SOUR SERVI CE HYDROPRQCESSI NG FOR DI ESEL FUEL PRODUCTI ON FI ELD OF THE

| NVENTI ON [ 0001] This invention provides a catalyst and a nethod of using
such a cawelyswo7fsas processing of high sulfur and/or nitcogsemonient

di esel boiling range fuels. BACKGROUND,OF THE | NVENTI ON [ 0002] A variety of
regi onal standards exist for the prope|1t| es of diesel fuels. In particular,
the requirenents for the cold flow properties of diesel fuel can vary based
both on a geogs@UR SHR VICE e ¥ PROPROCESS ENG[FAORIDIEIEL REIRbd f or
improving the cold flow properties of a diesel fuel is to subject the
diesel fuel to catalytic dewaxi BRODUCEHHAN of the dewaxing process is to

i nprove the cloud and pour point of the diesel fuel while causing a m ni num
of | oss Fgﬁcubed)ﬁ PO/ INVENTIONgNe. By inproving the cloud and/or pour point
of the portion of the original feed can be used as diesel
fuel , V\:hl ch reduces the anmount of feed that is diverted to a | ower val ue
process, (] as Fhis iaveriompraodesnratagysyand i maethodofpsigsneh a pr ocess

are aesr ARt 1GprofRidePhOASnE BihnEl ket ERNEF oBbsT BRNER™S) S0

feeds fopafleepgls Production. [0004] One problemfor catalytic dewaxing of
diesel fuel”is that the dewaxing catalysts are typically sensitive to
contam nants suc This can pose various problens in
devel opi Pplabhsiiygla NG production process. Typical diesel
fuels are often hydrotreated to remove sulfur to a low |l evel, such as 10
wppm or [ERR] Such wirgfglofréEibhaladtendirieexist &mherp@ulgémwobales&posed to a
dewaxi ng catal yst w thout severely

fuels. In particular, the requirements for the cold flow properties of diesel fuel

can vary based both on a geographical and a seasonal basis.

[0003] One method for improving the cold flow properties of a diesel fuel
1s to subject the diesel fuel to catalytic dewaxing. The goal of the dewaxing
process is to improve the cloud and pour point of the diesel fuel while causing
a minimum of loss in yield and/or in cetane. By improving the cloud and/or
pour point of the feed, a larger portion of the original feed can be used as diesel
fuel, which reduces the amount of feed that is diverted to a lower value process,
such as FCC cracking for making gasoline. As a result, process improvements
that lead to greater cloud point changes at the same severity are desirable, as
such improvements enable the use of a broader slate of feeds for diesel

production.

[0004] One problem for catalytic dewaxing of diesel fuel is that the
dewaxing catalysts are typically sensitive to contaminants such as sulfur or
nitrogen. This can pose various problems in developing a stable, integrated
diesel production process. Typical diesel fuels are often hydrotreated to
remove sulfur to a low level, such as 10 wppm or less. Such diesel fuels are
often clean enough to be exposed to a dewaxing catalyst without severely
harming the catalyst. However, if a process upset occurs and sulfur

contaminants remain in the diesel, the catalyst can be poisoned, and some of



harm ng the catal yst. However, if a process upset occurs and sul fur

contam nants remain in the diesel, the catal yst can be poi soned, and sone
of t he | oswoab1saori4sity nay be permanent. Additionally, paTdiSeeelood7ael
production processes invol ving hydroctacki ng of heavier feeds, substanti al
anounts of sulfur and/or nitrogen may“remain in the hydrocracked feed.
These contam nants can be renoved by hydrotreatnent, but in order to

i ncl ude thedevasf agi\atemaydbecmpermeanenonAlddadewmtiyn g desel fpst pmaduchane t o be
noved to a separate reactor. SUVVARY OF THE | NVENTI ON [0005] I n an

enbodi meprocessesEnvRYInghpdwgrasking of hpraautseds wbgtaasigl ameuntsef r ange fuel .

The net hod.i ncl ydes. hydrotreating .a .diesel boili range feedstock

cont ai ni i f%achgg?ltgé@nmw%palgdpftﬁ? Q{ﬁ’épec acé}{fe’idg%f:?vg%ﬁ@%r otreating

condi {1 OBsntaffindf8Thn BeRehiohea Lo hyd6HbY i BRahedabopdntRmc d S then
dewaxed 1n the presence of a dewaXing catal yst under effective catalytic
dewaxi ngdewaglingi sv)s;.a ddievedevaxl duvadhglcytlyst anaydraexionlge trfoweldytdnot r eat ed
feedstock is a nolecular sieve having a SiO Al20ratio of 100 or |ess, and

a netal &spagdteyeader., and t he dewaxi ng catalyst has a ratio of zeolite
surface area to external surface area of at |east 80: 100. BRI EF

DESCRI PTI NNV ARy ORAVINGN VESAEDONT gures 1 and 2 show the activity of

conparative catalysts. [000/] Figure 3 shows the correl ati on between
hydr opr ocessi ng tenperature and pour point fqr yarioys catalysts. [0008]
Fi gure 41008s animgi pEbedimaentyp W@PPB&%F’E‘&“[‘Q‘F@/ rsprOEiB@'@@]a@?é re 5 shows

AR bt RSB Ao e > ©
DESCRI PTk&ystdck UdatdiiapttREL t BUBUYpMEDT Suliefivdéd ¥ ffective hydrotreating

conditions. At least a portion of the hydrotreated feedstock is then dewaxed in

the presence of a dewaxing catalyst under effective catalytic dewaxing
conditions. The dewaxing catalyst for dewaxing the hydrotreated feedstock is a
molecular sieve having a SiO,:Al,O5 ratio of 100 or less, and a metal oxide
binder, and the dewaxing catalyst has a ratio of zeolite surface area to external

surface area of at least 80:100.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figures 1 and 2 show the activity of comparative catalysts.

[0007] Figure 3 shows the correlation between hydroprocessing
temperature and pour point for various catalysts.

[0008] Figure 4 shows an aging rate for various catalysts.

[0009] Figure 5 shows the hydroprocessing product yield for various

catalysts.

[0010] Figure 6 schematically shows a system for producing a diesel fuel.



[ 0011] In various enbodi nents, a process is provided for production of

di esel fuel that includes catalytic dewaxing of the feed. The dewaxi ng

i ncl udes wbheowss7af a catal yst that is nore tol erant of PConISamo0e6TRE, such
as sul fur and nitrogen, as conpared tf a conventional dewaxing catal yst.
Because the dewaxing catalyst is nore’fol erant of contam nants, the risk of
cat al yst poi soning due to contam nants is greatly reduced. Additionally,

t he t ol eDBTEIIEDIMESCRIBTYON Obr THERREFERREDAMBBDIMENESal yst to be
used at convenient places in a reaction system For exanple, conventional
demaxingpcgkglﬁsts must be |l ocated at the end of a hydrotreatnent train, so
t hat sul nitrogen are renoved to suitable levels prior to exposing

t he dewaxi ng catalyst to the feed. Wth a contani nant tol erant dewaxi ng

cat al yst [001H¢ dewbxvaripusatrabgdimands) aoprogsssdis provided doepradustioned of al |

Cat aryst ienel 6! B s 61 BRCHARTEAL Hiieodt BB AR Aot ot 1 on
f f - pri : [ I .
another st RRraEel B bR el PEEBAGR Rl SRR AT 01

hydr ot r eafyrgRh; ad O8hphreling L£&hvamtibagt ddwiaharhtat@witalBethusethi ns great er
activity when contam nants are present and recovers activity faster when

cont anmi ndewsxiageataypstie dnéredolerarg efroontaminants, ththiisk aflcatatysge i s achi eved
by the use of a zeolite with a Jowsjilicat | ypi.na ratjo and having a
hi gh r at PRISBRING QIe9SHORIFRERNLS 18)2reatly é"éﬁ‘cﬁaegcﬁghﬁﬁl ’ﬁé? @G?‘Wéi@e ar ea.
Al ternatiysgl t.hi.sc advant a .S | gve t ifewth a
ow si 11 PLatelagid TR RN R MR DB R Prf i "o o
surface Baggs inldfedBR S SEnt k8t ¥2dmpl¥, Ebﬁ\r/edtﬂﬁﬂapd&%aﬁin@a@él?/%dr ogenat i on
function, such as a Goup VIIl netal, preferably a Goup VIIT noble netal.

Pr ef er abinust bééochesubat thg endtad] aylsydrosreatnugritdraie s s bulfigr arsdrbdrogenng

catal yst, such as ZSM 48 or ZSM23.- A . .
are removed to suitable levels prior to exposing the dewaxing catalyst to the

feed. With a contaminant tolerant dewaxing catalyst, the dewaxing catalyst can
be used prior to elimination of all contaminants from the feedstream. This
could include using the dewaxing catalyst in the same reactor as
hydrotreatment stages, with no separation of gases from the effluent prior to
exposure to the dewaxing catalyst. Another option would be to catalytically

dewax the diesel feed prior to hydrotreatment.

[0012] The contaminant tolerant catalyst retains greater activity when
contaminants are present and recovers activity faster when contaminants are
removed from the environment. This advantage is achieved by the use of a
zeolite with a low silica to alumina ratio and having a high ratio of micropore
(zeolite) surface area to external surface aréa. Alternatively, this advantage is
achieved by the use of a zeolite with a low silica to alumina ratio and
formulated using a binder having a low surface area. The dewaxing catalyst
further includes a metal hydrogenation function, such as a Group VIII metal,
preferably a Group VIII noble metal. Preferably, the dewaxing catalyst is a
unidimensional 10-member ring cafalyst, such as ZSM-48 or ZSM-23.



[ 0013] The external surface area and the mcropore, or "zeolite", surface
area refer to one way of characterizing the total surface area of a

cat al yst .woOhena73usf ace areas are cal cul ated based on amalryse@9ndend t r ogen
porosi netry data using the BET nethod,for surface area nmeasurenent. (See,
for exanple, Johnson, MF.L., Jour. 'C%t’al, 52, 425 (1978).) The "zeolite"
surface area refers to surface area due to mcropores within a catal yst.
Only t he[@Hd]]i t e The axtanalspsfaceiard¢a arahthei toidrepere, ohi‘zeqdve’t,isunfacé t he
surface area. 'The external surface area can be due to either zeolite or

bi nder wRteRitafes te gngWay of charasieneing f?l@d@w]l syHace afep M 43581485 on- based

require ts and specificatio r | I i.ded in ASTM
Ul SRS, AR Al el Hosth oy 3G B BoPSeltS

countri eaatamﬁﬁt&rﬁmfm%w%? st Calehnédiatdmenta (S86Ufor @RBMpld,hat sul fur
be reduced in the diesel product to 15 wopmor |less. Additionally, the

cl oud poistinsepeM.Filcaidwn Gaaky 35142 SWdOi78)p) el hdriteohiteit erfaverdrba
specifications routinely require a cloud point well below 00C. [0015]

Di esel beafeisig spsiage aresedig tOamigropares apitinfaeatakyst. j @niytheresdiggin 2 nvent i on
boil within the.range..of abgut 2150F {about .1020C abpout 8000F (about
a2rey " prupbhpil) SOt SO pirvonof Purikeat it - Lhr ERGYa Sirke ! 2

boi ling pQi 2850k SrAAdOCkith a @ktal@@st 3000F (149C), or at

| east 35%83%%‘11%&6 todttor 236 dridiha (ShbBlaShalRE | Cast 451 OF (2330).
Preferably, the diesel boiling range feedstream has a final boiling point
of SOOOFEMEM | ess, or 7750F (413C) or less, or 7500F (399C) or |ess.
In an enbodi ment, the diesel boiling range feedstream has a boiling range

of from {Go149F (BE3Grid® Readn-BAE rdqaberedd3pedificansisher (egbodi ment ,

the diesel boiling range feedstream also includes kerosene range conpounds
to provi diesel fuebaist preanded INNASTHO D979 OthegesimilarfregnlativngtexBEOF (about 12
10C) to about 8000F ( abouil i ) ) ) )

Europe, Canada, and other countries. These specifications typically include a

requirement that sulfur be reduced in the diesel product to 15 wppm or less.

Additionally, the cloud point specification is widely variable, but winter month

specifications routinely require a cloud point well below 0°C.

[0015] Diesel boiling range feedstreams suitable for use in the present
invention boil within the range of about 215°F (about 102°C) to about 800°F
(about 427°C). Preferably, the diesel boiling range feedstream has an initial
boiling point of at least 250°F (121°C), or at least 300°F (149°C), or at least
350°F (177°C), or at least 400°F (205°C), or at least 451°F (233°C). Preferably,
the diesel boiling range feedstream has a final boiling point of 800°F (427°C) or
less, or 775°F (413°C) or less, or 750°F (399°C) or less. In an embodiment, the
diesel boiling range feedstream has a boiling range of from 451°F (233°C) to
about 800°F (about 427°C). In another embodiment, the diesel boiling range
feedstream also includes kerosene range compounds to provide a feedstream
with a boiling range of from about 250°F (about 121°C) to about 800°F (about
427°C). These feedstreams can have a nitrogen content from about 50 to about
2000 wppm nitrogen, preferably about 50 to about 1500 wppm nitrogen, and

more preferably about 75 to about 1000 wppm nitrogen. In an embodiment,



4270C) . These feedstreans can have a nitrogen content from about 50 to
about 2000 wppm ni trogen, preferably about 50 to about 1500 wppm nitrogen,
and nor e woebsvemi4g about 75 to about 1000 wppm ni t r oge RCTIUS2@N9/006729

enbodi nent , f eedstreans suitable for use herein have a sul fur content from
about 100 to about 40,000 wppm sul fury “preferably about 200 to about 30, 000
wppm and nore preferably about 350 to about 25,000 wopm The feedstreans

sui t abl efdedstresas saitatladbudse hieretsbhaeaarsuldier ¢ordentt from abput A@0ite sour ces,
such as Fi scher-Tropsch drocar bons, . or edstrea ived frgm

bi oconpofeHt @@QQQ:W§P“§€FQ%Ura§r ﬁfa%é}’ ab?“ﬂ/%@éfoa%h%‘tgbb Y YVRPEL a8F fatty
aci ds. drotr ] [V f otreating
is typic qrgb{%%}raedﬂég&%#’eﬁg& 41803&@3?@3%5@%) _'a_ni()ge géré@rgrg? ifrggggﬁ%{lﬁe’ir%]t of a
feed, angyd ken@h iREludBTéddsteanseicrREdivém Hatidtibonedes! sehnyer si on of the
feed. Catalysts usually contain at |east one Goup VIA and/or one G oup
VI 11 et Rischer-@repsphdrydrecarbomns oalfeedsti@ants deirivieddromtaopdreponerdl ude Ni/ Mo,
Co/ Mo and Ni/Wcatalysts. Hydrotreati.ng conditions typically include

t enper at sOWseHPUCh 8 apwaal g5y vegetable ods. At osdeity pSds (2. 1- 20. 7 MPag),
Liquid Hourly Space Velocities (LHSV) of 0.2-10 h 1 and hydrogen treat

rates of [RRPotONRRnE6f fddd (85-1690 NnBW. [0017] In order to satisfy
regul atory requirenents, the sulfur present in the diesel product nust be

bel ow 15 | der t tisfythi i f.i cat.i it ] i rabl
nave a1 BTt ar gafhesiiimary Bllmose bEbYRudaRRs EiHANAA fodis ¥ ocess wi 1)

not resultehn nﬁi‘%@egld LAE a}&ﬁaﬁ@ %Bhﬂceitrlf aF ia??e(%,-r%@idjs ﬁb?Pri?Elgl?ﬂ/ dBHcénpargin for

error in“casé subsequent contam nation o I ese occurs, such as
during tGafsisilihg poilidnviiaien bihéite fetll €atayghtousiealyn@ittainyfileast loypeoccur s
prior to dewaxing, in various enbodi nents the dewaxi ng process can occur
bef ore h¢uoop Vdat anetior one GreupdERl methl emr 2 supnant suchaasealumana af sidica.

hydr ot r eat manﬁ
Examp

es include Ni/Mo, Co/Mo and Ni/W catalysts. Hydrotreating conditions
typically include temperatures of 315-425°C, pressures of 300-3000 psig (2.1-
20.7 MPag), Liquid Hourly Space Velocities (LHSV) of 0.2-10 h'' and
hydrogen treat rates of 500-10000 scf/bbl (85-1690 Nm’/m”).

[0017] In order to satisfy regulatory requirements, the sulfur present in the
diesel product must be below 15 wppm. In order to satisfy this specification, it
is desirable to have a lower target sulfur value, so that variations within a
process will not result in exceeding the specification. This also provides a
margin for error in case subsequent contamination of the diesel fuel occurs,

such as during transport.

[0018] Note that while hydrotreatment typically occurs prior to dewaxing,
in various embodiments the dewaxing process can occur before
hydrotreatment, in between hydrotreatment stages, or after hydrotreatment
including cascading the entire effluent from a hydrotreatment stage without

separation to the dewaxing stage.



i ncl udi ng cascading the entire effluent froma hydrotreatnment stage w thout
separation to the dewaxi ng stage. Dewaxi ng Process [0019] In an enbodi nent,
t he prodww0 2brocrrashydr ot reat ment stage is directly caseatas2000006729

catal yti c dewaxi ng reaction zone. Unléke a conventional process, no
separation is required between the hydrotreatnment and catal yti c dewaxi ng
stages. Elimnation of the separation step has a variety of consequences.
Wt h regBewaxeng Beoogspar ation itsel f, no additional equipnent is needed. In
sone enbodi nents, the catal ytic dewaxi ng stage and the hydrotreat nent stage

ey be | papogd i [hia6 SASBIERAC!AE préld @R IMRIdtoutMndhedidgerigat ment and

catal yti Xi ng processes may take place in separate reactors.

El i m nat ditgctlheaskaped aito@catslopcalesaxavpiaistianyoneedlikerapr essuri ze the
feed. Instead, the effluent fromthe hydrotreatnent stage can be nmi ntained
at procesenvantignakBiacess, a9 separation igsequired betwega ibe hydratrratmentsiichg st age.
[0020] Elimnating the separation step.between hydrotreatnent and catalytic
owax! ngcHAL AR stk ELARaRoR B At s Eh bR g Ror L8l ment st ep
will sti ' h f tiolthalked f - nt step
o the cotrgrEieonaa e bERe i schaNgRsEAIn RO TUMEn CABPREAM I 1o Foed

to the hyesded: datspey embedinénth, the catiytes HewakimgHidgedand fig hydr ot r eat nent .
Simlarl organic nitrogen in the feed will be converted to amoni a.

However , K&\dmh@atmantﬁw may die locaied inithe s@Be aeatton-BAftomabidebuithog

ctage.  Thudiokegtipnianisfuatl s arid et R yefrEaces (o -
c4) f | g vdr; W ' ' | uent .
roo21] st i PR o e Caoi At sreshiell BRORE 1 RetiRe e "

catal yti thed@eaxilngedd te@akasht ifforR@id hhdrotiatmbhd stige &dn Be @RMEs M@ cat al yst
to maintain catalytic activity in the presence of elevated | evels of
ni t r ogenatprdcessing pressures as the effluent is delivered to the dewaxing stage.

[0020] Eliminating the separation step between hydrotreatment and
catalytic dewaxing also means that any sulfur in the feed to the hydrotreatment
step will still be in the effluent that is passed from the hydrotreatment step to
the catalytic dewaxing step. A portion of the organic sulfur in the feed to the
hydrotreatment step will be converted to H,S during hydrotreatment.
Similarly, organic nitrogen in the feed will be converted to ammonia.
However, without a separation step, the H,S and NH; formed during
hydrotreatment will travel with the effluent to the catalytic dewaxing stage.
The lack of a separation step also means that any light gases (C; — C,) formed

during hydrotreatment will still be present in the effluent.

[0021] Elimination of a separation step between hydrotreatment and
catalytic dewaxing is enabled in part by the ability of a dewaxing catalyst to
maintain catalytic activity in the presence of elevated levels of nitrogen and
sulfur. Conventional catalysts often require pre-treatment of a feedstream to
reduce the nitrogen content to a few ppm and the sulfur content to less than a
few hundred ppm. By contrast, hydrocarbon feedstreams containing up to 0.2

wt.% of nitrogen, based on the feedstream, and up to 3.0 wt.% of sulfur can be



sul fur. Conventional catalysts often require pre-treatnent of a feedstream
to reduce the nitrogen content to a few ppmand the sulfur content to |ess
than a f ewohordr7esdsppm By contrast, hydrocarbon feedst Peams2a0m00&@R2N Nng up
to 0.2 w.%of nitrogen, based on the_feedstream and up to 3.0 w. % of

sul fur can beeffectively processed u‘s?ﬁg the catal ysts according to the
invention. In an enbodinent, the sulfur content of a feedstream can be at

| east 0. 6ffeuti %]y procassedusiag the astal yytslacdovgingrtodhe Iim&mltioﬁ) nwan% or at

least 1 wt% or at least 2 w% or at |least 3 wt% S%th%r embodi nent ,
the nitregdrdunericHic Wlmf@m%dgtar@ﬁﬂﬁw an ke at éeé‘ﬁ f> at | east

S50 wppm _or | | ea 1 t 500 wppm
sul fur aff?h E%P?t (?Zﬁm &nq %ﬁ%ﬁr&& B’?%@é& eéiatsng@g (?glecf%k%ﬁf/s ?]ﬁods D2622
and D4629, 1&&8%/%% VRJahotﬁélOaﬁﬂmdlﬁl&ﬂ t%trﬁfragéﬁ ¥Ent@APOLiHFEREdstfcdin?! Yt i C
dewaxi ng can be performed prior to at |east one hydrotreatnent stage. In
such an embbdiatrizatt 2D mggpmi,corsatlléast S@neppint opgeleasti 100 weppr, esanteasn t he feed
during dewaxi ng. [0023] In still another enbodi nent, catal ytic dewaxi ng can
be per f 0P aVRIMREQT awqas(stSDQavmt Saﬂﬁlramderrltr@gmﬁamems liné)’ryb@rmve

cont am nant s fromth re uch enbodi ments, the
process 5@@5&3?3’@' §tgn$1ar{g /ﬁl@&ﬂ @[ﬁ??%%@ﬁd‘g a&?ﬁgﬁ?té‘é%é’ over
conventional nethods. [0024] Preferably, the dewaxing catal ysts according
to the i {M22i on hran abeliatiee ehitatdiment, catal gecdewagingrdamed porfdyned

i sonerizing a hydrocarbon feedstock. Mre preferably,. the catalysts are
zeol i t esPUPE B & lgAstamedidrolaatmsant stager JBtSHF}é ansmbqbn@nbaxrawgt s incl ude

10- menber lites uch as EU- or ferrierite), ZSM1 1,
von ey R SRR il P aRn Y e indie Bbaliel Lo 6 HL 2 RO 1 1,
ZBM 30, ZSM 48, or ZSM 23. ZSM 48 and ZSM 23 are nore preferred. Note that
a zeolit @023} ng hsilzSnethsr embodiment, vatalytee déwaxaagtcan dleyper foameat i o of
from aboué 20: 1 to about 40: 1 can sonetines be referred to _as SSZ-32.

O her @q,hg}rog]e@t\y@@ttaﬁgtafggxéeparatlon to remove contaminant gases from the

hydrotreated feed. In such embodiments, the process according to the

invention still provides advantages over conventional methods.

[0024] Preferably, the dewaxing catalysts according to the invention are
zeolites that perform dewaxing primarily by isomerizing a hydrocarbon
feedstock. More preferably, the catalysts are zeolites with a unidimensional
pore structure. Suitable catalysts include 10-member ring zeolites, such as EU-
1, ZSM-35 (or ferrierite), ZSM-11, ZSM-57, NU-87, SAPO-11, and ZSM-22.
Preferred materials are EU-2, EU-11, ZBM-30, ZSM-48, or ZSM-23. ZSM-48
and ZSM-23 are more preferred. Note that a zeolite having the ZSM-23
structure with a silica to alumina ratio of from about 20:1 to about 40:1 can
sometimes be referred to as SSZ-32. Other molecular sieves that are
isostructural with the above materials include Theta-1, NU-10, EU-13, KZ-1,
and NU-23,

[0025] In various embodiments, the catalysts according to the invention
further include a metal hydrogenation component. The metal hydrogenation

component is typically a Group VI and/or a Group VIII metal. Preferably, the



I sostructural with the above materials include Theta-1, NU- 10, EU 13,
KZ-1, and NU-23. [0025] In various enbodi nents, the catal ysts according to
t he i nverwOaniofaaridser include a netal hydrogenati on conpomarsk009/Dber2eet al
hydr ogenati on conponent is typically G oup VI and/or a Goup VIII netal.
Preferably, thenmetal hydrogenation cofponent is a Goup VIII noble netal.
More preferably, the netal hydrogenation conponent is Pt, Pd, or a mxture

t her eof . n{e®AlAB}drdgenaniehalonhyystieny énaGroup ddibnstsetmeral Moragdefdratdyt he
catal yst in any conveni ent manner. One technique for adding the netal
hydr ogentits watat bydrogsnatipr componenpisdiis Pdeene suxturg thesgahpi e, after
conbining a zeolite and a binder, the conbined zeolite and bi nder can be

extruded!dﬂm cat ah¥ hetPPYdrekEfatioMESBPSHRINS) b aldéS tEtheCallfien be
exposed to a solution containing a suitable netal precursor. Alternatively,

met al cain fey ecitahiént hiveneratCGreygchbiquedor eddingrthe methlehyydragemsttedn pr ecur sor
Is added to a m xture of zeolite (or zeolite and binder) priofr to
ext r usi 0AOMPODETis bydneipiriitweinesfet Eor example, aligraopbinyiga geolsfe andast 0. 05

w % b d | t,,. t,.] 0.,1 w% t 0.25 wt % t
east 0. & bR eohiant 2Botitseital oipies S b Phirfled 3R al1ER 00 br ) cos
based Onpﬁngﬁzésy ?’fhes@rcaﬁ%gsft?aﬁg%s k&S $herPbe P%xﬁﬁlgo 9 al s%?@tior%oxﬂaﬁﬁn%"} % or

| ess. Fo odi nent's metal 1s , , another Group Vi nobl e
met al , on saitgslgtheral prscutdoer edternhtieclamiend] cah beeddaledits tie edtelyabby from 0. 1
to 2 w% and nore preferably 0.25 to 1 wt% [0028] Preferably, the

dewaxi nglareexdhange, Wher 4 mepl preaiyser isaddeditn g rmixtungeofizopbite (Bn ar e

cat al ysts (\gith a I.o(\iv atio of silica to alum na. For exanple, for ZSM 48,
the rati 6cgtcanfitin qrépglp{,m FEP3O%Phe zeolite can be less than 110: 1, or

| ess than 100: 1, or less than 90: 1, or less than 80: 1. In preferred
enbodi mep027]t he e amodntsiflmerl intlal caralyst ¢an e ZiwhtD. A8 ottPs basean be from

on catalyst, or at least 0.1 wt%, or at least 0.25 wt%, or at least 0.5 wt%. The
amount of metal in the catalyst can be 5 wt% or less based on catalyst, or 2.5
wt% or less, or 1 wt% or less, or 0.75 wt% or less. For embodiments where the
metal is Pt, Pd, another Group VIII noble metal, or a combination thereof, the
amount of metal is preferably from 0.1 to 2 wt%, and more preferably 0.25 to 1

wt%.

[0028] Preferably, the dewaxing catalysts used in processes according to
the invention are catalysts with a low ratio of silica to alumina. For example,
for ZSM-48, the ratio of silica to alumina in the zeolite can be less than 110:1,
or less than 100:1, or less than 90:1, or less than 80:1. In preferred
embodiments, the ratio of silica to alumina in a ZSM-48 zeolite can be from
60:1 to 110:1, or 70:1 to 100:1. In embodiments involving other zeolites, a
silica to alumina ratio corresponding to a low value can vary. For example, in
an embodiment where the zeolite is ZSM-23 (or a structural equivalent), the
silica to alumina ratio can be 75:1 or less, or 50:1 or less, or 40:1 or less. In an
alternative embodiment, another way to determine if a dewaxing catalyst has a
low ratio of silica to alumina is by determining the ratio of hydrogenation metal

to alumina in the catalyst.



60: 1 to 110:1, or 70: 1 to 100:1 . In enbodi nents invol ving ot her

zeolites, a silicato alumna ratio corresponding to a | ow value can vary.
For exanpWwe,2oiom7azssenbodi ment where the zeolite is ZSM P8T(usezoo/0sd7eact ur al
equivalent), the silica to alumna ragio can be 75: 1 or less, or 50: 1 or
|l ess, or 40: 1 or less. In an alternatfi've enbodi nent, another way to
determne if a dewaxing catalyst has a lowratio of silica to alumna is by
det er mi ni{@@29]he r The deofaxmgicaighyset usefulnatprbc¢sseshedrdmg to thbe

catal yst.[0029] The dewaxing cat al ysts useful in processes according to the
i nventi oW\@@MO&IC@B alspringhedes Bingger In Fﬂm§(ﬂ%b(?§jf’rﬁl§’msm§li*ﬁ dewa¥Bgdewaxi ng
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| ess. ternatively, a binder can be selected to provide a catal yst

with a dasear@fdl(roamﬁ/cg @f less, o B0and gorrless; er #0an’/pordedser nal surface area. In
dewaxi ng catal ysts used accor di ng to the invention, the mcropore surface

area cortp nds fro ol i e dewam ng
ot al yeu I0G0"5S AIFHATY O RBet LD SFIeERS b R A Ret M

M Cr Opor QeSid AR rﬁi’erog Hi¢Ssurfdi8 AL IPPAEFat %Iffﬁ@eeal%%?%‘%i%bkja%r?é 30 be
referred to as the zeolite surface area. The external surface area

r epr esentatalyses beddeancerdihg it ¢chesimvieationptheanizropdre suofage acet al yst. Both the
bi nder and zeolite can contribute to this_ val ue. [0031 Pr ef er abl t he
m cr opor €0YTEsPondls 19 sunfage arcadEomthe poses of zroliss ingh éaieavlawg wtplysge roughl y

equal to ,or at er th t he, ext er.nal ace area. ment, the
catio of A c*?ﬁa‘ésfﬂéseéd e 5AGHEE Wil e DRSPS ol SHERY Dact " 0.
100, or afeql epqls, AR gofér s&fac'eea?‘éé c?@ld]zﬁg’o b€ F@ffeﬁreal?{))és thdSed|pki 0 of
m cropore surfacé area to external surface area I1s at |east_ 100: 100 (or
1:1), orsatfatecash. The:exiéifal airfade dreasépréddiits ftObalancedf theasrfatd5: 100.

| area of the total catalyst. Both the binder and zeolite can contribute to this

value.

[0031] Preferably, the micropore (or zeolite) surface area for a dewaxing
catalyst will be roughly equal to or greater than the external surface area. In an
embodiment, the ratio of micropore surface area to external surface area is at
least 80:100, or at least 90:100, or at least 95:100. Preferably, the ratio of
micropore surface area to external surface area is at least 100:100 (or 1:1), or at

least 105:100, or at least 110:100, or at least 115:100.

[0032] A zeolite can be combined with binder in any convenient manner.
For example, a bound catalyst can be produced by starting with powders of
both the zeolite and binder, combining and mulling the powders with added
water to form a mixture, and then extruding the mixture to produce a bound
catalyst of a desired size. Extrusion aids can also be used to modify the
extrusion flow properties of the zeolite and binder mixture. The amount of
binder in the catalyst can be from 5 to 95 wt% based on catalyst, preferably 10
to 90 wt%, more preferably 20 to 80 wt%, still more preferably 30 to 70 wt%.



[0032] A zeolite can be conbined with binder in any conveni ent manner. For
exanpl e, a bound catal yst can be produced by starting with powders of both
t he zeol iwe 2arudh7md4sder, conbi ni ng and mul | i ng t he powdePsTistévomocied wat er
to forma mxture, and then extrudi nﬁ the m xture to produce a bound

catal yst of a desired size. Extrusio Ui ds can al so be used to nodi fy the
extrusion flow properties of the zeolite and binder m xture. The anount of
bi nder i n ahethenpmfgsed embodeménty thesamouftofitdol e seat loastcdt wt%st |
preferably 10 to 90 wt% nore preferably 20 to 80 wt% still nore

pr ef er abbgsedoont atakysiut 9% I n anot her preferred enbodi nent, the amount of
zeolite is at |east 50 wt % based on catalyst. [0033] In yet another

enbodi Me[y033q bi NHEYetGATRRGINEIdi et bitlde cobasedsf 88§ of ibral so be used.
In such an enbodi nent, the wei ght percentage of the | ow surface area binder

i's pref emzbdlyoxgdesataralstbn used Iwesydlt apembedimgat, te wigghtipgheentager f ace ar ea
bi nder. Fqr. exanpl ? in a cafalyst that is corrgosed of . 65 mt % zeolite and
35 wt % off HienPMaBHTasEHIE3 BINGST 1t ks Tenabhogteatrstthen Big Weight perqegtageet er abl e

h % f i . Al ively, if
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bi nder are less inportant. When two or nore netal oxides are used to forma

bi nder, okiees o inpteddrable todmvean ldxst 26 oot of shelbwertsarfabe acat bindet. by any
conveni ent met hod. For exanple, one hinder can be mxed with the zeolite

during f Odtearatoilnal bath metl oxedgsgisgd for franng e mixadigewh oxidedpdery. The
spray drjed zeold tel bi nder wder can then be nixed, with the segond netal
oxi do b s € SPtrsiEn) AT rulfek Sen B Ao PR s BBl BN TR Catal i o
devaxi Ngh#ABE atdiebs Hp Si2ARE WhiR 8% oUr rﬁé&-x%%gﬂ Qkiddela7e B¥éSto RirmpPO- 3000
psig (2.1-20.7 MPag), LHSV of 0.1-5.0 h 1 and treat gas rates of from
500- 5000bmdtr,lthe tw8mm&aDoxides can be incorporated into the catalyst by any

convenient method. For example, one binder can be mixed with the zeolite

during formation of the zeolite powder, such as during spray drying. The spray

dried zeolite/binder powder can then be mixed with the second metal oxide

binder prior to extrusion.

[0034] Process conditions in the catalytic dewaxing zone include
temperatures of 280-380°C, pressures of 300-3000 psig (2.1-20.7 MPag),
LHSV of 0.1-5.0 h™' and treat gas rates of from 500-5000 scf/bbl (85-850

Nm’/m?).

[0035] The process is further described with reference to a representative
process shown in FIG. 1. Fresh feed is fed through line 15 to hydrotreater 20 to
produce a hydrotreated product, hydrogen sulfide, ammonia and light
hydrocarbon gases. The hydrogen for the first hydroprocessing zone can be
provided, for example, from recycle apparatus 70 via line 35. Alternatively,
the first hydroprocessing zone could be supplied with a fresh hydrogen stream.
The products from the hydrotreater are passed through to an optional separation
zone 30. If optional separation zone 30 is present, the liquid hydrotreated

product is stripped with make-up hydrogen gas that is passed to optional



Nmvn8) . [0035] The process is further described with reference to a
representative process shown in FIG 1. Fresh feed is fed through line 15
t o hydr otweanevo728a5t o produce a hydrotreated product, hydrasernssud7ee de,
ammoni a and | i ght hydrocarbon gases. l'll'he hydrogen for the first

hydr opr ocessi ng zone can be provided, ‘for exanple, fromrecycle apparatus
70 via line 35. Alternatively, the first hydroprocessing zone could be
suppl i edsepariticn ZoresBO aling2h. dightamydrovarbpngdysiregén swifideeindy dr ot r eat er
are passed through to an gpti onah Separat' on zonelggo. Lf opt i.onal

separ at i amm@He agpsepargied Jep the Rrdrotreated predhet e AYLH PGPl is stri pped

w th make-u rogen s.th i i ation zone 30 via
i ne 25. e’ﬁrﬁﬂ(@’/ ﬂ(g,ﬁgg%oa{gﬁ%eﬁg{aqﬂoyﬁ%{%ﬁ@§°&|%‘%&ﬁ%ﬁ%‘%ﬁﬁgﬁ?g are separated
from t he.hydhfhdfeean ByA sONHacae BRIr6 SN car BE réy@l.eThé 0 a second
separati on zone 40 for éventual separation of contam nants from hydrogen so
t hat t hestripped dgdrateeatdd praatuge isssknt T ehestecopg edtahytic deweneresD.pr oduct is
sent to the second catalytic dewaxer 50. Alternatively, if opiional

separ at i ddterraieRp if opHenalpepartion zome Xhisinot pessentdhe epHEeERbt r eat er 20

is passed to,catal ytic .d 50. .e that ip,thts Latt i , th
yah ot r CdORLAE gﬁﬁ%&?g S RS ITE delRet 30 Mot s InTRR, Teare |
react or. i S0 i Wedy
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| soneri zat thersagie kaowrconbi nation thereof. The hydrogen for the catalytic
dewaxi ng process can be provided directly into the catalytic dewaxer 50, or

by ¢ no. i, °h EpS el L ER el 2Ot ph PR Ry e, g° PO O
addi ti O”ﬁlonﬂﬂfg'l?ﬁﬁﬂtr%tgg‘rggbéu& SRR dbbick g, idorRériaftioieshods for

provi di ng the needed gen in the reaction systemw || be apparent to

t hose of sekiklconibinitien drereofTHEhe kgdropendor the catalytic dewaxing process
can be provided directly into the catalytic dewaxer 50, or as shown in Figure 6,
the hydrogen for catalytic dewaxer 50 can be provided by the make-up
hydrogen flow used in first separation zone 30 and additional hydrogen from
the recycle apparatus. Still other methods for providing the needed hydrogen
in the reaction system will be apparent to those of skill in the art. The resulting
dewaxed product and any gases are then passed to separation zone 60. The
separator that comprises separation zone 60 separates liquid product from
gases. The liquid product (the dewaxed product) is passed through line 65 for
use as a diesel fuel product. The gaseous product from separator 60 is passed to

the same recycle loop used for the gas phase product from separator 40.

[0037] In still another embodiment, the location of the hydrotreater and
catalytic dewaxer in Figure 6 can be reversed. For example, instead of having
a hydrotreater 20, the reactor in that location can be used for catalytic
dewaxing, while the later reactor is used for hydrotreatment. In yet another
embodiment, a catalytic dewaxing stage can be located prior to at least one

hydrotreatment stage.



dewaxed product and any gases are then passed to separation zone 60. The
separator that conprises separation zone 60 separates liquid product from
gases. Theol2ogui7as4pr oduct (the dewaxed product) is passedTiuscanghe7ed ne 65
for use as a diesel fuel product. Thel gaseous product from separator 60 is
passed to the sane recycle | oop used Zor t he gas phase product from
separator 40. [0037] In still another enbodi nent, the | ocation of the

hydr ot r eRt@uessing Exatnaplgs i ¢ dewaxer in Figure 6 can be reversed. For

exanpl e, instead of having a hydrotreater 20, the reactor in that |ocation
can be u or c IC ' ' ' sed for
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[ 0038] The followi ng exanpl es represent pilot plant runs carried out in the
pr esence comparaibwevatalgstc atlad ynstialdecd ndedfprtthe tftodowimgexdroplearvhsa
conparative catal yst.,. ng_exanpl es was
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resul ts, caatyseugNote thaghedifyemg dreadpace vebxityaadbe detvagingH®dctor achi eve t he
sanme change in cloud point as. a HSV.. For exanple, in Proces%i ng Exanpl e

3
1 bel ow, beheconahont éttgrabouhé dﬁ%é@ba@aatlﬁelaﬁ@pg@ thprepulis, Athougha n or der
t hi th | oud i nt b d.at 6100k (321 Q f 3
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0.6 wt % \Agbirﬁ’@s Gt Biﬂﬁ@vb%%x%iﬁgéléﬁn %@c@iﬂ% Eﬁafn?l@! BRVAR, thati o for the

ZSM 48 s 70: 1, and the rat of zeolite To titania was 65:35. The
conpar at tereperatuat yeds increased to 630°F (332°C) at 6 LHSV in order to achieve the

same cloud point change observed at 610°F (321°C) for 3 LHSV.

[0039] In the examples, the catalyst according to the invention was 0.6
wt% Pt on titania bound ZSM-48. The silica to alumina ratio for the ZSM-48
was 70:1, and the ratio of zeolite to titania was 65:35. The comparative catalyst
was 0.6 wt% Pt on alumina bound ZSM-48 (180:1 silica to alumina ratio). The

ratio of zeolite to alumina was also 65:35.

Processing Example 1 — Clean service

[0040] For the comparative catalyst, a cloud point change (reduction) of
55°C was obtained at an estimated internal temperature of 610°F (321°C). For
the catalyst according to the invention, a cloud point change of 50°C was
obtained at 590°F (310°C). Thus, the catalyst according to the invention was
able to provide a similar cloud point change at a temperature about 20°F (about

11°C) lower than the comparative catalyst.

Processing Example 2 — NH; contamination

[0041] The comparative catalyst produced a total liquid product with a
cloud point change of 43°C and 12°C for 50 and 250 ppmv NHj, respectively,



was 0.6 wt% Pt on al um na bound ZSM 48 (180: 1 silica to alumna ratio).
The ratio of zeolite to alum na was al so 65:35. Processing Exanple 1- C ean
servi ce [WO040jo/Fe345t he conparative catal yst, a cloud poipotr/ush@ages729
(reduction) of 550C was obtai ned at B estimated internal tenperature of
610Q0F (32 10C). For the catalyst accg ding to the invention, a cloud point
change of 500C was obtained at 59Q0F (3 100C). Thus, the catalyst according
to the iavanéstinatedsniebha temppravwiedsf Gl SFrBR&C)c | Bhalcgtalyst acttadope at a

t enperature about 200F (about 11C) |ower than the conparative catalyst.
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ppnv NH3. Based on these results, the performance of the conparative
cat al yst camgarabte tnthelpreseraecdMiings a sontrningnbntlonievappbacatabstpar abl e in

t he presence OO NH3, as a contam t. Ho th t al yst di toth
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cat al yst rdteftedGodBYdedt s@¥R@Ractiddyldfost inmetittelyt whikahacbhipatrativihown
during clean service. Processing Exarrpl e 3 - H S contam nation [0042] The
conpar at catelysatakys tlapsates | (9@ 1 2C s tagreitdininctarthe debvity showstduringy upon
addition OH2S. In the case of 5000 ppmv H2S, a cloud point change of only
50C was 6IARSEBACGt 630C0F (332C). The catal yst required an additional

Processing Example 3 — H,S contamination

[0042] The comparative catalyst experienced a significant debit in activity
upon addition of H,S. In the case of 5000 ppmv H,S, a cloud point change of
only 5°C was obtained at 630°F (332°C). The catalyst required an additional
50°F (28°C) increase in temperature to obtain a cloud point change of 34°C.
For the catalyst according to the invention, a cloud point change of 19°C was
obtained at 620°F (327°C), highlighting the significantly increased tolerance
towards H,S.

Processing Example 4 — Organic nitrogen contamination

[0043] 50 ppm organic nitrogen (aniline) was added to the feed and the
feed was processed at an estimated internal temperature of 630°F (332°C),
resulting in a cloud point change of 17°C for the comparative catalyst. For the
catalyst according to the invention, a cloud point change of 32°C was obtained
at a temperature of 630°F (332°C). The catalyst according to the invention
showed a modest activity benefit over the comparative catalyst. However, the
recovery time for the catalyst according to the invention was much shorter.
Upon exposure to a clean feed, the catalyst according to the invention returned

to clean service activity levels in about 1 day, while the comparative catalyst



5Q0F (28C) increase in tenperature to obtain a cloud point change of 340C
For the catal yst according to the invention, a cloud point change of 190C
was obt aiweadorr076R80F (327C), highlighting the significaaTlus2emoreased

tol erance towards H2S. Processing Exaqpl e 4 - Oganic nitrogen

contam nation [0043] 50 ppm organic ni'trogen (aniline) was added to the
feed and the feed was processed at an estimated internal tenperature of
6300F ( 33h@)t,retues U claan senviae atbuidy poiets ustibafter 16 daysod processineg
conparative catal yst. For e catal yst according to the invention, a cloud
poi nt ché‘ﬁ@@: ‘éﬁda%tzé@ ﬁ/&é%s ined at a tenperature of 63Q0F (332C). The
catal yst according to the invention showed a nodest activity benefit over

t he conppfaiesyife Exaalplsts. — Nowbyed phish@lfugcovery tinme for the catal yst
according to the 1nvention was much shorter. Upon exposure to a clean feed,

f?iefit 005t A e shfen ar*h%ﬁp%tﬁxﬁ?%éﬁééﬁi‘i@eﬁ{’pg%f R et urn to
I feed
a1 “asoorP S lsule o0 BENLS}iBldCSlg piodley Rathe HAFEPO P00 A 1 ced

spi ked Welidhgef ATt Gardstintlitéd Qtefhal Bk @kahﬁed)fmwlb(@w&)@dlﬂuﬂmg 5000
ppnv H2S/ H2 'yi el ded a product having a cloud point change of 34C at an

esti mat edatal'ylstaamrdtngrtpdhatlmw@t@m 6Y1@0¢-theagarapanativh catadydavas guly accor di ng
to the inven nce th ara ive ata onl e of
el angCapanis oF yneféfag@ tgtald & Seifiba a0l it piige SRR when

operatin g@ a e nitrogen),

this datgl ur?’ﬁ néermnstn?g?g ﬁgﬂ%‘?é%%gﬁﬁ (e: gfj&lﬂﬁf t}{ehaccordi ng to
the i nvepittqpent, Q}‘i/?srdb‘ia t@Mh&ddiaor siratdeth@xbRgarkart ¢ thé%a@!?étb@&bﬁiuﬁ@odfﬂ One
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to the invention towards contaminants.

Dewaxing Catalyst Synthesis

[0045] One example of a molecular sieve suitable for use in the claimed
invention is ZSM-48 with a Si0,:Al,0; ratio of less than 110, preferably from
about 70 to about 110. In the embodiments below, ZSM-48 crystals will be
described variously in terms of “as-synthesized” crystals that still contain the
organic template; calcined crystals, such as Na-form ZSM-48 crystals; or

calcined and ion-exchanged crystals, such as H-form ZSM-48 crystals.

[0046] The ZSM-48 crystals after removal of the structural directing agent
have a particular morphology and a molar composition according to the general

formula:
(l’l)SiOz:A1203

where n is from 70 to 110, preferably 80 to 100, more preferably 85 to 95. In
another embodiment, n is at least 70, or at least 80, or at least 85. In yet
another embodiment, n is 110 or less, or 100 or less, or 95 or less. In still other
embodiments, Si may be replaced by Ge and Al may be replaced by Ga, B, Fe,
Ti, V, and Zr.



invention is ZSM48 with a SIQ2 Al20ratio of less than 110, preferably
fromabout 70 to about 110. In the enbodi nents bel ow, ZSM 48 crystals w |
be descriwedowarraasly in terns of "as-synthesized" crygCalis2a0a673¢i | |
contain the organic tenplate; calcin g crystals, such as Na-form ZSM 48
crystals; or calcined and ion-exchaﬁé d crystals, such as Hform ZSM 48
crystals. [0046] The ZSM 48 crystals after renoval of the structural
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crystals has a silica:alumna nolar ratio of 70 to 110. In still another
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silica:alumina molar ratio of 110 or less, or 100 or less, or 95 or less. For any

given preparation of the as-synthesized form of ZSM-48 crystals, the molar

composition will contain silica, alumina and directing agent. It should be noted

that the as-synthesized form of ZSM-48 crystals may have molar ratios slightly

different from the molar ratios of reactants of the reaction mixture used to

prepare the as-synthesized form. This result may occur due to incomplete

incorporation of 100% of the reactants of the reaction mixture into the crystals

formed (from the reaction mixture).

[0048] The ZSM-48 composition is prepared from an aqueous reaction
mixture comprising silica or silicate salt, alumina or soluble aluminate salt,
base and directing agent. To achieve the desired crystal morphology, the

reactants in reaction mixture have the following molar ratios:

Si0,:ALO; =70t0 110

H,0: Si0, =1 to 500

OH™: Si0,= 0.1t0 0.3

OH": SiO,; (preferred) = 0.14 t0 0.18
template : SiO, =0.01 — 0.05

template: SiO, (preferred) = 0.015 to 0.025



gi ven preparation of the as-synthesized formof ZSM 48 crystals, the nolar
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not ed t hawotznm/E334synt hesi zed form of ZSM 48 crystal s megThae@nnd7ay rati os
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directing agen ieve 1 Sol T ed cryst nor pho e reactants

i n react iAbsih¥fudeSnixdv@s tha reallt MHRfoilafibn AZSM-48LaRtaAAs 26 = 70 to 110
HO SSI2 =1to500 CH: SI2 =0.1t0 0.3 H: SI2 (preferred) =0.14 to
0. 18 t enpbmeeuantiyCef Kedydie ancﬂoﬂﬁee:(ﬁﬂﬁil@tmorlﬁiodngj pFef sirtluaitt)ns- 0.01 5to
0.025[0049] In the above ratlos ranges.are provided for h the

base: si | %I kenyaiinand/os nsedlgdliks : BopphaloEy hynelgdstired; ﬁxe&aefw The

b oader RS, AL G TR B e e

needl e-1i ke nmorphol ogy. For situations where Kenyaite and/or needle-Ilike
mor phol of30504 not Tl:lesilrcedsoumfelsmrefﬂabled)rc@!pgewdmbcﬂ ande used, as is

further illustrated b 8 e Examiit LOOSO The |I|ca source i s
or ef erabF?mHPf‘éE‘i Be/taaaaﬁa 18 DD aaissne bRt sitien apea e FOEREI Degussa.
O er ST IR RO PR BREISRAL bR ANFLUEL NI ARLRIAR od S 11 ca
such as e105| c ICIaC acid ﬁ](?: é%% ﬁq I'¢a such as

Ludox(r) c@l’lm@hﬁﬁﬁhé( 8dclShs L‘&@ox@ Or Hik%oﬁfe@%‘ﬂ”@a? o4 tite pRSEnce of a base,
these other silica sources may form silicates. The alumina may be in the form
of a soluble salt, preferably the sodium salt and is commercially available from
US Aluminate. Other suitable aluminum sources include other aluminum salts
such as the chloride, aluminum alcoholates or hydrated alumina such as gamma
alumina, pseudobohemite and colloidal alumina. The base used to dissolve the
metal oxide can be any alkali metal hydroxide, preferably sodium or potassium
hydroxide, ammonium hydroxide, diquaternary hydroxide and the like. The
directing agent is a hexamethonium salt such as hexamethonium dichloride or
hexamethonium hydroxide. The anion (other than chloride) could be other
anions such as hydroxide, nitrate, sulfate, other halide and the like.
Hexamethonium dichloride is N,N,N,N',N',N'-hexamethyl-1,6-

hexanediammonium dichloride.

[0051] In an embodiment, the crystals obtained from the synthesis
according to the invention have a morphology that is free of fibrous
morphology. Fibrous morphology is not desired, as this crystal morphology
inhibits the catalytic dewaxing acitivty of ZSM-48. In another embodiment,
the crystals obtained from the synthesis according to the invention have a
morphology that contains a low percentage of needle-like morphology. The

amount of needle-like morphology present in the ZSM-48 crystals can be 10%



t hese other silica sources may formsilicates. The alum na may be in the
formof a soluble salt, preferably the sodiumsalt and is comrercially
avai | abl ewbromvia®48l um nate. O her suitabl e al um num sowrctas200obarde ot her
al um num salts such as the chlori de, um num al cohol ates or hydrated

al um na such as gamma al um na, pseudol ohenmte and col | oi dal alum na. The
base used to dissolve the netal oxide can be any al kali netal hydroxide,
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enbodi nment, the crystal’s obtained fromt ynt hesi s according to the

i nvent i odedirademarphwlpgplimbigh patity, shd raties aff silidarauminmrigiseisdgpa. arfd br ous
norphology is not desired, as this crystal norphol ogy inhibits the
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5% or less, or 1%or less. In an alfTernative enbodi nent, The ZSM 48

crystal susah be free of needle-like norphol ogy. Low amobunts of needl e-1ike
crystals are preferred for sone applications as needle-like crystals are

bel i eved reduc achi vi ZSM 48 | t s.of reactions. To
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may be atmospheric or subatmospheric. If drying is performed under partial

vacuum conditions, the temperatures may be lower than those at atmospheric

pressurcs

[0053] Catalysts are typically bound with a binder or matrix material prior
to use. Binders are resistant to temperatures of the use desired and are attrition
resistant. Binders may be catalytically active or inactive and include other
zeolites, other inorganic materials such as clays and metal oxides such as
alumina, silica, titania, zirconia, and silica-alumina. Clays may be kaolin,
bentonite and montmorillonite and are commercially available. They may be
blended with other materials such as silicates. Other porous matrix materials in
addition to silica-aluminas include other binary materials such as silica-
magnesia, silica-thoria, silica-zirconia, silica-beryllia and silica-titania as well
as ternary materials such as silica-alumina-magnesia, silica-alumina-thoria and
silica-alumina-zirconia. The matrix can be in the form of a co-gel. The bound
ZSM-48 may range from 10 to 100 wt.% ZSM-48, based on bound ZSM-48

with the balance being binder.



used. [0052] The as-synthesized ZSM 48 crystal s should be at |east
partially dried prior to use or further treatnent. Drying nay be

acconpl i sWwecotwo7hsat i ng at tenperatures of from 100 to 20008200m0ad7ey abl y
from 100 to 2500C. Pressures may be atjrospheric or subatnospheric. If
drying is perfornmed under partial vacudum conditions, the tenperatures may
be I ower than those at atnospheric pressures [0053] Catalysts are typically
bound wi {005%4]bi ndESMA8naystials asgpat Dfik cptalyst may alse beBisadevith ameetaksi st ant
to tenperatures of the use desired and are attrition resistant. Binders nmay
be cat al ZWwtagengtior epmpopent. Mdetal\ydspgenation sMRaneats @gwﬁqeﬁggrp ot her
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other materials such”as silicates. O her porous matrix materials in
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silicamagnesia, silica-thoria, silica-zirconia, silica-beryllia and

si i ca- t hydriggnadommatalsgnayaksaby upedsurhlas GaiMe, Hi/Mo, Ni/W and
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bi nder. [ M 48 crystdls as part of a catalyst may also be used with a
met al hydisdglestahéats sanpease 0t whl ab ahledso@ e at e rorcaipan & sit¥gwrbe from

G oups 6 -12 of the Periodic Table based on the | UPAC system havi ng G oups
1 - 18, ptlkasrQBIwWt"arougdestdntd 81%0. InBanthereambedimant, thetaaeunt®dl ude N,
Mb, Co, W .. Cu,  Zn, Pt. or Pd, eferably,Pt jor Pd. M xtures of
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well known and include, for example, impregnation of ZSM-48 catalyst with a

metal salt of the hydrogenation component and heating. The ZSM-48 catalyst

containing hydrogenation metal may also be sulfided prior to use. The catalyst

may also be steamed prior to use.

[0055] High purity ZSM-48 crystals made according to the above
embodiments have a relatively low silica:alumina ratio. This lower
silica:alumina ratio means that the present catalysts are more acidic. In spite of
this increased acidity, they have superior activity and selectivity as well as
excellent yields. They also have environmental benefits from the standpoint of
health effects from crystal form and the small crystal size is also beneficial to

catalyst activity.

[0056] For catalysts according to the invention that incorporate ZSM-23,
any suitable method for producing ZSM-23 with a low SiO,:Al,05 ratio may be
used. US 5,332,566 provides an example of a synthesis method suitable for
producing ZSM-23 with a low ratio of Si0,:Al,0;. For example, a directing
agent suitable for preparing ZSM-23 can be formed by methylating
iminobispropylamine with an excess of iodomethane. The methylation is

achieved by adding the iodomethane dropwise to iminobispropylamine which



range fromO0.1 to 5 w.% based on catalyst. In an enbodi nent, the anount
of netal or netals is at least 0.1 % or at least 0.25 m% or at |east
0.5 wt % wo2ato/d7emst 0.6 w % or at least 0.75 w % | n aootusesosmodyodi nent ,
t he amount of netal or netals is 5 vvt‘lgaor |l ess, or 4 % or less, or 3 WMt%
or less, or 2 w%or less, or 1 wt 9% dr 1ess. Methods of | oadi ng nmetal onto
ZSM 48 catal yst are well known and include, for exanple, inpregnation of
ZSM 48 catsllysted w absalutestthinaal Eheomitthee isyiratarbtoa reshixciempanature and

heati ng. The ZSM 48 cat al yst contai ni ng hydrogenati on ta al so be

sul fi dedopr¥Yr feol § Baurst f‘c%?tsa!tylﬂsor’rﬁigpr@ﬂ%tﬁ léﬁr@iﬁﬁ ‘W#ISHB‘%H’ use.

[ 0055] Hi gh urit Y SM 48 crystals nmade according to the above enbodi nents
have a r@g%ﬁlﬁk?eq@ N1%w silica:alunina ratio. This |ower silica:alumina ratio

means that the present catalysts are nore acidic. In spite of this
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product Eéccfrhg{ggtbecﬁ andbpghed with absol ute ethanol. [0057] The directing
agent produce y tﬁe above nethod can then be

Catalyst Example 1. 0.6wt%Pt(IW) on 65/35 ZSM-48(90/1)/Ti0O,

[0058] 65% ZSM-48(90/1) and 35% Titania were extruded toa 1/16"
(0.16cm) quadrulobe. The extrudate was pre-calcined in N, @1000°F (538°C),
ammonium exchanged with 1N ammonium nitrate, and then dried at 250°F
(121°C), followed by calcination in air at 1000°F (538°C). The extrudate was
then was loaded with 0.6wt% Pt by incipient wetness impregnation with
platinum tetraammine nitrate, dried at 250°F (121°C), and calcined in air at
680°F (360°C) for 3 hours. Table 1 provides the surface area of the extrudate

via N, porosimetry.

[0059] A batch micro-autoclave system was used to determine the activity
of the above catalyst. The catalyst was reduced under hydrogen followed by
the addition of 2.5 grams of a 130N feed (cloud point 31°C). The reaction was
run at 400 psig at 330°C for 12 hours. Cloud points were determined for two

feed space velocities. Results are provided in Table 2.



m xed with colloidal silica sol (30%Si O), a source of alum na, a source
of alkali cations (such as Na or K), and deionized water to forma

hydr ogel .wbheloal7a¥sna source can be any conveni ent sour e€l/usaa/oee2al un na
sul fate or sodium alum nate. The solytion is then heated to a
crystallization tenperature, such as QTOOC, and the resulting ZSM 23
crystals are dried. The ZSM 23 crystals can then be conbined with a | ow
surface Gaedysiihdenpled. f@omt%PtdM) g3 658CHSM-AG(AW1 YA Onventi on. Cat al yst
Example 1. 0.6Wt %t (I W on 65/35 ZSM 48(90/ | VTi 2 [0058] 65% ZSM 48(90/ 1)
and 35% (GComparatig) e extruded to a 1/16" (0.16¢cn) quadrul obe. The extrudate
was pre-calcined in N2 @OOOF (538C), anmmoni um exchanged with I N ammoni um
nitrate, [(ﬁmbét heng sy 2SVR# 8 RPPFarddl 2990K), 0 weleueehded teal wieation in air
at 1000F (5380C). The extrudate was then was | oaded with 0.6w % Pt by

i nci pi en{0.we¢megaadmpsteg fBhé extruddth wsgireruaieihed ind@ne00TH rate, dried at
2500F (121Q), and calcined in air at 6800F (3600C) for 3 hours. Table 1
provi des(33EC3ammeonivmsxchbingadewht N gamaoRiusm ntraseransi then dyiedjaioso] A
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1) and 3ffpaAhdfhewsitratcedtieddedsS0oF a1 1°Ch6and Oalébed)in@uestra80sbe. The
extrudate was pre-calcined in N2 @OOOF (538C), ammoni um exchanged with I N
amoni un(3G0°Catfer, 3 hadrst heabledipsavies 26O oW fagearen of e extnedatbyia hci nat i on

inair at 10000F (538C). The
porosimetry.

[0061] A batch micro-autoclave system was used to determine the activity
of the above catalyst. The catalyst was reduced under hydrogen followed by
the addition of 2.5 grams of a 130N feed. The reaction was run at 400 psig (2.8
MPag) at 330°C for 12 hours. Cloud points were determined for two feed

space velocities. Results are provided in Table 2.

Catalyst Example 3. 0.6wt%Pt(IW) on 80/20 ZSM-48(90/1)/S10,

[0062] 80% ZSM-48(90/1) and 20% SiO, were extruded to 1/16"
(0.16¢cm) quadrulobe. The extrudate was pre-calcined in N, @1000°F
(538°C), ammonium exchanged with IN ammonium nitrate, and then dried at
250°F (121°C), followed by calcination in air at 1000°F (538°C). The
extrudate was then loaded with 0.6wt%Pt by incipient wetness impregnation
with platinum tetraammine nitrate, dried at 250°F (121°C), and calcined in air
at 680°F (360°C) for 3 hours. Table 1 provides the surface area of the

extrudate via N, porosimetry.

[0063] A batch micro-autoclave system was used to determine the activity
of the above catalyst. The catalyst was reduced under hydrogen followed by
the addition of 2.5 grams 130N. The reaction was run at 400 psig (2.8 MPag)



extrudate was then steaned (3 hours at 8900F, or 4770C). The extrudate was
then | oaded with 0.6w %t by incipient wetness inpregnation with platinum

t et raanmwo 2niova7az4e, dried at 2500F (121C), and cal ci ne@cirrusaso/oed726800F
(3600C) for 3 hours. Table 1 provi dea the surface area of the extrudate via
N2 porosimetry. [0061] A batch m cro- alu’t ocl ave system was used to determ ne
the activity of the above catalyst. The catal yst was reduced under hydrogen
f ol | owedat33@°kefaxdd howns. &fload poyrtameroflewrmmbind fordwo fehe spaect i on was run
at 400 psig (2.8 MPag) at 3300C for ]12 hours. C oud points were determ ned
for two velegitigsadesyls g pravadedasliable Zar e provided in Table 2. Catal yst
Exanple 3. 0.6wt %t (IW on 80/20 ZSM 48(90/1 VSi 2 [0062] 80% ZSM 48(90/ 1)
and 20% Shafdy e @n@NE 14U dRewt Z%PHIV6) off 653cEMIY80/I piTaetalAtuaitiar udat e was
pre-calcined in N2 @O000F (538C), ammoni um exchanged with I N anmoni um
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2t 10000KUeacy | Psbefemia allipine Vs raicineet WEPCEoGRn YRR T Y nei pi ent

wet ness j ' ' i i . i 500F (12
10 and BRI APt frely Phil B0 BT O et Phfse AR Bl 000 e
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cat al yst caltThedcdumineswermextredadceitth thdeYoPAItod&H0"f (@1 16omed by the addition

of 2.5 grans 130N. The reaction was run at. 400 psig (2.8 lMPag)at 3300C for
12 hour squadrglabesoilheexipidatqwas PR-Aalginesing Npa @%Fsédgeéﬁel ocities.
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then loaded with 0.6wt%Pt by incipient wetness impregnation with platinum
tetraammine nitrate, dried at 250°F (121°C), and calcined in air at 680°F
(360°C) for 3 hours. Table I provides the surface area of the extrudate via N,

porosimetry.

[0065] A batch micro-autoclave system was used to determine the activity
of the above catalyst. The catalyst was reduced under hydrogen followed by
the addition of 2.5 grams 130N. The reaction was run at 400 psig (2.8 MPag)
at 330°C for 12 hours. Cloud points were determined for two feed space

velocities. Results are provided in Table 2.

Catalyst Example 5. 0.6wt%Pt(IW) on 65/35 ZSM-48(90/1)/Zirconia

[0066] 65% ZSM-48(90/1) and 35% Zirconia were extruded to a 1/16"
(0.16cm) quadrulobe. The extrudate was pre-calcined in N, @ 1000°F
(538°C), ammonium exchanged with 1N ammonium nitrate, and then dried at
250°F (121°C), followed by calcination in air at 1000°F (538°C). The
extrudate was then was loaded with 0.6wt%Pt by incipient wetness
impregnation with platinum tetraammine nitrate, dried at 250°F (121°C), and
calcined in air at 680°F (360°C) for 3 hours. Table | provides the surface area

of the extrudate via N, porosimetry.



as the binder in Exanple 2 above. 65% of ZSM 48(90/1) and 35% of the

cal cined alum na were extruded with 0.25%°VA to 1/16" (0.16cm quadrul obes.
The extrwat2e1onass4pre-cal cined in N2 at 9500F (5100C), acmas2emoesiehanged
with IN ammoniumnitrate, and then dri,?ﬁd at 2500F (121C), follwed by
calcination in air at 10000F (538C) e extrudate was then | oaded with

0. 6Wm %t by incipient wetness inpregnation with platinumtetraanmm ne
nitrate, I(M)67eld at A2500lF n{it®-aWoclaved ystene vas dised taideteamnig8dRrRcti38P0OC) for 3
hour s. | e provi des the surface area of the extrudate via N2

por osi rref’? e TQR)’G’S]atq&{YHatUPP ¢atalyst was sedupsd ungler EWW“J@HGWFQ Byet er ni ne

forl oweddls Yiflioh 298y § TAOY Thne (ERGUGRIARKEN a0 PSR ZEE MRS, 000"
psig (2. §t®/ﬁ§*@f&t123§9|9§ f@bué%ohﬁh‘%re@e%lﬂéﬁ fUrWe%d@?ﬁ@gm ned for two

feed space velocities. Results are provided in Table 2. Catal yst Exanple 5.
0. 6wt %Pt yeMEitcas. odsttis ABMpAB(&Ed InvVZablechi a [ 0066] 65% ZSM 48(90/1) and 35%
Zirconia were extruded to a 1/16" (0.16cm) quadrul obe. The extrudate was
pre-calcined in N2 @OOOF (538C), dnableilum exchanged wi th I N amoni um
nitrate—and then dried at ?Rﬂﬂﬁ(’l? 1 \ foll owed h\/ calcination i air at
10000F (E3800Je | The extrudate was t hen|wBET 8AdddZenlits %emﬁ;@@my

i nci pi epnt wetnesgs inpregnation with plati e 1 ied at
2500F ([121C), apd calcined in air at 6300&“17]5%000) a(f‘b(g3 ro%é\g(t el
provi des " The SUIMHESE Pl a@ngme&ru atgqu _4 Po§® Ty bguw A

S eter

bat ch m cro-aut pclave system was used 1 m[ne t%e act|V|ty of t{he
above catal yst.| @®1rarahyiat was reduced under hydrogen foll owed by|the

additiop.of 2 5/grans 130N The reaction was run at 400 pgig (2.8 MPag) at
3300C fpr 12 holiP$% Bt oud>3d5 ZSMvis e et €23 ned for5@wo fleed18pace

(90/1) / ALLOs
3 0.6% Pt on 80/20 ZSM-48 211 114 97
(90/1) / Silica
4 0.6% Pt on 65/35 ZSM-48 238 117 121
(90/1) / Theta-alumina
5 0.6% Pt on 65/35 ZSM-48 225 128 97
(90/1) / Zirconia

[0068] Table 1 shows that the catalysts from Examples 1, 3, 4, and 5 all
have an zeolite surface area that is at least roughly comparable to the external

surface area.
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[0069]

measurement range for the instrument used to measure the cloud point. Cloud

Note that in Table 2, a value of -45°C represents the low end of the

point measurements indicated with an asterisk are believed to represent the
detection limit of the instrument, rather than the actual cloud point value of the
processed feed. As shown in Table 2, all of the catalysts with a zeolite surface
area that is at least roughly comparable to the external surface area produced a
product with the lowest detectable cloud point at a space velocity near 0.75h™.
By contrast, the catalyst from Example 2, with the higher external surface area,
produced a cloud point of only -26°C for a space velocity near 0.75h™". Note
that the alumina used to form the catalyst in Example 2 also corresponds to
high surface area binder. At the higher space velocity of about 1.0h™ all of the

low surface area binder catalysts also produced good results.

Catalyst Example 6. Hydrodewaxing Catalysts with High Silica to Alumina

Ratios

(Comparative)

[0070]

catalysts having a zeolite with a high silica to alumina ratio. A catalyst of 0.6

Additional catalyst evaluations were carried out on comparative



Titania (50 grans) was | oaded with 0.6wt %t by incipient wetness

i npregnation with platinumtetraammne nitrate, dried at 2500F (121 00Q),
and cal ciweaoion7fabsl air at 680F (36000) for 3 hours. ApCThsamIaboee in
Table 1, the Ti Q2 binder provides a rmul ated catalyst with a high ratio
of zeolite surface area to external "surface area. The Ti Q2 binder al so
provides a lower acidity than an Al 20 bi nder 8‘lm(g]OO?Z] The above two

cat al yst wtePeon 666 5 8 MhydtIBdélydXiOgwes pesp aecqrdlrg toutheifodeywpigent

nodel conpound system designed to nodel .a 130N raff.ingte. The
mul i -conRfﬁBHte 18 OIS RRRTIRE SARRIE VGP Ak PiePRESLIES AP ninkTetdeas  n

Coul ky STReileh SEORARIELAARL RS G B0 6320 Z0MAR, N dosi gned 1o

si mul at e(pg(y/eﬁy\l;@xy feed conposition. [0073] Hydrodewaxi ng studies were
performed using a continuous catalyst testing unit conposed of a liquid

L co- 2o LT nachh PESPLR SIBONEE eobi BBDR SURly Zor ot 3 drevc“ﬁﬁra
gas anal gﬁ%ﬁ@ (Ep%rg@s%%as]tgaﬁlfév% F8k /oﬁbgt fic WRSipRit Gkt charged in a

down-flo st al ss steel rea cont arnrng a 1/8" (0.32cm

t her mmtmgregtlhﬁbn Wich phtinunbetRb/TRINcitratd diedtah @ 508F @l Y9C)vasd dried at
3000C for hours with 250 cnMm n N2 at anbient pressure. The catal ysts

wer e t hepalcewdasdubyaihatdy&JE r(%@?ﬁ)chrdnhowpo msc&hm‘treab@\re wf Table lgat al yst
t reat ment react or S c ol e the unit sure was set to
600 psi gﬂ{e4 Qﬁ *ng)prsy gatﬁgﬁé@i Stm”géglﬁ‘t‘él Fd q) %e(?rh @nd the gas
L ow vassghdehied o RN AR S SBRLES bisiii e g Lo the

react or a quid space velocity eliquid feed
reached jp&dit qmgﬁeagmgagﬂéput pot, the react or tenperature was increased
to the target value. A material balance was initiated until the unit was

1 ned OuiOJﬁr 6 h?He abox-/rehtewé %t%iysts lé:lrf(:j ufed’ Por(ilydro eu(/:&lllg%gcggnh%ntsh

on a multi-component model compound system designed to model a 130N
raffinate. The multi-component model feed was made of 40% n-hexadecane in
a decalin solvent, with 0.5% dibenzothiophene (DBT) and 100 ppm N in
quinoline added (bulky S, N species to monitor HDS/HDN). The feed system

was designed to simulate a real waxy feed composition.

[0073] Hydrodewaxing studies were performed using a continuous
catalyst testing unit composed of a liquid feed system with an ISCO syringe
pump, a fixed-bed tubular reactor with a three-zone furnace, liquid product
collection, and an on-line MTI GC for gas analysis. Typically, 10 cm® of
catalyst was sized and charged in a down-flow 3/8" (0.95¢m) stainless steel
reactor containing a 1/8" (0.32cm) thermowell. After the unit was pressure
tested, the catalyst was dried at 300°C for 2 hours with 250 cm’/min N, at
ambient pressure. The catalysts were then reduced by hydrogen reduction.
Upon completion of the catalyst treatment, the reactor was cooled to 150°C, the
unit pressure was set to 600 psig (4.1 MPag) by adjusting a back- pressure
regulator and the gas flow was switched from N, to H,. Liquid feedstock was

introduced into the reactor at 1 liquid hourly space velocity (LHSV). Once the



mat eri al bal ance dropout pot and anal yzed by an HP 5880 gas chronmat ograph
(GC) with FID. The detail ed aromati c conponent conversion and products were
i denti fi esoant)/wwadssul at ed by GC anal ysis. Gas sanpl es wece/tsea@bpacdo wi t h an
on-line HP MI GC equi pped with both _TCD and FID detectors. A series of
runs were perforned to understand catalyst activity/product properties as
function of process tenperature. [0074] Al catalysts were | oaded in an
amount ofiqiid fee@ reachcdahe dasmstreandnuekeutpat, ﬂa&tmﬂctmitampbfafumpeaati ng
procedur e descrl bed in Exanple 8 at the follow ng. condl tions: = 270- 380
0C, P = Bwwegssd o the ergpaplue.| Agupteriahbalance gvasibitiated mtlhihf:dmﬂatu on rate =

2500 scf/bbl N LHSVY = 1 hr 007 Th hexadecane (nC
6) i somei §A‘t“%§r?ué?ﬂé:$éf ngﬂiﬁ §% lhqlﬁdgﬁ?r‘i?ﬁcrt‘% kc dg’ﬂ’rqelg 1 and 2.
Figure 1 @?& 6 yield
fo? a cl rer%n't‘& ggmﬁlnctrﬁ%srg?t eael!llélig‘](?1 %yz%? h%?ggnﬂﬂ%@{) %ﬁghﬁﬁ%bé‘? gurface
area) caf@Cysiith FIQUTRe detiedairemaiit aonmpeinght omshirgisnfand prbdudts t ani a bound

(I ower surface area) catalyst. In general, the catalysts with higher and
| ower suweawieat@dmndcr@d@lgm\bys@ armlys;s)nﬁewampl@rwm adyzedrhe | ow

el ati ve s Yl orarkd B Geibopra it et TEH HALFIEERIRR K | For each
of thesesér?e%d&mhb%vére ﬁg%@&%ﬂ&&@g@at@a@ b A Epusgnver i on

| evel were simlar for two types cata yst 1 and 2

denonst r g¢ furichiah dﬂ”tﬁoa@bgaem@gmmf the clainmed i nvention cannot be achi eved
sinply by using a | ow surface area bi nder with any dewaxi ng catal yst. Wen

d I fe f of I f d
o L7 ogenl WAL soudl G S ary e foR A PR o 18w v Fufrealitrati, "Chove
simlar, yQfe Bgaﬁﬁhtléths geﬂlerﬁﬁ ?r% ﬁﬁc‘thEeYdé@?ﬁBE&”ir‘i"Ek%ﬁe Wda | ow

surface area nder atl \Y; I gher surface area der.
following conditions: T =270-380 °C, P = 600 psig (4.1 MPag), liquid rate =

10 cm’/hr, H, circulation rate = 2500 scf/bbl (420 Nm*/m?), and LHSV =1 hr’'.

[0075] The n-hexadecane (nC,¢) isomerization activity and yield are
summarized in Figures 1 and 2. Figure 1 shows the relationship between nC,¢
conversion and iso-C,¢ yield for a clean feed and spiked feeds for the alumina
bound (higher surface area) catalyst. Figure 2 shows similar relationships for
the titania bound (lower surface area) catalyst. In general, the catalysts with
higher and lower surface area binders show similar conversion efficiency. The
low surface area catalyst (Figure 2) has slightly lower conversion efficiencies
relative to yield as compared to the higher surface area catalyst. For each of
these feeds, the temperatures needed to achieve a given nC,¢ conversion level

were similar for the two types of catalyst.

[0076] Figures 1 and 2 demonstrate that the advantages of the claimed
invention cannot be achieved simply by using a low surface area binder with
any dewaxing catalyst. When exposed to a clean feed or a feed containing one
or more of sulfur and nitrogen, the dewaxing catalyst with a high silica to

alumina ratio showed similar, or possibly even reduced activity when



Cat al yst Exanple 7. Hydrodewaxing over 0.6 w% Pt on 65/35 ZSM 48(90/ 1VTi O
2 using 130N feed [0077] This exanple illustrates the catal ytic perfornance
of 0.6 WMWORD100M785/ 35 ZSM 48(90/1)/Ti O 2 versus a corr @sparsdénago6729

al um na- bound (hi gher external surfaé% area) catalyst using 130N raffinate.
[ 0078] An extrudate consisting of 65%°(90/1 SUAl 2) ZSM 48 and 35% Titani a
(30 grans) was | oaded with 0.6wW % Pt by incipient wetness inpregnation with
pl at i nunfaretula@dritle adowr surfacedreabiingler x3aive (a2 higher sarfdceataai ned in ful |
air at 6800F (3600C) for 3 hours. A corresponding sanple was al so prepared
usi ng Al POdeRst ead of Ti O2. [0079] The catal ysts were | oaded in a 10 cn8
anount in the reactor and were eval uated using the operating procedure

descri begatdlyfommhsled. Al yiRriehakinnove €67 Peoa 65735 733- 380 0C, P = 400
psig (2.8 MPag), liquid rate =5 cnmvhr, H2 circulation rate = 5000 scf/ bbl

(850 NnB# 1 ¥kt g 33 eed ' . The catalysts were exposed to the 130N

raffinate which cont ai ned 66 wopm N and 0.63 wt % S. [0080] Figure 3 shows
the rel ajjg cat KN ARILT Yk Bled (1 AufiyHE HeRorREn856R0 ZAYAR(SHO! 1)/ Ti O

2 cataly d the corresponding a catal yst. For the 130N

raf fi nat g5/36eS M-8 EXT D4 Vershiea corressaating aiminanbaumdo@ugiercat al yst, the
0.6 wt% Pt on 65/35 ZSM48(90/1)/Ti O 2 catal yst showed a 200C tenperature
advant agexteinal sprfaoe ereag catabysansp@o3 AN velfinatsp) at the gi ven product pour
point. Note that Figure 3 also shows data for a 130N raffinate feed with
hal f t hergij4giogen : e ' M 48

1301 1) 1Al T o TRl s, O A g DS ost ' om

Exanpl e @ithnfaM80 @hmisvnes 1oddedwithdpewt%dhtttgnincipibet Wotness sur f ace ar ea
65/35 ZSM48(90/1)/TiO 2 with 0.6 wt% Pt catalyst achi eved a
impregnation with platinum tetraammine nitrate, dried at 250°F (121°C), and

calcined in full air at 680°F (360°C) for 3 hours. A corresponding sample was
also prepared using Al,O; instead of TiO,.

[0079] The catalysts were loaded in a 10 cm’® amount in the reactor and
were evaluated using the operating procedure described in Example 6 at the
following conditions: T = 330-380 °C, P = 400 psig (2.8 MPag), liquid rate =

5 em/hr, H, circulation rate = 5000 scf/bbl (850 Nm’/m?), and LHSV = 0.5 hr’
'. The catalysts were exposed to the 130N raffinate which contained 66 wppm
N and 0.63 wt% S.

[0080] Figure 3 shows the relative catalyst activity of the 0.6 wt% Pt on
65/35 ZSM-48(90/1)/Ti0, catalyst and the corresponding alumina bound
catalyst. For the 130N raffinate feed, compared with the corresponding
alumina bound catalyst, the 0.6 wt% Pt on 65/35 ZSM-48(90/1)/TiO, catalyst
showed a 20°C temperature advantage (i.e., more active at 20°C lower temp) at
the given product pour point. Note that Figure 3 also shows data for a 130N
raffinate feed with half the nitrogen content that was hydroprocessed using
65/35 ZSM-48 (180/1)/A1,03 with 0.6 wt% Pt. (This is the alumina bound
catalyst from Example 6.) Even at twice the nitrogen content, the lower
surface area 65/35 ZSM-48(90/1)/Ti0, with 0.6 wt% Pt catalyst achieved a

substantial activity credit.



substantial activity credit.[0081] To further denonstrate the benefit of
the low surface area, lowsilica to alumna ratio catalyst, Figure 4 shows
a TI R pl ovof2oro/a7ha50. 6 wt % Pt on 65/ 35 ZSM 48(90/ 1)/ Ti OreTamb@bpad72and t he
correspondi ng al um na- bound cat al yst .,-The TIR plot shows that the aging
rate for the 0.6 wt% Pt on 65/ 35 ZSMZB'(QO/I)/Ti O 2 catal yst was 0.624C day
conpared to 0.69C/ day for the correspondi ng al um na-bound catal yst. Thus,

ol ot PR o R BirJRF ey e e AL P oM R R R oponger -
&l um B0 FvREes B A ¢y e onger -
o Pt osa e Baprdage P BEEasegRte TR pho) B0 OB

cat al yst 585006M-48@ LY/ €IS, cathBsPafd Mdedtiespon8img3uktha-H808a/ | )/ Ti O 2

provi des the sane |ubricant yield as the corresggndi ng al um na- bound
(hi gher satafysteTheddR plat shaws tharike yginggatufor e .ot Y Ptrant 63/38nshi ps for

both ¢ ﬁ’irzéi@dﬁ?%ﬁ/&ﬁ/Ta@‘i %%%%%t%ﬁ%@%‘é&%ﬁ%—%@é&f&@%@%’&% fadd
e S T e R G e R DR

Exampl e &ed, MeRalh Rirfa&s ared ahamewl 908310 ﬂihhﬁnQX@tff@b@taglsk pedviaésebothhat t he
advant age of a low surface area binder can be realized for m xed bi nder

syst ens, imhervedactmjtyrandylongert duividiynlafetimes a | ow surface area bi nder.
[ 0084] An extrudate consisting of 65% (90/1 Si/A 2) ZSM 48 and 35% of a

m xed bi was 1 i - I AGL D b i ghati on
with pl ai‘?‘ﬂgg t et F%grpgb%ﬁegé@e\quq%ﬁaggyg@3@@8&@?% /@%ﬁﬁn&%iﬁal cined in
full air zaM6E3006 103600 Chtall @it aadhBetwo alix@irdbbovrid Litalgets showidig ext rudat e
was conposed of 20 wt % al um na (hi gher surface area) and 15 wt% titania
(1 ower Figure 3. The 0.6 wt% Pt on 65/35 ZSM-48(90/1)/T10, provides the same

lubricant yield as the corresponding alumina-bound (higher surface area)

catalyst. The VI versus pour point relationships for the lower and higher

surface area catalysts are also similar. Note that both the 0.6 wt% Pt on 65/35

ZSM-48(90/1)/Ti0O, catalyst and the corresponding alumina catalyst provided

an improved pour point versus yield relationship as compared to the higher

silica to alumina ratio catalyst.

Example 8: Mixed Binder Systems

[0083] This example illustrates that the advantage of a low surface area
binder can be realized for mixed binder systems, where a majority of the binder

is a low surface area binder.

[0084] An extrudate consisting of 65% (90/1 Si/Al,) ZSM-48 and 35% of
a mixed binder was loaded with 0.6wt% Pt by incipient wetness impregnation
with platinum tetraammine nitrate, dried at 250°F (121°C), and calcined in full
air at 680°F (360°C) for 3 hours. The 35 wt% binder in the extrudate was
composed of 20 wt% alumina (higher surface area) and 15 wt% titania (lower

surface area).



surface area).[0085] A second extrudate consisting of 65% (90/1 Si/Al 2)
ZSM 48 and 35% of a m xed binder was al so | oaded with 0. 6w % Pt by

i nci pi entwoebag345nmpregnati on with plati num tetraanm neChiuse@vmp67dy i ed at
2500F (121 0C), and calcined in full %i r at 6800F (3600C) for 3 hours. In
the second extrudate, the 35 wt % of -Birider was conposed of 25 mt% titania
(l ower surface area) and 10 wt % al um na (hi gher surface area). [0086] The
activity|00i85 he ahmeeondtatrydats onasistiagtodd St (20/bHihLpZEMdaS owl ave
system For the catalyst with a binder of 20 % al um . na and 15 wt %
titania, 3§%89‘°9®“H‘§e(ilﬁﬂld?r wapqlsgylagded ayith QSQW%P éng%%IBtht WVLRESrate wel | s

and reduced und h d. by .1 h it 29" of a 600N
Feedst oolPeHaTRa e BARD el Rundhainghibip e REY S 2P00e (RS AT 1 Son
feed.) Thgcire@aagul ¥hosi 680°F1B809Cbrl Hoded 13 13sdbohdreqematd, i y. The
reaction was run at 400 psig (2.8 'MPag) at 345C for 12 hours. The resulting
cl oud poBHtwtds of bmdeotwads doneposed pif @duwt%uwitanialBSvert sukfAad anigharehtd 2 10C at
3.09 WHSV. [0087] For the catalyst with a binder of 25 % titania and 10
Wt % al unwivy alpnpng thighensifas arsaly of catal yst were | oaded in separate

wel I s and reduced under hydrogen, followed by the addition of 2.5 grans of
a 600N f 086] ock. Thakhet GO N flecatxivecdatlzsts svas testedNn artthtéh gorsl-s to t he

130N feed.) The "space_velocity" was, 1.02 h 1 d 3.10 h 1 respectively.
The reac@VORlaxgSYPGH aFouths Galystwith aNpader of ?@%%’ %]b‘Fn“l’Q aﬂéd%s. The

of "ol oudsih TR 2B oRihe 101 S ing AN S5 1080 i Sehao ™ BBa " rhe
above acaﬁakédﬁcéa%haepﬁwéﬂg@h, FIRWRBHY e ddAbEORTH gﬁarﬂs bpaBoolove. The

catal yst containing a binder conposed of a majority of high surface area

bi nder bédeasaksi(iThe #00N feedstoek hat simdar N dard Kilevels to fhecEB3 (BY deedb) nder in
Exanple 2. The catalyst with a npj orit(}/ of |ow surface area binder resulted
in The "space velocity" was 1.04 h" and 3.03 h™ respectively. The reaction was

run at 400 psig (2.8 MPag) at 345°C for 12 hours. The resulting cloud point of

the total liquid product was -18°C at 1.03 WHSYV and 21°C at 3.09 WHSV.

[0087] For the catalyst with a binder of 25 wt% titania and 10 wt%
alumina, 212.57 mg and 69.75 mg of catalyst were loaded in separate wells and
reduced under hydrogen, followed by the addition of 2.5 grams of a 600N
feedstock. (The 600N feedstock had similar N and S levels to the 130N feed.)
The "space velocity” was 1.02 h™' and 3.10 h™' respectively. The reaction was
run at 400 psig (2.8 MPag) at 345°C for 12 hours. The resulting cloud point of
the total liquid product was -45°C (detection limit of cloud point instrument) at

1.03 WHSV and 3°C at 3.09 WHSV.

[0088] The above activity tests parallel the results from Examples 1 to 5
above. The catalyst containing a binder composed of a majority of high surface
area binder behaved similarly to the catalyst with high surface area binder in
Example 2. The catalyst with a majority of low surface area binder resulted in

a much more active catalyst, as seen in Examples 1 and 3 — 5 above.



a much nore active catalyst, as seen in Exanples 1 and 3 - 5 above. CLAI M5
1. A nmethod for producing a diesel fuel, conprising: hydrotreating a diesel
boi | i ng raiogeldfiesdst ock contai ni ng at | east 500 vppm of PEmUSae090neiey
effective hydrotreating conditions; d dewaxing at |east a portion of the
hydrotreated feedstock in the presence of a dewaxing catal yst under
effective catal ytic dewaxi ng conditions, wherein the dewaxi ng catal yst
conpri se€laAAINMBecul ar - si eve having a SiQ2: Al 2Q3 ratio of 100 or less, and a
nmet al oxi de binder, and the dewaxi ng catalyst has a ratio of zeolite

surface area o &%&nglfoiggofﬁggﬁgﬁgﬁsaffu%} CI0 Sifd d 100. 2. The net hod of

claim1, further conprisi eat I ng t’he dewax hydr ot r eat ed
feedst ock under effective hydrotreating conditions. 3. The nethod of claim

1, further conprhydratjeatensp sigselbotingrpage feasdsteck sadasingat leastoW | quid

ef fl uent and phase rtio and erein. dewaxi hg at | east a portion
of the hyHP@t&eSgﬁ w@s&gﬁ‘s’ﬁﬁivecﬁ%ﬂt@éwa&m%twgstmd\iquid effluent. 4.
The nethod of claim 3, wherein separating the hydrotreated feedstock into a
liquid effluent dewlaxingas!qabaspopttort obthel malrodested tfeedspockgintthe | i qui d
effluent. 5. The nethod of claim 1, wherein the hydrotreated feedstock is
cascadedpresenerofia dawianingseaplysi undaitetfostive watal wie dewasing: GRaitiens, The

met hod of claim 1, wherein the effective hydrotreating conditions include a

tenperature fronyaBRE tﬁéée\»&iﬁg%talgﬁ%@mlﬁmg shbleRufldr e valiaingg0 to
about 3000 psig (about 2.1 to about 20.7 MPag), a Liquid Hourly Space
Vel oci t y S{QHB)OF ravio @bbf o0leRs tamdaboetal tRidke bindancina thgdiewgamg reat rate
from about 500 to about 10000 scf/bbl (about 85 tqg about %69?

catalyst has a ratio of zeolite surface area to external surface area of at least

80:100.

2. The method of claim 1, further comprising hydrotreating the

dewaxed, hydrotreated feedstock under effective hydrotreating conditions.

3. The method of claim 1, further comprising separating the
hydrotreated feedstock into a liquid effluent and a gas phase portion, and
wherein dewaxing at least a portion of the hydrotreated feedstock comprises

dewaxing the liquid effluent.

4. The method of claim 3, wherein separating the hydrotreated
feedstock into a liquid effluent and a gas phase portion includes stripping the

liquid effluent.

5. The method of claim 1, wherein the hydrotreated feedstock is

cascaded to the dewaxing step without intermediate separation.

6. The method of claim 1, wherein the effective hydrotreating
conditions include a temperature from about 315 to about 425°C, a pressure
from about 300 to about 3000 psig (about 2.1 to about 20.7 MPag), a Liquid
Hourly Space Velocity (LHSV) from about 0.2 to about 10 h', and a hydrogen
treat rate from about 500 to about 10000 scf/bbl (about 85 to about 1690
Nm’/m?).



N8BW . 7. The nethod of claim®6, wherein the effective dewaxing conditions

i nclude a tenperature from about 280 to about 380C, a pressure from about
300 to abwot20B800@®4psi g (about 2.1 to about 20.7 MPag), &CILHSWNMTREDOUL
0.1 to about 5.0 h 1, and a treat gas, rate from about 500 to about 5000
scf/bbl (about 85 to about 850 NnV) . -8." The nmethod of claim7, wherein the
nol ecul ar si eve has uni di nensi onal 10-nmenber ring pores. 9 . The nethod of
claim7 or cl @i Mk, methexdsdficlaine 6noiheceihdhe sffestive devehking coBiitBms ZSM 1 1,
ZSM 57, NU-87, ZSM 22, EU-2, EU-1 1. ZBM 30, ZSM 48, ZSM 23, or a

conbi nat i Mudm@t@nperaprr@ff@ra@byu@ﬁ@to goout IB0°ERmpreBury BONkBboYiSM 23, or a

conbi nat r.e 2 tion

t her eof , 5@@]%9 t%)rogr%?%i(% e{/?%ﬁk%@\ﬁ(ﬁgM% ﬁj'rlﬂgy %? {u%op @fcl ai s
7-9, mhe 5 or |ess,
nor e pre ertﬂmtt égsfl?a@%bﬂa%ﬁﬂ(ﬁrr%t% ﬁgﬁf%@@ﬁ@bcﬁt%{@gf&%f%?? 10, wherein
t he net a(abmt@s tblabder8501Nm%i1é) formhas a surface area of 80 n/g or

| ess, preferably 60 n2/g or less. 12. The nethod of any of claims 7-1 1,

e oo S AR Bgr g MBI P s 2,
preferab{lﬁld%hehﬁ@ﬁgl ﬂ@%&ggerrjﬂgi% péR, method of any of claims 7-12, wherein

the binder is silica, alumna, tTitania, zirconia, or silica-alumna. 14.
second motal Sx e RS hAAR GrAaEnY B MHETRY SHE BIOIGIRTSEVERa. ot hod. of
clal m 145 phes 8hfi3hg SRRAQNG SRRLSY, \SIHE Zshadd, s, BT 2Bt 3G 2
ZSM-48, ZSM-23, or a combination thereof, preferably EU-2, EU-11, ZBM-
30, ZSM-48, ZSM-23, or a combination thereof, more preferably ZSM-48,

ZSM-23, or a combination thereof, or even more preferably ZSM-48.

10. The method of any of claims 7-9, wherein the ratio of Si0,:Al,O; is

80 or less, preferably 75 or less, more preferably 60 or less.

11. The method of any of claims 7-10, wherein the metal oxide binder

in powder form has a surface area of 80 m%/g or less, preferably 60 m*/g or less.

12. The method of any of claims 7-11, wherein the dewaxing catalyst
has a ratio of zeolite surface area to external surface area of at least 90:100,

preferably at least 1:1, more preferably at least 105:100.

13. The method of any of claims 7-12, wherein the binder is silica,

alumina, titania, zirconia, or silica-alumina.

14. The method of any of claims 7-13, wherein the binder further

comprises a second metal oxide different from the first metal oxide.

15. The method of claim 14, wherein the second metal oxide is silica,

alumina, titania, zirconia, or silica-alumina.



