WO 20071070521PCT/ US2006/ 047399 1 H GH ACTIVITY ZSM 48 AND METHODS
FOR. DEWAXI NG FI ELD OF THE | NVENTI ON [0001] This invention relates to a high
activity welberodre particularly, a high activity ZSMpé8/uskdos/oash ned
purity is prepared, the ZSM 48 being fnee of non-ZSM 48 seed crystals.
BACKGROUND OF THE | NVENTI ON [ 0002] The demand for high quality basestocks
for formulation into engine oils and other lubricating needs is increasing
due to hei ghtened environnental concerns. Basestocks quality is being

i npacted by demands for basestocks that neet Goup. Il or Goup Il

requi renents. Thus there is pressure for produci ng basestocks that neet the
requi renments of viscosity index (VI), viscosity, pour point and/or

manat act urer s, G GRIGIETASRL 48 SR ETE RPEHASING )
manuf act urers. ﬁg@é—gﬁﬁb 48 11 g%sglfrgﬂit{% 1y neet
these increased demands for_ hi gher basestock quality is Iimted. Even with
the use oﬂ%ﬁ@fxwﬂé oil's require higher basestock quality to
neet the demands of nobdem engines. Al so, the supply of crudes that are rich
in paraff{go01]i s | This @denliOn OShfeatial d/high Hitivay PIMAS, ddved pRaCREuRETAN
alternative to solvent based nethods for produci ng high quality

f

basest oci & dighbackiwitngSd4t4f yithodeafines: puritytly preparais ther £5M-A8 beang &ee: t hose

catal ysts i C ion, pripmarily by isonerization and those catal ysts
whi ch fungﬁqgﬂ'%ém$ F??flgvs@%‘r ocracking. There are few, if any, dewaxing
catalysts with the ability to function solely by one nechanismto the

excl usi onBHACKGROIBD ORMAR INVEWNTH(MN ocr acki ng can be done with
relatively low quality feedstocks. However, these feeds typically require
nore seve[gpoxact i The @efthind RRhige qaahtyelBsebRICHS foP RsTaRiIAG6 6N dl driginénd
this |eads_to | ower basestock yiel 35 and further processing steps to

m ti gat e aHsesd ctlrdubrieating ntedsisdnexeaningr dig teckeightened@nvironmental
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regard to VI and pour point. ZSWMA8 is an exanple of such a dewaxing

cat al yst . bagestasks dhatrmegeti the requizemenBeleviscosibmder (Vi3 V60osi¥Spous i s
repared usin I quat ec.nar.y ai i.um conpounds as, di recti,ng.agents. Both
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or
Wien using.a diamne or tetraam ne directing agent, “rod- or needle-I1ke
cryst al s mcet prasd unedaset dérnghds fori highett basestockaquadity s linyjted. divgoavighar y

[ ' ti t.th SM 48 d h |.at el et h . As
the si |1 ctieupimriiyes, foimitsfin s cEaiee breben Pansrdef bialfeminieide”
descri bedgbmalié bethodeph @Rk e M IsOUMRuppIP 6P cARRs WhatdielrRh B at es Pat ent

Nunber 6, 923,949, crystal purity becones an increasing problemas cdnpeting
cryst al | i paraffinsysis dinmiged.t han ZSM 48 are produced, or the ZSM 48 contai ns
het erostructural zeolite seeds. 1000511t is known that crystal norphol ogy
can aff e_CFo(mt]al ysCaﬁﬁ?ﬁd delvaxfiPRAd déveloptd Bs bR ARkthtR CRIVaH bagka Vi ty
and stability.” Also, it is generally desitable to have a small crystallite
si ze as smeithaetds foryproducingibighviquelifyabanestickhe Deawaxingtoatalysts Sondtion by due
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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.



10006] It woul d be highly advantageous to have ZSM 48 crystals that could be
made with high purity and that woul d have high activity when used as a

cat al yst wibi2be/m@us2iibi ti ng a favorabl e norphol ogy. SUMVARE T@S200k/0.47130/ENTI ON
[0007] 1 n an enbodi ment, the invention ecelates to a high purity ZSM 48
conposition that is free of non-ZSM 48 seed crystals and ZSM50. In various
enbodi nents the ZSM 48 crystals can be as-synthesized, Hform or Na-form
crystals. Optionally, the conposition can contain Kenyaite, or preferably
the conposition is free of Kenyaite. In another enbodi nent, the ZSM48 WO
20071070521PCT/ US2006/ 047399 3 conposition is free of other non-ZSM 48
crystals. In still another enbodi nent, the ZSM 48 conposition is free of

| i b hol ogy. 10t her , enbodi he ZSM 48
componi +1 BT & PlesieSitre SRR Rblct bt Rin 00Ty b7 SRR - e
ZSM 48 cogmpdrt Waktyimolet8RsGhtdBeMkRed cheinchbidclics. HrAR08d nanot her

enbodi nent, the invention provides a nethod for nmeking as:.synthesized
ZSM 48 crywleddecont have desirathe propertienivith migand taiVe atidrsmin pujnt g88M-

wherein the.as-synt hesi zed ,ZSM 48 cryst are free,of._ZS 0 a nonZSM 48
seed 1:r ys!fqgll%'?s‘n %@ shgﬂ“‘l}‘rﬁ %ﬁ'@é‘"}g‘z‘?}ﬁ y%ﬁg%ﬁ‘%ﬁ‘ié‘bi@‘?ﬁ%‘ﬁ?@ el | j ca
or silic t Hn _ ] : i and al kal i
base. Tth%inﬁJrSéoﬁ%gg?h?%I ﬁ)%@%ﬁ?ﬁéﬂrjgﬁﬁgﬁ S H ?a' a ﬁﬂnﬁla from70 to

110, basecampounds andircting agénts. Euihhh«dhetﬁngiagamtsmidtléidilicz&aiummao. 01 to
0.05. Preferably, jthe base:silica ratio.is fromO.14 to.Q, 18, Preferably,
the hexanEAHRSATIRLERES SPYStelmpiRliolopy, Httipueh tegheies ohliteeing aBent i xt ur o
is heate j % &P g 4ol ; : ol fQri_c.yst al
for mat | on Ty GGRST FActoR Wiktn BsihkabafaRfiol SFRELAIHLE Bl Sn’ - O

dewa. xi ngneedigdikecaybals dreqastocdd. Ahkighestilicataluminadetios asingcd i ng t he

feedstock wth ZSM 48 catal yst according.to odi.mrent _of the invention
under cat éawr%nmmﬁlle%%mtm%ag%%%@&%%ﬁﬁ%ﬁﬁ fesadtistelet The
cat al yst i M8 REY- Yiol Ldd &8s ltHé‘}). h rati o of
from70 to ﬁg %ﬁ’g bei ng ﬁ%%'%?hﬁlgnﬁzlgwﬂm{éégdﬁ%?gst a ga)an géSM 50.
DESCRI PTI tadhfifquekidebEAb dNESUNMe d Bthteg Raterit Wambep i 75269 ogilApteddStatdse
ZSMcrystals prepared at_a tenplate:silica ratio of 0.023 and show ng the

presence bt ARImRI0.823 978, EW@@H@W["@GQE]QSW@JP@@Z‘SI@ BrOM@NASTi cr ogr aph
show ng t Q&nﬁgﬁﬁg%?ysqgllfﬁ%%l’ﬁ's lJtH& than ZSM-48 are produced, or the ZSM-48

contains heterostructural zeolite seeds.

[0005] It is known that crystal morphology can affect catalyst behavior,
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 for ZSM 48 crystals prepared froma reaction m xture having a
tenplate:silica ratio of 0.018. WO 20071070521PCT/ US2006/ 047399 4

[ 0012] Fi gwoeo® /76522 phot oni cr ogr aph showi ng t he presencecofusp@sadks9d i ke
crystals for ZSM 48 crystals prepared Broma reaction m xture having a
tenplate:silica ratio of 0.029. [0013]Figure 4 is a photom crograph show ng
t he absence of needle-like crystals for ZSM 48 crystals prepared froma
reaction mxture having a tenplate:silica ratio of 0.019. [0014]Figure 5 is
a graph show ng iso-Cl0 yield as a function of n-Cl0 conversion.
[0015]Figure 6 is a graph showi ng reactor tenperature vs. required
tenperature to neet the 370C+ pour point. DETAI LED DESCRI PTI ON OF THE

bar 1 cul aFORBPSRBR IS SeoBer hEnZE-A8 Budish i st S pRbERedm 50,
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can be "as-synthesized" crystals that” still contain the organi ¢ tenpl ate,
or the craystthesendodimentithe ASHM k8 compesitivnctanasptidmatlyr corzaiit g dde-y st al s,

or the crystals can_be.cal.cined i.on- exchanged_.cr al ch as Hform
Oom 4o o VR Ersidlly Pgreedh; 7Sk ge pranennen jo fae ot neednsikE Crrdals; ho

reaction mxture used for formng the ZSM 48 does not contain non-ZSM 48
seed crys{@008] | nsirangthESkidodimeng|tbe syvention previdescomeiingd far mhking

i nvention are it,herzs nt hgsize W t hqut thg use of seed crgta{ks, or with
ZSM 48 se@%%‘i‘@‘é’?‘é?g -4 SEYSIRYS caplaininga Bexqraapan{um SEpCRER AEPCUNE npant
t hat Kenyai & _dl ) ' \ _

det ect abl gé‘%’@’ %r f'féﬁm& ?9 ? as?%’fk%ﬁi@e%%ﬂ%????%{tﬁles%?g pﬁ%?i&@%g%{gﬁ&{

accor di ngZSMi48esdedwapstatn The aletbod imdudés peelparingem-atfido48 mixpateadfs to t he

degree that. such _other crystals are al so not detectable by X-ray .
di f f ract i ShicapRisHlicnin selét Yumine o @ rgmﬁt%a%lrdwmagetﬁ%w% ﬁalﬁaea&#@h D4
Endeavor bast I ¥HE MixalfBHAahiE W1k B MloldlariOLS silRIBAHh BRI 16 B, 2
Vantecl high-spéed detector. e Instrument was run using a silicon powder
WO 2007107062 bRET:A1USATRGMOLT209.3 and hexamethonium salt:silica from 0.01 to
0.05. Prefirably, the base:silica ratio is from 0.14 to 0.18. Preferably, the
hexamethonium salt:silica ratio is 0.015 to 0.025. The prepared mixture is

heated with stirring for a time and temperature sufficient for crystal formation.

[0009] In a further embodiment, a method is provided for dewaxing a
hydrocarbon feedstock. The method includes contacting the feedstock with
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.



5 standard (Ni st 640B) which is a material w thout stress. The full-wdth
hal f - maxi mrum (fwhm for the standard peak at 28.44 degrees 2 theta is
0.132. Theovew7es2zze is 0.01794 degrees and the tine/ st eprits20604BEL0NdS.
The 2 theta scan used a Cu target at 3% kv and 45 ma. By "free of fibrous
crystals" and "free of needle-like crystals” is neant that the fibrous

and/ or needle-like crystals, if any, are present in anounts that are not
det ect abl e by Scanning El ectron M croscopy (SEM . Photom crographs from SEM
can be used to identify crystals with different norphol ogi es. The
resolution scale (lum is shown on the photom crographs in the present
figures. [0017] The X-ray diffraction pattern (XRD) of the ZSM 48 crystals
accordi ng he ipvention is that. exhihited b SM48, i.e., the..

B spact noldlaa" el Bl SRS Ric el et GRdtinds StineliSlibeap

Wi | e XRDcRath19EoBSNIUS @55l heBatdderbAtatddotiof maiiyRiviagd i te, it
cannot be uUsed to distinguish a particular norphol ogy. For eXanple, the
needl| e- | i template:giligaehtéo of 0B9.f or a given zeolite will exhibit the sanme
diffraction patterns. In order to distinguish between different

mor phol ogjgA3]i t | PifiRe SR %ét@nﬁé&g@ﬁbl@&%ﬁéiﬂgﬂﬂe dH3ehcdVof Read1ealiles

resol ution. An exanple of such a tool” I's scanning el ectron m croscopy
(SEM . Photystidls fagZ Syh4 8f erystabbEeparedofromsa deactiondeintufe/havipgtaal s wi t h
different nor hql:,?igi es.. %’%%I%(i The ZSM 48 crystals after renoval of the

st r uct ur aferplRtsiling ralie e a particular norphol ogy and a nol ar
conposition according to the general formula: (n)Si02: Al 203 where n is from
70 to 110[0034f er abigure® isca $aph shomang issf-€Y18yigldas ¢ fundion of arother
enbodinment, nis at least 70, or at least 80, or at |least 85. In yet

anot her efiBf™&Ht , n is 110 or less, or 100 or less, or 95 or less. In
still other. enbodinents, Si nmay be replaced by Q¢ and Al may be replaced by
Ga, B, Fe[00U5] Vv, Higluz6 is 4 @raphchvoving2eRaty tedepdenos A39E@ifed019] The

as-synt hesi zed form of grystals is prepared froma m xture having
silica, a WW&WIS&Q@%%?%@Q@%W&HPamtsa| t directing agent. In an

enbodi nent, the nolar ratio of structural directing agent:silica in the

m xture | PHRARLE b AP IO N IS TiHA N |ess than 0.022. In

anot her enbodi ment, the nolar ratio of structural directing agent:silica in

the mxtu pﬁ)i@] at l1eashyen¥dn rélatedo lrhz%ﬁbuﬁqﬂzgmnrs &lysttasd a Paftidulad n

still another "enbodi nent, the nol ar o0 of structural directing
agent : si | imaphologyefre¢ »f nop-Z8M-48 seed onystals aodFps:; oHZEMSARd@. 016 to

0.022. 1| di t,,t - t hesi.zed SMA8 . tals h
oi 11 oa: al MRNG REMIRE e 2SS damagtionn 01 ZEREAR ar ot AHPRERE ¢ he
as- synt he% Zﬁg-s§ﬁﬂf9f{ekfaegf%%fgﬁﬁls%x%tﬁl éom% theSbigaffe RIMMIRA cRRhEErystdlb 0 Of

at | east or” at or at |east . In“yet another enbodi'nent, the
as- synt hesau bd chbuined tryaBis Afiady assiNatformaAS-48 [crystalsl ontheacnystads cambio of

110 | - 100, | , 95 | . i t f
the as- syRRIISGEN GrfrSinestomaly st & HRumhps-HEfoBlit BY s °
contain spf hﬁg@@ﬂ@%?@eé'&g}rﬂél@% RanfdaPihe ddacBBRYhE R RHSPRrt hat the

as-synthesized formof ZSM™48 crystals may have nolar ratios slightly
di f f er ent fémoimgtthe Z8Via4 8 dats ast oéntabuntmiSVed8 st ervatals.onsi¢ad, BSMased

| ncor por af BRI Sa ac i e SV TP aR T Sypeired B the © o
crystals Elg{ﬂ?edof§ée‘&r'&x§/§t%lsrﬁfi‘%i!tH’ZSMMSJ§é&i- Qr&glﬂi’}’sof&@%ea% 48y 2@Qkidfe i n

either a cined or as-synthesized formtypi ca%%/ forns aggl onerates of
smal | cry¥ealysite laatl Z3)yI-66V é mepst that Kienysite andeSMahQeifahyahrapresem] t o

about 1 um’ Thes Il crystals, are Sir e f.or e negralj]ly lead to
greater ad? pyoupLs %‘%F‘Fe_epogﬁ??}g?tépg Wégﬁ’r"byr glg.lﬁélfzzl_gﬁr gigélaglreyeghg?\h | eads to
a greater gﬂﬂtﬁﬁQ'SMM@SMdf@ixfga{&dh}étih%rﬁi&rﬁfs 486 fidle\GIHtAEPHOS-ZHMC4S al yst .

Pr ef er abl e ZSM 48 crystals in either a calcined or as-synthesized form
have a nocpistaledy thodegieeithgt suchf othepaystaly staahlso ney detdstahls biysXrmaant

t al that h LI D t 10/ 1, .wh L d D t th
SIEER e S Y g
crystal s ighgeht Semstruniat2RRALS/ PR 4Ry BHALI0EKE4 438 % quipped with a

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




7 cal cined or as-synthesized formhave a |low quantity or are free of

needl e-1i ke crystals. By needle-like is neant crystals that have a LID
rati o of wok0d7la7osmeferably | ess than 5/ 1, nore preferalcy/dsesosmensd/ 1 and
5/1. The SEM shows that crystals prepayed according to the nethods herein
have no detectable crystals having a fibrous or needle-1ike norphol ogy.
Thi s nor phol ogy al one or coupled with the low silica:alumna ratios |eads
to catal ysts having high activity as well as desirabl e environnental
features. [0021] The ZSM 48 conposition is prepared froman agueous reaction
m xture conprising silica or silicate salt, alumna or soluble alum nate
salt, base and directing agent. To achieve the desired crystal norphol ogy,

5102 At oo ndar NSEEABD R 18 mafidey dfpo & peroty OB Wil
(preferr eﬁ%xmgnﬂ?ﬂﬁnpf&&hb%m(ﬁ&@ Peal@h@@& 49 §Ebreés Dméta PR, Fhé?2

(preferred) = to 0.025 [0022]In the above Tatios, two ranges are
provi ded $top sizstin &‘hLﬂ%éegmeS and th@.tlﬂtﬁ/ﬁﬂ]! is Be) scoonds uihed? frata sc@

agent:silica ratio. roade ranges, f, th rati os | ude ures
t%at resuPt®G gqﬁr‘ﬁ'&? 4235?/% 4?3'0%%‘? W‘lshcr%ﬁ’llsq’c gtfr g ©
Kenyaite ﬁ@éﬂlé’fhk{(éecerg%ﬁlé"' 1§§‘n£ﬁ%ftﬁﬁ£’ﬂ 106 ¥ibrbas aﬁ&ldx‘@ﬁeb&léﬂﬂé@%éﬁstﬁ@nﬁ'adn&e

and/ or needle-I1i rphology is not desired, the preferred ranges shoul d
be used, as prssénmn raenownts disatraxe wt detestabile byr&aﬁnmg)EWtrquMiGl]oihepjsl lica

bequsea, G Hhorduterdgrs Trim S iuheread of RS ey 7 ¢ 1O
preci pi t aj réb’“n Sp]ﬁ&%?l&s S9B3LLdhoAIEIRI( 59 pahawnnit i e a

col | oi dal lca s Ludox(r) or dissolve ilTica. In the presence of a
base, thephotorrhemgaphs:m Heupresentnidguresr m sil i cates. The alum na may be in
the formof WD 2007/ 070521PCT/ US2006/ 047399 8

- [0017] The X-ray diffraction pattern (XRD) of the ZSM-48 crystals
according to the invention is that exhibited by ZSM-48, i.e., the D-spacings and

relative intensities correspond to those of pure ZSM-48. While XRD can be
used to establish the identity of a given zeolite, it cannot be used to distinguish a
particular rnorphology. For example, the needle-like and platelet forms for a
given zeolite will exhibit the same diffraction patterns. In order to distinguish
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.



a soluble salt, preferably the sodiumsalt and is comrercially avail able
fromUS Alum nate. Qther suitable alum num sources include other alum num
sal t s suckoasotdres2ehl ori de, al umi num al cohol at es or hydratrag2@sorizaa such
as ganmma al um na, pseudobohem te and ool | oi dal al um na. The base used to
di ssolve the netal oxide can be any al kali netal hydroxide, preferably
sodi um or potassi um hydroxi de, ammoni um hydr oxi de, di quaternary hydroxi de
and the like. The directing agent is a hexanet honium salt such as
hexanet honi um di chl ori de or hexamet honi um hydr oxi de. The ani on (ot her than
chloride) could be other anions such as hydroxide, nitrate, sulfate, other
hal i de and the |Iike. Hexanetboniumdichloride is

N, N, N, M N Nl-h thyl-1.6- .h di i wm. dichl ori de. th
Synt hest oI0G5S sty Bouined RRRELF 2NN S oflls BlbRGero ol 2" T
al um nat ep§ahire HARR Silidadhktihh/BasRARIE hiendthyAfhrh QAR diRSctingldpenitlar in

the ratios set forth above and heated with stirring at 100 to 250 C. The
crystal s magnihkodiorentdhe moolar salée afistuoiuraldireting agenisilicein thennipgueseed

crystals be ad to,the re ion_m xture SM £ | s may
be added ?@eéﬁﬁmﬂb@%sher fess dba 8%395%%5%9#%&5{ a‘b@ﬁ%&@?ﬁé’?‘%‘t‘@e
affect cryid AlolafabRb duct Uit diteRRAE AbkRfsilitalih @te RlixAirBS aNRAsYGI 48
types of seed crystals such as zeolite Beta. The ZSM 48 crystals are

purifi ed, onatibdast/O 0N 5f br at keasb9.01andnweidhanbther embedinente thevaradar rativo25] | n
an enbodi nent, the crystals obtained fromthe synthesi ccofLing to the
i nvent i ohg‘ﬁéwcglrglo‘ﬁﬁ%“sqr’tg (S0t f‘?g]lt‘cq H’#&Bﬂi}’r‘r%&yﬁ%ﬁ@@ﬁﬁh‘sﬁ’ygt al's and
free of Z5MRRLIFIE0 RS &P0Y022L MR A bhbBdRh¥SE MSaghsyhthsired FolRv ML ty of

Kenyai te. "I n an enbodi nent, the anount of Kenyaite can be 5% or less, or 2%
or |ess, dR ctystals hassssilica:aumand erclat ravio efbdth Fd0t Intshl Zethars crystal s

be f f K ite. 0Q26] 1 i t, th t al bt ai d f
Che synt hEREOUREDAPH GSrynRIS AT R ChE AN R Ce A EAY B HRAIIE f ee. of
fi brous W&Qﬁ%ﬁﬁof&f}]@:&m,r@fﬁ?%s@% bf alRastgs] ﬁﬁget aSothBE S crystal

nor phol ogy 1 n Its t WO ’2007/ 070521 PCT/ US2006/ 047399 9 cat al ytic
dewaxi ng anaidditnentfth@ aMsyathdsivesinforineof 28 di8naystald has & silictazdlvmona ai ned

fromthe synthesis rding to e i.nventign have nmor phal ogy t hat

cont ai ns M9lBLIFIG egiiﬁé’é l%ffgs’ Hééégé’lll?f’ﬁeOWSﬁgF%y%c’fﬁQ@aﬁ?ﬁﬁ‘gt of

needl e-1i I i i1 4t ~ 0% or | ess,
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crystal s campmgiticreevilifconetindiléed, iakanimr ahbtirgsting egertord sheuldf bewetdde- | i ke

el eved trtibageavRmesiad IFTyo LI SHERR ATl Serapaciaanal skt To
obtain a %?ﬁ%fegﬁl gf%gl?@hﬁﬁéﬁ Fhidy megwah{syefhttg@‘areﬁéttiéﬁﬁli%uré'dsb&%al um na,

base:silica an ing agent:silica 1nt reaction mxture according to
enbodi menipgesdre tthe as-8yatiesixedsioom. d'is resyit magdocciutdivei torintdmpléte a

conpositign free of Kenyaite and/or free. of needl e-I,ike norphol o | S

desired, RROTPPEAtIN @l %%g‘égﬂ?rf%?ténﬁ@ﬁfgléd.ea‘fmﬂlﬁwﬁr“al'iorfg‘etcﬁg{ﬁﬁlst ed

St at P : 04 'xﬁﬁre tnict |, - ZSM 48 di [
ates a%ﬂhey%ﬁiﬁ%’%&&@%&‘ G rostnictura non seeding iIs

used to prepare crys ng a silica:alunmna ratio | ess than
150: 1. According to US 6,923, 949, the preparation of pure ZSM48 with
silica:al UPO2Q ratilde %3%4302@931¢alrb?1tﬁ%rs£°?1§1 %%ség)(mg‘ﬁs‘lzﬁ@ BB of

het erost r ygt, L& $R&8Ray R fial§L6S apaeous
seed cr ysltfgélgga efﬁﬁﬁ?ﬁgélébﬁx?e%ﬁe one dslélﬁtcﬁggiﬁges ZSI?/Y48 vm%H; ?ncr easi ngly

| over si | irswg@bfiabowt 0.81 toabouhd Ymr Mitesesnmill ¢rystalsrprer desirabBVi&thbgcones
nore of a factor. Ratios of directing ent:siiica reater than about 0.025

typi cal | y gspetaivelead t@ grepissactiyby-c gMaller CoRIASNRYT REAIPSUTIASe AP st al s.
Pr ef er abl : {d i i s SlhigR ds : ess.
Rati os of XVOH 1%;@2?%0%;0%9%{]%@&5@%&8%9%%% ea%dg%![ﬁ% %%giybég |¥1&% gg%’P gggge a
product ceataysti Tyefaably, tlee ZRAMIWAS ¢rystads ancidn@r pbaleinddagreaeslysthesiced e and
is a formof natural clay. It does, not hi bi t zeql i bs/{_ggﬁl activity.

| nst ead, ifermdayve|agoghglogy SontaiRing o Hbreus ey SEsr SycPoarsds mFattons

typi cal |y pr8aRha i #LVDRARLAGS 18/ XPRGRE, hitd £EPMBsentiile tetth lhd! he
presence of’'Kenyaite in a ZSM48 sanplé i's tolerablein sonme applications,
t he pr eseniiamefer Kéniiaictystale Nasartatherecinbedivhento ther ZBM @@t ¢rystays bf eitlg a
ZSM 48. Ratios of hydroxide:silica (or WD 2007/070521PCT/ US2006/ 047399




10 other base:silica) and silica:alumna ratios are also inportant to the
nor phol ogy of the crystals forned as well as to purity of crystals forned.
Rat i os ofweizbémaoszhum na are al so i nportant to catal yst pactusyedsp4739he
base:silica ratio is a factor affecting the formation of Kenyaite. The use
of a hexamethoniumdirecting agent is a factor for the production of a
product not containing a fibrous material. The formation of needle-Iike
nor phol ogy is a function of the silica:alumna ratio and structure
directing agent:silica ratio. [0029] The as-synthesized ZSM 48 crystal s
shoul d be at least partially dried prior to use or further treatnent.
Drying may be acconplished by heating at tenperatures of from 100 to 400C,

pr ef er abl rom 100 to 250C .Pressures e at nospheric or .

B lbat nospRRIHReR P SRy Yeihesized foRF IAYER (R aRE bRt e o Pestier®eons, ¢ ne
t enper at UcAFstARY HEntaNB KR meARTRySthlsthaD RIS h TTDPF RSO €90/1, _

[ 00301Cat al’'ysts are typically bound with a binder or matrix material prior

to use. Bpneferablydessrtban $f hrmorepraferablnbetveecrod/ 1t aned H8e ‘Uhe SERJ shawsar e
attrition,resistant. Binders e catalyti,call ctive or i.nactive and
el ude othaeT AR prebaictoTihe s 1RE bikibus Reiein Bkr o fheBhte 1 ° AT

oxi des_suehydgisHaHga fiktbht eRnsdtlesitd AATBAUBLDA THE RsrpiblogiCaleReldrn,

bentonite and nontnorillonite and are conmercially avail able. " They may be
bl ended wicohpledheithithe dowaliBcasaltimiag ratibs teadsdo catdipsts hevingshight adtivity
materials i Q%ngldi t.ian bio silica-al Lint”l nas include other binary materials
such as s el AR gritgble eayirppayentaliIgatules. ca-zirconia, silica-beryllia and
silica-titania as well as ternary nmaterials such as

si i ca- al 4892H magridsi 4SMsUBi cxampdsitibnas prepared &odn ahlaqueausirdastioni r coni a.
The matrix can be in.t.he formof..a co-gel. The bound, ZSNU48 . range from
10"t o 100 WO RNPBHSING SULEH B Ga P EepuBI SR G AP EHEE el §o% nder
100311ZSM. | r RN S ' t al
hydr ogenatalf]lgrg:i %é()e%rrlp nae%r?tﬁ § ql\/‘gt%lh%‘g/egtrhg?e%g%iatgn co@%ﬁ?@%%b%??gﬁ {goups
6 -12 of treactiRer moxiiuce fave thefodbving mblarirthdC syst em havi ng Groups 1 - 18,
WO 2007/ 070521PCT/ US2006/ 047399 1 preferably G oups 6 and 8-10. Exanpl es of
such netals include N, M;ofLALYY=MbtoGho Zn, Ru, Pt or Pd, preferably Pt

or Pd. M xtures of hydrogenation nmetals may al so be used such as Co/ M,
Ni /Mo, Ni/Wand Pt/Pd, prB;O:&Dy=rttdP800The anount of hydrogenati on net al

or netals may range from CLO~5_ W% sed on catal yst. Methods of

| oadi ng metal onto ZSM 488&-{'( g??éfmgrlego\/@& known and incl ude, for exanple,
i npregnation of ZSM 48 capp-y8iOMBLRE t-al g 38kt gofg t he hydrogenati on
conmponent and heating. The ZSM4%’(I§:at§Té)@t cont al ni ng hydrogenati on netal

may al so be sul fided pri otentplateseSiChhe Oc@t al0/85 may al so be steaned prior
to use. [0032] ZSM 48 cat al ysts are _usef as, de i ng.catal ysts for

hydr ocar bon feedst ocks. Ateﬁ‘FlélPEﬁ‘rSéﬁ)Zf(B’é%gFﬁa)(“idsAﬁgéIt‘ggéﬁofl basest ock. Such
f eedst ocks are wax-containing feeds that boil in the lubricating oil range,
typi cal | y [a622hg a IhGbe dbeve ratavs, dwopainges gregaovidadhfor 188D khg BagGyilica
nmeasur ed by AST 86 or ASTM D2: 887, and are derived from m neral, or

synt het | ¢ P Peddhe PRuCREe direstipe feeht iFa aipomts SoRHET RS Gof tES such
as oils d‘%&ii?‘?ﬂnéﬁlﬁ@é‘hﬁﬂ%@%i{h&%&lﬂt ROH RERRBIOR TULIVRAS cRdthRAVRE some

partially solvent dewaxe I's, deasphalted oils, distillates, vacuum gas
oi |'s, cokeuagtity of Kenysitaakdiexesdld-tibe snaipholegy Foesituatéonsawtere

Fi scher-Tropsch waxes. Preferred feeds are s]ack es a Fi,scher Tropsch
waxes. Sl %x@&%@@dﬁ?@?iﬁﬁfﬁ@&iq Wo@?qclgg 13 pg ?ﬁ}%?&‘? Bﬁ%gfrggagng@s solovent
or prOpan%gggyefg%ﬂge%%'s%%ﬁ%@ﬁl&ﬂﬁ%@a Bels R ﬂhgz%;g#ggleell and are

typically ots ol are derived from sl ack waxes.
Fi scher Tr wax are prepared by_.t Fi scher - Trapsch _synt heti c process.
00337 FeedBD2sks nashe e RPBec TR abls PRt G SR GoRdP U
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



contam nants. Feeds containing up to 0.2 w. % of nitrogen, based on feed
and up to 3.0 wt. % of sulfur can be processed in the present process.

Sul f ur anslonbéwoogen contents may be neasured by standar ¢chA®@Fbboswiizeds D5453
and D4629, respectively. WD 2007/070821PCT/ US2006/ 047399 12 [0034] The

f eedst ocks may be hydrotreated prior to dewaxing. For hydrotreating, the
catal ysts are those effective for hydrotreating such as catal ysts
containing Goup 6 netals (based on the RWMC Periodic Table format having
Goups from1l to 18), Goups 8-10 netals, and m xtures thereof. Preferred
metal s include nickel, tungsten, nolybdenum cobalt and m xtures thereof
These netals or mxtures of netals are typically present as oxides or

sul fi des I i hha - ! : ey al so
be. present SUBRITIE Doy (Y SR B ahd iy TP e By T 06
or great erAhliaiat.o0thatwitable altminah sourees indude etteurmbominmmrsaltaguclxi des
such as silica, alumna, silica-aluminag or titania, preferably alum na.
Preferred as theichleride.alyminum aleehrlates %Mr%@d Wi?én%gu 35 28R ount  of
nmet al s, either._indjvi Qi i r - Aan ta; 5 w.
% based oar%ufrﬂga’cﬁgsteg flggﬁll‘él?{ﬁgtaﬁg rbé) gis%&%ifaqgﬁngf"ée{r ?@% %%%%22{604&&5\6% géég- 10

netal s W tief @xidé caebahay alkdli gietalisy droxayprefesatdly sodiven @ntpotassamount s
of from0.5to 5 wt. % based on catalyst and the group netal s e
present i rhxdronifies agimenigvm Bydeoxidesgiquaternary hydroxide and the ks €be

& IR A8er 08§ e oM A PLu il HELH AL AL AIGHR) 10

atom c abs oscCopy or rnductrvely co asma-atom c

eni ssi on SRS&ineRBhIvm hiABSEHEY dnet sifiah i(othet ahsh thivrRle) colildlee bhgper at ur es
of up to 426 C, preferably from 150 to 400 C, more preferably 200 to 350 C,
a hydr ogeranians sa¢h ps bydiiddemitratanselifate, oshadalslaand %0 3000 psig),

f bl 859 13891 jd oy | oci t f f
0 1 to- 10’ Heancfunipidich e BRI N AR R M oed rhiio of

from 89 t opdwfHediihAoni®@AitRlokHd00 scEB), preferably 178 to 890 nB/nB .
[ 0036] Dewaxi ng conditions include tenperatures of up to 426C, preferably

from 250-4 nor ref erabl. 5,_(35(;; [ to 20786
kPa (100 t&ﬁggao ps?‘bﬁj,e %’t’%ﬁ%rl% ﬁ/‘? elgggﬁt 0 %@gﬁﬁﬁg?%‘%%mtgéﬁ%égﬂgpsi g),

li qui d hougillitafPate aiehifié k&S, Wisefandndifectidteoagddntare mixpd edgathénd with. 1 to 5
WO 2007/ 070521PCT/ US2006/ 047399 13 hr.' and hydrogen treg&)%%@e from

45 to 1780wasnis thesatievsetdorth ahsvernd hgated W) stimng of ( to

2000 SCT/ B skl iy BE £SITHEH Bdnb PERRARG or TR O B1eLHTOL! 2SRRI seklt | S

desired to*1¥s
crystals 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, 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



hydr of i ni sh the product resulting fromdewaxing in order to adjust product
qualities to desired specifications. Hydrofinishing is a formof mld

hydr ot r eawDngomi7o®et ed to saturating any | ube range ol epcmaisasnd/onsgd dual
aromatics as well as to renoving any emai ni ng het eroatons and col or

bodi es. The post dewaxi ng hydrofinishing is usually carried out in cascade
with the dewaxi ng step. Generally the hydrofinishing wll be carried out at
tenperatures from about 150C to 350C., preferably 180C. to 250C. Total
pressures are typically from 2859 to 20786 kPa (about 400 to 3000 psig).
Liquid hourly space velocity is typically fromO0.1 to 5 hr.-1, preferably
0.5to 3 hr." and hydrogen treat gas rates of from44.5 to 1780 nB8/ n8 (250

to 10, 000 scf/B) 0Q38 dr of i shi : h13i ng G oup
6 ot al GRS ST PHRE PERVG b TUT e FABoRs BaoTient InE SR, N o
18), & Ouﬁiaﬁieﬁoﬁﬁft?lt ?Je%gnﬁ{ééis@é@dﬂdﬁ@ fohbegatentRieheve adnonphalegy thek ude at

a

| east one noble nme having a strong_ hydrogenation function,. especially
pl at i num cqthinsdi low aactentagelofomeadhelikstmorphwlogyt dPe a@PO‘Hﬁt%ﬁl‘seeﬁg"y' al so be

present as bul k al catal yst reid th o/ PRl io$ 589 opt . % or
great er bh%%&l%ﬂgg_ %%ﬁ?m_’éﬁitﬁ%m!?ﬁ Sgﬁl(l!gggﬁs%t&p%ﬁ% lié%\Sélozde "ow aci di ¢
Oxi des SUfs a5 Fg deRRss. Arkih BRerrditiveGinBo MM Athe L SM- 48 irpstalsr@iebabl y

al um na. € preferreéS hydrofi ni shing catal ysts for aromatics saturation
Wil Cconpfies @fafecialike arrphetagy. Haowrameentsiafineedlestike §6Y%9%8 %G enat i on

function on a porous support. . Typical support I 1 ngl Ad@fHrhous
or cryst aPquﬁ’éeé)iPBémﬁﬁtaQPFlﬁ?‘téo %nﬁ%‘ﬁﬁ'ﬁﬁ?ﬁ %g&gﬁeﬁeﬁg@égﬁ tgﬁié?ca- z?lé{]n‘i na.

The et al therradomh sfheoms Tb obtas sadsited2Borsiojogy
per cent f%‘rgt?ﬁbz%(ﬁhg Ltr.rgg%‘al S. ‘%I/\Ig}l?légsorret als are_usual ly present in, anounts
no great ein hipgpahtythd ratias o6 sikcqunbininag basssilioniand resingaga-silicas 5

mesoporous material belonging tg the 1S .cl ass fam f sts. The
MA1S fani iy thsf reggtignyBREUE AcCRELPBIP ST ?@mﬁ%%f)ghhea@ll@ﬁéﬁﬂﬁs}ﬁgl |éc/a

contents WO 2007/ 7&&?@;;?- 52 QBRIATIRGD fiké o I0ewy difeciiitl/of free of mekdlether
descri bedewlﬁgg(irr&. eacnf%-gl’gg%.g, fgéz, 114, 108%? Exanpl es i ncl uded

MCM 41, MiNe4BoasthldEisSaesindds tmpraferred franges: thowdd hewsed: havi ng pore si zes
from 15 to 100 Angstroms. A preferred nenber of this class is MCM 41 whose
preparat 10 4 4oL bedirdeoDhired SPhds eardtatembbliglons B1N98, 684, MO 41
is an ino 21 , porous, non-layered phase having a hexagonal arrgn enment
of uni f or Heyerskzactupsl; aon-Z3l-pB peediak is used tapecnsre SIS Frysfalg Ba¥ingng| e
of straws wherein the opening of the straws (th 3Ry of the
pores) rardgdlica:phming rpHolgss Q?let-{bo}rs‘&m%g%ﬁg é’ug%lbé sy?nﬁ*r%try and is
described for exa 8 24Nl B8 witiAbifiea BiRia Mivedoven 1980203r ldseieas

MCM 50 haé’rgp?rgﬁgwdgﬁodggruct u?%. I\/[:I\}+4al1 can be made with_different size
pore openid@,‘énﬂéntt&ﬁﬁtﬁﬁassw@ﬁlmtsrdsarugauaﬂ'h@dmbmscﬁ?@hﬁ%%ﬁ $cSyay bear a
nmet al hydrogenati on conponent, which is at |east one of Goup 8 Goup 9 or
G oup 10 . Pr ebl EcRRiAL sre 86PERIIARE ynEisguthebixesobl e

net al s, n@iﬁg eferzgﬁét%ﬁ%&%gugr mg{iﬁr es thereof. [0039] ZSM 4%8 crystals
made accorzgnp48avithencrexsinglylowensdlica:pbininavetips, e formptgn 9 ¥ na ratio.

This lower silica-alumina ratio nean.that t re Ga . nor e
aci dic. | rimpirity 2$M-A0 decAmEsRexF of? “ttVEH%ﬁg‘i? e %@’%}r&sﬁaﬁvi ty and

selectivity a L8Rt~ A Mi heved@bhaseh ades rcontaning
benefits fgrgﬁfqr&gééggﬁ\ét%?%? tgﬁltcﬁgglq{rﬁag?%ecgg ?rom ig;gse_tg.al form a(?ﬁ &he
smal | cryshaddlsilike drgstalss Pieforably;ithe ratio ofditegting agenisitia i abowf 4-R2
addition to the enbodi nents .descri bed..abpy, i StA de ijrent,
t he i nvent ¢oless.eRatios qf&’?ﬁcb‘ﬁgﬁlﬁepgf%ﬁﬁ@%S %ts(?p :lg%)%%grgﬁla a gl

si lica:al urni ‘ [ gty fioof I d R ahlém Iy dit dosilicgte fandds af
nonZSM 48 g@ﬁ%g%é@g?lég%%%lﬁ olﬁ?’%@t stal s. B?lbe}?ber_ag?, y,. the ZSM 48
crystal s afgigh Baneural daycdndess natrexhibit izeebitotyprastivityt iIpsteagdytng) s

Anot her enbodi ment. relates to a ZSM 48 crystal.s whjch | esi zed
f or m conpr teletivewingrtin$he,gresenee ﬁg%ﬁt’lﬁ)ﬂy ?96{14@?%? {yrpéﬁhg' g#b S?’? %‘r%r/]n%%t o 110
and are fo fro ' I8t UFBus Qhide thidSreseiexafKiehpaiteiin di r ect i ng
agent in ai%giggr?éctl c?%Pérgn&gH ?gla\tmrzr?ogl ar l#at i o1 f rodrqufko. 01 to 0.Q05, prefer 3b| y
from 0. 0157ZK50/1-A0R0PW i TORRANETH 96aBoHIirrtions 1 herossice ¢f K apyaite tends

enbodi ment, the as-synthesized ZSM.48 siteal re f . W4 seed
crystal s ateirgdusedhe oyeyalt agtavitpp #&r%ﬁf‘%’ t8t’ h}%%ﬂ%ﬁ@r%?%@%a%o have a
| ow content of needle-like crystals or are free of needle-like crystals.
[0041]In still a further enbodi nent, the as-synthesized ZSM 48 crystal s




are cal cined thereby renoving the hexanet honi um structure directing agent
to formhigh purity Na-form ZSM 48. This Na-form ZSM 48 can al so be ion
exchangedwoodmrros2itt f orm ZSM 48. I n still another enbodipoents2odsher399

as-synt hesi zed formof ZSM 48 crystal® or the cal cined ZSM 48 (Na-form or
Hfornm is conbined wwth at | east one of a binder and hydrogenati on netal.
[0042] I n yet another enbodinent, the invention relates to a nethod for

maki ng ZSIv1-48 crystals which conprises: preparing an aqueous m xture of
silica or silicate salt, alumna or alum nate salt, hexamethonium salt and
al kali base wherein the m xture has the follow ng nolar ratios:

silica:alum na from 70 to 110, base:silica fromO0.1 to 0.3, preferably from

{1 om 0. 01081% D6SBETIc B SHe RBIAR S iy WSEFrppltant f helhoniSRy=bly

t enperatu & aSWeRtal tof iriet d fadty st fornmdd. yRatsmedfcrystal s of
ZSM 48 ca%? ‘é’g §?§)m{lheareact| on Iﬂ‘ljg}?ure The above (iedure results in

as-synt hesilkﬁwlﬂﬁ%dar&alyeuaip@rtahato eambeat nctlﬁléybe%%bﬁ% igratip it fur e

directi ng ent Q043] Thi s |nven on | L st t he

f ol | ow ng aﬁﬁfféstm%& fﬂ?’?‘h bgﬁ\%ésolfpr epar eJﬁgrgbrfnnIZOO g of

wat er, ?r { gg%géﬁﬂs*wﬁicw ﬁ)'i*'tﬁ'é pﬁ@ddo‘iﬁ)% S04 pi'cbdm:)t noP28ngining fibesis  PM
ate

(a preC| pi ' ca powder from Degussa), g of sodium um nat e

sol ution (dditdial. aiide 46rngatidn Bﬂ%sdidrldmﬁmb&hoﬂéf 1§@IfHPFBﬁn°f m xture had
the follow ng nolar co 05| tion; \ég 2007/ 070 ;H; §§2006/ 047399 16 H20/

Si 02, . 20. 3391@-#111511192*& fad grpctuge ghreching AspRLs{ G 02= 0. 023 [0045] The

m xture was reacted at 320F (160C) in a 2-liter autoclave with sh J egg
250 RPM f q002$] hourEhe fhoputhosizedi49Mi48 crystals shapid be @E’&&ﬁ‘i PAUAHY It or s

h as th ft oglave gyd.the |

make of hePriartprISHPrIBEEES SRt aa dbE pa PE EmEblished '}Eﬁﬂﬁ?:ai* Lered,

vashed wi 4, 4l rd 26k 10038 200%C reférsslyafmaﬁwotdzea?c PressURES pal ter n
VAL

of the as esized material showed the typical pure phase of ZS
t opol ogy. rhhg bSEmisphéric as seyatniusphesd. rlﬁﬂermglls pREREmeR indeR pakia er| aI

was conposed of agglonerates of crystals th m | h
(need| e- | i VaSUHRYCORGIEQDP hE e IPSFEHTS 18y eslf’we’f)&gg} {eygu P‘l ?nggégﬁ/l%féc
crystals had §§02/AI 203 nolar ratio of - 100/1. Figure 1 is a
phot om cr cﬁf?i of the ZSM 48 crystals. This conparative exanpl e at

template: S[|0|()|3((:)ii rat I(Jgta?}f'sts? a962t3yp1<.b (ﬂNsbt hed Nifits %?r?de?for matrix material prior
to use. Binders are resistant to temperatures of the use desired and are attrition
resistant. 3inders may be catalytically active or inactive and include other
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 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 IUPAC system having Groups 1 - 18,



some needl e-1ike crystals. EXAMPLE 2 [0046] A mi xture was prepared from
wat er, hexamet honi um chloride (56% solution), Utrasil PM sodium alum nate
sol uti on Wwé2%97/076520 50% sodi um hydr oxi de sol uti on. The preparseasmirsbaur e had

the follow ng nol ar conposition: Si021Al 203 106 H20/ Si02 = 20.15 0117
Si02 = 0.17 NO Si02 =

preferably Groups 6 and 8-10. Examples of such metals include Ni, Mo, Co, W,
Mn, Cu, Zn, Ru, Pt or Pd, preferably Pt or Pd. Mixtures of hydrogenation metals
may also be used such as Co/Mo, Ni/Mo, Ni/W and Pv/Pd, preferably Pt/Pd. The
amount of hydrogenation metal or metals may range from 0.1 to 5 wt.%, based on
catalyst. Methods of loading metal onto ZSM-48 catalyst are well known and
include, for example, impregnation of ZSM-48 catalyst with a metal salt of the
hydrogenation component and heating. The ZSM-48 catalyst containing
hydrogenation metal may also be sulfided prior to use. The catalyst may also be

steamed prior to use.

[0032] 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 sources 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 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.



0.17 Tenpl ate/ Si 02= 0.018 [0047] The m xture was reacted at 320F (160C) in
an autoclave with stirring at 250 RPM for 48 hours. The product was
filtered,woasimdosyth WO 2007/070521PCT/ US2006/ 047399 peTamst@msioands ( DI )
water and dried at 250F (120C). The XRD pattern of the as-synthesized'
material showed the typical pure phase of ZSM 48 topol ogy. The SEM of the
as-synt hesi zed material shows that the material was conposed of

aggl onerates of small irregularly shaped crystals (with an average crystal
size of about 0.05 microns). The resulting ZSM 48 crystals had a Si 02/ Al 203
nmol ar ratio of 94/1. Figure 2 is a photom crograph of the resulting

ZSM crystal s.
accordi ng_t

Figure 2 shows the absence of needle-like crystals for ZSM 48
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Groups from 1 to 18), Groups 8-10 metals, and mixtures thereof. Preferred

rmat having

metals include nickel, tungsten, molybdenum, cobalt and mixtures thereof.
These metals or mixtures of metals are typically present as oxides or sulfides on
refractory metal oxide supports. 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 oxides such as silica,‘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 raixtures 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.

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 m’/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

I ca char.geé of ZSM 48 seed_crystals.., The m xture had
lsq dg



= 14.8 O4S102 0.17 Na+/ Si02 = 0.17 Tenpl ate/ Si 02= 0. 029

m xture was reacted at 320F (160C) in anm;ut oclave with sti rE?gggla;rhg' 50
RPM for 48ohoam@os2The product was filtered, washed vvithpdehrsmioszséDlj
water and dried at 250F (120C). The XBD pattern of the as-synthesized
material showed the typical pure phase of ZSM 48 topol ogy. The SEM of the
as-synt hesi zed material shows that the material was conposed of

aggl onerates of elongated (needle-like) crystals (wth an average crystal
size of <1 mcrons). The resulting ZSM 48 crystals had a Si 02/ Al 203 nol ar
ratio of - 95/1. Figure 3 is a photom crograph of the resulting

2SM crystals. This conparative exanple shows the presence of needle-1like

crystals f ZSM ' i ) '
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preferably 39 to 890 m*/m’ (500 to 5000 scf/B).

[0037] | _ The dewaxed basestock may be hydrofinished. It is desired to
hydrofinish the product resulting from dewaxing in order to adjust product
qualities to desired specifications. Hydrofinishing is a form of mild
hydrotreating directed to saturating any lube range olefins and residual aromatics
as well as to removing any remaining heteroatoms and color bodies. The post
dewaxing hydrofinishing is usually carried out in cascade with the dewaxing
step. Generally the hydrofinishing will be carried out at temperatures from about
150 °C to 350 °C., preferably 180 °C. to 250 °C. Total pressures are typically
from 2859 to 20786 kPa (about 400 to 3000 psig). Liquid hourly space velocity
is typically from 0.1to 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).

[0038] Hydrofinishing catalysts are those containing Group 6 metals (based
on the TUPAC 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 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



[0050] A mi xture was prepared from water, hexamethonium chloride (56%
solution), Utrasil Mdified, sodiumalumnate solution (45%, 50% sodium
hydr oxi deweabatd7eszy and 5 wt % (relative to the silica clrergspoosisBSMv 48
seed crystals. The m xture had the foli4owi ng nol ar conposition: Si02/ Al 203 =
103 H20/ Si02 = 14.7 Si02 = 0.17 Na47 Si02 = 0.17 Tenpl ate/ Si 02= 0. 019

whose preparation is further described in J. Amer. Chem. Soc., 1992, 114,
10834. Examples included MCM-41, MCM-48 and MCM-50. Mesoporous
refers to catalysts having pore sizes from 15 to 100 Angstroms. A preferred
member of this class is MCM-41 whose preparation is described in United States
Patent Number 5,098,684. MCM-41 is an inorganic, porous, non-layered phase
having a hexagonal arrangement of uniformly-sized pores. The physical
structure of MCM-41 is like a bundle of straws wherein the opening of the
straws (the cell diameter of the pores) ranges from 15 to 100 Angstroms. MCM-
48 has a cubic symmetry and is described for example is United States Patent
Number 5,198,203 whereas MCM-50 has a lamellar structure. MCM-41 can be
made with different size pore openings in the mesoporous range. The
mesoporous materials may bear a metal hydrogenation component, which is at
least one of Group 8, Group 9 or Group 10 metals. Preferred are noble metals,

especially Group 10 noble metals, most preferably Pt, Pd or mixtures thereof.

[0039] ZSM-48 crystals made according to the invention have a relatively
low silica:alumina ratio. This lower silica:alumina ratio mean that the present
catalysts are more acidic. In spite of this increased acidity, they have superior
activity and selectivity as well as excellent yields. They also have
environmental benefits from the standpoint of health effects from crystal form

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

[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



[ 0051] The m xture was reacted at 320F (160C) in an autoclave with stirring
at 250 RPM for 24 hours. The product was filtered, washed with deioni zed
(DI') wat ewozner/ns2ed at 250F (120C). The XRD pattern of pthasasmesymbhesi zed
material showed the typical pure phase of ZSM 48 topol ogy. The SEM of the
as-synt hesi zed material shows that the material was conposed of

aggl onerates of small irregularly shaped crystals (with an average crystal
size of about 0.05 microns). The resulting ZSM 48 crystals had a Si 02/ Al 203
nolar ratio of 89. Figure 4 is a photomi crograph of the resulting

ZSM crystals. This exanple of ZSM 48 crystals according to the invention
shows the absence of needle-like crystals. EXAMPLE 5 [0052] A m xture was

0 | . S ¢ . .
Vo {1 od, 00831 dmis siad Bresty e BrtBhsio e oM bkt bre fre oE 3R
and 3.5 V%%(M-ﬁ%' s%t:fl}égz\%tﬁlstd}ﬁl fibtduacrgStalQ DreféraBEVHAS ZSMU & crystalk slsthe

m xture had the fo ng nol ar conposition: Si G2/ Al 203 103 H20/ Si 02 14.6
OH? Si 02 Kavi7a 1AD cRBGHt @T0B2dRAIkeISToUals 01 239 Srepooiipeerlesiis coystals.

[0041] In still a further embodiment, the as-synthesized ZSM-48 crystals
are calcined thereby removing the hexamethonium structure directing agent to
form high purity Na-form ZSM-48. This Na-form ZSM-48 can also be ion
exchanged to form H-form ZSM-48. In still another embodiment, the as-
synthesized form of ZSM-48 crystals or the calcined ZSM-48 (Na-form or H-
form) is combined with at least one of a binder and hydrogenation metal.

[0042] In yet another embodiment, the invention relates to a method for
making ZSM-48 crystals which comprises: preparing an aqueous mixture of
silica or silicate salt, alumina or aluminate salt, hexamethonium salt and alkali
base wherein the mixture has the following molar ratjos: silica:alumina from 70
to 110, base:silica from 0.1 to 0.3, preferably from 0.14 to 0.18 and
hexamethonium salt:silica from 0.01 to 0.05, preferably from 0.015 to 0.025;
heating the mixture with stirring for a time and temperature sufficient for crystal
formation. Optionally, seed crystals of ZSM-48 can be added to the reaction
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



Tenpl ate/ Si 02 = 0.015 [0053] The mi xture was reacted at 320F (160C) in an
autocl ave with stirring at 250 RPM for 48 hours. The product was filtered,
washed wiwb 20@ions2zed (D) water and dried at 250F (120@rT/URb@cXRDopattern
of the as-synthesized material showediéthe m xture of ZSM 48 and trace of
Kenyaite inmpurity. EXAMPLE 6 [0054] A mi xture was prepared fromwater,
hexamet honi um chl oride (56% solution), liltrasil Mdified, sodium alumnate
sol ution (45%, 50% sodi um hydroxide solution, and 3.5 wt% (relative to the
silica charge) of ZSM 48 seed crystals. The mi xture had the follow ng nol ar
conposition: Si02/A 203 = 102.4 1120/ Si02 = 14.8 Si02 = 0.20

H,0/S8i0, =  20.15
OH7/Si0, = 017
Na'/ §iO, = 0.17

Template/SiO, =  0.023

[0045] 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 recognize that
factors such as the size of the autoclave and the type of stirring mechanism can
make other stirring speeds and times desirable. 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 crystals with mixed morphologies (needle-like and irregularly
shaped crystals). The resulting ZSM-48 crystals had a Si0,/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:
SiOz/Aleg = 106
HzO/ SiOg = 20.15
OH/ SiO, = 0.17
Na'/ 8i0, = 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



Na+/ Si 02 = 0.20 Tenplate/Si02= 0.019 [0055] The m xture was reacted at
320F (160C) in an autoclave with stirring at 250 RPM for 48 hours. The
product wae 2betdres2ed, washed with deionized (D) water aod/useeeadssbe 250F
(120C). The XRD pattern of the as-syntthesized material synthesized froma
reaction mxture having a base:silica ratio of 0.20 showed the m xture of
ZSM 48 and Kenyaite inpurity. EXAVPLE 7 [0056] A m xture was prepared from
wat er, hexanmet honi um chloride (56% solution), Utrasil PM sodium aluninate
sol ution (45%, 50% sodi um hydroxide solution, and 3.5 wt% (relative to the
silica charge) of ZSM 48 seed crystals. The mixture had the follow ng nol ar
conposition: WD 2007/ 070521PCT/ US2006/ 047399 20 Si 02/ Al 203 =

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 Si0,/Al, O3 molar
ratio of ~ 94/1. Figure 2 is a photomicrograph of the resulting ZSM-crystals.
Figure 2 shows the absence of needle-like crystals for ZSM-48 according to the

invention.
EXAMPLE 3
[0048] 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/Si0, = 14.8
OH/Si0, = 0.17
Na'/ SiO, = 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.



102.4 H20/ Si02 = 14.8 Of/ Si02 = 0.15 Nat/ Si02 = 0.15 Tenplate/ Si02 =

0.019 [0057] The m xture was reacted at 320F (160C) in an autoclave wth

stirring wp 286M768M for 48 hours. The product was filteprewjuseashemson th

dei onized (D) water and dried at 2508 (120C). The XRD pattern of the

as-synt hesi zed material showed the typical pure phase of ZSM 48 t opol ogy.

(Eg(é\(l}//PLE 8 [0058] A m xture was prepared from water, hexanethonium chloride
0

EXAMPLE 4

[0050] 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,0/8i0, = 147
OH7/S8i0, = 0.17
Na‘/S8i0, =  0.17

Template/SiO, =  0.019

[0051] 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:
SlOz/ A1203 = 103
H,0/8i0, = 14.6
OH/ SiO, = 017



solution), Utrasil PM sodium alumnate solution (45%, and 50% sodi um
hydr oxi de sol ution. The m xture had the follow ng nolar conposition:

Si 02/ Al 2080=200M78s220/ Si 02 = 20.1 O f/ Si02 = 0.17 Na+/ pBrAR26060473%9
Tenpl ate/ Si 02 = 0. 025 19

Na*/8i0, = 0.17
Template/SiO, =  0.015

[0053] 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 mixture of ZSM-48 and trace of Kenyaite

impurity.
EXAMPLE 6
[0054] 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:

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 paftem 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:



[ 0059] The m xture was reacted at 320F (160C) in an autoclave with stirring
at 250 RPM for 48 hours. The product was filtered, washed wi th deioni zed
(D) wat ewoanar/dos2ed at 250F (120C). The XRD pattern of pChaisasmssymvhesi zed
mat eri al showed the typical ZSM 48 tapol ogy and a trace of ZSMbO inpurity
was identified. The product showed the presence of sone needle- |ike

nor phol ogy. EXAMPLE 9 [0060] 65 parts (basis: calcined 538 C) of high
activity ZSM 48 crystal (Exanple #4) were mxed with 35 parts of
pseudoboehm te al um na (basis: W) 2007/ 070521PCT/ US2006/ 047399 21 cal ci ned
538 C) in a Sinpson mullet. Sufficient water was added to produce an
extrudabl e paste on a 2" Bonrtot extruder. The m x of ZSM 48,
pseudoboehm te al um na, and wa e(? a&?%ai ning Ry tg was extruded and dried
in a hotpack oven at 121 C ovePh %5 2¥The dri ed“éxtrudate was cal cined in
nitrogen @538 C to deconpose m@/rsmgve the aqgganic tenplate. The N2

cal cined extrudate was hum dified with saturated air and exchanged with 1 N
anmonium nnitrate to renmove sodQHY 88@ec: 2500 Gpbh Na). After anmoni um
nitrate exchange, the extrudat .Aashed wit ei oni zed water to renove
residual nitrate ions prior toﬁﬁwﬁggf The am‘fgh?um exchanged extrudate was
dried at 121 C overni ght and cqlkgigled/3iD,atr a.0988 C. After air
calcination, the extrudate was steaned for 3 hrs @900 F. The steaned

extrudat e s inpregnated with tetrangm J nitr % Pt)
usi ng incilﬁg%ﬂt vet HsRUXHEe 8‘@%%?8%5?8%?% w&%%@c&ﬁg’gqﬁ%ed

over ni ght : E 403, Thé ppbdiiQvis fiRek@V&ished Réth et ranr ni ne
nitrate sgﬁ%mt%%g%fgtg%%p%d;l de. LhEr@XA’FI\/}I%‘LI[:Q@(?)LO 00611Tﬁe devvgxieng cat al yst of

Exanpl e 9 deismized (B) watex andGided g2 H0°Fo20°e: The XRE pattermaef/the as-
tenperatures were varied from 16 0 .257 C under f.l.Qw - 00 seem at
1 atrn pr&¥8thesized majenal S?W‘C‘fé tﬁ%&?(}@f’%i RINE éi’raéﬁPS m‘g%/kplﬁﬂg hi gh
activity ZSM 48 contai ni ng catal yst showed excellent isoCl0 yields with

m ni mal crBXAMBLES8a function of n-Cl0 conversion and reaction
tenperature. Figure 5 is a graph showing iso-Cl0 yield as a function of

n- C10 conygnsapn Ok ks prélfied Hod vidted heribethdrmnin eilotide (S6%ent i on

and a catalyst"with a silicaalumna ratio of about 200. EXAVPLE 11
[ 0062] Thi sobution)l E/ltrabihPd, sadintrealprdpateataletion (4394780 38%msadiuBkedi ng

ith I ZSM 48 cr.yst . A m ' ,
hexanet norPdpEeG Mo 5 B BIsEHrB R tef FoUBT PR at GO URR nate
solution (45%, and 50% sodi umg%(;}Aol);bgje sol Utb8n' About 5 w% (relative to

H,0/8i0, = 20.1
OH/ SiO, = 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:



WO 2007/ 070521PCT/ US2006/ 047399 22 the silica charge) of ZSM 48 seed was
then added the m xture. The m xture had the follow ng nolar conposition:
Si 02/ Al 2080204303420/ Si 02 = 14.7 O T/ Si02 = 0.17 Na+/ Si @21AISG00E/047399
Tenpl ate/ Si 02 = 0. 019 21

calcined 538 °C) in a Simpson muller. Sufficient water was added to produce an
extrudable paste on a 2” Bonnot extruder. The mix of ZSM-438, pseudoboehmite
alumina, and water containing paste was extruded 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: < 500 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 overnight
and calcined in air at 338 °C. After air calcination, the extrudate was steamed for
3 hrs @ 900 °F. The steamed extrudate was impregnated with tetrammine
platinum nitrate (0.6 wt% Pt) using incipient wetness. After impregnation, the
extrudate 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



[ 0063] The m xture was reacted at 320F (160C) in an autoclave with stirring
at 250 RPM for 24 hours. The product was filtered, washed with deioni zed
(D) wat ewoanar/dos2ed at 250F (120C). The XRD pattern of pChaisasmssymvhesi zed
mat eri al shows pure phase of ZSM 48 txpol ogy. The assynt hesi zed crystals
were converted into the hydrogen formby two i on exchanges with amoni um
nitrate solution at roomtenperature, followed by drying at 2.50F (1200
and cal cination at 1000F (540C) for 6 hours. The resulting ZSM 48 crystals
had a Si 02/ Al 203 nol ar ratio of -S 88.5/1. EXAMPLE 12 [0064] Thi s exanpl e
shows the preparation of ZSM48 with seeding using 5 wt.% (relative to the
silica charge) of Beta crystals. fleterostructural seeding using Beta

crystals is scrj bed.i i St tes Pate nber. 2 ure
was pr epaﬁ@oﬁ‘ 108 2 ?ﬁﬁ)ogmgé i ﬁé?{gl WI%E%‘- i‘ﬁ:?éﬂix&@} %

sol ution) 4,104 @Ml&ﬁl pr eci p| tated silica powder produced from
Degussa), th_l I&Yi%golﬁl um aI ninate solution (45%, and 33.3 g of 50%

sodi um hydrOX| de solution. The 10550 E%e@ seed (Si@R/ Al 203 - 35/1) was

t hen added the m xture. The m xture he foll ow ng nol ar conposition:
S1021Al 203 = 106 H20/S i 02 = 20 OHz’O/SiQ% = 047 14.7

OH/SiO7 = 0.17
Na+/SiOp = 0.17
Template/SiOp = 0.019

[0063] 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 shows pure phase of ZSM-48 topology. The
assynthesized 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/SiO9 = 20
OH/SiOp = 0.17



WD 2007/ 070521PCT/ US2006/ 047399 23 Na-1-/8i 02= 0. 17 Tenplate/ Si02 = 0.018
[ 0065] The m xture was reacted at 320F (160C) in a 2 liter autoclave with
stirring wo226(768M for 48 hours. The product was filteretjuseashedon t h
dei oni zed (DI) water and dried at 2508 (120C). The XRD pattern of the
as-synthesi zed materi al shows pure phase of ZSM 48 topology. Cearly, no
Bet a phase was observed on XRD pattern of the synthesized product. The
as-synt hesi zed crystals were converted into the hydrogen formby two ion
exchanges with ammoniumnitrate solution at roomtenperature, followed by
drying at 250F (120C) and cal cination at 1000F (540C) for 6 hours. The
resulting ZSM 48 crystals had a Si 2/ Al 203 nolar ratio of 87.2. EXAMPLE 13
[ 0066] Thi s exanpl e shows the prepa Li-'/$i of ZSM?’@lysi ng seeding with 10
w.% (relative to the silica charge ta seeds. The same reactants,
formul ati on, and procedure as Exa 2y use cept that double
anount of Beta crystals was addedn’ggﬁlgg% |r{g)%geg(%'p?$he XRD pattern of the
as- synt hesjgd Mt efhalmshensw BLR o . ) S0
Bet a phase[ vvas]obseirii\t/lgdnon XRDQ%Q% er nég?ﬁ% r%égé?ﬁt@ﬁté‘g??e %ra(l)l u@tg%#gp
as- synt hesstirethgeaty23RPMefor 4 8 doves.t THe ippdbdudtheadfitiergle wwdshedviight wo i on

exchanges with, a niumnitrate solution af roomteqperature, followed by
dryi ng at QWPI@Q%%I' éﬁgéﬂﬁéﬁtgéoaf (iégé)-(ﬁig Fatierp afthe ashe

resul ting . - 1,0+ 0Ttz / MPLE
14 [0067] The pé%é%%@%@m%ﬁg%ﬁ%ﬁ%ﬁ ea§ éél?t%alg gzéi%lga§9hé?<a}3n%§
adsor pt i onpk&sdt wad bbsdrexd g XRIV pattennof getsynshasizraibsiodacnTHews-por e vol une

of any given catal yst. The cal ci ned cat al stsc{;repar ed as above were heated
in a ther nBgrthesiges crystals yeeegonvertag in hyidrpgep foram bydwodonor 30 ni n.

The dried . . n t a
parti ol - VOGS S e ESghRS SoBicn RYSOR RAIFEA G IRNGSE RS O,
changes asdnrihgxaf60tpi(dRe° Qpedrad caleqiation dtyl 0B0CFqSHar@nbsr 6 hotue TH#A
instrument. An Al pha value was alsq determned for each cr?/stal . The Al pha
val ue for ¥esuling 48 erystals bad aiSible/MaQa maolsr rae of a1 &1 -¢st activity
relative to the activity of a reference catalyst. The results are

sunmari zedEXANHILE 13. TABLE 1

[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



Sanpl e n- Hexane,

Exanplel I'"

Ong/ 0 Estimated % /0 Beta in product Al pha Val ue
HA- ZSM 48 reaction seeded wth ZSM 48 crystals 37.7 0 70 Exanp

| e12 HA- ABbh4@/07es2et i on seeded with -5% (to silica char gew)usedosBetsas seed

42. 4 -

5.3 -

125 Exanpl e1l3 . HA-ZSM 48 reaction seeded with - 10 % (to

silica charged) of Beta seed

pressure of 75 torr. The weight changes as n-hexane uptake were measured by
micrq balance in the TGA instrument. An Alpha value was also determined for
each crystal. The Alpha value for a catalyst is a standardized measure of the
catalyst activity relative to the activity of a reference catalyst. The results are

summarized in Table 1.

TABLE 1
Sample n-Hexane, Estimated Alpha Value
(meg/g) % Beta in product
Examplell, HA-ZSM-48 37.7 0 70
reaction seeded with ZSM-48
crystals
Examplel2: HA-ZSM-48 42.4 ~5.3 ~ 125
reaction seeded with ~5% (to
silica charged) of Beta seed
Examplel3: HA-ZSM-48 48.3 ~12 180
reaction
seeded with ~ 10 % (to silica
charged) of Beta seed
Beta seed crystals used in 126 100 690
Examples 12 & 13

[0068]

were not dissolved in the crystallization and remained in the synthesized

Based on the data shown in Table 1, the added Beta seed crystals

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]

catalytic cracking activity of the catalyst compared to a standard catalyst and it

Note that the Alpha Value is an approximate indication of the

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-




48.3 - 12 180 Beta seed crystals used in Exanples 1:2 & 13 126 100 690

[ 0068] Based on the data shown in Table 1, the added Beta seed crystals were
not di ssolveedoioros2ne crystallization and renmi ned in thecsystévesized
product. The concl usi on was supportedsby the increasing adsorption data of
n- hexane on Exanples 12 & 13. The conclusion is al so supported by the

i ncreasi ng al pha value of the catal ysts as the wei ght percentage of beta in
the crystals increases. The n-hexane adsorption and al pha val ue i ncreases
denonstrate that the ZSM 48 crystals with a heterogeneous seed have a
different reactivity than the ZSM 48 crystals with a honbgeneous seed.

[ 0069] Note that the Al pha Value is an roxi mate indication of the

catal yti c ehlupigageragkingsatslyst takes a@@maK @fbhﬁ&aEcComstanEth(h]:&seb'bat al yst

dit t t t.ant t h
per vol o 10e /el DAY i BRI i isqlastiBRE, fod SAampla @S-t ne
hi ghl t Py I 04739 ckin
catal yst tapan Bs 2%43%22%7%2?? AT R 6o -’?%%@%fﬁé JERESH M

convent i onéVBﬂQﬁ@)Anﬁndawd %, ple?&ﬁr(lt&&ﬂ)) for exanple, in US. Pat. No.
3,354,078; in the Journal of Catalysis, vol. 4, p. 527 (1965); vol. 6, p.

278 (1966) E3eANPOLE.1$1, p. 395 (1980).

[0070] 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
rate of 2500 scf/B (445 m®*/m®). F igure 6 is a graph showing reactor temperature
vs. required temperature to meet the 370°C+ pour point. In Figure 6, the
difference between the upper line (representing ZSM-48 with a higher
silica:alumina ratio) and the lower line (ZSM-48 according to the invention)

represents the activity credit.



EXAMPLE 15 [0070] Thi s exanpl e conpares the activity credit for ZSM 48
according to the invention relative to a ZSM48 wth a higher silica:alumna
ratio. A 600N sl ack wax was dewaxed at 1000 psig (6996 kPa), LHSV of 1.0
/lhr and treat gas rate of 2500 scf/B (445 nB1nB). Figure 6 is a graph
showi ng reactor tenperature vs. required tenperature to neet the 370C+ pour
point. In Figure 6, the difference between the upper line (representing
ZSM48 with a higher silica:alumna rat 6o') and the lower |ine (ZSM 48
according to the invention) represents the activity credit. - 26 - CLAIM
1. A method for dewaxi ng a hydrocarbon feedstock which conprises: contacting
a feedstoaRLMMS a bl end of ZSM 48 cat al ysts under catal ytic dewaxing
conditions to produce a dewaxed feedstock, the blend of ZSM 48 catal ysts
conpri si ng: (a) a first type of ZSM 48 crystals having a
silica: alum ng nol g ' | es n ej eg of. non-ZSM 48 seed
crystal s and bgi' ng ?ubr{sl%gzr)] ifg)}l@c%‘fagglé gf ﬁ?{‘ﬁB‘?%‘g"s“ rrr}gtéer(%{?(gfogbfcgaﬁ?fnp“ses'

(b) a secandtattyyee aofeedEddkd &ithr y Siladds of tZBM 4RI sdtaliysty cundbr ZWS ddwesingl s and
second type gif, ZSM 48 cr%at al s Eei ng different. 2. The nethod of claiml1

wher ei n t FE"UEERIQ PESAYES B flevyaypd Agedatpoks the blend nid SM-48 catalysts somprsingil s

cont ai ni ng non- ZSM se LSt : - Gl :ﬂ] %) i+ the
second type of ZSM crggi{églt%ﬁ%ccgnzgﬂ ggzmt}%gfﬁléﬁgg W t%ngﬁg‘?{@: | 203
rati o of JMeertlsss athheing Greeof Toa-Z28NABdseed coysalsredd beingrsabsartiaby Seeasfd t ype
of ZSM 48 St a(; S ilncl ud‘&hZSM 48 crystals having a fibrous norphol ogy.

5. The net ho SfméP%ﬁ?ﬁyl,an erein the second type of ZSM 48 crystal s include

(b) a second type of ZSM-48 crystals, the first type of ZSM-48 crystals
and second type of ZSM-48 crystals being different,

2. The method of claim 1 wherein the second type of ZSM-48 crystals
comprises ZSM-48 crystals containing non-ZSM-48 seed crystals.

3. The method of claim |, wherein the second type of ZSM-48 crystals
comprise ZSM-48 crystals with a Si0;: Al,O; 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, formulating the
second type of ZSM-48 crystals into second catalyst particles, and mixing the first and

second catalyst particles.



a greater percentage of Kenyaite than the first type of ZSM 48 crystals.

6. The method of claiml, wherein the ZSM 48 crystals are bl ended by
formulating the first type of ZSM48 crystals into first catal yst particles,
formul ati ng the second type of ZSM 48 crystals into second catal yst
particles, and mxing the first and second catal yst particles. -27-

7. The nethod of claim1, wherein the ZSM 48 crystals are bl ended by

formul ating catal yst particles contai n‘i2r7g both the first type of ZSM 48
crystals and the second type of ZSM 48 crystals. 8. The met hod of
claim1l1, wherein the first type of ZSM 48 crystals are free of crystals

having a fibrogs normpmeohed¥d of claim 19 whtkn MRS 2SN1 A8 Gl@lMate vIBEEEIYY the
first type of ZSM 48 crystals are free of crfystals havi ng a needl e-1 ke
1

nor phol ogyformulating catgyst Tragticiest qeptrining bpthi the firstvitips of ASMhé8 forysells eydptheof

ZSM 48 cry, I r ( yaite. 11. The method of claiml,
wher ei n thsg&?lldﬁg?eoﬁ%%gg?%%’éﬁSZS crystals are free of ZSM 50. 12. The

met hod of claim 1, wherein the catal yst dewaxing conditions include
tenperatures of fro pressures of from 791 to 20786 kPa (100 to

250- 426G,
300 psig), liqdid i P}Ptf?éé)gélf%ﬂow erpidhefirst (yprrHZEM-48 anystalg ars fireafen
treat gas chatfShdvirM fittolCmorphology.

0. The method of claim 1, wherein the first type of ZSM-48 crystals are free of
crystals having a needle-like morphology.

10.  The method of claim 1, wherein the first type of ZSM-48 crystals are free of
Kenyaite.

11.  The method of claim 1, wherein the first type of ZSM-48 crystals are free of
ZSM-50.

12. The method of claim 1, wherein the catalyst dewaxing conditions include
temperatures of from 250-426°C, pressures of from 791 to 20786 kPa (100 to 300 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 10,000 scf/B).

13. The method of claim I, wherein the feedstock is hydrotreated under
hydrotreating conditions prior to contacting the blended ZSM-48 catalyst.

14.  The method of claim 13, 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 10,000 scf/B).



1780 nB/nB8 (250 to 10,000 scf/B). 13. The method of claiml, wherein
the feedstock is hydrotreated under hydrotreating conditions prior to
contacting the bl ended ZSM 48 cat al yst. 14. The method of claim 13,
wherein the hydrotreating conditions include tenperatures of from 150 to
426C, a hydrogen partial pressure of from 1480 to 20786 kPa (200 to 3000
psig), a space velocity of fromO0.1 to 10 hi' I, and a hydrogen to feed
ratio of from89 to 1780 nB/nm8 (500 to “t0, 000 scf/B). - 28 - 15. The
met hod of claim 1, wherein the dewaxed feedstock is hydrofini shed under
hydr of i ni shi ng condi ti ons. 16. The nmet hod of claim 15, wherein the
hydr of i ni shi ng 160NndiThe eicthdd 6 bidEn At WHRFRE iRl dviked TRINBEIOYW hidBfkiohead0C,
total pressures of from 2859 to 20786 kPa (about 400 to 3000 psig), liquid
hour |y spd@denhydedingshingicopdigan®. 1 to 5 hfl, and hydrogen treat gas rates
from44.5 to 1780 nB/nB (250 to 10,000 scf/B).

16.  The method of claim 15, 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 from 44.5 to 1780 m’/m> (250 to 10,000 sct/B).
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