WD 2007/ 070522PCT/ US2006/ 047400 - 1 - HYDROPROCESSI NG W TH BLENDED ZSM 48
CATALYSTS FIELD OF THE I NVENTI ON [ 0001] This invention relates to processes
i nvol vi n%gh&qﬂ%ﬁ{ ZSM 48 cat al ysts. BACKGROUND OF THEpd¢-PM& st /6dM4d0g0002] The
dermand for high quality basestocks for formulation into engine oils and

ot her lubricating needs is increasing due to hei ghtened environnent al
concerns. Basestocks quality is being inpacted by denmands for basestocks
that meet Goup Il or Goup Ill requirenents. Thus there is pressure for
produci ng basestocks that neet the re?ui rements of viscosity index (VlI),
viscosity, pour point and/or volatility inposed by governnental regulations
and original equipnment manufacturers. The ability of solvent refining alone
to econonmically neet these increased demands for higher basestock quality is
li mi t edqYHROPROCEISING VITHBUENDED, ZSM-48ICAFAIYBTS equi re hi gher
basestock quality to neet the demands of nodern engines. Also, the supply of

crudes&ﬁéﬁ%m@iéi ns, is-limted. [0003] Catalytic dewaxing has
devel o 0 sol vent based net hods for .produci.ng high

qual ity basestocks. Dewaxing catalysts function by twd different mechani sns:
t hose depalysts Thisdhveéntien relatesto rPﬁWqSWWVPL‘Gﬁﬁryhl%ﬁ% RZaNr4hose

catal ysts which function primarily by hydrocracking. There are few, if any,
dewaxi ng"t'\",lé{Ft&I ysts with the ability to function solely by one mechanismto

t he exclusion of the other. Dewaxing by hydrocracking can be done with

rel at i \MACKGR! TS SINME wever, these feeds typically require
nore severe reaction conditions to. achieve target basestock quality and this
| eads t r y : h fido lefipltiet | gat e
undesi rlggbgwsepem %a%%%ﬁggb’gﬁy@?%g?awca&ﬁgcﬁ%g%f%gﬂglﬁg cat gl ysts which
funct i Q1sPArid"8thier Yubitica gdads imcreasing dut tohejghtoned ehvironmestddr anched
chain nol ecul es. Branched chain_ - 2 - m)éfiegul es c S(ha e desi,r

|
pr oper tcioasemist hBrsestpeks quality if bei prsited by Semandsdor pasestagksMat such a

d [ | . t i0.-Uni ; 69, ZSM 48
e or eRPRO R o Gl arhit b, Mt B e e e, “Bot
the di fpcléBeKaR madidhé Rayitdrémits Dfvidonaity dndex (D), ividdosigicpoer yst al

nmor phol ogy, al though the choice of directing agent ig%éjhe, rzﬁater factor.
When ugiohat andioawohilisy imposedihy Bovereentahireadations -011&99 eedl e-1i ke

crystals are produced. At high silicas ] Latd I js ernary
ammoni @Wméﬂﬁwu%éﬂefs't ef%kk%”afp"%%éggﬁ %@sé %ﬁf#z?e gﬁoﬁ{é%{ﬁf)l ogy. As
the sillcg: | | ford & Yabestbéle ghaRpeisdimited: Evhnivities

descri &%&itﬁbﬁﬁ%&s@aﬁgg&gg&gﬂ] unber 5, 07%, 269 or Unjted States Patent
Nurber e 928 o8 48ditiveys farmpateidiailsomquing higher hasesteskrapalits ke ansd e onpet i ng

crystalline forns other than M 48 are .prqduced . t ai ns
he%/er oslemandsrafi medem ‘E‘ég@’é%défs‘{’ %ﬁTPﬁlgicgdq{Héﬁ%ﬂ{%l&ta Q?‘Fé‘?%%%ﬁ?%hm ogy
can af fi?ﬁtmi ea&al yst behavi or, : ' '

( [0003) Catalytic dewaxing has developed as an alternative to solvent based

| methods for producing high quality basestocks. Dewaxing catalysts function by
two different mechanisms: those catalysts which function primarily by '
isomerization and those catalysts which function primarily by hydrocracking.
There are few, if any, dewaxing catalysts with the ability to function solely by
one mechanism to the exclusion of the other. Dewaxing by hydrocracking can
be done with relatively low quality feedstocks. However, these feeds typically
require more severe reabtic_}n conditions to achieve target basestock guality and
this leads to lower basestock yields and further processing steps to mitigate

undesirable speci‘es formed by hydrocracking.

{0004] Dewaxing catalysts which function primarily by isomerization

convert waxy molecules into branched chain molecules. Branched chain



especially wwth regard to catal yst activity and stability. Also, it is
generally desirable to have a small crystallite size as smaller crystals

li kewi se guefohésgher activity and stability due to grepgpissiokhaae area for
gi ven anmount of catalyst. 100061It woul d be hi ghly advantageous to have

ZSM 48 crystals that could be made with high purity and that woul d have high
activity when used as a catalyst while exhibiting a favorabl e norphol ogy.
SUMVARY OF THE | NVENTI ON [ 0007] I n an enbodi ment, a nethod for dewaxing a
hydr ocar bon feedstock is provided. The nethod includes contacting the
feedstock with a bl end of ZSM48 catal ysts under catal ytic dewaxi ng
conditions to produce a dewaxed feedstock, the blend of ZSM 48 catal ysts

conpri si rlg a) a first type of, ZSM 48 crystal s havi_ng a

si | i ca: molegules pan have serisable prepertizs with 1egard tey \ﬁean@wre@m - 4SMzSM 48
seed crygtal s; and 2007/ 070522PCTI 0Q6 7 . b) a
second ggb%a%melﬁ\é\?épagP#&M%@@E %62048¢9§§m1?%i§%§%“§n5nd second
type of I L0916 . aim o RAW NGS

[ 0008] Fygﬁgﬁeé%’?gg’zgghg%%% ggégkg%ﬁjﬁ]ﬁgflﬂg Z@Mtgfr%s al's gr epared at a

t enpl at eorapbunds amtlirecting @gans. Buthshodiregting agpneashtte silics-atemireed| e | i ke
crystals. [0009]Figure 2 is a phaotom crograph show ng_ the absence ,of

need! e-¥atieecas, ipflughge caystsdanempholpgyy aliho oies ehfirecting agent isi xt ure

havi ng & .t 484 | Wﬁ: .0 ,0f: 0O - '%]DQI'}I]H 3] ot ami cr ogr aph
show ng&ﬁég%gre g%‘%cgé{é 0 nl{eggdbgﬁ élﬁ%&%?)%%t% S gr(ﬂmr%ééern;s%s??prepar ed
from a ferdtd-like diyxthly frelppvinged Adiiphailicaahintidarratibousingla 029.

diquaternary ammonium directing agent, the ZSM-48 produced has a platelet

morphology. As the silica:alumina ratio is lowered using the preparative
techniques described in United States Patent Number 5,075,269 or United States
Patent Number 6,923,949, crystal purity becomes an increasing problem as
competing crystalline forms other 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 stabiiity. 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 advahtageous to have ZSM-48 crystals that could
be made with high purity and that would have high activity when used as a
catalyst while exhibiting a favorable morphology.

SUMMARY OF THE INVENTION

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

the blend of ZSM-48 catalysts comprising

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



[0011] Figure 4 is a photom crograph show ng the absence of needle-Iike
crystals for ZSM 48 crystals prepared froma reaction m xture having a

tenpl at e: sj.l | io of 0.019. [00121Figure .S is a gr ] | so- C10
yield as vgbfz{)qc@gﬁsg% of n-Cl0 conversion. [0013] Figure GBF!?[U;EI@Wg%%O‘LhOW ng
reactor tenperature vs. required tenperature to neet the 370C+ pour point.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0014] I n vari ous enbodi nents, the

i nvention relates to hydroprocessi ng nethods involving catal ysts conpri sing
bl ends of two or nore types of ZSM 48 trystals. In particular, the invention
relates to blends of ZSM 48 catal yst -B8here .. at |least a portion of the

ZSM 48 is a novel high purity type of ZSM 48 having a Si 02: Al 203 rati o of
| ess than 110 that does not contain a non-ZSM 48 seed crystal. This novel

28 48 crystals, Pvd SooiharBe SR SRl bl GB8 FASBEETE .0t o
or 1Mor eciysRas afll séSOMd bypis yBZ8M-dB8otys@lxibdihg differant i vities al l ow for

taitoring of processes to provide a desired activity at a desired

t enper ' f i vity can be achi eved wi.t hout introducing
undesi ?Mr@mwud%t herw se be enhanced by introducing

anot her type of catal yst such as another type of zeolite catalyst.
[0008] 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,

[0009] Figtire 2 is a photomicrograph showing the absence of needle-like
crystals for ZSM-48 crystals prepared from a reaction mixture havihg a
template:silica ratio of 0.018. '

{0010} Figure3 isa photomicrograbh showing the presence of needle-like
crystals for ZSM-48 crystals prepared from a reaction mixture having a
template:silica ratio of 0.029. ' '

[0011] Figure4 is a photorrﬁcrograph showing the absence of needle-like
crystals for ZSM-48 crystals prepared from a reaction mixture having a '

~ template:silica ratio 0of 0.019. o . |
[0012] Figure 5 is a graph showing iso-C10 yicld as a function of n-C10
(. conversion. '

[0013] ' Figure 6 is a graph shdwing reactor temperature Vvs. required
‘temperature to meet the 370°C+ pour point.

'DETAILED DESCRIPTION OF THE INVENTION

[6014] In various embodiments, the invention relates to hydroprocessing
methods involving catalysts comprising blends of two or more types of ZSM-48
crystals. In particular, 'thc invention relates to blends of ZSM-48 ée_ltal_yst where i
at least a portion of the ZSM-48 is a novel high purity type of ZSM-;-IB ha;\}iilg a
Si0,:Al,0; ratio of less than 110 that does not contain a non-ZSM-48 seed

crystal. This novel type of ZSM-48 crystals exhibits a higher activity than other

types of ZSM-48 crystals.



Synt hesis of high ZSM 48 with Si 02: A1701 ratio bel ow 110 [0016] I n vari ous
enbodi nents, the processes of this invention enploy a blend of ZSM 48
crystal ( t) types. In such enbodinents, at le i of the
bl end inc\gft}&g@@g%égl yst conposed of high purity ZSM 48 ??3@?%@“&’5‘3%9 a

Si 02: Al 203 ratio of 110 or less in a particular norphology, the high purity
ZSM 48 crystals being free of non-ZSM 48 seed crystals. Preferably, the high
purity ZSM 48 crystals are also free of ZSM50. As descri bed bel ow, high
purity ZSM 48 crystals having a Si 02: Al 203 ratio of 110 or |ess have a

hi gher activity than other types of Z8W48 crystals. [0017]In the

enbodi nents bel ow, ZSM 48 crystals will be described variously in terns of
"as-synt hesi zed" crystals that still contain the organic tenplate; calcined

crystals, such as Na-form ZSM 48 crystals; or cal cined and jon-exchanged
cryst al H0018]ch aBlepdsefiiwsnr 280metyRePEZSMd 8aypytaly hawngdifisrentsmv 48 seed

cryat ol BotBe AR Kk ARG A Ebh s B e N3P achiBT 9. deR5 80 7

synt hesiagperafie! WIS thiforife of BYSVILy E4n BEAcRidvREwRNAG IRSicEREing t hout t he

use of seed crystals, or with ZSM 48 seed crystals for seeding.” By "free of
Kenyai t endesired3Nde dtadtionsahat mighttotherwise tbe enbanzal/b3dntroducimg armtizerpr esent
in amounts that are noj detectable by X-ray-diffraction. Simlarly, the high
purity Zoeofscatalyst SRR agGnp ri%ﬁ%?wlﬁe§a$l¥%t-f'ree of other non-ZSM 48

crystals to the degree that such other crystals are also not detectable by
X-ray dS¥hthesisigfthighipugity ASMed & etitb§ 10 441 niatiat belownbB0 made on a Br uker b4
Endeavor instrument, nmanufactured by Bruker AXS, and -- 5 - equipped with a

Vant ec- igh- . i ast is il wd
ot andar DUIETL; *EAEHsAGH EnBbuiniBfte, B3 SidTEes Wiinisifubmiqetulby a100, pO"Ie!
hal f - meleid 'O (7 P4 § ey stah@r Thtilgs) mal{n@ucﬁ&n%diﬁwmgsataeﬁdmta is 0.132.

The step size is-0.01794 degrees an e time/step is 2.0 seconds. The 2

theta lswfrﬁouasefgha bdend mcgegf%@a:tglgsmmaﬁas?s?ﬁ_higlmuﬁm ésl\@-ﬂ& msf_@ﬁ%
ant or AR 8 SR aBROI T10 G0 7k Bohicli FRABhelol, IR oo
det ect JRIrfyySHLABUrhgtal Wihi HeNTAGHIEN-ASEEA oSl ONPecfeeitAphel T om SEM

can be ‘used to identify crystals with different m)rcg;.ol ogi es. e resol ution

scal e (High pusity IZSM-48 crymalsiace alsodier o gHM150.t As deseribed belayurkigh

0019] The, X- Lff i;on.patt f ZSM 48 I di

to t he R SHRIBsriilels Bvifer il oumls o100 kerehBrd B aleRrs and

rel ati Va%t. ; i Mﬂ.&?gggfm_ gaat})g&qg_ of pure ZSM 48. Wi le XRD can be
e’

t
used to establish t entity of a“given zeolite, it cannot be used to
di sti i sh ticul " ph : I t dle-ljk d
oSt L BF) o P oo ol bebG A AP St I R SRS K, 2
Pat t e NoridliyP{rfRimds DiaS dyAsPE PSRN et (6N UntARRErpaRS, 1 1S

necessary to-use an anal ytrca greater resolution? An exanple of

such atémplatescaemed orgskls suckhas Nasfass AHMaEMystdtbpoocalcimegl aphs from SEM
(can be used to identi% crystals with different r phol ogi es. [0020] The

ZSM 48 iemyexchanged eostalamyghiasdd-form £PMrd8 grustalf.r ecti ng agent have a
parti cul ar norphol ogy and a nol ar- conposition according to the general

formul §0018) Si 0BA"Ae8 offineZ M- 8fseatcrPstals” 14 theant ehetrthblrgadfort o0 100, nore
preferably 85 to 95. In_ another enbodirent, n is at |east 70, _or at |east

80, or mixtursasseddor ferming theoyMeA8 srygalsiass not containman- 288 or 100 or
less, %éec? gry%q;alls.e ﬁstex!ic?, féM—hB%wgtﬁls 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 determinatién was made

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



6 - enbodinments, Si may be replaced by Ge and Al may be replaced by Ga, B,
Fe, Ti, V, and Zr. [0021] The as-synthesized formof ZSM 48 crystals is

pr epar ed kxt ure having silica, alum na, base an d’n‘??s%?ﬁ‘ j.um sal t
directi ng%%??%ir? an enbodi ment, the nolar ratio of stch uct ur amg‘:mroecti ng
agent:silica in the mxture 1is less than 0.05, or less than 0.025, or |ess
than 0.022. In another enbodinent, the nolar ratio of structural directing
agent:silica in the mxture is at |least 0.01, or at |east 0.015, or at |east
0.016. In still another enbodi nent, th%' nol ar ratio of structural directing
agent:silica in the mxture is from078I5 to 0.025, preferably 0.016 to
0.022. In an enbodi nent, the as-synthesized formof ZSM 48 crystals has a
silica:alumna nmolar ratio of 70 to 110. In still another enbodi ment, the
as- synt hepiipped iitha Manfédd1 48 ghspeba ldetdetsr, ATl HiseraniéniWarniPhdhglat i 0 of
at least 70, or at least 80, or at least 85. In yet another enbodinent, the
as- synt rslicer pomslerstandasi (Nt 640B)avkichds aansteriab withomtistrassioThe fullt i o of

110 I 100, I , 9 I . F [ [ ti f th

as- synt NEQD S8L% gy i) tor e andary penbt 2R 4G RTP o BDGRI contain
i ca, . . . o h _

le- Isgﬁt h(?élg?g]eg% feor nﬁ’ g‘fZ@ %%P/I 48 cr yésg gfésﬁnrr(gy ﬁagle- rr%‘F| ggrﬁ'(réagtelr&g}sldé'l i gﬁt% y

di f f er erthefarszam tused mCatanget ab35 &iv amebd3 ani. sSBy'fickeoff Rincius @fystalst’wnd used to
prepare ized form This result may occur due to inconplete

the as-synthes : > L
i ncor por &9 Iﬁeﬁiﬁb&PﬁyﬁﬁﬂE"r‘%Mﬁ“@m&he fihsopard/os megdler like crystals; he

crystal : | 1 8. 48 zeolite in
ei t her zféﬁﬁggéé%%ﬁé%d’n egagf%&g}lé? #T#t?%/ b!%ﬁf?c}.gﬂ{é%& SRer at es of
smal | cMEdraddop Y PhotSmidrpgiathsFrdFASENI tdifbé asegtofdahmyt 0.01 to
about 1 pm  These small crystals are desirable for they generally lead to

gr eat er ceestalgiwigh dgifedent manpholagies.neélire mpsehition scald Agenpissshovwnonr | eads to
nunber. of active.catalytic sites per given anmount of catalyst.

t t
gr 21[ g?aﬁ?‘iﬂ? ?W@’ZW&EE%WE}I%??S%# ﬁg’t"'ﬁé'r a catcined or as-synthesized form

have a nor phol ogy containing no fibrous crystals. By fibr ous is meant
cryst al 00t havdheaXirap difiractiof pattdrt/(KRIMef the ZSHM-48 crystalsent the | ength

d WO 2007/ 070522RCT/ U$2006/,04740Q .- 7 - .dI t of- tal ., |
anot her AEHTBITE B fieTHyenERR St papibiied by ZSMIEE, heodne Lopaahesdnd

t hesj I ( Fd ls. B
eadl o 19EaYs BERIRKS chrre B Rl ARl ot Tipudt BVIERs PVRRE 0D bl 27,

| ess t hanesidBlisimirecidpntifycofbigivdietedite, 3 tinaorbohded ddistibuidions t hat
crystals prepared according to the nethods herein have ng detectable

cryst al Bamigiiasgnarghalegyistor exaraples the reedier ieansyplatetrt forms §15d ogy al one
. I | OTHIR AR aone
act v Lgrveneblird Ui RIS e Sarflc WMo R PRE of RerB iRl 20 ™

conposi béteveehdiffessrmorphicdogies, iaqyﬁecasagamﬁsumﬂhﬂmgﬁeapwmmﬁh ng silica

or silicate salt, .alumna or seluble alum nate salt, base and directing

agent . gigateEApEalEtione AR sxamplepf seel 2 teplin sraring electrem MISFRSFOPY 1 eact i on

i xtur @i RSl dRk s LA SERE b8F be B:04 1440y Qylid M 20 S/ 02= 1
different morphologies.

{0020} The ZSM-48 crystals after removal of the structural directing agent
have a particular morphology and a molar composition according to the general

formula:
(n)Si0,:A1,0;

where n is from 70 to 110, preferably 80 to 100, more preferably 85to 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 -



Of: Si02 (preferred) = 0.14 to 0.18 tenplate : Si02 0.01 -0.05 tenpl ate:
Si02 (preferred) = 0.015 to 0.025 100241In the above ratios, tw ranges are
provi ded Wwanhobmlhssbhe base:silica ratio and the struct ”‘b%'rﬂis&ﬁﬁ%h%
agent:silica ratio. The broader ranges for these ratios include mXxtures
that result in the formation of ZSM 48 crystals with sonme quantity of

Kenyai te and/ or needl e-1i ke norphol ogy. For situations where Kenyaite and/or
needl e-1i ke norphology is not desired, the preferred ranges shoul d be used,
as is further illustrated belowin the Exanples. " [0025] The silica source
is preferably precipitated silica and 95 comerci al | y avail able from
Degussa. Other silica sources include powdered silica including precipitated
silica such as Zeosile and silica gels, silicic acid colloidal silica such
as Ludoxmbodimenits; S3il mayl beireplaged by GéendlSaay deqbphidedyss GhBSFeOt her
silica. V§ 2087 070522PCTM52006/ 047400 sources may form'silicates. The

al um na ey BB4i4f- t he formof a sol uble sal t, preferably the sodiumsalt and
is comrercially available fromUS Al unm nate. O her suitable al um num sources
i ncl ude[@02r al THewrsyarhesized Ema of ASMAB eFystifls ifp 'a?émﬁ%hf?hol ates or
hydrat ed al um na, such as gammat_ al um na, pseudoboheniteée. and col [ oi dal

al uni namixpEehayving sdica; aluminapbass arkkhenama¢thoniuie salinditertmpyagenkdni net al

hydr oxi de, A I dj I um.hydr.oxi de, anmoni hydr oxi de,
o quat cPREPPRRERS, the 8l FED o Ritol Urdciiog esiisdien 1t mUABRRet honi um
S o B SPtRGOS] BNk Iah 00231 bf fes? i BATEL A UrldifieF YlhBHL gy, The A on

(other than chloride) cou e ot her ani ons such ‘as oxXl at e,

sul f at etheonblar rhtibiafestactirahdirbeting apentasited dnilemndtwbé & hdieaét).01, or
N, N, N, NN, N1- eﬁgget hyl -1, 6- hexasi edi anmoni um di chl ori de. EOOZE}] In the
synt hesttdegit 4 =2§i\$t483%tr%¥@| In sy}l anpthesiombedimant diengolariratioafe sal t,

alumn : : ' i ] r wdh,..water in
fho r at T itE el i BERRs ApAnELIRG th e BRHTe 1 Bt B G605 pittbdip¥™ 71
cryst al&Oh&yo Be0Xr Irean bbodiment, ahé as-8ynitiesiRd rke6NZEMA8 M8 seed
crystals may_be added to_the reaction m xture. The ZSM 48 seed”crystal s may

be  addd@stdcsilingatiminayaolan iatierof 74 tn h10.f b stilliapothertendbodimend; theras-se

ff ect h h tion is fr. f oth - ZSM 48 t
of ' seedV Y roied PR Bt 281 43 iy RBERACS b ypifs cgter sptio F 8L IARt 11 e,
usual | y70bwr bt 1dasBBDOHr aftledstVEs hﬁﬂdy&'i iﬂbt?ﬁr‘ SRbSAYRY Bhe ag-gg&tﬂ:kﬁcan

enbodi ment, the crystals.obtained fromthe synthesi3 according to the

i nvent ifermief\ZS-4 8 eppstalsitas a siticaiaburhimemoiamatioZsM 1B os bad, oF Y60 @rs and
free O{I ZSM;g. Prefeﬁabl ;. the ZSM 48, crystals will have a | ow quantity of
Kenyai 185 PhY2 9T d6odFRE ALY SiKen RIfRFAtion okdhg as-sentbenized foumat | ess, or 2%

or | esgsSML4 bl Stk A t rystah
"Cart be fr e%%?{alég’ﬁtygil?g&%%@g rs?tE] an Iei%)gl% Hfgﬂlﬁ%leﬂtﬂgl?filéﬁgtdgr%gﬁpél ned
from t hgersty rit houki becnotedithgt the dsheyrithesined doroh of Z.SMAD8 REpdtaBmApat is free
of i b{lgyes mnchrnp pa%o%ggfighlt:fybéi?feient from the molar ratios of reactants of the )

reaction mixture used to prepare the as-synthesized form. This result may occur
due to incomplete incorporation of 100% of the reactants of the reaction mixture

into the crystals formed (from the reaction mixture).

[0022} 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 um. These sméll crystals are desirable for they
generally lead to greater activity. Smaller crystals mean greater surface area
which leads to a greater number of active catalytic sites per given amount of
catalyst. Preferably, the ZSM—48-crystals in either a calcined or as-synthesized
form have a morphology containing no fibrous crystals. By fibrous is meaﬁt
crystals that have a L/D ratio of > 10/ 1, where L and D represent the length and



WO 2007/ 070522PCT/ US2006/ 047400 -9 norphology is not desired, as this
crystal norphology inhibits the catalytic dewaxing acitivty of ZSM48. In
anot her qgﬁggd.hr,ﬁ%gnthe crystal s obtained fromthe synt hﬁé&%s?&;%}aﬁﬂiud‘g to the
i nvention have a norphol ogy that contains a | ow percentage of needle-Iike
nmor phol ogy. The anmpbunt of needl e-li ke norphol ogy present in the ZSM 48
crystals can be 10% or less, or 5%or less, or 1%or less. In an alternative
enbodi ment, the ZSM 48 crystals can be free of needle-Iike norphol ogy. Low
anounts of needle-like crystals are preferred for sone applications as

needl e-1i ke crystals are believed to-rfeduce the acti vi ty of ZSM 48 for sone
types of reactions. To obtain a desired norphology in high purity, the
ratios of silica:alum na, base:silica and directing agent:silica in the

reactio 'ametéﬁbﬁﬂfbcléxﬁfsfﬂl,ngn aROMHEP e BB iren® the EENY® By seals S Qither ke

enpl oyed. Additionall'y, if a conposition.free of Kenyaite and/or free of
need! e-¢alkmedwmdses yghesized form bdye aHowpquentity et arefipeofaivedictlibe used.

0029] A di to Upited Stat Pat ent . Numb n23,,94 t t |,
non- ZSWa Al oByite et Weds cacs cpital sha v ecs PO RO S0/ T
ilica: i i . ; , i
f)lr elp;?al?%Jieg‘lf?agg' %%%13 ?@?/ffze?t‘ {/}m%&ga??’ya a urﬁa’lﬂlr]jzz:gran[ilta i%?' govv%?%%%‘:)ﬁvggr | ess
i s depeahdeptysedls Eh@pmd atoRiihg to tie hrthvds hererrbavimé datectabie ictpstilst a

seeds. [0030]1f heterogeneous seed crystals are not used, as one synthesizes
ZSM  dmving b fibrous arinegdle-likesmorphiolagy. aThis mamhalegy alengor epurled on of t he
i mpurity. 0 becomes nore af factor, .Rati,os.of, di.recti.ng agent.:silica
gr eat er‘z‘ctﬁﬁié 2%‘8&9%%?-,6%“{“9‘&@? ??Fc%ﬁBdi?@y%F Q@H’%ﬁ@ %Cébvr'ggg%ﬁ g’fﬁ‘ﬂ@ént ai ni ng
needl e-Jdsk8b & 5Sifdsmehtd &, the ratio of directing agent:silica is
‘about Od.ésggbor elss. I%ata?ogéo directing agent: silica bel ow about 0.015
begin to _produce_a u cont aj hi ng- Kenyai,te. Kenyaite i s apn anorphous

| ayer edoggﬂ cat 2@?}?&@'@ ?Wﬁ‘ﬁﬂﬁ?*@fiﬁ?mﬁn%@&o%&a% bit zeolite
type aghii j ilith OrSilich@baly, Aming bt sbbld 81hBREN§At, Haskeact i on
condi t%ﬁﬁ%ﬁgﬁﬁ@g%&% \ll\l}wn a f'eedstock i.ss exposed to ZSF\’/MB. Thus,

whi | e tand direstinpcagait. REmgchieee thre desiid ¢1ysedmpdnphotogythe adrotants isone
applications, the presence of Kenyaite tends to reduce the WO '

2007/ 0 TesstIPOoniare deve e following molarzafies] activity of the SM 48. Ratios
of hydroxide:silica (or other base:silica) and silica:alum'na ratios are

al so inportant to the gpORAALOQy TWtd be)crystals fornmed as well as to purity
of crystals formed. Ratios of silica:alumna are also inportant to catalyst
activity. The base:si| Fe®:Sifh5 130800actor affecting the formation of

Kenyaite. The use of ajex t ORI ixrecting agent is a factor ‘for the
production of a producdﬁbﬁ@@)nt Qiﬁgngsa fibrous material. The formation of

needl e-1i ke mor phol ogyOrs: 8i0}, (Fref@pedyf=101@43b!0.28&: al um na ratio and
structure directing agent:silica ratio.-[0031] The as-synthesized ZSM 48
crystal s should be at tesaplatpabi@ar00l-®@5prior to use or further
treatnment. Drying may pe acco i shed. b eat hng.aty eratures of from 100
{to 400C, preferably fr%%@@i@@q‘e#gg§3égzgﬁ€y@& nospheric or

subat nospheric. If drying is perfornmed under partial vacuum conditions, the
t enper $#824s mayn itke hboee ratics; twhaenges arst provpdesd far hrthdbe base:silica

0032] Cat al i.cal l.y bound with a bind i ial pri
Lo oL Aty ped e Sirtenmbe nhectite 2gentelich feflo oo Herbrongel Birgps SFF sk Br o'
attrit }ﬁfbs[]iﬂﬁilﬁicaﬂ%xtuﬁé{'ﬁlﬁi S i@ e TBhARYIbhGH ZSVRARI 09sials WithGonye and

include other zeolites, other inorganic materials such as clays and netal
oxi des gaamtityasf Kenyaitea andiarineadkenliks morphologini Rer sithatjensiwhere kaol i n,
bentonite and montnorillonite and,are,co rcial Ly avallahl e. They may be
b1 oncc KenyaHe sAd nRsdls-HkesRaaPIany i Porgeut, din Bl Ouengss 1)

materi al s .i,q addition & [J:hCa- | il yele R r-binary materials such
as silf %Hlﬁg’& I a,agéﬁ ﬁﬁﬁ#ﬂgﬁ?‘g?{eﬁq%ﬂgﬁ-%@%om a,bisb?f i ca-beryllia and
silica-titania as well as ternary materials_such as siljca-al um na-nmagnesi a,

si | i caf0025}i na- Thersilicasaurselis peefarably pre¢ipitetadsilicaanckis commearcitldy i n t he
- ( 0,
o 8 et i Taler el 4 et +°

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



bei ng binder. [0033] ZSM 48 crystals as part of a catalyst may al so be used
with a netal hydrogenation conponent. Metal hydrogenati on conponents nay be

from G 794,0f the Periodic Table based on the T airing
G oups 1‘-%5 ?ﬁ%fa%ferably G oups 6 and 8-10. Exanpl es 0?815\@@2%?@%"@ i ncl ude

Ni, M, Co, W M, Cu, Zn, Ru, Pt or Pd, preferably Pt or Pd. M xtures of
hydr ogenati on netals may al so be used such as Co/M, N /M, N/Wand Pt/Pd,
preferably Pt/Pd. The anobunt of hydrogenation nmetal or nmetals nmay range from
0.1 to 5 w.% based on catalyst. Methgds of |oading metal onto ZSM 48

catal yst are well known and include, for exanple, inpregnation of ZSM 48
catalyst with a netal salt of the hydrogenation conponent and heating. The
ZSM 48 cat al yst contai ni ng hydrogenation netal nay al so be sulfided prior to

use. Theousces mey form silieatep e The aluminagnay betip the Jormadvgalpble selki ty zSM 48
t al d di,ng to. the ab nbadi h t]. |
11T ca: SreterARD e sod i ahs Ormetnaly, A H S S ABRIE e ot esent
R TS N AT an hee h
caper | orOUEf Suftpbfe Abrihfim sdbebl ihEnfde diflec alifinB Sl dpthe; 1OV, TRV C

have enhiondenilamibemedlcobolatesrorttyelratcd ndipain swdh beghtimaafueaing, f rom
crystal formand the snmall_ crystal ,size is also aenef,i cital ,to catal yst

acti vi t psepdolashamite @adicodleidal alwpinay, ddehasensad do dissolvethesmsetal n st

’ Bigigis . | . pedab L
i ng. @3¢ P, BE By TR AT Ry P fe, BBty SoBibaly Pty b g "
free of WaRyEEM Smbastufl H§dRxede diqidteiaes hydysiideanditellikieabl The t he ZSM 48

crystals”al so have a | ow content or "are free of needle-like crystals.
Anot her dineotidgagent ised hexamethoaidsisaltsuch s thexeméthenium dichledde pnt hesi zed

form conprise ZSM 48 havin ilica:alum pa nolar, ,rati f from70 to 110

and ar enhEELW@H"quﬂ% h}’&'@é‘é\“ q-?ﬁﬁﬁﬁh{%@%ﬁ@m@ﬁ%@ﬁﬁ@m}ﬁ%m di recting
toi i t i Lkl ;) s . : 0. 05, f bl

Foen o GabiShERTEIARNEE ih i Skt Rahacthd e e, 0. 03, BLeleranly

are frepledaniifodiovh d8cliotide d¢ PN N APINFhexamstholdyk6al s. Preferably, the
ZSM 48 crystals al so have:a |.ow content of needle-like crystals or are free

of needhexai¢diammenigmydichloride.. [0036]1n still a further enmbodi nent, the
as-synthesi zed ZSM 48 crystals are cal ci.ned thereby renoving the :
hexanet pp@2é)m st Mhehe snitiesigaifithg ZEMAMSE trystalsnthiirghctants ingluding or m ZSM 48.
This Na-form ZSM 48 can al so be ion exchanged to formHform ZSM48. In
still asididate salhisdwiniate salthbaseand direring sgemtorgmameddpeaher Mith a1 s or the

| ci ned 7SM 4 - { f ' i i o
bi nder - SACHPAPEGERar Fonmort dhové lLbenEE JBH Simiti 1006330 verre @
i nvent i oA AL FA5bE ForinE® BN réfiantBlor i tHShitdthatives ZEM-4hiedi agsnls ses:

preparing an aqueous mxture of silica or silicate salt, alumna_.or
al umi natrmyshe addéxbicathet teaniiommiahirea dheaZ RM-480seed empisiads mayrhe afdedur e has

the following molar ratios: siJlica.alumna from70.t0 :silica from
0.1to ®¥ 9@%‘&5&%‘?%%@?&%‘&0‘&‘1’8@%&8 H@?M%%Sfﬁ%g‘iﬁ‘? :silica from
(0.01 tongirg f - Btter Qn-ZISML4 g Pl O fesd eFystatst h
stirring Eogg??ngiﬁﬁag%%%%ogu%&i ent for crystal f or.rraﬂﬁ on.

Opt | onasiioh asgedliterBethaThecZ SWENB 48ystals dre pantified, tusuahy hyefibiration, andt ur e.
The above grocedure_ re%zlltts in as-synthesized ZSM 48 crystals that contain
t he hexwmshedmith deionizsd WatTdi r ecti ng agent . Hydroprocessing with ZSM 48

catal ysts . . .
[0027] In an embodiment, the crystals obtail_:led 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. Inan embc;diment, the amount of Kenyaite can be 5% or less, or 2%

or less, or'1% or less. Inan alternative embodiment, the ZSM-48 crystals can be

free of Kenyaite.

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

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



[ 0038] ZSM 48 cat al ysts are useful as dewaxi ng catal ysts for hydrocarbon
feedstocks. A preferred feedstock is a |lube oil basestock. Such feedstocks
are wax- t.ajl ni feeds that boil in the lubricating oij..r ically
havi ng aqggaﬁgﬁgﬁg?lation poi nt greater than 650F (343C FTﬂgggﬁwéﬁ%ﬁy ASTM D
86 or ASTNI D2887, and are derived frommneral or synthetic sources. The
feeds may be derived froma nunber of sources such as oils derived from

sol vent refining processes such as raffinates, partially solvent dewaxed
oils, deasphalted oils, distillates, vaggcuumgas oils, coker gas oils, slack
waxes, foots oils and the |ike, and Fi'scher-Tropsch waxes. Preferred feeds
are sl ack waxes and Fi scher-Tropsch waxes. Sl ack waxes are typically derived

from hydrocarbon feeds by. solvent or propane dewaxing. Slack waxes contain
some r esmfuphology ismbtaesireq piscthiid grystal hforphobury RthibitotHescAhlsicar € deri ved

from deoi,l ed_sl ack, waxe I scher - Tropsch waxes are prepared by the

Fi scher - $FBpXINg %%’H\P,}%’e?fgsgﬂ s .ﬂmgqmrnbe@nm&mwsmsxebmm contents

of nitro = sLI - ] ... Feeds cont ai,ni.n ‘to 0.2 wt. % of

i ¢ T ogen ORs SRV zHeiY Booolhil RTUMAN\ GG ity S3hbRIbI0EN ' BréiGs Bod 1 n

the preskow pproes Sneddle-likednbiHalesy TRet Bgaured by
DRIAESTE 0 dlegf. The a?ﬁ@tym&té&g%ﬁﬁ

standard ASTM net hods D5453 and D4629, T espec e feedstocks
may be HyQrRholegy quesantdn the ZSMedd enystaliocan by d086 vedésspor Sther kaspbysts are

th f ti f h t ti .uch . tal yst tai.ni G 6
motal s (MRS Bha Feme R ornfodiinensi er 25 et Bieainl camhpepiadm 1 to
18), G qidedldili ) : : tals jpaclud

i thel, tonger b ToologR Lo AGREE SR NS ek ile Fihadd R oi's o

m xt ur esoote applidadionsastngeidbznliky cpystaknice delievedlos rafuceithbiadgeitpasr ef ractory

metal o0xj orts. The nmixture of netals nay al so be present” as bul k
met al CZ%‘%E‘E’W&W% .%ﬁ?ﬁuﬁi‘s-oa‘ﬂr@(tm3§3W¢momh@bggriadﬁgh, based on

catalys i : : LiS: e oxides such as sjilica,

al uni na,& S| 11%122% ﬁ_%gﬁ’gghb@%ﬁ e{%#’;&?& r%‘f%%@%ﬁ*@“&f’ﬁﬂ% AEENBHCRARBF ol uni nas
ar e por oesctionmixase atchrdivie GREMMBOAIMENS ofThE iAVEHHY t feher
i ndi vidual |y or _in m xt urggg_ ranges from about 0.5 tnoﬂ%OSd@w@%p@Xsegd on the
cat al ys®Addiforlly.cif aeccompesitipn fraso ik soyaits and/og freepsf Meckle-lifeal s wi th group
6 met al oup -10.netal.s are .. present in anmobunts of from0.5to 5
w. % g%%régs%o%&cfétd%sggé’ g‘r?cprfﬁeéwd{’éﬁ?@eﬁshﬁl‘ ¥ -present -in anounts of
from5 to 30 wt. % The anounts of netals may be nmeasured by met hods

speci fi EP23] AsTKacordingdoVinited StasesiPatent Numberg6,828(849,absor pt i on

spectro or . induct i upl ed plasnp-atom c emni ssion spectronetry.
[0041] r@%‘?%ﬁ“&’&?‘i‘ﬁ? R d SN sdesding, “%@&9&@?%%384-%0% Badng

pr ef er apkiidafinif pr. | ' hydr ogen
parti al prlessure o?r%t?%fn%%ig%n ?gog(j?édg;c%%gﬁ%tﬁ%@tgoé’g%%gg’gs| , preferably

2859 t cprepamationPof pue0ZEM-4800ith siliga:alansipa cativedovin to 30:1forasdisl to 10

hr-1 &)erp%];l regtbcl)X ﬂ(l)é llxsé of hétlei}(_)s'tructural seeds such as zeolite Beta seeds.

( [0030] If heterogeneous seed crysfals are not used, as one synthesizes ZSM-
48 with }ncreasmgly Iower silica:alumina ratios, the formation of the impurity
ZSM-50 becomes more of a factor. Ratios of directing agent:silica greater than
about 0.025 typically produce mixed phase aggregates containing needle-like
crystals, Preferably, the ratio of directing agent:silica is about 0.022 or less.
Ratios of directing agent: silica below about 0.015 begin to produce a product
containing Kenyaite. Kenyaite is an amorphous layered silicate and is a fo-rm 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 feed'stock is
exposed to ZSM-48. Thus, while the presence of Kenyaite in a ZSM-48 sample

is tolerable in some applications, the presénce of Kenyaite tends to reduce the



5 hr.-1, and a hydrogen to feed ratio of from89 to 1780 nB8/nB8 (500 to
10000 scf/B), preferably 178 to 890 nB/n?. [0042] Dewaxi ng conditions include
t enper at to 426C, preferably from 250-400 C, ly 275
to 35oc,q§§§£§ﬁpg%zof from791 to 20786 kPa (100 to 3ooggggﬁg?ﬁhg?é erably
1480 to 17339 kPa (200 to 2500 psig), liquid hourly space velocities of from
0.1 to 10 hr.4, preferably 0.1 to 5 hr: and hydrogen treat gas rates from
45 to 1780 nB/ 8 (250 to 10000 scf/B), preferably 89 to 890 nB/nB (500 to
5000 scf/B). [0043] The dewaxed basesngK may be hydrofinished. It is desired
to hydrofinish the product resulting’Tromdewaxing in order to adjust
product qualities to desired specifi-cations. Hydrofinishing is a form of
mld hydrotreating directed to saturating any |ubge range olefins and

r esi dualpvetasliattivity af theZSM<t8. o Raties/ofhydnoxidessidicai(ag ofwrdasesdifg) and

cascade snlenEIu b FRHGS St oo aisrant o etarakofbhy SEhE M e car 1 oa
i ; - i 250C.
Tot ol pioanEy 28 VeflEas ERBUARTYE orb3tts Khnclh Rty OF SRl 2180 1000

Psi 9) . Linferfinbes chtalysRactvitg) OThé Basesitigpiratid iya factor affectiog sherr . 4,
preferably 0.5 to 3 hr:l and hydrogen treat gas rates of frqom }4.5 to 1780
n8/ n8 ( ¥BAnation ofFmysdte, Bhe ysyouiig bpxraethomiug ﬁi\‘&’f‘{!‘&’cgaﬁfé’ctés ghacPRose

cont ai ni_ng G oup 6,.metgls ased on the. UPA L QdiG. . : havi ng
G oups f%mprﬁ)g‘%?{l og"‘cﬂf%g“g‘- s ?%‘ﬁ%liﬂé“g E%ﬁ %ﬁ%%ﬂrtgggﬁﬁz‘ﬁ%gé_ gtr"_bel?er red
metals |Lpqlidfe-Ak kx?&gflo 05 PR CHBh I the Yilna:Alusiing patid uddegeraireon
function, especl a? y atimum pal | adi um and m xtures thereof. The m xture
of et alircotivigalgent:biticareient as bul k nmetal catal ysts wherein the anount of
metal is 30 wt. %or greater based on catalyst. Suitable netal oxide
Support $a4 'Ude—hﬁﬁ -Eytﬁi hEsied F&MAMFEREIS EhdbEid bht Iasiepartialliy i um nas
or ti tai?%ﬁpreferav%ss a uﬁlmna. %?e[ preferred hydrof m shing catal ysts for
aromat i gﬁioiab wisa tor farthet treatorsmti Dryag heysbe aecromplished by ihegtingiakt i vel y
strong hydrogenati on function on_a pofto S (o) TYRL&Al wSUppo - 15 -
mat er i alempeAtyEs Cﬁr&ﬁ@h’cﬂ?s*%‘?%:@ﬂ%ﬁ"ﬁﬁ@ %M%ﬁ %ﬂ)g(?‘s Piﬁ%ﬁrésts al uni na,
silica, and si|ica-alum : edLdl¥shattimlof ten as
hi gh asMaYNE a%o%eﬁ%ﬁ%bgéﬂﬁsﬁéﬁ%on_ négiglﬁ?a s. ‘Nobl e ir"nst als are.
usual | yvﬁﬁﬁﬁﬁrﬁoﬂcﬁﬁ@f@? Yh¢ Serfiferafiget eiay betowbnthanlthose atatriospleiir r ed
hydr of m shi ng catal yst is a nmesoparous material belonging to the M41S cl ass
or fam pyesshresat al ysts. The MA1S fanm |y of catal ysts are nesoporous
materials having high siliaa contents whose preparation is further described
inJ. A ChemCa29gsts ak8 Yppicaliy bohB3With Rdsinper or nruttindndtedal/paior thCM 48
and ngzlmsoporoug Sr efgfg tof}cat al ysts havi ng_e%rle izes f,rom15 to 100
Angst r ouse. Bipdasare eebistenbier teoiperafusecofithe pse dgsir BEEAHHUEPRY ation i s

described.in United Stat Pat ent nbher 5 ¢ Nk i i.nor gani c,

por ous, T¢fa¥Hanh & r?)ﬁ‘a@'?‘ﬁﬁ%ﬁﬁﬁ’%ﬁ%&?%&% 8§?i?§1§1‘81e1rrenth%l cE'PN or ni y?si zed

por es. Igaiﬁgyég,%ﬁh%}ggﬂﬁt?\aﬁrms MY 4slclays landanatd) oxdides aiichsds aws wher ei n
e st Paws

the opefirhg of the cell. dianmefer of the pores) ranges from15 to
100 Angglupiim, siidkad dilica-alunbiac Claysenay berdaolin, bestoniteeend or exanple is

United Stat Pat ent Nunb 5,198, 203 ' )

St T e RtV R Ean B AR OR DY A PURRIR They may, BEBIEhd A Rlhe" |

mesopor gus - \r,r\ﬁﬂgﬁi'als-rﬂl%}l R4tRL!S 0{?5@6}@@3 B AtedalRahalddiien egenat i on
I C | o)

corrponeﬂ , i's at Teast one oup 8, . Goup 9 or Goup 10 netals.
Pr ef er r gficatAunfihheinebidd sthee bjmry ahatprigiosgchias sidispemagnesia, siksat

preferably Pt, Pd or m xtures thereof, .Hydroorocessi i th - gat al yst
bl ends m_ﬁﬂi%?’éﬂ‘meﬁhj’@? aa0qg %)%"HF“{W H’FW ?ﬂ&ﬁ?“&%@oﬁézsm 48
catal yst for aechieying a i Led [ 1004t _ ot stalEatichodimidae upper curve
shows tﬂécnﬁ%ﬁ‘hcéf?\iﬁﬁ%ﬂﬁeéﬁf 3%‘%%@%1@? tgleigaata‘g{ yst cont ey ng ZSM 48
crystal S: Wit gr)gé i bedhitRe $6rm bW c@90l.t TheduumdZEMidSi may pour

poi nt f(ﬁ)lrr&?llallte&' (@%ﬂﬁ*ggﬁl on of the proce%%gd feed. The | ower curve shows

t he sangarpel ®biroDS b POOWt.% ZSMaUBsbaseshoniboung Z8h4guvithyhobelangecr ystal s
with a Si02: Al203 ratio of less than 110. As shown in Figure 6, the ZSM 48
cat al ysbeingrbiaf@t.ng the crystals with the | ower Si02: Al 203 ratio can achieve

the sanme pour WO 2007/070522PCT/ US2006/ 047400 )
[6033] ZSM-48 crystals as part of a catalyst may also be used with a metal

hydrogenation component. Metal hydrogenation components may be from



- 16 - point at a tenperature that is roughly 10C | ower than the ZSM 48
catal yst containing the crystals with the higher Si02: A 203 ratio.

[ 0046) Mor y, high purity ZSM 48 crystals with R34 rati o of
| ess thaﬁgg%g&ﬁggghincreased activity relative to otherﬁfsggém@?ﬁgé 48
crystals at a given reaction tenperature. Alternatively, the processing
tenperature required for processing a feedstock to achieve a desired product
characteristic is |ower for catalysts containing high purity ZSM 48 crystal s
having a Si 02: Al 203 ratio of 110 or Iﬁis as conpared to catal ysts contai ning
ot her types of ZSM 48 crystals. In vafritous enbodi nents, the tenperature
difference for achieving a desired product characteristic (such as pour

poi nt) between a catal yst containing high purity ZSM 48 having a Si 02: Al 203
rati o ofGréufs 6r-1asfthedreritdio Tabkebadedion Ofe IUIM CSysadm having Grolss &t | east
5C, or at l'east 10C,_or at least 20C, or_at |east 30C  100471lln an :
enbodi nedB, preferably Groupsteand §d9. Exaaplesoisugh metalsinelndenNEMo48 bl ends

more. chbba W oMiS Gl Rinef SEpapretably PEREP L Ntfthted ol e bpeRatn 1S ¢ o
di ffere&%?élﬁin@a}aﬁiéovﬁé Msécﬁsﬁdiﬁa@ésaﬁegﬂmoWW@,@&&&%@@' s in the
no i fferences

ZS\VA8. ther characteristic that cah lead to-d Th activity is

t he norpifPdo Fheodmivhat of higtiedgenation metahpt metals ysayatangeafronp04 thi$Hr ous
nmor pholg’?%are believed to have al ower, reactivity than other types of

crystal rbassoreadaliste MMsthadseofjpadiaganetad opke 45048 eatabisbaes ogy can

al so indigate i f,f. epl VAR LJs ; JJSstic is the
pr esenc‘geﬁﬁqoﬁ_ﬁh%{ii@é@%ugﬁﬁﬁﬁéﬁfﬁqrg%yé{m ?ﬂ%@“‘% H%ﬁ#%@%l c is the
Si 02: Al 2@gh1saltioT thE HydRogénatiol cdnipefent @ndctitmgVIhe ZSH-98 chtadfst ratio
bel ow about 110 havea hrgher activity than crystals with a Si02: Al 203 ratio
above atmmtaininghydotgsttion metal wiay aldo bicesudiided poorte nseli Thercatalystypes of
ZSM 48 crystals can be exploited in a variety of ways. For exanple, |owering
t he nec‘@@éétl%f’ﬁﬁég'@%‘ﬁipé' g‘?ﬁ?‘hre to achieve a'desired result prolongs the
|ife of hydroprocessing catalysts. This can directly |ead.to cost savings,
as expd608d] - 1High genmZSMMid4d grystalvmadeaweordingdodbe abovenperature wil |

increase the lifetinme of . the. catal yst (,or .otherw sg, increase t anount of
i e bETMBORmERtE PIRE o e o <) Hoq AU TABlReT TisJOMNFE SICHRIPE | s ¢ he
abi lity.f; RV : ' Y tch a
Gosi r e B e =t InE Pl Yallyshs Meritro HLidhe e R REORIMNE thoclrel

pr oces sicigity,ahpyp havearseperdan agtivity agd seleatiyity dsiviell iasexcelbemt yieldst i ng

processi ng confi gurations reg]ui re a mninumtenperature 'in reactor where a

hydr opridieysalse fave canvironmenial hen the gizpapgky othsaltheffente frasyne | ube

and ¢ ﬁ%*ﬁ%ﬁi%?‘#n* éf#‘ e %%%E‘t%?’?ﬁ{ S §ﬁ%‘*§%§&°@é‘%‘k¥%§&§@ﬂ§gr cact o i's
nydr of AAPER ng' Aaddiion 88 pus SRed Bh AR besEnedHBE B FAERBERG L1

hydr of ieptsdinent Setiavendidn rélates 16 hakh pusity ZISNIAR chbRifReItRinhavingla ef f ective
fydrof i ni shing. Bl ends of ZSM 48 catal yst.can be used to produce a bl ended
cat al ystlicacalpodha inpolar matio of from Fdtos! 10, the SN Srbaingfrpe ofneneZ8bbded f or

car al y 48 o5t sorerals el Hheoui Bl Brariiahy e ZSNE R St bR
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WD 2007/ 070522PCT/ US2006/ 047400 - 18 - the steps preceeding or follow ng the
hydr opr ocessi ng step involving the bl ended ZSM 48 catal ysts. [0051] Usi ng

bl ends ofygSWifAfred9 tailor the activity of a catalyst sygiRGNANIAES
advant ages over using a blend of ZSM 48 with another type of catal yst, such
as another type of zeolite. ZSM48 is a sel ective dewaxi ng catal yst that
functions primarily by isonerizing | ong chain nolecules to introduce
branches into the chain. This is in contrast to many other types of zeolite
catal ysts, such as ZSM5, ZSM1 1, USY_ zeolite, and nordenite, that operate
primarily by cracking of |ong chai n mbPecules to produce shorter chains.
Because ZSM 48 does not favor cracking reactions, ZSM 48 can be used in
hydr opr ocessi ng of a feedstock (such as demaxing) whi | e reduci ng or

m ni m zyggsgjhe anRul) LfurtiRadaibedimens theus-syateaibed ZEM48crysmlld e,

| i ghter "conponents. By using blends of ZSM 48 to adjust the catal yst
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Si 02: Al 2uigasteneohe bgﬂ‘gﬁt@dhmﬁg&%mbm%ﬁieat er -than 200. Alternatively,
ZSM 48 crystals with a Si02: Al203 ratio of 110 or |ess as described above

can be Rjeyyged Wi e mbths8r empdiahent, (il intentiohFelateto’SihciBod €6 crystal s.
I'n still another enbodi nent ZSM 48 crystals with a Si02: Al 203 ratlo .of 110
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bl ended t oget her i n any conveni ent manner. For exanple, the ZSM 48 crystals
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distillation point greater than 650°F (343°C), measured by ASTMD 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, 1-3artially sol'vcn't dewaxed oils, deasphalted oils,
distillates, vacuum gas oils, coker gas 0115 slack waxes, foots oils and the like,
and Fischer-Tropsch waxes. Preferred feeds are slack waxes and Flscher-Tropsch
waxes. Slack waxes are typically derived from hydrocarbon feeds by.solvent or -

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



[ 0055] Bl ends of ZSM 48 catal ysts can include two or nore types of ZSM 48
crystals. The anount of each type of ZSM 48 crystal in the blend can be any
sui t abl e Lent amount. In an enbodinment, the a ' purity
ZSM 48 cr‘gétzg@@\éﬁ%\h/i ng a Si02: Al 203 ratio of no or Iesg‘agg}nusg‘;e%}g%ﬂpoeast 10%
or at |east 25% or at least 50% or at |east 75% or at |east 90% or at

| east 95% of the ZSM 48 crystals in the blend. Alternatively, the anmount of
high purity ZSMA8 crystals having a Si02: Al 203 ratio of 110 or |ess can be
99% or less, or 95%or less, or 90%ot,.l ess, or 75%or |less, or 50%or |ess
of the ZSM 48 crystals in the bl end.'P%OSG] In still other enbodi nents,

st acked beds of ZSM 48 of different types can be used to dewax a feedstock.
I n many enbodi ments, stacked beds of ZSM 48 can deliver simlar perfornmance
t o bl endeoitéd. ZDétd Bils At©Od2EIVEd Frtdb A2BilEd YERROG AL Fiéther-Adops¢WO@kES N an
enbodi nent, stacked beds of ZSM 48 can be used for nulti- stage dewaxing of
a f eedsavschrepardd by he FisghepJdappschf synthetio peoeéssr nitrogen. Due to the

hi gher activity, the high purity ZSM 48 having a Si 02: Al 203 ratio of 110 or
| ess cappgayjusedpieBdstotks aila _v%lmghcbﬂfkdt@ofﬁnwgén-téhasftﬂﬁﬁstock-_ Cont act
with the first bed of ZSM48 will cConvert sone sulfur and nitrogen species

to H2S emotaniinasts. Fhedhcaithiningppdod.2 vd. Heof nitrogest, bastd onifeed endalpy st
| aced in a_s nd ,cat al yst bed.
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pr epar 04629 retpoftivelgf water, 40 g of hexanet honi um chloride (56%
solution), 228 g of Utrasil PM(a precipitated silica powder from Degussa),

12 g of yum ' ' 9 4 % sedj um hydr oxi de

sol it PR THE R o bl R iirclien B 8 B P 07 W 203
hydrotreating, the catalysts are those effective for hydrotreating such as catalysts
containing Group 6 metals (based on the JUPAC Periodic Table format having

«  Groups from 1 to 18), Groups 8-10 metals, and mixtures thereof. Preferred metals
include nickel, tungsten, molybdenum, cobalt and mixtures thercof. 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 garmn'ci or eta. The amount of metals, either iﬁdividﬁally or in mixtures,
ranges from about 0.5 to 35 wt. %, based on the catalyst. In the case of preferred
mixtures of groups 9-10 metals with group 6 metals, the groups 9-10 metals are”
present in amounts of from 0.5 to 5 wt. %, based on catalyst and the group 6
metals are present in amounts of from 5 to 30 wt. %. The amounts of metals may
be measured by methods specified by ASTM for individual metals including

atomic absorption spectroscopy or inductively coupled plasma-atomic emission

spectrometry.

[0041] Hydrotreating conditions inciude 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



= 106 H20/ Si02 = 20.15 OH7 Si02 = 0.17 NCO Si02 = 0.17 Tenpl ate/ S102 =
0.023 [0060] The m xture was reacted at 320F (160C) in a 2-liter autoclave
wth sti r\{l?gg{%?o 0 RPM for 48 hours. Those of skill iBcrhR2iklosod !

ac

recogni ze ors such as the size of the autoclave and the type of
stirring mechani sm can nake other stirring speeds and tines desirable. The
product was filtered, washed with deionized (D) 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 SEI\{I of the as-synthesized material shows

that the material was conposed of

5hr.”, and a hydrogen to feed ratio of from 89 to 1780 m*/m’ (500 to 10000
scf/B), preferably 178 to 890 m*/m? '

[0042) Dewaxing conditions 'include temperatures of ﬁp to 42.6 °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.”', prgferably-o.l to 5 hr,”
' and hydrogen treat gas rates from 45 to 1780 m*/m° (250 to 10000 scf/B),

.; preferably 89 to 890 m*m® (500 to 5000 scf/B).

[0043] The dewaxed basestock niay be hydrofinished. It is desired to
hydrofinish the product resulting from dewaxing in order to adjust product
qﬁalitics to desired specifications. Hydrofinishing is a form of mild liydrotreating
directed 'to'saturating any lube range olefins and residual aromatics as well as to

- removing any remaining heteroatoms and color bodies. The post dewaxmg
hydrofinishing is usually carried out in cascade with the dewaxmg 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 veloéity is
typically from 0.1 fo 5 hr.”, preferably 0.5 to 3 hr.”! and hydrogcn treat gas rates
of from 44.5 to 1780 m*/m® (250 to 10,000 scf/B).

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



WO 2007/ 070522PCT/ US2006/ 047400 - 21 - aggl onerates of crystals with m xed
nor phol ogi es (needl e-like and irregularly shaped crystals). The resulting
ZSM 48 cry .,Zo 5@9 a Si02/ Al 203 nolar ratio of - 100/ 1P(:'f}lﬂ§60%/0174h§ a
phot om crograp the ZSM 48 crystals. This conparative exanple at
tenplate:silica ratio of 0.023 shows the presence of sone needle-I|ike
crystals. EXAMPLE 2 [0061] A m xture was prepared from water, hexanethoni um
chloride (56% solution), UtTasil PM sodium alum nate solution (45%, and
50% sodi um hydr oxi de sol ution. The preg%r ed m xture had the foll ow ng nol ar
conposition: Si02/ A 203 106 H20/ Si© 20.15 OV Si02 = 0.17

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 catalystis a
mesoporous material belonging to the M418S class or family of 6atalysts. The
M418S family of catalysts are mesoporous materials having high silica conte;nts
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 mesopoi'ous 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.

Hydroprocessing with ZSM-48 catalyst blends

[0045]} Figure 6 depicts the activity of two different types of ZSM-48
catalyst for achieving a desired pour point for a feedstock. The upper curve
shows the reaction temperature required for a catalyst containing ZSM-48
crystals with a 8i0;:Al, 05 ratio of about 200 to achieve a desired pour point for
the 370°C+ fraction of the processed feed. The lower curve shows the same
relationship for a catalyst containing high purity ZSM-48 crystals with a
Si0,:Al,0; ratio of less than 110. As shown in Figure 6, the ZSM-48 catalyst

containing the crystals with the lower Si03:Al;0; ratio can achieve the same pour



Nei Si02 = 0.17 Tenplate/S 102 = 0.018 [0062] The m xture was reacted at
320F (160C) In an autoclave with stirring at 250 RPM for 48 hours. The

product d, washed with deionized (D) water 250F
(1200). 1I&lﬁé W 8{2% ern of the as-synthesized materi al gﬁg\/\e?i“t%%éﬁ?g/pl cal

pure phase of ZSM48 topol ogy. The SEM of the as-synthesized material shows
that the material was conposed of agglonerates 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 94/1. Figure 2 is a

phot om crograph of the resulting ZSwm E@ystal S. Figure 2 shows the absence of
needl e-1i ke crystals for ZSM 48 according to the invention. EXAMPLE 3 WO
2007/ 070522PCT/ US2006/ 047400 - 22 - hydroxide solution, and 5 w% (rel ative

ﬁrgl ;Peci’ﬁ‘&) tc‘;l@talctgn pggg Ogé/; ﬁ%@%ﬂgd%@&h&imﬂﬂm MM-GBacaltﬁlglstt he fol | owi ng

containing the crystals with the hngher $i0,:ALO; ratio..

[0046] More generally, hlgh purity ZSM-48 crystals with a Si0z: A1203 ratio
of less than 110 have increased activity relative to other typcs of ZSM-48 crystals
at a given reaction femperature. Alternatively, the processing temperature
required for processing a feedstock to achieve a desired product charactenstrc is
lower for catalysts containing high purity ZSM-48 crystals having a SiO5:Al;03
ratio of 110 or less as compared to catalysts containing other types of ZSM-48
crystals. In various embodrments the temperature difference for achieving a
desired product charactenstlc (such as pour point) betWeen a catalyst contaunng
high purity ZSM-48 having a SlOz-Alzo_‘; ratio of 110 or less versus another type
of ZSM-48 catalyst can be at least 5°C, or at least 10°C, or at least 20°C, or at

least 30°C.

[0047] In an embodiment, the two or more types of ZSM-48 _crystals used in
7SM-48 blends according to the invention can have different activities based on
one or more characteristics of the ZSM-48 types. One characteristic-that leads to
differences in actwlty is the presence of non-ZSM-48 seed crystals in the ZSM-
48. Another characteristic that can lead to differences in actwrty is the
morphology of the crystals For example, crystals having a fibrous morphology
are believed to have a lower reactivity than other types of crystals. In some
embodiments, the presence of needle-like morphology can also indicate a
difference in activity. Still another characteristic is the presence of impurities,
such as Kenyaite. Yet another characteristic is the $105:A1,05 ratio of the crystal
types. Crystals with.a $i0,:Al,O; ratio below about 110 have a higher activity
than crystals w1th a Si0;:AlL, O3 ratio above about 110.

[0048] The. activity difference between different types of ZSM-438 crystals
can be exploited in a variety of ways. For example, lowering the necessary
reaction temperature to achieve a desired result prolongs the life of

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



H20/ Si02 = 14.8 0111 Si02 = 0.17 Nal7 Si02 = 0.17 Tenpl ate/ 8102 = 0. 029
[ 0064] The m xture was reacted at 320F (160C) in an autoclave with stirring

at 250 RRNhf ours. The product was filtered, washegraishéve@atsen zed
(D) wat e\ybazﬁ(gloﬁ??gd at 250F (120C). The XRD pattern of the as-synthesized

mat eri al 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 (with an average crystal size of <1

m crons). The resulting ZSM 48 crystaﬁ had a S1021Al 203 nol ar ratio of -
95/1. Figure 3 is a photom crograph.of‘the resulting ZSMcrystals. This
conparati ve exanpl e shows the presence of needle-like crystals for ZSM 48
synt hesi zed froma reaction mxture having a tenplate:silica ratio of 0.029.
EXAVPLEZS MI4®6&th iy stita alowenpsogeseingr techperatarewiB incieexe thed Hifetimeo€hl or i de
(56% sol uti on?, Utrasil Mdified, sodiumaluymnate solution (45%, 50%

sodi um Heiparlysk (@oeiberwise inptease fosmeaphef Yme betwesngatalyst char ge) of

ZSM 48 ?eelﬁgcements).

{0049] Another potential benefit is the ability to tune the adtivify of a blend,
of ZSM-48 catalysts to match a desired location on a temperature versus yield
curve. Although lower processing temperatures can prolong catalyst lifetime,
some existing processing configurations require a minimum temperature in a

{ reactor where a hydroprocessing catalyst such as ZSM-48 is employed. For
example, some lube processing facilities lack interstage heating between the
dewaxing reactor and the hydrofinishing reactor. If the temperature in the
dewaxing reactor is too low, and/or if the heat loss between the dewaxing reactor
and the hydrofinishing reactor is too large, the dewaxed product entering the
hydrofinishing reactor will not be at a sufficient temperature for effective
hydrofinishing. Blends of ZSM-48 catalyst can be used to produc‘e a2 blended

. catalyst composition that corresponds to the minimum temperature needed for the

reactor. This allows the process to be optimized using standardized catalyst
formulations, as opposed to having to synthesize a specific catalyst to matich the

reactor requirements.

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

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



crystals. The m xture had the follow ng nolar conposition: Si02/Al 203
H20/ Si02 = 14.7 OH7 Si02 = 0.17 Nei Si02 = 0.17 Tenpl ate/ Si 02= 0. 019
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the steps preceeding or following the hydroprocessing step involving the blended
ZSM-48 catalysts. '

[0051] Using blends of ZSM-48 to tailor the activity of a catalyst system
provides advantages over using a blend of ZSM-48 with another type of catalyst,
such as another type of zeolite. ZSM-48 is a selective dewaxing catalyst that
functions primarily by isomerizing long chain molecules to introduce branches
into the chain. This is in contrast to many other types of zeolite catalysts, such as
ZSM-5, ZSM-11, USY zeolite, and mordenite, that operate primarily by cracking
of long chain molecules to produce shorter chains. Because ZSM-48 does not
favor cracking reactions, ZSM-48 can be used in hydroprocessing of a feedstock
(such as dewaxing) while reducing or minimizing the amount of feedstock lost
due to conversion to smaller, lighter components. By using blends of ZSM-48 to
adjust the catalyst properties to match a desired yield curve, use of catalysts that

would increase the amount of undesirable side reactions (such as cracking) can be

]

avoided.

[0052] ' In anembodiment, ZSM-48 crystals having a 810,:Al,0; ratio of less
than 110 described above can be combined with various other types of ZSM-48
crystals. For example, ZSM-48 crystals as described above that have a
Si0,:Al,0; ratio of less than 110 can be blended with ZSM-48 crystals having a
Si0,:ALO; ratio of greater than 110, such ZSM-48 crystals with a Si0,:A1,03
ratio of greater than 150, or greater than 200. Alternatively, ZSM-48 crystals
with a Si0,:A1,05 ratio of 110 or less as described above can be blended with
ZSM.-48 crystals that contains non-ZSM-48 seed crystals. In still another
embodiment, ZSM-48 crystals with a Si02:Al,03 ratio of 110 or less can be
blended with ZSM-48 crystals that are partially in the form of a less desirable
morphology. The ZSM-48 crystals that are partially in the less desirable
morphology can include ZSM-48 crystals that are at least partially'in a fibrous
morphology. Alternatively, the ZSM-48 crystals in the less desirable
morphology can include ZSM-48 crystals having a greater percentage of needle-

103
-23 -



[ 0066] The m xture was reacted at 320F (160C) in an autoclave with stirring
at 250 RPM for 24 hours. The product was filtered, washed wi th deioni zed

(D) wat 1,6d at 250F (120C). The XRD pattern of pbhgisdsishyRRbiesi zed
mat eri al e\gﬂ%%/ 1%22 typi cal pure phase of ZSM 48 topol ogy. '?E@GQEM of the

as-synt hesi zed materi al shows that the material was conposed of aggl onerates
of small irregularly shaped crystals (with an average crystal size of about
0.05 mcrons). The resulting ZSM 48 crystals had a Si 02/ Al 203 nol ar ratio of
89. Figure 4 is a photom crograph of- the-resulting ZSMcrystals. This

exanpl e of ZSM 48 crystal s accordi ng't8't he invention shows the absence of
needl e-1i ke crystals. EXAMPLE 5 [0067] A m xture was prepared from water,
hexanet honi um chl ori de (56% solution), Utrasil Mdified, sodium alum nate

sol uti oniléedrﬁﬁﬁphcﬁeg%wﬁi the higHrpusity 2 S01-48 coytals)ishich & a¢ Ragt Beqabrwe to the
silica charge) of M 48 seed crystals. The m xture _had the fol | ow ng nol ar
conposi tleash 2% @24tAL@g35%, 203t a0l 0% apstaling veedie dikgzmorphalpgyi Ip Si 02

yet another embodiment, the high purity ZSM-48 crystals with a 8i0;:Al,03 ratio

of less than about 110 can be blended with ZSM-48 containing a larger

percentage of Kenyaite than the high purity ZSM-48 crystals, such as at lea_st 1%,

or at least 2%, or at ledst 5%, or at least 10%.

[0053]  In an embodiment, the high purity ZSM-48 crystals having a
to S$i0,:Al,0; ratio of 110 or less can preferably have a Si0,:ALO; ratio of 100 or
less, or 90 or less, or 80 or less. Altematively, the $i02:Al;,05 ratio of the high

purity ZSM-48 crystals can be 70 or more, or 80 or more.

[0054] In various‘embodiments, the different types of ZSM-48 crystals can

be blended together in any convenient manner. For example, the ZSM-48

crystals having a $i02:ALO; ratio of 110 or less as described above can be

blended together with another type of ZSM-48 crystals prior to formulation of the
" crystals into a catalyst. Alternatively, two or more types of ZSM-48 crystals can

be formulated separately into catalysts, and the formulated catalysts can be

blended together.

{ | [0055) Blends of ZSM-48 catalysts can include two or more types of ZSM-
| 48 crystals. The amount of eaéh type of ZSM-48 crystal in the blend can be any

suitable or convenient amount. In an cr'nbodim:ent, the amount of high purity
ZSM-48 crystals having a SiO;:ALO; ratio of 110 or less can be at least 10%, or
at least 25%, or at leaét 50%, or at least 75%, or at least 90%,. or at least 95% of
the ZSM-48 crystals in the blend. Alternatively, the amount of high purity ZSM-
48 crystals having a Si0;:Al,O; ratio of 110 or less can be 99% or less, or 95% or
less, or 90% or less, or 75% or less, or 50% or less of the ZSM-48 crystals in the

blend.
[0056} In still other embodiments, stacked beds of ZSM-48 of different

types can be used to dewax a feedstock. In many embodimcnts, stacked beds of

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



= 0.17 Tenplate/Si02 = 0.015 [0068] The m xture was reacted at 320F (1600)
in an autoclave with stirring at 250 RPM for 48 hours. The product was

filtered,ywhasimfewhth deionized (D) water and dried at pg3RRka6oka3%be The XRD
pattern of tﬁe as-synthesi zed material showed the mxturg g!‘: Z%E}MB and

trace of Kenyaite inpurity. EXAMPLE 6 [O0069] A m xture was prepared from

wat er, hexanet honi um chl oride (56% solution), Utrasil Mdified, sodium
alum nate solution (45%, 50% sodium WD 2007/ 070522PCT/ US2006/ 047400 -24 -
hydr oxi de solution, and 3.5 wt % (rel ¢ve to the silica charge) of ZSM 48
seed crystals. The m xture had the foffow ng nol ar conposition: 8i02/ Al 203 =

[0057] In an embodiment, stacked beds of ZSM-48 can be used for multi-
stage dewaxiog of a feedstock with elevated levels of sulfur and/or nitrogen. Due
to the higher activity, the high purity ZSM-48 having a Si0'2:A120.3 ratio of 110 or
less can be used in a first catalyst bed to contact the feedstock. Contact with the
first bed of ZSM-48 will convert some sulfur and nitrogen sp'e'cies'to H,S and
NH;, which will improve the activity of following catalyst beds. Arnother type of
ZSM-48 could then be placed in a second catalyst bed. Due to the activity .

[ differénce betwocn the types of ZSM-48, both beds could be operated at the same

temperature. |
[0058] This invention is further iilu_strated by t'h'_e.following examples. .
EXAMPLE 1

[0059] A mixture was prepared from 1200 g of watcr; 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

composition:
( SiOJALO; = 106
H,0/Si0, =  20.15
OH7/S8i0, = 017 .
Na'/ 8i0, = 017

Template/SiQ, =  0.023

[0060] The mixture was reacted at 320°F (160°C) in a 2-liter autoolave 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 ﬁItereo, washed
with deionized (DI) water and dried at 250°F (120°C). The XRD pattem 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



102.4 H20/ Si02 14.8 Of/ Si02 = 0.20 NC sio, = 0.20 Tenpl ate/ 8i 02= 0. 019
[ 00701The m xture was reacted at 320F (160C) in an autoclave with stirring

at 250 Rl:{%fz%'mﬁgszﬁours- The product was filtered, washegrwsbiveigrni zed
(D) water and dried at 250F (120C). The XRD pattern of the as-synthesized

material synthesized froma reaction m xture having a base:silica ratio of
0.20 showed the m xture of ZSM 48 and Kenyaite inpurity. EXAMPLE 7 [O0071]A
m xture was prepared from water, hexanethoni um chloride (56%

.21 -

agglomerates of crystals with mixed morphologiés (needle-like and irregularly
shaped crystals). The resulting ZSM-48 crystals had a Si0,/Al,O3; 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

[0061] A mixture was prepared from water, hexamethonium chloride (56%

solution), Ultrasil PM, sodium aluminate solution (45%), and 50% sedium

hydroxide solution. The prepared mixture had the following molar

composition:
SiOz/Ale3 = 106 '
HzO/ SlOz = 20.15 )
OH/SiO, = 0.17
Na'/ §i0, = 0.17

Template/SiO, = 0.018

[0062] The mixture was reacted at 320°F (160°C) in an autoclave with |
: stirring at 250 RPM for 48 hours. The product was filtered, washed with

( deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-
synthesized material showed the typical pure phase of ZSM-48 topology. The
SEM of the as-synthesized material shows that the material was qomposed 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,0; molar
ratio of ~ 94/1. Figure 2 is a photomicrograph of the resulting ZSM-crystals.
Figure 2 shows the absence of ncedle—liké crystals for ZSM-48 according to the

invention.
EXAMPLE 3

[0063] A mixture was prepared from water, hexamethonium chloride (56%
solution), Ultrasil Modified, sodium aluminate solution (45%), 50% sodium



solution), Utrasil PM sodiumalum nate solution (45%, 50% [
on), _ , 6 sodi um
hydr oxi de solution, and 3.5 wA (relative to the silica charge) of ZSM48

seed crys@alzgwo'l}bﬁzm xture had the follow ng nolar co
NP @ riusHs /[ Al 203 =
102.4 020/ Si02 = 14.8 OH? Si02 = 0.15 Na+/ Si02 = 0.15 Teﬁr?ps?atﬁeol&sfagZ 0: 019

-22-

hydroxide solution, and 5 wt% (relative to the silica charge) of ZSM-48 seed

crystals. The mixture had the following molar composition:

SiOJALO; = 103
H,0/Si0; = 1438
OH/Si0, = 017
Na'/8i0, = 017

Template/SiO, =  0.029

( [0064) The mixture'was reacted at 320°F (160°C) in an autoclave with
stirring at 250 RPM for 48 hours. The' product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-
synthesized material showed the typical 'purc 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 SiO2/Al, O3 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 4

[0065] A mixture was prepared from water, hexamethonium chloride (56%

solution), Ultrasil Modified, sodium aluminate solution (45%), 50% sodium
hydroxide solution, and 5 wt% (relative to the silica charge) of ZSM-48 seed

crystals. The mixture had the following molar composition:

SiOyALO; = 103

H,0/ 8i0, = 147
OH/Si0, = 017
Na'/Si0, = 0.17

Template/SiO,=  0.019



[0072] 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
(DI) vvatew C?%gzgd at 250F (120C). The XRD pattern of pthasacsspynabhesi zed
mat eri al the typical pure phase of ZSM 48 topol ogy. WO

2007/ 070522PCT/ U82006/ 047400 25 - EXAMPLE 8 [0073] A m xture was prepared
fromwater, hexamethonium chloride (56% solution), Utrasil PM sodium

al um nate solution (45%, and 50% sodi um hydroxi de solution. The m xture had
the follow ng nolar conposition: Si 02536& 203 . 90 H20/ Si02 = 20.1 Of/ Si02

[0066}] The mixture was reacted at 320°F t160°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 corn;iosed of
agglomerates of small irregularly shaped crystals (with an average crystal si.ze of
about 0.05 microns). The resulting ZSM-48 crystals had a Si0,/Al,0; molar o
fatio of 89. Figure 4 is a photomicrograph of the resulting ZSM-ch(stals. This

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

necdie-likc crystals.

EXAMPLE 5

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

"crystals. The mixture had the following molar composition:

SiO/ALO; = 103
H,0/8i0. = 146
{ OH/Si0; = 0.7
Na'/8i0, = 0.7

Template/SiO; = 0.015

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

EXAMPLE6

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

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



0.17 Nei Si02 . 0.17 Tenplate/Si02= 0.025 [0074] The m xture was reacted at
320F (160C) in an autoclave with stirring at 250 RPM for 48 hours. The
product wee 2bidd7ened, washed with deionized (D) water gpgtgricessano 250F
(120C). The XRD pattern of the as-synthesized material showed the typical
ZSM 48 topol ogy and a trace of ZSM50 inpurity was identified. The product
showed t he presence of sone needl e-1i ke norphol ogy. EXAMPLE 9 [0075] 65 parts
(basis: calcined 538 C) of high activity ZSM 48 crystal (Exanple 114) were
m xed with 35 parts of pseudoboehmi t_ 4311 um na (basis: calcined 538 C) in a
Simpson nutter. Sufficient water was "added to produce an extrudabl e paste on
a 2" Bonnot extruder. The m x of ZSM 48, pseudoboehm te alum na, and water
containing paste was extruded and dried in a 'hQ':‘:Back oven at '&21@ ‘
over ni dijdrokite shlutidneand 3dhwdaérelatiak ¢p teeisilica hargs)f ZaM48 88 deconpose
and renove the organic t |l ate.. . The N2.cal ci ned.extrudate was hum dified
with saenystilsd %&W%ﬁgaéﬁﬁg@lwm@o THRROSNNi t rate to rempve sodium
(spec: <500 ppm Na). After ammonium nitrate exchange, the extrudate was
washed with deioni zed water $iD,fA&lse resi dd@R4nitrate ions prior to drying.
The anmoni um exchanged extrudate was dried ?é 121 C overni ght and cal ci ned
inair at 538 C. After air cH@f 8H?1on “thel®&frudate was steamed for WO '
2007/ 070522PCT/ US2006/ 047400, /2$‘>1 3 his @ F. The steaned extrudate was
i npregnated with tetramm ne Bﬁ;t QLFm ni trateagjg. 6 W% Pt) using incipient
wet ness. After inpregnation,Nhtygiextrudate 9@ dried overnight at 250 F and
calcined in air at 360 Cto convert the. tetrammne nitrate salt to platinum
oxi de. EXAVPLE 10 Template/Si0, = 9

[0070]  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 synthesized from a reaction mixture having a base:silica

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

EXAMPLE 7

[0071] A mixture was prepared from water, hexamethonium chloride (56%
solution), Ultrasil PM, ;sodiurn 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: |

SiOJ/ALO; - = 1024
H0/8i0, = 148 .
OH/Si0, = 0.15
Na'/8i0, = 0.15

Template/SiO; =  0.019

[0072] The mixture was reacted at 320°F (160°C) in an autoclave with
stirring at 250 RPM for 48 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-
synthesized material showed the typical pure phase of ZSM-48 t0pology.



[ 0076] The dewaxi ng catal yst of Exanple 9 was tested in a n-Cl0

hydr oi soneri zation test. Catalyst tenperatures were varied from 162 to 257 C
under fl qw 00 sccm at 1 atm pressure to adj ust pa- si ons
fromO t%@gﬁm % hi gh activity ZSM 48 cont ai ni ng cat é’@&sg‘% @\% b
excellent isc-Cl0 yields with m niml cracking as a function of n-Cl0
conversion and reaction tenperature. Figure 5 is a graph show ng iso-Cl0
yield as a function of n-Cl0 conversion for a catal yst according to an
enbodi mrent of the invention and a catalyst with a silica:alumna ratio of
about 200. EXAWMPLE 11 [0077]This exa%l’e relates to the preparation of

HA- ZSM 48 with seeding with regular ZSM 48 crystals. A m xture was prepared
usi ng wat er, hexamet honi um chl oride (56% solution), Utrasil PM sodium

al um na E@ (45%, and 50% sodi um hydroxi de sol ution. About 5 wt %
(relati ilica charge) of ZSM 48 seed was then added the m xture.

I iRl o ek SRR i S 05t Aorfad o0/ S1 02 =
solution), Ultrasil PM, sodium aluminate solution (45%), and 50% sodium

hydroxide solution. The mixture had the following molar composiﬁon:

Si0,/ALOs = 90
H,0/8i0, = 20.1
{ OH/8i0, = 0.17
Na'/ 5i0, = 017

Template/SiO, = . 0.025

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

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

morphology.
EXAMPLE 9

( [0075] 65 parts (basis: calcined 538 °C) of high activity ZSM-48 crystal
(Example #4) were mixed with 35 parts of pseudoboehmite alumina (basis: ‘
calcined 538 °C) in a Simpson muller. Sufficient water was added to produce an
extrudable pasté on a 2” Bonnot extruder. The mix of ZSM-48, pseudoboehmite
alumina, and water containing paste was extrpded and dried in a hotpack oven at
121 °C ovemight. 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 nifrate 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 oifernight :

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



0.17 Tenplate/Si02 = 0.019 WD 2007/ 070522PCT/ US2006/ 047400 -27 - [0078] The
m xture was reacted at 320F (160C) in an autoclave with stirring at 250 RPM

for 24 hqgééf_mﬁ)’gﬁg oduct was filtered, washed with dei leeréggoﬂ(s}gh-)mgvater and

dried at

The XRD pattern of the as- synt hesi materi al shows

pure phase of ZSM 48 topol ogy. The assynthesized crystals were converted
into the hydrogen formby two ion exchanges with amoni um nitrate sol ution
at roomtenperature, followed by drying at 250F (120C) and cal ci nati on at
1000F (540C) for 6 hours. The resultigg ZSM 48 crystals had a Si 02/ Al 203

T

nolar ratio of 88.5/1. EXAMPLE 12 [(QD

Thi s exanpl e shows the preparation

of ZSM48 with seeding using 5 wt.% (relative to the silica charge) of Beta
crystals. Heterostructural seeding using Beta crystals is described in

United §t}ﬁ-§

wat er ,

(a prec plntirnn'edutsaﬂel (©:6 ps¥uBE) ysing incdpient wistasss

A

gomt Rt T steemed, @&ﬁ;d&@waﬁ\mpmgmed\mmeummmd rom 1000 g of
' hexanet honi um chl oride (56% sol uti g lm%gg F’"s | tra5| | PM

T0'g of esundaisoutr peegsaraan: & 33 55 M sRGHIR gt 368 0 T Sl °“_ e

m xtur eghagd e em ol LA daieh PlatiRil ORidd, on:  Si 02/ Al 203 = 106 H20/Si 02 =

EXAMPLE 10

[0076]
hydroisomerization test. Catalyst temperatures were varied from 162 to 257 °C

The dewaxing catalyst of Example 9 was tested in a n-Cyp

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-Cjo

yields with minimal cracking as a function of n-C,o conversion and reaction

temperature. Figure 5 is a graph showing iso-Cig yield as a function of n-Cjq

conversion for a catalyst according to an embodiment of the invention and a

catalyst with a silica:alumina ratio of about 200.

EXAMPLE 11

[0077]
with regular ZSM-48 crystals. A mixture was prepared using water,
hexamethonium chloride (56% solution), Ultrasil PM, sodium alumingte solution
(45%), and 50% sodium hydroxide solution. About 5 wi% (_relative to the silica
charge).of ZSM-48 seed was then added the mixture. The mixture had the

This example relates to the preparation of HA-ZSM-48 with seeding

following molar composition:

Si0p/Alh03 = 103

H70/8i02 = 14.7
OH/Si02 = 0.17
Na+/8i02 = 0.17

Template/SiO7 = 0.019



20 01175102 = 0.17 Na+/Si02 = 0.17 Tenplate/8i02 = 0.018 10080] The m xture
was reacted at 320F (160C) in a 2 liter autoclave with stirring at 250 RPM

for 48 hqgééﬂo.,ﬁl}g%g oduct was filtered, washed with dei Qeir 0({6}3&.)40 ter and

dried at The XRD pattern of the as-synthesized nmaterial shows
pure phase of ZSM 48 topol ogy. Clearly, no Beta phase was observed on XRD
pattern of the synthesized product. The as-synthesized crystals were
converted into the hydrogen formby two ion WO 2007/ 070522PCT/ US2006/ 047400
- 28 - exchanges with anmoniumnitrate solution at room tenperature,

fol l owed by drying at 250F (120C) ard2Zal ci nation at 1000F (540C) for 6
hours. The resulting ZSM 48 crystals had a Si 02/ Al 203 nolar ratio of 87.2.
EXAMPLE 13 100811Thi s exanpl e shows the preparati on of ZSM 48 usi ng seedi ng

with {0078] 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 temperatufe, followed by
drying at 25 O‘T (120°C) and calcination at 1000°F (540°C) for 6 hours. The
resulting ZSM-48 crystals had a 8i02/Al;03 molar fatio of ~ 88.5/1.

"EXAMPLE 12

[0079] This example shows tﬁe 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 pmducéd 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/A1203 ~ 35/1) was then added

the mixture. The mixture had the following molar composition:

. © Si0g/Al03 = 106
HyO/Si02 .= 20
OH/SiOy "= 0.17
Na+/Si0; = 017
Template/SiOp = 0.018

[0080] The mixture was reacted at 320°F (160°C) in a 2 liter 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 shows pure phase of ZSM-48 topology. Clearly, no Beta
phase was observed on XRD pattern of the synthesized product. The_;ds-
synthesized crystals were converted into the hydrpg_en form by two ion



10 . % (relative to the silica charge) of Beta seeds. The sanme reactants,
formul ati on, and procedure as Exanple 2 were used, except that doubl e anpunt

of Beta s added as seedi ng agent. The XRD
050 g ag e papEEiR2006/04 7360
as-synt hgﬁ(ﬁ&e@ ITHS?%I‘I al shows pure phase of ZSM 48 topol ogy. 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 amoniumnnitrate solution at roomtenperature, followed by
drying at 250F (120C) and cal ci natio &at 1000F (546C) for 6 hours. The
resulting ZSM 48 crystals had a Si0Z/A203 nolar ratio of - 80/1. EXAMPLE 14
[ 0082] The products from Exanples 11-13 were tested Using a hexane adsorption
test. The hexane adsorption test is a neasure of the pore volune of any

gi ven Céﬂcﬁ'a}i%&s witteamatsiinarnitsitabolationat epamadmyperawodolenediBat ed in a

t her nokr avi t m n. The

etric anal yzer (TGA nder 0
dried o@yahgatiliéﬁ" (W&M@Qﬂlﬁ%aagn@t éﬁ@ﬁ&&egﬁttg %m% t a partial
f 7 Th ke dob
P or o esalting 7SS crestis Eid 8 SRR A R R o DT T o e erni ned ©or

each crystal. The Al pha value for a catal yst is a standardi zed neasure of

the catgkwNPEB 08ity relative to the act|V|ty of a reference catalyst. The
results are sumari zed in Table 1. TABLE "1 | Al pha' Val ue Sanpl e n- Hexane,

| Esti ”Bfo‘ﬁﬁﬁ ni gi-gy {0 Belrfple rkhBR’&C{HEE:reparatlon of ZSM-48 using-seeding with
10 wt.% (relative to the silica charge) of Beta seeds. The same reactants,
formulatlon, 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 patiern 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 (540bC) for 6 hours. The
resulting ZSM-48 crystals had a 802/A1303 molar ratio of ~80/1.

EXAMPLE 14

[0082] The products from Examples 11- 13 were tested | usmg a hexane
adsorption test. The hexane adsorption test is a measure of the pore volume of
any given catalyst. The calcined catalysts prepared as above were heatedina
thermogravimetric analyzer (TGA) under nitrogen at 500 °C for 30 min. The
dried catalyst was then cooled to 90 °C and exposed to n-hexane at a partial
pressure of 75 torr. The weight changes as n-hexane uptake were measured by
.-mlcro balance in the TGA instrument. An Alpha value was also determined for
each crystal. The Alpha value for a catalyst is a standardlzed measure of the

catalyst activity relative to the activity of a reference catalyst. 'I'hg results are

summarized in Table 1.

TABLE1
Sample n-Hexane, Estimated .} Alpha Value
(mg/g) % Beta in product




WO 2007/ 070522PCTMS2006/ 047400 - 29 - Exanplell, HA-ZSM 48 reaction seeded
wWth ZSM 48 crystals 37.7 0 70 Exanpl el2: HA-ZSM 48 reaction seeded with -5%

(to sili %g@@g@ﬁ% of Beta seed 42.4 - 5.3 - 125 Exanp{,@},%gzdgig?ﬁw ifg 180

reaction se h - 10 % (to silica charged) of Beta see
Beta seed crystals used in Exanples 12 & 13

-29 -

Examplell, HA-ZSM-48 ' 377 0 70
reaction seeded with ZSM-48
crystals

Examplel2: HA-ZSM-43 42 4 ~5.3 ~ 125
reaction seeded with ~5% (to 1

silica charged) of Beta sced :
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

[0083] Based on the data shown in Table 1, the added Beta s;ecd 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.

[0084] Note that the Alpha Value is an épprqximate indication of the
catalytic cracking activity of the catalyst compared to a standard catalyst and it
gives the relative rate constant (rate of normal hexane conversion per volume of |
catalyst per unit time). It is based on the activity of the highly active silica-
alumina cracking catalyst taken as an Alpha of 1 (Rate Constant=0.016 sec™).
The Alpha Test is conventionally known, and is described, for example, in U.S.

Pat. No. 3,354,078; in the Journal of Catalysis, vol. 4, p. 527 (1965); vol. 6, p.
278 (1966); and vol. 61, p. 395 (1980).

EXAMPLE 15

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



126 100 690 10083]Based on the data shown in Table 1, the added Beta seed
crystals were not dissolved in the crystallization and remained in the

synt hesi zg4 5’67%55;25' The concl usion was supported by thecirR&b®%kAG0
adsorption c?lata of n-hexane 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

het er ogeneous seed have a different rﬁgctivi ty than the ZSM 48 crystals with
a honogeneous seed. [0084] Note that tHe” Al pha Value is an approxi mate

i ndi cation of the catalytic cracking activity of the catalyst conpared to a
standard catalyst and it gives the relative rate constant (rate of nornal
hexane GROVERSDORCED (M8 mimd)i Rigbrel ¢ it 2 praphshiowingmepctor tempersdergd on t he
activity of the highly active silica-alum na cgackj cat al yst taken as an
Al pha ofs.1equhcétmpglta&m&to-m.e@1tbe§393§if Pﬂ\’éPRFTHhﬁ“'rr%&P“F g’ nventional | y

known, iS describ for ' ) Pab. ,078; in the
Jour nal %’?ﬁ‘f%ﬁ?f?f‘?,netgglgppﬁrﬁé%%ﬁ#@&%&%ﬁs ‘%MBI’Q‘%@%A( 1966); and vol .
61, p. A & JowkPARB L ZRVE-48 septdingaonihe dsvdntion)ct i vi ty
credit %gga%é%?g%a%cco?&g?% to the igvent.i on rel at igve to a ZSM48 with a

hi gher ﬁFkésemmthmicﬁwityad:ﬁedit.A 600N sl ack wax was dewaxed at 1000 psig (6996
kPa), LISV of 1.0 //hr and treat gas WD 2007/070522PCT/ US2006/ 047400 - 30
- rate of 2500 scf/B (445 nB/nB). Figure 6 is a giaph show 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 ratio) and the lower line (ZSM 48 according to the invention)
{represents the activity credit.




-31 - CLAI M5 1. A conposition conprising ZSM 48 crystals having a
silica:alumna nolar ratio of 110 or less that is free of non-ZSM 48 seed
crystals and free of ZSM 50, wherein the ZSM 48 crystals are free of
crystals having a fibrous norphol ogy. 2. The conposition of claiml,
wherein the ZSM 48 crystals are free of crystals having a needl e-1ike
nor.phol ogy. 3. The conposition Qf claim1l, wherein the ZSM 48 crystals
are free of Kenyaite. 4. The c'oﬁﬁosition of claim1, wherein the

ZSM 48 crystals have a silica:alumna ratio of |ess than 100. 5. The
conposition of claim1, wherein the ZSM 48 crystals are free of non-ZSM 48
crystals. 6. The conposition gf g m1, further conprising at |east
“ one of a binder and hydrogenati on netal. 7. The conposition of claim
6, wherein the hydrogenation netal is a noble netal.

1. A composition comprising ZSM-48 crystals having a silica:alumina molar

ratio of 110 or less that is free of non-ZSM-48 seed crystals and free of ZSM-50,

wherein the ZSM-48 crystals are free of crystals having a fibrous
morphology .

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

crystals having a needle-like morphology.

3. The composition of claim I, wherein the ZSM-48 crystals are free of
Kenyaite.
4. The composition of claim 1, wherein the ZSM-48 crystals have a

silica:alumina ratio of less than 100.

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

non-ZSM-48 crystals.

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

and hydrogenation metal.

7. The composition of claim 6, wherein the hydrogenation metal is a noble

metal.

8. The composition of claim I, wherein the ZSM-48 crystals are Na-form,

H-form, or as-synthesized.

9. 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.



8. The conmposition of claim1, wherein the ZSM 48 crystals are Na-form

H form or as-synthesized. 9. The conposition of claiml, wherein the
ZSM 48 crystals are made froma m xture containing a hexanmethoni um structure
directing agent in a structure directing agent:silica nolar ratio fromO0.01
to 0.05. - 32 - 10. The conposition of claim9, wherein the structure
di.recting agent:silica nolar ratio igthe mxture is fromO0.015 to 0.025.

11. The conposition of claim1l, wherein the as-synthesized ZSM 48 crystal s

have a silica:alumna ratio of 100 or |ess. 12. The conposition of
claim1l1l, wherein the as-synthesized ZSM 48 crystals have a silica:alumna
ratio of at |east 70. 13. A nethod for making as-synthesized ZSM 48

crystal s containing a hexamethonium structure directing agent, wherein the

as-synt hesit ﬁg.d éﬁ&%@ﬁn%%ﬁr@éﬁcg@%f&ﬁ&eiﬂfthgﬁp%ci%gyﬁgﬁgﬁgﬁgeg%ﬁﬁaS eed

crystal s, gueous m xture

of sil ingdlaomatis ih tHeahbBhgalid from 01 Hey ®02&l1 um nate salt, hexanet honi um sal t
and al kali base wherein the m xture has the follow ng nolar ratios:

silica:alumna from70 to 110, base:silica fromO0.1 to 0.3 and hexanet honi um

sal t:silicajfrong: &knpditbdsr c1ARH], wherein the as-syi8&ide0F INIQ8Bréthce W th
stirring for a tine and tenperature sufficient for crystal forhation.

14. Thaawet bitida:efunaharatiold, 108herleisn t he m xture has a base:silica nol ar
ratiois fromO0.14 to 0. 18. 15. The nethod of claim 13, wherein the
m xture has a hexanethoniumsalt:silica nolar ratio is fromO0.015 to 0. 025.

16. The net hdd ofhectcanpositihn oftvdaiel h wikeeiashsynsneisdsied 7504485 regtylst al s are

calcined to renove the hexanet honi um structure directing agent.
have a silica:alumina ratio of at least 70.

13. A method for making as-synthesized ZSM-48 crystals containing a
hexamethonium structure directing agent, wherein the as-synthesized ZSM-48 crystals

are free of ZSM-50 and non-ZSM-48 seed crystals, the method comprising:

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 ratios: silica:alumina from 70 to 110, base:silica from 0.1 to 0.3 and

hexamethonium salt:silica from 0.01 to 0.05; and

heating the mixture with stirring for a time and temperature sufficient

for crystal formation.

14.  The method of claim 13, wherein the mixture has a base:silica molar ratio
is from 0.14 to 0.18.

15.  The method of claim 13, wherein the mixture has a hexamethonium

salt:silica molar ratio is from 0.015 to 0.025.

16.  The method of claim 13, wherein the as-synthesized ZSM-48 crystals are

calcined to remove the hexamethonium structure directing agent.

17.  The method of claim 13, wherein the as-synthesized ZSM-48 crystals are

combined with at least one of a binder and metal hydrogenation component.



17. The method of claim 13, wherein the as-synthesized ZSM 48 crystals are
conbined with at | east one of a binder and netal hydrogenati on conponent.

-33 - 18. The method of claim 13, wherein the as-synthesized ZSM 48

crystals are prepared using ZSM 48 seed crystals. 19. The met hod of

claim 13, wherein the as-synthesized ZSM 48 crystals have a silica:alum na
ratio of 70- 110. -33.

18.  The method of claim 13, wherein the as-synthesized ZSM-48 crystals are
prepared using ZSM-48 seed crystals.

19.  The method of claim 13, wherein the as-synthesized ZSM-48 crystals

have a silica:alumina ratio of 70 - 110.



