H GH ACTIVITY ZSM 48 AND METHODS FOR DEWAXI NG FI ELD OF

THE | NVENTI ON [ 0001] This invention relates to a high
waebinrese1 ZSM 48. More particularly, a high acPCyius006/047399

ZSM 48 with defined purity i¢ prepared, the ZSM 48

bei ng free of non-ZSM 48 seed crystals. BACKGROUND OF

THE | NVENTI ON [ 0002] The demand for high quality
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meet these increased demands for higher basestock quality is limited. Even with

A eV I

the use of additives, formulated oils require higher basestock quality 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 wvith relatively low quality feedstocks. However, these feeds typically
require more severe reaction conditions to achieve target basestock quality and
this leads to lower basestock yields and further processing steps to mitigate

undesirable species formed by hydrocracking.



undesi rabl e speci es fornmed by hydrocracki ng. [ 0004]
Dewaxi ng catal ysts which function primarily by
woemaro2at i on convert waxy nol ecul es into brarchas2006/047399
chai n nol ecul es. Branched chai n nol ecul es can have
desirabl e properties with regard to VI and pour point.
ZSM 48 is an exanple of such a dewaxing catalyst. As
noted in United States Patent Nunmber 5,075,269, ZSM 48
Is prepared using diquaternary anmoni um conpounds as
directing agents. Both the directing agent and the
silica-alumna ratio can influence crystal norphol ogy,

(ODO4T o7 DRRERTHEHAER s Ml bl oAdEPaatifn bY s PaBfiipn
cHERM wak P FnolebulRe ehllccbriahkBe @ ENSihahs]cRuRsPBRANARMY cH¥in
hi gh silicaralumna ratios using a diquaternary

matsesiésuentdhaecdésixgbigyprapertieewi dtoViead fog pint. ZSM-

ST A e oA AT L ey

NiuRideed, F1506s, PAMNS Nysiephred (iRe A8GuaAtbrnddy hRfnShRinES
Pat ent ~Nunber’ 6, 923, 94 crystal purlty becones an

compoends aﬁgdm@mgngmts C quﬁbtthmglrccqfsg agéntrand memshca—alumina
f her 1t han ZSM4 are uce r SM 48. cont ai
oo Gy RGpte P P riie g tth RlghylE Fioleohisapng Bgent is
th‘éfg%aﬁf Ya%ta} m&f‘@éxﬁgh &iathifé B? @étra?a@ﬁﬂe%ﬁ%eé%%aé/g&% rrod- or

especially with regard to catalyst activity an
n@stchmlihetqzysmlmp prt)ducsecg eidhigh|sylickeslunzinheatios hsing

TP A
m%\‘%l{x@l%%var@saﬂfe%hgd Xﬁﬁ‘nfi‘ﬁ%ﬂb i9iowakedl vt s‘%ﬁ%ﬂ{l@ﬁ dﬁve

hi ghl'y advant ageous to have ZSM28 crysta
tet:hniqueo s ullesicrittze driadEnited [Btatieg P apentiNymaed 5 107t 26 at HImted States

T R AT T R TRR A

] ¢ ! 8
c&h?‘ B e Hpts S TBA A8 AT dRUEEY, it ZSM-4
contemsHeterontrdhirdizenditel segdsst al s and ZSM 50. In
vari ous enbodi nents the ZSM 48 crystal s can be
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especially with regard to catalyst activity and stability. Also, it is generally
desirable to have a small crystallite size as smaller crystals likewise favor higher

activity and stability due to greater surface area for given amount of catalyst.

[0006] It would be highly advantageous 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 embodiment, the invention relates to a high purity ZSM-48
composition that is free of non-ZSM-48 seed crystals and ZSM-50. In various
embodiments the ZSM-48 crystals can be as-synthesized, H-form, or Na-form
crystals. Optionally, the composition can contain Kenyaite, or preferably the

composition is free of Kenyaite. In another embodiment, the ZSM-48



crystals. Optionally, the conposition can contain

Kenyaite, or preferably the conposition is free of
wéenyarre1 | n anot her enbodi ment, the ZSM 48coRpDAISE106/047399

is free of other non-ZSM 48 grystals. In still another

enbodi nent, the ZSM 4& conposition is free of crystals

havi ng a fibrous norphol ogy. In yet another

enbodi ment, the ZSM 48 conposition can optionally

contain needlelike crystals. Preferably, the ZSM 48

conposition is free of needle-like crystals. [0008] In

anot her errbodi ment, the invention provides a nmet hod
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ZSM-48 catalyst according to an embodiment of the invention under catalytic

dewaxing conditions to produce a dewaxed feedstock. The catalyst comprises
ZSM-48 crystals having a silica:alumina molar ratio of from 70 to 110 and being
free of non-ZSM-48 seed crystals and ZSM-50.

DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a photomicrograph of the ZSM-crystals prepared at a
template:silica ratio of 0.023 and showing the presence of some needle like

crystals.

[0011] Figure 2 is a photomicrograph showing the absence of needle-like
crystals for ZSM-48 crystals prepared from a reaction mixture having a

template:silica ratio of 0.018.



crystals for ZSM 48 crystals prepared froma reaction
m xture having a tenplate ;silica ratio of 0.0

wa0§700d2) Figure 3 is a photomn crograph show RQTUS2006/047399
presence of needle-like crystals for ZSM 48 crystal s
prepared froma reaction mxture having a
tenplate:silica ratio of 0.029. [0013] Figure 4 is a
phot om crograph showi ng the absence of needle-Iike
crystals for ZSM48 crystals prepared froma reaction
m xture having a tenplate:s;ilica ratio of 0.019.
[ 0014] Figure 5 is a graph showing iso-ClOyvyield as a
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crystals can be cal cined and ion-exchanged crystals,
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seed crystals"” is nmeant that the reaction m xture used
SO 8 i ng t he ZSM 48 does not contain non- ZSM 48
seed crystals. Instead, ZSM 48 crystals synthesized
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diffraction. Simlarly, the high purity ZSM 48
[000®) di NThEGn{ERidVeaAleh 80 high phSfy ZEBE 48 cr9biady in a particular
non-ZSM 48 crystals to the degree that such other
morpholeey faeeobnen-Z9M-48 seed enystalppnd fragof ZSM-50, and a

method of making the ZSM-48 composition. The ZSM-48 crystals can be can

be “as-synthesized” crystals that still contain the organic template, or the crystals
can be calcined crystals, such as Na-form ZSM-48 crystals, or the crystals can be
calcined and ion-exchanged crystals, such as H-form ZSM-48 crystals. By "free
of non-ZSM-48 seed crystals" is meant that the reaction mixture nused for
forming the ZSM-48 does not contain non-ZSM-48 seed crystals. Instead, ZSM-
48 crystals synthesized according 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 equipped with a

Vantec-1 high-speed detector. The instrument was run using a silicon powder



diffraction. This non-detectable determ nation was
made on a Bruker D4 Endeavor instrunent, manufactured
woyoBroaéet AXS, and equi pped with a Vantec- 1 PCT/US2006/047399

hi gh- speed detector. The instrunment was run using a
silicon powderstandard (N st 640B) which is a materi al

W t hout stress. The full-w dth hal f maxi mum (fvvhm) for
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between different morphologies, it is necessary to use an analytical tool with
greater resolution. An example of such a tool is scanning electron microscopy
(SEM). Photomicrographs from SEM can be used to identify crystals with
different morphologies.

[0018] 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)Si02 IA]203

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



anot her enbodinent, n is at |least 70, or at |east 80,

or at least 85. In yet another enbodinent, nis 110 or
woeesw/07em21100 or less, or 95 or less. In still PoThsr006/047399

enbodi nents, Si nmay be replaced by Ce and Al may be

replaced by Ga, B, Fe Ti, V, and Zr.[0019] The

as-synt hesi zed form of ZSM 48 crystals is prepared

froma mxture having silica, alumna, base and

hexamet honi um salt directing agent. In an enbodi nent,

the nolar ratio of structural directing agent:silica

in the mxture is less than 0.05, or less than 0. 025,
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sna crystals are desirable for they
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).

[0020] The ZSM-48 zeolite in either a calcined or as-synthesized form
typically forms agglomerates of small crystals that may have crystal sizes in the
range of about 0.01 to about 1 pm. These small 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 meant
crystals that have a L/D ratio of > 10/1, where L and D represent the length and
diameter of the crystal. In another embodiment, the ZSM-48 crystals in either a



generally lead to greater activity. Smaller crystals

mean greater surface area which leads to a greater
wounodraroai active catalytic sites per given anmpanusefoc/047399

catalyst. F referably, 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 length and dianmeter of the crystal. In

anot her enbodi mrent, the ZSM 48 crystals in either

acal cined or as-synthesized formhave a | ow quantity
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OH': SiO; (preferred) = 0.14 t0 0.18
template : SiO, = 0.01 — 0.05
template: SiO, (preferred) = 0.015 to 0.025

[0022] 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 further illustrated below in the Examples.

[0023] 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 sources may form silicates. The alumina may be in the form of



Kenyai te and/ or needl e-1i ke norphol ogy is not desired,

the preferred ranges should be used, as is further
woRkburareaat ed bel ow in the Exanpl es. [0023] ThePeTiuSe®6/047399

source is preferably precipstated silica and is

commercially available from Degussa. O her silica

sources include powdered silica including precipitated

silica such as Zeosil(r) and silica gels, silicic acid

colloidal silica such as Ludox(r) or dissolved silica.

In the presence of a base, these other silica sources

may formsilicates. The alumna may be in the formofa

SQHbleS a?‘tla,l :;ﬁefepc{bﬁ? %l'if‘ Bodiuhl8al QHH Y&t SRinherdly Svailable from US
able f r

commercl al'fy aval romUS Alum nate. Ot her
Ahiniiniatee GkherisnitabkoalupEsuimsdurdes titdhede athemabumirgun salts such
such as the chloride | ym num al cohql at es or dr at ed
e thsichlerad il aicoialates T hySERIA UMD sclhgs Samima

194 43 | Jirgobue def tFRfidolve the
aggﬁlé@é’gagﬁugéyg%;ﬂg? %gﬁi&gé?%\#%y trilg%(i (E&O%r eferably 1o ve.
metl oxidy carpbaany atkdly dretadi lelroridey prefierdbly sosdiwhe or potassium

di quat ernary hydroxi de .and the |ike. The djrectjng.

FtlAides aEhaRbATe CHGHPHIRP HIA TR0 e b e ke | The
ichlorj . .

S A2 PEEATEINSJLAS ot o ichoice o

Kesdnesthegiun hiydaddde s Thicadrton (other tival cllerided cohld be other
i ke. Hexamet honiumdichlorjde is

aginnnsueh as hxdrowidemitrate. spifgte, pEierhadidganshibgdike-
i.chl ofi . i 48
HefapB o PR R R SRl R

Rbufedpiremeaium digsleraled directing agent are ni xed
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ZAiVhteSatc athfinasé sdls buay and dirkienhgt apanhare srsed together with
m xture. The ZSM 48 seed crystal s {;rvgﬁl be adde

to o
wateriodhe Fetiosases forth abpye Andrhsated Firtgrirgio’io 250 °C. The
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purified,” usually by filtration, and washed with .

beindded tol enhanae 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, and washed with deionized water.

[0025] In an embodiment, the crystals obtained from the synthesis
according to the invention have a composition that is free 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 embodiment, 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 can be free of Kenyaite.

[0026] 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
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[0028] If heterogeneous seed crystals are not used, as one synthesizes

7SM-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 andis a
form 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
feedstock 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 overall activity of the ZSM-48. Ratios of hydroxide:silica (or
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zeolites, other inorganic matenales 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 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—beljyllia 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.

[0031] 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 TUPAC system having Groups 1-18,
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erived frommneral " or synthetic sources. The feeds
digtillates, 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 deoiled. Foots oils are derived from deoiled slack waxes. Fischer-

Tropsch waxes are prepared by the Fischer-Tropsch synthetic process.

[0033] Feedstocks may have high contents of nitrogen- and sulfur-
contaminants. Feeds containing up to 0.2 wt. % of nitrogen, based on feed and
up to 3.0 wit. % of sulfur can be processed in the present process. Sulfur and
nitrogen contents may be measured by standard ASTM methods D5453 and
D4629, respectively.
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10035] 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 § hr.”", and a hydrogen to feed ratio of from 89 to 1780 m>/m® (500 to
10000 scfiB), preferably 178 to 890 m3/m®

[0036] Dewaxing conditions include temperatures of up to 426 °C,
preferably from 250-400 °C, more preferably 275 to 350°C, pressures of from
791 to 20786 kPa (100 to 3000 psig), preferably 1480 to 17339 kPa (200 to 2500
psig), liquid hourly space velocities of from 0.1 to 10 hr.”?, preferably 0.1to 5



group 6 netals are present in amounts of from5 to 30
w. % The anpbunts of netals nay be neasured by
waorbitodes2speci fi ed by ASTM for i ndividual metaP€T/US2006/047399
i ncludi ng atom ¢ absor pti on3spectroscopy or
i nductively coupl ed plasnma-atom c em ssion
spectronetry. [0035] Hydrotreating conditions include
tenperatures of up to 426 0C, preferably from 150 to
400 0C, nore preferably 200 to 350 0C, a hydrogen
partial pressure of from 1480 to 20786 kPa (200 to
3000 psig), preferably 2859 to 13891 kPa (400 to 2000
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fdtAs, aid ﬁﬁmwﬂﬁmd Preferred/ metaloBwlude qbleeefoone noble meta
lfglilg)a strong hydrogenation function, especially platinum, palladium and
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mixtures thereof. The mixture of metals rﬁay 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
materials include amorphous or crystalline oxide materials such as alumina,
silica, and silica-alumina. The metal content of the catalyst is often as high as
about 20 weight percent for non-noble metals. Noble metals are usually present
in amounts no greater than about 1 wt. %. A preferred hydrofinishing: catalyst is
a mesoporous material belonging to the M41S class or family of catalysts. The

M41S family of catalysts are mesoporous materials having high silica contents
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environmental benefits from the standpoint of health effects from crystal form

and the small crystal size is also beneficial to catalyst activity.

[0040] In addition to the embodiments described above, in still another
embodiment, the invention relates to high purity ZSM-48 composition having a
silica:alumina 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 & 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
reaction mixture containing a hexamethonium directing agent in a

hexamethonium:silica molar ratio from 0.01 to 0.05, preferably from 0.015 to
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mean that the present catalysts are nore acidic. In

spite of this increased acidity, they have superior

activity and selectivity as well as excellent yields.
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mixture. The above procedure results in as-synthesized ZSM-48 crystals that

contain the hexamethonium structure directing agent.
[0043] This invention is further illustrated by the following examples.

EXAMPLE 1

[0044] A mixture was prepared from 1200 g of water, 40 g of
hexamethonium chloride (56% solution), 228 g of Ultrasil PM (a precipitated
silica powder from Degussa), 12 g of sodium aluminate solution (45%),and 40 g
of 50% sodium hydroxide solution. The mixture had the following molar »

compositiorn:

Si0,/ALO; = 106



[0042] In yet another enbodi ment, the invention
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silicate salt, alumna or dlbum nate salt,
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m xture. The above pOeresi®g resultD.17 as-synthesized

ZSM 48 crystals that_contain the hexanet honi um

structure directing H@fa/n$l 100431 Tfﬂ% invention is

further illustrated npl es. EXAMPLE

| [0044] A mixture @% S;ér)@& fro %%0 g of vvater

40 g of hexamet honum chI orl de &56% sol uti.on) & I h
[0045]asi | Thw mixtpreviagireagted at 3RO TA (Hiderinrd %Thter autoclave wit

SFERRE P20 Kl AT UL PRI 0ot e
f%&%rsf Qldron the s 8 tHOARB6Ialve ARd tBEYbe B@tlﬁﬁfg-ﬁﬁbhamsm can
A2 20.15 OHV SiI2 = 0.17 Na+/ SiQ2 =0

rfaapothice sirteg Spoats a[rmmmps esirablet The maéuqtéﬁ%% Bljergd, washed

3200F. (160 in a I t

i s righ (D) WBi6F and ARG CF, (T8, LR ZXRE) Pyt of the
%t%a{lusi’fed ater{AGheWedshehypieal berespmeaff Z$1e1-48 topology. The
au ave and the t pe of stirring nmechani smcan nake

SEMeof Siiasriymghey agerinlishoses t@@lstheama&erlatwspwaaewd of

vva filtere hed vvlth elonz
@aelgztt eﬁg‘ggtp'stailﬁ V1 E% % e¢ I g?é—?kg and irregularly
shaped crystals). The resulting ZSM—48 crystals had a SiO,/Al,03 molar ratio of

~100/1. Figure 1 is a photomicrograph of the ZSM-48 crystals. This

comparative example at template:silica ratio of 0.023 shows the presence of

some needle-like crystals.

EXAMPLE 2

[0046] A mixture was prepared from water, hexamethonium chloride (56%
solution), Ultrasil PM, sodium aluminate solution (45%), and 50% sodium

hydroxide solution. The prepared mixture had the following molar

composition:
SiOy/ALO; = 106
H,0O/ SiO; = 20.15
OHY SiO, = 0.17
Na'/ SiO, = 0.17

Template/SiO, =  0.018

[0047] 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



as-synt hesi zed material showed the typical pure phase

of ZSM 48 topol ogy. The SEM of the as-synthesized
worb@Erored21 shows that the material was conposedPof/US2006/047399

aggl onerates of crystals wii’h m xed nor phol ogi es

(needle-like and irregularly shaped crystals). The

resulting ZSM 48 crystals had a Si Q2ZAl 23 nol ar ratio

of ~ 100/1. Figure 1 is a photom crograph of the

ZSM 48 crystals. This conparative exanple at tenpl ate:

silica ratio of 0.023 shows the presence of sone

needl e-1i ke crystals. EXAMPLE 2 [0046] A m xture was

o538 Ty VB i SO O ML it o
syhfiR¥dzecPmdt 2 Miloshaticdhb il pereshasticfiZSVhés opplagyd The

m xture had the foll ow ng nol ar conposi

tion:
SEMaFiie26asy0besieal myiepabshrys $abhe magrial wes soRgeped of

Si2 0.17 Tenmplate/ SiOQ,2 = 0. ] ;
asalomeRitet of SHpIsalar o sial (i BBk stal size of
Akt 07 09 thidtor) SOTRPMsuMing B ShaurgscryShits had diBiOMAakO; molar

ITtered, washed w thdeionized (D) water and dried at
aR08IF 0120 RijureThis XRbopamicsperaph afifbeaesy B Vserystals.

Fizsge Pobyvenhe senon of Recdie B BRI By sy Beording to the

in%ﬂfif)ﬁ.he mat eri al was conposed of ag_gl oner at es of
sma Irregul arly shaped crystals (with an average

crystal_size of about 0.05 mcrons). The resulting
Em&éystals had a Si 2/ Al 23 nol ar ratio of ~

94/ 1. Figure 2 is a photom crograph of the_result] )

[ cr yst%airﬁxtuﬁ: g\msq:prgpm,@om%\@a Shgyangihonium c&ngrldc (56%

sq?l?paglﬁ)e,llg #a%ilcl{%séltiﬁleg, sfo%riur%sé%rdfﬁn&‘é%gilﬂk&9(457%5,@0% 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,0/8i0, = 14.8
OH7/Si0, = 0.17
Na'/8i0, = 0.17

Template/SiO, =  0.029

[0049] The mixture was reacted at 320°F (160°C) in an autoclave with
stirring at 2:50 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 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:silica ratio of 0.029.



EXAMPLE: 3 [0048] A mi xture was prepared from water,
hexanmet honi um chl ori de (56% solution), Utrasil
wonhdi7fored] sodi um al um nate sol ution (45%, 50P€CTMERGN47399
hydr oxi de solution, and 5 vi8% (relative to the silica
charge) of ZSM 48 seed crystals. The m xture had the
follow ng nolar conposition: Si Q2ZAl 203 103 H2AQ S 2
14.8 OHV Si2 0.17 Na+/ SiQ2 0.17 Tenplate/SiO 2 =
0.029 [0049] The m xture was reacted at 3200F (16000
in an autoclave with stirring at 250 RPM for 48 hours.
The product was filtered, washed with deionized (D)
d, dried at 25Q0F (1200C). The XRD pattern of
E}tﬁ@@&gigﬁ%hesi zed material showed the typical pure
phase of ZSM 48 topol ogy. The SEM of the ) .
[285€)/ nt hed iniktuneavay PEapasshfiom Mater hexamethqninmyghloride (56%

Cc gse f . ra - . i .
SSRLR Dl TR A5, aCIRIR u(BRTYS ) 569 sodium
l—gd@éﬂﬂé)swlﬁhﬂl,f&ﬁﬁ% Wit9e (réBivtvedoahy stiidasciage pof ZSM-48 seed
i 2/ A28 nolar ratio of ~ 95/1. Figure 3.is a

qrpistelsni dhegnigshrechad the following ApoRSKPEIRASIUSY:.  Thi s
conpar ative: exanple shows the presence of needle-I|ike
crystals for ZSM 48 SiQuifdsOzed From @ reaction

m xture having a te S lica rati f
0. 029. EXAMPLE 4 [002‘8#2%?@& ure'"vvasi'g'ggpared from
wat er, hexamet honi umght/@iode (58% s@ligtion), U trasil

Modi fied, sodium alum nate sol ution ‘845%, 50% sodi um
hydr oxi de sol ution, awal/$ik% (relatPud to the silica

Fol | ow ng molar compeePBSSizn 905 120 si oo

[%)%5;] The mixture was reacted at 320°F (160°C) in an autoclave with
stirring at 250 RPM for 24 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 composed 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 89. Figure 4 is a photomicrograph of the resulting ZSM-crystals. This

example of ZSM-48 crystals according to the invention shows the absence of

needle-like crystals.

EXAMPLE 5

[0052] 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:

Si0/ALO3 = 103

H,0/ SiO, = 14.6

OHY SiO, = 0.17



OHV SiQ2 0.17 Na+t/ SiQ2 0.17 Tenplate/SiO 2 = 0.019
[0051] The m xture was reacted at 3200F (1600C) in an
waabwaresee With stirring at 250 RPM for 24 houP€T/USk®6/047399
product was filtered, washaed with deionized (D) water
and dried at 2500F (1200C). The XRD pattern of the
assynt hesi zed material showed the typical pure phase
of ZSM 48 topol ogy. The SEM of the as-synthesized
mat eri al shows that the material was conposed of
aggl onerates of small irregularly shaped crystals
(wth an average crystal size of about 0.05 mcrons).
The resulting ZSM 48 crystal s had a Si o2/ Al 203 nol ar
ratio of 89. Figure hfai gg’zgﬁlﬁohot oni cr(gzz aph of the

resul ting ZSM cryst alfgmplitessiexasp! €.0152SM 48
crystals according to the invention shows the absence

f dle-lik tals. . A t .
(BhSIE eparsrmir Gy S araciia AhaaDr o anror oy s, wits
sfite 'h?ﬁ%? fzidg Iads! TRE préqditumasiinBiddatmashed with
solution (45%, 50% sodi um hydroxi de solution, and 3.5
deidhited | BI) watdrantdhdried b 230 FhE29EL) o ThESKRIB pattem of the as-

crystals. The, m xtur ad .the f i n l.ar .
Sothsiier mAterisl ebpyed cBe Mkt gt G M0 488 thcg q§Kenyaite
S Pz 0. 17Na+/ SiR = 0.17 Tenplate/ SiA2 = 0.015
[JJ5§¥' The m xture was reacted at 3200F (1600C) in an
autoclave with stirring at 250 RPM for 48 hours. The

MRs filtered, washed with deionized (DI') water
and dried at 2500F (1200C). The XRD pattern of the .
[895¢ht hesA zeiitureawes patpastd frsan vraseribexamethgnipmpligride (56%

s%rl]gti(t)ri)??ﬁtrg];il ﬁgé{ﬁ'{etd? 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:

Si0y/ALO; = 1024
H,O/8i0, = 148
OH/Si0, = 020
Na'/ SiO, = 020

Template/SiO, =  0.019

[0055] 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 pafterq 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.

EXAMPLIE 7

[0056] A mixture was prepared from water, hexamethonium chloride (56%
solution), Ultrasil PM, 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:



impurity. EXAMPLE 6 [0054] A mi xture was prepared from
wat er, hexanet honi um chl ori de (56% sol ution), Utrasil
wonhdi7fored] sodi um al um nate sol ution (45%, 50P€CTMERGN47399
hydr oxi de solution, and 3.20mt % (relative to the
silica charge) of ZSM 48 seed crystals. The m xture
had the follow ng nolar conposition: SiQ2/ A 203 102.4
H2Q SiO2 14.8 OHV SiQ2 0.20 Na+/ Si Q2 0.20
Temrlate/ Si2 = 0.019 [0055] The m xture was reacted
at 3200F (1600C) in an autoclave with stirring at 250
RPM for 48 hours. The product was filtered, washed
wi th dei onized (DI) d doied 500F (1200C).
The XRD pattern of t%@gé%@ﬁ hesi zec@%‘a eri al
synt hesi zed from a rEgOV 800, M xtur e 14a¥i ng a
base:silica ratio of 0.20 showed the m xture of ZSM 48
and Kenyaite inpurit@HENRPLE 7 [0856) A nixture was
prepared from water, hexgget honLum ride (56%
solution), Utrasil ﬁl)(%% um al umwcial e solution
(4599, 50% sodi um hygegmplsie/Sio,uti op.0bMd 3.5 wt %
(relative to the silica charge) of ZSM 48 seed

tals,.,The.nm xture ha h ' I .
000 £ Tk GRORS Hag rERGed 45308 PRI AN uaplave with
S%f%n&t 953 REYAM0p4@h Surd STHE PRO AR vrisTi Rei@ d) dshed with

e xture was reacted at 320 OF (160 0C) in an
deignize¢ch (@@ wivater and dried at 250°F (120°C). The pattern of the as-

synthesized material showed the typical pure phase of ZSM-48 topology.
EXAMPLE 8

[0058] A mixture was prepared from water, hexamethonium chloride (56%
solution), Ultrasil PM, sodium aluminate solution (45%), and 50% sodium

hydroxide solution. The mixture had the following molar composition:

Si0/ALO; = 90

H,0/8i0, = 20.1
OH7/S8i0, = 0.17
Na'/ SiO, = 0.17

Template/SiO, =  0.025

[0059] 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 (1DI) 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-

50 impurity was identified. The product showed the presence of some needle-

like morphclogy.

EXAMPLE 9

[0060] 65 parts (basis: calcined 538 °C) of high activity ZSM-48 crystal

(Example #4) were mixed with 35 parts of pseudobochmite alumina (basis:



stirring at 5 0 RPMfor 48 hours. The product was

filtered, washed with deionized (D) water and dried
waro@®ooRF (120 0C). The XRD pattern of the PCT/US2006/047399

assynt hesi zed material showad the typical pure phase

of ZSM 48 topol ogy. EXAWPLI ' 8 [0058] A m xture was

prepared from water, hexanethonium chloride (56%

solution), Utrasil PM sodium alunm nate sol ution

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

had the follow ng nolar conposition: SiOQ2/ Al 203 90

H2Q Si2 20.1 OH7 SiA2 0.17 Na+/ SiQ2 0.17
AR5 51 PTIE 2 e oY SuTBIR S e RalEa g Broduce an
eX2OdIRAY ga3te 4n & 21UBoAnoildryderdThe mixsoff ASMr48], pseudoboehmite

washed with deionized (D) water and_ dried 25
alumagend water mayupgaaﬁg eovas ﬁ?étraé A SicAdn & fotpack oven at

[ ial t o
T I s et e o
Asté BAdRepDRGRE @Egﬁﬁﬁﬁempl%dé éTh&szalcnheﬂ egirudate was

EXA LE 9 [0060] 65 parts (basis; cal CI ned 538, 0C) , of

hinigHifsed with satested sirangsexshapgsd wifte | M pryeeBim %étaate to

ol 33080 oS! <S3HABRPEAT ARGELAI By it cxchange, e

eRttulib@ ®A5 withed widls daidaesbd watyrad Ltémo&re remﬁmulllﬁhfaﬁe ions prior
paste on a 2" Bonnot extruder. The m X ZS

tpsleyiogh ddierAmmonium sxehanger wat@'edat@ovma@me% gt é&%f@ Qugnight

ol TR b BBEABRB B oo i ws scamed for
3%@2?(20 G S3fic YfeanfedGaAIRAS Qva’%ﬁﬁlﬂr%gﬂaftedtwhﬁh eétgamintine

The N2 cal ci ned extrudate was hum di fi ed
pmmmumanmam @6 A% Phusing Wacigientwetnessy Adieroimpregnation, the

nitr
extrud%te was dried overnight at 250 °F and calcined in air at 360 °C to convert

the tetrammiine nitrate salt to platinum oxide.

EXAMPLE 10

[0061] The dewaxing catalyst of Example 9 was tested in a n-Cyp
hydroisomerization test. Catalyst temperatures were varied from 162 to 257 °C
under flowing H, (100 sccm) at 1 atm pressure to adjust n-C;o conversions from
0 to 95%+. The high activity ZSM-48 containing catalyst showed excellent iso-
C,0 yields with minimal cracking as a function of n-Cyo conversion and reaction
temperature. Figure 5 is a graph showing is0-Cjo yield as a function of n-Cyo
conversion for a catalyst accordipg to an embodiment of the invention and a

catalyst with a silica:alumina ratio of about 200.
EXAMPLE 11

[0062] This example relates to the preparation of HA-ZSM-48 with seeding
with regular ZSM-48 crystals. A mixture was prepared using water,
hexamethonium chloride (56% solution), Ultrasil PM, sodium aluminate

solution (45%), and 50% sodium hydroxide solution. About 5 wt% (relative to



remove sodi um (spec: < 500 ppm Na). After ammoni um

nitrate exchange, the extrudate was washed wth
wdebomreed water to renove residual nitrate i ORSTIS2ME/047399

to drying. |Tie anmoni um ex@2hanged extrudate was dried

at 121 OC overnight and calcined in air at 538 0OC

After air calcination, the extrudate was steaned for 3

hrs @900 OF. The steaned extrudate was i npregnated

with tetranmne platinumnitrate (0.6 wt% Pt) using

i nci pient wetness. After inpregnation, the extrudate

was dried overnight at 250 OF and calcined in air at

R AR T T ——
ﬂ&afoﬁ&bﬁhg%o%%ﬁhﬁ)s&ims tested in a n-Ci 0 hydro

I'somerization test. Catal yst tenperatures were varied

from 162 to 257 0C undeBihhoniy@ H 100 sHI9) at 1 atm
pressure to adjust n-Qo conversions fromO to 95%.

The high activity ZSM 48ldd#i@nhni ng <cat al ¥ showed
excellent iso- Co yields with mniml cracking as a
function of n-Ci o conveQHdBIQMd reacti or0.d&nperature.
Figure 5 is a graph showing iso-Qo yield as_a function
of n-C o conversion for M*g‘ét(a?_yst accord?Ad to an
enbodi nent of the invention aneg a cat al ys@ %th a
silicaralunmina ratio of lssRIater8i2 SavPLE01? [ 0062]
This exanple relates to the preparation of HA-ZSM 48

0663 See@kiﬂyém%tle (e atted SVB48oK ( Y64 Sin b Shpsklifve with

was “prepared using water, hexamethonium'chloride (56%
safling aDB50 RNV foxi24 Rrs s ddieuproduatrivas tdtesed,wvashed with

M
e Mg SRR g B LS S O
aSsyinthesized 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 Si02/Alp03 molar ratio of ~ 88.5/1.

EXAMPLE 12

[0064] This example shows the preparation of ZSM-48 with seeding using 5
wt.% (relative to the silica charge) of Beta crystals. Heterostructural seeding
using Beta crystals is described in United States Patent Number 6,923,949. A
mixture was prepared from 1000 g of water, 25 g of hexamethonium 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 (SiO2/Al203 ~ 35/1) was
then added the mixture. The mixture had the following molar composition:

SiOp/Alp03 = 106

H»O/8i02 = 20

OH7/SiOp = 0.17



Na+/ Si O 2 0.17 Tenplate/SiO 2 = 0.019 [0063] The

m xture was reacted at 3200F (160 0C) in an autocl ave
Wei2047/080321ri ng at 250 RPM for 24 hours. The praduaiS2086847399

filtered, washed with dei of3zed (DI) water and dried

at 250 OF (120 0C). The XRD pattern of the

as-synt hesi zed materi al shows pure phase of ZSM 48

t opol ogy. The assynthes z;ed crystals were converted

into the hydrogen formby two ion exchanges with

amoni um nitrate solution at roomtenperature,

followed by drying at 2:5CF (120 0C) and cal ci nati on

at 10000F (540 0C) for sy The re i ng ZSM 48

crystals had a SiQ2/ Al 2 ﬁlyrrgbﬂba?\‘ rati osd(;':l? 88. 5/ 1.

EXAMPLES 12 [0064] This xaippii8/siopve- tdg19r eparation

of ZSM48 with seeding using 5 w.% (relative to the

006552 CheEheeixireBRASrdacyst & 320°HetIB0o8Y i & Uik autoclave with

seeding using Beta crystals is described’in United

Siraingsat PA0RPMifobh48 héne 3Thd produativasufikenedds washed veth

SR A3 e o BB LTI AL SO e o
S ROMISE s EER oL SR, S8 no et

plyaireoxagiobsarivad ionriXRThpattérngofthe Byhthesixed froidaet. /The as-

203, ~ .35/ 1) s then added_ the m xture. The njxture
pehesiEcd BryseHs EETRGIRY ertgt paie; the dr%@zyqrm%z tye ien

. ) . )G -
e paiamgrhitigle fo {iRacTobng morttare, foflogyed by
&20ng &t 25080 01309C) and’cdlcimatioaldt dOOAYE (S40Crforré hogrs. The
at 250 RPM faor 48 hours. The product was filter

sl GoMr esraiale ad mslaaégkgaﬁaolar Flip ot 62 0r

(120 0C). The XRD pattern of the assynthesizecl

EXAMPLE 13

[0066] This example shows the preparation of ZSM-48 using seeding with
10 wt.% (relative to the silica charge) of Beta seeds. The same reactants,
formulation, and procedure as Example 2 were used, except that double amount
of Beta crystals was added as seeding agent. 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 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 Z5M-48 crystals had a Si02/AlpO3 molar ratio of ~ 80/1.

EXAMPLE 14

[0067] The products from Examples 11-13 were tested using a hexane
adsorption ﬁ:est.' The hexane adsorption test is a measure of the pore 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



material shows pure phase of ZSM 48 topology. Cearly,

no Beta phase was observed on XRD pattern of the
weoeymi7heei2zzed product. The assynt hesi zed cryst aPETWS2@®6/047399

converted into the hydrogere4f orm by two i on exchanges

Wi th anmoniumnitrate solution at roomtenperature,

foll owed by drying at 2! SOF (120C) and cal ci nati on at

10000F (540 0C) for 6 hours. The resulting ZSM 48

crystals had a Siq 2/Al2 q 3 nolar ratio of- 87.2.

EXAMPLE 13 [0066] This exanple shows the preparation

of ZSM 48 using seeding with 10 wt. % (relative to the

prdssu® of 25 gory. dtheBetizghs ehalsgesHsan-harene ﬁptakanver;c measured by

fornul ati on, and_procedure as Ex r{pl e 2 were use

Enepkalengs iniTB ARSI, Ko Albhy yahleswan alsa desermined for

g e
G0 B0 TAPRIon IR ROLIRIA 101 e gospeppure of e
tapblsogutivity ealakiye w mheBecttavxpyl af a refigendis eatubdt.oTh&RBsults are
pattern of the synthesized product. The assynthesi zed
deymaize e bablerdverted into the hydrogen formby two
i on exchanges with anmoniumnitrate solution at room

tenperature, followed by drgABRLBt1 2. 5CF (120 0C) and
calcinatiaon_at 10000F ( 0. 0C) for 6 hours The

resul tingS@oplels cryst al | hHgXans1(p/ AlEstiEnatsiar rfafilpha Value
of ~ 80/1. EXAVPLE: 14 [pOdnkg/8he pr s fro
Exanpl es 11-13 were testled using a t@%‘ﬁé%gg(&%@i on

E%8f IelTqueZSMA%dSOf TOrB18st |5 a neagure of ffne 7q
Mcﬁoﬁ UHEd ngmag%l\gl A4en| cat al yst. | The cal ci ned
e

sts prepar as abpve were ht%at ed in a

1. 500

Beample By HA-ZSMet8ir i ed cat4@4st Yas therddooled fo ~125
poctionsedded pddedS¥o(ta- hexane at ajpartial pressur¢ of

es as n- hg¢xane upt ake werle
IBAsS18 03 DY ALZSNI-A8] ance | g Be TEA | nstLypent. An 180
%%uelb% ?ﬁ‘x{cgl ypt is a standardi zed neasuf e
% ivVitylrelative {o the activity pf a
Beta seed crystals used in 126 100 690
Examples 12 & 13

Kgypval ue was al so determ ned fof each crystal. [The
e
The kosults ard

[0068] Based on the data shown in Table 1, the added Beta seed crystals
were not dissolved in the crystallization and remained in the synthesized
product. The conclusion was supported by the increasing adsorption data of n-
hexane on Examples 12 & 13. The conclusion is also supported by the
increasing alpha value of the catalysts as the weight percentage of beta in the
crystals increases. The n-hexane adsorption and alpha value increases
demonstrate that the ZSM-48 crystals with a heterogeneous seed have a different
reactivity than the ZSM-48 crystals with a homogeneous seed.

[0069] Note that the Alpha Value is an approximate 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-



summari zed in Table 1. TABLE | [0068] Based on the

data shown in Table 1, the added Beta seed crystals
woro@/me21di ssol ved in the crystallizati on andpPCensRmed47399

in the synthesized product.25Th concl usi on was

supported by the increasing adsorption data of nhexane

on Exanples 12 & 13. The conclusion is al so supported

by the increasing al pha value of the catalysts as the

wei ght percentage of beta in the crystals increases.

The n-hexane adsorption and al pha val ue increases

denonstrate that the ZSM 48 crystals with a

ﬁh&@mg‘éﬂ@l@@g aatalystiaken as aniAlpherf ¥ %@wimwam@mw sec™h).

BB AR et i S0y el VR SRR B, o eRatupls, in ULS.

Pﬁt tNI®. 3;3541}0)7@1 én eHealdtirAgl @tccawlysus Gfolt bep. C@!ﬁLWGS), vol. 6, p.

npared to a standard cat al nd it gi'ves t
2@8&196@ eaded obbim 95 (1986 of nor mal hexane
conversion per volunme of catalyst per unit tinme). It

EXAngadiias the activity of the highly active
silicaalum na cracking catal yst taken as an Al pha of 1

f:onv nti oméx%ﬂgﬁcoéﬁﬁw&&hﬁ gg‘i‘i’ﬁ‘% gg&h{&; %%ﬁ@ccordmg to

ihe 1Hv8nt18ﬁtrelaNQ'e t8 a%ﬁ])vﬂl@ witH atﬁighe"loéilhﬁﬁlahﬂﬁlna ratio. A 600N
Catalysis, vol. 4, p. 527 196%%&)

slagkayax wieg dewaxed _’gt 19003$5g (& kPaEmE)ﬂBO[lﬂﬁmﬂd treat gas

t it f ZSM 48
TN O Sl 40 ke
k. g’eqmrsﬂ i@ éﬂitblx@ tdameet the. 37®°@ﬁ0;% Pkt te 6, the

dewaxed at 1000 psig (6996 kPa), LHSV of 1. O // and
differenem beiveren be WHE0 linef(represarBinmsZ 5/- 48nghraeh1@hes

h_show.n r.te €, VS
%&%a%ﬁ’ TP phBtEe e BBE 25 ihaBicar il foring drgention)
rédentshtd fotRAsecleaivveen the upper line (representing
155
g M 48 with a hi'gher silicaralumna ratio) and the
| ower line (ZSM 48 according to the invention)

represents the activity credit. CLAlI M5




1. A conposition conprising ZSM 48 crystals having a
silicaramm na nolar ratio of 110 or less that is free
woR001o0eZ8M 48 seed crystals and free of ZSM 58CTAIS200h/047399
conposition of claim1, wherein the ZSM 48 crystals
are free of crystals having a fibrous norphol ogy. 3.
The conposition of claim2, wherein the ZSM 48
crystals are free of crystal s2Bbavi ng a needl e-1|i ke
nor phol ogy. 4. The conposition of claim1, wherein the
ZSM 48 crystals are free of Kenyaite. 5. The
conposition of claiml1l, wherein the ZSM 48 crystal s
deagnvessilica:alumna ratio of | ess than 100. 6. The
conposition of claim1, wherein the ZSM 48 crystals

are free pf ROdsk iﬁ%nfcrohgméiﬁ ZEMIBNS cEAIRRHabintla Of
claim1, further conprising at ?east one ‘of a bi nder
salich:hlmnogemataraatiowfdl10 & leFhthat isrfres iofinom-38MH48iseed crystals

7, erein,.the hydrogenation netal is a noble netal.
apd %%O%MQ-i on of claim1, wherein the ZSM 48
crystals are Na-form Hform or as-synthesized. 10.

The conpdai t Tha compdsition of eladmel ;whérei 80 Z8MABstrybtals are

re de froma . mixture containing a hexanethoni um
é?‘?ﬁ] PW@%?@@H&% Ibresmorphologyy yct ure directing

agent:silica nolar ratio fromO0.01 to 0.05. 11. The
conposi t i hn FThecoaiposition ofieladn2 t Whemstin tiie 4581-48 crystals are

gire tin% agent:silic rﬁlﬁgr r i%in the mi xture is

PO SIS DBV DB Beale RS APBIOEY, on of ol aim 1.
wherein the as-synthesized ZSM 48 crystals have a

si i car al 4umi Thercampositior 06 ctaim bswherkedn thith€SM-48 crystals are

& ¢ claim 1 : ’ :
fco%?féédygﬂef) claim1, wherein the as-synthesized

5. The composition of claim 1, wherein the ZSM-48 crystals have

a silica:alumina ratio of less than 100.

6. The composition of claim 1, wherein the ZSM-48 crystals are

free of non-ZSM-48 crystals.

7. The composition of claim 1, further comprising at least one of a

binder and hydrogenation metal.

8. The composition of claim 7, wherein the hydrogenation metal is

a noble metal.

9. The composition of claim 1, wherein the ZSM-48 crystals are

Na-form, H-form, or as-synthesized.

10. The composition of claim 1, wherein the ZSM-48 crystals are
made from a mixture containing a hexamethonium structure directing agent in a

structure directing agent:silica molar ratio from 0.01 to 0.05.

11. The composition of claim 10, wherein the structure directing

agent:silica molar ratio in the mixture is from 0.015 to 0.025.



48 crystals have a silicaralumna ratio of at |east
70. 14. A nethod for making as-synthesized ZSM 48
wonryEtiad®1 cont ai ni ng a hexanet honi um st ruct ur e PCT/US2006/047399
di recting agent, wherein the assynthesized ZSM 48
crystals are free of ZSM 50 and non-ZSM 48 seed
crystals, the nethod! conprising: preparing an agueous
m xture of silica or silicate2J/at, alumina or
alum nate salt, hexanethoniumsalt and al kali base
wherein the m xture has the follow ng nolar ratios:
silica:talumna from70 to 110, base:silica fromO0.1 to
0.3 and hEkaifkehonmpositien b cldigal fwhstdin e A9sPntBBsized ZSM-
[?gd heajtlng the mxture with Stll‘l‘lng for atine and
FStas fiake agilitapminagatio 0fJ0R o lsssmt i on. 15. The
met hod of claim 14, wherein the mxture has a
base si|ith Theaonimassiton of Eladm 1), Wheiledn thelSs- syithediR€d ZSM-

ﬁ%l E} claim. 14, wherein the mxture has a
HOAYE msiliga:alymina zatigofat feast 30i s from 0. 015 t o
O. 025. 17. The nethod of claim 14, wherein the

as synt hebt.zAdng@Mdibranaleingl43-sithesiad & 788 480y SADY €
.hexa thoni m structure directing agent. 18. The

‘H‘BH‘%? U EFuGtare: @iée%tmgygﬁntewhzeednzm/a&s

Yisdsf) g a one, of _a A
ndneta s %%?@k&??so%*‘eéfgeﬁp%fnéﬁ *SpGRon ZSGH Sred crystals,
the anethdd comprising: t he as- synt hesi zed ZSM 48 crystals
are prepared using ZSM 48 seed crystals.20. The nethod

of claim 14, foé‘gﬁélﬁgrénqlﬁl s ﬁl&hﬁ%sd%lg?a 9bsﬁ1ciﬁ)salt2 alumina

crystals ha ica um na rati

or aluminestte oaltf exatesdhshign 3ah yadedrah ®asé aﬂ@sélﬁqtse Wix@die has
ntacting, t he feedstock with ZSM 4

tﬁ%?@ﬁ | S’?“S;%J’Fi’(ﬁ’ r iagiog) pilica:elumng frpraoraite 1dAs btaee silica from 0.1
tQWHﬁ@ nexAeMHG uf RIS LRk fdll 0.6 718 by(f‘it, anﬁ”p“ sing

heating the mixture with stirring for a time and temperature

sufficient for crystal formation.

15. The method of claim 14, wherein the mixture has a base:silica

molar ratio is from 0.14 to0 0.18.

16. The method of claim 14, wherein the mixture has a

hexamethonium salt:silica molar ratio is from 0.015 to 0.025.

17. The method of claim 14, wherein the as-synthesized ZSM-48

crystals are calcined to remove the hexamethonium structure directing agent.

18. The method of claim 14, wherein the as-synthesized ZSM-48
crystals are: combined with at least one of a binder and metal hydrogenation

component.

19. The method of claim 14, wherein the as-synthesized ZSM-48
crystals are: prepared using ZSM-48 seed crystals.



ZSM 48 crystals having a silica:alumna nolar ratio of

from70 to 110 and being free of non-ZSM 48 seed
wonryEtiad®rl and ZSM 50. 22. The conposition of cPkParms2bes/047399

wherein the ZSM 48 crystals are free of crystals

having a fibrous norphol ogy. 23. The conposition of

claim 22, wherein the ZSM 48 crystals free of crystals

havi ng a needl e-1i ke norphol e8-24. The conposition

of claim2l, wherein the ZSM 48 crystals are free of

Kenyaite. 25. The nethod of claim 21, wherein the

feedstock is hydrotreated under hydrotreating

condi t i on30.pMherméthodstt dainh N, iNRr&athd As&yndhdssied ZSM-48
26. The nmet hod of claim 21, wherein the dewaxed

¢rystads Bake o silippglyming satdel ofi7@er1 Hdr of i ni shi ng
conditions. 27. The nethod of claim 21, wherein the

catal ytic2 ﬂ.emBKidﬂgoctﬁﬁtcﬁévb@ﬁﬁgimﬂ'di@@amdﬁt‘%ﬁﬁvlﬁﬁh
from 250-4260C, pressures of from 791 to 20786 kPa

GOroprises: sootackiwighe fpfsréﬁypﬁ_c zuith Z?»Mﬂa%c@t&le'lsb@ndﬂtre@ft@lﬁ'ﬁc
SR Rgchidhdio dodted AR hik g GRGR: Syfisine

BEM4RI dryials Nhahg iasilibe aliaindl hefirirdflo P Tebrhi 70d 110 and being
i ncl ude teggge.r atures of from 150 to 426 0C, a hydrogen

ree of apnpfINEARseed crystals g 8M-50786 kPa (200 to
3000 psig), a space velocity of from0.1 to 10 hr 1,

and a hyd2DgPhetcdnigsiitioRbif @lddin 21.0Wh&Rih e ZSRIRY i stals are
500 to 10000 scf/B).29. The nethod of claim 26

e péicrystals hayinda fibsannmarphalogyons i ncl ude at
tenperatures from about 150 to 35Q0C, total pressures

of from 2359The cApFssitioi of @bt 22.00héfis GROZBMIINR, crystals free
liquid hourly space velocity of fromO.1 to 5 hr" 1,

tady Baensta eepdledikermpmhalegyrom 44.5 to 1780 nvnB
(250 to 10, 000 scf/B).

24. The composition of claim 21, wherein the ZSM-48 crystals are
free of Kenyaite.

25. The method of claim 21, wherein the feedstock is hydrotreated

under hydrotreating conditions prior to contacting the ZSM-48 catalyst.

26. The method of claim 21, wherein the dewaxed feedstock is

hydrofinished under hydrofinishing conditions.

27. The method of claim 21, 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 ratés from 45 to 1780 m*/m> (250 to 10000 scf/B).

28. The method of claim 25, 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).
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29. The method of claim 26 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
5hr’, and hydrogen treat gas rates of from 44.5 to 1780 m*/m® (250 to 10,000
scf/B).



