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proper t i eThis invention relates to the hydrodewaxing of waxy feeds includ-
ing slack wax, slack wax isomerate, Fischer-Tropsch wax, Fischer-Trdpsch
hydroisomerate, waxy raffinates, and waxy distillates to produce a lube oil
basestock or blending stock. More speciﬁdally, this invention 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

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.

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 undesir-
able.

In contrast, isomerization of waxy feeds using molecular sieve
based catalyst that have linear 1D pore structures produces lube basestocks
without loss in VI. While this isomerization process offers benefits over that of

 catalytic dewaxing there nonctheless remains a need for different and improved
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Waxy feeds can be converted to liquid products using well known catal ytic
dewaxi ng cat Vg8¥4i33however, in these instances the sel ecti vepcenasysjongsOf
paraffins typically results in a loss of viscosity index (VI) whichis
undesi r- abl e. In contrast2-i sonerization of waxy feeds using
nol ecul ar sieve based catal yst that have linear 1D pore structures produces
| ube basestocks without loss in VI. Wile this isonerization process offers
benefits 0vepmcmesﬁdrmwen;ng'wa:qefmds toglubkdrasestocksevithous pantdessa need
for differeng and | 99/ 41334

PCTI US99/ 030W6V1 and whi basestock as good fow temperature propepties. processes for
converting waxy feeds to | ube basestocks wi thout significant loss in VI and
whi ch basest ock has good Iow tenperature properties. SUMVARY OF THE

| NVENTI ON b nrelates to a nmethod for the

hydr odewaxi n%%%?lfw; O mm basest ock havi ng inproved | ow
tenperature properties which conprises: contacting the feed with a unitized
m xed powder pellet catalyst under hydrodewaxi ng conditions, the catalyst
conprising a nmetal hydFligénvention relatesao anhethod fostheydrodewdnng af féedst

dewaxi ng conmponent and a second
to produce a lube basestock having improved low temperature properties which

comprises: contacting the feed with a unitized mixed powder pellet catalyst
under hydrodewaxing conditions, the catalyst comprising a metal hydrogenation
| component on a support having a first dewaxing component and a second
isomerization component, wherein the first component is selected from 10 and
12 ring molecular sieves and mixtures thereof and the second component is an
amorphous inorganic oxide and wherein the first and second components are
present in a ratio such that when evaluated in the conversion of methyl cyclo-
hexane 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 in the range of atleast 1, and a
selectivity to ethylcyclopentane, at 10% conversion, of at least about 50%.

This and other embodinients of the invention will be discussed
below.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic drawing showing the conversion of
methiylcyclohexane to various cyclopentarie compounds at 320°C.

Figure 2 is a graph showing Brookfield viscosity vs. yield for
- various catalyst mixtures.
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| somerizati on conponent, wherein the first conmponent is selected from 10
and 12 zi ng. YP&¥#38 si eves and mixtures thereof and the seceou/usesysoosent

i s an anor phous inorgani c oxi de and wherein the first and second conponents
are present in a ratio such that when eva3wuated in the conversion of nethyl
cycl o- hexane at 320[err]C to 1, 1-dinethyl cycl opentane,

1, 2-di met hyl cycl opentane, 1, 3-di met hyl cycl opentane and et hyl cycl opent ane,
the catalyst will provide a trans-l 2-/trans-1, 3-di met hyl cycl opentane in
the range of 5&y to ethyl cycl opentane, at 10%
conversion, % SBOtH—50Y4 Thi s and ot her
enbodlnents of the |nvent|on mAII be di scussed bel ow. BRI EF DESCRI PTI ON

OF THE DRAW NGS Figure 1 is a schematic drawi ng show ng the
conversi on of nethyl cyvhehréeaamab&mhe ﬁi%cdeH@ Fe3Bft InQERAoN dsclades
320[err]C. Figure 2 is a Qgraph sh ovmng Brookfield viscosity

\IéséT / {JISS |9 ;1 0 ; gvggxy hiydrocarsombdilssuch astslackswax, slack Wk W&Q Flscher—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, Ni/W on alumina
Co/Mo on alumina. In other words any of the Group VIB to Group VIII 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
metal oxide refractory supports may be employed. Commercial examples of

such are identified as HDN-30 and KF-840.

Hydrotreating is conducted so as to lower the sulfur and nitrogen
contents to levels of 20 ppm or less nitrogen or 20 ppm or less sulfur especially
10 ppm less nitrogen and 10 ppm or less sulfur and most preferably to levels
below 5 ppm for nitrogen and 5 ppm or less for sulfur.

Waxy feeds secured from natural petroleum sources contain
quantmes of sulfur and nitrogen compounds which are known to deactivate wax
dfvisomerization 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.
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DESCRI PTI ON OF THE | NVENTI ON The feed suitable in the
practice of W@8%¢83kent invention includes waxy hydrocar borCIyisye/e3ees as
sl ack wax, slack wax isonerate, Fischer-Tropsch wax, Fischer-Tropsch

hydr oi sonerate, waxy raffinates and waxg¢-distillates. Typically, such
feeds will have wax contents of 15% or nore. The preferred feed wll have

a nitrogen and sul fur_content each bel ow about 20 V\iopn;&gy wei ggt | ndeed,
if the feed contains Tﬂ%?@%%h@%ﬁh%fﬁeﬂ%%ﬂfgahﬁh greated o feed can

be first subjected to.hydrotreating, under typical hydrotreating condi-
tions to rJ&GB@&?é“&H?%ﬂ&%eﬂicpa@En contents. Any of the conventional
hydro- treating catalysts can be enployed like Ni/M on alumna, N /Won
alumina Co/M on alumna. In other words any of the Goup VIB to G oup

VIIT and i xtures t iaydefrebiipoibe botivetidusial &1y sfidibhydrotrontig

hereinafter are those "~ netals of the Periodic Tabl'e of Elenents;

Sar gent - \\¢| caltal§sti sach ia§ INi/Mo.on aluminag Co/Muooralumitia, £o/NifMe opaluminagay be
enpl oyed. Commerci al . exanpl es of such are identjfjied as \J;I‘%\L 0,and KF-840.
Hydr ot r eat i @§, K&F-84MJdeEt843, HDNS0;, BDN0, Griteria (-4 11, et S ‘1"&; contents

to levels of ,20 ppm or. | ess. 0}t pge . or | ess .sukt Lally
10 ppm | os<CAHIVHS GamPsREY MaMaror Gavidte Fadeh e fSrbE i Ly SP560

| evel s Dbel Rigrogen and 5 ppmor less for sulfur.

Waxy feeds g&%?gg%g’%‘ al'ural petrol eum sources contain quantities of
sul fur and nitrogen conpounds which are known to deactivate wax '
hydr oi soneri zation catal ysts. To prevent this deactivation it is preferred

that the feed contai rHydrotreating iserfopmednst samhperaturgsrinithe range 2865€ tohan 2
m sul fur and '
PP 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.

The hydrotreated waxy oil is stripped to remove ammonia and HpS

and then is subjected to the hydrodewaxing process of the present invention.

The catalyst employed in the hydrodewaxing of waxy feeds in
accordance with the present invention is a unitized mixed powdered pellet |
catalyst. The term “unitized” as used here and in the claims means that each
pellet is one made by mixing together a powdered first catalytic component with
a powdered second catalytic component and pelletizing the mixture to produce
pellets each of which contain all of the powder componenfs previously recited.

. T The unitized catalyst can be prepared by starting with individual
5% fniced 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
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no nor e thagv(?9993§r34nitrogen, preferably | ess than 1 ppm nitrogen. WO

99141334 . PCT/US99/03006
PCT/ US99/ 03006 -4- To
achieve these limts the feed is preferab‘l@' hydrotreated to reduce the

sul fur and nitrogen content. Hydrotreati ng can be conducted

usi ng any typical hydraotreat.i ng catal yst. such as Ni/ on _al umi.na, . Co/ Mo on

o unna. ol KORREPTSHE, RAIVALALS 53 powdesing ik fo B ensifiRe R acie I8 JSing A { or | a

C- 411, etc. S, t [l L; or /N /M

sul fides as %@f@%&’dp §%Mﬁ$§t&g9%@?8§'§%%%@5

Hydrotreating is perfornmed at tenperatures in the range 280[err]Cto

400[ err] C, preferably r r L1 af to

3000 psi, hydrogen treﬁ%gg@g?ﬁ%ﬁgp?éﬁgésgﬁl%sﬁI%‘E%goggﬁpg’fsggnd a

flow vel ocityg{ G elg'ﬁv 2 THeH

The hydrotreaafiggtﬂwam?y ot | aiugns%?{r!?gpe toag%é?bg%%tn%hgbgﬁd H[er?t]als and

then i s subj dntdrogemtivheompbredtisatileast pne of a GrouptVIB or Gseup VIH nestal, on.
preferably a Group VI métal, and more preferably Pt or Pd. The metal is

dispersed on at least one of the first and second components of the support, and

preferably 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 VIII nobie metal, then the preferred amount is
0.1 to 5 wt%. The catalyst may also include a substantially inert binder or

The first component is a catalytic dewaxing component including
crystalline 10 and 12 ring molecular sieves. Crystalline molecular sieves include
metallo-, e.g., alumino silicates, alumino phosphates and silicoalumino-
phosphates. Examples of crystalline alumino silicates include zeolites, e.g.,
ZSM-5, ZSM-11, ZSM-12, Theta-1 (ZSM-22), ZSM-23, ZSM-35, ZSM-48
natural and synthetic ferrierites, ZSM-57, Beta Mordenite and Offretite.
Examples of crystalline alumino and silicoalumino-phosphates include
SAPO-11, SAPO-41, SAPO-31, MAPO-11 and MAPOQ-31. Preferred include

 ZSM-5, Z5M-22, Z5M-23, femierites, and SAPO-11.

The second isomerization component can be any of the typical
. momenzauon catalyst such as those comprising amorphous refractory metal
» “75iide Support base (¢.g,, alumina, silica-alumina, zirconia, titania, etc.) on which
has been preferably deposited a catalytically active metal selected from Group
VIB, Group VII B, Group VII metals and mixtures thereof, preferably Group
@KII[, more preferably noble Group VIII, most preferably Pt or Pd and optionally




The cat al yst e%I o%ed i n the hydrodewaxi ng of waxy feeds in accordance with
the present i is a unitized m xed powdered pellet catgoraisesdives
term"unitized" as used here and in the clainms neans that each pellet is
one made by m xi ng together a powdered fi-rt&sf catal ytic conponent with a
powdered second catal ytic conponent and pelletizing the mxture to produce
pell ets each of which contain all of the gowder corrponents previ ously

recited. including a promates ot dopantsuck as halpgen,phesphopiseboria ytia, §8%r t i ng
i th individual f h t al yst | d

ot vi dual 1 GAHHES S 8t Livi G 60« FOEROTICHG PTRAETEIY HAlOeDu SR LT o
f h

pr oduci ng ¢ nabaRRiS Sy arsieraly oGRS éﬂeexfaﬁié%@%”ﬁ%ﬁ?ﬁ%&# Presbhiin

ndi vi dual t
IDCT; \l/JISQS/ 0308@3"1’&5&”@ 1%% h%onen ?@yﬁ\?ew/z xrxlloregﬁtf %??#8 S f”o a
consi stency aafé mtg)féﬂ'.'r&blyﬁv Dﬁo 2 wt%. Thepréiﬁb&?iaﬁd‘do?&ﬂ&h&ﬁed&bh@ﬁ&&m

conventi onal ri ng mreans. The catal yst used in
t he process (icxdiqe ofithesisomerizationt ¢atalysto Piniss schen the isomerization zatalyst
hydr ogenati on component on a,two conponent support. The

hydr ogenat i ommp\wanmemtemallsesbas alumisg, ac @tbmagmtot@ﬁgwmt met al ,
i sper sed on AIYE: adion Bt aaloaeRopresaby R o WPt Ulog igfied
support, and epr{aferablg ﬂ&HrEIe?itfi? testht ROA i BAIAHHE FangB 01 351 Yool préira!
ably 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 used as the base material, acidity can be

controlled by adjusting the ratio of silica to alumina or by adding a dopant such

I-i

as yttria, rare earth oxides, from, e.g., La, Ce, etc., boria or magnesia which
reduces the acidity of the silica-alumina base material as taught on U.S. Patent
5,254,518 (Soled, McVicker, Gates, Miseo).

The first and second components are combined in a ratio sufficient
to promote wax isomerization and napthene 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.

One technique for determining the proper ratio of first and second

céihponents in the catalyst is based on an evaluation of the combined
AR
. components containing about 0.5 wi% Pt in converting methylcyclohexane
BN I

(MCH) to various cyclopentane compounds. Catalyst that at 320°C provide a
ratio of trans-1,2-dimethylcyclopentane to trans-1,3-dimethylcyclopentane

(trans-l 2/trans-1,3 DMCP) in the range of at Ieast one have been found to
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anount rangi I’?gofrom about 0.1 to about 30 wt% and preferably about 0.1to

10 w% If tAEOR¥4AB4is a Group VII| noble netal, then the predeussessegount
i's 0.1 to 5 wW%. The catalyst may al so include a substantially
i nert binder or matrix material=7- The first
conmponent is a catalytic dewaxing conponent I ncl udi ng crystalline

10 and 12 r| ng nol ecul ar si.eves. st,al.l i ne, nol ecul ag.si,eves i ncl ude
met al | o-, P" mote yaX \somer1zaugn.an é?m TReRan ferds withouba) Ui no-
phosphat es. E@% Eﬁfy tgf | i ne al um no SI I i cates include zeolites,
e.g., @d%tg 1@‘?5!\4 12, Theta-1 (ZSM 22), ZSM 23, ZSM 35,

ZS\W48 natural and synthetic ferrierites, ZSM57, Beta Mrdenite and
Ofretite. Exanpl es of crystalline alum no and

si |i coal um no- phosphat The 'scndndd‘mctorzs when thersatdlyst, iipiegddted SillOaBdyt MAPO- | 1
and MAPO 31. Preferred_inclu ZSM 5, ZSM 22, ZSM 23, ferrierites,

and SAPO-11. 0.5 wt% Pt and evaluatedm converting seethyleyclobexane QMCH) tosaponsnt can
E??WSP.VST’M l“m‘léﬁ@ignq mamﬁiﬁ‘?é&é%%&?&f%&é@ga:“h“ Shop ety L
Sr g;nep:bl f/l dg’g‘ﬁ%ﬁﬂ@ a ca ajfgﬁ%}?%é}? P@P‘;a?aqqll%tﬁéff?ﬁ) ggl ec!t gd fromG oui)IS =en

VI B, Goup VII B, Goup VIII nmetals and m xtures thereof, preferably G oup

_ VIIl, nore preferably noble Goup .VIII, nost preferably Pt or Pd and
optional ly WO 99/ 4Thi34echnique is further explamed as follows. The reaction of
PCT/ USOR/ 03006 -6 - including a

promot er or NG ever thercagalyst4o various gyclepentanesproductsds shyawn im Figure d.
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.

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
0.2 the active site. . |
" In the préseiit process, to produce a catalyst that will give
; improved low temperature properties, the ratio of trans-1,2-DCMP to trans-1,3-
g QCMP is adjusted to from 1:1 to 2:1 predominately by controlling the acid
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earth oxides, frome.qg., La, Ce, etc., magnesia, etc. preferably hal ogen,
yttria or magW@IP41334pst preferably fluorine. The catal yti cal PETAISS/63006
netals are present in the range 0.1 to 5 % preferably 0.1 to 3 wt% nore
preferably 0. 1 to 2 w% nost preferabl890.1 to 1 w% . The pronoters and
dopants are used to control the acidity of the isonerization catal yst.
Thus, when the isonerization catalyst enploys a base-mategrial such.

al um na, aci¥rength gF theamerphous1sprigrization camponehts |1t 5P Wﬁﬂﬁﬂa

hal ogen, preferabpl | uoripe. Wien a hal ogen i.s used. preferably fluorine,
it is presen?ciﬁﬁgﬁﬁgémﬂPW?W%s‘ﬁglast%ﬁ%m&efer- ably 0. 1 to
3 w% nore preferably 0.1 to 2 w% nost preferably 0.5 to 1.5 W%

Simlarly, if silica-alumna is used as the base material, acidity can be

control | ed by adj usti nGoftsdlp!a Gatalysbitiat Wil lgvethighiyidldds protredibyy a
dopant such as yttria, rare earth oxides, from e.g., La, Ce, etc., boria
or magnesi a dévredsingthecaeid kﬂnmaabbﬂtﬂeymé?bbas phisec dnahisrcaseithia peefieredr i al
as taught on U S. Patent 5,254,518 (Sol ed, MVicker, Gates, Mseq).

The first antd ussdower acidistrengthamorphousicomponents suchuas dumina.; Angther; o

pronote wax isonerization.and thene destruction W.t.hout substanti al
decrease in WEY %‘% ?‘F‘t@ﬁ@gﬂsg’ﬂcﬁ@nﬂﬂﬁéﬁﬁw&o\& STPPRIOUS

catal ysts ac ' ] | : ] ' y

vl ght - sub; Etpiriie k8 i inbIpRR bR pbAGH Lk B P thiribed chflyst Al 2
techni que f ografiR) Ortfaral N9 DVECIOfRERUT 1E@ithandfl first and second conponents
in the catalyst.is based on an eval uation of the conbined conponent s

cont ai ning about 0.5 wt% Pt in converting methyl cycl ohexane (MCH) to

vari ous cycl opentane conpounds Catal yst that_at 320[err]C provide a ratio

of trans-1, 2-di met hyl cyhe bydredewaxing process utilizing thetcatalyst of dbe present

trans-1,2/trans-1,3 DMCP) in the range of at |least_o ha een found to
( irnventon ?s condn?:ted at temperatuges between ag_out 200Q% 0 400° , prefer-

ably 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 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.

In an alternate embodiment of the present invention the feed is first

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

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 or aromatics. Similarly, liquefied, normally gaseous hydro-
carbons like propane, propylene, butane, butylene, and combinations thereof
n}ay be used as the solvent. Preferably the solvent employed will be an equal
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PCT/ USQ9/ 030080 99/41334 - FCT/US99/03006
pronote wax isomerization and naphat hene destruction of feeds w thout
substanti al decrease in V. ~-9- The second factor is when
the catal yst, inpregnated with about 0.5 wt%Pt and evaluated in
converting nethylcyclohexane vari ous {ﬁpenta ounds
at 10% converwileme mixgmgiafgnethybe lkqtpn?anémeéhyﬁlﬂsobuty eto@?ciﬁ@é‘?ﬂqg’
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cycl opent ane, pdrhigabaird trans-1, 2-di met hyl cycl opentane, cis- and trans-1, 3-
di et hyl cycl opent ane and 1,1 d| met hyl cycl opentane. 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

i nventi on. The present inVéntidnels denanstratest belowrinthe neg-limiting | ows:
(1) total conversion of MCH for a given catalyst weight at 320[err]C
i s an i ndi cat¢X@mmMes.t he rel ati ve nunber of acid sites; (2)

selectivity to ECP, at 10% conversion, is a measure of the relative

acid strength_wherein high ECP selecti vi ty values indicates |ow acid
EXAMPLES
Comparative Example 1

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, cSt at 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.

When screened for activity and selectivity with methylcyclo-
hexane, this catalyst had an ECP selectivity of 40 and a trans-1, 2/trans-1,3
| dimethylcylopentane ratio of 0.02 as shown in the Table. A comparison of
oo c_:_ohnnns A and B of the Table shows that the VI of the resulting liquid product
(350°C+) was lower than that obtamed by solvent dewaxing. The product low
temperature properties, as shown by the Brookfield Viscosity at -40°C (additized
a standard Ford type ATF adpack) are also shown in the Table The
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strength and | ow ECP sel ectivity val ues indicates high acid strength; and

(3) the

indicates little or no physical

WO 9/418340f trans-1,2-DCMP to trans-1, 3- DCVP cor r ebgfugdeosbég t he
constraint at the catal yst active site wherein a high ratio (>1)

low ratio (<1) indicat es a physi cal constraint at t he actve site.
In the present process, produce a catalyst that wll Q%I ve | mpr oved

| ow t enper at Br@kﬁelsb‘gracpsgf 13 redued bycatalytic lewaxing qyepth

i s adjusted
99/ 41334

&é)wzixr produc:tt OH%wevgr %jeoﬁ}ooihew ngéos o fies of Lotlhns%l £ ahd cgt

coHkiraint at the active site and a

of ﬂaﬁﬁ&veyt 3- DOWP

)

PCT/ US99/ | %axed roducts are Vefg,?°°f| o -8 - strength of the

anDrphous I soneri zatl on Co

is preferred to use higher acid

strength anor phous conponents such as silica-al um na.
a catalyst that will give high yield is produced by decreasing

Conversel vy,

the acid str_@_@y__m_phous phase. In this case it is preferred to

use |ower acid strength anorphous conponents such as al um na. Another way

of meking such a catalyst is by changing the ratio of the m croporous
conponent to the armrph@aﬂlyst(ﬁ))mpnsnglﬂShm%EﬂﬁSMni(szheaialnmmaMO has a
trans-1,2 trans-1,3 DMCP ratjo _of |ess than

K2 bl

220:1) and silica-alumina in the weight ratio of 50:50, 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 50:50 and then
loading platinum by incipient wetness using platinum tetraamine dichloride.

When screened for activity and selectivity with methylcyclo-
hexanue, this catalyst had an ECP selectivity of 47 and a trans-1, 2/trans-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

A catalyst (D) comprising 0.5 wi% Pt ZSM-5 (silica/alumin ratio
220:1) and silica alumina inthe 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)

o B s innethiit:



The hydr odewaxi ng process utilizing the catalyst of the present invention

I s conduct edwat9ostaezgder at ur es bet ween about 200[err] C to 400[ exarinisosp300é er -
ably 250[err]C to 380[err]C and nost preferably 300[err]C to 350[err]C at
pressures between about 500 to 5,000 ps+§1€3.55 to 34.6 nPa), preferably
1,000 to 2000 psig (7.0 to 13.9 nPa), a hydrogen gas treat ratio of 500 to
10000 SCF Herr]/B (89 to 1780 [err] preferably 2,000 to 5 000 SCF Herr]/B
(356 to 890 with the pewderad aagrpbouscanpaenent in theweight mtiorefbi0:99 to 2 v/ v/ hr.

In an alternate enbodi nent of jhe presenf invention the feed,is first
subj ect to 5%#@&&3&63??@ B&QP“H-Q) Y, incipiept,weestusing PIAHR | c or
| owner . . . .hhe ,dewaxi ng sol vent used may include the [err]
ket ones sucﬁeWHWﬂi@ 1 ketone (MEK), methyl isobutyl ketone (M BK),

m xtures of MEK and M BK, aromatic hydrocarbons |ike toluene, m xtures of
ket ones and aromatics |ike MEK/tol uene, ethers such as nethyl t-butyl

ethers and ni xtures ofWwheiiBcidehéd For a9ty and3elRetvity withSnethydeyclo-
| i quefied, normally gaseous hydro- carbons |ike propane, propyl ene, butane,
butyl ene, arhtxaneithisatatalyst hadean-BECPrselectivity of §0andidwansol,24mnsFh,3f er abl y
}:?;?-/ E%ggfggﬁ&'é&f’ﬁgﬁoﬁ“eﬂéng ratio of 1.80 Isls shownwl)n %iqé %%glge%gowng,gxmlqg.xt ur e
of nethyl et one and net hul. i.sobuivl ke Ty hSoner at e
Co Sol vent - Eath SETHAR i AE iin 156 cifstia 08 hAR sty Sl vindlt, I
comparison of columns A and D, in Table 1 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 in the Table 1.

Example 2

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% Pt on Al;03 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 Table 1.
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about 1:3. The dewaxed feed is then subjected to hydrodewaxi &as descri bed
her ei nabove WO 99/41334 The present invention is denonstPaV/EEI%8w in
the non-limting exanples. EXAMPLES Conparative Exanple 1

A catalyst (B) conprising 0.5 wt%Pt ZSM §,(silica/alumna ratio 220:1) and
alumna in the welght

ratio of 25. 75 st o—tewWaX 31
hydr ocr ackat e di qt rrla?a,t\a havi n|g [ hie fol | ow ng propert | es:
KV, ¢St at 100C < 2] 3.808 o © Yo CJt St |135LeLr&iC
2.28 | & ur oirg—é EQ:"SQE ‘3 _ a«l\oBmIing
Range ( GCD) 3&- 3C Thg Hel®ki ng conditi ons dnpt ojed are lisfed in
t he acconpanying [Tajgie."| The repultp hre shown in colum Blof the Tablle
fol | owi ng Exanpl ef2F—= NTerTscreened 1orf actijvity and
selectivity with jref hy¢ycl o- pekapel this catal yst had ar] ECP sel ecfivity
of 40 and a trans}||~2%%rans- 1} 3j d| net hyl cyl opentane fratiq of 0.02 a$ shown
in the Table. A cpnfi@rggon of polufm$ A and B gf the T@Ie shgvxs thaﬁi t he
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(350[err]C+) was | ower than that obtained by sol vent dewaxing. The product
| ow t enper atWO&I¥IBperti es, as shown by the Brookfield Vi scoB¢TySHe3eoc

(additized with a standard Ford type ATF adpack), are al so
shown in the Table. The WO 99/ 4133413 -
PCl r US99103006 - 10- Brookfield

Viscosity is reduced by catal yti c dewax] ove hat..,0 ewaxed
product. However, the&:d@ﬁﬁﬁéﬁﬂ%%&s#%@?’%h‘ﬁﬁrﬁnmtﬁgg%}%gt
dewaxed products, are ver Qor., araf . vari st A
catal yst (Cwhiehis? %°§W§%ﬂ@%géé§¥| |'sé§j a| Esrﬁenagmrugtciagalgm: 1) and
silica-alumna,in the weight ratio of 50:50, was used to dewax a
hydrocrackat"’@%qqnlsate havi ng the properties noted in Conparative Exanple
1. This catal yst was nmade by conbi ning the powdered ZzSM5 (Si/A ratio 110)
wi th the powdered anorphous conponent in the weight ratio of 50:50 and then
| oadi ng pl ati num by incipient wetness using platinumtetraam ne dichloride.
When screened for activity and selectivity with nmethyl cyclo- hexane, this
catal yst had an ECP selectivity of 47 and a trans-1, 2/trans-1,3

di met hyl cyl opentane ratio of 0.82 as shown in the Table foll ow ng Exanpl e
2. A conparison of colums A and C, in the Table shows that the VI of the
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resul ting Iig,ui d product (350[err]C+) was | ower than that obtained by
sol vent dewa¥Of94134e product | ow tenperature properties, as PEmaeesLBeed he
Brookfield Viscosity -40[err]C (additized with a standard Ford type ATF
adpack), are also shown in the Table. Fh&-Brookfield Viscosity is reduced
by catal ytic dewaxi ng over that of a solvent dewaxed product but not
significantly over that obtained using the alum na bound catalyst in
Exanpl e 1. Be 1 A catalyst (D) conprising 0.5 wt% Pt
ZSM5 (silica/alumina ratio 220:1) and silica alumna in the weight ratio
of 10:90, was used to dewax a hydrocrackate distillate having the

properties noted in ' Fﬁg ;5:{-! ‘I] ' g&g adey

conbi ni ng the pomdergg@%bi@? mr:ué% 0 %éﬁfe‘é@ 8@@%&%@?& _ b

PCT/ US99/ 03Q@Qk having improved low temperature properties which cmtgiﬂses: Ybrithc
powder ed amor phous conponent in the weight ‘ratio of 10:90 respectively and

t hen | oadi nghe¥edi withnalunitized mbedtpoweden peHet catalystoimder hydradewaxing ne

di chl ori de. . When screened for activity and selectivity with
net hyl cycl o-conditions, the isatalystcompsising-aimgtal hydrogenatien ¢pmpogentsm &nd a
trans-1, 2/trans-éh3 di rreﬁrr;glg%la entane ratio of 1.80 as shown in the Table
fol | owi ng EYRRPTE baving 3 first deypung compopentAnd 3,5eq0nf FQIRCREAYAN | 5 1 o

shows t hat

resu
molecular sieve and mixtures thereof and the second component is an

catal yst e feokligheht WHHLAhe Arf URHChEA s LicERAIA 1b &1 Pring? Tb! € 1

amorphous inorganic oxide and 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-dimethylcyelopentane and ethylcyclopentane, the catalyst will provide a
trans-1,2-/trans-1,3-dimethylcyclopentane ratio is at least 1 and a selectivity to
ethylcyclopentane, at 10% conversion, of at least about 50%.

2. The method of claim 1 wherein the metal hydrogenation
component is at least one of a Group VI or Group VI metal.

3. The method of claim 2 wherein the metal hydrogenation
component is 2 Group VIII metal.

4. The method of claim 2 wherein the metal hydrogenation
component is dispersed on at least one of the first and second components.

5. The method of claim 4 wherein the hydrogenation component is
dispersed on both the first and second component.
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l'iquid produy, ﬁ glagerr]Cﬂ was hi gher than that obtained by sol vent
dewaxi ng. Th % ¥ | ow tenperature properties, as shown by pthfS99/03006
Brookfield Viscosity at - 40C (addi zed in a standard ECA/ ATF adpack), are
al so shown in the Table. The Brookifeld Viseqsi-ty is significantly reduced
by catalytic dewaxing with this catalyst over that of a solvent dewaxed
product in the Table 1. Exanple 2 The procedure of Exanple
1 was followed using 0.5 W%}IerméihodmfddlmdlotS(mﬂmmheshy&ogenabom na
(Catalyst E)and 0.5 wt% Pt _on A1203 in the weight ratio of

(Cat al yst F- ConpeatapoRest is d:spmeimsnammntmn&ﬁpm@b@w&l“f/u&%qued in
EP 057049. This 5&”“&%/& was nade by combining the powdered TON zeolite
(Si/A ratio 30) *t he powder ed anorphous conponent in different ratios
and then | oading platinum by incipient wetness using platinum tetraam ne
dichloride. The condition and results are set out in colums E and F of

Table 1. - WD 99/ 4133 H -
PCTI LS99/ 03906 4. The method of ﬂmm 2 WhefeelPrIf the second component when
evaluated in the conversion of methylcyclohexane at 320°C will exhibit a

selectivity for ECP formation of at least 50% or greater.

8. The process of claim 1 wherein the feed is a feed that is solvent

dewaxed to a pour point of up to +10°C.

9. 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.u'eat gas rate in the range of 500 to 5000 SCF/bbl and a flow
velocity in the range 0.1 to 5 LHSV.

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

sieves are selected from alumino silicates and alumino phosphates.

11. The process of claim 10 wherein the alumino silicates are
selected from ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-35, natural
and synthetic ferreirites, ZSM-57, Beta Mordenite and Offretite.

12. The process of claim 10 wherein the alumino phosphates are
- selected from SAPO-11, SAPO-41, SAPO-31, MAPO-11 and MAPO-31.

13. The process of claim 10 wherein the molecular sieves are
selected from ZSM-5, ZSM-22, ZSM-23, ferrierites and SAPO-11.
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WD 99/ 41334 ) '

PCTJUS" PO30Gg0 99/41334 - 1PCT/US99/03006

The results shown in the Table are further illustrated in Figure 2 which
is a graph showi ng Brookfield viscosityl&#s. yield for various catalyst

conbi nati ons. WD 99/ 41334

PCT/ US99/ 03006 - 14- CLAI M

1. A nethod for hydrodewaxi ng of feeds to produce a | ube base- st ock havi ng

i nproved | ow tenperature properties, which: conp f eed
with a unitized m xebf.pdREHTORRSS O Plaé‘ﬁt]awyglfeﬂ Mﬁ%gﬁ@% zpﬁgbﬁﬁle

conditions,  the cat i-n Q%g&gﬁﬁ{a! RAgk@ai@onent on a
support havlﬁﬂoﬂl¢?£9¥a%?ﬁg%§wﬁw a second | sonerization
conmponent, wherein the first conponent is selected from10 and 12 ring
nmol ecul ar sieve and m xtures thereof and the second conponent is an
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anor phous i norgani c oxide and wherein the first and second co onenbﬂwfre
present in ?gg fa3guch that when evalu3ted in the conversiof

cycl ohexane a 20[err]C to |, I-dlnethy yclopentane,

1, 2-di met hyl cycl opent ane, 1, 3-di net hyl cycl opentane and et hyl cycl opent ane,
the catalyst will provide a trans-1,2-/trans-I, 3-dinethyl cycl opentane ratio
is at least 1 and a selectivity to ethylcycl opentane, at 10% conversion, of

at | east about 50% 2. The nethod of claiml wherein the netal
hydr ogenati on conponent is at |east_one ofS Goup VI or Goup VIIl netal.

ydrogenati on conponent is a
-tHGH of claim2 wherein the netal
hydr ogenati on conponent is di o at™heast one of the first and
second conponents. e method of claim4 wherein the
hydr ogenati on conponent is dlspersed on both the first and second
conmponent . WO 99/ 41334 +
PCT/ US99/ 03006

C?oup VIIT netal.
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6. The nethod of claim4 or 5 wherein the hydrogenation conmponent is
di spersed iy ggaount ranging fromabout 0.1 wt%to about PCT/USIY03N06,
7. The et hod o? [

claim2 wherein in %2; second conponent when eval uat ed
in the conversion of nethylcycl ohexafe™ at 320[err]C will exhibit a
selectivity for ECP formati on of at |east 50% or greater.

8. The process of claim1l wherein the feed is a feed that is sol vent
dewaxed to a pour point of up to +10[err]C. 9. The
process of claim1 wherein the feed is hydrotreated at t egperatures in
the range 280[err]C to 400l err}-c—at—pressures in the range {500 to 3000
psi, hydroge i

N treat gas rate in the range of 500 to 5000 SCH bbl and a fl ow
velocity in the range 0.1 to 5 LHSV.

10. The process of
claim1 wheréin the 10 and 12 ri*hg nol ecul ar sieves_are kelected from
alum no sili¢ates and al um no phosphat es. - {L& The process
of claim 10 wherein the alumno siligates are sel d ffom ZSM 5,

ZSM 11, ZSM 12, ZSM 22, ZSNFZ3, ZS nat ur al an ynt hetic
ferreirites, {ZSM 57, Bet gq denite an
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hos hat es ar :’}

claim 10 wherein the alum no '5’-4;.'.%.: ,,

from SAPO-| 1, 41, SAPOWORLD W@gj}ﬁmﬂm i %&
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TEMPERATURE PERFORMANCE USING A COMBINATION

Waxy feeds are converted fo a basestock using a unitized mixed powdered pellet catalyst comprising a metal hydrogenatwn component
on a support havmg a first dewaxing component and a second isomerization component, wherein the first component is selected from 10 and
12 ring molecular sieves and mixtures thereof and the second component is an amorphous inorganic oxide, The first and second components
are present in a ratio sufficient to promote wax isomerization and naphthene distractions without substantial decrease in VI.
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