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DI ESEL FUEL PRODUCTI ON FI ELD OF THE | NVENTI ON [ 0001] Thi s i nvention provides
a catalyst and a nmethod of using such a catalyst for processing of high
sul fur and/Qr. i n content diesel boiling range fuel D OF
THE | NVENTI 2?@%%% variety of regional standards exi S@y@ﬁ%@%&'
properties of diesel fuels. In particuldr, the requirenents for the cold

fl ow properties of-diesel fuel can vary based both on a geographical and a

seasonal basis. §G008KERS/ TR NYHROPROEESYNIY FIe AESEL ORI pr Oper i es of
y

a diesel fuel is I'C dewaxi ng. The goal

of the dewaxing process is to i npPRODWOFIONoud and pour point of the
di esel fuel while causing a mninumof loss in yield and/or in cetane. By

| mprovi ng Eg I éﬁf @ point of the feed, a larger portion of the
ori gi nal ftF Lﬁ@ﬁdﬁ?@q ENP Nsel fuel, which reduces the anobunt of feed

that is diverted to a | ower value process, such as FCC cracking for making

gasol i nﬁ. MU ]y es lﬁThi,S iPYEOEPIPYidED ¢ SAtNYS apt aingthad of usige SHelRA ¢l oud
t : . > .
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range fuels.

BACKGROUND OF THE INVENTION

[0002] A variety of regional standards exist for the properties of diesel
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
is 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



1000410ne problem for catalytic dewaxing of diesel fuel is that the
dewaxi ng catalysts are typically sensitive to contam nants such as sul fur
or nitrogen. This can pose various problens in devel oping a stabl e,

i nt egrated ﬂjoez%%/mp&gducti on process. Typical diesel fue{,&/@gﬁogggofgﬁg
hydrotreated to renove sulfur to a low level, such as 10 wppm or T€Ss. Such
di esel fuels are often clean enough te2be exposed to a dewaxi ng catal yst

wi t hout severely harm ng the catal yst. However, if a process upset occurs
and sul fur } : by ol &5l h ley it poi soned,
and sone Ogﬁé’{&%@f&?!}éﬁi @gg%g;‘b egg?litlé\}ﬁ't% may aél&ngrﬁg%egr{? él %ﬁ@?ﬁtﬁg’nm ly, in
di esel fuelprgresshsdhvelningy loskresasking\odlheavigr fegds, cubstakiimpmoduritieali er feeds,

substantial anmounts of sulfur and/or nitraqgen y repain in the
hydr ocr ac kéﬂlﬁf“é%'ﬂi./orr’hlé@ée’émﬂyémt%théwd%r?‘gﬁ%éféﬁﬂ%ﬂ?ﬁdr otreatnment, but

in order tq.] : i ti. Qn I tal yst may
nave to be b Gaf BT OdLh Ry B AR o E T RAMCEN D05 Tn
an enbodi mgpivaxiagedg)atonsemicnal dewakiog catabgby eiaychayedb @sehovdibiold ng range
fuel. The nethod includes hydrotreating a diesel boiling range feedstock
cont ai ni ngSeRaratea8acten0 vppm of sul fur under effective hydrotreating
conditions. At least a portion of the hydrotreated feedstock is then
dewaxed i n ShRIARYOR THE INYEMERION cat al yst under effective catalytic
dewaxi ng conditions. The dewaxi ng catal yst for dewaxing the hydrotreated
f eedst ock | nol a =\ V] .S1.02" rati 1 or |ess,
and a net a:[(ﬁ)é)%]de S@%&eé@ggcﬁgleepgga Jgggm}é@ilggpcé@ﬁzg)gtprﬁ%ds&ﬁ%g%e%gl of zeolite
surface arggilin rQ%%@ﬂM! Th¥ methed sictaledthydfotteaanf a&fiesk?Boil Bigl fafigdESCRI PTI-ON
OF THE DRAW N 0006] Figures 1 and 2 show the activity of conparative
cat al yst s. fqedoozk Fpgiaining atleasisS theppio of evlden wrlep effgeiére hydrobpatoiessi ng
Lemper At U oo UA B pfSop T hOHSa SR A TheusidRATHE By Gied sghovs an
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,05 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.



[ 0009] Figure 5 shows the hydroprocessing product yield for various
catal ysts. [0010] Figure 6 schematically shows a system for producing a
di esel fuel. - 3 - DETAILED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS

Overview | rious enbodi nents, a process i s proyj
production of %‘g@g &f uel that includes catalytic devvaxi%%p@?mpgﬁ@nged. The

dewaxi ng i ncludes the use of a catalysB-that is nore tol erant of
contam nants, such as sulfur and nitrogen, as conpared to a conventi onal

devaxing cayat XplEDHSEUREPTIONISMPHIMPREAENRISH EMBIIAER I ant _of

cont am nants; | yST poi soning due to contamnants is greatly
reduced. Additionally, the tolerance of the catalyst for contam nants

al | ows theib’ﬁ&?—%t to be used at convenient places in a reaction system
For exanpl e, conventional dewaxing catalysts nust be |ocated at the end of

a hydrotred@0Ejt trhi varias enftaddimahtsya peovdsaistprogdad doreprodactvedof o sui t abl e
I I i to.exposin he dewaxi ng catal yst_t e feed, Wth a

ci_X? ani ﬁ;'n?i_gqssl @;e;aﬁxat Srfgt ﬁecaji@/\g%%lngﬁﬁfafefﬁﬁ% fﬁgeéawary&me&&%e used
prior to el nmnald 0 Qls@hht ﬁ%r‘%@ﬂ?ﬂ%ﬁ?ﬁ%EM%té SROR LS S@F, Ay s coul d

i ncl ude using the dewaxing ca € sane redctor as hydrotreatnent

stages, W hiirad@nsapesmpired toh coas@gidnabdewhangichfalignt Becaue the exposure to
t he dewaxi ng catal yst. Another option would be to catalytically dewax the
di esel feedCyarige catalysids more taleiant of caaminppts, terigneintatelystol er ant

catalyst @@%EH@%@?@%@%&%&%Q gi%ﬁﬂ ?é’cﬂ}c%ﬁ? ARAiRorR f?%ﬁtq%fegénc%nd

recovers actlvi en con nts are renove

envi r onmenbf thEhdasal§st\fon t @@t Sands Al @V e theldatdligt 1656 ueéd at @fiflehicat Wi th a | ow
silica to alumna ratio and having a high ratio of mcropore (zeolite)

surface ar pRcebinexraactan sysiemador gxempleicorysmiongedgwaxing satalistnt age i s
achi eved by t se, of zeolite wi,th a low si.lica to umnpa.ratio and
f or mul at _edxlﬁléjrﬁﬁyoé’abq%rﬁag}i]e ﬁ%é/f’f@ h%{dﬁ_%’iﬁagﬁ?r\flgéf?én’é?f)gg?t S’Pﬂé’r Ea&f?ﬁfﬂcat al yst
further i ngludgpvad 1&Edkatly @év‘é&%%r‘t@'éx?b}ﬂﬁg kIRNdevwaGhg dstaBysEXPR VI ||
metal, preferably a Goup VIII noble netal. Preferably, the dewaxing
cat al yst i feed. dMithiarmensiromaht tleraetindsyaxing gatelystitys dewaxiop catl @Zsvan8 or
ZSM 23, VI, A S bt OP B 285 hAmnants' 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 céta]yst, such as ZSM-48 or ZSM-23,



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

"catal yst. These surface areas are cal cul ated based on anal ysis of nitrogen
por osi rretry“Q)a}U iAg the BET nethod for surface area ( See,
for exanpl e, Joﬁor/\{}sjl?)}#? MF.L., Jour. Catal., 52, 425 (19g§ .’y%ﬁ’z&%ome"
surface area refers to surface area dud-to mcropores within a catal yst.
Only the zeolite in a catalyst will contribute to this portion of the
surface arqagisjhe exheenanatUniraceads 8d SRmRGogbie, S0 RLIRET aelldl e or

bi nder within a catal yst. Feedstocks [0014] The Vvarious | ocation-based

r equi r enentascaamterspeot Wayaifi dasactaizing the tothl ssdhcefared ofineapiyti ded in ASTM

DO975. O her_simlar regul ati ons, exj st for Euyope,. Canada, and ot her
countries. Tﬁﬁ&@f%ﬁs&r 352%¢ F@lﬁglaegﬂpwsﬁ o ARG NATOZIUPIORERRIY hat sul f ur

be reduced b \fify (eSSt ARG Ry .0 L0 B AL dSS. (SUlichd onglhiy, the

cl oud point specitication 1s wdely varia

speci fi cat UolisonpMLF de) JoureQuial e 52, 420U&780) Mtheviedkeblited|sayfabéarep00151Di esel
boiling range feedstreans suitable for use in the present invention boil
wi t hin t heT¢igrsde sarfagpaise dpede migiporeswlin & eataydtyOBlyche gaeldatn 2270) .

Preferably I iding.r f st r S LL L ail i ng
boint of SRS IEEGRRL W Wis 60 LR RICHLERTRIAS AL Ll Pyl ' 59
(177C), or afh dapdetdudQbkitheORlite 6f binldet wahin 4#84ikly6R233C). Preferably, the
di esel boiling range feedstream has a final boiling point of 800F (427C) or

| ess, or 7 ggdsg&%’éC) or less, or 750F (399C) or less. In an enbodi nent, the
di esel boi E‘rng—r‘a'nge feedstream has a boiling range of from 451F (233C) to

about 800F (about 427C). In another enbodinent, the djesel boiling range
f eedst r eanM14d i ddeudsivur dowiiondasehrrauiremsatians speciicetipaeiar Y.8edst ream

with a boili nge of from bout .121C) .to about, 800F (about
4270 . Thelsﬂ_eeggeﬂégis%%)é%ldgcgw ﬁ‘%w&%’ﬁﬁf r(t(g 55515%F11¥5F|%ulf16%% %gﬁr 50 to about
2000 wppm Bifdped€inadd, §h@ batdr Yoakwiss. FTResOsRbAItatidROB IR intlugegen, and
nore preferably about 75 to about 1000 wppm nitrogen.” I n an enbodi nent, -

5 - feedst reguirement thabbwfirdre educetbingha diesekpradsct thurS wppmeottlessi om about

100 to aboyt, .40, 000 pm sul f.u ref erabl y.ahout .200 to about 30,000 wppm
and nore. phastinalty. YBBTEaGH soeiffiafionss BN prtdlenht i maRhe
suitable fﬁfecﬁfc@ti@ﬁ@rdd’iﬁieﬂd%qhﬁ%%sél&‘i‘&ﬁ&in@We'll"t?él’o&r()@(l“. synthetic sources,
such as Fi scher-Tropsch hydrocarbons, or feedstreans derived from

bi oconmpone ur ges uch as ani or vegetable oils,,fats, or fatty

nci de by oBESEar HaRselo ad i g SHHARS (SR e PSS o r oat | ng i s
typically fQentesissil Withis W tahge BF hEQRSN S°R(boRk @0@*@3%%8&@%0‘@ a feed,
and is not primarily concerned with boiling point conversion of the feed.
Cat al yst s (aboatl 427°CpnPuiferably, thadicserimilng remgelféedstrdamrhasrea iGitalip VI | |

and N 1w ety g Sfgbegr B B ptaare B RAMBIC Rerbiest enper atur es
0 15 2SR Alpa YDA g s 00 BT
scf/bbl (8hbe 636! BéiBhpBinge 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,



[00171In order to satisfy regulatory requirenents, the sulfur present in

t he di esel product nust be below 15 wppm |In order to satisfy this
specification, it is desirable to have a |ower target sulfur value, so that
variations WdRie73s4R" 0CeSs will not result in exceedi ngpéf)ﬁ ﬁ@g&%,}zgcati on.
This also provides a margin for error in case subsequent con% am nation of

t he di esel fuel occurs, such as duringStransport. [00181Note that while
hydrotreatment typically occurs prior to dewaxing, in various enbodi nents
the dewaXxi mgRRfEHAS Suitle BHGIe HRRfiRhavaY dhiFhr @mitérR Fom aBoleloeRN

hydrotreat nent stages, or after hydrotreatnent including cascading the
entire efflabewtd0Ehwapmysil biry prafareblly abbag200not dhout 3@,@@grvmpmmrtdo t he
dewaxi ng stage. MWD, 2010/ Q77345PCT/ / 0067 6 Xi ng Process

[0010] 11 RBERIFRER 2001 ST AteY: T WPRTY A BERH TR0 <

directly CF{!?,C@S@ I | GerShRINPHH [ i ke a
conventional pr %ggégleﬁgf%g%g%%ﬁ (&;?1 'S r%lg%iy?g%ﬁ%)gtgﬂvggﬁgﬁﬁggﬁydr ot r eat nent
and cat al yfFischeleWeopisoly hgtmgershonk] emfieaddticamsaferivhe foap hraebimgponstep has a
vari ety of consequences.. Wth regard to fhe separation itself, no

addi ti onal S@YGFHABFH 23 %mmé’éé?éﬂ?gqq%’]&%lé» éFP@BH?%B/nQ%‘,i&t he catal ytic dewaxing
stage and the hydrotreatnent stage nmay be |located in the sane reactor.

Al t er nat i vélydrottdaembytdsfofieedat nent and catal yti ¢ dewaxi ng processes may take
pl ace in separate reactors. Elimnating the separation step also avoids any
need to re uriz of £ r

hydr ot r eat ﬂgﬁtﬁ st agghggﬁr@a‘?%ﬂufé‘d}g}oﬁ? d(gi(}[tf:é‘gpgéféﬁsféﬁ%ll rtggbé%lirbggh%s t he

ef fl uent i sulé@l niteyged, 4mal Aroeatiewaxtong of b dgrel, ahd 20t rimanilat dongertnied
separation step between hydrotreatnent and catal ytjc dewaxi ng al so neans
that any stithfoilipg peist ceiaversignof dhaiegd ot plabstreyually egniain pt lggstianepe in the

effluent t i r r tic

devexi ng scags® XIBIARE, SrsRRay it el ot HBbrehER b At 67 lok

hydr ot r eat Erainphsk epcluiie Niddo COsNes bad NioVHAGRIgkis. i Hgdrouditig eatdigmis
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.



Simlarly, organic nitrogen in the feed will be converted to amoni a.
However, w thout a separation step, the H2S and NH3 fornmed during

hydrotreatment will travel with the effluent to the catal ytic dewaxi ng
stage. The C separation step al so neans that any, Ll (c1L -
C4) forned ur%ﬁﬁog&?\%ar otreatment wll still be present i%é’#fﬁ%%%%?ﬁgnt.

[0021] El i mi nation of a separation stepbbetween hydrotreatnment and catal ytic
dewaxing is enabled in part by the ability of a dewaxing catalyst to
mai ntai n cPAMinEPRIEEVIty in the presence of elevated |evels of nitrogen
and sul fur.” Conventional catalysts often require pre-treatnent of a

f eedst ream educe_t he nit,togen,,content 1o a.few m and .t he. sul fur
contont -t o 1061 °Fh T B Bubort R AN dn b A P P Cu kR ish
feedstreamai@@tw é‘és‘&hﬂ'&iiﬁ@ob‘éa@lﬁidﬁ@eﬁ%x@@g FEa‘g]Eif@ﬂ%me.b@ﬁﬁﬂeQ” the feedstream

and up to 3.0 wt.%of sulfur can be . ectively processed using the
cat al yst s acunantiongl procedsend sepmetianis requised ketbedn thenhydrotreatsugint and cont ent

of a feedstre can be at |east,.0.05 wt%sul fur,. or at, least 0.1 w% or at
Ceast 0 5 GEGPHs deraxmmeeds \ugigRoR ol RSP AsitiaSiupash VAHEEOTS w06 | b

anot her enpgiiegR&oes! 'Witﬂ?%ﬁ?@%‘tt&%fymhoﬁfitséﬁ%é E&ﬁﬁ&x’iﬁ%ﬁhgﬁﬂerﬁ% at | east
25 wppm or at least 50 wp or at fTeast 100 wopm or at 1east 250 wppm

or at | eashe&lzd. UppomeSmbodiment, thetcatedetic dewaaing stagewndehereasur ed by
standard ASTM net hods D2622 d D4629, respectively. ‘00221| n F}n
al t er nat i v8Y¥RHGAIMEHSaZEARAY 8 IQCatrB N ARR AT pdrtSRHBEprter to at

| east one ' 1 -QrEgani ul fur and

ni t rogen Wﬂ%@r’o@"gégl?éedggﬁ? clﬁ{r??}tgﬁ:ed VgaexgH%Errclﬁ%&gg]\?é,xﬂlgﬁgba[cgdggﬁaga%ti |

anot her entrdiorenElindrdtalgythe cepandxn Bigp @isd Heideafyonsredo aépressurize

hydr ot r eat nent and aftetrh?sefgar ation to renove contam nant gases _fromthe
sUeHF

hydr ot r eat B¥ fee@dlnsigad nejdirora the hydnesrepinernd st gg €an bgimantainadhe
! N . ! 9 t |
[ 00541pr of SriBhs AR eGRACE RSO (h EARER LR RI R | 1 are

zeolites that perfaorm dewaxing primarily by isonerizing a hydrocarbon
f eedst ock. [0BPE pr dtlepustiypg thheepamtionstenbetneen dyrrqtessimentiing

uni di nensi olo"s r i I t.al S 4 - r ring
ool i tos, ChmwiBEeRaShiciy bRansiiel By RURR T S0 Qe BRGNS,
SAPO-11, asigh KRR beF theefnaiaety misseciomFie hydchimen MR ZSM 48,

or ZSM 23. ZSM 48 and ZSM 23 are nore preferred. te that a zeolite having

t he zZSMm 23thgrcatadytig dewarning atepi 1A partion ofi theorganiasulfurgn the feddpshe 20:1 to

bout 40: i be referred SS7-32. Oth | ecul i
hat are GEPPERFRARERACR teieibibe RS erane ot el a1, NU10,
EU- 13, KZ-Zimifly, Bkbadd nltRf33Rlih the/Rell 9HR RENGEABN ISambRi£at al yst s

according to the invention
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



further include a netal hydrogenation conponent. The netal hydrogenation
conponent is typically a Goup VI and/or a Goup VIII netal. Preferably,
the - 8 - nmetal hydrogenation conponent is a Goup VIII noble netal. Mire

pr ef erably,@t}?ﬁﬂ@;ﬁg hydrogenation conponent is Pt, Pd,, /U%OII@(?&EHEG

thereof. [O netal hydrogenati on conponent may be ‘added to the
catal yst in any conveni ent manner. One7t-echni que for adding the netal
hydr ogenati on conponent is by incipient wetness. For exanple, after

conbi ni ng. %ﬂ%@@\l/é.@?;r@&gs&i Rindele catd1§st6 2RI Bipg 18 & inven@erdl W awler can be

extruded into catalyst particles. These catal yst particles can then be
exposed t oemwdiméntpthecsnhfuaicontent af = fietistodam nat be apleastul.8dmt%§ulBirnat i vel y,

netal can be added to e cataly by, i on. exchange, where al _precursor
i s added t 6rat I?Psét%I @Vto); Oiébfqaﬁ -%&tx/%é’élaf €as ﬁ&’?‘% HB@I‘F%}?% %?;/"t gr

ext rusi on. 7 1N st 0.05
wt % based (%lﬁgéttga ys°t ?H%?{Bg}{e?reg@?ﬂééq’ ﬂv&%&f Hggérg‘%d{ftéerg??q%pge? \%\}tr é/fﬁ or at

| east 0.5 waftbe AhRasDWhpal, ofret Rhsti 30 whemcat &l lyadt 108 wpen Sonvdtdeast | ess
based on catalyst, or 2.5 wt%or less, or 1 wt%or |ess, or 0.75 w % or

| ess. For @aBodipmriratlgest 80Q w@Pmet bl fprsandinitrpgen e¥eMeMax btip VI 11 nobl e
tal, nhi,nat | fr, [ bly f 0.1
(o 5 oy DeESRNESARal GRSy meGar ISR, AR a0 elBeBIET 20LY (ot ng

catal ysts used in processes according to the invention are catalysts with a
low ratio #9023 i calntan atampative embpdimeatsrialytdevanipg gan paperfgrned of

silica to alumna,.n.,t |, I : (o] t han

T00: 1 or PO TR HIE nSERdcaBubitiuRs JiStch AR SbbintenPoraefR LNCC e
rati o of skhlfgearidnidbpén Mallibe preséiMrithe 7eql durtngcddwdengr om 60: 1 to 110:1,
or 70:1 to 100:1. In enbodi ments involving other zeolites, a silica to

al um na raty orrespondi ng to I I in an
o R T SR RGN AR s B BB Sr "
silica to afihBofrédthentand BRer’®piraion! (8 $6mo ¢ cORathitint lgass frém tHO: 1 or
|l ess. In an alternative enbodi nent, another way to determine if a dewaxihg

cat al yst hhgdmatreatad feed. olnofuchicnibasliments| theipracdss apgordrderthai ng the ratio
9 - [0029] The

Gevei ng_ capSe S Beptifes s i fiss St i Bl eghosie
[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



invention can also include a binder. In some enbodi nents, the dewaxing
catal ysts used in processs according to the invention are formul ated using
a low surface area binder, a | ow surface area binder represents a binder
with a surf 08/¢33Qf 100 n2/g or less, or 80 n2/g or |gspysRhecY9R/ g or
| ess. [ 0030 ternatively, a binder can be selected to provide a catal yst
with a desired ratio of mcropore surf8ce area to external surface area. In
dewaxi ng catal ysts used according to the invention, the m cropore surface
area corre : i 18fm& 80| Mbespieferabl, dewaxi ng
catal yst. ﬁﬁggfyrgég%éﬁi‘ggﬁﬁﬂ{oﬁg“i’g? 233 lyg? \\I/D\AHII ﬁ&;\gt contri buIt)e to ltglhe

m cropor e she fretad hgdesgenTtiors compengritds B Pdeosanfiamee theseofcoul d al so be
referred to as ‘the zeolite surface area. The external surface area
represents bal a t toahak¥@alyst Bot h t he
bi nder and lggzcﬁli te ?gﬁn%gﬂt}{g@lg%%%?gﬁf ﬁl?qga?/gfttﬁ&l[)%g%ﬁ%r ef er ablyy, t he

m cropor e (imany eohvengdntsnarinec e Onedecindqueafod edding iige omtal lhysirogeingtiobe roughl y
equal to or greater than the externahpsurfaoe ea. I.n an enbodi nent, the

rati o of nicEMROBFER i§ By AACRICRE BLISES XPRFIANPIE AL COMpHRIDE Azeolilg and
80: 100, or _at: X . : 0 vef he ratio of
m cr opore gﬁérl?%e?g&taercz)gmﬁgg%??g}tﬁg?é ?ﬁfﬁ?gg%‘ gggétrl&i&ial? ch‘gégﬁsﬂtysgoo: 100 (or
1:1), or atpattidet TiH¥se LARAIysopadicldseratthdr Be d0fhsedito atsolgmmtcohihnih@O.

[ 0032] A zeolite can be conbined with binder in any conveni ent manner. For
exanpl e, aauipdednetal prscusah HeHgYalye mes) @PZ’Ftaidﬁﬁd\%?fhﬁ GAMEY of both

the zeolite_and,hi LNi i . I i.t Q. added wat er
to forma ﬁ?rg?)ﬁcrhg%lggﬁ)cdh %rggqumét;%{ E’%&?ﬁgr {%ugeddr%ag? %nglx?g@%?ggal‘({:‘fg (gr bound

catal yst ofcqlitd@ntetdey) ghor foXdxtHBicM ai ds can al so be used to nodify the
extrusion flow properties of the zeolite and binder m xture. The anmount of

or e or ably MG 76 50 Teater st plaiuR dhfstalyt hafefilofR g fl%iased
pr ef er abl y o3QataPyst orét Yeast 0.110t%, dinatdeak 0EX5 Wi%f er dtddase O dityeMthe t he

amount of zeolite is at |east 50 wt % based on catal yst. &|0033] In yet
anot her enbpowuntef metal in thtetatal gstpasde dvttons legs base@ opserlysxd'ded can al so

be used. In such an enbodinent. t i, ght r cent e rface

area bi nder‘”t@?r&ﬁﬁsﬁé’r EB‘VS/%SF E%Q’F’e‘?rwfﬂgﬁ"t%%r {%g?'gﬁ‘?r %gg%ée)lhetélggewégﬂttﬁg hi gher
surface ar gahlii9Perrd, GABHEX EIBLE VIIImobIE MHetllysit a Edrabinatios dgresR ethedf 65 Wt %
zeolite and 35 wt % of a bi nder conposed of two or nore netal oxides, it is

pr ef er abl eatmouhbykmatal iepreferablyiiromdr.1 tha wibnwandgnereguelesatds O nigel .
Alternatively, if both netal oxides used for formng a mxed netal oxide
bi nder hav@'® suffi ci ently |l ow surface area, the proportions of each netal
oxide in the binder are |ess inportant. Wwen two or nore netal oxides are
used to fof0A28]bi ndreferably, theolewetxang catalyets usad ibpracgssss poeerdag font o t he
catal yst by any conveni ent nethod., For ex .e,. one binder can he m xed
Wih The 2B TEToRN PREeTORITET i (a4 Stoblivd o Momsr G SRS dur | ng
spray dryi -z diies@REEYal §£d1ELR) LbBiR NGk ROHNntRNeld A De0mM, xed Wi th
the second netal oXide %I nder prior to extrusion.

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.



[ 0034] Process conditions in the catal ytic dewaxi ng zone incl ude

t enperatures of 280-380C, pressures of 300-3000 psig (2.1-20.7 MPag), LHSV
of 0.1-5.0 111 and treat gas rates of from 500-5000 scf/bbl (85-850

N8/ nB) . [ O0R35hihgsRsocess is further described with refg@ieRiddeRs
representative process showmn in FIG 1. Fresh feed is fed through [ine 15
to hydrotreater 20 to produce a hydrot®Peated product, hydrogen sulfide,
anmoni a and |ight hydrocarbon gases. The hydrogen for the first
hydroprocegggayy zOonehé dbwheinpcaial geslusdfar ingrat@be adcoaiihg il e appar at us
70 via line 35. Alternatively, the first hydroprocessing zone coul d be
suppl i ed wiinvensiofices lalseyideligen indararin stme omhadimesntss heews&ing dr ot r eat er

are passed through t.o an optional ,.separat.ion zone 30. |f_ opti

separation C?%l#%bge%n Br %%egf*ft ?Cc_f)ﬁdéng ?%ﬂ?ednﬁsf&}%’_t ?82?%“‘6?‘3@&{?&‘?? iﬂso"%t ri pped
wi th make- EQerd@éx@S%ﬁlcﬁﬁ% fNAburksceRReS B dEPrpRseAR A bind&RItAki sarfagone 30
via line 25. Light hydrocarbons, gydrogen sul fide and ammoni a are separ at ed
from t he hydvaoifr it retgprdehscor Shoh teaor loss, 9e60 m7gor sanpl e, to a second
separati on zone 40 for eventual separation of contam nants from hydrogen so
that the h N CAReRAVESY S bithier EAE beskictRado BYsliat h eatabskt Brigdact 1's
sent to thi@(?ggond ca’?al ylt ia?ydewafér 50. Aletern(z)a?i vél Y, ifa?%pti onal

separ at i on desirel AGoiof mictopre swrface drhe teekterml efrfiagemea. f odewardngt r eat er 20

is passed to catal ytic dewaxer 50. Note that.in thisflatter enbodi nment, the
hydr ot r eat FBRIYSE#FCE ACePHNEOFBRAKYGREI08; HIFJRICEOROTHEUTAEATEY i n the sane

reactor. | i r ngd/ion WK paraffins
fromthe hgg‘f’g%pﬁ@% gﬁglglrf% uég%gﬁyﬁggﬂeé{:()??g\% y?%éﬁé%flaﬂgghlﬁgg\éng?%}ati on or
sonme conbi paty windérhsedoh theldagalytdvdbest domitribhute te dicahicropordguefacerg process
can be provided directly into the catal ytjc dewaxer @5{2 or .as s{]own in
Figure 6, BFa. Piisoemmicsrpaasaliyes areashnidensesbe tederredigasiedsalisy t he
make- up hydr o i j i | £ onal

nycr ogen 1 rBiRts o hE PERD shifhOC aREPRIBISAN A WS o U Al DO

needed hydaagesT thitdtilecatAagt iByih shsbiederbhd zdditappacenttibtie tohbise of skil |
inthe art. The resulting dewaxed product and any gases are then passed to
separ ati onvglde 60. The separator that conprises separation zone 60
separates |iquid product fromgases. The liquid product (the dewaxed

product) i $003a$sed Rrafeaniely, thengiceSpdreotiselne) saarficeasda fovaldepagifigct . The
gaseous product from separator 60 is passed to the sane recycle | oop used

for the gasatplyaseilpbeaershly eawalde gasseaser than thopdaprhswiage|arem oty

enbodi nent he. | o ion.of .t he hydrotreater. an i rin
Figure 6 CSW_%Bgm?eé\%’e Séﬁt.“_) EBF“%S?B%{)? Seu,rchﬁsef eeaa% eg‘r‘ecrﬁé@%‘%%‘{"g aﬂeﬁa‘é‘?éﬁ reater 20,
the react ofeabt8(: D@0, dr@¢ &las©90:300, dreatUsRHd 95A00C Fréfeydbl g, tlevaid 88, While the
| ater reactor is used for hydrotreatnment. In yet another enbodi nent, a

catal yti c tewarpregusfaggerasdn dxterhalcargepreaois at teast 10059 (@nkgl), or at

hydr ot reat [ent) SLARE . 41 16h2 11070555 %: M FIAIRbES

[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%.



100381The foll ow ng exanples represent pilot plant runs carried out in the
presence of a dewaxi ng catal yst according to the invention and a
conparative catalyst. The initial feed used for the foll ow ng exanpl es was
a diesel raggeRRtdpg feed having | ess than 10 wppm sul §uudishdogns than 5
wppm ni trogen. I n some of the exanples, additional contam nants were added
to the feed to deternmine the inpact ofl0dtrogen and sulfur on the activity
of the catalysts. Note that nodifying the space velocity in the dewaxing
reactor befygefhabsréferded émBélitient tHé Bmbdaht SLAlOlitisiar Bagt shanye t he
results, although a higher tenperature was needed at 6 LHSV to achieve the
sanme changbaded apl qualyploi nt as at 3 LHSV. For exanple, in Processing Exanple
1 below, the tenperature was increased to 630F (332C) at 6 LHSV in order to
achi eve thﬁm@'ire clpugbt BRbAEr 6ABOGINANSLHMPEr OmPIR dF3RbOr here 3 LHSV.
1003911 n the exanples, the catal yst according to the invention was 0.6 w %
Pt on titanictal baides cA8MIspehe Ted. di lsiclaan emdlodithend, thatweightoperc¢rdagtSM 48 was
70:1, and t ratio of 'zeql.iite .to titania was 65:35. The conparative

ot al yot wab S 18w efaee aB DIRGGH h BraiGiARY BSR4 A8 MOER) REEHEER i na

ratio). Thegr fh%_tﬂi%n??fsuﬁﬁeé hicd tiRdd! Wi RRaMBR:, 8l §CaRsBhhat Y %&gﬁ@eﬂg Exanpl e

1 - Cean servic 00401For the conparative catalyst, a cl poi nt change
(reduct i ondf 6F W% Czasdise aid A5 math of a Bimdes tomposd ofrthverorahoteempwat at ur e of
610F (321C).. For the catalyst accqrding to t invention, a c|oud point
change of %éemglsm%r%@aﬁ@a%ﬁew23@;{‘?/0 v?ﬁse,lov’ﬁéswie% 3es L’H’@Ebrdi ng to
the invent| : L Vi [Mys! : ‘nai

temper at ur & SBar Bot (2Bl Rimfippd Rl Mo RAEL .

Pr ocessi nghdweanplféicizntlyNbid stefat@ardaatheqiropOdibhd dfieactompeal akidednahd al yst
produced a taotal liquid product with a cloud point change of 43C and 12C
for 50 andbinder #edessnporiagt pBhenwoyor moreymetal gxidghagesisedde £orm At er nal

or oduced S TAraRy PR bsE o R BRERIA IR R ™ 5C ot sooF

(310C) wi tdorvenieamnetiod\Hor exathpie,dn@Usindéidah behaixgd vaith e ZeatiteS00F (316C)
for 250 ppnmv NH3. Based on these results, the performance of the

conpar at i v@urg frpstion ed theneeodise poyder, seelvptidwing sprendryingediesarappear s

conpar abl e, i n, t he. presence qf NH3,as.a contani,nant. However, the catal yst
accor di ng IS4 IRET BRv A thER PEREUSOHT PR serel P okl ur e t o
NH3. When Bihgergiidragicraitioner e renoved, the catal yst according to the
invention returned to its clean service activity alnost imediately, while

t he conpar@t! catyal 0 6 days at ,610F (321 to.return to the
activity SO o TRy shiPliof Fe BlaiitOGeddihPhoh el
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



Processi ng Exanple 3 - H7S contam nation [00421The conparative catal yst
experienced a significant debit in activity upon addition of H2S. In the
case of 5000 ppmv H2S, a cloud point change of only 5C was obtained at 630F

(332C) . Thewpaha)sisrequired an additional 50F (28C) i ngregsGodidder2e
tenperature to 06t ain a cloud point change of 34C. For the catal yst

according to the invention, a cloud pdilnt change of 19C was obtai ned at
620F (327C), highlighting the significantly increased tol erance towards

H2S.  Pr oceggiangtidramiel 3 Halinesaniighnhydrogabosy hydrogeatsutfidel4it3150 ppm
organic nitrogen (aniline) was added to the feed and the feed was processed
at an esti mmnezhia atesvepatatedfrpay the dydrasreaggioprodegzay capdgent.dgr i n a cl oud

oi nt change of, 17C for the conpparat i catalys For,: th t al yst
gccor di ng géarpnlg, foR ssropd separa %a%f‘f’p%‘?ﬁfir eé’ﬁgﬁléies%a%f?e ﬁf/a(s:aogt gisned at a
t emper at ur g, 0f B30 ﬁ%ﬁ?@dm%&?s&ﬁiaamésﬂy@@g@f e fe@yélBe. Mheent i on showed

a nodest activity benefit” over the conparative catal yst. However, the
recovery t stippedhythereatedgirgductas sont do thp tegond eatahyisrdaveaxend8. nuch shorter.

Upon exposure to a clean feed, the catalyst according to.the.invention
returned t&lEmsadiyele il PREPIRESFRAFAUF @P@Igo B Bgﬁ?ntiﬂbea?nmﬁﬁft?‘éen? he

conparativ = ndd. 5. dl IrCBi Vi ty
over s unt (PTEpRirRbac20h pos kBt deak O e

Pr ocessi ngefnbadiphent Sthe hyidtoteemernt ansl catdlfuc dp@6xiapAtdgee das pe keadtad t h 56 ppm
organi c nitrogen spi ked feed and processed using 5000 ppnv H2S/ H2 yi el ded a
product hail Hh§ sameIT8&ohoi nt change of 34C at an estinmated internal
tenperature of 670F (354C) with the catal yst according to the invention.
Since the pIO¥BRr at i Tiee cAklgtiy dewarar renloves apdiol encafifigs whely pgraffinot al i quid
product with a cloud point change of 34C when operating with only 5000 ppnv
H2S at 680FopBRGdydEpiEcaterd plf%‘éc‘gti’if sdedie dspgrasking ‘FB‘?‘Fﬁé?t‘%%nst rates

(Do, L) o a0 ol DRy ERLAPLD] PAEoREn 5 hleaiRThd PR RS
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.



[ 0045] One exanpl e of a nolecular sieve suitable for use in the clained
invention is ZSM48 wth a Si 02: Al 203 ratio of |less than 110, preferably
fromabout 70 to about 110. In the enbodi nents bel ow, ZSM 48 crystals will
be descri beg, var i Ly in ternms of "as-synthesized" crystals.that still
contain theq]c())r gédﬁwatserrpl ate; calcined crystals, such as})ﬁa-%ﬁ??g 098 48
crystals; or calcined and ion-exchangetR crystals, such as H form ZSM 48
crystals. [00461The ZSM 48 crystals after renoval of the structural
directing gg RVIS ticul ar norphol ogy and a nol ar conposition
accordi ng l’D_&g%_‘8‘(??1‘67‘3‘%‘@’%8 g ormul a: (n)Si02: Al 203 where nis from70 to 110,
preferably o 10Q e preferably 85 to 95. In another, enbodinent, nis
at | east 7d,§81#1 at [Lhololgy e pxamples spvessst piof Rlatt RS ERBIEdA i ment, n

is 110 or | . : ! er enbodi ments,
Si may be r@%ﬁlggecf él])(g/}aa1 Cgé\gdn)ﬁﬁéf at%&;?%%:%gcggggééhdé ‘@‘y’é'g%‘;'lﬂpége Ti, V, and
Zr. - 15 cohipRfativEatagsts itehigriat edfugednfo thd S ahBingrexanglles was pr epar ed

froma m xture having silica, alumna, base and hexanet honi um salt
di recting &ifsatrang baHingrisedinawng lessrtbamdf aypnmsuléirgmdsiessidensal  directing

han o 022 hrk? sl ThbReichunF SRR tafRonaf boh RSd el 424 Tect g

agent : si | i ¢@thefebd o detsitine the iMpadtFitrézedlandWulfak oh@Bs hetdiBASf ther at
| east 0.016. In still another enbodi ment, the nmolar ratio of 'structural

di recting &gehistssiNoedhatrimodidyingxhe sraciesyelqcaim io .t dewaxing ressor pref er abl y

0.016 to 0,022 | di t, th - t hesi zed f ZSM 48

crystal s naoenfblls 5T A oing dpalPeYy <Bved TE 6N ApdRh ot her
enbodi Ment highBe tedspriiid 8k 2860ddo4t DHSTSM ABiGkdRé Mific BAsng BidibgR: al uni na
nolar ratio of at least 70, or at least 80, or at |least 85.” In yet another

enbodi ment poinhas a3 &y e For exprhpleninof rozewinBExappleal belhws the si | i ca: al um na
nolar ratigp of 110 or less r R l.ess, or less. For any given

pr epar at i O%H&GY?WEC q4s é%?#’?ggit‘i %38]:%{%20(?)9%&5%5\@ P&gftdgf £o ageve e ar

cONposi ti 0garié bloud Yt dhafibé bbervéd M8 MRFEIY) @)6Es Igspgent. |t shoul d be
noted that the as-synthesized formof ZSM 48 C|)ystal s may have nolar ratios
slightly djfferent fromthe lar ratios of reactants of the reaction

m xture us 3?5) pr Jﬁég%efﬂ@pgg’-§§ﬁ?ﬁb§ti‘%‘&9rfj’6‘rg@ tg%lns}’epﬂ%l“fasrpaé occur due
to inconpl gi® PisOGERARLARAA zéM(lj@éJ.:/q"Ré silifag 16 s&ﬁﬁiﬁmﬁi@forttﬂégsﬁ%%g' on

m xture into the crystals forned (fromthe reaction m Xxture 481The
ZSM 48 conpesi/filpand shepra@parfedoliteamtdmiaques @533 5. et donmparativaicaalyspr i si ng
silica or siljicate salt, alumna or_soluble alumnate salt, base and

di recting ‘Xﬁ%hﬁwﬁ’@%é&?iaé\%‘é“’%ah@‘ﬂ’@s%§w&wihﬁ‘llﬁér"%ﬁlﬂn&‘@?,ratﬂ% Theact ant s
in react | oot bR B uhllE L4 higsgsmol ar ratios:

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,



Si 02: Al203 = 70 to 110 H20: Si02 =1 to 500 Of: Si02 =0.1to 0.3 01-1":
Si02 (preferred) = 0.14 to 0.18 tenplate : Si02 = 0.01 - 0.05 tenpl ate:
Si02 (preferred) = 0.015 to 0.025 - 16 - [0049]In the above ratios, two

ranges are 002;6;5(9(?/%4‘;“ both the base:silica ratio and tp&lﬁg{oygg@g;ﬁ

directing agent:silicCa ratio, The broader ranges for theseée I“ficl ude
m xtures that result in the formation - ZSM 48 crystals with sone quantity
of Kenyaite and/ or needl e-1ike norphol ogy. For situations where Kenyaite

and/ or nee = | I j hok=e4d ¢ e shoul d
be used, agt ?%E#tﬁﬁ? erlﬂaﬂagg%@g%g@qﬁgﬁgw ﬁ@tz %@B@Hﬁ%@lygﬁggg{&?ﬁe silica
source is pb afecihaditiorpproduped ataal I5quid peoduedhaving awiomd poiat tarmeaifl abl e
from Degussa, Qther silica sources Inc|ude povvdereg sili %g i nchg(di ng

preci pi t at 48°Gpt PXATIEd A" Qswith §9inpmy) obiNH:s#1d & gloyd pointghange ef G ¢

Lol dal sili : e ¢
base .t nes 2t BIEE CLEIRr 2BIBERLNEL. Bosartl AbsS puf b et RiBAGE 20CR O @
the form off thes@nipdratipattalyBf sicethalatalyshacsndingnosht invandoh appedser ci al |y
available from US Alum nate. G her suitable al um num sources 1| nclude ot her

al uni num sapmparabihinatbepiescope of Nk, asal apntamimaal. cldpveuere theorattlystr at ed

al um na such_as. al um.na S obohem t e. and.coll ai dal, alym na. The
base used P%C"dﬁg’%gme FW&%’PQPES%‘J%@ rc?ﬁ?l"%%% a%?rk%ﬁpl%swgttgﬁqﬁﬁldroxi de,
preferably yod| (c8htaRhass Wikt hyeboed, @k cARRBNdBrdg oW davestisiiat er nary

hydroxi de and the like. The directing agent i's a hexanethoniumsalt such as
hexamet honretmméiddblitsclaim servibe Retinatshdniastimnediatélgewhile éheenmpargbyéier t han

chl oride) cou|ld be other ani ¢h.as hydroxjde, .nitrate .sulfate, other
nal  de. andoRRESH 9060 SRR AR TG B ree the Serivty S aling

N, NN N, Nlcke%%n]'s&%&@t hyl- 1, 6- hexanedi anmoni um di chl oride. [0051]1n an
enbodi nent, the crystals obtained fromthe synthesis according to the

i nvention have a r hology t is free of fibrous norphol ogy. Fibrous
mor phol ogy-&—ﬁ%ﬁé&%@—égs{le 2. _sa—ﬁﬁ?—'%t—@%!@&a | norphol ogy inhibits the

catal ytic dewaxing acitivty of ZSM48. In another enbodi nent, the crystals
obt ai ned f [0#2] he s tweparative oatdlysgexperichecd agigni ficamt dabié imactbripphol ogy

e oo B AFHESTR0E, of Meah gL ke r oL gay The, st 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 — Qrganic 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



- 17 - or less, or 5%or less, or 1%or less. In an alternative enbodi nent,
the ZSM 48 crystals can be free of needle-1like norphol ogy. Low anounts of
needl e-1i ke crystals are preferred for some applications as needl e-1i ke
crystals ar to reduce the activity of ZSM 48 f s of
reactions. Obﬁ%(%/@yﬁga desired norphol ogy in high puri tyl?éyﬁgﬂ?gé@lxﬁg of
silica:alumna, base:silica and directishg agent:silica in the reaction

m xture according to enbodi mrents of the invention should be enpl oyed.

Addi ti onal lgyg nbf refurfi 99BREK sbicd 48819V a Al ﬁ‘te’%rl@/cfbrysfo'f%?o&fssﬂged' e-like
nor phol ogy 1's desired, the preferred’ranges should be used. [0052] The

as- synt hesickad Mt@%ﬂ(%&"@ should be at least partially dried prior to
use or further treatnent. Drying may be acconplished by heating at

t enper at ur @5, Qksihk ®Radiifle 52 KA een & &gk Y from 100 to 250C. Pressures
may be atnOSpnertc or subatnosphieric. IT drying is perforned under parti al

bressur oo (0] car Aitfed STRFL M m”%fprgﬁu%gﬁ%&eﬁgg%ﬁgéﬁ?a@ i
material PEigh R s s@dﬂg&g@ HIST! SR RNk BC ARG S Lhe use

desired and are att I on i stant ata ytically active or

i nactive aobarigecdfiBdeCait hﬁresmaateldtlﬂ&medttdfrﬁpenanﬁegﬁ6V0°HT@SGPGI)i{V$thStheh as
clays and netal oxides such as alumipna, silica, titania, zirconia, and
si i ca- al ufRtAlSt agcaydingdy theeinyalion Sien thsearaPaAlvaeAelYSt MRS BRIt e and are

comer ci al E%RahYé‘bf gllaicﬁng IQ@SI Ha%dl}a‘?oﬁ’& Griffla g@tp%meahaﬁgé ‘f)?b@"é’ such as

silicates. rous er|a5|na I Ca-al um nas

i ncl ude ot kwenf@lpeﬁltMngmlermm ﬁ)(ﬁ)tp“ﬂinaslzsmk 68O FBGOES; 4hd mdtlthea-t hori a,
silica-zirconia, silica-beryllia and silica-titania as well as ternary

material s Bilsgeas this|datrafuatherilpmonsitiesing tolerance af Shaipatalyst sesordinand

silica-al uga}tha ZI I onlta The tl’lX %an be in the formof a co-gel. The
bound zsMm 48"l FHINGE TR "FB‘"?.B % ZSM 48, based on bound ZSM 48
wi th the bal ance be| ng b| nder. - 18 - [0054] ZSM 48 crystals as part of a
catal yst ne¥ 2 b Wes hydr ogenati on conponent. Metal

hydr ogenat i on corrponents may be fromGoups 6 -12 of the Periodic Table

based on t [pm4s5PPAC @ﬂ&éﬁﬂﬁl@ﬂf@%@e@ﬂﬁﬁs&ve s&&bl@f&ﬁ@édbk% Sabbgs 6 and
8-10. Exanples of such netals include N, Cu, Zn, Ru, Pt or

Pd, prefer mybytlcm 1sOZSMc|48 Mith 4B, 6fz(h;remgéims tham h&@r@few 080 be used
such as Co/.Mo W Pt/P re abl d. The unt of
hydr ogenat ‘ft?f’ﬁﬁ Blr'tm afl%lr{g gHagnt{s }’8 2i/LSI\t/Io @CW“’@% gg@%d on

catal yst. &é&cﬁﬂe&%@&ks‘l‘?m terﬁa@%faﬁpb'ﬂ’ith@%&\%&/&stﬁrs tHEtts%illscdrﬁalﬁtthé east 0.1

w% or at least 0.25 wt% or at |east O. or at least 0.6 w% or at
| east 0. 750ngadic templatetdadeinedrbnydtabs such amblaaﬁmmﬁSMM&rettyatal&)rorrret als is 5

wt % or | ess % or .l ess wt % qr Iess, or 1 wm%
or |ess. I\ﬂﬂ&%aﬁwq%%}}?ﬁg%{:@ptaﬁ%% %%M“fllg’ gM/é% Cgfséa known and

i nclude, for exanple, inpregnation of ZSM 48 catalyst with a rret al salt of
t he hydr ogl®846] on él"dnﬁlSMMS aryﬂtdimaﬁtdtmgmo?hboﬂfﬁmmacwalaiimﬁng(agelati ni ng
hydr ogenat.i on net al al sq be sulfi rior..to use.. The catal may
S0 be ot RAPAS T 15 B0y 8548 e ghe HupPYiyoD RRITHing ebapendatie
according {fognhge above enbodinments have a relatively low silica:alumna
ratio. This lower silica:alumna ratio neans that the present catal ysts are
nore acidic. In spite of this i nc&sggs' ?chdl ty, they have superior
activity and selectivity as well &1 Qnt yi el ds. They al so have
environmental benefits fromthe standpoint of health effects fromcrystal
form and twiers mak Ifram 76ttall 18] preférabbl &btobHik mae girefecablpBalty 96. doti vity.

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.



10056] For catal ysts according to the invention that incorporate ZSM 23, any
suitabl e nethod for producing ZSM23 with a |ow Si 02: Al 203 ratio may be
used. US 5, 332, 566 provi des an exanple of a synthesis nethod suitable for

producing Z h alowratio of Si02:Al 203. For ex irecting
agent sui tag}l}i ?or preparing ZSM 23 can be formed by mtﬂ@*ﬁ%zo%&ba?ﬁ

i m nobi spropyl am ne with an excesSs of- 1%donet hane. The nmethylation is
achi eved by addi ng the iodonet hane dropw se to im nobi spropyl am ne which -

19 - is Soguedﬁd | NTRDAQL Y BeaLaRRR N oﬁmgws@amsﬂwﬁéredfmna reflux

tenperature of 77C for 18 hours. The resulting solid product is filtered
and washed mmnhehbsm@wule:aetahmmob ba[sé(aﬁd]tﬁhmndihpam syt dgectingoageticed by t he
above nethqgd can  then be m xed with coll oi dﬂger”I(:a so!..(30%,Si 02), a

source of AP @RiCHPOAIMERS eamBtar Zatioypt strugfyrghdiretingpesatiica in i€ and
dei oni zed %ﬁrreﬁsoleg%m @yq;rcraﬁ'than pngl HeB\ath 3RO, GAhnBeheany

conveni ent source, such as alum na sulfate or so lum al um nate. The
sol uti on i entbodiméreathednolar sator ydtalchirabdiretingeageat: sitiva & theunixtaig i$70C, and
the resulting ZSM 23 cr¥stals are dried, The ZSM 23 crystal s, can then be

conbi ned wit kast §-Bly aat 1eask0 8 agonatierst OtOde Jnsil aeatf&rfim odiBetdi ng to the

[ 0058] 650 S Y 37 T SRertuy el Bk iy Rt G AR 00, 6oy
quadr ul obeto 01025 epteferdibllycd. 0BG tap0.622 allie him eshblodiment @8 s yh i8Sz d fasmoni um

exchanged wiith 1IN ammoniumnitrate, and then dried at 250F (121C), followed
by cal ci naff 6aM-84rystals hapgoHiqasdemina malar axtie fiZ9 & WH& el was | oaded

with 0.6w n m t et r aamm ne
e, dbieneRmbREERAE Jhe 5 ORR PR GRS ASR- 18 H-BUBRATSC0G for 3
hours. Tabkigicd:aRi9inadeslat RRICSHI ftasRt 30 e& Afledsh80 Lxtdtustat 85 ViR ydt
porosimetry. [0059] A batch mi cro-aut ocl ave system was used to determ ne the

activity ofnather ethbedimeat, ethf;lgs symthesiged &H‘gns@ %&M #&dustads bagler hydr ogen
o Lowsdt byt Sl 0, 2 %% ALATE O Sod200 ond Lot wm et 516 e
det er mi nedgfyeh prsardesiflo SR GE-sYRIHRGIZEH €Srm Bengax%rrwﬂrs,omedﬁ&af n Table 2.
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,:A1,0;=70t0 110

H,0: Si0, =1 to 500

OH™: Si0; = 0.1 t0 0.3

OH': SiO, (preferred) = 0.14 t0 0.18
template : SiO, =0.01 - 0.05

template: SiO; (preferred) = 0.015 to 0.025



- 20 - Catalyst Exanple 2. 0.6wm %t (IW on 65/35 ZSM 48(90/1)/ A1, 01
(Conmparative) [0060]65% ZSM 48(90/1) and 35% Al 203 were extruded to a
1/ 16" (0.16cm quadrul obe. The extrudate was pre-calcined in N2 @O000F

(5380, armwaj anged with IN amoniumnitrate, an i at 250F
(121C), fol OV@%B/@?(/&(E;M cination in air at 1000F (538C). dﬁ‘%ﬁﬁ%?&w&g%?e was

t hen steaned (3 hours at 890F, or 477Q)6- The extrudate was then | oaded with
0. 6wt %t by incipient wetness inpregnation with platinumtetraanm ne

nitrate, dried at 250F (121C), and calcined in air at 680F (360C) for 3
hours. Tabl[@049]pr ovindis abhee satiosateo eangas afe frbeided foubiathehe baseNdlica

imetry. .[00 A batch m cro-autoc|ave sys was, used tq determni ne the
D vty oFalic e b a et n T Sl af R0 v he PEICE BAgRALr RESH ogon
followed b : LarT £ on was run
a? 400 psi éats%sgagwgggﬁglt@%%%&%s g¥tq@fﬁ%ﬁﬁl gglg%uggggggign#?t\%\g?gﬁ%et erm ned
for two feedmspmantityadfdCenyadte.anBes wetdledike momphotheyy. i Forkitabttos Cat al yst

Exanple 3. 0.6Ww %t (IW on 80/20 .7ZSM 48(90/1)/Si Q . [0062] 80% ZSM 48(90/ 1)
and 20% Si 0elieKenwite andker regdie-like morpholggyys rtalesiiedibe preferredt r udat e was

re-calcin J ( | ] N amoni um
er])i trate, ag%é[eﬁéﬁgudgoggggg, a%ég@x?lﬁmﬂ}a?%q ﬁ%&gﬁﬂgﬁsg?&%&#ﬁl on in air at
1000F (538(C)._ The extrudate was then | oaded with 0, 6w %Pt by i nci pient
wet ness i mP&Phat i ohhssitipa pouree Huprctaablypresipatad silipeandds i ed at 250F

(121C), an L: ' ' 3 : : % ovi des
the surf acgoéﬁgg&gggta k@‘@% P@%&gg@?sg @%ro{lgéa} érgroe\{}?%/gl%ﬂ%g Oi' dg)egegd(’:h
ni cr o- aut osilliay encydihg Pravpitated dilica sdel es Abow™t 41l alitd ¥¢1§,y siticid &id above

catal yst. The catal yst was reduged under hydrogen followed by the addition

of 2.5 grafelladoNilicmuchagdden waslissalvedtsilypo prihg nrosedcapagpase, 21 -
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%



at 330C for 12 hours. Coud points were determned for two feed space
vel ocities. Results are provided in Table 2. Catal yst Exanple 4.
0.6Ww %t (IW on 65/35 ZSM 48(90/ 1)/ Thet a- Al um na [ 0064] Pseudobohem t e

al um na Waswf)azlofoi/o':)%% at 1000C to convert it to a | ower SpEF /?ﬁgog%rogﬁgtheta

phase, as conpared to the gama phase al um na used as the nder 1 n Exanpl e
2 above. 65% of ZSM 48(90/1) and 35%-of7 + he cal ci ned al unmi na were extruded
with 0.25%°VA to 1/16" (0.16cm quadnil obes. The extrudate was pre-calcined

in N) at 35fis (RIPC)r |ARTHN WBraxEhanaaciietidyyk Nniysamaksiniy zspt-ag and
then dried at 250F (121C), follwed by calcination in air at 1000F (538C).

The ext r udatystalmsart befrek ofidectlwdlike ophobagy. dyow amiophisrif needicelke

i npregnation with platin tetraanm.ne nitrate, dried at, 250 121C), and
cal ci ned i NS4S &k %S%ﬂﬂ_egg%ﬁﬁr”?@w Caigns 8 needip-dike CH%@/‘?&@%E?]&F@'G urf ace
area of N REEUHR! R, o DALAPIIFRbIE tyb AU ARASC M bstafr AUt 00! ave
systemwas used to determne the activity of the above catalyst. The

cat al yst wadssireglduortholivglein Highlpagen thotdtioaed shicatahenmddbademiliod aitl 5 gr ans

130N. The reaction was_run at 400 psig (2.8 MPag) at 33QC for 12 hours.
d oud poi O CIEAREIE Bl N 1 SACH Y TR KUEE %fp"ézé@nw sagpgwg?ntﬁa@ thas are

provi ded i a . .owt O :

ZSM 48( 90/ ?}%@P?‘%ﬁ?‘ggﬁ’%&@@%zgﬁ/bﬁg’?%?’f)%ﬁénégipg’ ’ooofiof?%egﬁ{ %én A% extruded
to a 1/ 16" ahdlod fredbf geediedikeligorphbl g8k dusiadds thiasre fareedcrahgéensitbuldib®2 @ 000F
(538C), anmmoni um exchanged with IN amoniumnitrate, and then dried at 250F
(1210, f oM$asved by calcination in air at 1000F (538C). The extrudate was
then was | oaded with 0.6wt %t by incipient wetness inpregnation with

pl atinum t gEOSARNM rMEhead-§yaitkeesizbdi 28Ma48 268fal{ dhibld be ankkasiapaetigie in air at
680F (360C) for 3 hours. Table | provides the surface area of the extrudate
via N2 por 8gedetipyto usporipntbentyeansptTPusas awnobwreEomplished by dgatma bat ch

m cr o- aut Ogtl t%%l%e@f&}e? Or ¥R 186 go hBO‘%ftp%fg.}a%‘fy b3 766 toa4¢eC. Pressures

may be atmospheric or subatmospheric. If drying is performed under partial
vacuum conditions, the temperatures may be lower than those at atmospheric

pressures

[0053] Catalysts are typically bound with a binder or matrix material prior
to use. Binders are resistant to temperaturés 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.



of the above catal yst. The catal yst was reduced under hydrogen followed by
the addition of 2.5 grans 130N. The reaction was run at 400 psig (2.8 MPag)
at 330C for 12 hours. Coud points were determined for two feed space

Zeol i 1o oA Vg M) B ernal "SA (melg) 10 6% Pt on 65/ 35 DeM TR 1
Titania 200 -18 -

[0054] ZSM-48 crystals as part of a catalyst may also be used with a metal

hydrogenation component. Metal hydrogenation components may be from

Groups 6 -12 of the Periodic Table based on the [UPAC system having Groups

1 - 18, preferably Groups 6 and 8-10. Examples of such metals include Ni,

Mo, Co, W, Mn, Cu, Zn, Ru, Pt or Pd, preferably Pt or Pd. Mixtures of

hydrogenation metals may also be used such as Co/Mo, Ni/Mo, Ni/W and

Pt/Pd, preferably Pt/Pd. The amount of hydrogenation metal or metals may

range from 0.1 to 5 wt.%, based on catalyst. In an embodiment, the amount of

metal or metals is at least 0.1 wt%, or at least 0.25 wt%, or at least 0.5 wt%, or

at least 0.6 wt%, or at least 0.75 wt%. In another embodiment, the amount of

metal or metals is 5 wt% or less, or 4 wt% or less, or 3 wt% or less, or 2 wt%

or less, or I wt% or less. Methods of loading metal onto ZSM-48 catalyst are

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.

10056) For catalysts according to the invention that incorporate ZSM-23,
any suitable method for producing ZSM-23 with a low SiO,:Al,O; 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 Si0O;: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
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is solvated in absolute ethanol. The mixture is heated to a reflux temperature
of 77°C for 18 hours. The resulting solid product is filtered and washed with

absolute ethanol.

[0057) The directing agent produced by the above method can then be
mixed with colloidal silica sol (30% Si0,), a source of alumina, a source of
alkali cations (such as Na or K), and deionized water to form a hydrogel. The
alumina source can be any convenient source, such as alumina sulfate or
sodium aluminate. The solution is then heated to a crystallization temperature,
such as 170°C, and the resulting ZSM-23 crystals are dried. The ZSM-23
crystals can then be combined with a low surface area binder to form a catalyst

according to the invention.

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

[0058] 65% ZSM-48(90/1) and 35% Titania 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 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.



0.6% Pt on 65/35 ZSM 48 (90/1) / Theta-alumina 238 117 121 0.6% Pt on
65/ 35 ZSM 48 (90/1) / Zirconia 225 128 97 [0068] Table 1 shows that the
catal ysts from Exanples 1, 3, 4, and 5 all have an zeolite surface area

that is at {Rpslodo4ghly conparable to the external surfgepudobPoosrzo
-20 -

Catalyst Example 2. 0.6wt%Pt(IW) on 65/35 ZSM-48(90/1)/Al,0O4

(Comparative)

[0060] 65% ZSM-48(90/1) and 35% Al,O; were extruded to a 1/16"
(0.16cm) 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 steamed (3 hours at 890°F, or 477°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.

[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)/SiO,

[0062] 80% ZSM-48(90/1) and 20% SiO, were extruded to 1/16"
(0.16cm) 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 | 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)
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at 330°C for 12 hours. Cloud points were determined for two feed space

velocities. Results are provided in Table 2.

Catalyst Example 4. 0.6wt%Pt(IW) on 65/35 ZSM-48(90/1)/Theta-Alumina

[0064] Pseudobohemite alumina was calcined at 1000°C to convert it to a
lower surface area theta phase, as compared to the gamma phase alumina used
as the binder in Example 2 above. 65% of ZSM-48(90/1) and 35% of the
calcined alumina were extruded with 0.25%PVA to 1/16" (0.16¢cm)
quadrulobes. The extrudate was pre-calcined in N, at 950°F (510°C),
ammonium exchanged with IN ammonium nitrate, and then dried at 250°F
(121°C), follwed 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 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 N 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 I provides the surface area

of the extrudate via N, porosimetry.
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[0067] 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.

Table 1
Example BET SA | Zeolite SA | External
(m’/g) | (m%g) | SA(m%/g)

1 0.6% Pt on 65/35 ZSM-48 200 95 104
(90/1) / Titania

2 0.6% Pt on 65/35 ZSM-48 232 50 182
(90/1) / AL,O4

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.




-45* 4 1.03 -12 5 .0.73 -45* 5 0.99 -45* [0069] Note that in Table 2, a

val ue of -45C represents the | ow end of the neasurenent range for the

i nstrument used to neasure the cloud point. Coud point measurenents

i ndi cated w erisk are believed to represent th i imt of
the instru ??P‘:Ofb?})é{?%ér than the actual cloud point val u?%?ﬁﬁae%g&géessed
feed. As shown in Table 2, all of the2xtalysts with a zeolite surface area
that is at |east roughly conparable to the external surface area produced a
product with the | owest detectable ofgyﬂgoi nt at a space velocity near
0.75h-1. By contrast, the catalyst fromExanple 2, wth the higher external

surface anea, produced a clouyd poi ntwWHSYnly -26[C f o€Clemdspane(°C@l ocifty near
0.75h-1. MNote that the alumna-used to formthe gatalyst in Exanple 2 al so
corresponds to highl surface grea bind@’l At the higher sp‘l\%*e vel oci fy of
about 1.O0h%t—ak Ol’f the—towystr-face fu(ﬁa btndercatat ybt_%sdi so—produced
good resuljts. :

2 0.75 -26

2 N/A N/A

3 0.71 -45%

3 1.01 -28

4 0.73 -45%

4 1.03 -12

5 0.73 -45%

5 0.99 -45%

[0069] Note that in Table 2, a value of -45°C represents the low end of the
measurement range for the instrument used to measure the cloud point. Cloud
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] Additional catalyst evaluations were carried out on comparative

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



Cat al yst Exanpl e 6. Hydrodewaxi ng Catal ysts with Hgh Silica to Al um na
Rati os (Conparative) [0070] Addi ti onal catal yst evaluations were carried out
on conparative catalysts having a zeolite with a high silica to al um na

ratio. A caf, I2 &507931‘450. 6 - 24 - w%Pt on 65/ 35 ZSM 48( 8% chhdolb&Re WaS
prepared according to the follow ng procedure. A correspondi ng sanple was

al so prepared using Al 203 instead of -T2402, which produced a catal yst of 0.6
wt % Pt on 65/35 ZSM 48 (180/1)/ Al 203. 100711An extrudate consisting of 65%

(180/1 Si/ h&) pecib 98 sHBMIHKAQ Jo/ ﬁ”’l‘@i@#&%@ pESpRARED actRElih@asiark follbtvikl 6wt 9t

by incipient wetness inpregnation with platinumtetraanm ne nitrate, dried
at 250F (1ptd@edumendA catrespradinigsaimple vedsralsx prepard usB@a) ,OginBeastoefr s. As

shown above.in TabJe 1, the Ti02binde i de l,at ed catal yst with
a high rat %6bbfW@§ PF?‘B’ngnafcé@gyséngéW% tté}‘héﬁ/?%%‘gﬁ\g%é area. The Ti Q2

bi nder al S@W/P}‘/ﬁﬂ@ a lower acidity than an Al 203 binder. [00721The above
two catal ysts weré dsed for hydr odewaxi ng experinments on a nul ti-conponent

nodel conpou system desi gned t o, nodel .af fi 4oTh
nul ti- corrpgq{gﬂt] modan eﬁ%@g‘ﬁégnﬁﬁ% 8?5%%%}38/#&&%%132%&?% aagééc‘i/%u in
sol vent, wit (30,4 ' - 0 in@QieRPHEMNeL qui noli ne added
(bul ky S, %@%@é?gﬁ‘%‘g%% pg?%%@?‘l%ﬁ??%?ﬁggfl eed es{;as;?e% was designed to
si mul at e aimpRignaeoty witharathamp ostidamanine] 7] dhied otdZMEXi (131 K)yends were
performed using a contjnuqus )

calcined in full air at 680°F (360°C) for 3 hours. As shown above in Table 1,

the TiO, binder provides a formulated catalyst with a high ratio of zeolite

surface area to external surface area. The TiO, binder also provides a lower

acidity than an Al,O; binder.

[0072] The above two catalysts were used for hydrodewaxing experiments
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" (0.95cm) 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



catal yst testing unit conposed of a liquid feed systemw th an | SCO syringe
punp, a fixed-bed tubular reactor with a three-zone furnace, |iquid product
collection, and an on-line MIl GC for gas analysis. Typically, 10 cnB of
catal yst was _sized and charged in a down-flow 3/8" (0.95 i nless steel
react or conYVler(HOﬁ(wgsll 8" (0.32cm thernowell. After the§%§2%@é@6% essure
tested, the catalyst was dried at 30QQ@4or 2 hours with 250 cnB/mn N2 at
anbi ent pressure. The catal ysts were then reduced by hydrogen reduction.

Upon conpl &t i e to 150C,
the uni t pruElieBl sEel I stk AT o S W Raah iSRG B 1
pressur e rggiibaelrto Awitat e vahfke. fA avitavdd batdince hed ihitaredlintd theuhd?2. Li qui d
feedstock was introduced into the reactor at 1 liquid hourly space velocity

(LHSV) . Onowastlingd out for 6 hpurqui d'he éetdl Hieuidsadudiavasspiseied amtlhockout pot ,

the reactor_tenperature was . increased to the I rial
bal ance mé“qt?ﬁwsbﬁiaéﬁetﬁiﬁ?‘?(fUttpﬂga (ﬂ??aq%esfi W ﬁ%gﬁ%%@tof%a% cé?%rgé‘;og%p%he t ot al
l'iquid prodget wigsFoo! Tl@%,caé?tﬂi1@:d‘arbh%ti%%%ﬂo’a‘1|cnb@drﬁ'léﬁs€oxdﬁl@cl)ﬁttidu@t%t_ and
anal yzed by an HP 5880 gas chromatograph (GC) with FID. The detail ed

aromati ¢ covepoitentificdandcelcutatethbly fr(oanalysis wéias spriplesivere@nalyaedal cul at ed
by GC anal ysj,s. Gas. s re anal yz 1, on=Jine HP Mr| GC

equi pped w'! %b?‘?ﬁ"f‘é%fg ) %‘E@%?fio‘?'@g b\é\%l’sﬁpﬁg@@?ﬂq aﬁtglgk_?ésr'ejs‘perforned
to underst %s%tﬁhy%réﬁéﬂfaﬂnsed RNRRELaR] ORES R%ivAS/TroMedt iR @fiePr 0Cess
tenperature. [0074] All catalysts were | oaded in an anount of 10 cnB in the

react or ands fwerctioe\odipuadessl tamspargtutdie oper ati ng procedure described in
Exanple 8 at the following conditions: T = 270-380 C, P = 600 psig (4.1

MPag), |i qug ate x i i 73 3 (420
N8/ M8), a AL ° Al t[;“(r.%fﬁs] %ﬁ%%%%&lﬁé’g@cﬁ?‘irﬁoﬁg@girgﬁééé’?%dati on

activity amgregeéewldatad @singuherapeaadg iprodeidgre éssclibedhth Bxaiplpud at theshows t he

rel ati onshi_p, bet ween nCl6 gonversj d jso-C eld for, a clean feed

and spi ked FHLSHEECORANIRES T T T BO vt ﬁﬁ%g z‘h?f]\ét%g)a}‘@%\')d 1B Al yst .

Fi 5 sh vai rmid o \ . . o taur t
lgure = s 1@% ﬁiirﬂhééfrcﬁﬁtx% ;rﬁgs—hiﬂﬁ) @bl %%Nhfg%%%gfﬁs@ Queysisurtace

area) catalyst eneral, e catal ysts ower surface
area binders show sinmlar c nver?i on efficjiency. The | ow syyface area
‘ger??’l‘?

catal yst (Hgale 2)Thag-hexs N ombisORSHatQl arivanrand WRIG ¥€ rel ative to
yleld as camRaffded b FRRxd) BOGH 25 YIAAE] BIoRR thEtahGisnif BEwRREICO] ! hese

feeds, the tenperatures needed to athieve a given n conversi on’ | evel

wer e sim | esnvepsioh had tsweClyyiekl fok acidaal fged and OPIK6Q Feagisrfostht amelina
denonstrate that .the advantages of the clajned invention cannot be achi eved
sinply by bamsi(highassutface axca) eatalyshi igure dshowspinilasghetingships faryst . when

i frogen, _PRARIABANER UoierRbGECHERNLABAR IRl BBGRER S WIn | )* 010 e
simlar, ohighessidlowesarfateaeadindies sow ¥inMi@conveRfon 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



formul ated with a | ow surface area binder relative to a higher surface area
bi nder. Catal yst Exanple 7. Hydrodewaxing over 0.6 w% Pt on 65/ 35
ZSMA8(90/ 1)/ Ti O wusing 130N feed [0077] This exanple illustrates the
catal ytic pgrf.or of 0.6 wt% Pt on 65/ 35 ZSM 48(90/ | S a
correspondiﬁ{ﬁ)zgf({tz(ira]t193%t -bound (hi gher external surface ar ?ééﬁg%t%%%@é-tayusi ng
130N raffinate. [00781An extrudate cor¥sting of 65% (90/1 Si/A 2) ZSM 48
and 35% Titania (30 grans) was | oaded with 0.6wm % Pt by incipient wetness
i npregnat i 9‘?*“1’ at | AR [ ' 121C), and
cal ci ned i 2 u l%{%gﬁ%@g? m%kglgtléﬂ{f%%oq %epgélaﬁftso. éjf'&ig?grr }%erg%g%g?éng sanpl e was
al so prepabatiensi ng Al 203 instead of Ti02. [00791The catal ysts were | oaded
in a 10 cnB amobunt in the reactor and were eval uated using the operating
procedur e i i : (oY) idtyons: T = 330-380
C P = 400%2@8&%%?%%23 ) r6déydlin Bee,f:(%vﬂ ?1?‘69@5(:'?15:}13' ation rate =
5000 scf/ baB(4BbAT MnBisiiy (3@ideddHSY = 0.5 hr" 1 The catal ysts were exposed
to the 130N raffinate which contained 66 wopm N and 0.63 wt % S.
[ 0080] Fi gur shows, : g LR f % Pt on
65/ 35 ZSM @%7376/ 1) 7"‘?.“8gﬁé‘é‘?gﬁa@@?ﬁ%‘%%‘@h%%%ﬁE‘é"ﬁ%n ?’%5 It M B
catal yst. BOf3StDSMLIEABOL BT iOn aesub aedrespomting dlunihé-bobed ¢eighesspondi ng
al um na bound catalyst, the 0.6 wt% Pt on 65/ 35 ZSM 48(90/1)/Ti 02 catal yst
showed a 2e0Gerrahserfacasraaeniaistagng 1 3QN rafiipate. acti ve at 20C | ower tenp) at
t he given product pour point. Note that Figure 3 also shows data for a 130N
raffinate {@E®)W t hAhakirutldte cohdisdgeot 657t(00t1 Sihaly) K8 1-Agdind@86essed usi ng
65/ 35 ZSM 48 (180/1)/Al 203 with 0.6 W% Pt. (This.is the alum na bound
cat al yst fAdane@fhgrams) yaslpadediwvithf ewt’ord by ipeipii wihessnt . the | ower
surface area 65/ 35 ZSM A8(90/ 1)/ Ti 02 w t 6 t ieved a
subst ant i armg&e%flgt??ryw% é)gigt?gdm?tét?fx%}mme rntrg)te, dr\%g/ 48 s (Efb}'&é), Qﬁ&]

calcined in full air at 680°F (360°C) for 3 hours. A corresponding sample was

also prepared using Al,Os instead of TiO,.

[0079] The catalysts were loaded ina 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 cm’/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)/A1,0; 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)/TiO, with 0.6 wt% Pt catalyst achieved a

substantial activity credit,



[ 0081] To further denonstrate the benefit of the |ow surface area, |ow
silicato alumna ratio catalyst, Figure 4 shows a TIR plot for the 0.6 Wt %
Pt on 65/35 ZSM 48(90/1)/Ti 02 catal yst and the correspondi ng al um na- bound
catal yst. T, | ot shows that the aging rate for th 0 on

65/ 35 ZSM 4‘%?92&0%)7?%?02 catal yst was 0. 624C/ day conpar e?&é@%@%y for

t he correspondi ng al um na-bound cat al-y%t- Thus, when exposed to a nitrogen
rich feed, the Iow surface area and low silica to alum na ratio catal yst

provi des both inproved activity and | onger activity lifetine. [0082]Fi gure
5 provi des [@081]] ubr Tedtthyt démoristrate the tenefinofthptiowsusBe@area, low

0L o el A BT B AT e
catal yor SR8 STAIO0RGNOF AN AT e ONfe LU b 208 B oher
o o S R A vt Bnc L haoors oSbonds no Al ot o oat ol vt o
provi ded aﬁsﬁ‘/ﬁﬁﬁb‘%ﬁéb)@iﬂz C%@N%ﬁtw%ﬁ)é@l@o@/ﬁéy 80?’@%?& tBR)gq*ﬁ%&l} g]%y gﬁﬁ%%r eé to
Syt ons [o6apERahE: AR Bodtl {Lai08 NS whi BBbRd R0 MittBEPHENS. (o e

ar ea bi ndefeedathetlow ®aface ackal Hid lewxsdcbiowlaminy sitiermtal yhterevidesrapthr i ty of
the binder is a | ow surface area binder. [0084] An extrudate consisting of
65% (90/ 1 8hpmivey agixity andlangssestbfityalifetiied bi nder was | oaded with 0. 6wt %
Pt by incipient wetness inpregnation with platinumtetraanm ne nitrate,

dried at 2§§U82{ 121Q@iguansipeaiiddsihe lubtidaut Yiedd forahe 680Ft%IEOR)6IBF 3 hours.
The 35 wt % binder in the extrudate was conposed of 20 w % al um na (hi gher
surface ar 88M-4RCPUE)/ WiOs ¢atalysti and(the e abunmadwuad satplysts shgvn im 00851A

second ext rudat N st.i of 2% (. 1, S| 4 00 of a m xed
bi nder vva_s{:hau&)gi g[g‘(?zjds\)ﬁt °nl_) b(.)%gl?/égj I;%q@f%?g@ﬁjgﬁ)el% i%é‘?ﬁ%sg@glsgr%ré egnati on
with plati pisRchel yidRIAY the cBirksndingdilugn@bodhd thigid st facaagkagal cined in
full air at 680F (360C) for 3 hours. In the second extrudate, the 35 wt % of

bi nder wascatolyposEhie ¥ veBuspout peiahrdationsins foutifedowenrpdiished 10 w %
al um na ( hls&?a?cre area Ee%gleyst%ra?g ZaIso similar. Note that both the 0.6 wt% Pt on 65/35

ZSM-48(90/1)/Ti0, 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).



100861The activity of the above catal ysts was tested in a batch m cro-
autocl ave system For the catalyst with a binder of 20 wt % al um na and 15
w%titania, 208.90 ng and 71.19 ngy of catalyst were | oaded in separate

vvel ls and r hydrogen, followed by the additi ans of
a 600N feed@%@%@ﬁe 600N f eedstock had simlar N and S /gg\'/zg?’)géol%ﬂé

130N feed.) The "space velocity" was-28+4 11l and 3.03 11-1 respectlvely.
The reaction was run at 400 psig (2.8 MPag) at 345C for 12 hours. The

resul ting 3‘*‘5‘@% pO'Altse@éndé}&rdc@E@éodsis‘ﬁ%F%f%W(mﬂlW&la)m«la% dnd3 WHSV and
21C at 3.0 V. 100871For the cat al with a binder of 25 wt%titania

and 10 w YBavuod naix@ibinggr wgs alsd lmieﬁE)VlﬂgO@Mt%’aPhbX/mClmémeWﬁ@Q%Bed in
separate wells and re d.und hydr o follo t on of 2.5
grams of a"ﬁ@fﬂﬁ“iﬁ%‘é‘b?ﬂ‘g‘cﬁia ”E“I‘ﬂge%‘?%?ﬂ“ '%erﬂg?tﬁcgnﬁ‘f{j%% @? S | evel s
to the 130 1

respecti ve:élﬂ'l/lfd%ﬁqél)l r@ggiﬂagﬁggg:s@lﬁeg&fo%mgg érpalerkeccﬁ/lgd]ag);&ﬁa@%45c for 12

hours. The3festd of hxydet wasl combosedodf 2Shet%oattamial(lapdrdupfaodiersna) aed 10 45C
(detection Ijmt of ¢loud point instrunent) at 1.03 VVHSV and 3C at 3.09
VHSV. [ 00881t fhalumbea, dighstisyr 96?%@?5 paral l el the results from Exanples 1

to 5 above. The catal yst_.containing a binder conp gw ﬁ maj ority of high
surface ar 8086 nderThsedsivaty ofithe PB?YeyCEtt%)lﬁtﬁé’V%éF%{P‘i fc ’mc&?f surf ace

area bi nder 0 TXR0RLG Zror TECAENAL YBh (bl R Uktatulnd g par { 2ce area

0
bi nder resu‘lltt nuch nore active ca as seen i nples 1 and 3

- 5 above. wt% t#nia, mpwng and 71119rﬂgﬂsﬁtdit@@rsf oerloaded imseparate eetls fuel
conpri sing hydrotreati ngﬂ a diesel boili ngzrange f eedst ock

cont ai ni ngalad rqduged UE@IU hyglpesest fel meb)aﬂtfe&ddéwfé@ VRIS 06 areIN n

condi ti ons f.th reaf ed
f eedst ock feﬁ%ftﬁ’gk Ta]% ﬁ%(ﬁg?e&é%ocf |Sﬁ Naa}]@% ev% etta tg goﬁ?lf\gée@iat alytic
dewaxi ng CWHQ"§;ia@E'$/eloc1ty” was 1.04E" ghd 3td’5€h Um?&m@lﬁaum y&iction Waisi ses a

nol ecul ar sieve having a Si 02: Al 203 ratio of 100 or less, and a netal oxide
bi nder, whBmestrf#00msigrE 8 MBag)de 385 Hader | hhowraddheresuling sloadnointafe area of

area to oxtenan R ERR R YRIGHIN I P 5pg 21°C 1300 BATsY @ surtace
[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.



2. The nethod of claim11, further conprising hydrotreating the dewaxed,
hydr ot reat ed feedstock under effective hydrotreating conditions. 3.
The nethod of claim 1, further conprising separating the hydrotreated
feedstock into a liquid effluent and a gas phase portion, and wherein
dewaxi ng at |east a portion of the hydﬁﬁﬁreated f eedst ock conpri ses
dewaxi ng the liquid effluent. he nmet hod of claim 3, wherein
separ at igIAIMe hydrotreated feedstock into a liquid effluent and a gas
phase portion includes stripping the liquid effluent. 5. The net hod
of claim1, wherein the hydrotreated feedstock is cascaded to the dewaxing

step wit hout LR The nmethod of claiml,

wherein the ef P%S}el ve fﬁlyl% fc?r%?ﬁ egé]g%er%d? |%r%§ngi ncl ude a tenperature from
about 315 to aUQldIkotﬁe%ﬁﬁ‘g aadlpm&ﬁ)m@ fahgenfedaetatk 300tairing bo Wast300® vppidof, a
Li quid Ho e Velocity fromabout 0.2 to about 10 h-1, and a

hydr ogel‘%‘ﬂ%J é%fierreafgeétw? BYﬁra%%ﬁﬁmg@e itigns1@Bdit 10000 scf/bbl . 7. The
t hod of cl t i t
met hod of clai gﬂr%@vgé%}% £tgl'§€st ahﬁoﬁifoﬁecﬁ{t'ggéﬂﬁ%ﬁéfeﬁgfegd%ﬂ@k O3 Odrl@é‘eég%%f 3

tenperature fr about 3 a pressure from ab
about 300@axsg gatalyst3Mder effecave bigdlyfic dewabogitor@litlontsp about 5.0 If', and a

treat gas rate from apout 500 to out 5000 scf/bhl. . .8. t hod of
cl o m 5 uhor o WP o AerEnay cSrBIectmETA arHERdrLHaYe B inte ey g
POr es. ratio of 190 of &8s B R 0:GH@biddr, WHBREEIHR bS8 JBAESHIE in gb@rﬂ@r fotmEY- 1,

ZSM+ 35, ZSM 11, ZSM57, 87, ZSM 22, EU-2, EU-11, ZBM 30, ZSM 48, ZSM 23,
or a cohts marfasa ardaef®rm?/g or less,jamd th ée\mtm@dat@lﬁfsf&mamaflo ofaerl e nurtive

nol ecul %rea% gxtgrﬂlssu%Z%?Eh%éjig%&?{yggQ ZSM 48, ZSM 23, or a conbination

t her eof I'm 7, wherein the nolecular sieve is
ZSM- 38, ZSM 23, or a conbination thereof.

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 , 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 .

7. The method of claim 6, wherein the effective dewaxing conditions include a

temperature from about 280 to about 380°C, a pressure from about 300 to about 3000 psig



12. The nethod of claim7, wherein the ratio of Si02: Al203 is 80 or |ess.
13. The nethod of claim7, wherein the ratio of Si02: Al203 is 60 or |ess.
14. The nethod of claim 7, wherein the netal oxide binder has a surface

area of 60 nR/g or |ess. 15. The method of claim7, wherein the
dewaxi ng catalyst has a ratio of zeoli & surface area to external surface
area of at |east 90:100. 16. The nethod of claim 7, wherein the
dewaxi ngaqHSY Yivhn Higsut @. I @t dsouP$.02£0khd @ t&Hf fAGateak @A abSutestoeb@bussidoace
area of at |east 105:100. 17. The method of claim7, wherein the
bi nder s&f/hllica, alumina, titania, zirconia, or silica-alumna. -31-

18. The nethod of claim 17, wherein the binder further conprises a second
netal oxide different fromthe first nmetal oxide. 19. The net hod of
cl ai m 18, wh@r eThe tnh@h&E oo rthime? alvhersirdehel sodchiat &ieval hagi uiadintentianalal 0-

zirconia, or silica-alum na.
member ring pores.

9. The method of claim 7, wherein the molecular sieve is EU-1, ZSM-35, ZSM-11,
ZSM-57, NU-87, ZSM-22, EU-2, EU-11, ZBM-30, ZSM-48, ZSM-23, or a combination

thereof.

10. The method of claim 7, wherein the molecular sieve is EU-2, EU-11, ZBM-30,

ZSM-48, ZSM-23, or a combination thereof.

11. The method of claim 7, wherein the molecular sieve is ZSM-38, ZSM-23, or a

combination thereof.

12. The method of claim 7, wherein the ratio of Si0,:AlL0;3 is 80 or less.

13. The method of claim 7, wherein the ratio of Si0;:Al,03 is 60 or less.

14. The method of claim 7, wherein the metal oxide binder has a surface area of 60

m?/g or less.

15. The method of claim 7, wherein the dewaxing catalyst has a ratio of zeolite

surface area to external surface area of at least 90:100.

16. The method of claim 7, wherein the dewaxing catalyst has a ratio of zeolite

surface area to external surface area of at least 105:100.

17. The method of claim 7, wherein the binder is silica, alumina, titania, zirconia, or

silica-alumina.
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18. The method of claim 17, wherein the binder further comprises a second metal

oxide different from the first metal oxide.

19. The method of claim 18, wherein the second metal oxide is silica, alumina,

titania, zirconia, or silica-alumina.



