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Dewaxmg is the process of separating or converting hydrocarbons which solidify
readily (e.g., waxes) in petroleum fractions. Processes for dewaxing petroleum
distillates have been known for a long time. As used herein, dewaxing means a
reduction in at least some of the normal paraffin content of the feed. The
reduction may be accorﬁplished by isomerization of n-paraffins and/or cracking,

or hydrocracking. |

Dewaxing 1s required when highly paraffinic oils are to be used in

f products which need to flow at low temperatures, 1.e., lubricating oils, heating
oil, diesel fuel, and jet fuel. These oils contain high molecular weight straight
chain and shightly branched paraffins which cause the oils to have high pour
points and cloud points and, for jet fuels, high freeze points. In order to obtain
adequately low pour points, these waxes must be wholly or partly removed or
converted. ln the past, various solvent removal techniques were used, such as
MEK (methyl ethyl ketone-toluene solvent) dewaxing, which utilizes solvent

dilution, followed by chilling to crystallize the wax, and filtration.

“The decrease in demand for petroleum waxes as such, together with the

increased demand for gasoline and distillate fuels, has made it desirable to find



PCTrJS02/ 12672 processes which not only renove the waxy conponents but
whi ch al so convert these conponents into other materials of hi §ife¥EP 2005
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sel ective cracking of the longer chain n-paraffins, to produce |ower
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Processes of this kind are described, “for exanple, in The Q| and Gas
Journal, Jan. 6, 1975, pages 69 to 73 and U. S. Pat. No. 3,668,113. The
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reduce the pour and cloud point of a hydrocarbon stream to acceptable levels at

the price of producing more than a desirable amount of naphtha and light gas.

An ideal economic fuel dewaxing process would reduce the pour point of the

feed to acceptable levels while maximizing the yields of diesel fuel and heating

oil and minimizing the yields of naphtha and light gas. Previous dewaxing

processes have utilized zeolite hydrodewaxing catalysts including ZSM-5, ZSM-

11, ZSM-12, ZSM-20, ZSM-22, ZSM-23, ZSM-34, ZSM-35, ZSM-38, ZSM-48,

ZSM-50, mordenite, SAPO-11, and zeolite beta.

In order to obtain the desired selectivity, many previously known
processes have used a zeolite cétalyst having a pore size which admits the
straight chain n-paraffins, either alone or with only slightly branched chain
paraffins, but which excludes more highly branched materials, cycloaliphatics
and aromatics. Zeolites such as ZSM-5, ZSM-11, ZSM-12, ZSM-23, ZSM-35
and ZSM-38 have been proposed for this purpose in dewaxing processes and
their use is described in U.S. Pat. Nos. 3,894,938; 4,176,050, 4,181,598;

4,222 855:4,229,282; and 4,247,388. A dewaxing process employing synthetic
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This patent discloses that hydrocarbons such as distillate fuel oils and gas oils
may be dewaxed primarily by isomenzation of the waxy components over a
zeolite beta catalyst. The process may be carried out in the presence or absence
of added hydrogen, although operation with hydrogen is preferred. This process
can be used for a variety of feedstocks including light gas oils, both raw and
hydrotreated, vacuum gas oils and distillate fuel oils obtained by fluid catalytic
cracking (FCC).

Although catalytic dewaxing (whether shape selective dewaxing or
isomerization dewaxing) is an effective process, it has some limitations. A
catalytic dewaxing process removes wax, but it does not change the end point of
the product to a great extent. The problem is most severe when using a shape
selective zeolite catalyst, such as ZSM-5, which selectively cracks the normal
and slightly branched chain paraffins, but leaves most other components
untouched. Thus, the feeds to most shape selective catalytic dewaxing processes

are selected based on the desired product because the end point of the product
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crystal abiigy of theprocesate toleratehsavigideeds. uni di nensional or  a
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condi -
Other dewaxing processes reduce the pour pomnt and cloud point of waxy

feeds through the use of catalysts which isomerize paraffins in the presence of

aromatics. These processes typically operate at relatively high temperatures and

pressures, which results in extensive cracking and thereby degrades useful

products to less valuable light gasses.

In light of the disadvantages of the conventional processes for improving
distillate yield, there is a need for a new process that provides a high distillate

yield with a reduced pour point and cloud point.

SUMMARY OF THE INVENTION

The present invention is a process for the isomerization dewaxing of a
hydrocarbon feed. The process includes contacting the hydrocarbon feed with a
catalyst containing a large pore crystalline molecular sieve having a Constraint
Index of Jess than 2, an alpha value of less than 100 and an ulimate crystal size
of less than 1 micron and a catalyst containing an intermediate pore crystalline

molecular sieve having a Constraint Index greater than 2, an alpha value less



preferr b he process be carried out at superatnosp
parti al e‘g(r)teoélg%ﬁzg The hydrocarbon feed preferably contai ng §

conponents having a cloud point greater than about O0C, an ASTM D2887 end
boiling point exceeding 275C, and a gour poi nt greater than 5C
Preferably, the pour point of the féedstock is reduced by at |east 5C
The |l arge pore crystalline nolecular sieve is preferably selected from
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MeAl PO- 1the preseBbescaamnidd miut atisuperatnsospheric hydregeprprraabpiegsurehe
i ntermedi ate pore crystalline nolecular sieve'is selected fromthe group
consi sting of ZSM 23, ZSM 48 and SAPO-] 1. Preferably, the inproved

fluidity is nahehydtaarbon feedrpaferablyasantgns waxydureponents hapvingta and
cloud point relative tqo the feed.. Preferabl the pour pojint of the
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the cat a%‘gﬁe%?’%éem of“?'firf@&’r{\é‘ﬁﬁ%#t‘?@%’ngt e%gﬁ{)&:’yh@ﬁ&m&r%&uﬁarge
pore crygf fle feB@stBE Ro¢dated bPue1aRfsecnt ermedi ate pore crystalline

nol’'ecul ar sieve i1sonerization” dewaxi ng catal ysts WO 02/ 088279 -6 16 SEP
2005 PCTI USO02/ 12672 are m xed together, conbined to forma single

conbi nati on cahalygk P*aaye eRRXdIliHe nfdleular si@{)@‘ié’ﬁfefér%? S e &R Hitsn tisd acked

in a layered configuration, or contained in separaté reactors.

Pr ef er abgsoupt domsjstinged zeofitd betapmesdantite, WSt ZON-D6, ZEM-dgdmrega)wi th a

ratio of | ar(ie\;)ore crxstal line mol ecul ar sieve to internedi ate pore

cryst al | zerdite L, VPI-5, SAPG-37, MeAIPO-37, AIPO-8, clovente, CIT-1 and mixtures
thereof. More preferably, the large pore crystalline molecular sieve is zeolite

beta.

The intermediate pore crystalline molecular sieve is preferably selected
from the group consisting of ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57,
MCM-22, SAPO-11, SAPO-5, MeAIPO-11, MeAIPO-5 and mixtures thereof.
More preferably, the intermediate pore crystalline molecular sieve is selected

from the group consisting of ZSM-23, ZSM-48 and SAPO-11.

Preferably, the improved fluidity is manifested in a product having a
reduced pour point and cloud point relative to the feed. Preferably, the pour

point of the feedstock is reduced by at least 5°C.

In one embodiment of the invention, the hydrocarbon feed is catalytically

hydrotreated prior to contacting the catalyst system of the invention.

In another embodiment, the large pore crystalline molecular sieve and

intermediate pore crystalline molecular sieve isomerization dewaxing catalysts



nmol ecul ar sieve from about 5:95 by weight to about 95:5 by wei ght.SEPHE05
inventi veygponeesm can be carried out in a reactor sel ectedpdt 88343872
group consisting of a co-current flow gas-liquid reactor, a countercurent
flow gas-liquid reactor, a sequential two stage reactor and a nultiple
reactor system The over aI | distillate yield of the inventive process
preferably is greater than about 30% By wei ght. The inventive process is
preferably carried out under hydroprocessing conditions which include a
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liquid hourly space velocity (L of from about O out 20 hr'
based on intdepatan¢ edactakune of cat aI yst. The large pore crystalline

nol ecul ar sieve and/or internedi ate pore crystalline nolecular sieve are
preferably conbined with a Goup VIII netal selected fromthe group
consi sting of Mefergtly, ithe pRivesfuf tHeopresent ihventiodisQ@urried oat witdiaias i on
of these netals. Preferred netals include Pt, Pd or a Pt-Pd _ conbination.
In a par tqfdm@rpqremaﬂmdnelﬁsglﬁrwtOtln@Wdraéwpmﬁrwsé@hms cont act ed

thth | yst d t th t h tall
ol ecul arPOLELBE S TERBAPTCHD PP PO S5 BY BT ne” nol ecul ar
si eve. WD 02/088279 -7 1 6 SEP 2005 PCT/U502/12672 It is preferred that
t he | t al.l I d/ i nt at
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silica- ca Zlrconi a orla dilica S|I|ca-

titania, g&klli(ﬁﬂd&bmﬂ%k‘qﬁéhﬁal twd stege ﬁéa‘éfﬂﬁtﬁrdza afdtipR reactor systcm
silica-alum na-magnesia, ‘and silica-magnesia-zirconia. In a preferred

enbodi ment, the binder material is alumna. Preferably, the large pore
crystal li ne nolkeolealldisyiéatanididrofithe inventive process preferably is greater

than about 30% by weight.

The inventive process is preferably carried out under hydroprocessing
conditions which include a temperature of from about 200°C to about 485°C, of
a hydrogen partial pressure of from about 1375kPa to about 21,000 kPa, a
hydrogen circulation rate of from about 100 to about 10,000 scf H,/BBL, and a
Jiquid hourly space velocity (LHSV) of from about 0.1 to about 20 hr' based on

the total volume of catalyst.

The large pore crystalline molecular sieve and/or intermediate pore
crystalline molecular sieve are preferably combined with a Group VIII metal
selected from the group consisting of Pt, Pd, Ir, Rh, Ru, Co, Fe, Ni, and Os, ora
combination of these metals. Preferred metals include Pt, Pd or a Pt-Pd

combination.

In a particularly preferred embodiment, the hydrocarbon feed is contacted
with the catalysts in an order starting with the large pore crystalline molecular

sieve followed by the intermediate pore crystalline molecular sieve.



internediate pore crystalline nol ecul ar sieve is/are conbined wjgiSEPtINGP
or a Pt- ?ggrnation and an al um na binder. The advanta%es of the
present |nven nis that at the same product pour poin #12672
distillate range products can be produced than expected by contact- ing a
hydrocarbon feed with a conbination of the |arge pore crystalline

nol ecul ar sieve and the internediate‘bbre crystal line nol ecul ar sieve
than by wusing these two nol ecul ar sieves separately. A further
improvenent in distillate vyield than expected can be realized by
contacting the feed sequentially, first with the |arge pore nolecul ar

si eve fol | ondtiipprefereed thadthrelargs poisainpstallmganolresiarispenel arslpretbes,

advant ages and. novel fea res o e invention will h et forth in part
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instrunentali t| es and  conbinations particularly pointéd out 1n the
appendeditaiaj smicabusia-tHodia, Vﬁ)cﬁ%dmilﬂﬂﬁnrmﬁh,mﬁ%-kﬂﬁﬁﬁla—ﬁaﬁﬂ'sﬁ,L ED
DESCRI PTION_ OF THE | NVENTION I n the present i nvention, heavy hydrocarbon
st reans ¥dsipermagsetawicoga Incapeafored sybodiment the hmdgr mateniads pore
size isoperization catalyst, preferably containing zeolite beta or USY,
and a sfaY ¥ pore size isomerization catalyst, preferably containing
ZSM 23, ZSM 48 or SAPOl 1. The term"catal yst systent refers to

i someri zatio taI nt ai ni n conbi 0 of the large
pore crystal &rﬁg&% ges ecrgﬁﬁﬁ’f‘ﬁé"%gmtﬁvgta@ €crystalline
mol ecul %teﬂn‘%ﬂ?&teg Sl InR ¢ in%lbc%?d} Shsel 1@/&9@0&%&5@@%&%15&%? a Pt-

catal ysts, one |ng the | arge pore sieve and one taining the
inter rrecﬁdat@nbbfaeoﬁlaadmn althaha Birderti xed toget her; a single conbination

catal yst containing both the arge pore and internedi ate pore sieves; a
stacked or layered configuration, where the different sieves are
contact ed sediienadwantagesof the prdsentaheenti@rc isthat anthe gametproduct pdwer e t he
sieves are contained in separate reactors and contacted sequentially.

point, more distillate range products can be produced than expected by contact-

ing a hydrocarbon feed with a combination of the large pore crystalline

molecular sieve and the intermediate pore crystalline molecular sieve than by

using these two molecular sieves separately. A further improvement in distillate

yield than expected can be realized by contacting the feed sequentially, first with

the large pore molecular sieve followed by the intermediate pore sieve.

Additional objects, advantages and nove} features of the invention will be
set forth in part in the description and examples which follow, and in part will
become apparent to those skilled in the art upon examination of the following, or
may be learned by practice of the invention. The objects and advantages of the
invention may be realized and attained by means of the instrumentahties and

combinations particularly pointed out in the appended claims.



Preferably, the feedstreamis processed in series, first by cor’ntﬁa&ftpi'tm)5
wth t f pore size catalyst, followed by contacti ] R

smal | er hgvodr?{glg{;g catal yst. One configuration for processr}i%ggléo /é}(’q?
feedstreamin series is to stack the tw beds of catalyst with the bed
containing the larger pore nolecular sieve on. top of the bed containing
the internmediate pore mol ecul ar sieve.8-The nore preferred configuration
is to place the two different nol ecul ar sieve catalysts into two

different reactors r afj be controlled

I ndependent|ly. The mﬁﬁwﬁ d}gﬁjﬁm th the oil
flowwng first over the |larger pore nol ecul ar sieve catal yst and then
over the internediate pore catalyst. This yaxin zes distillate yields
CdistiTate yIBmE pesepbvEaioh diesy AR R o Besmidien 300r
and 750F b ' ; | sHel . w tabl e
pour poi r?t6 %éégﬁ%%c%ﬂgﬂ??n g%ﬁgﬁ?ggﬁeﬁléﬂgﬁyﬁ {e]\k/{gf F\r(]ﬂgl%c}'a?%fgﬁ reduce
t he pour cpniaii ianzealifdleéta@tr USWMeind @ smalisr ptﬁrermlisbhi&iizaﬁﬁnlﬁa&ﬂ?'ﬁf t he
desirable distillate products, while producing fewer unwanted i ght
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cryst al | cortamming ¢hatage pbrosevd and ohecontaininghe intagnediateopaly sigyeear ance
to the oil when the oil is chilled under prescribed conditions. The
condi t i ofAtfage Mised trgethery asinglel cowbmatignCagy st ¢ansaining hethvhplageo. The
pour point of an oil i.s the |owest t rat ure at ich.oil wll, pour or
PP ow WheRors and MeppediBen SEvesef SRERELAHcaY Birdcronirr o Biraied ons.
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process of the present invention dewaxes hy rbon streans, such
where the sieves are contained in separate reactors and contacted sequentially.

Preferably, the feedstream is processed in series, first by contacting with
the larger pore size catalyst, followed by contacting with the smaller pore size
catalyst. One configuration for processing the feedstream in series is to stack the
two beds of catalyst with the bed containing the larger pore molecular sieve on.
top of the bed containing the intermediate pore molecular sieve. The more
preferred configuration is to place the two different molecular sieve catalysts
into two different reactors so that the operating temperatures can be controlied
independently. The flow pattern would then be sequential with the oil flowing
first over the larger pore molecular sieve catalyst and then over the intermediate
pore catalyst. This maximizes distillate yields (distillate yield is that portion of
the product that boils between 300°F and 750°F (145-400°C)) while producing a
quality fuel with an acceptable pour point and cloud point. The isomerization
dewaxing catalysts reduce the pour point of a fuel at lower conversion resulting
in more of the desirable distillate products, while producing fewer unwanted

light gases and naphtha. The sequential combination of catalysts used in the



as hydrocracked bottons, diesel fuels, and hydrotreated vacuum ‘g&§EBim§.
This prwoersssmper ates by contacting the hydrocarbon feedpgigSam¥dt h a
| arge pore crystalline nolecular sieve having a Constraint Index |ess
than 2, an al pha valve |less than 100 and an ultimate crystal size of

|l ess than I mcron, and with an internediate pore crystalline nol ecul ar
sieve having a Constraint Index greatér than 2, an al pha val ue of |ess
than 100, an ultinmate crystal size less than I mcron and having a
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distillate boiling range materials. The Pt/ ZSM 23, Pt/ZSM 48 and

Pt / SAPO- hgreeht a ysts are very effective at reducing the pour points of
hydr ocracked bottons, diesel fuels and treated straight run gas oils at
| ow conversion. When ZSM 23, ZSM 48 or. WO 02/088279 - 10 16 SEP 2005
PCT/ U502/ 1267 2As3xpedin deserikingdhel praseniagyenzan, the glousbpemnt ohan gil 1§ he
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and SAPOing clopdtpaigtsare dgserhedein| AST Va Pz $20.altie ipoyhpoydofaneikis thhen

conpared,to the Pt/ zeolite .beta cafal yst.., However, the gct.ivity of the;e
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beta, Therdieehibedin ASTMIMEZB in U S. Patent Nos. 4,076,842; 4,490, 342;

4,531, 012; 4,619,820 and 5,405,596 is incorporated herein by reference.
The di sclosure of ZSM48 in U S. Patent Nos. 4,397,827; 4,423,021,

The process of the present invention dewaxes hydrocarbon streams, such
as hydrocracked bottoms, diesel fuels, and hydrotreated vacuum gas oils. This
process operates by contacting the hydrocarbon feed stream with a large pore
crystalline molecular sieve héving a Constraint Index less than 2, an alpha valve
less than 100 and an ultimate crystal size of less than 1 micron, and with an
intermediate pore crystalline molecular sieve having a Constraint Index greater
than 2, an alpha value of less than 100, an ultimate crystal size less than 1
micron and having a unidimensional or a non-intersecting two dimensional pore
structure. In a preferred embodiment, the process operates by contacting the
hydrocarbon streams with a noble metal/zeolite beta catalyst followed by a nobel
metal/(ZSM-23, ZSM-48 or SAPO-11) catalyst to produce petroleum oils with
acceptable pour and cloud points while maximizing the yield of distillate boiling
range materials. The PUZSM-23, PUZSM-48 and PUSAPO-11 catalysts are very
effective at reducing the pour points of hydrocracked bottoms, diesel fuels and

treated straight run gas oils at low conversion. When ZSM-23, ZSM-48 or



4,448, 675; 5,075,269; and 5,282,958; and the disclosure of SAPO-1L6 SER 2005
US Pa 4,440,871 are al so incorporated herein b I ot
has beenkﬁgzrll ﬂ?at when used in series with the Pt/zeoli%i)ed’]g"g éﬁ%ﬁ
catalyst, the distillate yields of the Pt/ZSM 23, Pt/ZSM 48 and

Pt/ SAPO- I | catalysts are greatly in’qroved. Preferably, the process of
the present invention is carried out ""Wth aratio of zeolite beta to the
i ntermedi ate pore nol ecul ar sieve, i.e., ZSM 23, ZSM 48 or SAPO 11,
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i ncorporated herein by reference. The al pha value is an approxi mate

i ndi cat i G0 wi¥d)hbequodusttpanr poingks frgm 3010 $OPE lower Heanctheal0p8h conpar ed
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In U S fRBahthdlhd ﬁgﬁﬁ%s@ﬁ@lda%éﬁbo}np&ea%w Pi/zéolitedbtd dARRSE. 6, 278
(1966); and 61, 395" (1980), to which reference is nade for & description’
of the tddowewdre tlexpativity oftthesd imtemekidiate pore indleailaesievesseduldbelet er mi ne

the al pha values referred to_ in _this specification include a constant
t enper at Upwepthasthe conyentional icatalysty inotgrms of dogl copearsiopand devaptBg! i n

J. Catal ysi 61,. 395 Smal,l crystal (i.e.. .less than I Cron)
| ar ge poﬁé’sﬁgfl&ﬂfzg&_ @ &égé@g):ﬁr&ﬂso ﬁ?éﬂ_tfgrf}%éeicﬁ%)ﬁeti SRS %%@% npr oved
feedst ockpdRWhitd Béta! The WidEIBSGRBITZN=23 1P 9 SitetANOE £676880; (> 1
m cron) large pore nolecular sieves. U S. Patent No. ,
4,490,342; 4,531,012; 4,619,820 and 5,405,596 is incorporated herein by
reference. The disclosure of ZSM-48 in U.S. Patent Nos. 4,397,827; 4,423,021;
4,448,675; 5,075,269; and 5,282,958; and the disclosure of SAPO-11 1n U.S.

Patent No. 4,440,871 are also incorporated herein by reference.

It has been found that when used in series with the Pt/zeolite beta catalyst,
the distillate yields of the PUZSM-23, PUZSM-48 and PUSAPO-11 catalysts are
greatly improved. Preferably, the process of the present invention ‘is carried out
with a ratio of zeolite beta to the intermediate pore molecular sieve, i.e., ZSM-
23, ZSM-48 or SAPO-11, from about 5:95 by wt to about 95:5 by wt. The
overall distillate yield of the inventive process is at least 5% and preferably

greater than about 30 wt%.

Catalysts

The large pore crystalline molecular sicve according to the invention has
a Constraint Index of less than 2, an alpha value less than 100 and an ultimate

crystal size of less than 1 micron, preferably less than about 0.5 microns. The



5,401, 704 provides a good exanple of what is meant by crystal $pZE8 2008ss
than | )65 an.and serves as a good exanple of how small ¢ a rge
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Small crystal (i.e., less than 1 micron) large pore molecular sieves aécord—
ing to the invention provide improved feedstock dewaxing via hydroisomeriza-
tion over large crystal (> 1 micron) large pore molecular sieves. U.S. Patent No.
5,401,704 provides a good example of what is meant by crystal sizes less than 1
micron and serves as a good example of how small crystal large pore molecular
sieves differ from standard, larger crystal molecular sieves, the entire contents of

which is incorporated herein by reference.

Although the use of all large pore molecular sieves (i.e., those that have
Constraint Indices less than two) according to the invention are contemplated,
the large pore sieves are preferably selected from the group consisting of zeolite
beta, mordentine, Y, ZSM-20, ZSM-4 (omega), zeolite L, VPI-5, SAPO-37,
MeAlPO-37, AIPO-8 and clovenite.

Of these, zeolites beta and Y are the preferred large pore crystalline

molecular sieves. Large pore zeolites such as beta and Y have a pore size



ing, for exanple rare earth exchanged Y or ultrastable Y (i _e_IBéEE('lGOUP
REUSY) . ite Y used in the hydroisonerization pro ve a
uni t celvbg?/ggm%usq of, for exanple, 24.6 Angstrons or ?@@@){2&%
24.60 to 24.25 Angstrons. USY zeolites having a low unit cell size (USC)
of, for exanple, 24.35 to 24.25, are Barticul arly advant ageous. The
ultrastable formof the Y-type zeoli t'é, "USY, can be prepared by

successi vel y base exchanging a Y-type zeolite with an agueous sol ution of
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calcined at a tenperature of 540C to 800C for several hours, cool ed and
successi vel y base exchanged with an aqueous sol ution of an anmoni um salt
until the al kplrefer@lg! tHeQdySial sizé of Shd/egle pBrd MoFeculdSidveliseddthdni s s
followed by a final washing and cal ci nafi on again at a tenperature of
540C to 8bo@ .6 mprons)arorerprefdrablytiatd thanablbout 8.2¥nicroas.s Ofpantielaf i on
exchange, and heat treat- nent results in the substantial reduction of the
al kal i ~mitgrest aregsmakley crystial ugrsirs ofiagelitgs; ¥i betp, Z8M-20emasdetsul ts in a
unit cell Sl'iri n‘Igﬁgie \Mfitc Is believed to lead to the ultra high
stabili tﬁe% t:tl'I‘r SR d"qgat'ype zeolite. The ultrastable zeolite Y may
then be extracted with acid to produce a highly siliceous formof the
zeolite. The Large re zeol.ite catal,yst used in this.process, wll
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nmetal or I I ' et al s
P@ﬂaggg%owmmdgghhauaﬁg fopéﬁﬁgél%bﬁmsug%étﬁ%?de te iff

i ncl ude Vi1l no nmet a suc at1 num and ot her nenbers

of the plaSi PaengNogp3,86Ucd’2as 755,538 aid 3[5:l0 784; Whe entift ¢dieltsmfand
conbi nations of these nmetals. Suitable non-noble netals include those of
G oups Vmhith Are megrporereddiereinebyeaferssice. Zeabtecheteienermaly fometoas @

Conbi nat PORD poiah Go TRIEEOES) am RGeSy B DR cdmaiiors. Methods
ni ckel -t g&gﬁkﬁﬁcsiﬁhﬁi@%ﬂpy%m%%ma@fjth%c&ﬂyzifBI'é}Kgljlﬁ(;x}é'aqgfenpor-ghe

non- nobl
zeolites have been published and are known 1n the art.

Of specific interest are zeolites Y and beta. Vanous forms of small
crystal Y are useful in this invention. These include dealuminated Y where
dealumination has been effected by steaming or acid extraction, ultrastable Y,
also known as USY and vartous forms of cation exchanged Y and USY include-
ing, for example rare earth exchanged Y or ultrastable Y (i.e., REY or REUSY).
The zeolite Y used in the hydroisomerization process may have a unit cell size
(USC) of, for example, 24.6 Angstroms or less, e.g., 24.60 to 24.25 Angstroms.
USY zeolites having a low unit cell size (USC) of, for example, 24.35 to 24.25,

are particularly advantageous.

The ultrastable form of the Y-type zeolite, USY, can be prepared by
successively base exchanging a Y-type zeolite with an aqueous solution of an
ammonium rsalt,‘such as ammonium nitrate, until the alkali metal content of the

Y-type zeolite is reduced to less than 4.0 wt%. The base exchanged zeolite 1s



nmetals may be pre-sulfided prior to use by exposure to a 16 SEP 2005
sul fur - gehlpsipe g9as such as hydrogen sulfide at an el eyat ed
tenperature to convert the oxide formto the correspondiﬁﬁT@ﬁﬂypﬁg form
of the nmetal. The netal may be incorpqsated into the catalyst by any

sui tabl e nmethod such as by inpregnation or ion exchange into the
zeolite. The netal may be incorporated in the formof a cationic,
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non-nobl e netals, The internediate pore crystalline nol ecular sieve
accor di ndretasiginal zealite andgesultssina Goih sell shninkageiwhigly schedievedismlead an

al pha val ue | ess .than 0, ultimate, crystal. size of less than 1

ni cron, %@Féﬁgﬁll}}gﬁ‘ é@i’ﬁf%{éﬁntgﬁéﬁul@’.‘%%'%{er%ﬁ?i‘,te-and has a uni di nensi onal

or a non-intersecting two dinensional pore structure. Exanples of

uni di mensi onal. i nter | at e..po nol.ecul ar sieves ..include ZSM 22,

ZSM 23, ZSM 4@,}‘6 %ﬁg‘lﬁ“ }i%og’esff‘amfbﬁi exiracigd WidhAsid 1§ nrRduce s exanpl e
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I's ZSM 35 tic ferrierite). The preferred internedi ate pore
crystalline nolecular sieve is selected fromthe group consisting of
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crystal line nolecular sieves which can be | nter nol es
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diffraction patterns as described in U'S. Patent Nos. 4,076, 842,
noble metal or metals. Suitable noble metals include the Group VIII noble
metals, such as platinum and other members of the platinum group, such as
indium, palladium, and rhodium and combinations of these metals. Suitable
non-noble metals include those of Groups VA, VIA, and VIIIA of the Periodic
Table. Preferred non-noble metals are chromium, molybdenum, tungsten,
cobalt, nickel, and combinations of these metals including cobalt-molybdenum,
nickel-tungsten, nickel-molybdenum, and cobalt-nickel-tungsten. The non-noble
metals may be pre-sulfided prior to use by exposure to a sulfur-containing gas

such as hydrogen sulfide at an elevated temperature to convert the oxide form to

the corresponding sulfide form of the metal.

The metal may be incorporated into the catalyst by any suitable method
such as by impregnation or ion exchange into the zeolite. The metal may be
incorporated in the form of a cationic, anionic, or neutral complex. Cationic

complexes of the type Pt(NH;)," will be found convenient for exchanging



4,397,827, and 4, 440,871; respectively, the entire contents of 1 GSERHIEr e
I ncor poved etlogsy 7y ef erence. The crystal size of the intermpgiraisgypRye
crystalline nolecular sieve is also preferably |less than about 0.5

m crons, nore preferably |less than about 0.2 WO 02/088279 - 15 16 SEP
2005 PCT/US02/ 12672 microns. The interyrediate pore sieve is also
preferably conbined with a netal conponent as discussed with reference
to the large pore sieves. Both the |large pore nol ecul ar sieve (e.qg.

eolite . | :edi at.e: ' r..sieve (e.g.,
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Ni, and Os, and can use two or nore netals in conmbination. It is also

desirable to incorporate the nolecular sieve (i.e., the large pore

and/ or i nt er NGk aingowd?of thé Byérogehadol nitdal is tppicABY Tromh 08 & el . The
bi nder materials include, but are not limted to, inorganic nmaterials
such as pérent by Weaight, anohimallyn@tlalo Hxperesnt Hyavenghtdbased icaethe aveipht af net al
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al um na, tathd 1esy agtve noii-nobleufiedald. e shape by net hods such as extrusion or,
tabl etting. Feedstock The present process nay be used to dewax a variety
of feedstocks ranging fromrelatively light distillate fractions up to

hi gh boiling Thedkermediatapomwhalystalldiemiol qualtaradieveracayding withs, gas oil s,
vacuum gas oils, furfural raffinates, deasphalted residues and other
heavy oi inventine hiasadsensdiaing Index greatern thape2, an alplha valuedgssodin Ji0fcan

A b Al BB
microns, and has a unidimensional or a non-intersecting two dimensional pore
structure. Examples of unidimensional intermediate pore molecular sieves
include ZSM-22, ZSM-23, ZSM-48, SAPO-11, SAPO-5, MeAIPO-11 and
MeAIPO-5 and an example of a non-intersecting two-dimensional intermediate

pore molecular sieve is ZSM-35 (synthetic ferrienite).

The preferred intermediate pore crystalline molecular sieve is selected
from the group consisting of ZSM-23, ZSM-48 and SAPO-11. ZSM-23, ZSM-
48 and SAPO-11 are medium pore crystalline molecular sieves which can be
identified in terms of moles of an oxide per 100 moles of silica and by specified
x-ray powder diffraction patterns as described in U.S. Patent Nos. 4,076,842;
4,397,827, and 4,440,871, respectively, the entire contents of which are

incorporated by reference.

The crystal size of the intermediate pore crystalline molecular sieve is

also preferably less than about 0.5 microns, more preferably less than about 0.2



distillate stocks to produce diesel fuels, gas oils, kerosenes, 1j5955P 1005

fuels, |woreomgi®ng oil stocks, heating oils and ot her di q;d—ﬂ,[llﬂgﬁzm
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hydr ogen undér hydropro esélng i’'ons 0 evat ed tenpera- ture and
pr essur e.comtiiflatibpns of tenperature, pressure, space velocity, hydrogen
to feedstock ratio and hydrogen partial pressure which are simlar to
those used 1in conventional isonerization dewaxi ng operations can be

enpl oyed her eilnis RisoQesivabile D Sicrpsiate Ofe hoRFURPGLEve2@RE the lapeWord85C
can be used although tenperatures above about 420C will normal 'y not be

enpl oyed @dfmmteﬂwmtﬁmge pevons abinden(arnatriat) matepel. atbe danddsove thi s
point. Total . ess in the r e.from.about 344 t ut 17,200 kPa
Bth predudieBISRgidkabB e hos Panikebity indTgaRE draierials Sl Bbeslid o

FFom abodi A EBL SRERED THe YR BRRE oo iy eckINRGRe Bifder SharBhiEPSiheS O
as alumina (Al,O5), silica-alumina, silica-magnesia, silica-zironcia, silica-thona,
silica-berylia, silica-titania, as well as ternary compositions such as silica-
alumina-thonia, silica-alumina-zircoma, silica-alumina-rnagnesia, and silica-
magnesia-zirconia. In one embodiment, the catalysts are ZSM-23, ZSM-48 or
SAPO-11, and zeolite beta, which are both combined with alumina, and formed

into a useable shape by methods such as extrusion or tabletting.

Feedstock

The present process may be used to dewax a variety of feedstocks ranging
from relatively light distillate fractions up to high boiling stocks such as whole
crude petroleum, cycle oils, gas oils, vacuum gas oils, furfural raffinates,
deasphalted residues and other heavy oils. The feedstock will normally be a
C,o+ feedstock since lighter oils will usually be free of significant quantities of
waxy components. However, the process is particularly useful with waxy
distillate stocks to produce diesel fuels, gas oils, kerosenes, jet fuels, lubricating
oil stocks, heating oils and other distillate fractions whose pour point and

viscosity need to be maintained within certain specification limits. Lubncating



pressures of from about 1375 to about 6900 being preferred. Thé Slﬁﬁdﬂ%gen

to 16 SERoZRfes WP 02/ 088279 -17 PCT/ US02/ 12672 feedstock ratfi ogen
circulation rate) is normally of fromabout 100 to about P%Jng%é)}%g?

H2/ BBL. The space velocity of the feedstock is normally of from about
0.1 to about 20 LHSV and, preferably, of fromabout 0.3 to about 4.0
LHSV. Several types of reactors can bd®ased to practice the present

i nvention. The nost comon configuration is a downflow trickle bed

(e Cena B8 5050 vELEeab AN PRS0 i Sl S BB 30205, 2"
to, a co é@dzggt flow gas-liquid reactor, a countercurrent flow

gas-liqurd réactor, an ebullated bed reactor, a noving bed reactor, and
a sequential two stage reactor wherein a gas or a liquid of the

hydr ocar bon f 2RI 3tdcke Taf bl Usel as taafggdsttlecsleta'%%m ds %QFQ?S%E‘?? phase

primary advantage of a countercurrent reactor e renov

het er oat Graceions avhidRobntaky sigaifidamt atfouRts owaxy nopraffivey pryduce® b9\thed
catal yst performance. In an ebullated bed reactor or a noving bed
react or , rémevdl afapelygyclic aramasiesc drhei feadstotly fardtie present ppecass sddlal yst can

be continuous|y wthdra o .inprove praocess performance. Wthin_the
sane reafpgRallybern mT%%i?EquaP&tf yadiis & fgedaterkgcontaming B $ be

| ocat ed i ep I r . neferred. embodi nent, .zeol i1e tais
i the. t SR BeBhche HiSmptiCa B RS LI R GIE, wiff R subffapf
bot t om | 8¥sportibhOMAkh n@ibchlt Ve diRpSraP@hCatPsli HBEbARIRed! waxi ng
cat al ystg ‘grgon be varléed toc obt aien" thebdgsi red y|S e%gg? dicstt'.sla | ates. The
rati o of whieh contribute ts the Whxypnature @f yhéfeedstoskon t he feedstock and
specific catalysts chosen. In general, the ratio of zeolite beta to
I nternmedi ate pore sieve can vary over a wde range (i.e., from about
5:95 to about The Waxy Tewlspriethrare cnasabenefited byehe pscticeugfothe tpresenef i ner ' s
processi ng objective of tailaqri rjgh devvaxi_ng versus ~conversion, 16 SEP
2005 invention will have relatively high pour points, usually above 80°F (26.7°C), but
feeds with pour points ranging from 50°F (10°C) to 150°F (65.6°C) may also be

used.

Hydroprocessing Conditions

The feedstock is contacted with the isomerization dewaxing catalysts in
the presence of hydrogen under hydroprocessing conditions of elevated tempera-
ture and pressure. Conditions of temperature, pressure, space velocity, hydrogen
to feedstock ratio and hydrogen partial pressure which are similar to those used

in conventional isomerization dewaxing operations can be employed herein.

Process temperatures of from about 200°C to about 485°C can be used
although temperatures above about 420°C will normally not be employed as the
reactions become unfavorable at temperatures above this point. Total pressure 1s
in the range from about 344 to about 17,200 kPa with pressures above about
1375 kPa being preferred. The process is operated in the presence of hydrogen
with hydrogen partial pressures of from about 300 kPa to about 21,000 kPa with
pressures of from about 1375 to about 6900 being preferred. The hydrogen to



WD 02/ 088279 -18 PCTIUS02/ 12672 In a preferred enbodi ment, thel6 SEP 2003
hydr ocarnkomzoesedei s first passed over the catalyst in a I’H‘ %@ﬁgﬁtor
containing the large pore size zeolite. The discharge fromt I'rst
reactor is then passed over the smal l-af-pore zeolite in a second
reactor. More than two reactors in series can also be used. Ideally, the
hydr o- carbon feed passes over zeolite beta in the first reactor and
subsequefeeldstoshgate (hpdmged SifcpBtionSntedds oormsalbpof frormmbaus #@dnd r eact or .

The terrper ature of ach react or can be .congrol and optim zed for each
catal ysta %éqm&; He/BBL 5 Bhe §lP?éef‘f‘3?%‘i“}’r@é1@‘tec¥}e gﬁﬁ?‘éi%ﬂ@@laﬂ@m’ﬂte bet a
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terrperatyHg\i or the second reactor containing ZSM 23, ZSM48 or SAPO-1 1
can be of from about 220C (428F) to about 485C (905F), preferably of
from about 250C (482F) to about 400C (752F). Various reactor

confi gurati onge@al &%@e&&&rééﬁﬂm@atméﬁa@a%m re éelglﬂ,{ &fifbat Ock can

contact a fixed bed - of catalyst fluidiz ating bed. A

si npl e cThé ngest @bimnon Soafigirationds halbvafisw i okleibedvfiie ltocigrent gasi-d f eed
is allowed to trickle thr0£h a stati onarg fi xed bed. Another reactor

conf i gurlaq!indrdowﬂbwsa@tocb ther ceaaterst whicb asdhe used. to niraetidethieocar bon
feed flo down over d catalyst.bed while th fl th

e o PTesE Brentrom eltile: e S8 Ao tiRmiteg e: LEPGHTON The ERRUM ant age
that H2S..gpgo4 ‘?ﬁE}lﬁrérﬁW as \ﬁi@%@toram eﬁnﬁatgﬂtﬂeﬁ HE?&G} catal yst

is less |rrpacte ese pols I'm nar rotreati ng stepto

renmove rmbmggebe@mhcw and aasequéxmal &@btyt@geereaéwwé‘réni Qﬁﬂﬁ@hé ngaRrs
w t hout substantial boiling range conversion wll usually inprove

cat al ystoﬁtbcfh}fdmcmboarfdeémhées fromr a fieststaget toresecondgtage. Bipace
velocities, mg ress?res or conbi nati ons of these conditjons to be
enpl oyeoP“fFH@’ VAHARE Bt 8 COYBICHTWERIY A8aGHaT 14| tﬁe EEmPY 8353PFas8 of the
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performance. In an ebullated bed reactor or a moving bed reactor, fresh catalyst
can be continuously added and spent catalyst can be continuously withdrawn to

1mprove process perforrmance.

Within the same reactor, both small and large pore size dewaxing
catalysts can be located in separate layers. In a preferred embodiment, zeolite
beta 1s in the top layer; and one of ZSM-23, ZSM-48 or SAPO-11 is1n the

* bottom layer. The ratio of intermediate pore to large pore size dewaxing
catalysts can be varied to obtain the desired yield of distillates. The ratio of the
catalysts will also vary based upon the feedstock and specific catalysts chosen.
In general, the ratio of zeolite beta to intermediate pore sieve can vary over a
wide range (i.e., from about 5:95 to about 95:5). The preferred ratio is
dependent upon the refiner’s processing objective of tailoring dewaxing versus

conversion.



16 SEP 2005 PCT[US02/12672 products will contain only a ré|6a$EPv%Q“i/

smal | preBeLii of gas and light ends up to C. Because ere
is |less ﬂgeghifg%r%renow ng the light ends which could havggg);rgﬁb?%?ge
effect on the flash points of the product, as conpared to processes using
ot her catal ysts. However, since sone of these volatile materials wll
usually be present from crackl ng reactlons, they can be renoved by
distillation. Products The process of the present i nvention is selective

f 1 ddl d | I | | b h f f
about 165C t osp@EeIesRd entishiment 45 o aRah tegd o iR Lo rEdher o
provi de. il eh Srluehiol Behufling ol B poR ok SEARENTHIAEFhe el o

and heating-ol I'nclu I'somer1 Zi ng the

waxy pargbfi the, fifdt Pé”ﬂcttfﬁxﬁkl%ﬂ Pasdb§ ovel thkamallep tp@e'é@e&luem% se@bﬂ&iuct s
hi ghly iso-paraffinic with | ow pour point, suitab for jet fuel and

di esel freactor ENAMRL than Tiviogreastanpineseriel can absodse tded. pidealdy athe drydod- a
ZSM 48 containing catalyst in accordance with the invention. First, 325
parts bycatbpyheedpasses aves zradite betagdntho Bixatreacias and sabsequently passes part s

by wei ght of na. The SM48 crystal size 0.02 to
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m crosco r grt ' wat er
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ZSM 48] fffothd 20 xex&tbkldaﬁﬁmﬂgﬁeomtﬁewedrﬁsﬁmﬂ)ly dedffesimiaboat 20atC 538C
for three hours and then cooled to room tenperature. The al pha val ue of

the ZSM @92¢E) tl ylut W8S GR9083T9, preferably offromsatimnt \BSi0§6(482° E)He cal ci ned

~extrudate was i nqpr wi th Pt (NH3 usi ng an aqueo i nci pi_ ent
vet ness 5&%&2&% (9739?5)od {egprorstaios ghsbiand r@aﬁt&rygﬂt%@ﬁsﬁwrwg

Wt % P . yg? PALEE D 3APS- F M IEof from about 220°C (428°F) to about 485°C

(905°F), preferably of from about 250°C (482°F) to about 400°C (752°F).

Various reactor configurations can be used for the inventive process. The
feedstock can contact a fixed bed of catalyst, a fluidized bed or an ebullating
bed. A simple configuration is a trickle-bed operation in which the liquid feed 1s
allowed to trickle through a stationary fixed bed. Another reactor configuration
employs a countercurrent process, 1.e., the hydrocarbon feed flows down over a
fixed catalyst bed while the H, flows in the upward direction. The counter-
current configuration has the advantage that H,S and/or NH; are removed

overhead, and the noble metal catalyst 1s less impacted by these poisons.

A preliminary hydrotreating step to remove nitrogen and sulfur and to
saturate aromatics to naphthenes without substantial boiling range conversion
will usually improve catalyst performance and enable lower temperatures, higher

space velocities, lower pressures or combinations of these conditions to be

employed.

The present process proceeds mainly by isomerization of the n-paraffins

to form branched chain products, with but a minor amount of cracking and the

i



16 SEP 2005 PCTUS02/12672 This exanple illustrates the prepartaion of
zeolite beta containing catalyst in accordance with the inventildnSEP 2005

First, 4%Q gastssby weight of a calcined Hformzeolite ?@trglswf?zmz
conbined with 315 parts by weight of a comrercially produce

pseudoboehm te al um na. The zeolite beta crystal size was 0.01 to 0.03
mcrons in diameter as determ ned by tpansm ssion el ectron m croscopy.
The dry m xture was conbined with vvat'é?“to make a paste. The paste was
extruded to produce a 1/16-inch 65% zeolite beta/ 35% A1203 extrudate.

Loor e+ SPARHE WA s el Amaib plopoRion BEES. A4 TEnPRRaT WL |t
was 65. Twﬁuzael&a@@% ﬁﬂggig,?h@e 48 QHeelffol F@nmhgmsﬂglﬁ%&ﬁwéhﬁh%md

i npregnated with Pt )2 using an aqueoUs i nCli pl ent wetness

t echni quéhave av atlees effdt bBahafladl? pPBintcef teymbdacnuacomparéd © w % Pt .
EXAMPLE 3 This exanple illustrates the typical process conditions used to
eval uat e PrORessEy UBIBE Olketi catalyss.i Viaweysr,ofineehsome of thgservelatil matepalsedi at e
pore crystallin nol ecul sieve. catal ysts. A co rcial |ight neutral
Do £ nat oV ibus e e ressmitta 17 GACons BV R DSCEmOVEd BY of t he

ZSM 48 a'}ﬂst}lfﬁick}e beta catal ysts described in Exanples | and 2. The
properties 0 € raffinate are summarized in Table 1. WO 02/ 088279 16
SEP 2005 PCT/ US02/ 12672 -21 TABLE prgdReRERTI ES OF LI GHT NEUTRAL

RAFFI NATE PROPERTYVALUE Pour Point, F100 K. V. 100F, cs5.513 K V.
300F, cs2.463 Gravity, API31.9

The process of the present invention is selective for middle distillates.
Middle distillates boil in the range of from about 165°C to about 345°C (about
330°F to about 650°F) and are used to provide distillate fuels including diesel
and kerosene-type jet fuels and heating oils including No.1 and No.2 fuel oils.
By isomerizing the waxy paraffins, premium middle distillate is produced. The
product 1s highly iso-paraffinic with low pour point, suitable for jet fuel and

diesel fuel.
EXAMPLE 1

This example illustrates the preparation of a ZSM-48 containing catalyst
in accordance with the invention. First, 325 parts by weight of a calcined
H-form ZSM-48 was combined with 225 parts by weight of pseudoboehmite
alumina. The ZSM-48 crystal size was 0.02 to 0.05 microns in diameter as
determined by transmission electron microscopy. The dry mixture was
combined with 130 parts by weight water to make a paste. The paste was
extruded to produce a 1/16 inch 65% ZSM-48/35% Al,O; extrudate. The
extrudate was calcined in air at 538°C for three hours and then cooled to room
temperature. The alpha value of the ZSM-48 catalyst was 35. One hundred
parts by weight of the calcined extrudate was impregnated with Pt(NH;)(NO;),
using an aqueous incipient wetness technique to produce a PUZSM-48/A1,0,
catalyst containing 0.6 wi% Pt.



Sul fur, wt%).81 Nitrogen, nB89 Hydrogen, wt%3.68 Aniline Point, F30.5
Furfural, nmb In a typical run, catalyst was charged to a tubul &b SER&or
si t uat edwpm2/a8820erti cal furnace. Catal ysts were reduced ipctieyd/ g7
hydrogen by heating to 660F for three hours and then pressure was
increased to 400 psig. In each run, the catalyst was held at 660F for
three hours at 400 psig and then coolgf to 500F. The |ight neutral
raffinate was admtted to the reactor along with 2500 scf H2/BBl1 and the
tenperature was raised at 10F increnents over the next several days to
span the range of tenperatures and pour points. The products were vacuum
distilled to produce a 650F+ prodrﬁtzl_g%,Mﬁﬂgihen were submtted for

ki nematic viscosity and pour poi nts. EXAMPLE 4 In this

exanple, a ZSM 48 catal yst was used to dewax a |.ight neutral raffinate.
Ten cc (5. 2g) 1és exammpnlestmtocthe prepanjaion wh zeoliter bpta containipg satalyst

di ter. stainl teel tubul. tQr, dried d d i bed
i Exari SECePOSGE Wi T VRRion.o ek 400 pacls HYORERESGN A CAIERARI o 5. was
- dewaxed Hlt-jg:}rggﬁédlﬂg beiowal Lod¥ edt\bﬁhcé"i‘B?Ja)‘t?tb)g\%gl IQ r?g%;c?mgggséi v, and

2500 scf over a range of tenperatures 15C) and
rangi N9 pioduged PabuddboshiiREmYIR. 07hoBEARE LRI LIYSRA siatwas 02 371C)

The 650F (343C) product yield in w/o, the product pour points, and the
vi scosi t .08 mimrone s divmetercisadettramped by Urapsmasseos lebaotronnmiabsepy. TABLE 2

DEVWAXI NG.USI.NG A Pt/ ZSM 48/ Al 25)1 .CP‘;ATALYS‘T R«iact or Pr %uct 650F + Product
Pour he dry mixture was combined with water to make a paste. The paste was

extruded to produce a 1/16-inch 65% zeolite beta/35% Al,O; extrudate. This
extrudate was calcined n air at 538°C for three hours and then cooled to room
temperature. The alpha value of the zeolite beta catalyst was 65. Two hundred
parts by weight of the calcined extrudate was impregnated with Pt(NH;),(NO;),
using an aqueous incif)ient wetness technique to produce a Pt/Beta/Al,O;

catalyst contaiming 0.6 wt% Pt.

EXAMPLE 3

This example illustrates the typical process conditions used to evaluate
the hydrodewaxing activities of the large pore and intermediate pore crystalline

molecular sieve catalysts.

A commercial light neutral raffinate was used to evaluate the hydro-
dewaxing activities of the ZSM-48 and zeolite beta catalysts descnibed 1n

Examples 1 and 2. The properties of the raffinate are summarized in Table 1.



Viscosity Tenperature, OFYield, w%t., OFl ndex 64589.140104 658EPA88103
66187. 3 6.210100 The Pt/ ZSM 48/ A1203 cat al yst dewax
t he Iigﬁagéefﬁa??gf raf fi nate as shown by the high di sti% %5’?@%@% with
reduced pour points. EXAMPLE 5 In this exanple, a zeolite beta catal yst
was used to dewax a light neutral raffinate. Ten cc (5.3g) of

Pt/ Beta/ Al 203 cat al yst was charged tT lg.5-inch dianeter stainless steel
tubul ar reactor. The catal yst was dried and reduced as described in

Example 3. A light neutral raffinateg described in Exanple 3, was
e t at 400Fpsi 0.5 LHSV, and
- M&ow (315C) and

dewaxed by passing_the oil
F 343C+) product vield in wt'/o0, the

2500 scf H2/BBL ovERQPLER
rangi ng up to 720F (382Q).

O Y

650

Th

product pour point anpROPERTECOSI ty index versugl (gactor tenperature are
shown in Tablle=37 16 SE 2005 V.~ O 02/ 088279 PC,)()"DOZ/ 1267223 TABLE 3
DEWAXI NG USI N n $T Reactor—Product 650F Product Pour
Vi scosity Tenper at uKeVO@ YDQTH] cswt %Poil nt, OFI nd&x5 EB089. 260101
70085. 245100 *72082.R4Q;@)3000F cs 7 463
Gravity, AP 31.9
Sulfur, wt% 0.81
Nitrogen, ppm 39
Hydrogen, wt% 13.68
Aniline Point, °F 30.5
Furfural, ppm 5

In a typical run, catalyst was charged to a tubular reactor situated in a
vertical furnace. Catalysts were reduced in flowing hydrogen by heating to
660°F for three hours and then pressure was increased to 400 psig. In each run,
the catalyst was held at 660°F for three hours at 400 psig and then cooled to
500°F. The light neutral raffinate was admitted to the reactor along with 2500
scf H,/BBI and the temperature was raised at 10°F increments over the next
several days to span the range of temperatures and pour points. The products
were vacuum distilled to produce a 650°F+ product, and then were submitted for

kinematic viscosity and pour point measurements.
EXAMPLE 4

In this example, a ZSM-48 catalyst was used to dewax a light neutral
raffinate. Ten cc (5.2g) of PUZSM-48/Al,0; catalyst was charged to a 0.5-inch
diameter stainless steel tubular reactor, dried and reduced as described in
Example 3. A light neutral raffinate, as described in Example 3, was dewaxed
by passing the oil over the catalyst at 400 psig, 0.5 LHSV, and 2500 scf H,/BBL
over a range of temperatures starting at 600°F (315°C) and ranging up to 700°F



A review of Table 3 reveals that a product pour point of 40F (41A§C§‘:-Pamlﬁ
a produgto yisedsgreof 82.0 wt % was achi eved using the Pt/ Betgk ﬁhg@zmt al yst
at an operating tenperature of 720F (302C). EXAMPLE 6 In this exanple, a
Pt/ ZSM 48/ Al 203 catal yst foll owed by a Pt/Beta/ Al 203 catal yst was used
to dewax a light neutral raffinate. Fiye cc (2.6g) of Pt/Beta/Al 23
catal yst was charged to a 0.5-inch dianeter stainless steel tubular
reactor. This was followed by charging five cc (2.6g) of Pt/ZSM 48/ Al 2C3

cat al ysi(39he £9PTHe diter ok AIRRE FiefRIPhS 1RO

cont act s( t 5)Pt/ZSM 48}?,%\ %qg?éat al yie Iﬁe 10 ccp dgl% bggrt yst’h{ged was
dried artﬁeh@ﬁt@ﬁgi indsx desas rbador fenfpepaTnted ate showndtTalgeral raffinate,
as described in Exanple 3, was dewaxed by passing the oil over the dual
catal yst bed at 400 psig, 0.5 LHSV (based on the conbined catal yst bed),
and 2500 scf H2/BBL over a range offABleBperatures from 600F (315C) to
1007 (3710). The. DEAEAGBASI SINGINSyZEMLAAL.OL CAT AR gy oduct pour
poi nts and the viSCOSI nde are shown in
Tab| e 4 \Aﬁ n’)anQ’)?Q 1&; OI:D f)nng Df‘TLIJQﬂ’)I 1’)&:7’) D/I T'\DI I: /I .F\I:\AI\‘X| NG
USING A Rt/ zsmRercier e cATAreduct G°FOvED HyopucERew Al 2 MiSaosIAL YST

React or Ar odiempesstiFe, < HPr oductYiebdjrwt¥ scosi ty PepPEr at ule, Ihdeel d,
wt %0i nt g, FI ndeé4§6290. 140104 6§§§9. 330103 681% 52010] 69']{63. 410100

653 88.2 30 103
661 87.3 20 101
669 86.2 10 100

The PUYZSM-48/Al,0; catalyst was able to dewax the light neutral
raffinate as shown by the high distillate yields with reduced pour points.

EXAMPLE 5

In this example, a zeolite beta catalyst was used to dewax a light neutral
raffinate. Ten cc (5.3g) of Pt/Beta/Al,O; catalyst was charged to 0.5-inch
diameter stainless steel tubular reactor. The catalyst was dried and reduced as
described in Example 3. A light neutral raffinate, as described in Example 3,
was dewaxed by passing the oil over the catayst at 400 psig, 0.5 LHSV, and
2500 scf H,/BBL over a range of temperatures starting at 600°F (315°C) and
ranging up to 720°F (382°C). The 650°F+ (343°C+) product yield in wt%, the
product pour point and the viscosity index versus reactor temperature are shown
in Table 3.



Conmpared to the Pt/ ZSM 48/ Al 2A8 cat al yst

to
equi val ent

I n thig _exanpl e,

in Exampl e 4,
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requi resv@olmwsgbmr tenperature (i.e.,
achi eve the sane product pour point.
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conbi nation is used. EXAMPLE 7
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Thi s was

Pt / Bet a/ AJQO&&aLaJ-ysLJhg_LO_@g—dLLaJ—caLal}ay&_bad_mac dr-_nd a reduced
as descrilbed iReast@inpl e |3. Produg50rBut f al PredygtPons, gs Vdseositybed in
Exanpl e 3, TespaewmexB hy pa¥ieldgwt¥te oill ovRPomntfF dual| cdhdéyst| bed at
400 prig, {0.5 L (base on t onbi ned cat alyst bed)], 250D scf
H2BBL ove & |at§;{) Ot gpet &t glgcz(o: fromr606+—f \\%?5{:) 6 7nn?-87371pc:) The
650F+ (343Ct) ?’Qﬂjuqt vilel d i n832% thelproduc#Spour pdintd98nd }he

Vi scosity i ndex YEO sus rjeact or gp@nper at yr es arqoshown iln Tabbe 5
16SEP2005 021088279 PCT/USOZI 12672 - 25 TABLE 5 DEVWAXING USITNG A

Pt/ BETA/ A160 CATALYST FOLLOWED BY A Pt/ ZSM 48/ Al O CATALYST React or

Product 650F, AReoRwchbf Pable Mesealsithyt alprodecepoiepoiitbfU O F 1f.480) 4Hd
Fl ndex 64292.140104 65091. 330104 P .
, a product yield of 82.0 wt% was achieved using the Pt/Beta/Al,O5 catalyst at an

operating temperature of 720°F (302°C).

EXAMPLE 6

In this example, a PUZSM-48/Al,0; catalyst followed by a Pt/Beta/Al, O,
catalyst was used to dewax a light neutral raffinate. Five cc (2.6g) of
Ptv/Beta/Al,O; catalyst was charged to a 0.5-inch diameter stainless steel tubular
reactor. This was followed by charging five cc (2.6g) of PUZSM-48/A1,0;
catalyst on top of the Pt/Beta/Al,O4 catalyst so that the o1l first contacts the
PY/ZSM-48/Al,05 catalyst. The 10 cc, dual catalyst bed was dned and reduced
as described in Example 3. A light neutral raffinate, as described in Example 3,
was dewaxed by passing the o1l over the dual catalyst bed at 400 psig, 0.5 LHSV
(based on the combined catalyst bed), and 2500 scf H,/BBL over a range of
temperatures from 600°F (315°C) to 700°F (371°C). The 650°F (343°C)
product yield in wt%, the product pour points and the viscosity index versus

reactor temperatures are shown in Table 4.



65890. 720103 66689. 910102 Conpared to the dual catalyst systemlifnSEHBI e
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pour points are approximately 1 wt% higher when the combination is used.

EXAMPLE 7

In this example, a Pt/Beta/Al;0O; catalyst followed by a PUZSM-48/A1,0;
was used to effectively dewax a light neutral raffinate. Five cc (2.6g) of
Pt/ZSM-48/A1,0, catalyst was charged to a 0.5-inch diameter stainless steel
tubular reactor. This was followed by charging five cc (2.6g) of Pt/Beta/Al,O;
catalyst on top of the PUZSM-48/Al,0; catalyst so that the o1l first contacts the
Pt/Beta/Al;O3 catalyst. The 10 cc dual catalyst bed was dried and reduced as
described in Example 3. A light neutral raffinate, as described in Example 3,
was dewaxed by passing the oil over the dual catalyst bed at 400 psig, 0.5 LHSV
(based on the combined catalyst bed), and 2500 scf H,/BBL over a range of
temperatures from 600°F (315°C) to 700°F (371°C). The 650°F+ (343°C+)
product yield in wt%, the product pour points and the viscosity index versus

reactor temperatures arc shown in Table 5.
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yields are improved by approximately 1.5 to 2.0 wt% at equivalent pour points.

Both of these benefits are unexpected. This suggests that the sequencing of the
catalysts is important and that the Pt/Beta/Al,O; catalyst followed by the
PYZSM-48/A),0; catalyst is preferred over the sequence of catalysts used in
Examp]eﬂ 6.

EXAMPLE 8

This example describes the preparation of a small crystal USY catalyst.
The small crystal sodium type-Y (NaY) was prepared according to U.S. Patent
3,755,538. A solution of sulfuric acid was prepared by mixing 68 grams of
concentrated sulfuric acid with 200 ml of water. This solution was then added to
a solution of 1,096 grams of sodium silicate solution (Q-Brand, PQ Corp.)
dsluted with 400 m] of water. Next, a solution comprising 149 grams of sodium
aluminate diluted with 170 grams of water was added to the sulfunc acid/sodium
silicate mixtﬁrc. Finally, 605 grams of seeds, the preparation of which is taught
in U.S. Patent 3,574,538, was added to the mixture. The resulting mixture of all
of the above chemicals had the effective slurry oxide ratio of 6.5 Na,0:1.0
Al;05:16 Si0,:280 H,0. This mixture was poured into a two liter polypropylene
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S10,/Al,03 ratio of 5.0 by chemical analysis. The particle size of this zeolite Y

was analyzed by SEM and TEM to be 0.06-0.08 micrometers in diameter.

EXAMPLE 9

This example describes the preparation of an ammonium exchanged,
ultrastabilized small crystal NaY zeolite (USY catalyst). A 250 gram sample of
the zeolite Y from Example 8 was ammonium exchanged at room temperature
by slurrying the zeolite in 1.0 M NH,NO; for one hour, filtering, and then
repeating the exchange. The resulting NH, exchanged Y zeolite was then
steamed in an open crucible for 3 hours at 510°C in 100% steam at atmospheric
pressure. The ammonium exchange procedure was repeated and the zeolite was
again steamed at 510°C for three hours. The resulting zeolite had a umit cell size

of 24.35 A and a sodium content of 0.16%.

EXAMPLE 10

This example describes the preparation of a small crystal USY hydro-
cracking catalyst. The small crystal USY catalyst was prepared by admixing
200 grams of the USY from Example 9 with pseudoboehite (Condea, Pural SB)
to produce a 50% small crystal USY/50% Alumina mixture on a bone dry basis.
The rcéul‘ti;l.vg_ rrlllixturc was transformed into an extrudable paste by muﬂing and

adding deionized water. The resulting paste was extruded to yicld a 1/16-inch
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TABLE 6
SMALL CRYSTAL USY CATALYST PROPERTIES
Zeohte/Al,O; ratio, wt 50:50
Zeolite Crystal Size, microns 0.06 to 0.08
Zeolite, Unit Cell Size, A 24.35
Surface Area, m*/g 250
Pore Volume, cc/g 0.60
Packed Density, g/cc 0.67
Chemical Composition:
Nickel, wt% 4.2
Tungsten, wt% 15.1
Sodium, ppm 750
EXAMPLE 11

This example describes the preparation of a conventional larger crystal
USY catalyst. A large crystal Y zeolite was prepared using a conventional,
commercially available NaY zeolite that had a S10,/A1,05 ratio of 4.9 by
chemical analysis. The NaY zeolite was obtained from W. R. Grace and had a
particle size of 0.7 to 1.0 microns as determined by Scanning Electron Micro-
scopy. This zeolite was ammonium exchanged at room temperature by slusrying
the zcolite in 1.0 M NH,NO; for one hour, filtering, and then repeating the
exchange. The resulting NH, exchanged Y zeolite was then steamed in an open

crucible for three hours at 510°C in 100% steam at atmospheric pressure. The
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extrudate was inpregnated with Pt (NH3)4(NGO3)2 using an aqueous i nci pi ent
wet ness technique to produce a catal3st containing 0.6 w% Pt. This
catal yst was identified as Pt/ZSM 48/ A1203. EXAMPLE 14 This exanpl e
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1/16-inch diameter extrudate which was dried at 121°C for 12 hours and
subsequently calcined at 538°C for three hours in flowing air. The resulting
catalyst was impregnated with an ammonium metatungstate solution, dried at
121°C for three hours and then calcined in flowing air for 3 hours at 538°C. The
catalyst was subsequently impregnated with a nickel nitrate hexahydrate
solution, dried at 121°C and calcined a final time at 538°C in flowing air for
three hours. The physical and chemical properties of the finished large crystal
USY catalyst are shown in Table 7.

TABLE 7

LARGE CRYSTAL USY CATALYST PROPERTIES
Zeolite/ Al,O5 ratio, wt 50:50
Zeolite Crystal Size, microns 0.7t0 1.0
Zeolite, Unit Cell Size, A 24.36
Surface Area, m2/p 260
Pore Volume, cc/g 0.61
Packed Density, g/cc 0.69
Chemical Composition o
Nickel, wi% 4]
Tungsten, wt% 15.7
Sodium, ppm 700




cal ci ned extrudate was inpregnated with Pt(NH3)4(NO3)2 using an! G§bRANS
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to produce a catalyst containing 0.6 wt% Pt. This catalyst was identified as
PYZSM-48/A1,0s.

EXAMPLE 14

This example describes the preparation of a ZSM-23 hydrodewaxing
catalyst. The ZSM-23 zeolite was synthesized according to the method
described in US Patent No. 4,619,820. The ZSM-23 catalyst was prepared by

j combining;325 g of a calcined H-form ZSM-23 with 227 g of a commercially

produced pseudoboehmite alumina (77 wt% sohds). The dry mixture was

_combined with water to make a paste and then extruded to produce a’wl/ 16-1nch
65% ZSM~23/35‘V;A1203 extrudate. This extrudate was calcined in air at 538°C
for three hours and then cooled to room temperature. One hundred grams of the
calcined extrudate was impregnated with Pt(NH;},(NO5), using an aqueous
incipient wetness technique to produce a catalyst containing 0.6 wt% Pt. This
catalyst was identified as PUZSM-23/Al,0;.
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Distillation, C (D2887) |BP286 5%331 109851 30%04 50%l44 a /539
95%60 EP626 16 SEP 2005 WD 02/ 088279 PCT/ US02/ 12672 -32 TABLE 9

PROPERTI ES OF COVWERCI AL HYDROTREATI NG (HDT) CATALYST Surface Area,

m /g138 Pore Vol une, cc/g Avg. Pore D8&:, Angstromsl113 Nickel, wt%t.0

Mol ybdenunil4. 9 EXAMPLE 17 Thi s exanpl e descri bes hydroprocessi ng and

h :
ydr odewaxi ng a vacuum EXAMPLE 15

This example describes the preparation of a ZSM-35 hydrodewaxing
catalyst. The ZSM-35 zeolite was synthesized according to the method
described in US Patent No. 4,107,195. A ZSM-35 catalyst was prepared by
combining 325 g of a calcined H-form ZSM-48 with 227 g of a commercially
produced pseudoboehmite alumina (77 wt% solids). The dry mixture was
combined with water to make a paste and then extruded to produce a 1/16-inch
65% ZSM-35/35% Al O; extrudate. This extrudate was calcined in air at 538°C
for three hours and then cooled to room temperature. One hundred grams of the
calcined extrudate was impregnated with Pt(NH;)4(NO;); using an aqueous
incipient wetness technique to produce a catalyst containing 0.6 wt% Pt. This
catalyst was identified as Pt/ZSM-35/A1,0;.

EXAMPLE 16

This example describes hydroprocessing and hydrodewaxing a vacuum
gas o1l using the small crystal USY catalyst and Pt/medium pore zeolite
catalysts. A conventional Persian Gulf Vacuum Gas Oil (VGO) with the
properties shown in Table 8 below was processed by passing the feed over a
commercial NiMo/Alumina hydrotreating (HDT) catalyst with the properties
given in Table 9 below and then over sequential beds of the small crysta] USY
hydrocracking (HDC) catalyst of Example 10 and the ZSM-48, ZSM-23, or
ZSM-35 hydrodewaxing (HDW) catalysts of Examples 13, 14 and 15,

respectively.

The pilot unit was operated by cascading the effluent from the
NiMo/Alumina hydrotreating (HDT) stage to the small crystal USY hydrocrack-
ing (HDC) stage and then over each of the ZSM-48, ZSM-23 and ZSM-35



gas oil using the large crystal USY catal yst and Pt/ nedi um por£g 3¢ ik e
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16 was processed by passing the feed over the comrercial N M/ Al unm na
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of the large crystal USY hydrocracking (HDC) catal yst of Exanple 12 and
the ZSM 48, ZSM23, or ZSM 35 hydrodewaxi ng (HDW catal ysts of Exanples
13, 14 and 15, respectively. The pilot unit was operated by cascadi ng
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MPa. The results are shown in Tables 10 and 11 below.

TABLE 8
PROPERTIES OF PERSIAN GULF VGO FEEDSTOCK
API Gravity 22.0
Hydrogen, wt% 12.53
Sulfur, wt% 2.53
Nitrogen, ppm 780
' Pour Point, °C 38
KV @ 40°C, cSt. 74.44
KV @ 100°C, ¢St 7.121
Composition, wt%
Paraffins 24.]
Naphthenes 22.1
Aromatics 53.8
" Distillation, “C (D2887)
IBP 286
5% - | 331
10% 351
30% 404
50% 444
70% 486
90% 539
95% 560
EP 626
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TABLE 9
PROPERTIES OF COMMERCIAL HYDROTREATING (HDT) CATALYST
Surface Area, m’/g 138
Pore Volume, cc/g 0.38
Avg. Pore Dia., Angstroms | 113
Nickel, wt% 4.0
Molybdenum 14.9
EXAMPLE 17

This example describes hydroprocessing and hydrodewaxing a vacuum
gas o1l using the large crystal USY catalyst and Pt/medium pore zeolite catalysts.
The conventional Persian Gulf Vacuum Gas Oil (VGO) of Example 16 was
processed by passing the feed over the commercial NiMo/Alumina hydrotreating
(HDT) catalyst of Example 16 and then over sequential beds of the large crystal
USY hydrocracking (HDC) catalyst of Example 12 and the ZSM-48, ZSM-23,
or ZSM-35 hydrodewaxing (HDW) cata]ysts of Examples 13, 14 and 15,

respectively.

The pilot unit was operated by cascading the effluent from the
NiMo/Almina hydrotreating (HDT) stage to the large crystal USY hydrocrack-
mg (HDC) stage and then over each of the ZSM-48, ZSM-23, and ZSM-35
hydrodewaxing (HDW) catalysts, respectively. The volumetric ratios of the
catalysts were 0.25 HDT:0.75 HDC:1.0 HDW. The catalysts were placed in
three different reactors, but all three reactors were maintained at the same
temperature. The conditions used for the experiments included temperatures
ranging from 370°C to 415°C, 0.5 to 1.0 LHSV relative to the total volume of
HDT/HDC/HDW catalyst. The once-through hydrogen circulation rate was
4000 scf/BBL (712 litcrﬂitér). Hydrogen inlet pressure vaﬁed from 2.8 to 10.5
MPa.

Tables 10 and 11 compare the results of the hydroprocessing experiments

of Examples 16 and 17.
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The results in Tables 10 and 1 1demonstrate the superiority of the small
crystal USY hydrocracking catalyst in producing higher distillate yields with
pour points equal to or Jower than the large crystal USY hydrocracking catalyst

when coupled with medium pore zeolite-based hydrodewaxing catalysts.

Thus, while there have been described what are presently believed to be
the preferred embodiments of the present invention, those skilled in the art will
realize that other and further embodiments can be made without departing from
the spirit of the invention, and it is intended to include all such further modifica-

tions and changes as come within the true scope of the claims set forth herein.
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SEP 2005 PCT/US02/ 12672 The resul ts 36r Tables 10 and | /denonstrate the
superiority of the small crystal USY hydrocracking catalyst in producing
hi gher distillate yields with pour points equal to or |ower than the
| ar ge croISARMS:USY hydr ocr acki ng cat al yst

1. A process for isomerization dewaxing of a hydrocarbon feed under
superatmospheric hydrogen conditions comprising contacting said hydrocarbon feed with
a catalyst system under hydroprocessing conditions, said catalyst system comprising:

a) a large pore crystalline molecular sieve having a Constraint Index less than 2,
an alpha value less than 100 and an ultimate crystal size of less than 1 micron;
and

b) an intermediate pore crystalline molecular sieve having a Constraint Index
greater than 2, an alpha value less than 100, an ultimate crystal size of less
than 1 micron and a unidimensional or a non-intersecting two dimensional
pore structure;

wherein a dewaxed product having improved fluidity is produced by contacting

said hydrocarbon feed with said catalyst system in an order starting with said

large pore crystalline molecular sieve followed by said intermediate pore
crystalline molecular sieve, and wherein said hydroprocessing conditions are
selected to favor the production of dewaxed middle distillate products boiling in
the range of about 165°C to about 345°C such that the overall yield of said
dewaxed middle distillate products is greater than about 30 wt %.

2. A process for isomerization dewaxing of a hydrocarbon feed according to
claim 1, wherein said process is carried out at superatmospheric hydrogen partial

pressure.

3. A process for isomerization dewaxing of a hydrocarbon feed according to
claim 1, wherein said hydrocarbon feed contains waxy components having a cloud point
greater than 0°C, an ASTM D2887 end boiling point exceeding 275°C, and a pour point
greater than 5°C.

4, A process for isomerization dewaxing of a hydrocarbon feed according to

claim 1, wherein said large pore crystalline molecular sieve is selected from the group



when coupl ed with nmedi um pore zeolite-based hydrodewaxi ng cataly§g5p2@5
Thus, while there have been described what are presently believed to

t he preferred embodi nents of the pres¥nt invention, those skilled in the
art will realize that other and further embodiments can be made without
departing from the spirit of the invention, and it is intended to

i ncl ude oahsistiigadt ZeolitelByta, MsHdénieaUSHl, ZSM-20ZSNah@dsega} ze6lite LWPD5n t he
true chif of the clains set forth herein. 1 6 S E P 2005 -36 CLAIMS: 1.
A pr ocesARQB7; MethQ-34and gloyeiitgxi ng of a hydrocarbon feed under
super at nospheri c hydrogen conditions conprising contacting said

hydr ocarbon feed wwth a catal yst system under hydroprocessing
conditions, said oéapajcysstfosi)sememationﬂeming of ahydrotaboge feedaecardingtal | i ne
nmol ecul ar . si ving. a Constr ai | ndex .1 ess thgn 2, = an al pha val ue
os5 L haleimdh WHE G I 8BS ORI M PRGOS 2B et on: | and b)
an internedi ate pore crystalline nol ecular sieve having a Constraint

I ndex greater than 2, an al pha value less than 100, an ultimate crystal
size of |ess6.tham prqméssrfonisamdrizaathniddwmng obahydrocarhom feed ian¢ording ¢d i ng

two di rre si onal ore.structure; where e ed rod n
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said cat n§i¥ﬁﬁgr€‘8? ZSMaZB @Sﬂ&im SZSMT-JSHZSM 148' SeP0- 11I SAP©-PNIEAIPO-
crystalllne nol ecul ar si eve fol | owed by said i nternedi ate pore

cryst al |lilredMeAPA-5r si eve, and wherein sai d hydroprocessing conditions
are selected to favor the production of dewaxed mddle distillate
products boiling in the range of about 165C to about 345' C such that the

overal | yield of sep%cesi%@%sﬁemﬂi@hee%ﬁhg brahm&a}ﬁy&r&dla&&aﬂg&@r t han
about 30 wt % 2. A process for isonerizatron dewaxing of a hydrocarbon

feed ac @dmmr Govhetein sdid intermedidtepere erystallinepnoeadar sieveds seléected fiom the

super at heric U 3. A process for
i soneri 285?‘?0‘?9 %Uﬁi?m%fﬁ%%gggéﬁgﬁafgd according to claimi1,
wherein said hydrocarbon feed contains waxy conponents having a cloud

point greater than O C, an ASTM D2887 end boiling point exceeding 275C,
and a pour pdnt Aprocess for isomerization dewaxing of a hydrocarbon feed according to

claim 7, wherein said improved fluidity includes a reduced pour point and/or cloud point

relative to said feed.

9. A process for isomerization dewaxing of a hydrocarbon feed according to

claim 8, wherein said pour point of said feedstock is reduced by at least 5°C.

10. A process for isomerization dewaxing of a hydrocarbon feed according to
claim 1, further comprising catalytically hydrotreating said hydrocarbon feed prior to

contacting said catalyst system.

11. A process for isomerization dewaxing of a hydrocarbon feed according to
claim 1, wherein said large pore crystalline molecular sieve and said intermediate pore
crystalline molecular sieve catalysts are stacked in a layered configuration, or contained

in separate reactors.



greater than 5C. 4. A process for isonerization dewaxing of a hyghgébaﬁﬁbon
feed according to claiml1, wherein said |arge pore crystalline nolecul ar
sieve is selected fromthe group 16 -SB> 2005 -37 consisting of Zeolite
Beta, nordenite, USY, ZSM 20, ZSM4 (onega), zeolite L, VPI-5  SAPO 37,
MeAl PO- 37 and cloverite. 5. A process for isonerization dewaxing of a

hydrocarbon figed agpgicelstor isémefizatiomMdéwaxiig oeh RydrdtabbR fe@@ ab&réing to
crystalline nolecular sieve is Zeolite Beta. A process for

6.
i soner i Z4aimoh whetgi thegatés obsapd largsorperpstalbing malecylagisigye tosaid| ai m 1,

wherein .sajd. i i r 4. L [ ted
From t nanieedilt BORRE I Ao RoeY 55 5 41 B L83l WBfg BodRRE )
SAPO- 5, pybadighd: 11 and MeAlPO-5. 7. A process for isonerization dewaxi ng
of a hydrocarbon feed according to claim®6, wherein said internmediate

pore crystalline nolecular sieve is selected fromthe group consisting

of ZSM 23, ZSht 48 : ; i i i i ng of
a hydrocar boﬁih’]{]t eed@ glg)gorﬁé@gﬁza&@gﬁ%}%ﬁﬁaﬁgggﬂﬁgﬁgh ?%%ragébergﬁg%i dity
i ncl udesclamr kdvheesdn gaid prqeessit canidd out ialawoccupreniflow iges-tituidecdotorsai d f eed.
9. A process for isonerization dewaxing ig; a hydrocarbon feed according
to cl aiOPBeraREntday gay-apd iractesi siequent D ThgecFeR RO 18 muliRiE e d by at

| east S5Ge,clfls. A process for isomerization dewaxi ng of a hydrocarbon feed
according to claim1l1, further conprising catalytically hydrotreating

sai d hydrocarbon feed prior to contacting said catalyst system 11. A
process for isonerjzation dewaxi.ng. of. a hydrqcarbon fee ccording to
claim1, wheréin PH’CF%&@EISB’@FEZ Wé’?&%lpﬁé?ﬂgly oaaen g?eg\?écoé&‘&gg%i d

i nt er medahel Rfefein ﬁfeMﬁrH?dp%d&?siﬁ%%ﬁﬁHi&% céﬂnEMEe £ Rhfe¥atire o@ﬁ%géb%%{‘ed ina

| ayered configuration, “or “contal In separate reactors. 16 SEP 2005
-38 12. 2A0po obms 485 @, aihydrogen patiabpresbameofifrogn ahowd 185 kBa tr dbont 2 E@eD
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liquid hourly space velocity (LHSV) of from about 0.1 to about 20 hr' based on the total

volume of catalyst.

15. A process for isomerization dewaxing of a hydrocarbon feed according to
clam 1, wherein said large pore crystalline molecular sieve and/or said intermediate pore
crystalline molecular sieve are combined with a Group VIII metal selected from the
group consisting of Pt, Pd, Ru, Co, Fe, Ir, Rh, Ni, Os and a combination of any of these

metals.

16. A process for isomerization dewaxing of a hydrocarbon feed according to
claim 1, wherein said large pore crystalline molecular sieve and/or said intermediate pore
crystalline molecular sieve are combined with a binder material selected from the group
consisting of clay, silica, alumina, silica-alumina, silica-magnesia, silica-zirconia, silica-
thoria, silica-berylia, silica-titania, silica-alumina-thoria, silica-alumina-zirconia, silica-

alumina-magnesia, and silica-magnesia-zirconia.

17. A process for isomerization dewaxing of a hydrocarbon feed according to

claim 16, wherein said binder material is alumina.



intermedi ate pore crystalline nolecular sieve is from about 5] 8%5EB005

wei ght to about 95:5 by weight. 13. A process for isonerization dewaxing
of a hydrocarbon feed according to €B%tm 1, wherein said process is
carried out in a co-current flow gas-liquid reactor, a countercurrent
flow gas-liquid reactor, a sequential two stage reactor or in nultiple
reactors. 14.18\ pro¢Rsdess P idonRiRAtichedewaRing@Fydtbcafboa fesddicesidyab f eed
according to claim1, wherein the hydroprocessing conditions conprise a
t enper at €pign bfwhereimsaigdarge pogerysial ipompleagacsiee rsgidrinisanediale pereessur e

of from . 7 ¢ r i ion rate
of fr0n1%ﬁ%@@n%gﬁi?gﬁggﬁu%%%8ﬁhﬁﬁ*§3%9LE¢E§E{Qgﬁgggggﬁﬂgﬁpé %%ély space
vel oci t yalumi#2\Winddk. f rom about 0.1 to about 20 hr-1 based on the total

vol une of catalyst. 15. A process for isonerization dewaxing of a

hydr ocarbon feed according to clam 1, wherein said | arge pore
crystalline nolecular sieve and/or said internedi ate pore crystalline
nol ecul ar sieve are conbined with a Goup VIIl netal selected fromthe
group consisting of Pt, Pd, Ru, Co, Fe, Ir, Rh, Ni, Os and a conbination
of any of these netals. 16. A process for isonerization dewaxing of a
hydr ocarbon feed according to claiml1, wherein said | arge pore
crystalline nolecular sieve and/or said internediate pore crystalline
nol ecul ar sieve are conbined with a binder nmaterial selected fromthe
group consisting of clay, silica, alumna, silica-alumna,
silica-magnesia, silica-zirconia, silica- thoria, silica-berylia,
silica-titania, silica-alumna-thoria, silica-alumna-zirconia, silica-
al um na- magnesi a, and silica-nmagnesia-zirconia. 17. A process for

i sonerization dewaxi ng of a hydrocarbon feed according to claim 16,
wherein said binder material is alumna. 16 SEP 2005 -39 18. A process
for isomerization dewaxi ng of a hydrocarbon feed according to claim1,
wherein said | arge pore crystalline nolecul ar sieve and/or said
intermedi ate pore crystalline nolecular sieve are conbined with Pt, Pd
or a Pt-Pd conbination and an alum na bi nder.



