HYDROPROCESSI NG W TH BLENDED ZSM 48 CATALYSTS FlI ELD QF

THE | NVENTI ON [ 0001] This invention relates to
w@e@eeses i nvol ving bl ends of ZSM 48 cat al yst BCT/US2006/047400

BACKGROUND COF THE | NVENTI ON [ 0002] The demand for high

qual ity basestocks for fornmulation into engine oils

and other lubricating needs is increasing due to

hei ght ened envi ronnental concerns. Basestocks quality

i's being inpacted by demands .f or basestocks that neet

Goup Il or Goup Ill requirements. Thus there is

pressure for produci ng basestocks that neet the
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regul ati ons and ori gi nal equi pnment manufacturers. The

FIEIABIOF efining alone to econonically neet

these increased demands for higher basestock quality
(0004 | i MThRAnVEN O YelhfestiBHroedssed irdWinipwsiendd of mevisy
ol I s require higher basestock quality to neet the
catalystsands of nodern engi nes. Also, the supply of crudes
that are rich in paraffins, is limted. [0003]

BACRGR OUND SSRHRINVENGgE oped as an alternative to
— solvent based nmethods for producing high quality

sestacks. De [ catal.ysts function.h . .
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meet these increased demands for higher basestock quality i$ limited. Even with

the use of additives, formulated oils require higher basestock guality to meet the
demands of modern engines. Also, the supply of crudes that are rich in paraffins,

is limited.

[0003] Catalytic dewaxing has developed as an alternative to solvent based
methods for producing high quality basestocks. Dewaxing catalysts function by
two different mechanisms: those catalysts which function primarily by '
isomerization and those catalysts which function primarily by hydrocracking.
There are few, if any, dewaxing catalysts with the ability to function solely by
one mechanism to the exclusion of the other. Dewaxing by hydrocracking can
be done with relatively low quality feedstocks. However, these feeds typically
require more severe reaétiqn conditions to achieve target basestock quality and
this leads to Jower basestock yields and further processing steps to xhitigate

undesirable species formed by hydrocracking.

[0004] Dewaxing catalysts which function primarily by isomerization

convert waxy molecules into branched chain molecules. Branched chain



[ 0004] Dewaxi ng catal ysts which function primarily by
i sonerization convert waxy nol ecules into branched
waeb@o7e50t ecul es. Branched chai nnol ecul es can PEm@ES2006/047400

desirabl e properties with regard to Yl and pour point.

ZSM 48 is an exanple of such a dewaxing catal yst. As

noted in United States Patent Nunber 5,075,269, ZSM 48

is prepared using diquaternary amoni um conpounds as

directing agents. Both the-@i+ecting agent and the

silica-alum na ratio can influence crystal norphol ogy,

al t hough the choice of directing agent is the greater
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ewaxi ng a hydrocarbon feedstock is provided. The
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activity and stability due to greater surface area for given amount of catalyst.

[0006] It would be highly advahtageous to have ZSM-48 crystals that could
be made with high purity and that would have high activity when used as a
catalyst while exhibiting a favorable morphology.

SUMMARY OF THE INVENTION

[0007] ‘In an erﬂbodiment, a method for dewaxing a hydrocarbon feedstock
is provided. The method includes contacting the feedstock with a blend of ZSM-
48 catalysts under catalytic dewaxing conditions to produce a dewaxed feedstock,

the blend of ZSM-48 catalysts comprising

a) a first type of ZSM-48 crystals having a silica:alumina molar
ratio of from 70 to 110 and being free of non-ZSM-48 seed crystals; and



a) afirst type of ZSM 48 crystals having a
silica:alumna nolar ratio of from70 to 110 and being
wo e@e/oafs2non- ZSM 48 seed crystal s; andb) a secpPOmUS300€047400
of ZSM 48 crystals, the first type of ZSM 48 crystals

and second type of ZSM 48 crystals being different.
DESCRI PTI ON OF THE DRAW NGS [0008] Figure 1 is a

phot om crograph of the ZSMcrystals prepared at a
tenplate:silica ratio of 0.@23 and show ng the
presence of sone needle Iike crystals. [0009] Figure 2
is a photom crograph showi ng the absence of

needl e-| i ke crystals for ZSM 48 cryst.al r epar f
a reach? or® sFCRRAIEPS, aﬂ%@\g %Wﬁfaé%éi’? @Pﬁp%er‘g‘tef%‘?gq
'  4leS, LG h show'ng
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crystal sbforepared i a_reaction mxture ‘having a
P BIQN, QF THE DRAWINGY 029. [0011] Figure.4 is a
phot omi crogr aph showi ng the absence of needle-like
[0008]yst aFsghrer] $S\VpUStomigssgrhph pfehaZ8d/forgstals prepatadat a
m xture having a tenplate-,silica ratio of 0.019, - ‘
templgtersilicairgtip ©11)-923 and shpwing Hig Prestres o 99F seadiedike
crys{alfQCti on of n-Cl0 conversion. [0013] Figure 6 is a
graph show ng reactor tenperature vs. required

tenmperature to neet the 3700CH pour point. DETAI L(IﬁD )
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tempiatasilicatrytioof@.0ZBM 48 crystals. In particular, the
invention relates to blends of ZSM 48 catal yst where
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crystats fot ASM-UB0crybails prparetbfroovatreastion mighirSkidheseed

template:silica ratio of 0.029.

[0011] Figure4 is a photomicrograph showing the absence of needle-like
‘crystals for ZSM-48 crystals prepared from a reaction mixture having a o
template:éilica ratio 0 0.019. | A o .

[0012] Figure 5 is a graph showing iso-C10 yield as a function of n-C10

conversion.

[0013] ' TFigure6isa grai)h shdwing reactor temperature vs. required
‘temperature to meet the 370°C+ pour point.

'DETAILED DESCRIPTION OF THE INVENTION

[0014] In various embodiments, the invention relates to hydroprocessing
methods involving catalysts comprising blends of two or more types of ZSM-48
crystals. In particular, 'the invention relates_to blends of ZSM-48 éatal_yst where

at least a portion of the ZSM-48 is a novel high purity type of ZSM—48 ha(riﬁg é‘ i
Si0,:Al,0; ratio of less than 110 that does not contain a non-ZSM-48 seed
crystal. This novel type of ZSM-48 crystals exhibits a higher activity than other
types of ZSM-48 crystals. ' '



crystal. This novel type of ZSM 48 crystals exhibits a
hi gher activity than other types of ZSM 48
wa@eysaiss2 [ 001SJ Bl ends of two or nore types oPCEZBM0MB047400
crystals having different activities allow for
tailoring of processes to provide a desired activity
at a desired tenperature. This tailoring of activity
can be achieved wi thout introducing undesired side
reactions that m ght otherwyse be enhanced by
i ntroduci ng anot her type of catal yst, such as anot her
type of zeolite catalyst. Synthesis of high purity
ZSM 48 with Si2I Al20 ratio bel ow 110 [0016] In
[001\5:}r I OUB1ERdXOEH tVd b mdrb @y PEOSLBSRE-48f criyfags havifi tdlﬁBrent
enploy a blend of ZSM 48 crystal .(or -catal XSt)
activities avefiardailoming of paecessessto arqy@d@ pegsise anuvmveﬁa desired

tempAShite s TS lorile 8 RBRARD o2 bR st il Wi 8 nfidgucing

undésiRAy §1t16 %é’dtldi‘i%rtﬁ g?yt »othB_vilE B diﬁ'lrahédd g?%ﬂ'gducmg another

crystals being free non- ZSM 48 seed crystals.
typeRpfedagakyist, \such Ias anbtjter pype 0§ zadlitestalystst ai s are al so
- free of ZSM50. As described below, high purity ZSM 48
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t .0017 th d ZSM 48
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organic te ate; calcinéed crystals, such as Na- f or m
portice fithedrlpad ancludes catalyst cethpmsed od Mgk phaifyd8M-48 crystals
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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‘q'rystals.

[0018] By "free of non-ZSM-48 seed crystals" is meant that the reaction
mixture used for forming’ the ZSM-48 crystals does not contain non-ZSM-43
seed crystals. Instead, ZSM-48 crystals synthesiied aceording to the invention
are either synthesized without the use of seed crystals, or with ZSM-48 seed
crystals for seeding. By "free of Kenyaite and ZSM-50" is meant that-Kenyaite.
and ZSM-50, if any, are present in amounts that are not detectable by X-ray
diffraction. Similarly, the high purity ZSM-48 according to the invention is also
free of other non-ZSM-48 crystals to the degree that such other crystals are also

not detectable by X-ray diffraction. This non-detectable determination was made

on a Bruker D4 Endeavor instrument, manufactured by Bruker AXS, and

3



free of other non-ZSM 48 crystals to the degree that

such other crystals are also not detectable by X-ray
walkdo7na5et on. Thi s non-det ect abl e det er m nat i OPCTVES2006/047400

made on a Bruker D4 Endeavor instrunment, manufactured

by Bruker AXS, andequi pped with a Vantec-1 high-speed

detector. The instrunent was run using a silicon

powder standard (N st 640B) which is a materi al

w t hout stress. The foilw dtf_hal f-nmaxi mum (fwhnm) for

the standard peak at 28.44 degrees 2 theta is 0.132.

The step size is 0.01794 degrees and the tine/step is

2.0 seconds,. The, 2.theta n used.a .Cu target at 35 .
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croscopy .(SEM.. .Phot om crographs. from SEM can be .
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For exanpl e, the needle-|jke and platelet forns for a

the ghotemisirgraphs i the Rreseny; HEWGS sane diffraction
patterns. In order to distinguish between different

[0019]r pholTtwi Xarayidiffractivecpsisany(XRID) of tlkenZ8M148 ¢ryatals
tool with ,great,eréa%(gl ut j.on.. An_exanpl e of .such a

accqrggyg tosthedRvantign eghibited s £8¢-48s K1), the D-spacings and
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to estSbl ABtiny identitys ofihigiven eevlie] itehnhbebs used taidtinguish a

directing agent_have a parti cul r phol o%y and a

partigylan meEpiRIoRy | Bar example. tae fl%ec%aifraél Rlat¢lst frpms fora .
give&@e%ilﬁ@ wil1Z5ibit the same diffraction patterns. In order to distinguish
between different morphologies, it is necessary to use an analytical tool with
greater resolution. An exampié of such a tool is scanning electron microscopy

(SEM). Photomicrographs from SEM can be used to identify crystals with
different morphologies.

[0020] The ZSM-48 crystals after removal of the structural directing agent

have a particular morphology and a molar composition according to the general

formula:
(n)Si0,:A1,0;
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 ‘



where nis from70 to 110, preferably 80 to 100, nore
preferably 85 to 95. In another enbodinent, n is at

wo e@sn70602 or at | east 80, or at |east 85. |n BEL/US2006/047400
anot her enbodi ment, n is 110 or less, or 100 or |ess,
or 95 or less. In still otherenbodi nents, Si may be
replaced by Ge and Al may be replaced by G, B, Fe,
Ti, V, and Zr. [0021] The as-synthesized form of
ZSM 48 crystals is prepareddroma m xture having
silica, alum na, base and hexamet.honium salt directing
agent. In an enbodiment, the nolar ratio of structural

[ {: ' . nt.sildca.inthe ture,is | h
el EERT S8 br Tpip68s bY Gf Sndlal ik pegenasa by Ca, B, Fe,
Ti, Wnahd e, enbodi ment, the nolar ratio of structural
directing agent:silica in the mxture is at | east
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025, preferab y 0.016 to 0.022. in an enbodi nen

an emhoctagwwnﬂhﬁegpbe da1f1© offstrictsal dllse@m@a@nt shlhsa in the mixture

s 154 1ok O sl 0,072, o8 L chen Dl hbpbegiment,
the SloY&t@Ali® dBfnftSial uﬁeaﬁhg rxge& :SMkatin #¥ hlxRfre 3 ﬁ{ f225£0.01, or

70, or at |least 80, or east 85. In yet anot
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0.016ftot(16225 18 hﬁtehﬁﬁwiﬂ%xﬁ Ot &fsﬁﬂ}/fsﬂ&& 6&‘%31@? crystals
nol ar conposition w || cont ai I ca a um na
has @sﬂ@@talngnag amolar ramcshﬁmo do Bé Ondnhesiilk dmithethembodiment, the as-

oy PR B R Y3 S R TR teas
70, SreRqEARED, OF at st ssctlh%t Hhc?fﬁm'éf entbREnleat Rg@%@fsgmh%zed

as-synthesi zed form Thi's resul't may occur
form nﬁZSMé&&cnyntad)s bas atsnlm a:lﬁnﬁﬁﬁ)%mﬂar rateo oéadﬂamlessgfor 100 or

ion.m xture into the cr als formed (

Tess, G195 G2fesh o PO LB HEBERORAS BES AR LLqT of
ZSM‘—HBW?SIS@ISC M hivgk é@mﬁésﬁi)éﬁt\bﬁﬁééﬁﬁlr{ §’ir1i'<‘9at Xﬂin‘}ﬁxl bl dhd directing

forms a%g oner at es of crystal s that
agenéx }fssl@lu dibzawted thatghe asrgynﬂfeswmddorﬂl @ﬂZSM—alksomtysfhls may
have molar rafcios sf]gixtly %[%grent Trot %md gisélra? Ibeltsosf(%r retagtea%ts 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).

[0022] The ZSM-48 zeolite in either a calcined or aé-synthesized form
typically forms agglomerates of small crystalé that may have crystal sizes in the
range of about 0.01 to about 1 um. These sméll crystals are desirable for they
generally lead to greater activity. Smaller crystals mean greater surface area
which leads to a greater number of active catalytic sites per given amount of
catalyst. Preferably, the ZSM—48.crystals in either a calcined or as-synthesized
form have a morphology containing no fibrous crystals. By fibrous is meaﬁt

crystals that have a L/D patio of > 10/1, where L and D represent the length and



generally lead to greater activity. Smaller crystals

mean greater surface area which leads to a greater
woovserosef active catalytic sites per given anmBOmUSING/047400

catal yst. Preferably, the ZSM 48 crystals in either a

cal cined or as-synthesized form have a norphol ogy

containing no fibrous crystals. By fibrous is neant

crystals that have a L/D ratio of > 10/1, where L and

D represent the |ength anddiyameter of the crystal. In

anot her enbodi ment, the ZSM 48 crystals in either a

cal ci ned or as-synt hesi zed form have a | ow quantity or
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hi eve the desired crystal .
dem&ﬁﬂgﬁh+ogy, éfFégg nts in reaction mxture have the
lowing molar ratios; SiQ2: Al2Q3 = 70 to |10 H2O
l002§ﬂ 02 =TheZSMoh8 eprapositign is prepateg fsom a5 pquegygreaction
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and ﬂiiecta;bgmgemtatToachm thadgasechcgsmlonoqﬂmmgy, thetrbadthnts in
base:silica ratio and.the structure directing
reacagamlxmeil&afertaﬁufeﬂowm@aﬁ@ﬂqsanges for these
ratios include mxtures that result in the formation
of ZSM 48 cr\Bi0giAlL@;t=h78d0@1Quantity of Kenyaite
and/ or needl e I | ke (5mr phol 00%/ For situations where

OH: Si0; = 0.1 to 0.3

OH: SiO, (preferred) = 0.14 t0 0.18
 template : 8i0, = 0.01 — 0.05

template SiO, (preferred) =0.01510 0. 025

[0024] ©  In the above ratios, two ranges are provided for both the base:silica
ratio and the structure directing agent:silica ratio. The ‘broader ranges for these
ratios include mixtures that result in the formation of ZSM-48 crystals with some
quantity of Kenyaite and/or needle-like morphology. For situations where
Kenyaite and/or needle-like morphology is not desired, the preferred ranges

should be used, as is ﬁag'ther illustrated below in the Examples.

[0025] The silica source is preferably precipitated silica and is"commercially
available from Degussa. Other silica sources include powdered silica including
precipitated silica such.as Zeosil® and silica gels, silicic acid colloidal silica such

as Ludox® or dissolved silica. In the presence of a base, these other silica



Kenyai te and/ or needl e-1i ke norphol ogy is not desired,
the preferred ranges should be used, as is further

WO bdoastesat ed bel ow i n the Exanpl es. [0025] ThePGI/UBIAG6/047400
source is preferably precipitated silica and is
commercially available from Degussa. O her silica
sources include powdered silica including precipitated
silica such as Zeosil and silica gels, silicic acid
colloidal silica such as Ludbx(r) or dissolved silica.
In the presence of abase, these other silicasources
may formsilicates. The alum na may be in the form of
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l'i ke. Hexanet honi um dichloride is hexaine,ai amoni.um
hexgmsithenivae hyflouside. Theepion (gtherthan ¢loride) Q@R}B Aie other
.crystals E . Sl ugy §:l4i ,
ani Gy S F b G TRe o Bt 011E0 nalide SRS Mo,

Hexfa6hbatumi dibhMaideris NN NgNEL L Nohexainetloyl h6above and
heated with stirring at 100 to 250 OC. The crystals

hexanodigmrhoniwy dielderideact ants or in the al ternative,
ZSM 48 seed crystals nay be added to the reaction

[0026K! ur en theeyAfidsiSoSthe ZSMy48 atrgstalby thrcremdtimnds inwluding
enhance the rate of crystal fqormation but  do, not

silieathsalli sluminatecsal bpse and AiyesHBE agynt srcamixed taegtheswith

is.free of of - Af Moo °C. Th
- walgh i WErSios el Bl Bl DR iR M FARE £ 10Y'81550 °C. The
cryg‘d_lsi ﬁmbyd)g forhrdd froRyrehttahtsadr arthealtbrnative Z SM-#8 seed crystals

ei oni zed water. . ~
may be added to the reaction mixture. The ZSM-'48 seed crystals may be added

to enhance the rate of crystal formation but do not otherwise affect crystal
morphology. The preparation is free of other non-ZSM-48 types of seed crystals
such as zeolite Beta. The ZSM-48 crystals are purified, usually by filtration, apd

washed with deionized water.

[0027] In an embodiment, the crystals obtai;ied from the synthesis according
to the invention have a composition that is frée of non ZSM-48 seed crystals and
free of ZSM-50. Preferably, the ZSM-48 crystals will have a low quantity of '
Kenyaite. In an emb(;diment, the amount of Kenyaite can be 5% or less, or 2%

or less, or 1% or less. In an alternative embodiment, the ZSM-48 crystals ¢an be

free of Kenyaite.

[0028] In an embodiment, the crystals obtained from the synthesis according

to the invention have a rhorphology that is free of fibrous morphology. Fibrous



[0027] In an enbodi nent, the crystals obtained from
the synthesis according to the invention have a
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[0030] If heterogeneous seed crystals are not used, as one synthesizes ZSM-

48 with increasingly lower silica:alumina ratios, the formation of the impurity -
ZSM-50 becomes more of a factor. Ratios of directing agent:silica greater than
about 0.025 typically produce mixed phase aggregates containing needle-like
crystals. Preferably, the ratio of directing agent:silica is about 0.022 or less.
Ratios of directing agent: silica below about 0.015 begin to produce a product
containing Kenyaite. Kenyaite is an amorphous layered silicate and is a férm of
natural clay. It does not exhibit zeolite type activity. Instead, it is relatively inert
in the presence of reaction conditions typically present when a feedétock is
exposed to ZSM-48. Thus, while the presence of Kenyaite in a ZSM-48 sample

is tolerable in some applications, the presence of Kenyaite tends to reduce the
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zeolites, other inorganic materials such as clays and metal oxides such as

alumina, silica and silica-alumina. Clays may be kaolin, bentonite and
montmorillonite and are commercially available. They méy be blended with
other materials such as silicates. Other porous matrix materials in addition to
silica-aluminas include other binary materials such as siiica—m'agnesia, silica-
thoria, silica-zirconia, silica-beryllia and silicé-titania as well as ternary materials
such as silica-alumina-magnesia, silica-alumiha—ﬂloria 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.

[0033] ZSM-48 crystals as part of a catalyst may also be used with a metal

hydrogenation component. Metal hydrogenation components may be from



zeolites, other inorganic materials such as clays and
nmet al oxi des such as alumna, silica and

wa@Rloroz0s52at uni na. C ays may be kaol i n, bent oni t BCEOS2006/047400
nmontnorillonite and are commerci ally avail abl e. They
may be bl ended with other materials such as silicates.
O her porous matrix materials in addition to
silica-alum nas include other binary materials such as
silica-magnesia, silicathorip,. silica-zirconia,
silica-beryllia and silica-titania as well as ternary
materials such as silica-al um na- nagnesi a,

Grohh 5512 AR L 13k s F RS e g o

- 18 457448 bIGroape8 dndogn1 0 E:ard s W stieid alétdR. m@ﬁﬁl%GNP ™Mo,
bound ZSM 48 with the bal'ance being binder. [0

Co, ¥EGNVIg Ca, )@1 aRls, RitsomRd.tpreferablyaRtadryBd. Mixtattes @fbwdnegcnatlon

dr ogenat; i nent .., Vet
metqf§ fiyg R ORI e My REBISr Y SRHE 4. prefarably
Pt/pahq*h%eémeahe‘oﬁ H?Ji fg@ﬁaﬁ ethNGr Mk fﬁfgefﬁe/ 1105
G oups - 18, pre erab Groups 6 and 8-10. Exarrp
wit.%fbasad h)mmtalyst i Metl’rdneis Mf lo&ﬁing(inetaW\anZSMA&mtaEut are
Pt or refer Pt ,or, Pd. M xtur f . .
welliK Ry e iRt %amedmesaame? ZS-48 cxtalyob with a
d-
et o rorR B B AR healing? Tl JBrRY Racasc
containifg hipdsegtnationanetay stay alsd bednlfdded pridr gy uset Elhemataiyst
ZSM 48 catal yst, are well known and include, for
may gte PYARIQ BSF-of ZSM 48 catal yst with a netal
salt of the hydrogenation conponent and heating. The
[0033FM 48High plitt ZEdMi4d erystpliyhdegeceatding toshahboey
SO0 he,sul fided, r to.use. The cat st. ma l.so
ermib ients batie g ety S ST olumipe ghp F RS lophs e ahumina
ratioZht Bt (TP PR A5 SOPNds Lt b BRI RILPIL BF DS inchédscd
acididy,they haxkesmppeor attivityrend stleativityaspreld astexcellentyyitkis.

The 489 TRYE Aot ALER & osh thSeleBEbp i o Sl stlécts from
crystakféihnh GHH thé Shist crggﬁl’ sPe3e atb%%rfé‘ﬁ@dl%’@iﬂél t ?ctlwty

benefits fromthe Standpoint of health effecls from
[0035] In addition to the embodiments described above, in still another

embodiment, the invention relates to high purity ZSM-48 composition having a

silica:ah_lmina molar ratio of from 70 to 110, the ZSM-48 being free of non-ZSM-

48 seed crystals and fibrous crystals. Preferably, the ZSM-48 crystals also have a
low content or are free of needle-like crystals. Another embodiment relates to a
ZSM-48 crystals which in an as-synthesized form comprise ZSM-48 having a
silica:alumina molar ratio of from 70 to 110 and are formed from a reactidn
mixture containing a hexamethonium directing agent in a hexamethonium:silica
molar ratio from 0.01 to 0.05, preferably from 0.015 to 0.025. In this -
embodiment, the as-synthesized ZSM-48 cry'stéls are free of non-ZSM-48 seed
crystals and fibrous crystals. Preferably, the ZSM-48 crystals also have alow

content of needle-like crystals or are free of needle-like crystals.



crystal formand the small crystal size is also
beneficial to catalyst activity. [0035] In addition to
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enbodi nent, the invention relates to high purity

ZSM 48 conposition having a silica-.alum na nolar

ratio of from70 to 110, the ZSM 48 being free of

non- ZSM 48 seed crystals and fibrous crystals.
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the reaction
[0038] ZSM-48 catalysts are useful as dewaxing catalysts for hydrocarbon

feedstocks. A preferred feedstock is a lube oil basestock. Such feedstocks are
wax-containing feeds that boil in the lubricating oil range, typically having a 10%
distillation point greater than 650°F (343°C), measured by ASTM D 86 or ASTM
D2887, and are derived from mineral or synthetic sources. The feeds may be
derived from a number of soqrcés such as'oils derived from solvent refining
processes such as raffinates, partially solvent dewaxed oils, deasphalted oils,
distillates, vacuum gas oils, coker gas oils; slack waxes, foots oils and the like,
and Fischer-Tropsch waxes. Preferred feeds are slack waxes and Fischer-Tropsch
waxes. Slack waxes are typically derived from hydrocarbon feeds by.solvent or -

propane dewaxing. Slack waxes contain some residual oil and are typically



m xture. The above procedure results in as-synthesized

ZSM 48 crystals that contain the hexanmethoni um
wa@tooaotesee directing agent. Hvdroprocessng w t PCZBR04E047400

catal ysts [0038] ZSM 48 catal ysts are useful as
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hydrotreating such as catalysts containing Goup 6
or mirctua¢ssof] etalsl ave typieallyUpreseead oxlides Palsubfidesromtefractory

avi, G oups. from1 to 18 Groups, 8-,10 netal s d
metal SHidF BIPRAE: A MERREPT BIFSIaRL 2l HE RIS CRbpUIK metal
catal%ggﬁ%h&%in R YRR BT nfRs 30ARE 99 ol greBer! B&@Wn catalyst.
hese netals or mixtures of netals are typically
Suitahle seetal axidedupporisineludeiokédesosucheds siicay alumina, silica-
aluminas or titania, preferably alumina. Preferred aluminas are porous'aluminas
such as gamma or eta. The amount of metals, either individually or in mixtures,
ranges from about 0.5 to 35 wt. %, based on the catalyst. In the case of preferred
mixtures of groups 9-10 metals with group 6 metals, the groups 9-10 metals are’
present in amounts of from 0.5 to 5 wt. %, based on catalyst and the group 6
metals are present in amounts of from 5 to 30 wt. %. The amounts of metals may
be measured by methods specified by ASTM for individual metals including

atomic absorption spectroscopy or inductively coupled plasma-atomic emission

spectrometry.

[0041] Hydrotreating conditions include temperatures of up to 426 °C,
preferably from 150 to 400 °C, more preferably 200 to 350 °C, a hydrogen partial
pressure of from 1480 to 20786 kPa (200 to 3000 psig), preferably 2859 to 13891
kPa (400 to 2000 psig), a space velocity of from 0.1 to 10 hr.}, preferably 0.1 to



net al oxi de supports. The m xture of nmetals may al so
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typically from 0.1 to 5 hr.”, preferably 0.5 to 3 hr.” and hydrogen treat gas rates
of from 44.5 to 1780 m*/m® (250 to 10,000 scf/B).

[0044] Hydrofinishing catalysts are those containing Group 6 metals (based
on the IUPAC Periodic Table format having Groups from 1 to 18), Groups 8-10
metals, and mixtures thereof. Preferred metals include at least one noble metal
having a strong hydrogenation function, especially platinum, palladium and
mixtures thereof. The mixture of metals may also be present as bulk metal
catalysts wherein the amount of metal is 30 wt. % or greater based on catalyst.
Suitable metal oxide supports include low acidic oxides such as silica, alumina,
silica-aluminas or titania, preferably alumina. The preferred hydrofinishing
catalysts for aromatics saturation will comprise at least one metal having

relatively strong hydrogenation function on a porous support. Typical support
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dewaxi ng hydrofinishing is usually carried out in
cascade with the dewaxi ng step. Generally the
hydrofinishing will be carried out at tenperatures
from about 150 0OC to 350 0C, preferably 180 0C. to
250 OC. Total pressures argigypically from 2859 to
20786 kPa (about 400 to 3000 psig). Liquid hourly
space velocity is typically fromO0.1 to 5 hr. 1,
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noble metals, most preferably Pt, Pd or mnxtures thereof.

Hydroprocessing with ZSM-48 catalyst blends

[0045]  Figure 6 depicts the activity of two different types of ZSM-48
catalyst for achieving a desired pour point fof a feedstock. The upper curve
shows the reaction temperature required for a catalyst containing ZSM-48
crystals with a Si0,:Al, O3 ratio of about 200 to achieve a desired pour point for
the 370°C+ fraction of the processed feed. The lower curve shows the same
relationship for a catalyst contaiﬁing high purity ZSM-48 crystals with a
Si0,:Al,0; ratio of less than 110. As shown in Figure 6, the ZSM-48 catalyst

containing the crystals with the lower SiO,:Al,Oj; ratio can achieve the same pour



this class is MCM41 whose preparation is described in
United States Patent Nunber 5,098,684. MCM 41 is an

WO p@7gasez, porous, non-layered phase havi ng aPCT/US2006/047400
hexagonal arrangenment of uniformy-sized pores. The
physi cal structure of MCM41 is |ike a bundle of
straws wherein the opening of the straws (the cell
di aneter of the pores) ranges from 15 to 100
Angstrons. MCM 48 has a cubjg-.symmetry and is
described for exanple is United States Patent Number
5,198, 203 whereas MCM 50 has a | anel I ar structure.
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1 gg)t,& [0046] More generally, high purity ZSM 48
east als with a SIQR: Al208 ratio of |ess than 110 have
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sihng a to achieve a desired product
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48. Another characteristic that can lead to differences in act1v1ty is the

b

morphology of the crystals. For example, crystals having a fibrous morphology
are believed to have a lower reactivity than other types of crystals. Irt some
embodiments, the presence of needle-like morphology can also indicate a
difference in activity. Still another characteristic is the presence of impurities,
such as Kenyaite. Yet another characteristic is the Si0,:Al,05 ratio of the crystal
types. Crystals with a $i0,:A1,03 ratio below about 110 have a highet activity
than crystals w1th a Si0,:Al,O; ratio above about 110.

[0048] The activity difference between dlfferent types of ZSM-48 crystals
can be exploited in a variety of ways. For example, lowering the necessary
reaction temperature to achieve a desired result prolongs the life of

hydroprocessing catalysts. This can directly lead to cost savings, as exposing



ratio of 110 or |less as conpared to catal ysts

containing other types of ZSM 48 crystals. In various
wentodresent s, the tenperature difference for apti/Esiongo47400

a desired product characteristic (such as pour point)

between a catal yst containing high purity ZSM 48

having a Si Q2: Al 203 ratio of 110 or |ess versus

anot her type of ZSM 48 catal yst can be at |east 5C, or

at least 100C, or at |east. 2P0OC or at |east 300C

[0047] In an enbodi ment, the two or nore types of

ZSM 48 crystals used in ZSM 48 bl ends according to the
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tenperature versus yi el
formulations, as opposed to havmg to synthesize a specific catalyst to match the

reactor requirements.

[0050) In another example, blends of ZSM-48 catalyst can be used to match
a desired activity to a desired temperature for processes involving cascaded
reactions within a single reactor. One typical hydrotreating process is to subject a
feedstock to a hydrodesulfurization step, followed by a dewaxing step, followed
by a hydrofinishing step. It can be desirable to integrate these reactions, such as
in a single reactor. In situations where multipie hydroprocessing steps. are
cascaded together, large variations in temperature between the cascaded steps can
be difficult to maintain. ZSM-48 catalysts are suitable catalysts foruse as a
dewaxing catalyst in such integrated hydroprocessing schemes. By using blends
of ZSM-48 catalysts, a desired combination of yield and temperature of operation

can be selected, in order to reduce or minimize temperature differences between



curve. Although | ower processing tenperatures can

prol ong catalyst lifetinme, sonme existing processing
wa@eoul7iognseat i ons require a mni mum tenperat ure POT/AS2006/047400

react or where a hydroprocessi ng catal yst such as

ZSM 48 i s enpl oyed. For exanple, sone |ube processing

facilities lack interstage heating between the

dewaxi ng reactor and the hydrofnishing reactor. If the

temperature in the dewaxingigeactor is too | ow, and/or

if the heat | oss between the dewaxing reactor and the

hydr of i ni shing reactor is too |arge, the dewaxed

duct teri ' ' . WA
the GpAEBEp R BT bR RO R in¥biving Ble Béndcd
ZSMuad efthRisshi ng. Bl ends of ZSM 48 catal yst can be used
to produce a bl ended catal yst conposition that
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reactor. One typical hydrotrea}igg process is to .
ZSMih [Z80V1- bl f88¥standite t andamiopdenits shat eparate promasile py cracking

f ol |.owed dewaxi st.e follo
of IR AIGHR PSP g~ 5b e e i tes Pt TR 251 48 dgea nor
favor RESEKih S $E4dtIIMS, ZSWE Péar Pe as&d tOhpdiopretesing bf a feedstock
situations where nultiple hydroprocessing steps are

(suchascerekingwhilereducingeonminimiringsthe prepptaifegdatock lost
etween the cascade eps. can be diffi 0 _
due Fa ARG ORI g e BN Com a1 By e ig Pl of Zgha-a8 to
adjudf et AlySENRBHiFesCRS MhaicH a UBsised Didld cagvetued of catalysts that
hydr oproCessi ng schenes. Bg usi ng bl ends of ZSM 48
woubdirxirgstesthe angewitrafoindssirahle sida reactiping| (guelhas cracking) can be
A egperature of operation can be selected, in order to
avoiflglhice or minim ze tenperature differences betweent he
st eps proceediqr;'g or follow ng the hyqlropro_cessiir@l step
[0052)v ol vimgnembasiment LSS sTystaly Raing o 6k 110 rago of less

mang{,ﬁ]g%cgbeésawod{rse cta% lgeaci:thqf)h{eI?lewﬂﬁt\ia\ﬁo% &ngat}&?ets%%M—%
crystals. For example, ZSM-48 crystals as described above that have a
Si0,:AL,0; ratio of less than 110 can be blended with ZSM-48 crystals having a
Si0,:Al,05 ratio of greater than 110, such ZSM-48 crystals with a SiO,:A1LO;
ratio of greater than 150, or greater than 200. Alternatively, ZSM-48 crystals
with a Si0,:AlL,O; ratio of 110 or less as described above can be blended with
ZSM-48 crystals that contains non-ZSM-48 seed crystals. In still another
embodiment, ZSM-48 crystals with a SiO;:Al,0; ratio of 110 or less can be
blended with ZSM-48 crystals that are partially in the form of a less desirable
morphology. The ZSM-48 crystals that are partiaily in the less desirable
morphology can include ZSM-48 crystals that are at least partially'in a fibrous
morphology. Alternatively, the ZSM-48 crystals in the less desirable
morphology can include ZSM-48 crystalsA having a greater percentage of needle-



provi des advantages over using a blend of ZSM 48 wth

anot her type of catalyst, such as another type of
wae@liores22 ZSM 48 is a sel ective dewaxi ng cat al peT/UBT0a6/047400

functions primarily by isonerizing |long chain

nol ecul es to introduce branches into the chain. This

is in contrast to nany other types of zeolite

catal ysts, such as ZSM5, ZSM1 1, USY zeolite, and

mordenite, that operate priggrily by cracking of |ong

chain nol ecul es to produce shorter chains. Because

ZSM 48 does not favor cracking reactions, ZSM 48 can

e oot W SR SRRAS b o o S g, o

d Sy ts kel 1
enf SR eh S Eat ppETUE SA  EAR BT gy, I
yet aadthey stnhodiment,itke high patighZ8MieSi crgstays efith « 8i®gAl,Os ratio

R N R T
pn A RO, 48 SRS 2N 0 alal st 13

or ab g2 %@ orbe leasniSthast atiledstid®%ous ot her types of
ZSM 48 crystals. For exanple, ZSM 48 crystals as

SCr | { ' j A2 i . Less
R e L
SIOSIAD,GL 24880 phitlil0 caflegyy emt prefedably hdvs a SiCh: A9 48tio of 100 or

i e R S TP SO0, e
pcy 0988 ELUE St 10 B, g1t s, Seoct
008t 58 B ESARIP 1Y B Lo Lo g con

be bldfded tdgefserdarmngecditveniten mdrdrerZ Pdr4Xample] thiesZ S NBH 8

are partially in the formof a |ess desifabl
crystals powingg .Sléz'é\lz@mrago ofdPgrdesag dmlﬁfdraﬁ?%q SAn be

t | ' i L
o905 % PP AL G 28 B4 B R rnutation of e

" orystals RAQ) HoutalyNt! eClbahhtietly, twborZiblelpes ydZ8I-4#8 crymals can
| ess desirabl e norphol ogy can_ i nclude Z rystal

SM 48
be fhemnlajed separataly iptercaiplyatse and thie Smarlaed crip fﬁﬂlge.
bleéf&)%ng%eP.' gh purity ZSM 48 cryst al s, such as at | east

[0055] Blends df ZSM-48 catalysts can include two or more types of ZSM-
48 crystals. The amount of each type of ZSM-48 crystal in the blend can be any
suitable or convenient amount. In an embodim:ent, the amount of high purity
ZSM-48 crystals having Aa Si0,:AL O3 ratio of 1 1‘0 or less can be at least 10%, or
at least 25%, or at leaét 50%, or at least 75%, or at least 90%,' or at least 95% of
the ZSM-48 crystals in the blend. Alternatively, the amount of high purity ZSM-
48 crystals having a SiO,:Al,O; ratio of 110 or less can be 99% or less, or 95% or
less, or 90% or less, or 75% or less, or 50% or less of the ZSM-48 crystals in the

blend.

{0056} In still other embodiments, stacked beds of ZSM-48 of different
types can be used to dewax a feedstock. In many embodiments, stacked beds of

ZSM-48 can deliver similar performance to blends of ZSM-48.



| east 2% or at |east 5% or at |east 10%crystals in
a needl e-1i ke norphology. In yet another enbodi nent,
WO b@7loraggk2 purity ZSM 48 crystals with a Si O2- APCIIBS2006/047400
rati o of |ess than about 110 can be bl ended with
ZSM 48 containing a |l arger percentage of Kenyaite than
the high purity ZSM 48 crystals, such as at |east 1%
or at |least 2% or at least 5% or at |least 10%
[0053] In an enbodi nent, tipghigh purity ZSM 48
crystals having a SiQ2: Al203 ratio of 110 or |ess can
preferably have a Si Q2-Al 2C3 ratio of 100 or |ess, or
90 or less, or 80 or less. Alternatively, the .
[0055102 At@!&? ehddintht, ts*ﬂé‘cl&ki&ﬁbd@ Wf'ZSMZtﬁNbé& befusel@bs multi-
or nore, or or nore. 054 ! I n various
stage dbwdxn@oﬁa feddstoile malmlcvaty@é@vais oz a@(i/psmegen Due
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NH:, Wbieh iy imrave dhe Bty of folme itcerfabist peds. LBl type of
! €5 thé Q&Y
ZSM ?ﬂ?%%?é%at e P o o e Y
diffdrynasbefwetMhe4gpes gﬁzsm-zt 8Thetlnbedsncowld beseperatgdatdhe same
ZSM 48 crystal in the blend can be any suitable or
tempEAWERi ent anount. In an enbodi nent, the anount of
high purity ZSM 48 crystals having a SiQ2: Al 208 ratio
[0058] 110This investionns Barthr illessateddsy, th@rfOHDWIGEsqxaEEﬂ@S :
or at least 50% or at |least 75% or at |east 90% or

EX%%L@qt 95% of the ZSM 48 crystals in the blend.:
ively, the amount of high purity ZSM 48
ysta having a Si O2: >3 | O Ss can
[005(;? 99%%091 ¥‘é’§§g"4§rpr§8@fe§‘§?@s@do$ g%g/ajt gﬁwe%s% or 75%
thefumThle9de 056%efotudn), P88 ESHF UdrasiV PM(S téblpi‘nﬁed
hexﬁie Sﬁ r8056\] |nQStI0|| ot he)ﬁ enbodi nent s, stacked beds
sﬂwafpoz&lﬂrcfﬁ)medgtﬂS‘Se) di g of sodium aluminate solution (45%), and 40g

of 50% sodium hydroxide solution. The mixture had the following molar

composition:
SiOJ/ALO; = 106
H,0/Si0, =  20.15
OH/S8i0, = 0.17 .
Na*/8i0, = 0.17

Template/SiO, =  0.023

[0060] The mixture was reacted at 320°F (160°C) in a 2-liter autoclave with
stirring at 250 RPM for 48 hours. Those of skill in the art will fecogniie that
factors such as the size of the autoclave and the type of stitring mechanism can
make other stirring speeds and times desirable. The product was ﬁIter&d washed
with deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the
as-synthesized material showed the typical pure phase of ZSM-48 topology The

SEM of the as-synthesized material shows that the material was composed of



types can be used to dewax a feedstock. In many

enbodi nents, stacked beds of ZSM 48 can deli ver
wa@eoorlozos2per f or mance to bl ends of ZSM 48. [ 0057pCT/ISZMN6/047400

enbodi nent, stacked beds of ZSM 48 can be used for

mul ti stage dewaxing of a feedstock with el evated

| evel s of sulfur and/or nitrogen. Due to the higher

activity, the high purity ZSM 48 having a Si O2: Al 233

ratio of 110 or |less can heused in a first catalyst

bed to contact the feedstock. Contact with the first

bed of ZSM 48 will convert sone sulfur and nitrogen

wh
agelaBerEs pror s i Hed oo ot (RHE-Rip g erogularly
shapé@% U'Iqxetrg%‘ltl*ﬂ% ﬁﬁﬁﬁﬁ ckﬁbt@ls%ﬁ%&@ﬁkﬂd?ho@ﬁdratm of

e activity ference between the types of
~ 1084V Bigurbdtis ayslestonmctogrigesh oﬁﬂTeaZSM-éS criistalsand his

tenperature. [0058]. This. inventi furt
compataiye exeEpls ¢t terapkas piimRdgtie ef glp@%is %ﬁ@efence of some
) ture was prepared from 1200 g of water, 40
“eedg%?g éﬁsrre'honi um chl ori de (56% sol utien), 228 ¢ of
Utrasil PM (a precipitated silica powder from
), 12 g of sodium alum nate solution (45%, and
40 g of 50% sodi um hydr oxi de sol ution. The m xture had
[0061Lhe f oAl mixtng: wiak preparst dsorhiveater, SieRAmetRGEum d:BB)ri@CﬂS 6%

S Q2 _20. 15 17, Na+/ Si
solutioD, §8lerast) smmﬁmtmurleaé?é% fiid 3% Sodturt
0 t 250
hydefgh fs?¢1utt§nhour i frpalid @it it Rlicbpansly
compegitignt ze that factors such as the size of the
aut ocl ave and the type of stirring nmechani smcan nake

ot her stirring sp%gﬁ/ﬁgésti nes deggrable. The product
was filtered, washe :

HzO/ SiOz' = 20.15 .
OHY SiO, = 0.17
Na'/ Si0, = 0.17

Template/SiO, =  0.018

[0062] The mixture was reacted at 320°F (160°C) in an autoclave with
stirring at 250 RPM for 48 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-
synthesized material showed the typical pure phase of ZSM-48 topology. The
SEM of the as-synthesized material shows that the material was cpmposed of
agglomerates of small irregularly shaped crystals (with an average crystal size of
about 0.05 microns). The resulting ZSM-48 crystals had a SiO,/AL,O3; molar
ratio of ~ 94/1. Figure 2 is a ph'otbmicrograph of the resulting ZSM-crystals.
Figure 2 shows the absence of needle-liké crystals for ZSM-48 according to the

invention.
EXAMPLE 3
[0063] A mixture was prepared from water, hexamethonium chloride (56%

solution), Ultrasil Modified, sodium aluminate solution (45%), 50% sodium



with deionized (D) water and dried at 2500F (1200C).
The XRD pattern of the as-synthesized nmaterial showed
wo b@7oypsezal pure phase of ZSM 48 topol ogy. TheCBER006/047400
the as-synthesized material shows that the nmateri al
was conposed of aggl onerates of crystals with m xed
mor phol ogi es (needl e-1ike and irregularly shaped
crystals). The resulting ZSM 48 crystals had a
Si @2/ Al 233 nol ar ratio of ~5100/1. Figure 1.is a,
phot om crograph of the ZSM crystals. This
conparative exanple at tenplate rsilica-ratio of 0.023

shows the presence of sone needle-like cr .
hydrm«mzugoﬁom? OGRS oA o Ee) BRSNS seed

rasil PM
crys{'ag%a‘gﬁ]g lfe 561 1%?1 X é @()ay%&?’gg&rgodl um .
hydr oxi de soI ution. The prepared m xture had the
fol | owing nol ar coMbébbn: S 2A®B208 = 106 HQO
Si02=2015(]—|\/ (§/ 68%17Na+/ 122 = 0.17
Tenplate/ Si2 = F 2] The m xture was reacted
at 3200F (16000 |0}p,nsg)g oclave 9¥h stirring at 250
RPM for 48 hours. The product was flltered washed
with deioni zed (DINauWe¥i€r and=dr i le at 2500F (1200C).
The XRD pattern of..the tI:LeS| terial showed
t he typi cal pure p’ﬁgxyglagéﬁ%é Rt 48 topo ogy. The SEM of
[ooévﬂe asTf g&&&ezw%gs BEd & 330vnsl doha) ih A dtiRéERT@with
S conpose f agglo rrerat es of small irregularly

stirr Bl CRPM fbs 4 8 ticuns. SFheapradage wes filtered swaghest wapbo ut

0.05 m crons) e. resuyl.ti 48 | s .
deiopizgdADR W&png gﬂ ?7.5t0 ﬁ%i%&%b 'Il'g é&%@ %atté%g of titk Gs
: 64 | & BhésbEZ.8M Algstopblagsy. €The
Syntg‘ggzgwt lgéa se‘ﬁ%em(}fetygeedlpgﬁl ?ke crystals f o? i?l?/[ 48
SEM afahel asgyhthesized material shows that the material was composed of
agglomerates of elongated (needle-like) crystals (with an average crystal size of <

1 microns). The resulting ZSM-48 crystals had a Si0,/Al,03 molar ratio of ~

95/1. Figure 3 is a photomicrograph of the resulting ZSM-crystals. This
comparative example shows the presence of needle-like crystals for ZSM-48

synthesized from a reaction mixture having a template: sﬁlca ratio of 0.029.

EXAMPLE 4

[0065] A mixture was prepared from water, hexamethonium chloride (56%
solution), Ultrasil Modified, sodium aluminate solution (45%), 50% sodium
hydroxide solution, and 5 wt% (relative to the silica charge) of ZSM-48 seed

crystals. The mixture had the following molar composition:

Si0,/ALO; = 103
H,0/ 8i0O, = 14.7
OH/ SiO; = 017
Na'/ SiO; = 017

Template/SiO>=  0.019



i nvention. EXAMPLE 3 [0063] A m xture was prepared

fromwater, hexamethonium chloride (56% sol ution),
wakdaorasisk2 Modi fi ed, sodi um al um nate sol uti on PABYE2006/047400

50% sodi unmhydr oxi de solution, and 5 w% (relative to

the silica charge) of ZSM 48 seed crystals. The

m xture had the follow ng nolar conposition: SKVA 20

= 103 H2O SIi2 = 14.8 OHV Si2 0.17 NaVv SiQ2 0. 17

Tenpl ate/ SiO 2 = 0.029 [0Q6#4 . The m xture was reacted

at 3200F (1600C) in an autoclave with stirring at 250

RPM for 48 hours. The product was filtered, washed
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needlpdikgeorysfalszSm 48 seed crystals. The nixture had the

foll ow ng nolar conposition: SiQ2/A 2G3 103
EXAMPLE S '

[0067] A mixture was prepared from water, hexamethonium chloride (56%-
solution), Ultrasil Modified, sodium aluminate solution (45%), 50% sodium
hydroxide solution, and 3.5 wt% (relative to the silica charge) of ZSM-48 seed

‘crystals. The mixture had the following molar composition:

SiOALO; = 103
H,0/ 810, = 146
OH/Si0, = 0.7
Na'/8i0, = 017

Template/SiO, = 0.015

[0068] The mixture was reacted at 320°F (160°C) in an autoclave with
stirring at 250 RPM for 48 hours. The product was filtered, washed with
deionized (DI) water and dried at .250°F (120°C). The XRD pattérn of the as-
synthesized material showed the mixture'of ZSM-48 and trace of Kenyaite
impurity. |

EXAMPLE 6

[0069] A mixture was prepared from water, hexamethonium chloride (56%

solution), Ultrasil Modified, sodium aluminate solution (45%), 50% sodium



H2Q SiQ2 14.7 OH/ SiO2 0.17 Na+/ SiOQ2 0.17

Tenplate/ SiO 2 = 0.019[ 0066] The m xture was reacted
wW@e00320@3E2 (160C) in an autoclave with stirri ngPer/UuB06/047400

RPM for 24 hours. The product was filtered, washed

with deionized (D) water and dried at 2500F (1200C).

The XRD pattern of the assynthesized material showed

the typical pure phase of ZSM 48 topol ogy. The SEM of

the as-synthesi zed nmateri alpgshows that the nmateri al

was conposed of agglonerates of small irregularly

shaped crystals (wth an average crystal size of about

A B L= S R O S
crysRi¥t 9 a@thd PUGWRIE hbRE céRlpditigi:al s. This

t R
exanp ee o?&%gél:\)/t 48 crystals according to the invention

shows the absence n e-1ike tals. EXAMPLE 5
[0067] A mixture vﬁblﬁgggjéred"fro %{%ter,

hexamet honi um chl C%'{Q@PS{(%G% salutijgry), Utrasil

Modi fi ed, sodium alum nate solution (45%, 50% sodi um

hydr oxi de sol uti onrQHAMBIR. 5 We% (PA0ative to the
silica charge) of S,l\//L4g seed_cryéw s. The m xture
had the foll ow ng /&t @onposi ti o Si 2/ Al 208 103

;Ercrjpl ilt S/ZSilg g m@h%é‘glg%@%ﬁ+inoglu©r2eomég react ed at
e MR R h o U
s PR YE Sl DR bbb wihe
deionized (DI) water and dried at 250°F (120°C). The XRD patiern of the as-
synthesized material synthesized from a reaction mixture having a base:silica

ratio of 0.20 showed the mixture of ZSM-48 and Kenyaite impurity.

EXAMPLE 7

[0071] A mixture was prepared from water, hexamethonium chloride (56%
solution), Ultrasil PM, éodium aluminate solution (45%), 50% sodium hydroxide
solution, and 3.5 wt% (relative to the silica charge) of ZSM-48 seed crystals.

The mixture had the following molar composition: (

SiOJALOs - = 1024
H,0/8i0, = 148 .
OH/SiO, = 0.5
Na¥/8i0, = 0.IS

Template/SiO, =  0.019

[0072] The mixture was reacted at 320°F (160°C) in an autoclave with
stirring at 250 RPM for 48 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-
synthesized material showed the typical pure phase of ZSM-48 topology.



material showed the m xture of ZSM 48 and trace of
Kenyaite inmpurity. EXAMPLE 6 [0069] A m xture was
w@e@pareed2 f r om wat er, hexanet honi um chl ori de (BGRAIS2006/047400
solution), Utrasil Mdified, sodium alumnate
solution (45%, 50% sodi unhydr oxi de solution, and 3.5
W% (relative to the silica charge) of ZSM 48 seed
crystals. The mixture had the foll ow ng nol ar
conposi tion: SKVAI @B 102. 44RO SR 14.8 O+/ Si 2
0.20 Na+/ SiQ2 0.20 Tenplate/Si2 0.019 [0070] The
m xture was reacted at 3200F (1600C) in an autocl ave
With stirring at 250 RPM for 48 ‘hours. The product was
E , washed with deionized (D) water and dried
at 2500F (1200C). The XRD pattern of .the assynthesized
(00734t er i Al miytuirdn e\&iszpafelpéﬂedrﬁ'mnrwater i exam ethomizsnh elrloniglea(56%
base: S|I|ga

soluting), Rékwastl: i aww ul%f@@i’gg u?OpR@%%“A%SMFZ i
L T

(45%, 50% sodi um hyd i de sol uti and 3.5 wt %
(relative to the s$l(?2é§i(?g$arge) oP8ZSM 48 seed

crystals. The m xt t he—f ol hgw ng nol ar

conposi tion: iﬁfg/dgﬁg 102. 4 I—|2%7 SiQ2 14.8 Of/

Si2 0.15 Na+/ Si @HY. SiD,Tenpat e0FI7T2 = 0. 019
Na’/8i0, = 0.17

Template/SiO, = = 0.025

[0074] The mixture was reacted at 320°F (160°C) in an autocléve with
stirring at 250 RPM for 48 imurs. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-
synthesized material showed the typical ZSM-48 topology and a trace of ZSM—SO

_impurity was identified. The product showed the presence of some needle-like

morphology.

EXAMPLE 9

[0075] 65 parts (basis: calcined 538 °C) of high activity ZSM-48 crystal
(Example #4) were mixed with 35 parts of pseudoboehmite alumina (basis:
calcined 538 °C) in a Simpson muller. Sufficient water was added to produce an
extrudable pasté on a 2 Bonnot extruder. The mix of ZSM-48, pseudoboehmite
alumina, and water containing paste was extmded and dried in a hotpack oven at
121 °C overnight. The dried extrudate was calcined in nitrogen @ 538 °C to
decompose and remove the organic template. The N; calcined extrudate was
humidified with saturated air and exchanged with 1 N ammonium nitrate to
remove sodium (spec: < S00 ppm Na). After ammonium nitrate exchange, the
extrudate was washed with deionized water to remove residual nitrate ions prior
to drying. The ammonium exchanged extrudate was dried at 121 °C dvernight :

and calcined in air at 538 °C. After air calcination, the extrudate was steamed for



[0072] The m xture was reacted at 3200F (1600C) in an

autoclave with stirring at 250 RPM for 48 hours. The
wee@donts2was filtered, washed with dei oni zed (BII/USBINE047400

and dried at 2500F (1200C). The XRD pattern of the

assynt hesi zed material showed the typical pure phase

of ZSM 48 topol ogy. EXAMPLE 8 [0073] A m xture was

prepared from water, hexanethoni um chloride (56%

solution), Utrasil PM sadigm al um nate sol ution

(45% , and 50% sodi um hydroxi de sol ution. The m xture

had the follow ng nolar conposition: SiQ2/ A 203 90

< i 0.1 OHV,Si +/
5 ko0 R e b e
plat%%%)ﬁmﬁété((@)s WEYAPY) Quirfgcir@mem wenﬁss fAﬂBﬂlrﬁpre%EﬁtlBBMhe

hours. The product was filtered, washe
extrnléate nvazsedn@cbbyemgbt at:2fif) U and calcinsbigraif ab @é@fc tm%onvert
attern thes ed material showed the
thet@}rlg F‘ez@ﬁa %S?IEE%PE?S%‘%GX S race of ZSM50 inpurity
was identified. The product showed the presence of
EXApAY Bdedl e-1i ke norphol ogy. EXAMPLE 9 [0075] 65 parts
(basis: calcined 538 0C) of high activity ZSM 48
[00’7?@3’3t agh@%&@\?ﬁﬁllﬁ EdialyRIdF ERaksle W Was dostoRid & nOCm

eudoboehm te a um na (basi s:” cal ci ned 538 0C a
hydﬁilxmﬁemzamd)ri tast. Cathtyst It@npemre$ weas vadgddrem %tm%ﬁﬂ °C

und%{:1 ﬂ%tmrgﬂgiab gﬁg %ggﬁﬁ @g ﬁ.l a(%gl éqegﬁﬂ'ﬁ 30 a§Xt Ly d¢ b cc;rrp&ersm{is from O
to 95OAL Al %ix%%%y%l\/ﬁﬁﬂ rdépefnmplcalalystishawad BREEIRH iso-Cio

oven at 1 0C overnight. The dried extrudate was
yieldsaivithnmininmel erackipgras @ S88tiog of m-@e@m@md eastien

the orgapic t | ate., The cal i ne xtr da
temperature. %-qure 5e n?a graph shomeZg 1so- 10 yield as a c'ilonv‘@isn-clo

conversion for a catalyst according to an embodiment of the 1nvent10n and a

catalyst with a silica:alumina ratio of about 200.

EXAMPLE 11

[0077] This example relates to the preparation of HA-ZSM-48 with seeding
with regular ZSM-48 crystals. A mixture was prepared usiné; water,
hexamethonium chloride (56% solution), Ultrasil PM, sodium alumingte solution
(45%), and 50% sodium hydroxide solution. About 5 wt% (relative to the silica
charge).of ZSM-48 seed was then added the mixture. The mixture had the

following molar composition:

SiOy/AlhO3 = 103

HyO/810, = 147
OH/SiO2 = 017
Na+/SiOg = 017

Template/SiOp = 0.019



hum dified with saturated air and exchanged with 1IN
anmmoniumnitrate to renove sodi um (spec: < 500 ppm
wO)07/0Afseer anmoni um nitrate exchange, the extPUHESE06/047400

was washed with deionized water to renove residual
nitrate ions prior to drying. The anmoni um exchanged
extrudate was dried at 121 OC overni ght and cal ci ned

in air at 538 0OC. After air calcination, the extrudate
was steamed for3 hrs @90Q 4. . The steamed extrudate

was i npregnated wth tetrammne platinumnitrate (0.6
Wt % Pt) using incipient wetness. After inpregnation,

R (R R AT W TR S - R AR
sireig 35 BN 102 BTt ERGed Pl e

deiohRHQDIYRRitezaid drictias 2S0TR(E2GT). tBixpXRID pragsrvef the

varied from 162 to 257 OC under_flowing H (100, seem
as-synthesizedmatesalshowspuks E@SGM@M%MQ}Péﬁs Them 0

tQ 95%. T [ YA e ' t
assybfhsnBa s arThE ot e Ry Gl B SR Ik
exch?%g@s w?pﬁm' ﬂﬁblzrﬁﬁrrﬂnfﬂédﬁ@ goniiOnS 'tgbo?wtémmmro,lfollowed léy

emperature. Figure 5 is a graph show ng i so-C o0 vyi
drying aboHOME(1 0 orand. cleinetiand JDORCH orstrCoogiaagurs, The
. : . . .
resufl ez S S PICRRT R TORATIQ M EHER 860 905
EXAVPLE 11 [0077] This exanple relates to the

EXAMBIE 42i on of HA-ZSM 48 with seeding with regul ar
ZSM 48 crystals. A m xture was prepared using water,
[0070¢x aneThpyeximplel shiovierhe Ptpaatiohicfi YSMEME veish beddlihg using 5
sodi um al um nate sol ution_(45%, eind 0% sadi um .
wt.% yrtlativelte thel silicoehargs) of Bstacoystale) HpiFrostgrgingel seeding

.. sidica charqge . 49. A
win B ARROE e R 8 s i
mixGRENAS prepiredFr&ih 1MIREDIWdet] XX/ SoPhéfamethonium chloride
(56% solution), 190 g of Ultrasil PM (a precipitated silica powder produced from

' Degussa), 10 g of sodium aluminate solution (45%), and 33.3 g of 50% sodium

hydroxide solution. The 10 g of Beta seed (S102/A1203 ~ 35/1) was then added

the mixture. The mixture had the following molar composition:

SiOp/Al203 = 106
HyO/8i0p .= 20
OH/SiO2 = 0.17
Na+/SiO2 = 0.17

Template/SiOp = 0.018

[0080]) The mixture was reacted at 320°F (160°C) in a 2 liter autoclave with
stirring at 250 RPM fbr 48 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-
synthesized material shows pure phase of ZSM-48 topology. Clearly, no Beta
phase was observed on XRD pattern of the synthesized product. The"as-

synthesized crystals were converted into the hyd;ogen form by two ion



OHVSi O 0.17 Nat+/Si q 2 0.17 Tenplate/ SiCh =
0.019[0078] The m xture was reacted at 3200F ( 1600C)

WO pooat7@et ocl ave with stirring at 250 RPM for PET/NS2006047400
The product was filtered, washed with deionized (Dl)
water and dried at 250 OF (1200C). The XRD pattern of
the as-synthesized material shows pure phase of ZSM 48
t opol ogy. The assynt hesi zed crystals were converted
into the hydrogen form by _taga i on exchanges with
amoni um nitrate solution at roomtenperature,
foll owed by drying at 250 OF (1200C) and cal ci nati on

exchangst g waiama g sbfoRiat Kb miEitetpife Jolh iR oy
dwi@%{rﬁg &1 2B And BiisinatiaAmE go%)%ctm)m Betiirs OThe

W t h 'seedi ng using .% (relative to the
resultig ZEMHSr gytald hitke $10pyAix03s maler wmtinsef ud/é-al
seeding using Beta crystals is described in United

Iﬁe@rﬁol';rrl“gégatent Nunmber 6,923,949. A mixture was pr epar ed
0 g of water, 25 g of hexanet honi um chl ori de

56% sol ution),, 190 f Utrasil R i i : .
(00835 | o i rhble Rt mrpsai0n oL S HIPE SRR win

10 ATEC TS R gt ToAcR00 e Snsis,

formihilatiG®/ did pasethsnasBaaupith2 _Wﬁl‘.ﬁtl-ls_ﬁé,_ expept thatdeudleapount
of Bitmenials o5 hageeis soouing 22ept 1 Poraars eyt of e e
syntggﬁé%g%gé%@v?ﬁ%ﬂa% 831z e 8o dlb gy WeleaSACh e Beta

liter autoclave with stirring
phas¥ w250b&Vel on ¥BIpattern dfthesyothesizedaprotprt: efbe as-

. washed with ] .
synthesized crystals were converted into the hydrogen form by two ion

exchanges with ammonium nitrate solution at room temperature, followed by
drying at 250°F (120°C) and calcination at 1000°F (540°C) for 6 hours. The
resulting ZSM-48 crystals had a SiO2/Alp03 molar ratio of ~ 80/1.

EXAMPLE 14

[0082] The products from Examples 11-13 were tested using a hexane
adsorption test. The hexane adsorption test is a measure of the poi-e volume of
any given catalyst. The calcined catalysts prepared as above were heated in a
thermogravimetric analyzer (TGA) under nitrogen at 500 °C for 30 min. The
dried catalyst was then cooled to 90 °C and exposed to n-hexane at a partial
‘pressure of 75 torr. The weight changes as n-hexane uptake were measured by
micro balance in the TGA instrument. An Alpha value was also determined for
each crystal. The Alpha value for a catalyst isa standardized measure of the
catalyst activity relativ¢ to the activity of a reference catalyst. The results are

summarized in Table 1.

TABLE'1

Sample n-Hexane, Estimated | Alpha Value
(me/g) % Beta in product




deioni zed (D) water and dried at 250 OF (120 0C). The
XRD pattern of the assynthesized material shows pure

wW@b@so7t2 ZSM 48 t opol ogy. C early, no Beta phBSEUSES6/047400
observed on XRD pattern of the synthesized product.
The assynt hesized crystals were converted into the
hydr ogen form by two i onexchanges w th anmoni um
nitrate solution at roomtenperature, followed by
drying at 2500F (1200C) and cal cination at 10000F
(5400C) for 6 hours. The re¥utting ZSM 48 crystals had
a Siqg 2/Al2q 3 nolar ratio of- 87.2. EXAMPLE 13 [0081]
Thi s exanpl e shows the preparation of ZSM 48 usi ng

Exa%?pﬁglﬂm-ﬁl\&mg rerggpve {0 the splica ch arg? 70

U

reactionf ﬁeﬁ%ﬁﬁ?%‘(s %§am reactan{s, formulation,}an
e

cry

rocedure as anp P .were usedl, except that dpuble

Exampde RDHAt48Vh48f t he as$¥ft hedi zed maberial s
reaqtionesegtad avith ~330XW8 { opol ogy. early, no Beta

silioacchappady ofBetanse¥BD pttern of §he synthesi zed

Exdahpleyst HADESRESgNt hepl zegg grysjal s wergoconverjed 180
readtih P the hydrogen form by two i¢n exchanges with.

see@éqt 5 uﬁ;&%ﬁéﬁﬁéy uyion at rogm tenperature,

0 g at | 2500F (129 O and cal cinajion at
Chaﬁ for 6 hours. . Thelresultina 7QI\/LA£2

Betasped enystalagsed i q 2/ N 2126 nol *r rati 808f 80/ 1 690
ExampiePIl2 &413 0082] Thejproducts from Exanples 11}13

were tested using a hexane adsorption test. The hexane

[0083]sOr PBiag&d bfithe idataAsHERAS i Table 1,tBeRdded \Bytd ¥eed tryils
gi ven catal yst. The cal ci ned catal ysts prepared . as

wergpel/disselvediadhe grysiallizetien pad remamad incthgrsamihesized product.

T g AT G A e o
Exaﬂlﬁﬂﬁxﬂp & 38. AHPEdricMisiBh 85 818bRuPported by the ihbreavRigldlpha

c aages as n-hexane uptake were neasured by mcro
valug gifshe satalysts es tieaweightmenresntagenal hefshia thelanestalssingreases.

deternmined for each crystal..Th | p val f0r
The pEh&faer i ortiof i afiiblus indp - GRpsieiRe Wt fle zoMas
crystals with a heterogeneous seed have a different reactivity than the ZSM-48

crystals with a homogeneous seed.

[0084] Note that the Alpha Value is an épproximate indication of the
catalytic cracking activity of the catalyst compared to a standard catalyst and it
gives the relative rate constant (rate of normal hexane conversion per‘ volume of
catalyst per unit time). It is based on the activity of the highly active silica-
alumina cracking catalyst taken as an Alpha of 1 (Rate Constant=0.016 sec™).
The Alpha Test is conventionally known, and is described, for example, in U.S.
Pat. No. 3,354,078; in the Journal of Catalysis, vol. 4, p. 527 (1965); vol. 6, p.
278 (1966); and vol. 61, p. 395 (1980).

EXAMPLE 15

[0085] This example compares the activity credit for ZSM-48 according to
the invention relative to a ZSM-48 with a higher silica:alumina ratio. A 600N -
slack wax was dewaxed at 1000 psig (6996 kPa), LHSV of 1.0 //hr and treat gas



catal yst activity relative to the activity of a

reference catalyst. The results are summari zed in
waaim7@22 TABLE | [ 0083] Based on the data shownCT/HS2006/047400

Table 1, the added Beta seed crystals were not

di ssolved in the crystallization and remained in the

synt hesi zed product. The concl usi on was supported by

the increasing adsorption data of n-hexane on Exanpl es

12 & 13. The conclusion i s3so supported by the

i ncreasing al pha value of the catal ysts as the weight

percentage of beta in the crystals increases. The

rte G SO BB A BB 4 DR PR R emperatre
vs. réﬁﬁi@é&ﬂﬁﬁgﬁaﬁ;&%%w}tﬁe 370°¢+ Pt poltadhiRistibe & ths
the ZSM 48 crystals with a honbgeneous seed. [0084]

diffekenee bétmteentibe Aipphnlive (xepresentingPVok® iveitleaibigherat i on

sicgauAE) YaiuS iRt B ESA abhoRbedf BN Rbiony
représ%h?géh%%&m S Gepgtant (rate of normal hexane

conversion pér volunme of catalyst per unit tine). It
is based on the activity of the highly active
silicaalum na cracking catal yst taken as an Al pha of 1
(Rate Constant=0.016 sec 1). The Al pha Test is
conventionally known, and is described, for exanple,
in US Pat. No. 3,354,078; in the Journal of

Catal ysis, vol. 4, p. 527 (1965); vol. 6, p. 278
(1966); and vol. 61, p. 395 (1980). EXAMPLE 15 [0085]
Thi s exanpl e conpares the activity credit for ZSM 48
according to the invention relative to a ZSM48 with a
hi gher silicaralumna ratio. A 600N slack wax was
dewaxed at 1000 psig (6996 kPa), LHSV of 1.0 I/hx and
treat gasrate of 2500 sci TB (445 nB/nB). Figure 6 is a
graph show ng reactor tenperature vs. required
tenperature to neet the 37Q0C+ pour point. In Figure
6, the difference between the upper line (representing
ZSM48 with a higher silica:alumna ratio) and the

| ower line (ZSM 48 according to the invention)
represents the activity credit. WHAT | S CLAIMED | S:



1. A nethod for dewaxing a hydrocarbon feedstock which
conprises: contacting a feedstock with a bl end of

W3 AAseat al ysts under catal yti c dewaxi ng conBCT/US2086/047400
to produce a dewaxed feedstock, the blend of ZSM 48
catal ysts conprising a) a first type of ZSM 48
crystals having a silica:alumna nolar ratio of from
70 to 110 and being free of non-ZSM 48 seed crystals;
and b) a second type of ZSM148 crystals, the first
type of ZSM 48 crystals and second type of ZSM 48
crystals being different. 2. The nethod of claiml,

ot econd type of ZSM 48 crystal s conprises
W&%ﬁ{igi&mfg.wm ai ni ng non-ZSM 48 seed crystals.
3. The nethod of claim1l, wherein the second t f

ZSM 48|1-cr Yemethod &rpiq\@@dzgmfmgir@c@r@pal feedgtogk {i&iﬁcﬁ
Si.o2: Al 29 3. rat | .
comiSG: Hofhctoieh FaRbeRL PR SRR D s P e b0 |

catal‘é'ﬁ%l HAPaGRMcHB dftionE!e probayd A detvaikiclfoedstodl, Rhebdend of
. The netRod of claim1, wherein the second type of
ZSMr8Riohtalyststoahprisingl ude a. greater percentage of

Kenyaite than the first type of ZSM 48 crystals. 6.

The met hod) ofy fitskypelof ABM-GigreriyftalARHAS adiNea-aluiniaemolar

bl ended by formul ating the first type of ZSM 48
ratioorfyoml 20 ol d0 fanddreing freeyoftnaraZBMid8sseef aryistrly; iand

the second type of ZSM 48 crystals into second

catal yst pyriaiselesfid o780 8 &i§/stald, The Ginst typeFZ.SM-48

catal yst particles. 7. The method of claim1, wherein
crystaheagdreamdtypstaf 2S48 isrestals being fifferentt i ng

catal yst particles containing both the first type of

ZSM 483 cr YHedhéthadbidlgins 2¢ MréiniBe tcaifiMypd of ZSM-48
crystals.8. The nethod of claiml1, wherein the first

crystajpeomprisey LM 8 ayatals aprtainiag non-£8)d8| ssed £Fy+ialsa
fi brous norphol ogy. 9. The nmethod of claim 1, wherein
the fi3st TheRRehod%Pd14iEn ¢! Waicadia the second type of ZSM-48

crystals comprise ZSM-48 crystals with a SiO,:Al;0;3 ratio of greater than 110.

4. The method of claim 1, wherein the second type of ZSM-48
crystals include ZSM-48 crystals having a fibrous morphology.

5. The method of claim 1, wherein the second type of ZSM-48
crystals include a greater percentage of Kenyaite than the first type of ZSM-48
crystals.

6. The method of claim 1, wherein the ZSM-48 crystals are blended
by formulating the first type of ZSM-48 crystals into first catalyst particles,
formulation the second type of ZSM-48 crystals into second catalyst particles,

and mixing the first and second catalyst particles.

7. The method of claim 1, wherein the ZSM-48 crystals are blended
by formulating catalyst particles containing both the first type of ZSM-48 crystals
and the second type of ZSM-48 crystals.



are free of crystals having a needl e-1i ke norphol ogy.

10. The nmethod of claim1l, wherein the first type of
waZsMAadser ystals are free of Kenyaite. 11. ThePorURm6/047400

of claiml1, wherein the first type of ZSM 48 crystals

are free of ZSM50. 12. The nethod of claim1, wherein

the feedstock is hydrotreated under hydrotreating

conditions prior to contacting the bl ended ZSM 48

catal yst. 13. The nethod of3zglLaim 1, wherein the

dewaxed feedstock is hydrofm shed under hydrofini shing

condi ti ons. 14 ‘The nmethod of claim 1, wherein the

from 2Bo- 208 weund GERfain drndertn gyl St Sbe ba® orystals

are é‘%@%‘:ﬁ/ﬁ@l@@laﬁ?ﬁ@l ﬁﬂrbﬁyhfbrgﬁé!f&gﬁr space vel ocities of

m 0.1 to 10 hf ~\ rog treat gasratesfrom

of clafm 1% g ”&%fs??sﬁan#%v L st i of HBI-AR erystals

_ 26 0C, a h dr ogen
e B IR OMOPRORGL0, 00 50010

and o parsmelied abflefiy . fuliei G st nireiahg Shemerystals

are mgggf;@:,%gggp scf/B). 16. The nethod of cI a| m 13

erel n tthe hydrofinishing conditions include at

o S RS bt AL S

are frb8BEG MKy space velocity of from0.1 to 5 hr”
d hydrogen treat gas rates of from44.5 to 1780

"8/ g S%.Soft}eom%: ocp of clcalmB) ‘wherein the feedstock is hydrotreated

under hydrotreating conditions prior to contacting the blended ZSM—48 catalyst.

13. The method of claim 1, wherein the dewaxed feedstock is

hydrofinished under hydrofinishing condltlons

14. The method of claim 1, wherein the catalytic dewaxing
conditions include temperatures of from 250-426°C, pressures of from 791 to
20786 kPa (100 to 3000 psig), liquid hourly space velocities of from 0.1 to 10
hr™!, and hydrogen treat gas rates from 45 to 1780 m*/m® (250 to 10000 scf/B).

15. The method of claim 12, wherein the hydrotreating conditions
include temperatures of from 150 to 426°C, a hydrogen partial pressure of from
1480 to 20786 kPa (200 to 3000 psig), a space velocity of from 0.1 to 10 hr,
and a hydrogen to feed ratio of from 89 to 1780 m*/m® (500 to 10000 scf/B).

16. The method of claim 13 wherein the hydroﬁnishing conditions
include at temperatures from about 150 to 350°C, total pressures of from 2859 to
20786 kPa (about 400 to 3000 psig), liquid hourly space velocity of from 0.1 to 5
hr', and hydrogen treat gas rates of from 44.5 to 1780 m3/m (250 to 10,000
scf/B).



