yA0Tsathaa e K HILDTEN O GELGR OISl Oh v

content by CcOn &8t ng zeolites such

as ZSM5 H"ﬂﬁon%%h”fe?éte %f%%a%%ﬁ@ﬁﬁ%ﬁ%@@s/ odfredace a 2apkOGPS1 In

contrast, I'sonerization of waxy feeds usi ng nol ecular sieve based
basestock or blending stock. More specifically, this mvention relates to the

(
conversion of a waxy feed using a mixed catalyst capable of promoting wax

isomerization and naphthene destruction to form a lube basestock with minimum

VI loss and having good low temperature properties.

BACKGROUND OF THE INVENTION

10002]  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 index (VI) which is
undesirable.

[0004] United States Patent Number 4,428, 865, Oleck, et al, claims a
method to enhance the pour point and viscosity 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, |



catal yst that have linear 1D pore structures produces |ube basestocks
wthout loss in VI. Wile this isonerization process offers benefits over

t hat of g@iﬁl %iq dewaxi ng there nonet hel ess renai ns eed for dgfferent
and i npr mé Hetkses * for converting waxy feeds to | uffel/H3R8¥8Rs wi t hout
significant loss in VI and which basestock has good | ow tenperature
properties. SUVWARY OF THE | NVENTI ON LQQQ6] This invention relates to a

met hod for the hydrodewaxi ng of feeds to produce a |ube basestock having

i mproved | ow tenperature properties which conprises: (a) contacting the

feed with [800R) ¢ | Meeontrassdispmstiaation pf wexy feedsyusing miedequlansievaieassdi ng
selcct o iy oniesimet B ho MeshelpdebsehehiSeupd FBRLCT navi ng «
Sel ected HPOATabr DUTE CEhOPeriatog prgas: SR nchin bud HBHANr AR, o
metal  hy{eagRidd e ABHPARRSEL r&héiﬁ@%%ﬁ@d%gﬂﬁ?é?én%ﬁ i(ﬂqj'r'ttﬁﬁgct‘l"ﬁ%c%b&ssai d

first and second conponents are present In rati o suc en eval uat ed

in the confeecenwiting watyhideds ey RibeltxeneciatwilBOE significant loss in VI and

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

1, 3- di met hyhichdasgstoclkahas gowtl 1cev berhpsretupp proprertes.t he catal yst will provide a
trans- 1,2- /trans- 1,3 -di methylcycl opentane ratio in the range of about
1:1 to about 1:2 and a selectivity to ethylcycl opentane, at 10% conversi on,

of at | easéUleﬂMRé’og%‘ ¥ ") Zﬁlg,é\l/ﬁﬁ%ﬁ%ﬁ PCT/ US2002/ 036522 -3

[0006]  This invention relates to a method for the hydrodewaxing of feeds to
produce a lube basestock having improved low temperature properties which
comprises: |

(a) contacting the feed with a unitized mixed powder pellet catalyst

under hydrodewaxing conditions, 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;

(11)  asecond component selected from amorphous inorganic
oxides said second component having a metal )
hydrogenation component dispersed thereon; and i

(i11)  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-
dimethyicyclopentane, 1,3-dimethylcyclopentane and
ethylcyclopentane, the catalyst will provide a trans-1,2-
/trans-1,3-dimethylcyclopentane ratio in the range of about
1:1 to about 1:2 and a selectivity to ethylcyclopentane, at

10% conversion, of at least about 50%.



[ 0007] In anot her enbodi nent of the present invention both the first and
second conponent conprise at |east one 10 or 12 ring nol ecul ar sieve or a

m xture thereof. Both the first and second conponent have a netal

hydr ogend¥® aW+ebiipbnent di spersed thereon. [0008] This RGRIUSMERGI6EMDOdI neNt s
of the invention will be discussed below BRI EF DESCRI PTI ON OF THE DRAW NGS
[00091 Figure 1 is a schematic drawi ng_show ng the conversion of

nmet hyl cycl ohexane to various cycl opent’éne conpounds at 320C. [00101 Figure 2
is a graph show ng Brookfield viscosity vs. yield for various catalyst

m xtures. (@7 LED &dcEhel Ehbontdnt DEithe PrebE iiertidn1ddth the fitqesidsui tabl e in
the practice of the present invention includes waxy hydrocarbon oils such
as sl ack wasond¢cemoronent dostpriseatt écastose he or T2 opeanolesalar sigwvecdrer - Tr opsch
hydr oi sonerate, waxy_raffinates and waxy distillates. Typically, such feeds
wi |1 have mixurgdhewshf s Beth twokinst anghsecongicenmonent have a ms&al wi | |~ have a

nitrogen and sul fur content each bel qw about 20 wppm by weight. I|ndeed, if
the feed %ﬂf%ﬁwﬁﬂpﬁﬂﬁp%ﬁﬂb&]@e@?é &ﬁl?‘m and nitrogen, the feed can be
first subjected to hydrotreati ng under typical hydrotreating condi- tions to
reduce the sulfur and nitrogen contents. Any of the conventional hydro-
treating qpegdjyst ThixahdASherBBYaRnéntk s Me/iYPertibrabilbadiscisdeW Rlow! UM na
Co/ Mo on alumna. In other words any of the Goup VIBto Goup VIII netals
and m xtures thereof (the nmetal groups referred to here and hereinafter are
those netals of the Periodic Table of El enents; Sargent-Welch Scientific
Co.) on WBRDOK/1pKS6 G D § 103 b7 et al oxi de refractory supports
may be enpl oyed. Non-limting commercial exanples of such are identified as
HDN- 30, KF-840, KF-848, etc.

[0009]  Figure 1 is a schematic drawing showing the conversion of

methylcyclohexane to various cyclopentane compounds at 320°C.

[0010)  Figure 2 is a graph showing Brookfield viscosity vs. yield for various

catalyst mixtures.

DETAILED DESCRIPTION OF THE INVENTION

[0011]  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 hydroisomerate, 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 wppm by
weight. Indeed, if the feed contains higher amounts of sulfur and nitrogen, the
feed can be first subjected to hydrotreating under typical hydrotreating condi-
tions to reduce the sulfur and nitrogen contents. Any of the conventional hydro-
treating catalysts can be employed like Ni/Mo on alumina, N/W on alumina
Co/Mo on alumina. In other words any of the Group VIB to Group VIII metals
and mixtures thereof (the metal groups referred to here and hereinafter are those

metals of the Periodic Table of Elements; Sargent-Welch Scientific Co.) on



100121 Hydrotreating is conducted so as to | ower the sulfur and nitrogen
contents to levels of 20 ppmor |less nitrogen or 20 ppmor |ess sulfur
especi allx\_ 10 E'{)}m | ess nitrogen and 10 ppmor |ess sulfur and nost

pref er abl WA HWEPES  bel ow 5 ppm for nitrogen and 5 pprRQ@VU$286240365%2 sul f ur .
[ 0013] Waxy feeds secured from natural petrol eum sources contain quantities
of sul fur and nitrogen conpounds which are known to deactivate wax

hydr oi someri zation catal ysts. To prevent this deactivation it is preferred
that the feed contain no nore than 10 ppm sul fur, preferably less than 2
ppm sul f ur meted oxide refraetdrizanppontpmaryiterangeioyedr dlogr-Hbliting esmmdraial 1 ppm

ni trogen. [0014I] To achieve these |limts the feed is preferably hydrotreated
to reduce examples of guchaarg identifierbas HORV-8f KB-840.5{F184#; 6t¢-eat i ng can be
conducted using any typical hydrotreating catalyst such as Ni/M on

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

Hﬁ/'“‘gﬁ? Vo o) el cid&dfﬁéﬁeérs. B Ty 2 b RSLS S5 o D
. [001 ' i ' 280C t
400C. pr of CoAEHS AORH S AP SR FEDeEh of RORETOHIER LB e B e

hydrogen t 1@ppngikss hftiogehanihie® %léﬁssﬁﬁﬂrhﬁdﬁﬂﬁ(ﬂpﬁiﬁim téhebels f 1 ow
vel ocity in@%)he ran eogo.l to %sv, preferably 1 to 2 LI—%V. WO

2004/ 043594elp@TS ppaDfoR niiBeEvandS ppaidl leshfortsytiunt r eat ed waxy oil is
stripped to renove ammonia and H2S and then is subjected to the
hydr odewaxi ng process of the present invention. [0018] The catal yst

Cvent i on NS ¥ RSE e B Be e Bat el RestolewRRaRys ComunBRHIRER] {1 zod
as used he[ne stf ddd ﬁiﬁgg&{ %Hﬁoﬁﬁ@@hwﬂa&m %89/11 to deactivate wax

hydroisomerization catalysts. To prevent this deactivation it is preferred that the

feed contain no more than 10 ppm sulfur, preferably less than 2 ppm sulfur and

no more than 2 ppm nitrogen, preferably less than 1 ppm nitrogen.

[0014)  To achieve these limits the feed is preferably hydrotreated to reduce

the sulfur and nitrogen content.

[0015] Hydrotreating can be conducted using any typical hydrotreating

catalyst such as Ni/Mo on alumina, Co/Mo on alumina, Co/Ni/Mo on alumina, )
e.g., KF-840, KF-843, HDN-30, HDN-60, Criteria C411, 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.

{0016]  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.



pellet is one nmade by m xing together a powdered first catal ytic conponent
with a powdered second catalytic conponent and pelletizing the mxture to
produce pellets each of which contain all of the powder conponents

previ oudNG200¢@3¥ed. [0019] The unitized catal yst can H&/ByEHAB6R2by
starting with individual finished catalysts, pulverizing and powdering such
I ndi vi dual finished catalysts, mxing the powdered materials together to

-

form a honobgeneous nass, then conpressing/ extrudi ng and pelleting thus
producing the unitized pellet catalysts conprising a mxture of the

i ndi vi duali001j f f diheritydremreated staxyatil satrappesi to reomyersmmsnidadd/HpBzi ng and
powdering is to a consistency achi evable using a nortar and pestle or other
such convait theaas spligeledita gharerdrodevaningproprss ©dithe prasenkimyeniionhe process

of the present invention conprises a netal hydrogenati on conponent on a two
conponent support. The netal hydrogenation conponent is at |east one of a

G oup VI o] \ t 1 I QUR VI 1] tal, and nore
preferabﬁyﬂli?],g Pﬁegﬁglmlggeﬁﬁg%gﬁg kgdr‘ﬁ“é%%é’lf“@‘yd{égﬂ%%ed on both
conponent ' ] ] : rﬁﬁﬁm e d angi ng from
about O. lé‘ctcg}_%%iggt%b 1@%tﬁﬁ%§'§g?‘%végirt§1€1?§w >l/ a Ol}%kéﬁ@w?ﬁgﬁ E\I/tef% If the
metal is ¢at&kyet) T termtahligzétetazlused here dfibinthelchiiifdnaamuhhat edch 0.1 to 5
wt.% The catalyst may also include a substantially inert binder or matrix
mat er i al . palet190org 0486 by MTing 8OO eaEB2dered dirftogRallytit vendfjonent wathponent i s

a catal ytic dewaxi ng conponent including, crystalline 10 and 12 ring
mol ecul ar2 ppwdered seegnd sptalyiic easppensni And pelldtizing dhe aaxtuse thpresluse | | cat es

and alumn hosphat es. . Exanpl e crystalline alum no. silicates include
Sool it o Dol BRADSPRic2SHRn 51 Sheng pYv R coBoletSiRSsotaly sEakeE ' DS S
natural and synthetic ferrierites, ZSM 48, ZSM 57, SSZ-3 1, Beta,
Mordenite, Ofretite, ECR 42, MCM 71, and | TQ 13. Exanpl es of

[0019]  The unitized catalyst can be prepared by starting with individual
finished catalysts, pulverizing and powdering such individual finished catalysts,
mixing the powdered materials together to form a homogeneous mass, then
compressing/extruding and pelleting thus producing the unitized pellet catalysts
comprising a mixture of the individual, different, and distinct catalyst
components. Pulverizing and powdering is to a consistency achievable using a

mortar and pestle or other such conventional powdering means.

[0020]  The catalyst used in the process of the present invention comprises a
metal hydrogenation component on a two component support. The metal
hydrogenation component is at least one of a Group VIB or Group VIII metal,
preferably a Group VIII metal, and more preferably Pt, Pd, and mixtures thereof.
The metal is dispersed on both components. Typically the metal will be present
in an amount ranging from about 0.1 to about 30 wt.%, and preferably about 0.1
to 10 wt.%. If the metal is a Group VI noble metal, then the preferred amount
is 0.1 to 5 wt.%. The catalyst may also include a substantially inert binder or

matrix material.




crystal | i ne al um no phosphates include SAPO 11, SAPO 41, SAPO 31, MAPO 11
and "0-3 1. Preferred nol ecul ar sieves include ZSM 5, ZSM 22, ZSM 23,

ZSM 48, ferrler|tes SSzZ-3 1, SAPO-11, ECR-42, MCM 71, and I TQ 13. The nost
pref er r ed VPR YPIH si eves are ZSM 48, ECR- 42, MOM 71, SEF/UP021036733 | TQ 13.
[0022] The second | somerizati on conponent can be any of the typical

| soneri zation catal yst such as those coppri si ng anor phous refractory netal
oxi de support base (e.g., alumna, silita-alum na, zirconia, titania, etc.)
on which has been preferably deposited a catalytically active netal

sel ect ed f[0OM]G olfhe fifst &ymEonen iy/k Icalytier dewaiihg icomgicaieat artudmgt ur es

t her eof , preferabl at |l east one Goup VIIl, nore preferably at | east one
nobl e Gromsﬁﬁl me Hhaed p? smg melegulapsieves, Capistallinetmplesulansieves inclnde

bor .yt vatping S o Wi hospdhfe. Ganibles CECivaRine alfigRBSI o bt c.
f bl I Th

Cat alyi ool 1o GORRude deolfe ool V20U, 2RV R 8T *Eéf%yl"?%‘f‘% )

pref er abl y75k.33,(SHLY5, r{ampmraﬁg@gﬁﬁﬁﬁetréme@nés &8, ZAMUPPISgE Sher abl y

0.1 to 1 w.% The pronbters an opants are used to control ‘the acidity of
t he i somerBetaj Mordesiad, aDffretite, IROR -4 WMCM T, hAQTRQ- It Exampidsadfyst enpl oys a

base-material such as alunina, acidity is mparted to the resultant
cat al yst bgrystdﬂmﬂ &lmmno phhsp}m@nncluﬁeé‘ﬁd?@blly SARQ4 S ARG, MARMgen i s
used, preferablg orlne It is present. in _ an ampunt in the range 0.1 to

10 wt. % -gl.1Pr %fegeslnm%w%awew%mmﬁ@s%5lz%ﬂ 220ESM- nost

f bl % I 04/ 043594
CT/ 8&300%3@2481 9l D2 BAED -1k EERAZ O 1T s Tk Tdont ol 1 o
by adj ust 163 | d h
yitrin rar BB R ndllollield A PN e A O s a
whi ch nodi {igepr@hig.acidity of the silica-alumna base

[0022)  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-alumina, zirconia, titania, etc.) on which

has been preferably deposited a catalytically active metal selected from Group

V1B, Group VII B, Group VIII metals and mixtures thereof, preferably at least

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

Pt, Pd, and mixtures thereof, and optionally including a promoter or dopant such )
as halogen, phosphorus, boria, yttria, rare earth oxides, from e.g., La, Ce, etc., |
magnesia, etc. preferably halogen, yttria or magnesia, most preferably fluorine.

The catalytically active metals are present in the range 0.1 to 5 wt.%, preferably

0.1 to 3 wt.%, more preferably 0.1 to 2 wt.%, most preferably 0.1 to 1 wt.%.

The promoters and dopants are used to control the acidity of the isomerization

catalyst. Thus, when the isomerization catalyst employs a base-material such as
alumina, acidity is imparted to the resultant catalyst by addition of a halogen,
preferably fluorine. When 2 halogen is used, preferably fluorine, it is present in

an amount in the range 0.1 to 10 wt.%, preferably 0.1 to 3 wt.%, more preferably

0.1 to 2 wt.%, most preferably 0.5 to 1.5 wt.%. Similarly, if silica-alumina is



material as taught on U S. Patent 5,254,518 (Soled, MVicker, Gates, M seo).
[0023] It is also contenplated herein that both the first and second
conponents be at |east one crystalline 10 or 12 ring nol ecul ar sieve. The
first an¥O2BPIHE%onmponents can al so be sel ected from RFXU§IWSOH¥F2H0 and 12
ring nolecular sieves. Thus, both the first and second conponents can be
selected fromany of the 10 and 12 ri ng nol ecul ar sieves |isted above, and
m xtures thereof. It is preferred thaf ‘the first conponent be |ITQ 13 and
the second conponent be sel ected from ZSM 48, ZSM 35, ZSM 22, ZSM 23,

ZSM 57, Sexedas thghasaimatenials agidity san betcontrolted &y mdissingatie rake of pidicai r st
conponent be . selected fromI|TQ 13, ZSM 57, and m xtures thereof, and the
second conf)%ﬁlé'ﬁ‘i‘lnaﬁé%é’eﬁ@é"ﬂ%ﬁldPP%‘PﬁSZ‘SMBQZ,thQWQS?“ SaRs, Iethiel, L8s7- 31,

d m xt h f 00241 _ The .first d t nmbi ned
T aati o Curkr AR o RS et e ASERY S R ANt e B  uct 1 on
i t hout p&&‘fqﬁ il £8s€ p ls. 4 ' T ks i
\(I)Mxi dguratsros orllagée{?% ysts ?%gg('i;ern isﬁzg;y{}gl%z?e}mla&rlf\%ﬁgilon ;gﬁgeé’legén{f)gggL? 1:1

to 1: 20 by weight, subject to the MCH test described bel ow. [0025] One
technique for determining the proper ratio of first and second conponents
in the cat #0281 i sitismsled contemplated| heatin dsatdfoth Hee Grstiahdsedcombnponent s
contai ning about 0.5 w.% Pt in converting nethylcycl ohexane MCH)

various cyépBpenelidecipastnae crystaliing 49 of ddiring mg 1§¥rSéWQ3IeTé\€ fipst f 8 of
(11 ans- 1. 2ARH SFEIE SSTERBESEYS Fin 0 Pa qBEeb P BdnRrHeR N 10HEY L2 BRE 1:1 to
Csomer | zat MSACARA Havsva: Pine DAL (e s) AR weopd S EbaPHR e bR A
decrease i froph any of the 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

thereof.

[0024]  The first and second components are combined in a ratio sufficient to
( promote wax isomerization and napthene 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, subjéct to the

MCH test described below.

[0025]  One technique for determining the proper ratio of first and second
components in the catalyst is based on an evaluation of the combined
components containing about 0.5 wt.% Pt in converting methylcyclohexane
(MCH) to various cyclopentane compounds. Catalyst that at 320°C provide a
ratio of trans 1,2-dimethylcyclopentane to trans 1,3-dimethylcyclopentane
(trans-1,2/trans-1,3 DMCP) in the range of greater than one, e.g., 1:1 to 2:1 have



[ 00261 The second factor is when the catalyst, inpregnated with about 0.5
wt.% Pt and eval uated in converting nethyl cycl ohexane (MCH) to vari ous

cycl opent qﬂé compounds at 10% conversion, exhibits a selectivity for ethyl-
cycl opent a8 B or mati on above at |east 50% [0027] FRTAS2WMHMHe s
further explained as follows. The reaction of MCH over the catalyst to
various cycl opentane products is shown i,n Figure 1. As indicated in Figure
1, the products of MCH deconposition i ﬁél'ude et hyl - cycl opentane, cis- and
trans-1, 2-di net hyl cycl opentane, cis- and trans-1, 3- di methyl cycl opent ane and
1,1 di met hydeen fowskiot promotd ax isemirizafien ard saphathevendestruction fifeedsst i s
used to def i],(rgle relgt lve acid site ,concentration, strengths and active site
const rai nt Wigkoyt so¢antalydeceease @ Mdi ng to the invention. [0028] The key
factors are summarized as follows: (1) total conversion of MCH for a given
catal yst weight at 320C is an indication of the relative nunber of acid

sites; (2) ct iy 9 | | f the
relative acllﬁg'bjt re%%% Eec%ﬂixgﬁg?tﬁr?ﬁ ‘é’rﬁ‘g’ég@@e@é’gw@? {%Esﬂ\?a %%Zﬁilﬂkgllugat es | ow
acid strengs kt3p®t hp eiiatee iﬁcédn%lt‘tmg\/lﬁleﬂﬁﬁcydléﬂe@@hé%mm‘ t*¢hdowd rengt h;
and (3) the ratio of trans-1,2-DCVP to trans-"1,3-DCVP correlates with the
const rai nt cytldpeatane abaipeandaat i €% «oniversidrg resihibits hselectivdty for(edyl- i ndi cat es
little or no physical_ constraint at the active site and a low ratio (<1)

i ndi cat es &yglopenteae (E6R femnatiomaboverss least 50%.site. [0029] In the present
process, to produce a catalyst that will give inproved |ow tenperature
properties, the ratio of trans-1,2-DCVW to trans-1,3-DCVMP is adjusted to

from1l:1 t - pr ) el y. ralli t | dysStr th e WD 2
011410 4 3%306} 4 p@@?Eé%ﬁ’%@%?g%ﬁﬁﬁgp%ﬁaw%ﬁéﬁ@@@o%f%i@?o Omnent bt
fsfl ngf :lr L%ﬁgi{;ﬁae‘&?al?ét%ﬁfari%ﬁb CySlopeREhE préliRAL AN WIPHPHRER B. SUch as
indicated in Figure 1, the products of MCH decomposition include ethyl-
cyclopentane, 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 relative acid site concentration,

strengths and active site constraint for the catalysts according to the invention.

[0028)  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 h
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.

[0029])  In the present process, to produce a catalyst that will give improved
low temperature properties, the ratio of trans-1,2-DCMP to trans-1,3-DCMP is
adjusted to from 1:1 to 2:1 predominately by controlling the acid strength of the



[ 0030] Conversely, a catalyst that will give high yield is produced by
decreasing the acid strength of the anorphous phase. In this case it is
preferred to use |ower acid strength anorphous conponents such as al um na.
Anot her  WR2WHM3#Ki ng such a catal yst is by changi ng t RETAERHB08G52% he

m croporous conponent to the anorphous conponent such that the unitized
catalyst has a trans-1,2 trans-1,3 ratio of less than 1. [0031] The
hydr odewaxi ng process utilizing the caidl'yst of the present invention is
conducted at tenperatures between about 200C to 400C, prefer- ably 250C to
380C and neslorph@fscsemerzadaccompssat dt isprefestedde use thughar acabstnengioo t o
5,000 psig (3.55 to 34.6 nPa), preferably 1,000 to 2000 psig (7.0 to 13.9
nPa), a hydPsERROYSLOMPeuaNtY Sishasslialuminago00 SCcF H2/ B (89 to 1780
nB/nB), preferably 2,000 to 5,000 SCF H2/B (356 to 890 nB8/nB) and a LHSV of
0.5to 5 v/iv/ihr, preferably 1 to 2 v/v/ihr. [0032] In an alternate

enbodi nent he [ ' f ' LT ' d to sol vent
dewaxi ng t&mgolbour@%lgﬁgé lghﬁ'%‘,ﬁfgwg?g;gfrﬂﬁp ﬁﬁ%@g@r%{e%ﬂépr 33‘%058%% The dewaxi ng
sol vent us@dcreBying k¢ 6id stiefgtBoThe hairpRouSHERe an thBlcAYE ite§ Pidfedred one
(MEK), nethyl isobutyl ketoné (MBK), m xtures of MEK and MBK, aromatic

hydr ocar bone ué losveracicesteength amorpsowsf cdmepamass anth asaiomind. cAnbiliee
MEK/ t ol uene, ethers such as nmethyl t-butyl ethers and m xtures of same with
ket ones or wyorfempkiag sgchial catalyst is bywhangiag thoratw ¢fthgasissoporeysir o- car bons

| i ke propane, propylepe, butane, butylene, and conbi.nations thereof may be
Used as t hEOTBODEN; o 1Be AMOTBBPYS GaRPIRSNY Siieh Wiah ey tized Pl ShRERAUal

vol ume m x 3 | I t thyl isobutyl ketone. Typically
VKXZOO4/O4%%@§1@%?%%%3%%9$%§g§3§80?%%5?%81Pgonerate to solvent ratio wl
range between 1 to 10 and preferably will be about 1:3. The dewaxed feed is
then subj ected to hydrodewaxi ng as descri bed

[0031]  The hydrodewaxing process utilizing the catalyst of the present
invention is conducted at temperatures between about 200°C to 400°C, Qrefer-
ably 250°C to 380°C and most preferably 300°C to 350°C at pressures bétween
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 Hy/B (89 to 1780
m3/m3), preferably 2,000 to 5,000 SCF Hy/B (356 to 890 m3/m3) and a LHSV
of 0.5 to 5 v/v/hr, preferably 1 to 2 v/v/hr.

{0032] In an alternate embodiment of the present invention the feed is first

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

[0033]  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 methy! t-butyl ethers and mixtures of
same with ketones or aromatics. Similarly, liquefied, normally gaseous hydro-
carbons 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



her ei nabove. [00341 The present invention is denonstrated below in the
non-limting exanples. EXAMPLES Conparative Exanple 1 [00351 A catal yst

(B) conprigi 0.5 . W.%Pt ZSM5 (silica/alumna ratio 220:1) and alum na
in the mei‘SH[%?'ﬁtf‘ﬁ%“of 25:75, was used in two runs to de\’\’é)'\r ""Hg?ﬁ?’a%r ackat e
distillate having the follow ng properties: KV, cSt at 100C 3.808 KV, cSt

at 135C 2.28 Pour Point, C 39 Boiling Rgnge (GCD) 325-503C The dewaxing
conditions enployed are listed in the acconpanying Table. The results are
shown in colum B of the Table fol| ow ng_ Exanple 2. [0036) When screened for
activity andheispRIerateite yokvenhratiorwill Bpge bsbxesre] to 14 jaad pacferally willbaan ECP

selectivity of 40.and a, t-1, t:1 di net hyl cyl.opentane. rati.o of Q.02 as
Shown i 1 ¢ h@Doubla” Yhelisaeddatd i tenistiuected b derdsmaint 3 sitelons ¢ nat
the VI of t @reriﬁsfﬂgvtei ng liquid product (350C+) was | ower than that obtained
by sol vent dewaxing. The product |ow tenperature properties, as shown by
the Brookfield Viscosity at -40C (additized with a standard Ford type ATF
adpack), are also shown in the Table. The Brookfield Viscosity is reduced

by catal yti ¢00sdyvaxiTige pregénttinaéntivn & dephorsntatsicbely®dnhodoatlimithpever, the
Brookfield Viscosities of both solvent and cat devvaxed products are very

poor. WD 2( £xampl®s3594 PCT/ US2002/ 036522 -11- Conparative Exanple 2 [0037]
A catalyst (C conprising 0.5 wt.% Pt ZSM5 (silicafalumna ratio

EXAMPLES
Comparative Example 1

[0035] A catalyst (B) comprising 0.5 wt.% Pt ZSM-5 (silica/alumina ratio
220:1) and alumina in the weight ratio of 25:75, was used in two runs to dewax a

hydrocrackate distillate having the following properties:

KV, cStat 100°C 3.808

KV, cStat 135°C 2.28

Pour Point, °C 39

Boiling Range (GCD) 325-503°C

The dewaxing conditions employed are listed in the accompanying Table. The

results are shown in column B of the Table following Example 2.

[0036] When screened for activity and selectivity with methyleyclohexane,
this catalyst had an ECP selectivity of 40 and a t-1, 2/1-1,3 dimethylcylopentane
ratio of 0.02 as shown in the Table. A comparison of columns A and B of the
Table shows that the VI of the resulting liquid product (350°C+) was lower than
that obtained by solvent dewaxing. The product low temperature properties, as
shown by the Brookfield Viscosity at -40°C (additized with a standard Ford type
ATF adpack), are also shown in the Table. The Brookfield Viscosity is reduced
by catalytic dewaxing over that of a solvent dewaxed product. However, the

Brookfield Viscosities of both solvent and cat dewaxed products are very poor.



220:1) and silica-alumna in the weight ratio of 50:50, was used to dewax a
hydr ocrackate distillate having the properties noted in Conparative Exanple
1. This catalyst was nade by conbining the powdered ZSM5 (Si/A ratio 110)
with the PORA¥EHEREhor phous conponent in the wei ght ratiCHYSHOZEE523nd t hen
| oadi ng pl ati num by inci pient wetness using platinumtetraam ne dichloride.
[ 0038] When screened for activity and selectivity with nethyl cycl ohexane,
this catalyst had an ECP selectivity of 1h7 and a't-1, 2/t-1,3

di mret hyl cyl opentane ratio of 0.82 as shown in the Table foll ow ng Exanple
2. A conparison of colums A and C, in the Table shows that the VI of the
resulting |iquid product 350C+) was | ower than that obtained by sol vent
dewaxi ng. ' erature properties, as shown by the
Brookfield Viscosity -40C (additized wth a standard Ford type ATF adpack),
are also shown in the Table. The Brookfield Viscosity is reduced by

catal yti c do®E}i ngAsasalystHal) comprising 0énwt. YdBnAS M Spisthadlutnina ragio

significant] ver, that obtained using the alumina bound catal yst in
Exanpl e 1. 2 éf);ﬂ“é‘ Siﬂ%é@@}mA% agIght (o eﬁgﬁ?épsma %@fgw&w ZSM 5
(silicalalyp L0 . 220 and..silica_al um na. i he i rati.o of
10: 90, was ng@cr%@éaégwﬁlﬁgte%vdp%&l}eagq?gfegxe&in&tﬁzcﬁna{fgﬁwgw\'fﬁ/gegﬁ%%nﬁ;olpert i es
noted in Corp 1 js J\p[asi_ : i 1ihng t he
powder ed ZSM %E%}%&w@?gﬁg%ﬁggmgﬁlﬁ%@h@%%%% anﬁ%ﬁ%ﬁ@m&%onent in
the wei ght wigt tie pdwd&e@@mdrphoerédnigdiem it the @eigh asticnef PO B0 dndrehbly

i nci pi ent wetness using platinum tetraam ne dichloride. WO 2004/ 043594
PCT/ US2002/1602d858 platiniin b Gecipiant evetsessasmerplatinumdetraamyneadidhkeidect i vi ty

wi tth met hyl cycl ohexane, this catalyst had an ECP selectivity of 50 and a t-
1,2/t- 1,3 dinethylcyl opentane

[0038]  When screened for activity and selectivity with methylcyclohexane,
this catalyst had an ECP selectivity of 47 and a t-1, 2/t-1,3 dimethylcylopentane
ratio of 0.82 as shown in the Table following Example 2. A comparison of
columns A and C, in the Table shows that the VI of the resulting liquid product
(350°C+) was lower than that obtained by solvent dewaxing. The product low
temperature properties, as shown by the Brookfield Viscosity -40°C (additized
with a standard Ford type ATF adpack), are also shown in the Table. The
Brookfield Viscosity is reduced by catalytic dewaxing over that of a solvent
dewaxed product but not significantly over that obtained using the alumina

bound catalyst in Example 1.

Example 1

[0039] A catalyst (D) comprising 0.5 wt.% Pt ZSM-5 (silica/alumina ratio
220:1) and silica alumina in the weight ratio of 10:90, was used to dewax a
hydrocrackate distillate having the properties noted in Comparative Example 1.
This catalyst was made by combining the powdered ZSM-5 (Si/Al ratio 110)
with the powdered amorphous component in the weight ratio of 10:90
respectively and then loading platinum by incipient wetness using platinum

tetraamne dichloride.



ratio of 1.80 as shown in the Table foll ow ng Exanple 2. Both of these
values are within the criteria for catalysts of this invention. A

conpari son,, A and D, in the Table shows that the VI of
resul ti ngr\‘gﬁ"ﬁz"'g%duct (350C+) was higher than that OBFE’Uﬁ%IEP*’B‘iﬁ‘%I vent

dewaxi ng. The product |ow tenperature properties, as shown by the Brookfield
Viscosity at -40C (addized in a standarg ECA/ ATF adpack), are also shown in
the Table. The Brookfield Viscosity is %ignificantly reduced by catalytic
dewaxing with this catal yst over that of a solvent dewaxed product of the
Tabl e. Exanple 2 [0041] The procedure of Exarrpl e |l was foll owed usi ng 0.5

on’ 55‘18857 4&?@5 " bt Soteaiieq 1oy SetivibEattamlarnaty v Batisty Erdtexaipel ad‘i/" ES
1 i

combi ni ng (18 caifludtad el SElREy o2 spandL P st @qeﬂﬁﬁﬁé%ys&%ﬁ?”a =

anor phous ¢RHHSREHO Assho n%%ﬁfabﬁ@?dmﬁwﬁg%dﬁ%ehoaﬂbﬂa

i nci pl ent wetness using platinum tetraam ori de e CO | tl on and

resul ts areréetithitithd dritefih lfdif‘@at&ly@fscbirthls(lﬁvélﬂﬂjﬁr al| mp¥esdaQA dhahi¢
PCT/ US2002/ 036522 13 mC WZ o0..0 oo pn~~S MONpooNM o0 adb®6)
ul MO A andD, inthe Table shows that the VI of the resulting liquid product (350°C+)

was higher than that obtained by solvent dewaxing. The product low

temperature properties, as shown by the Brookfield Viscosity at -40°C (addized

in a standard ECA/ATF adpack), are also shown in the Table. The Brookfield

Viscosity is significantly reduced by catalytic dewaxing with this catalyst over

that of a solvent dewaxed product of the Table.

Example 2

[0041)  The procedure of Example 1 was followed using 0.5 wt.% on Pt on
theta-1 (TON) on silica-alumina (Catalyst E) and 0.5 wt.% Pd on Al,0; in the
weight ratio of 25:75 (Catalyst F-Comparative). Theta-1 is a 10 ring zeolite and
is described in EP (057049. This catalyst was made by combining the powdered
TON zeolite (Si/Al ratio 30) with the powdered amorphous component in
different ratios and then loading platinum by incipient wetness using platinum
tetraamine dichloride. The condition and results are set out in columns E and F
of the Table,
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bA > L al -Lu - 14- CLAIMS: 1. A nethod for hydrodewaxing feeds to produce

a tube basestock having inproved |ow tenperature properties which
a) contacting the feed with a unitized m xed powder pell et

conpri ses:
catal yst under hydrodewaxi ng conditi ns, said catalyst conprising: i) at
| east one first conponent selected TFom 10 and 12 ring nol ecul ar sieves and

m xtures thereof having a netal

CLAIMS:
1. A method for hydrodewaxing feeds to producc a lube basestock having

improved low temperature properties which comprises:
a) contacting the feed with a unitized mixed powder pellet catalyst
under hydrodewaxing conditions, said-catalyst comprising:

i) at Jeast one first component sclected from 10 and 12 ring
molecular sieves and mixtures thereof having a metal
hydrogenation component dispersed thereon;

(ii)  atleast one second component selected from 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 mélhyl
cyclohexane at 320°C 1o 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 about
1:1 to about 1:2 and a selectivity to ethylcyclopentane, at

10% conversion, of at least about 50%.

2. The process of claim 1 wherein the 10 and 12 ring molecular sieves are

selected from alumino silicates and aluminoe phosphates.

3. The process of claim 2 wherein the alumino silicates are selected frofn
ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-35, natural and synthetic
ferrierites, ZSM-48, ZSM-57, Beta Mordenite, Offretite, ECR-42, MCM-71,

and ITQ-13.




hydr ogenati on conponent di spersed thereon; (ii) at |east one second
conponent selected from 10 and 12 ring nolecul ar sieves and m xtures

t hereof having a netal .hydrogenation conponent dispersed thereon; and (iii)
wherein said first and second conmponents are present in a ratio such that
when evaluated in the conversion of nethyl cyclohexane at 320C to

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

1, 3-di met hyl cycl opent ane and. ethy|cycl opentane, the catalyst will provide
a trans- 1,2- /trans- 1, 3-dinethyl ¢y€lopentane ratio in the range of about
1:1 to about 1:2 and a selectivity to ethylcyclopentane, at 10% conversion,
of at |east about 50% 2. The process of claiml wherein the 10 and 12 ring
nmol ecuMar siBweprogess acceotding todclaimo B wherainsaid at lessttoas fastd al ur ni no
phosphates. 3. The pro Ess of claim2 wherein the alumno si]jcates are

sel ect sgmponent swlcsted fopmlil Q-13)Z8M-57ndmixtyesgithereof ands8id #at ur al  and
synthetic, ferrierjtes, ZSM 48 57, en t retlte, ECR-42,
MCM 71?‘”55%3 F???’f%é."‘!‘li@!en% Sﬁi%“@/ﬁe’&%ﬁg‘ts&%P gﬁ’m%g%ﬁerei n said
at | ea Aqr mm&o' s selected fromITQ 13, ZSM 57, and m xtures
t her eofifs’ gﬁg jé!aﬁ alP east onf:'a second conponent is selected from ZSM 22,
ZSM 23, ZSM 35, ZSM 48, SSZ-3 1, and m xtures thereof 5. The process of
claim4 wherein said at |east one first conponent is ITQ 13 and said at

| east 8ne sdderproeessodcéaim 4 wherslin said at feastoresfisstgompemnssds ITQs\ 22, ZSMm 23,

o S e o S ion it s hetohis AR TG 86, 24337 wherein i
ZSM-22, ZSM-23, ZSM-57, SSZ-31, and mixtures thereof.

6. The process of claim 2 wherein in the second component when evaluated
m the conversion of methylcyclohexane at 320°C will exhibit a selectivity for

ECP formation of at least 50% or greater,

7. The process of claim 1 wherein the feed is solvent dewaxed to a pour
point of up to +10°C.
8. The process of claim 1 wherein the feed is hydrotreated at temperatures in

the range 280°C to 400°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 flew vclocity in the
range 0.1 to 5 LHSV.

9.  The method of claim 1 wherein the metal hydrogenation component is at

least one of a Group VI or Group VIII metal.

10.  The method of claim 2 wherein the metal hydrogenation component is at

least one Group VIII metal.




in the conversion of nethylcycl ohexane at 320C will exhibit a selectivity
for ECP formation of at |east 50% or greater, 7. The process of claim]l
wherein the feed is solvent dewaxed to a pour point of up to +10C. 8. The
process of ‘claim| wherein the feed is hydrotreated at tenperatures in the
range 280C to 400C, 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. 9. The nethgd of claim| wherein the netal

hydr ogenati on conponent is at |east one of a Goup VI or Goup VIIl netal.
10. The method of claim2 wherein the netal hydrogenation conponent is at

| east one G(ou Vi met hod of cl.aim 10 wherein the
metal hydrlogenhlt ?Wthggrﬁgﬁ’éﬂﬂ Igsf”h%‘%lﬂé ?Ewtﬁlrbﬂaf%c“aw CORORENLASr s

h f wh h hyd [
i sper sedHfer e BaRE bRt S RBRALHIREC "o. 1% Yo to about 0wt o6

12.  The method of claim 1 wherein the hydrogenation_component is
dispersed in an-amountranging from-about 0.1 wt.%-to about 30-wt: %.





