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(54) Title: A LUBE BASESTOCK WITH EXCELLENT LOW TEMPERATURE PROPERTIES AND A METHOD FOR MAKING
(57) Abstract

A method for producing a lube basestock from a waxy feed is disclosed in which a feed containing to 50 wt.% or more of wax is
hydrotreated and stripped to lower the nitrogen and sulfur content of the feed, The feed is then hydroisomerized under conditions to 370
°C, hydrocatalytically dewaxed with a catalyst comprising a mixture of a catalytically active metal on a zeolite dewaxing catalyst and an
amorphous catalyst, or alternatively is solvent dewaxed and then hydrocatalytically dewaxed with the just described catalyst.




literature. As is known, catalytic dewaxing generally |leads to |ubes with
| ow pour point; however, the VI also tends to be |lower as . a result of such
pr ocessi ng. 0 99/4133 _ Ext ensi ve i nvestigations have been conducted in
an effort t8C%¢E3p new and i nproved catal ysts and processi fg KEFR{3007¢ o
preparing-high quality |ubes having a | o\]v‘pour poi nt and a high VI.

-2-  SUMVARY OF THE | NVEI NTON It has now been di scovered
t hat waxy feeds such gs ' $ INH e wax can be
treated so as t [ nu A wniqie ur al

character, exc :
I nvention relates to a nethod for producing a | ube basestock froma feed
containing 50 wt% or nore of wax conpri sing: (a) hydrotreating the

feed under mg@bpw ' %\%m NS SO as to reduce the sul fur
and nitrog con ; (b) hydroisonerizing at |east a

portion of the hydrotreated feed under hydr oi soneri zati on
conditions to reduce the wax content in the feed to | ess than
about 40 wt % This invention relates to the catalytic treatment of waxy feeds

- including slack wax, Fischer-Tropsch wax,- waxy raffinates and waxy distillates
to produée a high quality lube oil product having a unique structural character, a
low pour point and viscosity, and a high viscosity index (VI).

BACKGROUND OF THE INVENTION

The isomerization of wax and waxy feeds to liquid products boil-
ing in the lube oil boilirig range and catalysts useful in such practice are well
known in the literature. Preferred catalysts in general comprise noble Group
VIII metals on halogenated refractory metal oxide support, .g. platinum on
fluorided alumina. Other useful catalysts can include noble Group VIII métals
on refractory metal oxide support such as silica/alumina which has their acidity
controlled by use of dopants such as ytiria. Asuseful as isomerization processes
may be, in general they do not improve the pour point of the feed subjected to
isomerization. B

Catalytic dewaxing is also a process well documented in the
literature. As is known, catalytic dewaxing generally leads to lubes with low -

pour point; however, the VI also tends to be lower as a result of such processing.

Extensive investigations have been conducted in an effort to
develop new and improved catalysts and prdéessiﬁg schemes for preparing high
~ quality Jubes having a low pour point and a high VL.



(c) separating the hydroi someri zated feed of step (b) to obtain a | ube-

fraction boiling above about 3400C, (d) processing at |east a
portion of WR&MMBE fration of step (c) under REATERI0A0Y L |
dewaxi ng conditions with a catal yst conprigsing at ' | east one
active metal hydrogenation conponent on & ‘dewaxi ng cat al yst
and at |east one actlve nmet al hydrogenati on conponent on an .
anor phous hyd on N Anot her enbodi ment of the invention

conpri ses a Hetrrod—To ’

50 wt0/o0 or nore of wax conpri si ng:
- 3- (a) hydrotreating waxy feed under -hydrotreating conditions
suf ficient It has howibeentdiscoverdd thanwaxyi feeds suckc anthase t her eof

¢ Peast s peontainingigreaier Ry o Wl W cas be reated so as b0 prodded ShE] ' *' "9
hydr oi soneri zat | on_copdi tiopns suffici &tl to redUCﬁ {)@ G t

in the feed m&m&a\@sm%w g.u'af ratlnigt e

hydr oi soner %?gpérﬁgg aftll aHigR VIP) The ifthéddtidh ﬁlitl:'?ﬁo a method for producing a lube

basestock from a feed contam_mg 50 wt% or more of wax compns;ng:

basestock froma feed containing

(a) hydrotreating the feed under hydrotreating conditions so as to
reduce the sulfur and nitrogen content thereof,

(b) = hydroisomerizing at least a portion of the hydrotreated feed under
hydroisomeﬁzaﬁon conditions to reduce the wax content in the
feed to less than about 40 wt%; -

" (c) separating the hydroisomerizated feed of step (b) to obtain a lube
fraction boiling above about 340°C;

(d) processing at least a poruon of the lube fraction of step (c) under
hydrocatalytic dewaxmg conditions with a catalyst comprising at
least one active metal hydrogenation compox_lent ona dewaxing
catalyst and at least one active metal hydrogenaﬁon component on
an amorphdus hydroisomerization catalyst. |

| Another embodiment of the invention coniprises a method for producing a lube
basestock from a feed containing 50 wt% or more of wax comprising: -



faction boiling above about 340 C (d) solvent dewaxing the-lube

fraction to wWoRo{szpoi nt of from about +100C to about -200C to
obtain a dewaxed feed; (e) processing at |east a poFGTHIS%8P30Re
dewaxed feed under hydro- catzal yti ¢ dewaxing conditions with a
uni ti zed powder pell et catal yst conprising at | east one active
nmetal conponent on a 10 menber ring unidirectional pore

nor gni ¢ oxde nol eqa) ar hydrotreating waxy feed umier hydroteeatingoconditions/ suffiei et
conmponent on an isomnerzation conponent sel ected from

refractory metal oxi deto taduce she sulfier gnd nitrogen contentthergof 4Q paednaea| udi ng

a dopant. i nportant L.y, the processes of the present

i nvention provi des hi ghy9§°£é3tﬁpeﬁ estock based on feed.

These and ot her enbodi nents of the invention will be discussed bel ow.
-4 - BRI EF DESCRI PTI ON OF THE DRAW NG

(b) hydroisomerizing at least a portion of the hydrotreated feed under
hydroisomexization conditions sufficient to reduce the wax content
in the feed to about 35 wt% or less;

' (¢) separating the hydroisomerized feed of step (b) to obtain a lube
fraction boiling above about 340°C;

(d) solvent dewaxing the Iube fraction to a pour point of from about
+10°C to about -20°C to obtain a dewaxed feed; |

: (e) proécssing-at least a portion of the dewaxed feed under hydro-
catalytic dewaxing conditions with a unitized powder pellet
catalyst comprising at least one active metal component on a 10

' member ring unidirectional pore inorganic oxide molecular sieve
and at Jeast one active metal component on an isomerization
component selected from reﬁactbry metal oxides and refractory
metal oxides including a dopant. |

_ Importantly, the processes of the present invention provides high
yield of basestock based on feed. .

These and other embodiments of the invention will be discussed
below. | '



provi des a schematic representation of three isoparaffins each
different Free Carbon Index (for A FCl=8; B FCl=4; C FCl =2).

i SWO W¥4d8350f pour point ([err]C) versus Free Car bon RQEIUS99/03007

Fi gure is a plot of the nunber of side chains versus Free Carbon | ndex.
Fi gure is a plot of Free Carbon | ndex v&sus basestock viscositr (SUS at
100[err] F). DESCRIPTICN OF THE | NVENTI ON This invention
is particul ash 3.6 : wens i ncl udi ng sl ack wax,

Fi scher - Tr opsefi=m e ' s mary ot stillates containing 50 wt %
or nore of wax For the purposes of thls invention the wax content of the
feed refers to the anount of the material that can be renoved therefrom

under sol vent dewaxi ngFiguré 1-ptoyitleslaGohemiaticaeptesentation of three lsoparaﬁins
Accordingly feeds containing 50 wt % or nore of wax_ are_u raded bﬁ ).

process conpedchihaying e differeat FreenCarbom Index(fon A CGl=8i B
mat eri al of reduced sul fur and nitrogen, hydroisonerizing the hydrotreated
‘material over a low fluorine content, alum na based, hydroisonerization
catal yst to reduce thegwax gonte | ess .t ed is
then separated into a ﬂ%’(f?? a&‘PFPﬁB“B’éPB Wer\r@ ube
fractions boiling above about 340[err]C. The | ube fraction is further
processed over a catalyst conpri-sing-a

SR . Figure 3 is a plot of the number of side chmns versus Free Carbon "

Fi gure
havi ng
Fi gure

AWND -

Index.

Figure 4 is é"piot of Free Carbon Index versus basestock viscosity
(SUS at 100°F).

DESCRIPTION OF THE INVENTION

This invention is particularly applicable to waxy hydtocarbons
including slack wax, Fischer-Trapsclt wax, waxy raffinates and waxy distillates
containing 50 wt% or more of wax. For the purposes of this invention the wax
content of the feed refers to the amount of the material that can be removed

therefrom under solvent dewaxing to a -20°C pour point.

Accordmgly feeds contammg 50 wt% or.more of wax are upgraded
by a process comprising the steps of hydrotreating the feed to produce a material
of reduced sulfur and nitrogen, hydroisomerizing the hydrotreated material over
a low fluorine content, alumina based, hydroisomerization catalyst to reduce the
wax content to less than about 40 wt%. The feed is then separated intoa
fmctxon boiling below about 340°C and a lube fractions boxlmg above about

340°C. The lube fraction is further processed over a catalyst comprising a



-5- mxture of a catalytically active netal conponent on a zeolite
dewaxi ng cat @fo/sdiiasad a catalytically active nmetal conponent on an

anor phous catal yst Optional- |y, the lube fraction is first soPGENSIM3MRKed
before further processing. Those steps are.get forth in greater detail

bel ow. Hydrotreatins Hydrotreating can be conducted under
typi cal hydrotreating condl- tions to reduce sul fur and ni trogen contents
to levels of ‘mixtae offat ?rmcﬂvemdaﬁcqmpmmtdmzedwfdewmcmfalydte
conventional hydrotreating catalysts can be enployed, |ike N /M on

al umi na, Ni/wand acatﬁm;ﬂwmme tall compenen$oa. an amorphans mlagtafayugnalrhe

G oup VIB-Go tal.s ch | ) on r.efr tory
netal oxi de. &n%@rlgp %%3#%&553’9? “&gﬁj qEss0g- ‘ﬁBN- 30
and KF-840. &éﬁé d fromnatural petrol eum
sources contain quant foggho a%Bﬁur an am;”terogen conmpounds whi ch are known
to deactivate wax hydroi soneri zation catal ysts. To prevent this
deactivation it is preferred that the feed contain no nore than 10 ppm

sul fur, preferBjpdrotdeatingt han 2 ppm sul fur and no nore than 2 ppm nitrogen,

preferably |less than 1 ppm nitrogen. To achieve these'limts
the feed is preferably hydrotreated to reduce the sulfur and nitrogen

conten . ' Hydrotreating can be conducted under typical hydrotreating condi-

| nons to reduce sulfur and nitrogen contents to levels of 5 ppmw or less mtrogen

- and 5 ppmw or less sulfur. Any of the conventlonal hydrotreatmg catalysts can
be employed, like Ni/Mo on alumina, Nx/W on alumina, Co/Mo on alumina, etc.;
in other words any of the Group VIB-Group VIII metals (Sargent-Welch penodlc
table) on refractory metal oxide. Commercial examples of such catalysts are
identified as HDN-30 and KF-840, |

Waxy feeds secured from natural petroleum sources contain
quantities of sulfur and nitrogen compounds which are known 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, 'preferabiy less than 1 ppm nitrogen.

To achieve these limits the feed is preferably hydrotreated to
reduce the sulfur and nitrogen content.

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 C-4l 1, 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.



Hydrotreati ng can be .conducted using any typical hydrotreafing catalyst
such as° Ni/M> on alumna, Co/M on alumna, Co/Ni/M on alumna, e.g.,

KF- 840, KF- $¥@9941888 30, HDN-60, Criteria C-411, etc. Simlarl yeriugh¥osoer
catal ysts conprising Ni/M/ M or C/N /M sulfides as described in U S
Patent 5,122,258 can. be used. ' -6-

- 6- Hydroteating is perfornmed at tenperatures in the range
280[err]C to 400[err]C, preferably 340[err]C to 380[err]C at pressures in
the range 500 to 3000 psi, hydrogen treat gas rate in the range of 500 to

5000 SCH bbl and a f1 owgygieidting & debforfritddt témbetdfures!itle ritig 0Ll 6 1
to 2 LHSV. ' e hydrotreated waxy teed Is stipped to renove
NH3 and H2S a400°C) gireferablyi 3H0TEN0Z380°C) &t pressiites in ¢ rdpe 500itor3008tpai,y st .

Hydr oi someri zati on The hydroi sonerization catalyst typically
wi || conpri schydrpgemtreat gis rate in themange of 50040 S000SCFAb] anda Howi
silica-alum-na, _tt zirconjia, etc. whjich contaj an additional catalytic
conponent sel BtheFange,thlto 3 LISV preferadbly 1 to 2 LHSY. -

The hydrotreated waxy feed is stﬁpped to remove NHj3 and H,S
and then hydroisomerized over a hydroisomerization catalyst. | N
o deroismnerizaﬁon | ,

The hydroisomerization catalyst typically will compn'se a porous
refractory metal oxide support such as alumina, silica-alumina, titania, zirconia,
etc. which contains an additional catalytic component selected from at least one
of Group VI B, Group VII B, Group VIII metals, preferably a Group VIII metal,
more preferably a noble Group VIII metal, most preferably platinum and

palladium present in an amount in the range of 0.1 10 5 Wi%, preferably 0.1 to
2 W% most preferably 0.3 to 1 wi% and which also may contain promoters
and/or dopants selected from the group consisting of halogen, phosphorous,
boron, yttria, rare-earth oxides and magnesia preferably halogen, yttria,
magnesia, most preferably fluorine, yttria, magnesia. ‘When halogen is used it is
present in an amount in the range 0.1 to _10 wt%, preferably 0.1 to 5 wt’%, more
preferably 0.1 to 2 wt% most preferably 0.5 to 1.5 wt%. If the metal component
is Group VIB, non-noble metal Group VII or mixture thereof, then the amount -
of metal can be increased up to 30 wt%.

For those catalysts which do not exhibit or demonstrate acidity, for
example gamma-alumina, acidity can be imparted to the catalyst by use of '

promoters such as fluorine, which are known to impart acidity, according to



of Goup VI B. Group VIl B, Group VM netals, preferably a Group VIIl netal,
nmore preferapbyoysnpbl € Goup VI'II netal, nost preferably platinumand

pal | adi um present 3?n an anount in the range of 0.1 to 5 wt% BCEES§IWBIP70. 1
to 2 wt% nost preferably 0.3"to 1 wet% and 4hi ch also may contain pronoters
and/ or dopants selected fromthe group consisting of hal ogen, phosphorous,
boron, yttria, rare-earth oxi des and nagnesi a preferably hal ogen, yttria,

nmagnesi a, nostechhifues Well khowi'ih the ait! Thus, theadidity of Wplatihenose alunsings ed
it is present in an anount in the range O.i to 11 wed, preferably 0.1 to 5

wt 0/, nore predtalysbcgn be very cldselyadjusted byecantroiling theSamoust of fluptine 11 t he

metal conponent is Goup VIB, non-noble_netal Goup VH ,qor m xture thereof,

then the anmpuicorporatadnte she eatalyst - Sumilarly,the satalystipagticles can also comprise
o o s Bl s Sl S oerd ST SR8 HOLE S ! iyt
P77k e quictis prthles iin o ool By SR busdP o the Jiacacer e 00 1€
S R e s e Lk A A
can al so cowpahnﬁnmﬂdysﬁmmdhc'mg'imwminmﬂmympiopam:sctuohtas

silica-alumna. The acidity of such a_catal yst can be_ad] u_stféeg1 b ,cireful
control of thytteg®smagresid, a5 taughtdn LhS: Batsat Ne. §,23%6518 ($ MﬁyN.!ﬁ €hase

"Us hcidity uliaits MEMIsRS C dopants such as yiiria or nagnesia as
taught in U S. Patent No. 5,254,518 (Soled, MVicker, Gates and M seo).
| Hydroisomerization is conducted at a temperature i:etwéén about =

200°C to 400°C, preferably 250°C to 380°C, and most prefetably 300°C to
350°C at hydrogen partial pressures between sbout 350 to S000 psig (2.41 to
34.5 mPa), preferably 1000 to 2500 psig (7.0 to 17.2 mPa), a hydrogen gas treat
rate of 500 to 10,000 SCF Hy/bbl (89 to 1780 m3/m3), preferably 2,000 to 5,000
SCF Ha/B (356 to 890 m3/m3), and a LHSV of 0.1 to 10 v/v/hr, more preferably
0.5 to 5 v/v/hr, most preferably 1 to 2 v/v/hr.

~ In the embodiment of the invention in which the hydroisomerized
feed is subjected to a solvent dewaxing step then the wax content preferably will
be reduced to about 40 wt%, more preferably to about 35 wt%; otherwise it
most preferably is reduced to about 25 wt%. |

Separation
The hydroisomerizéd feed preferably is separated into a fraction

boiling below about 340°C and a lube fraction boiling above about 340°C by any .

conventional means, for example, by distillation.



Hydr oi soneri zation is conducted at a tenperature between about 200[err]C to
400[err] C, preferably 250[err]C to 380[err]C, and nost preferably 300[err]C
to 350[err] Vo °0ogen partial pressures between about 350 tpt-ﬁﬁgyamgﬁ(hg
(2.41 to 34.5 nPa), preferably 1000 to 2500 psig (7.0 to 17.2 nPa),

hydrogen gas treat rate of 500 to 10, 000 S& H2/bbl (89 to 780 nBlnB)
preferably 2,000 to 5,000 SCF Herr]/B (356 to 890 nferr]), and a LHSV of
0.1 to 10 v/v/hr, nore preferably 0.5 to 5 v/v/br, nost preferably I to 2
v/ v/ hr. I'n the enbodi nent of the |nvent|on in which the
hydr oi someri zgg Jeﬁ?' a sol vent dewaxing step then the wax
content preferanty W = b about 40 wt% nore preferably to
about 35 wt % otherwise it nost preferably is reduced to about 25 wt %
Separation The hydroi soneri zed feed preferably is separated
‘into a fraction boili nghehewmmmﬁeluﬂeﬁmﬁbmlslthbndbmedomdbm ling

above about 3400C by any conventional neans, for exanple, til I ation.
dy sol ve%xt dewaxing conditions to a pom' pomtrg the ortyer of less than

about +10°C, and preferably 0°C and less.

" The dewa:nng solvent used may include the C3-C6 ketones such as

methyl ethy! 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 eﬁxers and mxxtﬁres 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 methy] isobutyl ketone. Typically
the isomerate to solvent ratio will range between 1 to 10 and preferably will be |
about 1:3. The dewaxed feed is then subjected to hydrocatalytic dewaxing as
described hereinafter.

Direct Dewaxing Embodiment

In another embodiment of the present mventmn, the lube fraction is
subjected to hydrocatalytic dewaxing directly, i.e., without being first subjected
to solvent dewaxing. The hydrocatalytic dewaxing, in either instance, is the

same and as described hereinafter.



Sol vent Dewaxi ng Enbodi nent _ - I n one enbodi nent, the | ube _
fraction is_then dewaxed under standard sol vent dewaxi ng conditions to a
pour point MYPPHY3¥ der of less than about +10[err]C, and prePETAISPE8/03007
O[err]C and | ess. The dewaxignd sol vent used may include the
Cerr] ketones such as nethyl ethyl ketone”(MEK), nethyl isobutyl ketone
(MBK), mxtures of MEK and M BK, aromatic hydrocarbons |ike tol uene,

m xt ures of kﬁ &Ra P eSS | i ke MEK/ toluene, ethers such as nethyl
t-butyl ether ame wth ketones or aromatics. Simlarly,

| i quefied, normally gaseous -hydro- carbons |ike propane, propyl ene, butane,
butyl ene, and conbi nati ons thereof may be used as the solvent,, Preferably

t he sol vent enpl oyed vviTheIselmtdqwaxedlﬂbmthﬂﬂﬂbem%FuéleE tRet one
L i kb el b
D rect  Dovax FRIBIRRSR Rchpeolte dewasig chiyly afld 3ol enti SLav: hifal gn an
ggﬁziintngi SYEQ%P@OQ’gﬂ%ﬁ?WB%W subj gé&%%’ﬁwﬁemxi ng.
The hydr ocat agathlyst ivesitized mixedigowdericatdlystc dhe termfanitired”sasused here

descri bed hereinafter. .. . .
: ~ means that each pellet is one made by mixing together powdered molecular sieve

dewaxing catalyst(s) with powdered amorphous isomerization catalyst(s) and
pelletizing the mixture to produce pellets each of which contain all of the pov_vder_

components previously recited.

The unitized powder pellet catalyst has been found to produce
superior results as compared to using individual catalysts corresponding to the
separate components of the mixed powder unitized pellet catalyst.

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 peileﬁng 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.

Alternatively, individual finished catalysts can be pulverized and
powdered then the powdered materials can be mixed together, boehmite or
pseudo boehmite powder can be added to the powder mix, the mix can then be
compressed/extruded and pelleted and thé pellet calcined to convert the



9 - Hydrocatal yti c Dewaxi ng : The sol vent dewaxed feed or the
| ube fracti 09«6@/@# ected to hydrocatal yti c dewaxi ng using a catal yst
conprising a cata ically active nmetal conponent on a zeoli tep@p,‘ﬁggg,dggg
catal yst and a catalytically active netal ofp, an anorphous, alum na based,

i somerzation catal yst Preferably, the m xed*Catalyst is a unitized m xed
powder catalyst The term"unitized" as used here neans that each pellet is

one made by migd : i LV G yst(s)
W th powder ed oBIRSIRLLRAHERE Hito Wi AspRid R HE HRBACIGE TR 2
mxture to Dr%ﬁ%ﬂwm:ﬁ%,%ﬁﬁ'ﬁoﬁfmmt&buﬁiﬁﬁealpélﬁtba@yﬁthe powder
conponents previously recited. he uniti'zed powder pell et
catal yst has been found to produce superior results as conpared to using

i ndi vi dual catal ysts corresponding to the separate conpagnents of _the_m xed
powder unitized pellet cahaupiized pellet catalyst can bepreparsdifromn wadevamietyfn

be prepared by. starti,ng w t.h indi.vidual finished catalysts, pulverizing and
powder i ng suc .&%‘dﬁ?%?&&mm@aﬁ% ng the powdered materials
together to forma honpbgeneous nass, then conpressing/extruding and

pell eting thus producing the unitized pellet catalysts conprising a m xture

of the.individual, diffeTgaldedasi 'éﬁthgﬁf'iscfl@ﬁ/e?ﬁb ffidifectidabyeri zi ng

‘and powdering is to a consistency achi évabl e using a noftar and pestle or
ot her such cornmerganic okideamdlsculay sieverimaving generally oval 1-D4lores having @l miinor;
i ndi vi dual finished catal ysts can be pul verized and, powdered then the -
powder ed nat er%ﬁbmoﬁt)@&gm@émt 4.3,Aand a major axis betveenabont:4 A

powder can b ? aan%jaelgol{tolb Xad 8&6%% gl?ay%st%ﬁgg;arﬁ%r}]’ bfhe molecular sieve is

preferably impregnated with from 0.1 to 5 wt%, more preférﬁbiy about 0.1 to
3 wt% of at least one Group VHI metal, preferably a noble Group VII metal,
most preferably platinum or palladium.

While the effective pore size as discussed above is important to the B
practice of the invention not all intermediate pore size molecular sieves having
such effective pore sizes are advantageously usable in the practice of the present
invention. Indeed, it is és_sential that the intermediate pore size molecular sieve
catalysts used in the practice of the present invention have a very specific pore
shape and size as measured by X-ray crysta]lbgraphy. First, the intracrystalline
channels must be j:arallel and must not be interconnected. Such channels are
conventionally referred to as 1-D diffusion types or more shortly as 1-D pores.
The classification of intrazeolite channels as 1-D, 2-D and 3-D is set forth by
R. M. Barrer in Zeolites, Science and Technology, edited by F. R. Rodgrigues,
L.D. Rollman and C. Naccache, NATO ASI Series, 1984 which classification is
incorporated in its entirety by reference (see particularly page 75). |

The second essential criterion as mentioned above is that the pores

must be generally oval in shape, by which is meant the pores must exhibit two



conpressedl extruded and pelleted and the pellet calcined to convert the
boehm t e/ ps - mte into almna resulting in the production of a
HOPaEs

physical ly ttrition resistant unitized pellet catal yéTCT/US99/03°07
The unitized pellet catalyst can be prepangd froma wide variety of

i ndi vi dual dewaxing and isonerization cat aI ysts. The
dewaxi ng catalyst is a 10 member ring unidirectional inorganic oxide

nol ecul ar si enequd g.m&tdhe&mhs 4 Thino@ akss 41l & Major axisO 'Theterth oval
bet ween about 4. 2A and about 8 A and a mmjor axis bet ween about 5.4 A and

about 7.0 A asudadhemmminuymmmtequﬂealdpegtﬁaqmyal orrelliptical shiape but eather s
preferably inpregnated with from0.1 to 5 w% nore preferahly about 0.1 to
3 w%of at @ m]ﬁne@magemmnmmo unpqunleamt yThus; 8s peevipusly stated the

metal , nost ferabl | ati or .pal | adi um ile the

ef fective poﬁe6 g“&%@d“&ﬁ@\}@tﬁ mﬁﬂﬁet%ﬁfpetmemub\’%qnc@uﬁtf t he
i nventi on nof,, ayﬁg&a’

effective pore SI zes are a var??gge QE%%Me I'n ?’ﬁ%gﬁ&f;ﬁgglﬂéﬁwm
present invest4d Anand FHGRAY.0 IAasaeﬁimﬁBdB&cbﬁaénﬁdmm eg% si ze
nol ecul ar sieve catal ysts used in the practice of the pres ve tlon
have a very speasufementsr e shape and size as neasured by X-ray

crystall ography. First, theintraczystailine channels nust be parallel and
must not be int erconnect ed. Such channel s are: .

Zeolites which are considered to be in this pore range mclude

ZSM-5, ZSM-11, etc. However, upon careful exammatmn of the mtermedlate_
| pore'size zeolites it has been found that not all of thern are efficient as a ba't_a'iyst a

for isomerization of a paraffin-containing feedstock. The intermediate pore size
zeolites forming part of the present invention are those which in addition to
having the correct pore size are also unidirectional. Such 10 member ring, uni-
directional zeolites include ZSM-22, ZSM-23, ZSM-35, ferrierite, ZSM-48, and
clinoptiolite and materials isostructural with these as defined Atlas of Zeolite -
Structure types by S. M. Mier and D. H. Olson., Third Revised Edition 1992.

: The most preferred intermediate pore size silicoaluminophosphate
molecular sieve for use in the process of the invention is SAPO-11. SAPO-11
comprises a molecular framework of corner-sharing (SiO5) tetrahedra, (AlO,)
tetrahedra and (PO) tetrahedra. Other silicoaluminaphosphates molecular
sieves include SAPO-31 and SAPO-41. |

The isomerization catalyst component can be any of the typical
isomerization catalyst such as those comprising refractory metal oxide support
base (e.g., alumina, silica-alumina, zirconia, titanium, etc.) on w_hich has been
deposited a catalytically active hydrogenation metal selected from Group VI B,
Group VII B, Group VI metals and mixtures thereof, preferably Group VIIL,



conventionally referred to as 1-D diffusion types or nore shortly as I-D
pores. The classification of inirazeolite channels as 1-D, 2-D and 3-Dis
~set forth byWRMI33Barrer in Zeolites, Science and Technol ogyp ('q%gg@/dmtaz F.
R- Rodgrigues, L D. Rollman and C. Naccache NATO ASI Series, 1984
classification is incorporated inits entrﬂ@ty by reference (see

particul arly page 75). The second essent | al criterion as
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the practice Theicatalytics ve\matalsmerpt&keﬂﬁmharmgecolwsm
4.2 A and about 4.8 A and nmjor axis between 5.4 A and about 7.0 A as

det er mi ned byOdovedwtVe maere)preferably,dd 401 2wt %pmoshpreferably fikto 1 wide. The
Zeolites WhICh are consjidere tob nthls re s ncl ude.ZSM 5, ZSM 1
1,. etc. ?P‘ta Bg d?'afg‘gthﬁ QR size

lit t h t
zeol e I ¢ MemalRenT h gara%eféoh%ﬁéc%%%@%%%bﬁ%a by re
si z& zeol i t esalu@fifihNaci ﬁsﬁﬁ¥éﬂWﬁf&%@%§M%M9ﬂb@fﬁm36ﬁ%MhﬂS¥jch o0

addi tion to having the correct pore size are also unidirectional

menber ring, preferably ﬂunnne.aWhhlhaksgemlslusdé, preférably ficdfins it EPptesent in
fer r__l_ o It & Zasnmagou%? (1jn the range 0.1to 10 wt%, preferably 0.1to 3 wt%, more preferably )
0.1 to 2 W% most preferably 0.5t0 1.5 Wi%. Similarly, if snhca—alumma is used -
as the base material, acidity can be controlled by adjusting the ratio of silica to
alumina or by adding a dopant such as yttria 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). As with the dewaxing catalyst composite, one
or more isomerization catalysts can be pulverized and powdered, and mixed

producing the second component o_f the unitized mixed pellet catalyét.

The isomerization catalyst can also be the mixture of discrete
particle pair catalysts described and claimed in U.S. Patent 5,565,086. That
catalyst comprises a mixture of discrete particles of two catalysts having acidities
in the range 0.3 to 2.3 wherein the catalysts of the catalyst pair have acidities
differing by about 0.1 to about 0.9 wherein acidity is determined by the
technique of McVicker-Kramer as described in “Hydride Transfer and Olefin
Isomerization as Tools to Characterize Liquid and Solid Acids, Acc. Chem. Res.
19, 1986, pp. 78-84. In general one of the catelysts is deemed to be a high
acidity catalyst having an acidity as evidenced by having a 3-methylpent-2-ene
to 4-methylpent-2-ene ratio in the range 1.1 to 2.3 where as the ofher catélyst



clinoptiolite and materials isostructura with these as defined Atlas of

Zeolite Strucworssutsses by S M Mer and D. H O son., Third W@ed

Edition 1992. The nost preferred internedi ate pore $°7/83007

si |l i coal um nophosphat e nol ecul ar sieve for-d8e in the process of the

i nvention is SAPO-11. SAPO- 11 conprises a nol ecul ar framework of

coner-sharing (SiQ2) tetrahedra, (Al 2) tetrahedra and (P02) tetrahedra.

O her si | i coal willdbgnlowiasidity eatalystasievidenceskby havinga Smpethyipent®-anew 41.
I

The isonerization gatal yst conponent, can b ny ,of .the typical

i soneri zation é‘a@&ﬁ!}'@ ~R0g fali, By ec‘@ﬁﬁ?ﬁsf?%“?@*‘rlait ory netal oxide
support base (e.g., alumna, silica-alumna, zirconia, titanium etc.) on
whi ch has been deposited a catal ytically active hydrogenati on netal

Ther oo by oo anly & on T Bhétnod indisufs e abilitf O Lafal e niettisl @convert

t hereof, preferably Gou
-12- nore pr efRpethylpat?-ensinsto3-ethylpent2-cheaind 4 aiethylpent-2Rehe? More

optionally including a pronoter or dopant such as hal ogen, phosphorous,
boron, yttria, acidicmsdterialstwill prodeéemuire 3-methylpent-2-ene i(asso with a, nost
preferably fluorine. The catalytically_ active nmetals are present in the
range 0.1 to 5%@%@@%@@%@9%@%3@ eleton)y fh;rzﬂwt%

ot preferabt v e/t o USRS BGR Rl oL N G o
Che 1 baul t ant _AaauieSFadlBicy TR massaiar clplyst iidiths f defountine Ty hEbeRe |
a halogen is usechniquelies itbthe ratiu gégion inithe ntnger cfubouti0B to about 2.5, prefer-
| ably about 0.5 to about 2.0. Dewaxing catalysts have acidities, as.d:termined by
the above technique which lie in the ratio region in the range of about 2510 3.0,

preferably 2.6 to 2.8.

For a number of catalysts the acidity as determined by the
McVicker/Kramer method, i.e., the ability to convert 2-methylpent—2-ene into
3-meﬁ1ylpent-2-ene- and 4-methylpent-2-ene at 200°C, 2.4 w/h/w, 1.0 hour on
feed wherein acidity is reported in terms of the mole ratio of 3-methipent-2-ene
to 4-methylpent-2-ene, has been comrelated to the fluorine content of platinum on
fluorided alumina catalyst and to the yttria content of platinum on yttria doped

 silica/alumina catalysts. This informaﬁbn is reported Ibellow.

Acidity of' 0.3% Pt on fluorided alumina at different fluorine
levels: |



an amount in the range 0.1 to 10 wo, preferably 0.1 to 3 %, nore
preferably 0.1 to 2 wt % nost preferably 0.5 to 1.5 w% Simlarly, if
silica-al unV@P9%43333sed as the base material, acidity can be RERPSI9Y03WM7LY
adjusting the ratio of silica to alum na ﬁ)r by addi ng a dopant such as
yttria or nmagnesi a which reduces the acid ?y of the silica-alum na base
material as taught on U S. Patent 5,254,518 (Sol ed, MVicker, Gates, .

M seo). As with the dewwst corrpoi% _ VK L SRMeri zation
catal ysts can be pul ve owder ed, aégwmm\ﬂe second
conponent of the unitized ryxed pellet catalyst 0.5 The

| soneri zation catal yst can also be the m xture of discrete particle pair
catal ysts described and cl@i#ed in U S. Patent 5,65650086. That catal yst
conprises a mxture of disc @te particles of two cateilj'sts having acidities
in the range 0.3 to 2.3 wh in the catal ysts of the“tatal yst pair have
acidities differing by about50.1 to about 0.9 wherei2cidity is determ ned
by the techni que of MVicker-Kraner as described in "Hydride Transfer and
O efin Isomerzation as TooD8% o Characterize Li 42 (ntespolated)d Acids, Acc.
Chem Res. 19, 1986, pp. 78-44. In general one of the catalysts is deened
to be a high acidity c 05y ‘ﬁpxﬁ.ﬁh icardlfiiag thiidliravi ng a
3- et hyl pent-2-ene to %aﬁph%&zyfpént{%-en rafta{o _(Iigﬂ.;[cﬁ)gﬂr ange 1.1 to 2.3

wher e as t hecombeising 2 Sw%6 silica: “wi 1 be a | ow acidity- catal yst as?
evi denced by having a 3-methyl pent-2-ene to 4-methyl pent-2-ene ratio in the
range 0.3 to about 1.1. . This nethod neasures the ability of
catalytic material toYgeiaMEohtent (%) ' Acidity (McVicker/Kramer)
B Y R e R X - S

9.0 ' ' 0.7

The hydrocatalytic dewaxing is conducted at a temperature
between about 200°C to 400°C, preferably 250°C to 380°C and most preferably
300°C to 350°C, a hydrogen partial pressure between about 350 to 5000 psig
(2.41 to 34.6 mPa), preferably 1000 to 2500 psig (7.0 to 17.2 mPa), a hydrogen
gas treat rate of 500 to 10,000 SCF Hy/bbl (89 to 178 m3/m3, preferably 2,000 to
5,000 SCF Hy/bbl (356 to 890 m3/m3), and a LHSV of 0.1 to 10 v/v/r,
preferably 0.5 to 5 v/v/hr, most preferably 1 to 2 v/v/hr.

Product Characteﬁzéﬁon

The resultant basestock of the process of the present invention
comprises at least about 75 wt% of iso-parafins but has a unique structural
character. Bésically, the basestock has a “Free Carbon Index” (or FCI) typically
in the range of 4 to 12, preferably less than 10. The term “Free Carbon Index” is
a measure of the number of carbons in an iso-paraffin that are located at least 3

carbons from a terminal carbon and more than 3 carbons away from a side chain.



2-met hyl pent-2-ene into 3- met hyl pent - 2-ene and 4-net hyl pent-2-ene. Mre
acidic nmateyr) L1 1 produce nore 3-nethyl pent-2-ene (associi@,ﬁ‘?s '
struct ural %Pégéég\r%enent of a carbon atom on the carbon skel eton .9%%@7
ratio of 3-nethyl pent-2-ene to 4-nethyl pggt-2-ene formed at 200'Cis a

conveni ent neasure of acidity. |Isonerization catalyst acidities as
determ ned by the above technique lies in the ratio region in the range of

about 0.3 t gpalRsy %f??ie?%gisﬁgcaﬁmé’dé@ﬂﬂheﬂ-@ ingaixing thiz percBivelki ng

catal ysts have "acli etermned by thé above technique which lie in
the ratio r geithylehs gebeps ingeisopariffintsatple using. 13C MMRe(40megatertz); 2. 8.
For a nunber of” catal ysts the acidity as determ ped, by the Vi cker [ Kr aper
met hod, i e. multiplyihg ithe resnitantpersentagesiby the %W@ﬁ%"‘?ﬁ? &arbon numboer o

‘3-net hyl pent - 2- ene, and 4- et hyl -2: epe at A 0 pour on
f eed wher ei mampmqmé%eggﬂﬁﬂfféﬁm%ﬁﬁg%‘iw& 1600 &
3-net hl pent -.22-gne 1o 4-mne I t-2-
fluorine co ?%?“W&W%‘ﬁﬁ&ﬁm& a u%sgg?gﬁ;gfgl%ﬂpy%eﬁ?m
yttria cont i ' gitf.{ itéreSRRSLY, i tHedsestocks of diis avesttion, abi s
i nf or mat i onﬁ%ﬁ%@%@. - bttcke 9r’ﬁ“iiAci dity of 0.3% Pt on
f1 uori ded - alleyst 5% bf thé brimeheés, fas\detémened by NMR, are methyls and the popula-
-14- F Cont ent é% . _ Acidity (M cker/Kr,a{'rE{ﬁ _
0.5 tion of ethyl, propyl and butyls, stc., fall sharply with mcreaginggmolecular
0 weight to the point where no more than 5% are butyls. Typically the ratio of
“free carbons™ to end methyl is in the range of 2.5 to 4.0, A@ditionally, the -
- _. basestocks of this invention tYpically have, on average, from 2.0 to 4.5 side

chains per molecule.

In contrast, polyalpha-olefin (PAO) basestocks have fewer (about
_6ne) and longer branches or side chains. Indeed the ratio of “free carbons” to
end methyl ranges from 1.1 to 1.7.

The FCI is further explained as follows. The basestock is analyzed
by 13CNMR using a 400 MHz spectrometer. All normal paraffins with carbon
numbex:s gi'eater than Cg have only five non-equivalent NMR adsorptions
corresponding to the terminal methyl carbons (o) methylenes from the second,
third and forth positions from the molecular ends (B, ¥, and 3 respectively), and
the other carbon atoms along the backbone which have a common chemical shift
(¢). The intensities of the a, B, y and & are equal and the intensity of the €
depends on the length of the molecule. Similarly the side branches on the
backbone of an iso-paraffin have unique chemical shifts and the presence of a
side chain causes a unique shift at the tertiary carbon ( branch point ) on the
backbone to which it is anchored. Further, it also pérturbs the chemical sites



1.0 | 1.5 1.5

2.5 0. 83 1.2 (interpol ated)

Acidity of 0 WELIHL33S yttria doped silica/alumna initially -cpoRUssdgigy725

wt % silica: Yttria Content (% Acidity (MeVicker/Kraner)
4.0 - 0.85 ~-16- | 9.0

0.7 The hydrocatal ytic dewaxing is conducted at a tenperature

bet ween about [err].C to 4Q0[ efr. ef er abl S50][ er. ,and
Tost o ef or VIR Bre carbons Honb s bradet poipl Paatigaminty chfnicl sBifldaie on
about 350 to Oood‘Pii g (2.41 to 34.6 nPa), preferably 1000 to 2500 psig
(7.0 to 17. 2%} hydr ogen gas treat rate of 500 to 10,000 SCF H2/ bbl
(89 to 178 merr]/nferr], preferably 2,000 to 5,000  SCF H2/bbl (356 to 890

mMerr]/nmerr]), and a LHSV of 0.1 to 10 v/v/br, preferably 0.5to 5 v/v/hr,
nost preferably 1 to 2 @@%&c&] [ bbﬁ@

The resul tant basestock'r%%(@p%ec%ﬁu;o(&:lgge% t L prgéé%? mvgﬁ?fgrﬁneth%lr%ﬁses
at | east abolyheaSaryd fofd tesoverall ahitivh $peciéiin the USCNNIRS spdttiabfthe a
character. Basicall t he basestock has a "Free Carbon |Index" (or FCl)
typically i rbasesto g,rdmdeﬂbyﬁm average edrbon Nymbesof thedbasestockias caleulatedr ee

Carbon Indexe,is . a neasure_of the nunber of carbong in | araffin
that are |oceff@3é$TMmthqué%,uhmeﬂrma0¢ ﬁaﬁ"@ﬂa@#ﬁ ﬁgiﬁ) tg"tfﬂdn 3

carbons away ffucH] s%owsqﬁe%l& for three compounds havmg FCI's rangmg from 8 to 2 (A-8
B=4,C=2). In Figure 1, 0 = carbon atoms near branches/ends; 1-8 = - free carbon
 atoms. Thus, e.g., the FCI of A is calculated as ((8/26) x 100)x (26/100)=8. -

Even after very low conversion levels (<1 O%), the value of ¢ falls
by nearly 50% and there is a large increase m the side chain fraction, larger in
fact than that observed in a product that has been severely isomerized (>70%
conversion to 370°C-) and solvent dewaxed. The increase in sidechainsis
almost exclusively in methyl sidechains. There is a much larger percentage of
terminal end groups and the distinction between a methyl at the second or third
carbons from the end drops significantly. Roughly 35% of the added sidechains
have been added to the last four terminal carbons. |

Figures2to 4 serve to illustrate the relationship between Free
Carbon Index (FCI), pour point , the average number of sidechains per molecule
and basestock viscosity, SUS at 100°F.

Figure 2 shows that at constant pour point the FCI of solvent
dewaxed basestock (blackenéd triangles) is lower than that of catalytically
dewaxed basestock. Figure 2 further shows that when a zeolite is admixed with

a more acidic component, sili_ca-_alumiha, to form a unitized catalyst (open



~ The FCl of an i soparaffin can be determ ned by nmeasuring the percent of
nmet hyl ene g an i soparaffin sanple using 13C NVMR (400
- mul tiplyi ngwcﬁgﬁf 82%” tant percentages by the cal cul ated averaggqg%%fw"
nunber of the sanple determ ned by ASTM Tqgt- net hod 2502 and di vi di ng -by
100. A further criterion which differentiates these materials structurally
frompoly alpha olefins is the branch length. Interesti ng , in the
basest ocks ofqidres) versiesd less acidic lcompionents chenedsircles)hat the ned
by NWR, -are rreth Is and the opul a- tion of ethyl, propyl and butyls, etc.
fall sharpl yFﬁItdthrmc%mg @W@tmsﬁlngﬂtppuﬁtd%f%?-ﬁt where no nore
than 5% are butyls. Typically the ratio of "free carbons" to end nethyl is
in the range of 2.5 to 4.0. Additionally, the basestocks of this invention

' }%picgﬁltlrgs{]avgol Sgl S\rllg- %%‘g&%}%g@éf‘gt@@ﬁ ave g%/ggezmoout on% ~and

| ongerbr anc fggindiped nfile6Ig i 8F hydfRathIygally abnaséd bascktodd b howér fanend

- met hyl ranges he FCl is further expl ai ned

as follows. w&mmdlﬁoledeMQ (biackened diamonds) and at

spectroneter. Al nornal paraffins with-carbon nunbers greater tha have
only five non2?e?ﬂmndl—&7ﬂC npen diamoonds)onben the mupm@m@lysmﬁempes aRa

met hyl carbons (a) math es fromthe second, .third and.fo 0Sktions
from the nol @eolitsrads 3 J&‘ &m@%i};‘“@r e (biqql,% ar bon

W
"nians! {1 o GREIRY b°”3%ﬁ>%fgﬁgﬁs%%€§¥3§ffr§ﬁfﬁkﬁ. n‘%ens.?‘y picEp

depends on g agt BofipokiP ol Bl &GHiFadiiiEd with s Iebeadidisciin Safuminke

backbone of an | 0- para ave unique chemcal shifts-and The presence of

a_si de-chal n (6geipRiaripled)] e FOT'sthigher than basestocks derived frontsulvett poi nt. )
Cc

on the backbone to whi it -is anchored. Further, it aI so perturbs the
cheni cal sit elewaxing.

=

Figure 4 shows the relationship between Free Carbon Index (FCI)
~ and basestock viscosity (SUS at 100°F) and illustrates the differences between
solvent dewaxing and catalytic dewaxing. Open triangles indicate TON/alumina,
blackened triangles indicate solvent dewaxing at -27, -37°C blackened diamonds
indicate solvent dewaxing at about -20°C and blackened circles indicate
TON/silica-alumina. |

The following examples further serve to illustrate, but not limit this

mmvention.
EXAMPLE 1

In this Example, 150N slack wax having an oil content of 10.7%
was hydrotreated in a series of runs over KF-840 catalyst at LHSV of 1.0 v/v/hr,
Hydrogen treat gas rate of 2500 scf Ho/bbl, hydrogen pressure of 1000 psig and
temperature of 365°C-at which condition the nitrogen content of the stripped



-16- wthin three carbons fromthis branch point inparting unique chem cal
shifts (ce, %err and [err]). The Free Carbon Index (FCl) is
t hen the pe‘?’ aNt1BF a net hyl enes neasured fromthe overal |l c&®aTAIE92/0300F es
in the 13CNVWR spectra of the a basestock, divided by the average carbon
Nunber of the basestock as cal cul ated fl‘-Qm-ASTI\/l met hod 2502, divided by

100. This is further illustrated in Figure | which shows the FCI for three
conpounds “havi ng FCIs ranging from8 to 2 (A=8 B=4, C=2 In Figure 1, 0 =
car bon at onprodust mﬁanémrppnn-'ﬂm smmed:pmldmtmas en Thntacted with a he

FC of A | 8/ 2 1 /100 E
afte? ver;SpmM : ) 3 ) X % HPH%Léﬁq:_oﬂ;aMF b o pEeduce \5/8‘2}0
dth de { fact
than t hat Léegvéﬂé?%#‘x"éwﬁém wr& i, maﬁ ah 4B o Fisg el
10 dechai
fgngfgggneECWy In ﬁ%@yﬁ%%echal ns. %]e;’a;ﬁls%ggﬁmj I’;Iel’ = a-l "
percent age hétone/méthel isobeityd mgmob@)%atmmﬂwaommamm at

the second or third carbons fromt nd drops_significantly. Roughly 35%
of the addethen formuldted ab ancAutomatizdDradsmissioreFlui I(Afl'cﬁ)msmgi-htesl4334ar bons.
veIo illystrate the relatlonshlp bet we ree Carb

ndox (o1 ) (EihulER) it the o sf iLigeadzankel Fo 3iimboRigHic
o each blend are shown in Table 2. Table 2 shows that as conversion to 370°C-
increases from 24 to 75%, y1elds on feed decrease from 51 to 11 wi%. The table
~ also shows that as convers:on mcreases the Brookﬁeld Vlscosxnes at -40°C :
decrease from 12680 to 4480 cP. |

TABLE 1
CONDITIONS Run 1 Run 2 Run 3 Run4
Reactor Temperature, °C '
Pressure (psig) o 1000 1000 1000 1000
GasRate (SCF/BH;) 2500 2500 12500 2500

Space Velocity, v/v/hr 13 13 13 13



and basestock viscosity, SUS at 100[err]F. ' Figure 2 shows
that at coRgd gsP 13pour point the FC of sol vent dewaxed basespeglusodhitpkened
triangles) 1s lower than that of catal ytlcally dewaxed basestock. Figure 2
further shows that when a zeolite is ad ed with a nore acidic conponent,
silica-alumina, to forma unitized cataly3f (open

-17- squares) versus a less acidic conponent, alum na (blackened circles),
that the FCl decreases to much |ower vwoAg S pour point decreases.
Figure -3 shows hat at constant FC the‘%rv%l%%e nunber of side- chains per
nol ecul e i s of hydrocatal ytically dewaxed_basestocks is |ower than

basest ocks derived from solvent d 0] rr] C (bl ackened di anmonds)
and at -27[err]C and -37[err] C open dianmonds) when the unitized catalyst is

conposed of a zeolite adm xed withR@nore aci Ripn ZonponeRun 3i | i caRahdni na
- (bl ackened CI rcles). ure 3 further shows that basestoc derived,from

t he uniti ze€onyersign A&Brrposed off5a zeolite dni xed wi a | ess gtél dic
conmponent, a ri angl es) sshave FCl' syqhi gher th basest ogls
derived froﬁéﬂ&éﬁ%‘@e‘&%l - 1 s%; gure 4 s?oiws t he 1

rel ati onshi Viedsigest 40°€2 Car bon | 1524 (FCI ) aISd48Jasest 04d4.93 scosi 1§. 0§SUS

at 100[err] Md il1lustrates the differences between solg§§t devva>§.g§ and

catalytic d sity, atdOOC r i angl es 3.63i cate TGOS uni na, =%
Viscosity Index 122 126 129 134
Pour Point (°C) 24 22 22 20
Cloud Point (°C) 191 0 -172 178 -168
GCD Noack at 250°C 196 17 -18.8 171
MBP (°C) - 4113 ' 415.1 415.1 416.7
FCI 2.5 239 264 443

Formulated Bilend Pro@'és

Viscosity at 40°C - 27.50 27.79 . 27.26 27.09
Viscosity at 100°C 6.83 6.93 6.3 690
Viscosity Index 224 227 227 . 233
Pour Point (°C) 60 54 52 46
Cioud Point (°C) 249 - 204 . -207 -16.7
Brookfield Viscosity, 4480 5930 7680 12680
cP at -40°C ' : '
EXAMPLE 2

In this example, a series of runs were conducted using a hydro-
treated and stripped feed as in Example 1. The feed was then treated with fhe



bl ackened triangles indicate sol vent dewaxing at -27, -37[err]C bl ackened
di anonds i ndi cate sol vent dewaxi ng at about -20[err]C and bl ackened circles
i ndi cat e TONPSPHIBE- al uni na. The fol | owi ng eR&GTFS99/03097t her
serve to illustrate, but not limt this invention. EXAVPLE 1

In this Exanple, 150N slack wax having an oil content of 10.7% was
hydrotreated in a series of runs over KR2#0 catal yst at LHSV of 1.0
v/v/br, Hydrogen treat gas rate-of 2500 scf H2/bbl, hydrogen préssure of
1000 psig and tenperature of 365[err]C at which condltlon t he nitrogen
content of tslamesﬂ;atalypt:df Example 1 to 35% conversion to 370°C- isomerate under the 18-
product was | ess, th This stripped product was then contacted with
a 0.3 wt % Proondiions &%& L, JReRB. t he conditions listed on Table 1 to
produce a series of vvaxy i somerates with the properties shown in Table 2.
These waxy isonerate products were sol vent dewaxed to -2 1[err] C using

thyl ethyl ket / ol
rST:E;I vgnt era%/i o] gf OQGS an ¢ dﬁ%#ﬂdﬁ? %%O?H.’gl r&gﬂlse%égg%rtl Fl uid
(ATF) using d&vb@&d”a%ﬁn(ﬁiﬁ#ﬂe@yﬂdmg é%e&ﬁck@vﬂi pPopertiés ﬁﬂﬁmltoQﬁat&'oi'O !

by weight. The properties of eacth bl énd are shown |n able 2. Table 2 shows

that as conRumsBorSubseguéithy, three batchesafithis produtiwere ﬁﬂmesgadesepammlyf eed
decrease from 51 to 11 wt% _The table : -
. (runs 5 to 7) over an hydrocatalytic dewaxmg catalyst comprising 25%

Pd/Theta-1 zeolite, H* form (Si/Al ratio = 60) blended with 75% of an
: 1somenzauon catalyst comprising 0. 3% Pt on fluorided alumina (1.0% of .

- ﬂuonde on alumina). The conditions for the series are glven in Table 3.

TABLE3

CONDITIONS Run 5. Run 6 Run 7
Reactor Temperature, °C 280 310 325
Pressure (psig) 1000 1000 . 1000
Gas Rate (SCF/BH,) 12000 1200 1200
Space Velocity, v/v/hr | - 1.0 1.0 1.0

The properties of the hydrocatalytic dewaxed products are given in Table 4.



al'so shows that as conversion increases, the Brookfield Viscosities at

-40[err]Cd rom 12680 to 4480 cP.

TabLE 1O AW SRR%s TN Run 1 Run 2 FCRERY000
Run 4 Reactor Tenperature, [err]C Pressure (psig) 1000

1000 1000 1000 Gas Rate (SCF/ BH err]) 2500 2500
2500 2500 Space Velocity, v/ivihr =-214.3 1.3 1.3

1.3 -19 -

TABLE 2 | songr Properties

Run | Run2 Run3 Rﬁ'ﬁ&érsi on (H VAC) 75

50 35 24 Yi el donFeed, t% O ' 11 23

31 51 . g8talvti

15.05 Viscosity a >

3. 68

B, ph0™ "

Viscosity | ndex 122 26 o 129

(O _ PROPERTIES ", Example éz Example 6

-19.1 - Bade Stock -17.8 Rurl§ 8 CCD Rga®k at 25®wi 7] C  PAOL9. 6

17 18.8 -  17.1 MBP (0C) 411. 3 415. 1

415.1  41Conversion (HIVAC) 29 4.02

| Yield on/somerate Feed ~ 97:1 96.0 95.08 N/A
Viscosity at 40°C 16.61 15.64 - 15.76 17.18
Viscosity at 100°C 3.89 3.69 3.68 3.88
~ Viscosity Index - 131 124 121 121

Pour Point (°C) 31 - 437 -44 . -60
Noack at 250°C 17.6 19.1 19.7 -
FCI 2.62

The hydrocatalytically dewaxed base stock were formulated as an
ATF as in Example 1. The properties of the formulated basestocks of Table 4
are shown in Table 5 along with those for a PAO sold by Mobil Chemical

Company, New York.

TABLE §
Fonnulated'B“lend Properties

Basestock
Viscosity at 40°C |
Viscosity at 100°C
Viscosity Index
Pour Point (°C)
Cloud Point (°C)

Brookfield Viscosity,
cP at -40°C

Blend 5
Run §
39.56

722
224
-50
26

6020

Blend 6
Run 6
28.48

6.97

<-64
-36_"3
4710

"Blend 7
Run 7
28.48

6.95
221
<-61

41
4680

Blend 8
PAO4

PAO 4
29.25
7.07
219
<-68
-49.8
3350



FCl B 2.5 2.39 2. 64 4.43

Formul ated Bl end Properties ' Blend 1 Bl end 2
Bl end 3 BIOH1335\/i scosity at 40C .27.50 27. 79PCT/NUS99/0360726
27.09 Viscosity at 100C 6. 83 6. 93 6. 83 ' 6. 90
Vi scosity Index 224 227 227 - 233 Pour
Point (C) - 60 -54 .92. =52 46 C oud Poi nt
([err] O -24.9 -20.4 -26. -16.7 Brookfield

Vi scosity, 4480 5930 7680 12680 cP at -40[err]C
EXAMPLE 2 {,ﬂ,é.; ﬂﬁgﬂ HORfis cted
using a hydro- treated a sté?'bpe #ﬁ tﬁsﬁliénmzvxégrgre 1. é’ghgls?ge was t hen
treated w thcdrtgins basestocks derived from the hy: ic dewaxing proctss at lowest
catal yst of Exanple 1 to 35% conversion to 37 0C- isonmerate under the

condi ti ons |severity.i ®hg Blofhasestock 5 is 2.62, illustrating thensupesionpraperties of uct

was stri ed.to 3 0 err] C+ and then solv
PP the produ d] e unique &:aracte: o%rt]he basestock.

" EXAMPLE 3

' In this example a waxy isomerate total liquid product was
produced from a 600N slack wax by hydrotreating over a NxIMo alumma ..
| catalyst (KF-840) under the hydrotreatmg conditions listed in Table 6. Nxtrogen '
and sulfur were reduced to less than 2 wppm.

The total liquid product from hydrotreating and stripping was then
passed over a fluorided alumina (0.3 wt% Pt/1.0 wt% F/Alumina) under the
hydromerization conditions listed in Table 6. These conditions produced a waxy

~ isomerate with a conversion to 370°C- of 17.5%. This product was stripped to
remove 370°C-material, then solvent dewaxed. In a series of runs the isomerate
so produced was subjected to hydrocatalytic dewaxing over a mixed powdered
dewaxing catalyst (0.25 wt% Pd Theta-1 (TON)/0.3 wt% Pt/1.0 wt% F/alumina)
at conditions shown in Table 7. After removal by stripping, of 370°C material,
the products had the properties shown in Table 7.



dewaxed as in Exanple | yielding a basestock with properties simlar to
that for sequently, three batches of this product sed
separ at el y"(P%ﬁ'égéQto 7) over an hydrocatal ytic dewaxi ng cat a¥l%ll29g9%§&§
conprising 25% - Pd/ Theta-| zeolite, H+ rm(Si/Al ratio = 60) bl ended

with 75% of an isonerization catalyst confifising 0.3% Pt on fluorided

alumna (1.0% of fluoride on alumna). The conditions for the series are
~given in Table 3. TABLE 6 TABLE 3

CONDI TI ONS Run 5 Ru Run 7 React or

Tenperature, IC 280 Pressure (psig)

1000 1000 1000 MBH[ err]) 1200

1200 - 1200 Space Vel ocity, v/v/hr 1.0 1.0

1.0  The pr dfeedt i GOON SladkeWaxg1d%@0al in Wiaxdewaxed products are given in
Tabl e 4.

TABLE 4 F‘;W:i es of |sonerate Base Stock Kﬁ'm ng Hydrocatal ytic

Dewaxi ng ES - Exanple 5 Exanpl e 6 Exanple 7 PAO
Base Stock Coliditihs Run 5 Run 6 Run 7 PAO
Temperature, °C 345
Pressure, MPa . - 6.9
Feed Rate, vivhr 0.7
Gas Rate, SCF/bbl 1500
HYDROISOMERIZATION |
Feed: Hydrotreated 600N Slack Wax, (above)
Catalyst: 0.3 wt% Pt/1.0 wt% F/Alumina
Conditions:
Temperature, °C 340
Pressure, MPa 6.9
Feed Rate, v/v/hr 1.3
Gas Rate, SCF/bbl 2500

% Conversion to 370°C- 17.5



Conversi on ( H VAQ) 2.9 4 4.02 Yield on/somerate

Feed 97.1 96. 0 95. 08 N A Viscosity at 40C

16. 61 WOPY4E1S 15.76 17.18 Viscosity at 100[PeTv(ys99/03007
3.89 3.69 3. 68 3.88 Viscosity |Index 131

124 121. 121 Pour Point (C) -31 -43

-60 Noack at 250C 17.6 .24 1 19.7 - FCl
2.62 ~ The hydrocatal ytically dewaxed base stock were formul ated

as an ATF as in Exanple 1. The properties of the formul ated basestocks of
Table 4 are shown in Table 5 al ong WIt'[lAE’[gEQ for a PAO sold by Mobil

Chem cal Conpany, New York TABI E 5
Formul at ed Bl end Proge
B 8 HyRoc CD co PAG 4
Basest ock _ Run 5 Run6 Run 7 PAO 4 Viscosity
‘at 40C 39.56 28. 48 28. Ran 9 M Vi Rumslly aRund@0C
7.22 6. 95 7.07 Viscosi ty I ndex 224
222 C?S'PQHTONS 219 Pour Point (C) 50 . < -64
< -61 &g@é& BETERberaturs) 32%6 321 -36 347 - 435
-49. 8 Brookfiel d Vi 9&:‘%& ty, P @éBC) 421?10, 4680 3350 cP
at -.4OOC_ "LHSV 1 - | O 2.6 2.6 |
- Gas Rate (SCF/B) - 2500 2500 1000 1000
Pressure (psig) : 1000 1000 - 1000 1000
~ % Conversion, to 370°C- 234 . 235 256 253 -

' PRODUCT QUALITY

Viscosity at 40°C 30.03 29.7 29.14 29.47
Viscosity at 100°C . 577 573 5.66 572
VI 137 138 138 139
Pour Point (°C) 21 26 25 25

Cloud Point (°C) - 'nla - nfa -14.8 -12



-22- ' Surprisingly, the blend with the | owest Brookfield

Vi scosity cew sd/fyssdasestocks derived fromthe hydrocatal ytic gﬁ_&%xi nq%
process at | owest severity. The FCI of basestock 5 is 2.62, i P PyP Hb

t he superior properties of the product am@sthe uni que—character of the

basest ock. EXAMPLE 3 In this exanple ' rate
total |iquid product was produced froma 600N sl ack \Aﬁj‘mlm’ﬂi H MHE
over a Ni/MCLAMSBa catal yst (KF-840) under the hydrotleaki iMhs

listed in Table 6. Nitrogen and sul fur were reduced to | ess than 2 wppm
The total liquid product from hydrotreating and stripping was then passed

Pyar omer zat i on condi i oAmEmottfar Brodugnd afube etk ¥R 8 reld Fonrainine .

waxy i somera ' | Pmﬁlﬂsiﬂé)[e”]c_ of 17.5% This product was
stripped to @#@%%@r“@-n& erral ,®then sol vent dewaxed. In a series of

runs the isomerate so produced was subjected to hydrocatal ytic dewaxi ng
over a m xed powdered dewaxing catalyst (0.25 wt% Pd Theta-1 (TON)/0.3 wt %
Pt/1.0 w % F/ al unfada) hydratreatingithe feshunder hydrotreating condisions saws 40 reguce
stripping, of 370[err]dE: eri a& ,. the producttﬁ hag the properties shown in
Tabl e 7. e and nitrogen content thereox;

'(b) hydroisomerizing the hydrotreated feed under hydroisomerization
conditions to reduce the wax content in the feed to less than about
40 wt%; | "

(c) separating the hydroisomerizated feed of step (b) to obtain a lube
fraction boiling above about 340°C;

(d) processing the lube fraction of step (c) under hydrocatalytic
dewaxing conditions with a catalyst comprising at least one active
‘metal hydrogenation component on a dewaxing catalyst and at least
one active metal hydrogenation component on an amorphous
hydroisomerization catalyst.

2. Thé method of cLaini 1 wherein the catalyst in step (d) is a
unitized powder pellet catalyst comprising a dewaxing catalyst which contains at
least one active metal hydrogenation component on a 10 member ring unidirec-
tional pore inorganic oxide molecular sieve, and an amorphous isomerization
catalyst which contains at least one active metal hydrogenation component on an
isomerization component selected from reﬁ'actory metal oxides and refractory
metal oxides including a dopant. |



-23 - TABLE 6

HYDROTREATI NG Feed: 600N Sl ack Wax, 11% G| in Wax Catal yst:

KF- 840 CondMQ¥K335 Tenperature, [err]C . 345 PCHUS%%03007,
MPa. 6.9 Feed Rate,_v/v/hr 0.7
Gas Rate, SCF/bbl 1500" 26~

HYDRO SOVERZATI ON  Feed: Hydr ot reat ed 600N Sl ack
Wax, (above) Catal yst. 0.3 wtro Pt/1.0 wt/o F/ Alum na
Condi ti ons: Tenperature,[err]C 340 Pressure, MPa

6.9 Feed Rate, v/v/4ir : th us isomerizatigip 00
% Conversion to 370[ erjr.!] ghemethloéi. éfﬁmmﬁﬁeﬁﬁi © W .
catalyst has an acidity of about 0.3 to about 2.5 wherein said acidity is deter-
mined by the ability of the isomerization catalyst to convert 2-methylpent-2-ene
to 3-methylpent-2-ene and 4-methylpent-2-ene and is expressed as the mole ratio

of 3-methylpent-2-ene and 4-methylpent-2-ene.

4. Themethod of claim 1 wherein the lube fraction of step (c)is
first solvent dewaxed before processing in step (d).

5. ‘The method of claim 3 wherein the active metal componenfisat -
least one of a Group VIB or Groqul]Imetal. o

6. The method of claim 1 wherein the lube basestock contains at
least 75 wt% iso-paraffins. o

7. A method for producing a lube basestock from a feed containing
50 wt% or more of wax comprising: |

(2) hydrotreating waxy feed under hydrotreating conditions sufficient to
————— reduce the sulfur and nitrogﬁx content thereof to produce a hydro-

T L LU L LLL vy

(b) hydroisomerizing the hydrotreated feed under hydroisomerization
conditions sufficient to reduce the wax content in the feed to about
35 wt% or less; | '



- 24- - TABLE 7 . HYDROCATALYTI C

DEWAXI NG COMzbdG Run9 Runl 1
Run12 CONDMONS Avé?%ge React or Tenperature, (O 327 321 %'Uswaw
345 LHSV ' 1 -27- 1 2.6 2.6 Gas
Rat e ( SCF/ B) 2500 2500 1000 1000 Pressure

(psi Q) 1000 1000 1000 1000 % Conversion, to
3700C 23. (@ sepatatibg the hydrdisoinerizedfeed of step (b) to obtain a lube
PRODUCT QUALITY Viscosity at 40[err]C 30.03 29.7

29. 14 29. 47 Vi scfactipndoilingabove sbout 340°C; 5. 77 ' 5.73

5. 66 5.72 VI 137 138 138

139 Pour Point ([err]Q -27 . -26 -25 -25 C oud

Point (Lerr]O (@) - solVeht dewaxing the tube fracfidi td'a pour poirlt’of from about

+10°C to about -20°C to obtain a dewaxed feed;

(¢) processing the dewaxed feed under hydrocatalytic dewaxing condi-
' tions with a unitized powder pellet catalyst comprising at least one-
active metal component on a 10 member ring unidirectional pore

inorganic oxide molecular sieve and at least one active metal

| - component on an isomerization component selected from refractory
AT s onies and sefeactory metat oxides nchudiog o dopunt.

8. A lube basestock comprising at least about 75 wt% of iso-
paraffins having a Free Carbon Index less than about 10 and in which at least
-75% of the aliphatic chains of the isoparafins are methyl groups.

9. The basestock of claim 8 wherein the Free Carbon Index is less
than 5.

10. The basestock of claim 9 wherein the ratio of the Free Carbon
Index to end methyl groups is in the range of from 1.5 to 4.0.



1. A nethod for producing a | ube basestock froma feed containing 50 w % or

nore of wax conpri sing: ' (a) hydrotreating the feed under

hydr ot r eat | WQ 998h¥%5t i ons so as to reduce t he sul f (RCTARHIOBAO7OgEN
content thereof; (b) hydroisoneni zing the hydrotreated feed under
hydr oi soneri zati on conditions to reduce the wax content in the
feed to | ess than about 40 mﬁ@? (c) separating the

hydr oi sormeri zated feed of step (b) to obtdin a Iubg‘ fraction
boi | i ng above #Hout 340[err] C :‘ ' (d) procesging the lube fraction of
step (c) under fQydrocatal ytiCc . dewaxi ng Epnditions with a

cat al yst conpr i&i ng at | east one&‘_acti ve _ get al hydrogenati on

conponent on a dewxi ng catal yst and at | east one active neta
hydr ogenati on ¢ onent on an am@ phous _ \ydr oi sone i zation

cat al yst 2. The nethggd of claim 1l wherepPn the catalyst in-step
(d) is aunitized powder pellet cglal yst conp a @¢fwaxi ng catal yst which
~contains at |ea®® one active net® hydrogenati on conponent on a 10 nmenber
ring unidirec- tiynal. pore inorgagyc oxi de nol ecul ary? :
anor phous i sonerfzation catal yst_yhi ch contai ns at @east odg act i*ee net al
hydr ogenat i on onent on an I

CARBON ATOMS NEAR BRANCHES / EN
1

FREE CARBON ATOMS
FCI ( OF STRUCTURE A ) =((8/26)x100)x(26/100)

1-8 =



i sonerization conponent selected fromrefractory netal oxides and
refractory netal oxides including a dopant

-26 - WO 99/41335 3. The net ré?g of claim 2 wher ei RCT/HEI9/03007
anor phous i soneri zation catal yst "has an acidity of about 0.3 to
about 2.5 wherein said acidity is deter- mned by the bigity of
the isonerzation catalyst to convert 2-nethyl pent-2-ene te@
3- et hyl pent - 2-ene anfd 4-net hyl pent-2-ene and is expressed as th¢ nole
ratio of "3-pet hyl pent - 2-ene and 4- et hyl pent - 2- ene.
4. The nmethod of claim 1l wherein the |ube fretion of step (c)is
first sol vent dewaxed| before proggssing in st (d).
5. The nethod of claim 3 wherein the\active net conponent is al _
| east one of a Goup M B or Goup VIIINnetal : 6.
The nmethod of claiml|wherein the | ube nt ai ns at o
| east 75 wt % i so- par af fi ns. 7. A nmethod tor®2
produci ng a | ube baseptock froma feed cont i 50 Mo"Br nor e
of wax conpri sing:
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(a) hydrotreating waxy feed underhydrotreatng conditions sufficient to
reduce the sul fur and nitrogen content thereof to produce a hydro- treated

feed; WO 99/41335 (b) hydroisomei zi ng the hydrotreat edptpRBos/o¥i6S
hydr oi somemni zati on gﬁdi tions sufficient to reduce-
the wax content in the feed to about 35 mt % or |ess;
-27 - (c) separating the hydroisonerized feed of step (b)
to obtain a | ube fraction boiling above about
340[err].C (d) __solvent dewnxing the lube fractioMto a
pour point of from abou +10[err]C to about|-M[err]C
to obtain a dewaxed feed; "(e) processing the dewaxed feed
under hydrocatal ytic depaxi ng condi - . . tions pith a
unitized powder pellet ¢atalyst conprising at |east one '
active nmetal conponent ¢n a 10 nmenber ring unidirectional pore o
i norgani ¢ oxide nol ecul ar sieve and at |east one active netal [ o
conmponent on an isonerifation conponent selected from iactory netal
oxi des and refractory ngtal .oxides including a dopagt
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8. A |l ube basestock conprising at |east about 75 wt % of i so-

par af fi ns haworsg/agesbr ee Car bon | ndex | essgtshan about 10 and in whi ch at

| east 75% of the aliphatic chains of the isoparafins EGTU ??8{013\%7
gr oups. 9. The basestock of claim8 wherein the Free

Carbon I ndex is |ess than 5. 10. The
basestock of claim9 wherein thejratio ofPthe Free Carb¢n | ndex to

end nmethyl groups is in the rangg (g frorﬁl 5to 4.0.

¢ SOLVENT DEWAXING @ -2
A SOLVENT DEWAXING, -27,
@ TON / SILICA-ALUMINA

ATON/ALUMINA

FIGURE 4

85
Basestock Viscosity, SUS @ 100°F

75

4.50
4.00 -
3.50 -
3.00 -
2.50 -
2.00 -
1.50
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