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PCT/ US99/ 03107 A METHOD FOR UPGRADI NG WAXY FEEDS

USI NG A CATARQ'SH41B8VPRI SI NG M XED POANDERED DEWAXI NCPCHDSNMBTO7AND
POADERED | SOVERI ZATI ON CATALYST FORMED +NFO A DI SCRETE PARTI CLE FI ELD
OF THE | NVENTI ON This invention relates to the catalytic
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Iube oil boiling range and catalysts useful in such practice are well known
in the literature. Preferred catalysts in general conprise noble Goup VIII
nmetals on hmﬂ@m@wt al oxi de support e.g., platinumon
fluorided alumna. Qher useful catalysts can include noble Goup VIII
metals on refractory netal oxide support such as silical/alumna which has
their acidity

This invention relates to the catalytic treatment of wax-containing
feeds including slack wax, Fischer-Tropsch wax, waxy raffinates, waxy
distillates and hydrocrackates to produce an upgraded liquid product, such as a
Iube oil product having improved pour point, viscosity, viscosity ihdex, reduced

sulfur and/or nitrogen content as compared to the waxy feeds.
DESCRIPTION OF THE RELATED ART

The isomerization of wax and waxy feeds to liquid products boiling
in the lube oil boiling 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, e.g., platinum on fluorided
alumina. Other useful catalysts can include noble Group VIII metals on
refractory metal oxide support such as silica/alumina which has their acidity
controlled by use of dopants such as yttria. Isomerization processes and
catalysts used in such processes are disclosed and claimed in numerous patents,
see USP 5,059,299; USP 5,158,671; USP 4,906,601; USP 4,959,337; USP
4,929,795; USP 4,900,707; USP 4,937,399; USP 4,919,786, USP 5,182,248;
USP 4,943,672; USP 5,200,382; USP 4,992,159, USP 4,923,588, USP
5,294,926, USP 5,254,518. The search for new and different catalysts or
catalyst systems which exhibit improved activity, selectivity or longevity,

however, is a continuous ongoing exercise.



controlled by use of dopants such as yttria. |sonerization processes and
cat al ysts usggob/age/ich processes are disclosed and clained i ws%g@ﬂg
patents, see USP 5, 059, 299; USP 5, 158, 671; USP 4, 906, 601; U , ,(37;
USP 4,929, 795; USP 4,900, 707; USP 4, 9374 399; USP 4,919, 786; USP 5, 182, 248,
USP 4,943,672, USP 5, 200, 382; USP 4,992, 159, USP 4,923,588, USP 5, 294, 926,
USP 5, 254,518. The search for new and different catalysts or catalyst
systens which exhibit inproved activity, selectivity or |ongevity,

however, is a continuous ongoi ng exerci se.
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are m xed %?ﬁé,gZ?,oﬁ%P%@g%ﬁ g?’ygﬁ%k%/ﬁﬁgpdg@mcég} n%g%fﬁise&% %ﬁél:itggﬁ%%bused
as part of gideéssed nethesliteiire, 86¢, fot Bxarmplea W 5324] 1920 ISMS 2B 7WBIch is a
conventional reform ng catalyst.

U.S. Patent 4,141,859 teaches a novel reforming catalyst and process
using such catalyst. Zeolites of controlled activity are mixed with reforming
catalyst to yield a composite which is then used as part of a catalyst system
including an additional component which is a conventional reforming catalyst.
The composite comprises up to 25 wt% of a zeolite of controlled acidity and
which may be cation exchanged to contain H, Pt, Pd, etc., in combination with
not less than 75 wt% of a carrier material containing 0.01 to about 2 wt%
platinum either alone or in combination with other metals and from 0.01 to about
3 wt% halide. The carrier material is preferably alumina. The composite can be
prepared by pre-milling a conventional reforming catalyst and mixing it with the
zeolite and ball milling the mixture then pelleting the mixture to the desired size. |

U.S. Patent 4,418,006 teaches a hydrocarbon cdnversidn catalyst

system comprising a mixture of a first catalyst containing a noble metal on a
refractory inorganic oxide and a second catalyst containing a non-noble metal on
a crystalline dmﬁa silicate material dispersed in a high surface area, porous
refractory inorganic oxide. The second catalyst can be prepared in any number
of ways, one of which involves taking the zeolite which has been cation

~ exchanged and pulverizing it to a powder and physically mixing it with finely
divided powder of refractory inorganic oxide and pelleting the mixture and



The conposite conprises up to 25 wt% of a zeolite of controlled acidity and
whi ch may bévQ@asMmisao exchanged to contain H, Pt, Pd, etc., in eerassshion
with not less than 75 wt% of a carrier nmaterial containing 0.01 to about 2
Wt % pl ati num ei ther al one or in conbinatden with other netals and from0. 01
to-about 3 wt% halide. The carrier material is preferably alumna. The
conposite can be prepared by pre-mlling a conventional reform ng catal yst
and ni xi ng impregndting the pedlet wathathe roa-hobleimhétabcamponentt (e fihalrsystent et i ng
the mxture to the %gqsi red si,ze. ‘U. S, Patent 4,418,006 teaches

a hydr ocar Fomprsing the Hrstcatalystandthe seeond eatalyst isghen propased. Onea fir st
catal yst contai ni.n nobl e.net.al .on refract ory,i nprgani c oxi de. and a
secont cat 5000 BHREER ARG i sighpb enih AT, Blekfad Bs feddied Siena
silicate ey | ' hisuLhace area, porous refractory
inorganicn§§§éggg?ﬂg%§g%§§gﬁ@%P&P@ég can be prepared in any nunber of ways,
one of which involves taldng the zeolite which has been cation exchanged

and pulverizing it to a powder and physically mxing it with finely divided

powder of refractor YUiS)Pagaiti4c30% B8 teuetiep ah improvedireforfiing catalyst bf
-3- inpregnating the pellet with the non-noble netal conponent. The final

syst em conpniproved ac¢tivity cemprising a first sotponent contaihingia Srpup VEI noble
prepared. One t hod invoIan requcing the,size of each particle, blending
the reducednstaldeppsedion asold acklie supporh and a sseendicompenenfcomprising

rhenium or compound thereof deposit on a solid catalyst support. It is taught

that there is a substantial activity increase by thoroughly and intimately blending
finely-divided particles of the first and second components to provide a
thoroughly blended composite and subsequently forming the blended composite
into larger particles, in contrast to using only a particulate mixture of the first

and second catalyst components.

U.S. Patent 4,584,089 teaches a reforming catalyst comprising a two
component mixture of thoroughly blended finely divided particles of a first
component comprising a Group VIII noble metal on a support having acid
catalyst sites and a second component comprising a crystalline borosilicate
molecular sieve to produce a thoroughly blended components and forming said

composite into particles.

U.S. Patent 4,575,416 discloses a method for catalytically dewaxing
a feedstock using a dewaxing catalyst which comprises a zeolite having a
Constraint Index not less than 1, an acidic catalytic material selected from the
group consisting of mordenite, TEA mordenite, dealuminzed Y, USY, REY,
amorphous silica-alumina, chlorinate alumina, ZSM-4 and ZSM-20, and a

hydrogenation component.



U S. Patent 4,302,358 teaches an inproved reform ng catal yst of.inproved
activity co | a first conponent containing a Goup VIII | e netal
deposed on rQ%Q?Md],gam di ¢ support and a second conponent coonE’E}fj"ﬁ "BEYni um
or conpound thereof deposit on a solid (_:gt_al yst support. I s taught that
there is a substantial activity increase by thoroughly and intimately

bl ending finely-divided particles of the first and second conponents to
provi de a thoroughly bl ended conposite and subsequently form ng the bl ended
conposite into larger particles, in contrast to using only a particul ate

m xture of SUMMMARY GFTHEINVERGIEN st conmponents. U .S

Pat ent 4, 587, teaches a reform ng catal yst corrprl sing a two conponent

m xt ure of thoroughl y blended finely divided particles of a first conponent
conprising a Goup VLIl noble nmetal on a sup ort havi ng acjd catal yst sites
and a second corrpone’ﬁhlsd@ﬁmoéﬂféatﬁs ta 9 method for upgradinghydrocragkes:feeds
sieve to producea iftoro%ghlgz ed cogponents and form ng said conposite
into partic fq.groduce tubrica s whychsomprises: 575 416 di scl oses a net hod for
catal ytically dewaxing a feedstock usi ng a dewaxi ng catal yst which
conprises a zeolite .having a Constraint Index not less than 1, an acidic

catal ytic er &ﬁ{&% %;gpf él‘aﬂiﬂ TEA

nordenite, rTg@al éud;r%t%ze Eq%’ &gb a&r}g gﬁs K cg] u%%gp I%treldnat e

al um na, ZSM 4 genperdiite’dhd pfedsﬁefimih@gﬁd%éhwﬂf hydioges with a catalyst
comprising a unitized powder pellet catalyst made by:

(1) mixing powdered 10 member ring unidirectional pore inorganic
oxide molecular sieve dewaxing catalyst with a powdered
amorphous isomerization catalyst having an acidity of about 0.3 to
about 2.5 wherein said acidity is determined by the ability of the
isomerization catalyst to convert 2-methylpent-2-ene to 3-
methylpent-2-ene and 4-methyipent-2-ene and is expressed as the

mole ratio of 3-methylpent-2-ene and 4-methylpent-2-ene,

(2) mixing the powdered materials together to form a homogeneous

mass,
(3) compressing/extruding the mass, and

(4) pelleting the extruded/compressed mass.

In another embodiment, the invention relates to a method for

upgrading wax-containing feeds to produce lubricating oils which comprises:

(2) solvent dewaxing the wax-containing feed under solvent dewaxing

conditions to obtain a solvent dewaxed oil; and:



-4- SUMVARY CF THE:| NVENTI ON This invention relates to a
nmet hod for wigosstissig hydr ocracked feeds to produce | ubricati ngcoiulssoosnech
conpri ses: (a) contacting the hydrocracked feed under upgrading

condi tions of el evated t enper at ure-8rd pressure in the presence of
hydrogen with a catal yst conprising a unitized powder pellet catalyst
made by: (1) mxing powdered 10 nenber ring unidirectional pore

i norgani c oxi de nol ecul ar sieve dewaxing catalyst with a

powder ed ® conucﬁﬁg%gggl@nga%é&aﬂiﬁahﬁgé%g %hdé@ﬁ’ggﬁdaig Ggiddi ty of

about 0.3 t ereln sai dity 1's"determ ned by the
abi | ity of the gong of elevated fedifferafiié afll prédsare fil theresumeerdf hydrogen with

2- met hyl pent - 2-ene to 3- met hyl pent - 2- ene and 4- et hyl pent - 2- ene
and is expr essearcaslysheomprising a unitized powaler petiét atalystmadeby: 2- ene and

4- et hyl pent - 2- ene, (2) mxing the powdered materials together to
form a honogeneous nmass, (3) _conpressing/extruding, the
mass, and (1) mixing powdered 10 member ring unidirectional pore inorganic oxide

molecular sieve dewaxing catalyst with a powdered amorphous
isomerization catalyst having an acidity of about 0.3 to about 2.5
wherein said acidity is determined 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,

(2) mixing the powdered materials together to form a homogeneous

mass,
(3) compressing/extruding the mass, and

(4) pelleting the extruded/compressed mass.

DESCRIPTION OF THE INVENTION

The present invention is directed to a unitized mixed powder pellet
catalyst and to a method for upgrading waxy feeds using the unitized mixed
powder pellet catalyst. The term "unitized" as used here and in the claims 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 powder

components previously recited.



(4) pelleting the extruded/ conpressed nass. I n anot her

enbodi nment ' ntion relates to a nethod for upgrading : L N ng
feeds to progﬁggnﬁﬁﬁricating oi I s which conpri ses: (a) soI&@ﬁFﬁggkgiﬁhg

t he wax-containing feed under solvent dewaxing conditions to obtain a
sol vent dewaxed oil; and - 5-
(b) contacting the solvent dewaxed oil fromstep (a) under upgradi ng condi -
tions of elevated tempenaliNbée FOWAE FARY Cotalyht has bRES FRIHPProduee 0gen with
a catalyst conprising a unitized powder pell® et catalyst na by: (1)
m xi ng powdgiperidPredBit & comparediodisirpcinddvidbalreatalysts @oaesponding 46 the

nol ecul ar si eve dewaxi ng catal yst with a powdered anorphous

i soméri zat i cepamtetompoments of thermbiddiowdarfumtized pelle catalystout 2. 5

wherein said acidity is determned by the ability of the isonerization
catal yst to convert 2-nethyl pent-2-ene to 3-nethyl pent-2-ene and 4-

met hyl pent - 2- ene and,i,S express as the nole ratio of 3-ngthylpent.

2_eng gnd 4-met hyl pe _ezu_né.g.ge,fczﬁglys?canhbeprepare ystar{mgwqﬁxn%‘% ual

finished catalysts, pulverizing and powdering such individual finished catalysts,

arly

mixing the powdered materials together to form a homogeneous mass, then
compressing/extruding and pelleting thus producing the unitized pellet catalysts
comprising a mixture of the individual, different, and distinct. catalyst
components. Pulverizing and powdering is to a consistency achievable using a

mortar and pestie 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 the pellet calcined to covert the
boehmite/pseudo-boehmite into alumina resulting in the production of a
physically strong, attrition resistant unitized pellet catalyst.

The unitized pellet catalyst can be prepared from a wide variety of
individual dewaxing and isomerization catalysts.

The dewaxing catalyst is a 10 member ring unidirectional inorganic
oxide molecular sieve having generally oval 1-D pores having 2 minor a:ﬁs
between about 4.2A and about 4.8A and a major axis between about 5.4A and
about 7.0A as determined by X-ray crystallography. The molecular sieve is
preferably impregnated with from 0.1 to 5 wi%, more preferably about 0.1 to



(2) mxing the powdered materials together to forma honpbgeneous

mass, Wo)sagyypr essi ng/ extrudi ng the mass, and (4) | t he
ext ruded/ conpressed naess. DESCRI PTI ON OF THE | NVENTI ON PEEMBS%'j‘)ﬂg:I,'he

present invention is directed to a uniti-zed m xed powder pellet catalyst
and to a nmethod for upgrading waxy feeds using the unitized m xed powder
pellet catalyst. The term"unitized" as used here and in the clains neans

that each p®iwto4 of at least omsiGréup VI metal, gseferablyRonslsie Group VI htalsi eve

dewaxi ng catal yst(s) with powdered anorphous isonerization catal yst(s) and
pel | et i zi ngmostpreforablyeplatinpnoarpalladitinet s each of which contain all of the
powder conponents previously recited.

-6 - The unitized powder pellet catalyst has been found to

Correspondi ng Lo t ne ke NG fih Sk g nuSied ke FosaBporhnt o b
pel l et cat aj,yikice 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 essential 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 crystallography. First, the intracrystalline
channels must be parallel 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. Rodrigues,
L. O. 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
unequal axes, referred to herein as a minor axis and a major axis. The term oval
as used-herein is not meant to require a specific oval or elliptical shape but rather
to refer to the pores exhibiting two unequal axes. Thus, as previously stated the
1-D poies of the catalysts useful in the practice of the present invention must
have a minor axis between about 4.2A and about 4.8A and a major axis between
5.4A and about 7.0A as determined by conventional X-ray crystallography |

measurements.

Zeolites which are considered to be in this pore range include

ZSM-5, ZSM-11, etc. Upon careful examination of the intermediate pore size



The unitized catal yst can be prepared by starting wi th individual finished
catal ysts, pwowRjskabng and powdering such individual fini shedpefmb%;%gﬂr

m xi ng the powdered nmaterials together to form a honbgeneous Nna&ss, e
conpr essi ng/ extrudi ng and pelleting thusgnroducing the unitized pellet
catal ysts conprising a mxture of the individual, different, and distinct
cat al yst conponents. Pul verizing and powdering is to a consistency
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nol ecul ar sieve*having generally ova pores having a mnor axis between

about 4. 2[ ergttuchitd tppsaby 9. B Mick aad ©. 3 O]son. Third RewivedEditte1992.4 err |
and about 7.0[err] as determ ned by X-ray crystall ography. The nol ecul ar
sieve is preferably inpregnated with fromO0.1 to 5 W% nore preferably

about 0.1 to '

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 (Si0;) tetrahedra, (AlO;)
tetrahedra and (PO) tetrahedra. Another preferred molecular sieve is 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 which has been
deposited a catalytically active metal selected from the group consisting of
Group VI B, Group VII B, Group VIII metals and mixtures thereof, preferably
Group VIII, more preferably noble Group VI, most preferably Pt or Pd and
optionaily including a promoter or dopant such as halogen, phosphorus, boron,
yttria, magnesia, etc. preferably halogen, yttria or magnesia, most preferably
fluorine. The catalytically active metals are present in the rénge 0.1 to 5 wt%,
preferably 0.1 to 3 wt%, more preferably 0.1 to 2 wt%, most preferably 0.1 to

1 wt%. The promoters and dopanfs are used to control the acidity of the
isomerization catalyst. Thus, when the isomerization catalyst employs a base-
material such as alumina, acidity is imparted to the resultant catalyst by addition
of a halogen, preferably fluorine. When a halogen is used, preferably fluorine, it
is presentin an arﬁount in the range 0.1 to 10 wi%, preferably 0.1 to 3 wit%,



-7- 3 W% of at least ‘one Goup VIII netal, preferably a noble Goup VIlI

metal , nost Wwedmsiakd y pl ati num or pal | adi um W d-Budbs107
effective pore size as discussed above is inportant to the practice of the
i nvention, not all internedi ate pore siz®&-nol ecul ar sieves having such

effective pore sizes are advantageously usable in the practice of the
present invention. Indeed, it is essential that the internedi ate pore size
ol ecul ar  sipye preferdbly 0s1 tes2 withé) thost preferably @, Hto Lisewtoe Sintildriy éfit i on
have a very specific pore shape and size as neasured by X-ra L

cryst al | ogr sifica-almnina is used as the baseymaterial,rasiditiaearcbe ceroll@%bmdwsmg and
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general ly oval “in shape, by which is neant the pdres nust” exhibit two
unequal axepowdefed; and mixed preducizg the second ceniponentoftheninitizekinixed'he ter m
oval as used herein is not neant to require a specific oval or elliptical
shape but rReletcatalystefer to the pores exhibiting two unequal axes. Thus,

as previously stated the 1-D pores of the catalysts useful in the practice
of the present invention nust

The isomerization catalyst can also be the mixture of discrete
particle pair catalysts described in U.S. Patent 5,565,086 which is incorporated
herein by reference. 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, pg. 78-84. In general one of the catalysts is
deemed to be a high acidity catalyst having an acidity as evidenced by having a
3-xﬁeﬂ1y1pent-2-ene to 4-methylpent-2-ene ratio in the range 1.1 to 2.3 whereas
the other catalyst will be a low acidity catalyst as evidenced by having a 3
methylpent-2-ene to 4 methylpent-2-ene ratio in the range 0.3 to about 1.1.

This method measures the ability of catalytic material to convert
2-methylpent-2-ene into 3-methylpent-2-ene and 4-methylpent-2-ene. More
acidic materials will produce more 3-methylpent-2-ene (associated with
structural rearrangement of a carbon atom on the carbon skeleton). The ratio of
3-methylpent-2-ene to 4-methypent-2-ene formed at 200°C is a convenient

measure of acidity. Isomerization catalyst acidities as determined by the above



have a m nor axis between about 4.2[err] and about 4.8[err] and a nmgjor
axi s betwee il ] and about 7.0[err] as determ ned by con L.onal
PSR YR piior

X-ray crystal l ography measurenents. Zeolites wh
considered to be in this pore range inclyde ZSM5, ZSM 11, etc. Upon
careful exam nation of the internediate pore size zeolites,

however, it has been found tat not all of themare efficient as a catal yst
for isomerizakilf | D rﬂffnafh' [ ' rg&?' ate pore
size zeolite€s _crur?lq"{negsqggﬂﬁ?%%dﬁ% pr esgr{%én%%ﬁ‘gﬁl&%rtigﬁﬁ%{s%g | cﬁai n

addi tion_t oahRvibust DT tocdbiout 210. PEESlite aewafﬁgﬂia 5 haVé aeiditeesas Such 10
menber ring, uUni- directional zeolites include Z 22, ZSM 23, ZSM 35,

ferrierite, défcindied ynthecdbiove techinidue whichdierixt thei ratie regiontinithe range off t h
these as defined Atlas of Zeqlite Structure types by SS M Mer and D. H.
O son. Thi r ébgas2.§ de 3 iprefsrmbly 36 to 2.8, The nost preferred

I nternmedi ate pore size silicoal um nophosphate nol ecul ar sieve for use in
the process of the invention is SAPO 11. SAPO 11 conprises a nol ecul ar

framewor k of corner- ' ' r.a, etrahedra
and (PO[err]) tetr ahgg‘?%haﬁ‘ﬁ’%fhﬁ&gﬁé#eﬁ%@ﬁﬁ?é@&eﬁ@[@@ﬁé SAPO-4 1.
McVicker/Kramer method, i.e., the ability to convert 2-methylpent-2-ene into
3-methylpent-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-inethylpent-2—ene

to 4-methylpent-2-ene, has been correlated to the fluorine content of platinum on
fluorided alumina catalyst and to the yttria content of platinum on yttria doped
silica/alumina catalysts. This information is reported below.

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

F Content (%) Acidity (McVicker/Kramer)

0.5 0.5
0.75 0.7

1.0 15

1.5 25
0.83 1.2 (interpolated)

Acidity of 0.37 Pt on yttria doped silica/alumina initially comprising

25 wt% silica:
Yitria Content (%) Acidity (McVicker/Kramer)
4.0 0.85
9.0 0.7

In practicing the present invention the feed to be isomerized can be

any wax or waxy containing feed such as slack wax, which is the wax recovered



The isonerization catal yst conponent can be any of the typical

| someri zat i oworsstdas3pst such as those conprising refractory netrdTgsoods107
support base (e.g., alumna, silica-alumna, zirconia, titanium etc.) on
whi ch has been deposited a catalyticallyldetive netal selected fromthe
group consisting of Goup VI B, Goup VII B, Goup VIII netals and m xtures
t hereof, preferably Goup VIII, nore preferably noble Goup VIIIl, nost

preferably Eoﬁhﬁ&rdﬂdndg&mbbmbym&aﬂsmentmmpm dewastingaand earch as
hal ogen, phosphorus, boron, ytria, naegnesia, etc. preferably hal ogen

yttria or mugntsinentraimed il isfan smbynt varyingep torabowai%yﬂe&lably 4 Qb

Tor ¢ pr of or P TE r?@y%%%ﬁgk@%ﬁp@wﬁwm%% F hspeceudy oot
nor e prefer ar onot er s
Thus, whon ERESPESIIY 113 GiRiliaRd reabfof SO Snl H. LOMG R E??%“ﬁﬂﬁ?ﬁé A

al um na. - aciyghicK chi heTRAE RilhiR, hiy HREHata: wakAtaffhales iidh chaboRfai

hal ogen, prete rine. Wien "a hal ogen is uUsed, preferably fluorine,

'tol S pr esehywhefdfroa®snd 95% wax anﬂrig&irﬁcrhckaeiﬂevw&dﬁmmhydmllcrgclﬁxg% t8 3
w % -9-_ nore preferably 0.1
to 2 w% mpetrobewsn feadstocks wdcnhyd@molangcmdmmy Hydreemaekingdypieally i s

3?:?. ??cé:?aﬁ%?@ns”%éﬁéﬁé"s fealspckitiaios R RstyR) 157 (RIREEE L i cn
u. S
Pat ent 5, 252001 :f@oﬁeh&%&%b B aﬁﬂ@%ﬁ@@eﬁéwﬁﬁe? %kl g

catal yst co seVRidiged
and powder e(q:mﬁ‘bn%'?Il pr o cilelr%(ﬁ)? bgg%% 2ponent 0 %ﬁﬁl tel zed
m xed in nature and contain a hydrogenation functmn Typical hydrocracking catalysts

include silica-alumina and acidic zeolites.

Should the practitioner so desire, the feed can be mﬁdly solvent
dewaxed (e.g., to a pour point of about 5°C or 0°C) prior to the upgrading
process to recover valuable wax, Solvent dewaxing utilizes typical dewaxing
solvents such as C5-Cs ketones (e.g., methyl ethyl ketone, methyl isobutyl ketone
and mixtures thereof), Cs-Cjo aromatic hydrocarbons (e.g., toluene), mixtures
of ketones and aromatics (e.g., MEK/toluene), autorefrigerative solvents such as
liquefied, normally gaseous C,-C4 hydrocarbons such as propane, propylene,
bufane, butylene and mixtures thereof, etc., at filter temperature of -25°C to -
30°C. The feed, still containing residual wax is then subjected to the upgrading

process.

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



pel l et catal yst. The isonerization catal yst can al so be the

m xture of @ particle pair catalysts described in U S _Patent

5, 565, 086 m‘iﬁ}/é%ﬁ/&ﬁ? ncor porated herein by reference. That catﬁ?f/y 99/03167
conprises a mxture of discrete particlgs of two catalysts having acidities
in the range 0.3 to 2.3 wherein the catalysts of the catal yst pair have
acidities differing by about 0.1 to about 0.9 wherein acidity is determ ned

by the techq] - 2 Kn ' e [ and
O etin 1 sodresaufiin M e 3had 10 Hilm SRAHC Rty Ity ehlbE 2 giin SURIHE 200
Chem Res 1 : ts is deened to
be a high 2}3 %ll%'? €%§%P§§ﬁﬂrgﬁhﬂ’gﬁ§£&g§yd?%ﬂ%§ %ngﬁgggy%y havi ng a
3-nethyl pent-2-ene to 4-nethyl pent-2-ene ratio in the range 1.1 to 2.3
whereas the other catalyst will be a |low acidity catal yst as evi denced by
having a 3 net hyl perifo achiave these limitsthefeed ivpreferablyt hydrotreated to aedpee0. 3 t o
about 1.1. . This nmethod neasures the ability of catalytic
material t dhesHlfar and nitregen ¢aIdenty - ene i nto 3- met hyl pent - 2- ene and

4- et hyl pent-2-ene. Mire acidic materials will produce nore

3- et hyl pent - 2-ene (associated with structural rearrangenent of a carbon

3 et hypent - 2- ene. 1 otrgueating LR b Fonufied Sl ) APl ByBftireafing . ;1.
I_ i 8 frer | zat i catalgst suichsis NIPMb én aluminadCoAvIol cieslufiind, 'CoAlAM® on alumina,
e.g., KF-840, KF-843, HDN-30, HDN-60, Criteria C-411, etc. Similarly, bulk
catalysts comprising Ni/Mn/Mo or Cr/Ni/Mo sulfides as described in U.S. Patent
5,122,258 can be used.

Hydrotreating is performed at temperatures in the range 280 to
400°C, preferably 340 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 upgrading process is practiced at a temperature in the range 300
to 375°C, preferably 330 to 360°C, a pressure in the range 500 to 3000 psi,
preferably 1000 to 1500 psi, ‘a hydrogen treat gas rate in the range of 1000 to
10,000 SCF/bbl, preferably 1000 to 3000 SCF/bbl and a flow velocity of 0.1 to
10 LHSV, preferably 0.5 to 2 LHSV,

In both the hydrotreating and upgrading steps, the hydrogen used can
be either pure or plant hydrogen (~50-100% Hy).

Following upgrading the total liquid product is fractionated into a

‘lubes cut and fuels cut, the lubes cut being characterized as having a kinematic



technique lies in the ratio region in the range of about 0.3 to about 2.5,
prefer- abl yWbheaM13®h 5 to about 2.0. Zeolitic dewaxi ng cat al ysperiisomsior
acidities, as determ ned by the above technique which lie in the ratio
region in the range of about 2.5 to 3.0;1preferably 2.6 to 2. 8.

For a number of catalysts, the acidity as determ ned by the MVi cker/ Kraner
nmethod, i.e., the ability to convert 2-nethyl pent-2-ene into

3- net hyl penwiszosity of abiout 2:6tcdy lapd higlereatel 60°CL pogferablyabauti3 W dStwndl. 0 hour
on feed wherein acidity is repogrted in terns of the nole ratio of

3- met hyl penhighesgé 108°Gmestpreissably absyt 4 obs enddugherat 1803ked to the
fluorine content of platinumon fluorided alum na catalyst and to the
yttria content of platinumon yttria doped silical/alumna catalysts. This

information is repor ﬁ&ﬁimﬂg l?as bqexsl:found that'?’ﬁ& %Mh&ﬁldopré(@q ngdnrri)f%b}?r i ded

alum na at different Or | eve

Acidity (M ' ; : 0.5
i Wt&ﬁﬁﬁaﬂﬁ@‘%ﬁ%ess can be advantageously treate?luga second stage at mild 0 2

1.5 conditions usﬁgﬁsomeﬁzation catalyst or simply fibb28 Group VIII on refractory1: 2
(i nterpol at ed) ) Acidity of 0.37 Pt on yttia doped
si | i ca/ al unimetal mdeaata]ystmdmerféimwcr tontaminants in the upgraded ri a

Content (9 Aci dj t Vi Ki
ntent (% product and thus yi(ell\{faxll %Lflec;tj imrp?'gEerci daylight stability. The total liquid
product is passed over a charge of hydrotreating catalyst, isomerization catalyst

or over just noble Gp VIII on, e.g., transition alumina, The conditions used
include a temperature in the range of about 170-270°C, preferably about 180°C
to 220°C, at pressures of about 300 to 2500 psi Hj, preferably 500 to 1500 psi
H,, a hydrogen gas rate of about 500 to 10,000 SCF/bb], preferably 1000 to 5000
SCF/bbl and a flow velocity of about 0.25 to 10 v/v/hr, preferably about 1-4
v/v/hr. Temperatures at the high end of the range should be employed only when
similarly employing pressures at the high end of their recited range. Tempera-
tures in excess of those recited may be employed if pressures in excess of 1500
psi are used, but such high pressures may not be practical or economic. A

variation of the procedures is covered in USP 5,158,671.

The total liquid product is treated under these conditions in a
separate, dedicated unit. It has been found to be unnecessary to fractionate the
first stage product prior to this mild second stage treatment. Subjecting the
whole product to this mild second stage treatinent produces an oil product which
upon subsequent fractionation and dewaxing yields a base oil exhibiting 2 high
level of daylight stability and oxidation stability. These base oils can be sub-
jected to subsequent hydrofinishing using conventional catalysts such as KF-840



4.0 0. 85 9.0 .

0.7 practicing the present invention the feed_to be

i sonmeri zed c‘gr?%/étll%rqy wax or waxy containing feed such as sl alkTHSROUPT ch
is the wax recovered -14- - 11 -
froma petrol eum hydrocarbon by either solvent or propané dewaxi ng and can
contain entrained oil in an anount varying up to about 50% preferably 35%

or oduced byof FEOREAY (€8, 54 Mo 4t SENE; ol ahafid) ABomliblal CoRBURLEET 7 0™
feeds which : icstid | ; whi ch
c:ﬁ zont :aicnranyﬁ:ere grgﬁ*g&%@o mt%sét%h hyédrocﬁggggt e%ﬂcgglrh?l\} defsromI :
hydr ocr acki ng petrol eum f eedst ocks under hydrocracki ng conditions.

Hydrocracking typically involves treating a feedstock with a hydrocracking
catal yst at a tenper Zheusitigedyrdlet satslysf can pontain, thedgdividual powdsred

1000- 3000 psi g, LHSV qf. 0.1 ta 5 and hyd t te of 1000-10, 000
scf /B, Fycl CoRORFHS Whkeh mpliedt Hp 3 a T it Kb S FOmPORERSS 523 be

TV ca ar el 8 taid 3 il 1 R0 8 loRéea T06 et Biehe Lrirefifably HFone

so desire, jfig-ifeed can be mldly solvent

jog
-

Theta-1 (TON) is a 10 ring, unidirectional silica alumina zeolite for
which isotypic framework structures include: ZSM-22, NU-10, ISI-1, and KZ-2.
This catalyst possesses excellent catalytic dewaxing potential with high wax
content oils and is known to be highly active. The isomerization catalyst 0.3%
Pt/1%F/A1,0; is a mildly acidic, highly active isomerization catalyst for produc-
ing high VI base oils from slack wax and waxy raffinates. It was reasoned that a

mixture of these two catalysts would produce a low wax content (low pour) and
high VI base oil. '

EXAMPLE 1

A 600N waxy raffinate was hydrotreated over a C-411 hydrotreating
catalyst then stripped to remove H,S and ammonia.

C-411 is a commercial hydrotreating catalyst from Criterion. Itisa
1/20" trilobe catalyst containing 2.6% wt% Ni and 14.3% wi% Mo onan
alumina base. Its physical properties as quoted in the product bulletin are:
surface area = 165 m%/g, pore volume = 0.43 cc/g, bulk crush strength = 12.7
kg/cm? and attrition index = 98+ wt%.



dewaxed (e.g., to a pour point of about 5[err]C or O[err]C) prior to the
upgr adi ng predsdi1Be recover val uabl e wax. Sol vent dewaxi ng upCTAUS®R03107
typi cal dewaxing solvents such as CJerr]-Clerr] ketones (e.g., methyl ethyl
ket one, methyl isobutyl ketone and mi xtulSs thereof), (err]-derr]
aromati ¢ hydrocarbons (e.g., toluene), mxtures of ketones and aromatics
(e.g., MEK/toluene), autorefrigerative solvents such as |iquefied, normally
gaseous ( err] - ( er rTherhydrotreatedfeed folowingstripping was thepl sentto vaitsine,

P e g Hibemieedor v bedok e SPRREIaE Eora 44 e
' : d | I
2o e LonkASTON 7% o oL BT AR o R T "\
doact vat | offseioh BE YHHRES BEEohe R ciles"H POKSiEre ditdl 68 lsdrlchtalyst

-12- feed e&ﬁ-ggir:éeht?erweamﬁ%am &aénpare%sﬁgmmdéﬁq?mam@ ppm

sul fur and no 1 han 2 ppm nitrogen, preferably less th ppm
nitrogen. 25% powdered 0.25 PACTODVwith! %596 poiwdered 0.386 Pot% F-AlgDpamd abl y

hydrotreated to reduce the sul fur and nitrog%n content. . .
pelleting the resulting blended powder. The TON has a silica alumina ratio of
about 60:1. In all three cases the effluent from these units was then sent to a
second reactor loaded with 0.3% Pt/1% F-Al,O; and run at 200°C as a stabiliza-

tion step (in accordance with USP 5,158,671). All reactors were run in up-flow

Y.

mode.

In all cases the catalysts were crushed and sieved to collect the 7-14
mesh (Tyler) fraction. The units employed 64 g (100 cc) of the 7-14 mesh

particles. The catalysts were activated using the following procedure:

1. Hydrogen flow at 0.6 ft*/h (approximately 0.6 SCF/h per 100 cc) at 2.4 MPa
(350 psig). No liquid flow.

2. Heat at 8°C/h to 200°C.
3. Hold24h.

4. Increase pressure to 4.5 MPa (650 psig) and increase hydrogen rate to 1.6
f/h. |

5. Increase reactor temperature to 400°C at 8°C/h and hold 400°C for 4 h.

6. Cool to SOR operating temperature (330°C).



Hydrotreati ng can be conducted using any typical hydrotreating catal yst
such as N/ Mygsyak3pn na, Co/ Mo on alum na, Co/N /M on alum %T"E”% 3107

KF- 840, KF-843, HDN-30, HDN-60, Criteria CG41 1, etc. Simlarly, bu k

catal ysts conprising Ni/M/ M or Cr/N/Mpgsulfides as described in U S

Pat ent 5,122,258 can be used. Hydrotreating is perforned at
tenperatures in the range 280 to 400[err]C, preferably 340 to 380[err]C at
pressures ir].t%6w&efég%¥&om&mcmyggm@.treat gas rate in the
range of 500 to 5000 SCH/ bbl and a flow velocity in the range 0.1 to 5
LHSV, preferably 1 to 2 LHSV. The upgradi ng process is
practiced at a tenperature in the range 300 to 375[err]C, preferably 330 to

360[err] C, a pressur dhefeechhwas hydrotsmted ovaadDd 13 At 37076 @ 7édiguy LHYV, t 0 1500
D cf er abl y. 1600 Bete @b oS SEBAPLC By iy e 883 Tt FSoReRtad feaiE
et e b1, ok hin b oo e oo B DA R ABLC,.
S fracti onatg 300G LOfhaue LETSY: P00 Geibiiptal prédipied ZGH SCRAM Pt 0cuCt
charact er i zpgdspenavéat gad rate ) Theitemperature was then increased stepwise to 340°C

and 360°C, all other operating conditions being held constant.

The total liquid product from the isomerization unit was fractionated
by modified Hivac (Topping) to produce a 370°C cut (lubes cut) which was

analyzed for pour point.

The results obtained in this Example are presented in Tables 1A, 1B,
and 1C.

The Tables show that the product obtained using the unitized pellet
catalyst (having a VI of 106) is of lower pour point (-29 to <-46°C) as compared
to the product obtained using a mixed bed of Pd TON pellet catalyst and 0.3%
Pt/1%F-Al,0; pellet catalyst (having a VI of 111 and a pour point of -4 to -11°C)
or a stacked bed of discrete pellets (VI-110-114 and a pour point of -2 to -7°C) at

- equivalent reactor temperatures.



- 13 - viscosity of about 2.5 ¢St and higher, at 100[err]C, preferably
about 3.0 c@toewmissu gher at 100[err] C, jpost preferably about PCTGIIIAAW7

hi gher at 100[err]C. Preferably it has been found that the
total liquid product (TLP) fromthe upgradi ng process can be advant ageously
treated in a second stage at mld conditions using isonerization catalyst

or sinply noble Group VIIl on refractory netal oxide catalyst to reduce PNA
and ot her contam in the upgraded product and thus yield an oil of

i nproved dayl i ght ility. The total %t; d product _is B‘ag‘sed over a
charge of hydrotr &t 9@ al gb\qgon‘erl t4 on cataiyas?» Of Yo¥er j ust nobl e

Go VIl on, e.g. s?é’ua)n 5;‘°°Tﬁ>e éndition¥ BB gcfude a
tenperature in th g ge of about 170- 270[err]C preferably about 180[err]C
to 220[err]C, at lﬁe ures of about 300 to 2500 psi Herr], preferably 500
to 1500 psi HerT|, a hydrogen gas rate of about 500 to 10, 000 SCF/ bbl,
preferably 1000 5000 SCF/ bbl and a flow velocity of about 0.25 to 10
v/ivlhr, preferab ut 1-4 v/ v/ hr. Tenperatures at the high end of the
range shoul d be @r ed only when simlarly enploying pressures at the
hi gh end of thei lﬁ te 5ang9N'£gr;p@ra-oab es |u_e.xg$srs@f;§t&ose recited
may be enpl oyed g} %0 psiv avreags But such high
%: ract| caI or economc‘," A variatioh o tb'he procedur es
is covered in US %3 8,671. The total liquid product is
treated under thgHe nditions in a separate, dedicated unit. It has been
found to be unneefssary to fractionate the first stage product prior to.
this mld second_ﬁ;tage treatment. Subjecting the whole product to this mld

pressures may nofg

second st age tre&%rg produces an oil product which
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upon subsequent fractionation and dewaxi ng yields a base oil exhibiting a
hi gh | evel jght stability and oxjdation stability. Th i ls
can be sub- g‘jl;oegg?‘}eiééo?o subsequent hydroﬂ; ni shi ng usi ng conven??@ﬁ}gﬁé&]m
catal ysts such as KF-840 - 14-
or HDN-30 (e.g., Co/M or Ni/M on alumna) at conventional conditions to
renove undesirable process inpurities to further inprove product quality.
The unitized pellet gatalyst can contain the individual powdered conponents
whi ch nake it up |h broad ratio. Thus, the conponents can be present in
‘the ratio in the e 1:1Q9 or nmore to 100 or nore: 1, preferably 1:3 to
3: 1. eta-l‘{TO@g&gﬁ)ging, uni directional silica

alunm na zeolite f i ch %ot ypi ¢ Yramework structures include: ZSM 22,
NU-10, ISI-1, an 2. This catal yst possesses excellent catal ytic

dewaxi ng potenti S ®th hi gh wax content oils and is known to be highly
active. The isomgrization catalyst 0.3% Pt/ 1%/ A [err](efr] is a mldly
acidic, highly &itive isomerization catalyst for produc- ing hi VI base
oils from sl ack ¢ cand waxy raffinates. It was reasoned that a m xture of

t hese two cat al yﬁtg uld produce a | ow wax content (low pour) and high Vi
base oi l nl o o wIKBQS :
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EXAMPLE 1 . -+ A 600N waxy raffinate was hydrotreated over a C 411
hydr ot r eat i RgoGakpkyst then stripped togemve Herr]S and anp@rugss/ o7
C-411 is a commerclial hydrotreating catalyst fromCriterion. It is a 1/20"
trilobe catalyst containing 2.6%w %N and 14.3% w % Mo on an al um na
base. Its physical properties as quoted in the product bulletin are:
surface area = 165 nferr]/g, pore volune = 0.43 cc/g, bulk crush strength =
12.7 kg/cnferr] a trition index = 98+ w %
-15 - hydrotreated feed foll owi ng stripping was then sent
to units containi theloa B xeds @f vt agked bed of disc@e@warticles
(25% of a 0.25% Pq® d@%‘ SYootka 38 0. 293Rt / 1% F/ Al [er F&r] isom
catal yst and wher g n ®He case of the st?cked bed the particles of TON
were on top of thg@y &m catal yst conponent) or a bed of unitized m xed
powder pellet cat Iy§f made by bl endi ng 25% powdered 0.25 Pd TON with 75%
powdered 0.3% Pt/ j% F-Al[err](err] and pelleting the resulting bl ended
powder. The TON hgs aysilica alumna ratio of about 60:1. In all three

2

cases the efflue mthese units was then sent to a second reactor
| oaded with 0.3%

PONS

0 RnAbl ergl &l J—andgryn at 200[err Mg a stabiliza-
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tion step (in accordance with USP 5, 158, 671).

up-fl ow node,

sieved to cNI¥4he 7-14 nesh (Tyl ergofraction.
(100 cc) of the 7-14 nmesh particles.

fol |l ow ng procedure:

SCF/ h per

100 cc) at 2.4 MPa
8[err]Ch to 200[

err,
(650 psig) and iref
reactor tenperatd
Cool to SOR oper dtd
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CATALYST

Al |
cases the catal

reactors were run in

ysts were

The units g%%@%%@g%@i g
The catal ysts were activated using the
1. Hydrogen flow at 0.6 ft[err]/h (approximately 0.6
(350 psig). No liquid flow. 2. Heat at

C. 3. Hold 24 h. 4. Increase pressure to 4.5 MPa

se hydrogen rate to 1.6 . ftlerr]/h. 5. Increase

0 400[err}kC ai, &7 h and hold 400[err]C for 4 h. 6.

mgnp(gaggggsgp[err]c:).

In all
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7. Introduce feed (hydrotreated 600NR) at 330[err]C. The feed
was hydrotrew(ﬁ%,ﬁgﬂr C- 411 at 370[err] 0. 7/ hour LHSV, 1000ppghosrtsdon 500
SCF/ bbl pure hydrogen treat gas rate. drotreated feed was then introduced
into the isonerization unit where the conditions initially were 330[err]C,
1.0/ hour LHSV, 1000 psig total pressure and 2500 SCF/ bbl pure hydrogen
treat gas rate. The terrperature was then increased stepwise to 340[err]C

and 360[err]C, all er operating eonditions being held constant.
The total liquid p@ ct fromthe isonerization unit was fractionated by
nodi fied Hi vac (Toppi g)oto prgctuq-e.-a 37p[err] C cut (bu&s-.cut) ~hi ch was
anal yzed for pour icAt . ‘°o"‘~nm e results obﬂa@ed in this Exanple
are presented in Taegl S 1A 15” an‘é 1C. The Tabl es show t hat
t he product obtain sing the unitized pellet catalyst (having a VI of
106) is of lower ppurtpoint (-29 to < -46[err]C) as conpared to the product
obt ai ned using a n} xed bed of Pd TON pellet catalyst and 0.3% -
Pt/1%--Al[err]Jerf] pellet catalyst (having a VI of 111 and a pour point
of -4 to -11 [err r a stacked bed of discrete pellets (VI-110-114 and a
pour point of -2 S err,]DC) at e.gu&val ent reactor terrpgratures
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Example 2

The same 600N raffinate of Example 1 was subjected to hydro-
treatment over a C-411 hydrotreating catalyst then, following stripping to remove
H,S and ammonia was fed to a unit loaded only with palladium loaded TON

catalyst pellets (0.25 wt% Pd) operated under a range of conditions.

The conditions of operations and the results of the runs are presented
in Table 2 below.
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subj ected to hydro-
owi ng stripping tor

f ot

| oaded only with palladium| oaded TON

ONI Rfdhipate of Exanpl e 1

a G411 hydrotreéating catal yst then,

and anmonia was fed to a unit
catal yst pellets (0.25 wt % Pd) operated under a range of conditions.
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The conditions of operations and the results of the runs are presented in

Table 2 bel gy 99,4133
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- 26 - EXAMPLE 3 The sane 600N raffinate of Exanple 1 was

subj ect ed towBwgjaPsspt reat ment over a C-411 hydrotreating catalysi, 552;%?07
stripped to renove H2S and ammoni a and the stripped product was Fe 0 a

unit containing unitized bl ended powdlersgel | ets catal yst conprising 25% of
a 0.25 wt% Pd on ZSM5/75%of a 0.3 W% Pt, 1% F/ Al[err]derr]. The ZSM5
had a silica/alumna ratio of about 64:1. The conditions and results are

reported i EXANPLE Pel ow.

The same 600N raffinate of Example 1 was subjected to hydro-
treatment over a C-411 hydrotreating catalyst, then stripped to remove HyS and
ammonia and the stripped product was fed to a unit containing unitized blended
powder pellets catalyst comprising 25% of a 0.25 wt% Pd on ZSM-5/75% of a
0.3 wt% Pt, 1% F/Al503. The ZSM-5 had a silica/alumina ratio of about 64:1.

The conditions and results are reported in Table 3 below:
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- 30 - ' Fromthis it is seen that not all zeolites are
appropri atewopyaseoi n the present investion. The m xed powderCTU$945107
catal yst containing 25 wt % Pd/ ZSM 5 produced a product of only 97 VI with a
pour point of -19[err]C on a feed which if sinply solvent dewaxed woul d
have a VI of 104 and a pour point of -18. This is to be conpared with the
product produced using a m xed. powder pellet catalyst containing 25 w%

Pd- TON (Exanple 1) which had a VI of 106 and a pour point of -46[err]C (on
a feed which if sinply solvent dewaxed woul d have a VI of 105 and a pour of
-24[err]C) or evensgpi th the product produced in Exanple 2 using only Pd/ TON
(no i som cat al & @nponent) which had a VI of 110 and a pour point of -6

on a feed whichBi {1 ®inply sol vent dewaxed woul d have a VI of 112 and a pour
poi nt of -8[er§ SM5 is an oval pore zeolite but is not unidirectional.
This is to be eb ed with the structure of Theta-1 (TON or ZSM 22) whi ch
is a 10 nmenber X i uni di rectional pore material wherein the pores are

oval . EXAMPLE &~ .8 A 250N raffinate was hydrotreated over a

C-411 hydrotreati n§4catal yst, stripped to renobve H S and ammni a then fed
to unjts containing either unitized m xed powder pellet catal yst conprising
25 wt % of 0.25% Pd-ZSM 5/ 75 wt % of a 0.3% Pt/1.0% F/ Al[err]Jerr] catal yst
or a 0.25% Pd on TON catal yst. The ZSM5 had a silica/alumna ratio of
about 64:1. The (g__i tions used and
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the results obtained are presented in Table 4, bel ow [err]
[err] Wio974 330 PCT/US99/03107

-30-

From this it is seen that not all zeolites are appropriate for use in the
present invention. The mixed powder pellet catalyst containing 25 wi%
Pd/ZSM-5 produced a product of only 97 VI with a pour point of -19°C on a
feed which if simply solvent dewaxed would have a VI of 104 and a pour point
of -18. This is to be compared with the product produced using a mixed powder
pellet catalyst containing 25 wt% Pd-TON (Example 1) which had a VI of 106
and a pour point of -46°C (on a feed which if simply sofvent dewaxed would
have a VI of 105 and a pour of -24°C) or even with the product produced in
Example 2 using only Pd/TON (no isom catalyst component) which had a VI of
110 and a pour point of -6 on a feed which if simply solvent dewaxed would
have a VI of 112 and a pour point of -8°C. ZSM-5 is an oval pore zeolite but is
not unidirectional. This is to be compared with the structure of Theta-1 (TON or
ZSM-22) which is a 10 member ring-unidirectional pore material wherein the

pores are oval.

EXAMPLE 4

A 250N raffinate was hydrotreated over a C-411 hydrotreating
catalyst, stripped to remove H S and ammonia then fed to units containing either
unitized mixed powder pellet catalyst comprising 25 wt% of 0.25% Pd-ZSM-
5/75 wt% of a 0.3% Pt/1.0% F/ALO; catalyst or a 0.25% Pd on TON catalyst.
The ZSM-5 had a silica/alumina ratio of about 64:1. The conditions used and
the results obtained are presented in Table 4, below.



-34 - " Fromthis it is seen that using a unitized m xed powder
pel | et cat al¥yot994833ai ni ng 25 wt % of a 3eolite of the kind ZSM@/‘WB@-‘?}%S a
product of lower VI (VI #104 at equival ent pour point) as conpared to the
product obtained by practicing either solvent dewaxing (VI #114) or
treatnment using only 0.25% Pd- TON (VI #109). There is no advantage to using

a m.xed powder pel Ie%cat al yst wherein one of the conponents is of the type
represented by Z%/Iv\b gjn O\{@| or e zeola{te which is pot,
uni di recti onal . S This @xanpl e @n&&% he

advant age of cat % vv:ﬁlv-ng-'aﬂl’ﬂd? b‘cﬁ‘acka'ﬁ ver sus sol wefif W&haxing to

t he sanme pour pom‘l catal yti c dewaxed products have higher VI's and
better | ow terrperature ropertles than a sol vent dewaxed product at the

same pour poi nt The hydrocrackate has the foll ow ng
properties: , NEHS) Viscosity, cSt at 100[err]C, 3. 808
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OY/BHET

The hydrocrackat e

was topped wo®&@$3rr]C to give a 350[ger] C+ product whi ch WRETAH
-35 -

havi ng the properties shown

GCD, [err]C 325-503
-21[err]C to nmake a dewaxed oil

5/ 95,
dewaxed using MBK in a 3:1 solvent to hydrocrackate ratio and a filter

t enper at ure of

Boi I i ng Range,
in Table 5.

T c

oo °

o o ©

o —

— Qu, () Mm

=73 = L1~ 01-

= S yI1 96

? - L86°S  ¥SIL

> 8Z7'S€ 8€°0S
> 8 €51 WTE
= o L8 8€'L9

S © M YA

o 3 0058

Se ' 2 s9K sax
- 2 £ST1100-ZNd €£1S000-NDD

v.oqm,.km ovs 86€S £1¥S ys  PIS SSys
8'60S © $'60S 1°80S €606 9'01¢ 01$ 8605
szsy ™ y1sP A4 L'oSYy €ISy L'ISY €61
L'08¢E €8LE TILE 6'ELE 6'SLE L'8LE 6'11¢

D OTLEE 1'oge T'0E€ £'0€€E p'see  pSEE 1'€pT .

=701 9'01 _ Al S0l ) Ll T9

5. O €T Y1 9L $'ZE

2 L vZ- 6~ 91- yi- 6 o1 Nmm :

SR S IR $6'€1 81 '

=3 M OR 78'68 90'98 78°S8 87'98

o .0 -

= 4

S ~{T £ PoR[PJ/SIPpMO dpopwera )

STROSESL  IVOWOST IVOWOSI NOIPd NOIPd NOLPd 0  SFumey
OSL'SINSZ  %SLSNSZ  %SL'SINSZ ~ %ST0 %ST0  %STO NOST padg
<PdBSTS  -Pd%ST -pd %ST

o o

Ln

N
(potunu0o) y HTHVL

L <©

0. — -

w5 55

I I N

nNnoooAo

<< .OA A<

FoAAR

0, ‘Wui0d Mod
1A

0.001 @ 189 ‘ANSOOSIA

000Y @ 180 “ANs03sIA
94 ‘soneuIory ST
opM ‘s18S ST
~wddm N ey
wddm agmns ‘'V'H
0.0LE 03 peddoy,
9po) OMA
0, ‘ded
Do TO %56
Do BO %08
Do BO %S

D, ‘ddl .

(%6 ‘@DD) LnE[CA YOBON

% Xep OSA
2, ‘M0d Mod
H%

0%



The hydrocrackate was catal ytically dewaxed over a 0.3 w% Pd TON,

silica-al umiwe %R283365w / wt, zeolite: siBBca-alunmina) nmixed powddayUssonosite
catal yst under the conditions shown in Table 6 and to produce the products,
after topping at 350[err]C, shown in Table 6.

TABLE 6 Process Conditions Pressure, psig

1000 1000 ° TGR, scf/B 2500 .

2500 3ol Vel ocity, v/v/br 1.0 1.0

Tenperature, C & T, 314 329 Yield, w%

74 65. § E Product Properties Viscosity, cSt

at 100C 3.75 0 @7 3. 706 Viscosity, cSt at 40C 16. 45
16. 551 NS, ScP at 100F 88. 6 147.2

VI = 117 110.0 . Pour Poi nt,
[err]C . X9 & -44 Brookfield Viscosity, at
-40[err]C 125409 @ The dewaxed oils, both sol vent

=
dewaxed and the ple

Y fromthe catal ytic dewaxer, were fornul ated as
Automatic Transmg '

uids using a

e

25% Pd-
ZSMS5, 5%  ZS
MCAT I
Blend

I

0.25%
d TON
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-36 - Ford type ATF ad pack (22 % treat rate of ATF ad pack 78 W %

dewaxed oi | )Mmlﬁgﬁokf leld Viscosities at -40[err] C neasured
Brookfield Viscosities for both feed and products are shown i n%%@ng7and
6 respectlvely and show that catalytic dgyaxed products give superior

Brookfield Viscosities versus sol vent dewaxi ng. EXAMPLE 6
This exanple illustrates the advantage of catal ytic dewaxing a

(Lol vent devexi no 1 o Fansiisit B soehift e AR0RLAT OB ReIIRLT 7,
Lemper at ur & Ra AR hifiininB U3 J% OF ST B HLIRE 2SS HRARIERS alfiroaht!oF

The hydrocrac e dewaxed oil has the follow ng proper

TABLE 7 lower VI &V% #104 at equalm pbur poiiit) & cotfipdred td €he produdt 8btained

Viscosity, cSt at err]C SUS, cP at
100[ err] F by practicing egbeesolvent dewaxmg (VI #114) o treatment using only 0.25%
107 . - PQ| nt

Pd-TON (VI #109). € 1s no ad Le to usmg a mixed powger pellet
catalyst wherein one of the components is of the type represented by ZSM-5,

i.e., an oval pore zeolite which is not unidirectional.
EXAMPLE 5

This exainple illustrates the advantage of catalytic dewaxing a
hydrocrackate versus solvent dewaxing to the same pour point. The catalytic
dewaxed products have higher VI’s and better low temperature properties than a

solvent dewaxed product at the same pour point.

The hydrocrackate has the following properties:

Viscosity, ¢St at 100°C, 3.808
Viscosity, ¢St at 135°C, 2.28
SUS, cP at 100°F ' 177
Pour Point, °C 39

Boiling Range, 5/95, GCD,°C 325-503

The hydrocrackate was toﬁped at 350°C to give a 350°C+ product
which was solvent dewaxed using MIBK in a 3:1 solvent to hydrocrackate ratio
and a filter temperature of -21°C to make a dewaxed oil having the properties
shown in Table 5.



Brookfield Viscosity - 25050 Thi s dewaxed oil was then
catal yti cal | yoteowezsd over a 0.5 W% Pt TON (zeolite)/ Pt Sili cazsalfowdiia?
(25: 75wt /wt, zeolite: silica-alumna) m xed powder conposite catal yst under
the conditions shown in Table 8 and to pB&duce the product, after
fractionation at 350[err]C, shown in Table 8.

-37 - TABLE 8 Process
Condi ti ons Pressure, psig TABLES 1000
TGR, scf/bbl 2500 Space Vel ocity, v/v/hr
55 E?Z‘éﬁ%ﬁk%&@ Vi scoshiy, cS oc M
: i sc

3. 824 Vi sc¥iscesity, e8t ab100€e Fody, o= A 100CSUS, cP
at 100F Viscosity45¢ at 40°C VI 18.56
106 SUS, cP at 100°F 98.5

VI 110

Pour Point, °C -18

. Yield on TLP, wt% 75

Brookfield Viscosity, cP at -40°C >25000

The hydrocrackate was catalytically dewaxed over a 0.3 wt% Pd
TON, silica-alumina (25:75wt/wt, zeolite: silica-alumina) mixed powder
composite catalyst under the conditions shown in Table 6 and to produce the

products, after topping at 350°C, shown in Table 6.

TABLE 6

Process Conditions _
Pressure, psig 1000 1000
TGR, scf/B 2500 2500
Space Velocity, v/v/hr 1.0 1.0
Temperature, °C 314 329
Yield, wt% 74 65
Product Properties
Viscosity, ¢St at 100°C 3.75 3.706
Viscosity, cSt at 40°C 16.45 16.551
SUS, cP at 100°F 88.6 147.2
VI 117 110.0
Pour Point, °C -18 -44

" Brookfield Viscosity, at -40°C 12540 9300

The dewaxed oils, both solvent dewaxed and the products from the

catalytic dewaxer, were formulated as Automatic Transmission Fluids using a



Pour Point, C - 36 Br ookfi-eld Viscosity, cP
at -40[ err] Cwd 8848630 The dewaxed oils, both feed aggrNooH316%
fromthe catal ytic dewaxer were fornul ated as Autonmatic Transm ssion Fl uids
using a Ford type ATP adpack (22 wt%tres¢-rate of ATF ad pack, 78 wt %
dewaxed oil) and Brookfield Viscosities at -40[err] C neasured. The
Brookfield Viscosities for both feed and products are shown in Tables 7 and

8 respect i vbrd tyd Amwpmégzt‘mmmtebmpmmmmm)

better |ow tenperature properties than the corresponding sol vent dewaxed
f eed. and Brookfield Viscosities at -40°C measured. The Bgookfield Viseosities for

1. A nmethod for upgradl n drocracked feeds to, produce lubricating oils
whi ch conpr bethsfeed pregncécm SROWR in R‘@bleéérmgaesu)@e@vqlmad shayr tng

dit f el t d t .Lh
Pydr ogen wi RV HeN e ProduSiasiys SURGHT ProRKEF AL isghHAEY VERPE SEVER ol yst

made by:  gewaxing,
EXAMPLE 6

This example illustrates the advantage of catalytic dewaxing a
hydrocrackate dewaxed oil (DWO). The trim catalytic dewaxed products
(solvent dewaxing followed by catalytic dewaxing) have much better low

temperature properties than the corresponding solvent dewaxed products.

The hydrocrackate dewaxed oil has the following properties:

TABLE7
Viscosity, cSt at 100°C 3.853
Viscosity, ¢St at 40°C 18.006
SUS, cP at 100°F 99.3
V1 107
Pour Point, °C -22
Brookfield Viscosity 25050

This dewaxed oil was then catalytically dewaxed over a 0.5 wt% Pt
TON (zeolite)/Pt Silica-alumina (25:75wt/wt, zeolite: silica-alumina) mixed
powder composite catalyst under the conditions shown in Table 8 and to produce
the product, after fractionation at 350°C, shown in Table 8.



(1) mxing powdéred 10 nmenber ring unidirectional pore inorganic oxide
mol ecul ar si W99%d3Mxi ng catal yst with a powdered anor phous PCT/US99/03107
i someri zation catal yst having an acidity of about 0.3 to about 2.5
wherein said acidity is determ ned by th87ability of the isonerization
catal yst to convert 2-nethyl pent-2-ene to 3-nethyl pent-2-ene and

4-met hyl pent-2-ene and i s expressed as the nole ratio of

3- net hyl pent - 2-ene and 4- net hyl pent - 2-EABLE 8 (2) mxing the powdered
materials together to forma honbgeneous mass, (3) .

conpr essi ng/ extrudin s ee (4) pelleting the
ext ruded/ conpr essed 2 &g‘smt‘g&d 2. A net hoaﬂbar upgr adi ng
wax- cont ai ni ng feeds foSBFo®¥e | ubricating oils h conpri ses: (a)

sol vent dewaxi ng t he TR, saffbdi ni ng feed under soR§8Bt dewaxi ng
condi tions to obtainSpasoMebodityjavwdked oil; and 1.0

Temperature, °C 314
Yield, wt% 58
Product Properties

Viscosity, cSt at 100°C 3.824
Viscosity, cSt at 40°C 17.712
SUS, cP at 100°F 94.6
A% ' 106
Pour Point, °C -36

Brookfield Viscosity, cP at -40°C 13920

The dewaxed oils, both feed and product from the catalytic
dewaxer were formulated as Automatic Transmission Fluids using a Ford type
ATF adpack (22 wt% treat rate of ATF ad pack, 78 wt% dewaxed oil) and
Brookfield Viscosities at -40°C measured. The Brookfield Viscosities for both
feed and products are shown in Tables 7 and 8 respectively, and illustrate that
the trim dewaxed product has much better low temperature properties than the

corresponding solvent dewaxed feed.



-39 - (b) contacting the solvent dewaxed oil fromstep-(a) under
upgradi ng cevolpe/d413z0 tions of el evated tenperature and presspt(l?qu 5{],9
ze

presence of hydrogen with a catal yst conprising a uniti

pel |l et catal yst nade by: (1) m-88Rg powdered 10 nmenber ring

uni di rectional pore inorganic oxide nol ecul ar si eve dewaxi ng
catalyst with a powdered anorphous | soneri zation catal yst having
an acidity CLARSyt 0.3 to about 2.5 wherein said acidity is
determ ned by the ability of the isonerization - catalyst to
convert 2-nethyl pent 2-.ene net h t2-¢

4- et hyl pent - 2- ene ‘bf @&ﬂ@g E@R&ﬁxﬁﬂﬁfﬁﬁﬁe@tﬁt‘sﬂ%@l’f°d‘“’e

3-net hyl pe % L-2-ene, (2) mxing the powdered
materi al s pggﬁ?%ﬁ% ?ﬂg?ﬂégérﬁeg Wg%eneous mass, (3)

conpr essi ng/ extrudi ng the nmass, and (4) pelleting the

ext ruded/ conpressed nass.
(a) contacting the hydrocracked feed under upgrading conditions of elevated

temperature and pressure in the presence of hydrogen with a catalyst
comprising a unitized powder pellet catalyst made by:

(1) mixing powdered 10 member ring unidirectional pore inorganic oxide
molecular sieve dewaxing catalyst with a powdered amorphous
isomerization catalyst having an acidity of about 0.3 to about 2.5 |
wherein said acidity is determined 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,

(2) mixing the powdered materials together to form a homogeneous

mass,
(3) compressing/extruding the mass, and
(4) pelleting the extruded/compressed mass.

2. A method for upgrading wax-containing feeds to produce

lubricating oils which comprises:

(a) solvent dewaxing the wax-containing feed under solvent dewaxing

conditions to obtain a solvent dewaxed oil; and

\
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3. The method of claim'l or 2 wherein the 10 nmenber ring unidirectional
por e i norganiVO8%atao nol ecul ar si eve has generally oval 1-D porerusawsng a
m nor axi s between about 4.2A and about 4.8A and a nmmjor axis between about
5.4A and about 7.0A 4. Tha&9wethod of claim1 or 2 wherein

t he powdered nol ecul ar sieve and the powdered isonerization catalyst are

m xed together and boehmte or pseudo boehmte is added to the m xture, the
m xture i s conpressed/ extruded -
40 - and pelleted and the pellets calcined to convert the boehm te/pseudo

boehni te i nt(®)alapmtarting thaselvegt dewaxed eil from stepi (6) nder upgrading condi5.  The
catal'yst and t nORRIEYRFE SHEPHBLIFF SHOSFIFIR the BresnEs AEIAIPER S0 of
the i nor gani o o eAEAlYSH eomprising a.yutzsd BEnIEE pRtcttalvafide B, . 2000 on
nol ecul ar sieve, of at least on Goup VIII netal.
(1) mixing powdered 10 member ring unidirectional pore inorganic oxide
molecular sieve dewaxing catalyst with a powdered amorphous
isomerization catalyst having an acidity of about 0.3 to about 2.5
wherein said acidity is determined 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,

(2) mixing the powdered materials together to form a homogeneous

mass,
(3) compressing/extruding the mass, and
(4) pelleting the extruded/compressed mass.

3. The method of claim 1 or 2 wherein the 10 member ring
unidirectional pore inorganic oxide molecular sieve has generally oval 1-D pores
having a minor axis between about 4.2A and about 4.8A and a major axis
between about 5.4A and about 7.0A.

4., The method of claim 1 or 2 wherein the powdered molecular
sieve and the powdered isomerization catalyst are mixed together and boehmite

or pseudo boehmite is added to the mixture, the mixture is compressed/extruded



7. The nethod of claim6 wherein the Goup VIII nmetal is Pt or Pd.

8. The net howods/qasm m 1 or 2 wherein the inorganic oxide nol eeqghioefiigye
is selected fromZSM 22, ZSM 23, ZSM 35, ZSM 48, fenierite, clinoptilolite
and materials isostructural therewi th, aggl.SAPO 11 . 9. The
met hod of claim1 or 2 wherein the isonerization catal yst conprises at

| east one catalytically active netal selected from Goup VIB, VIIB and

G oup VIII %d%eﬂ&%ﬂ%ﬂ%& P@ﬂsalcamihe’&t&w%sfﬂk%mw seudo boehmitk0- The

met hod of claim 9 wherein the refractory nmetal oxide support base further
i ncludes a dstpahimin modacingrthecatllysgpelletshosphorus, yttria and magnesi a.

11. The nmethod of claim2 wherein the wax-containing feed is hydrotreated
prior to being upgraded.
5. The method of claim 1 or 2 wherein the powdered molecular
sieve dewaxing catalyst and the powdered isomerization catalyst are combined in

a ratio of from 1:100 to 100:1.

6. The method of claim 1 or 2 wherein the inorganic oxide
molecular sieve contains from 0.1 to 5 wt%, based on molecular sieve, of at least
on Group VII metal.

7. The method of claim 6 wherein the Group VI metal is Pt or Pd.

8. The method of claim 1 or 2 wherein the inorganic oxide
molecular sieve is selected from ZSM-22, ZSM-23, ZSM-35, ZSM-48, ferrierite,
clinoptilolite and materials isostructural therewith, and SAPO-11.

9. The method of claim 1 or 2 wherein the isomerization catalyst
comprises at least one catalytically active metal selected from Group VIB, VIIB
and Group VIII on a refractory metal oxide support base.

10. The method of claim 9 wherein the refractory metal oxide
support base further includes a dopant selected from halogen, phosphorus, yttria

and magnesia,

11. The method of claim 2 wherein the wax-containing feed is

+

hydrotreated prior to being upgraded.
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s4) Title: A METHOD FOR UPGRADING WAXY FEEDS USING A CATALYST COMPRISING MIXED POWDERED DEWAXING
- CATALYST AND POWDERED ISOMERIZATION CATALYST FORMED INTO A DISCRETE PARTICL!V

(57) Abstract

1t has been discovered that waxy feeds can be upgraded using a catalyst made by combining powdered dewaxing catalyst with
powdered isomerization catalyst said mixture of powdered catalyst being formed into a discrete particle.
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