| NTEGRATED HYDROPROCESSI NG W TH HI GH PRODUCTI VI TY CATALYSTS FIELD OF THE
| NVENTI ON [ 0001] This invention relates to nethods for catalytic

hydr opr ocee=nesgisedsf eedst ocks. BACKGRQUND OF THE | NVENTPONUSO@8R)Gas al ytic
hydr oprocessing of distillate or |ube oil boiling range feedstocks
typically involves use of a catal yst having suggorted G oup VIl and/or
Goup VI netals. |n miNTEGRAFEDHEYDREPROGESSENGWMIAIE represent a
substantial portion of t 0 0 o the large vol une of
catal yst required to | oada~fypicar—hyd s - actor, |ower cost
catal ysts are a desirable feature for any refinery. [0003]U. S. 5,951, 848
provides a nethod for treating a hydrocarbon feedstock by first exposing
the feedstock to a high activity hydrotreating catal yst to reduce the

| evel s of, for exanple, nitrogen, sulfur, and aromatics. The hydrotreated
feed is t hERL De@EXEAEUN VBN 1Naxi ng cat al yst, such as ZSM 23, ZSM 35, or
ZSM 48. [0004] What is needed is an inproved nethod for hydroprocessing of
hydr ocar bon feedst ocks that provi des reduced cost of operation. 2 SUMWARY

e U, DR gkl R U DA "

catal yst ¢QRfdckkng at | east one Goup VIII netal supported on a catalyst
support and having a density of 600 kg/nB or |ess. A second catalyst is
provi ded that includes at |east one Goup VIII netal. The second catal yst
is selected to have a suffi.cient dewaxi ng productivity to satisfy a test
regar di ngBaxCREROBINBOR THEANVENTIEN (150N) hydr ocar bon stream produced
froma medi um pressure hydrocracker, the |ight neutral hydrocarbon stream
having a kinematic viscosity at 100C of less than 5 and a boiling point of
| ess than 1 The : 1156693t W Cand 1
LHSV t o pl(gg% e a Fﬁ@gﬁgﬁgggﬁ@%@%@ﬁ%ﬁﬁgﬁp&@?r&@?gg\;d&tx%régfra}1 Cand a Vi
of at | eagdedstaRRks fAypicslths inalvesusxphs eatalyst hheinfi supportad @inpsip Vilidler
effective conditions for treating the feedstock, said effective conditions
bei ng ef f and/oy&rpup \dretls. nlmeny esdtviatigns, el sopporteshmetals sepraseitet i ¢

t ti .. The, ted dst s th to th lyst
cndor - condHtSIHL BTGt PLO st AL PR ehe DhedatiTaree So e O CEOBRT.
anot her ng%ﬁlqlle'aptBtloa& Q?ybi@XF%dr%Br&fe@gi'r)g%a@toﬁqBa@g cf)ﬁrcatalysts are a

desirable feature for any refinery.

[0003] U.S. 5,951,848 provides a method for treating a hydrocarbon
feedstock by first exposing the feedstock to a high activity hydrotreating catalyst
to reduce the levels of, for example, nitrogen, sulfur, and aromatics. The
hydrotreated feed is then dewaxed using a dewaxing catalyst, such as ZSM-23,
ZSM-35, or ZSM-48.

[0004] What is needed is an improved method for hydroprocessing of

hydrocarbon feedstocks that provides reduced cost of operation.



produci ng a | ube basestock. The nethod includes exposing a feedstock to a
first catalyst, said first catalyst conprising at | east one Goup VIII

met al supponbhehseddsa catal yst support and havi ng a densipoy/ugboos@0r44g/ nB or
| ess, under effective conditions for preating the feedstock, said effective
conditions being effective for one of hydrotreating, hydrofinishing, or
aromati ¢ SEMNARYNOFTNAEIIMNEAEDT IO dst ock is then exposed to a catal yst
conprising ZSM 48 having a Si 02: Al 203 ratio of fromabout 70 to about 110
and a netal hydrogenati on conponent under conditions effective for dewaxing

the t t f eedst ock. 0Q.7]1 | ill her .enbodi i i
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3 sat ur at jegét Giid @rotf VIHNHeRl sespsurtedcan aloasdlysthappost anddeandng agleasityl yst. A
first feedstock having a first wax content is processed in the process
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DESCRI PTI OF THE DRAWﬁIrGS [ 0008] Figure 1 |ps a phot om crograph g?

ZSM cr yst mtgtrgirtgpaceaben saeararpivinga kindnatic siscosity a0l QUL ahtess el dg t he

presence of sone needle |like crystals, 009] Figure. 2 is.a.photam crograph
showi ng t#rd abedingpant pElass dban Ral.c t%%ﬁ/bﬁ%s‘éﬁ@ég%@ub’%par edIO

: abodin : %Esgpgn | 67
roma re m s S j .
00101 Fi ol B R KSR ot § BSbRsStock iy bluboift il han |\

crystal s fiopcZaM 481014 1édss 180 e PREQAstIcRs @xpBsed iodhe Tirst &tslyReuhdg a
tenplate:silica ratio of 0.029. 100111Figure 4 is a photom crograph show ng
t he abseneffeaivenemdlitons for traayinpahe féatstatkysdil effgeival conditegrs leeingr om'a
reacti on m xture havi % a tenplate:silica ratio of 0.019. [00121Figure 5 is
a graph seffesting for enexd hydsotaeating, hydrelinishings opagorpatic saturation. The

treated feedstock is then exposed to the second catalyst under conditions

effective for dewaxing the treated feedstock.

[0006] In another embodiment, the invention provides a method for
producing a lube basestock. The method includes exposing a feedstock to a first
catalyst, said first catalyst comprising at least one Group VIII metal supported
on a catalyst support and having a density of 600 kg/m® or less, under effective
conditions for treating the feedstock, said effective conditions being effective for
one of hydrotreating, hydrofinishing, or aromatic saturation. The treated
feedstock is then exposed to a catalyst comprising ZSM-48 having a SiO,:Al,0;
ratio of from about 70 to about 110 and a metal hydrogenation component under

conditions effective for dewaxing the treated feedstock.

[0007] In still another embodiment, the invention provides a method for
producing lubricating oil basestocks. The method includes providing a process

train including a first catalyst that is a hydrotreating, hydrofinishing, or aromatic



conversion. WD 2008/ 156698PCT/ US2008/ 007444 4 [0013]Figure 6 is a graph
showi ng reactor tenperature vs. required tenperature to neet the 370C+ pour
poi nt. [O804pes/Geee 7 i s anot her graph show ng reactor PETABS2E@BO0RIYS.
required tenperature to nmeet a 370C+ pour point. [0015]Figure 8 is a graph

show ng pour point versus viscosity index for a feedstock hydrgprocessed
with | ow saturagioarptalysih and i secosicaslyst tatds Pid@waé%ngcaﬁ%mo/’sﬁm pour
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[ 0018] Thethenygntdmaperat@¥ ibdasy 365 bptkst oA bywbndifeodstock hgvimgd sexantion
f eedst ocks that provides increased flexibility and/or reduced costs of
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less than about -15°C.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a photomicrograph of ZSM-crystals prepared at a
template:silica ratio of 0.023 and showing the presence of some needle like

crystals.

[0009] Figure 2 is a photomicrograph showing the absence of needle-like
crystals for ZSM-48 crystals prepared from a reaction mixture having a

template:silica ratio of 0.018.

[0010] Figure 3 is a photomicrograph 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] Figure 4 is a photomicrograph showing the absence of needle-like
crystals for ZSM-48 crystals prepared from a reaction mixture having a

template:silica ratio of 0.019.

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

conversion.



[0019] First, the use of high productivity catal ysts according to the
invention | eads to reduced costs. A catalyst with higher productivity can
achi eve twe x@mBe®kfect as a catal yst with | ower productkicyidsyoosiobtasa
reduced anount of catalyst. The reducgd anount of catal yst required nmeans
that |ess catalyst is needed each tine the reactor is |oaded, |eading to
cost savi ((H3]Al t eFipairé Geb v, graple ahawyrst reactdr teingheatureroduequivéd y can be
used to performa process at_g |ower tenperature. Due to catal yst

degr adat i #nperpire et 370 & naayr p@/\gezoosl 156698PCT/ US2008/ 007444 5
hydr opr ocessi ng reactors needs to be increased during operation in order to
mai ntain a desired activity level. Wen the catal yst becones sufficiently
degr aded tq1t he ' I v i RRI Rsfipted.  the
cat al yst Fdstﬁrﬂpl aclé%%ggrq Sﬁ‘%mﬁgggé %?ﬁ%\?lggqgtyﬁpg\s\ﬂﬁﬁ %%ﬁrrggrdgture can extend
the |if et iemgpdigture ezt al37orCrgpdurqirnt operations in two separate ways.
Qperating at a lower tenperature typically reduces the anmpbunt of
degradation of a catalyst. Additionally, as a catalyst starts to degrade,
the lower {nitial erati.ng tenperature neans that a_larger.t rature
range is L‘hﬁiﬁﬁ abl e]9 &‘r%gdﬁgérﬁﬁ) S{‘%%{I%P%‘Ilrﬁ%qu%%ﬁs%éﬂ%%%ﬁw(f%p ﬁﬁrﬁi i zi ng
ot her sid I : re allows for
reduced ffeeegéﬂié)%g??g{&?gggis?gﬁﬁﬁlm?\gs ﬁ? 8&%@@%%ggtgg'l eads to | ower
costs. 100201Second, the use of |ow density catal ysts according to the
invention provides for reduced costs through reductions in the anmount of
met al | oaflfd6dnt o Cizna¢s/sand Ntshiow pauii poiat verspavidopsity andex fosi cal |y
characteriized ip terns of the anouynt of netal r weight of catalyst. Wen
a | ow denfgedstog %Bf%ﬁS‘iiCQ&S@S‘,‘“Y"gé‘s‘N%t"QPOP%h§ éﬁcq%éméc‘?ﬁt%]\yétsa desi r ed
amount of netal per weight of catalyst. Thus, the use of |ow density

catal ysts reduces the overall netal content present in a catalyst bed,

whi ch | eaf1t7p | ovefgue@st B and A0Zhbt fiR! divferdrte iRia@bmatioduiratidh Yor | ow
density catal ysts used in the invention allow for "blocking" of feedstocks
in a reacpromessing bf fdgdstaakislvith aappus essnati@saturatiomsedalystst r eat a specific
f eedst ock. Changing the type of feedstock to be treated requires

nodi fication of the process train. Using the catal ysts according to the

i nvention i i VDES S cessed in a reaction
unit, thﬂmﬁé i StHAecotTd 'b or only a change in
the tenperature of the process train. This type of "blocking" of feedstocks
allows greater flexibility in making use of a process train, as the

f eedst ock[0018] oducEhe invtentioherpvtes assmethaidfoe Ay divprobessigexhydriokatiton

modi fyi ng@gui prent or ot herwi se incurring significant down tinme. WO
2008/ 156658HsPckisivg Provres maeaseddiexiblity pndfogreducad casts o gperationow

Density al s, [ 00221 H gh praoductivity catalysts,refer to catalysts
whi ch ha\?i.hsnﬁf'%q h/veﬂ Yflwﬁﬂg%éé&{’f b i/té’ aﬁ'@?‘”ﬁﬂi“f I Yre for a desired
reaction, r [ ggy}gr §6Y5h Ny deyBRRhIHY. i Nng, or aronatic
saturati 0@%@5?‘%8%?&%‘%2%%1 g3}g:ths r fdgr to c%tgl ysts vmrg(’:h have rel atively
| ower t ot By diodewhakingedatalysts, Yo hirdropfdd@2sihg o wdiyideosarbohddédrehs, the
i nvention enploys high productivi tyggildr otreating catal ysts. These
hydr ot r eatnivegtivathed predded forakdnersd eost o @ppratpns i thicesgparade Beybvi ty
"k", which is a rate constant for the renoval of sulfur or nitrogen froma
feedstock with specified |evels of sulfur and nitrogen. This rate constant
S SFLCf0) 2 VL HIIELEd SsPihigh hBaRkiAYY EREISRRRGHTAR BFheeen

invention leads to reduced costs. A catalyst with higher productivity can achieve

the same effect as a catalyst with lower productivity with a reduced amount of
catalyst. The reduced amount of catalyst required means that less catalyst is
needed each time the reactor is loaded, leading to cost savings. Alternatively, a
catalyst with higher productivity can be used to perform a process at a lower

temperature. Due to catalyst degradation, the temperature in many



[0024] I n other enbodi nents, the invention enploys high productivity

hydr of i ni shing and/or aromatic saturation catalysts. For hydrofinishing or
aronat i ¢ watwesalsh@a cat al ysts, productivity can be defi meu/useoosmoTis4 of t he
treatnment tenperature required to achseve a desired |evel of aromatic
removal for a specified feed at a specified, ratio of feedstock velocity per

amount  of hydoprgesssinggeedprengsdsty Reansrapsed dHEPE QPSR HEFT 19 pe of

ot al Yot st AP SURANEI B AR AL A s 0 BRAY e e
time. Th Uae%lﬁtléa AcdtGhé Fddired EANRYANE RARIVES d@SredthedihBIDURE thtdlyisy "

requi res simultaneous conhsi deration of several variables. The fol I"owi ng
test is aifapprtedn Pebfiosmimy @mtaction at lohar aahperaneetdaa extentlititei vietimeof a
dewaxi ng catal yst: [00261A high productivity catalyst for dewaxing is

defi ned abetavesatcatalyst rgplasimsnp @perasionp én £P Sepatials Vays PPHHER #rdcessi ng

hydr oor aQEa‘i%5r?r'sm§>%§a°tﬁ?q<€y§§<?£ﬁy?r%ﬁu%@%&%ﬁa@%‘éﬁ’g@&%ﬁ%ﬁo@%%a?t%%?ft-7 h
ydr ocr ackt® PSBCUEEN ¢ -
{eadst ook T o R GRt: S eaipdG b Wh PO AR pek BB 01 The

hydr opr oceasperatuzanidays thit Rigeuemperalarevsdgde iaaesilaldl toicolinteheet flod | owi ng
properties: Pour point:Less than -15C Conversion: at |east 20 wt % VI : at

| east 160cqtalyavilegradatien whilsonimuizing ather side effectn B, operating alensi ty
hydr oprocessing catalysts. In this ipyention, the catalys nsity refers
to the ca ‘%(Y‘ifstgnﬂ’éﬁ%t}‘%/eyalf‘b‘?’s IrFijF%‘Pﬁrgﬂﬁ?woé}%"ﬁleﬁl é‘é‘%iﬁ&?ugfia%%%el . This
is in con t i an individual catalyst particle. The
density O%@g]%%%ﬁ%éﬁ??@ﬁ%éoﬁ% a vessel will be lower than the density of
an individual catalyst particle due to void spaces between adjacent

catal yst particles. In an enbodi nent, the catalyst density is I ess than 600
kg/ n8 (0. 00204 n8) , Sevonde the wdeart B0 denpityBoatalystsewsotding t6 8t igyenBonor | ess

than 570 kg/ nB, or less than 550 kg/ n8, or |ess than 525 kg/nB,. aor |ess
than 500 Ri@vides for reucediqosts t W%Vﬁ%?“%ﬂﬂb@\e&é@%‘?@@ﬁgﬂr‘%ﬁ@ - General
[0028]In an e di e, r t I i can be
cat al yst ORGERED " Pleeal J Bl AR el sy B AR R RIER ST\t <

sat ur ati ofheOfmdurtcsidnéar é;r JJVei%M cathl P oghER Atlowt &%sﬁ?tc%'tél?&t iS@ede
conposed of one or nore oup VIl and/or Goup VI netal's on”a support.

Sui t abl e kBt aletalds thecdedppoadsevens ldesieed amoaat df mevadi pbe sveighhofisatalyist.ca,

alumna, silica-alumnas or titania. The squorted metal s can include Co,
Ni, Fe, Nbhusythepuse pfilovrdensity catalysteipdyicestheo arpld negial comtenteadrgpfnt ¢ he

supported. netal . i .. £d, or .a conbi natj on thereof The anmount of netals,
ei ther inth Q/F%ﬁgisfyepéyrwﬁﬁhﬂf%ﬁpe ,Wetré:f?é{?s fromabout 0.1 to 35 wt % based
on the catalyst. In an enbodi ment, the amount of netals, either

individually or in mxtures, is at least 0.1 w% or at
[0021] Finally, the high productivity, low density catalysts used in the

invention allow for “blocking” of feedstocks in a reaction unit. Typically, a
process train is used to treat a specific feedstock. Changing the type of
feedstock to be treated requires modification of the process train. Using the
catalysts according to the invention, different types of feedstocks can be
processed in a reaction unit, with either no change in operating conditions, or
only a change in the temperature of the process train. This type of “blocking” of
feedstocks allows greater flexibility in making use of a process train, as the
feedstock introduced into the process train can be changed without modifying

equipment or otherwise incurring significant down time.



WO 2008/ 156698PCT/ US2008/ 007444 8 |l east 0.25 wt% or at least 0.5 wt% or
at least 0.6 W% or at least 0.75 w% or at least 1 wt% In anot her
enbodi menyo 20ds1s86eunt of netals, either individually opcirnuspaostoorses, is 35
wt% or less, or 20 wt%or |ess, or 156w % or less, or 10 ww%or less, or 5
wt% or less. In preferred enbodi ments wherein the supported netal is a

nobl e net Stlectibe ofiftightProfluctivisy and §.omyPienaity (Catalgstst han 1 w% I n such
enbodi ments, the amount of netals can be 0.9 wt%or less, or 0.75 w % or

|l ess, or 0.6 w% or |ess. The anobunts of metals nay be neasured by nethods

specified STM {01, 1ndj vi.dual ' ' g i

pect r oscli28y i iR PORIHSHENS sl B JelsR  HalaR SRR HAVEREBRIICY,
100291l n Hi%ﬁﬁ%ﬁ@t!iér?%t@[}'kPQhﬁﬁfﬁlum%%r BYREREd Btckig, s&wﬁ@%@o‘éﬂeaﬁﬁg, or
aromatic saturation catalyst is a Goup VIII and/or Goup VI netal

suppor t edhpdrodebaning, hiydpofinishinggot heométiSsdtardtion,. Isowtdeasity catedy M 41.

The M4A1S fam |y of catal ysts are nesoporous nmaterials havi n(o; hi gh silica
contents WHes® eatalysisavhish hayerglatively lwearrtpid avaightperApt Volumm  soc. |
1992, 114, 10834. Exanples included MCM 41, MCM 48 and MCM 50. Mesopor ous
refers to catal ysts having pore sizes from15 to 100 Angstrons. A preferred
menber of gy Cl afsyitolddthRodRARS, RE BRI bRy sk phedhdtivitni t ed

St at es Pa[(iedr?!t3TNunb§Irsvé5,%98,_6§%.l MCM41 i's an inorgar}{?c,gpgrous, nt(l%)n-l ayer ed
phase havhydrotreheinggatdystar Tasgehpdiotiehtingichelydty ean be¢hpracesrizetisy physi cal
structure of MCM41 is |ike a bundle of straws wherein the opening of the
straws (thedroslenting agtivisy “§t, whichoisraaje eentdant for tis resne vl ndoulig 8 r ons.
MCM 48 has. a cuhic s try. and i s described for. .exanple is Unit.ed States
Pat ent Nu%@geg?i@g,%%ﬁm\ékéﬁ& mﬁlgﬁgi%v ?%Ofémélﬂfl %Prrg)gﬁq.gfpur US {#%1 41 can
be made w If: ' ks | faege. Suitable
bi nders :‘A%é&ttﬂ{et l%ﬁkﬁ%d ?gf}ae‘l'(ﬁgflﬁ%ge%? %;19,981;%’ él&&gﬁy@ﬁgﬁgﬁﬁger or

combi nat i eqtaBktdi nders that provides a high productivity and/or |ow density
catal yst. An exanple of a high productivity aromatic saturation catal yst
that is also a low density catalyst is Pt on alum na bound nesoporous

MCM 41. 1 na bound MCM 41 can be synthesized with a catalyst. density
that is | han %b@‘hﬁb}a odyngnty; theanvertion SE"QW gﬁéﬁoaﬁﬁ%‘,ty or |ess
t han 580 . QL ) .

2008/ 1566%?@%%3?@@%%3%985%5@9“ ?éesals‘%ﬁalﬁm&?ﬂyo‘ﬁégf‘h%q?’%?l ess than
525 kg/ mBarophatlcesatulafidn 2e4yka/ pidduetivitg ean bealethéd il 9éris offtieh a cat al yst

can be inpregnated with a hydrogenation nmetal such as Pt, Pd, another G oup
VI 11 et atreatene@t oerppfiaturetratjpired t@ achigve nalesireditvall of ahemen€ rémoval

enbodi nent, the amount of Goup VIII nmetal is at |least 0.1 wt.%per weight
of catal ykra meéff&da&@,at@rﬁ@eam%&at@fofée%ow velogity fer agopntofast 0. 5
w. % or att fre st 0.6 wt.% In such enbodi nents, the anobunt of netals can
be 1.0 wt %8 °less, or 0.9 w%or less, or 0.75 w%or less, or 0.6 w % or

|l ess. In still other enbodinents, the amount of netals, either individually
or in mxtures, is at least 0.1 wt% or at least 0.25 wt% or at least 0.5
wt % or ajoli2&hst ODewakihg catab/ists repsdseit aitothetyperofaatdlgststhaticat Be | n yet
ot her enbodi nents, the ampbunt of netals, either individually or in

m xt ur es, charagsriggdpared e prodictivitywlds waxingsatalysts pdte affedt sevaral or 10
w% or less, or .5.w%or. |ess xi ng.Catalyst - ZSM 48. [ 0030] One exanpl e
of o devediiiatierisryat & SerdSiatibe SuBE es LSy hefaRieii At foher Dessu a5
with a SiQ2; el N f > . to about
110, 1 e Rrer e R s R RS R Io R, oo

| ess thanvdrddbles Thegolbwingert kAddopbesreticinyehtibs to Bhafaetarideythet he hi gh
purity ZSM48 crystals are also free of ZSM50. [0031]1n the enbodinents
bel ow, ZSptofigctivifyodlasdepyaningeatdesdtri bed variously in terms of

"as-synt hesi zed" crystals that still contain the organic tenplate; calcined
crystals, such as Na-form ZSM 48 crystals; or calcined and ion-exchanged

crystal S, [m% as }ﬁﬁg{’ ﬁ@tﬁgéﬁgw for &W&é%}’sf ('(i)érﬁlﬁ%jrg a @%n;ﬁl\/# 48 seed

crystal s""1'S ant t ron“m xture us m ng the ZSM 48

crystal s dagsh prolducenitri olloing Pbdf weat pedoessia 2. lighsicaad] (YNN8
crystals synthesized according to the invention are either synthesized

wi t hout t feedstoek pirodweed froysa aiesliumrpressuine Agltorsackesaving a kinematic




WO 2008/ 156698PCT/ US2008/ 007444 10 crystals for seeding. By "free of
Kenyaite and ZSM 50" is neant that Kenyaite and ZSM 50, if any, are present
i n amountwotzhest156498 not det ectable by X-ray diffracti onPCPrust@sablags t he
ZSM 48 used in the invention is also free of other non-ZSM 48 crystals to

the degree that such other crystals are also not detectabl Sﬁy X-ray
di ffract i Biscosity at H¥RCoeft less thsineS and erbailing pemt @fdessehanaé Vi Aher uker D4

Endeavor Lnstrupent, manufaciin.ed b r r S, .and equip with a

Vant ec- 1 Hfegatos é%HerﬁP%ec‘{ %‘rﬁﬁrﬁgaﬁ“xém@rﬁﬁ@ ?’Srprﬁ%?q'r‘f& qugﬁ i con powder
st andard ' [ i [ | : he W dt h
a1 i PR A ARt © olBtEh UMy SO T TRIb IS " ¢
0.132. Thprdjjegtlessi ze is 0.01794 degrees and the time/step is 2.0 seconds.
The 2 theta scan used a Cu target at 35 kv and 45 ma. By "free of fibrous
crystals" and "free of needle-like crystals” is neant that the fibrous
and/ or needle-like_crystals, if any, ar resent in anounts that are not
det ect abl e by Scanﬂ?WgP(EPEctr&r?sﬁA%rbgég@ (SEM . Phot omi crographs from SEM
can be used to ide{fbh&é&s%&“%ﬁea‘é@ ?Qvgtio/ffer ent norphol ogi es. The

resol ution scale (Ig i'S shown on e pf*’lotom' crographs in the present
figures. [0033] Theyxray diffragddspnepattern (XRD) of the ZSM 48 crystals
suitable for use in the invention is that exhibited by ZSM48, i.e., the
D-spacings and relative intensities correspond to those of pure ZSM 48.

Whil e XRD can be used to establish the identity gf %ven.zeolite, it
cannot bell¥2dd t o b ethengmbedimentsy thecinvantion EEw ‘P)bsgakP. fAensiBkanpl e, the

needl e-li ke;and pl atel et .faqr r . ' ' ]l i hi e sane
it act | BroRRredsAbE Bhaikfiein 5 yPHGhAF SiabiLlbdnfibE b b

nor phol ogi&giyst Heﬁs’r’?r'%“ﬁﬁ FSIEDYe ERalSe paRiASAIYE VERk]. L PRIs ivih BoBfr8atter
resol ution. Xn exanpl e of such a tooP i's scanning el ectron m croscopy

(SEM . Phtieaddnsitp @faphiadividwal Sakdlgstrpdrtcles €bhea densiyndfi dayalystysdrickesunt h
di fferent norphol ogies. [0034] The ZSM 48 crystals after renoval of the
st ruct ur at vessebexill g lagenthamihe densityrafan iadividudiratdyst pasticle dhn
conposi tion accor dj

h | formylar, VO . ..
008! 15665BEAPACRL PRS0 AECTT St partilsn m aLpmbgdient, thy st 110,

pr ef er abl : f r iqent, nis
Bl caat SRR IestnaliBOG KRR OB D drdeSuhal 3OO A B 0P IO ot
is 110 0r5$@&F/mbror1@é§ théin 580kg/0r, 85less tHams350 kg/nst ok lesstthen 5efbodi nent s,
Si may be rep, aced b%/ Ge and AL may be repl aced by Ga, B, Fe, Ti, V, and
Zr. [0035kg/ne, a5 lesy thare800 &g/moranless themdde kg/pstals is prepared froma

m xture having silica, alum na, base and hexanethoniumsalt directing
agent. In an enbodinent, the nolar ratio of structural directing

agent : si |y 83 0&&@- ) X Std SGhRsS than 0.05, or less than 0.025, or |ess
t han 0.0MMW T ., 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 enbodinent, the nolar ratio of structural

di rect i ng[0038ht : siIni amaemhodimeemt, pneaoe marefafdhe bydudprooessing&atalystsf gnabl y

0.016 to 0.022, In an odi nent, the as-synthesized form of ZSM 48
crystals brasatalysis $‘E5‘.b§q %ﬁ%?é@?‘ﬁfbﬂfr Inyghing, apdhor JTOMAtq | anot her

Thodi t . i canal um
ol ar 1 at 10 i5# 0T bS5 sueh fh Smikiel, Uy Shalay URE 1R iRl OO
enbodi mengt oAdI8r AR GrbHS VBN A/BF Grolp 28Mntthl§ bi atstippoRaSdtablé hfedalal um na
mol ar ratio of 110 or less, or 100 or Tess, or 95 or less. For any given

pr epar at i exidefsuppertamciyde lowe azidic drides shick Sk acalpmtiahssilichalumireas
conposition will contain silica, alumna_ and directing_agent. |t should be
not ed t haer titgaiaasThe peppostedemetals grpinchaie 49, NiyEe.dVe, WyPh&de Riplar rati os
slightly different fromth | ar _ratos of reactants &f pl;he reaction
m xture u‘%re?jc?%lgbrfaélp?gr@e{er?g' E@ ﬂl?lpfe ezsé’cPPPBtFa\m%ﬁfEf‘eEf}r pr Pray occur due

to | nconpéﬁﬁﬁiq?ﬂ%ﬁrtl?&feéfi Phe At BrGheta ,eftﬁ@xcﬁ)ﬂmiaué?lﬁy{ bPn hﬁﬁ%&@,n

m xture into the crystals formed (fromtheé reaction mxture).
2008/ 156628B¢6F fidhiz Qb&UtAN Y 44 3 Sht%, based on the catalyst. In an embodiment, the

amount of metals, either individually or in mixtures, is at least 0.1 wt%, or at



range of about 0.01 to about 1 m These small crystals are desirable for
they generally lead to greater activity. Smaller crystals nean greater
surface aweaovshiseddsl eads to a greater nunber of active eoatralsgéos@osiil es per
gi ven amount of catalyst. Preferably,sthe ZSM 48 crystals in either a

cal cined or as-synthesized form have a norphol ogy containing no fibrous
crystal s. leByt 0.265rwid6, osatrieasit). & mt$é,airsat deest Oltawit>eq ok hDleast 0.35S50it%, a0/ 1,

where L and D represent the Iengt h. and dianeter of th créstal LIn gnot her
enbodi nengt leastel ¥k 2l anofher-gmbodingntnitie ameuntoffagtaly, cibesindividsal¥y f orm

h I At o f dl.e-li . le-1i ke i
ot - cr yo i @wigs. R3S VA% pEfesth o FE MG ShlSs YV Bidianie L S 0han 51 °
more pref %W&%le??td@ﬁt‘%lér B8 ﬁ{ efdto€d SEVoAEs Wikdre & thetstbporegpar ed

according to the rethods herein a%re no detectable crystals having a

fi brous ometslddhardblkmetal; tHeodragunt dhinstalispiypicadly laothandr wekdudined wi t h
the low silica:alumna ratios |leads to catal ysts having high activity as

wel | as dsudhr etbbedisnerits,dhammauntiod metplsscan] g0 2 wWite ozdeasaer BoPpwtiot9ton | s
repared from a ous reaction mxtuyre c rising sili or .silicate
Sal . al UlEShETdl6 SOVROF dess| herATPeURG Al mgfAlanay be dnrasursd By Tugtheds To
achi eve t i [ : I ] d i tion mXxture
have t e T ied REASTNE I indREBRA B MR RARSaI At BRAE 1 0h s

Si 02: Al 205 c?t%séépiléﬂidtﬁﬁtivay%?lpled plasih-omiic Snfidsiofl spedtbo@eFy OFF: Si 02
(preferred) = 0.14 to 0.18 tenplate : Si02 = 0.01 -0.05 tenplate: SiO02

(preferred) = 0.015 to 0.025 [0038]In the above ratios, two ranges are
provi ded for. both the base:silica.ratio re. directing

and .t he struct ef\. ,

agent : si | 14029 at i oln aREetprred gBIbQdimGaL th%ByfiT%EEé‘“l“&t ﬁ}g@rq ushing o xt ures
J T . . : f
konyai to. womdic AuafolRa s sV HLERUAICI VE R MBR0kEN

and/ or neg@bnd skFps@ TRIRKIKINIA IS Rehilglestiched bdund MICNIes 1.eThe MgES shoul d
be used, as is further illustrated below in the Exanpl es. 100391The silica

sour ce i sfami¢y ef ablalysps s pesapicrdus iMaterdalahdving ighselicd edrtgntawehdsgbl e from
Degussa. Other siljca sources_include powlered silicg incl uﬂé@g{h
cid

pr Ielci pidt F\P@@r@tiqncié further describsdiin Jy Amgig Céliem-c,sé)clgell%,zs dilf c f
base. t neEeapphia nEfledMERTRHL MCRE-4¥ RPMEN 30 MBopePol e ay be )

the form ee{t?@%%gksa%%éﬁé §ize§3férx%h‘gﬂ§l% Y 0b Nen SN Aamﬁ&far%h henfapggr cial |y

avai l abl e nat e. r suitabl e al um num sources i nclude ot her
al um num gid thiss i Gl -4 hevholst pir¢staration isydenenibad do fiiisddeStatss Patetat ed

al um na such as ganma al uni na, pseudobohem te and col | oi dal_ alum na. The
base usedNusber$s098,684 MGMrdl 15580 Hwrgamchporany, Roncaveredphaseiaingi de,

PG ot ded BRESATE AireBEE SRRl S hoR - S PO Al shPanie YT Sueh 2
hexamet hom%kgg-gi GOliRE hqﬁnﬂﬁe bESRARS mkamgggiegigg%ftEE%trawsqme( aqiper than

chloride) ¢ be ot her anions such as , hitrate, sulfate, other

hal i de angiahitter ofkibe rahfenfrom U5 ehll 00 iAdestrdoms. MCM-48 has a cubic
N, N, NN, 1\ 11, 1\ 11- he%@h 1-1, 6- hexanedi %ni um di chl oride. WO

2008/ 156698POEtySaehig/desqrilled 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. Suitable binders for
the MCM-41 can include Al, Si, or any other binder or combination of binders
that provides a high productivity and/or low density catalyst. An example of a
high productivity aromatic saturation catalyst that is also a low density catalyst is
Pt on alumina bound mesoporous MCM-41. Alumina bound MCM-41 can be
synthesized with a catalyst density that is less than 600 kg/m’ (0.6 g/cm?), or less
than 590 kg/m3, or less than 580 kg/m3, or less than 560 kg/m3, or less than 550



[0040] I n the synthesis of the ZSM 48 crystals, the reactants including
silicate salt, alum nate salt, base and directing agent are m xed toget her
wi t h wat ewoi2nostises9sat i os set forth above and heated w t IrCTtuseonsogr4ad 100 to
250C. The crystals may be fornmed fronmpreactants or in the alternative,

ZSM 48 seed crystals may be added to the reaction mxture. The ZSM 48 seed
crystal s kggmber lestithnn W Eke/ame or dess than 829 kehpysardess harex000s2/BUt OHo not
ot herw se, af f ect st & rrphol ogy. The preparation.i,s_free of er

non- ZSM 4§58 %4‘{% %g}é'éd gﬁ%}@?&?@%&ﬁ“i@ 19313%1?3&&%&1& ah@r%&aﬁéncr ystal s
are purifj I ' ' ' Lani .
[0041] In g%gaelr?gggi%rgmmnt?a’t{]dedt%@és%@{bsvg ??a?%g’ F%ﬁ ?%gﬁ%tgﬁtoﬁ:agﬁn\éﬁgg:ordi ng
to the i ngfnietA1s therwef. Arcanpabodiaent bed amduht 6£Gobup Will4Hbtad &s sEeledst
crystals and free of ZSM50. Preferably, the ZSM 48 crystals wll have a

| ow quant DtlywbPo pemwaight of icatadyste Msefeiralyt thetammountnfrorap KéHyaetebiscan be
5% or less, or 2%or less, or 1%or less. In an alternative enbodi nent, the
ZSM 48 cr §sleastd-2 3v-Be OF PE@aék&é&%%-ﬁgl.s‘{cch@??‘ﬁ“%ﬁm% o o he
crystals QRIALREpkIoTWHIL P I NE0 9 VAR Edi0of B A ABL B ogve 2

nmor phol ogy That 1S free 6t “tibrous rmrpﬁo ogy. Fibrous norphdlogy is not
desired, {59 & lRsE£r HS§aAl offit RvbRBshent) itk dmotii€oL Aletdlytdithetewaxi ng
acitivty of ZSM48. I n another enbodinment, the crystals obtained fromthe
synt hesi simslicidudily gr im mikturesvieat ieast Gdvet’%, epatpleastdyyS midbd, aotleashs a | ow
per cent age of needl e-1ike norpholo i

y. The anpunt of needl e-1ike norphol ogy
present i 8-t Weozenpulgas{,8va%, %ﬂﬁ%@@oﬁ% B’Fns}sé%?,‘ Ie@ﬁt %tg/l’ :[‘éélgt, OJFT 19 or

l ess. In an,alternative e di 4 . ee of
needl e- | i %b%%ﬂg%%_arﬂg@@ﬁﬁ%g, %Fﬁ%%@c}iﬁ ‘él-ﬁ}lfg{ﬁ%%%%glpgﬁgegﬁ%%gr eferred
for some {ppl hREd, PRt NERAES, ok HS WitsDratss, 8f 80 BAL O &bst 6r 5 o9t ert he
activity of ZSM48 for some typés of reactions. To obtain a desired

nmor phol ogless.n hi gh purity, the ratios of silica:alumna, base:silica and
directing agent:silica in the reaction m xture according to enbodi nents of
the invention should be WD 2008/ 156698PCT/ US2008/ 007444 15 enpl oyed.

Addi ti onall Yo i f C n;Qos' g free of Kenyaite and/or free of needle-like
nor phol og@—t—?&%ﬁ?@j\'—ﬂ% 2 : €terred ranges should be used. [0043] Accordi ng
to United States Patent Nunber 6,923,949, heterostructural, non-ZSM 48
seeding is used to prepare ZSM 48 crystals having a silica:alumna ratio

| ess than[(IIB@i] 1. Aoaerkshmgplé of bDetialady Oatalyst heitgble Por add ianthefclgivted ZSM 48
with silica:alumna ratios down to 50:1 or less is dependent on the use of
het er ost r inventian is48¥-48uwithasSitboh Qs e ffdessdban [1@84ﬂ1]e|f¢rahb)t fosyeneous

seed crystals . are not d, as ope synthesi ze SM 48, wt h i ncreasingly

| ower si I?lﬁ%l‘.tzgl%tfﬁiql?guf iﬁﬁogr} X IHE qrch%gppgal%qnﬁt ﬁ@l\éﬁg/h%t@lﬂigﬁ 50 becomnes
nore of a ChQl i fdiraat;l e o AIME t n about 0.025
typi cal | ys{o(?%éﬁgé’ %&eﬁqﬁﬁatgghéggr‘ég%%s c%%?ggrll\lﬁ ﬁ%@%ﬁe@d -S1Ira|5§e crystals.

Pr ef er abl prefetaly, ahé Bigh paltityeZEMId 8agpsthlssdrt ialsd frée 8DZSMB022 or | ess.

Rati os of directing agent: silica bel ow about 0.015 begin to produce a
product contai ning Kenyaite. Kenyaite is an anorphous |ayered silicate and

is a formof pnatural clay. [t does not ibjt zeglite type activity.

I nstead, (0314 ye| W@%bﬁwtﬁ ﬁelpwe 23@3@1‘6@’5@35 Wéﬁ&’ﬁ ‘gfr?cﬁ‘gﬁ itions
typically_ pr n dee 115 . ile the
presence H es%grll t’gé&!%noafa a%sﬁgv/?' ﬁge%gzggplcgﬁgl%ﬁ g?tteér%gﬁﬁgﬁtléﬁl %hg%@g%bwli cations,
the presepggafe; KaRHRIA @&ysRIISUER a8 BdUEdnt IEMMBr @ Staks bk Calcingd adde
ZSM48. Ratios of hydroxide:silica (or other base:Silica) and

si li ca: al iom-erechaagedsrystasadwh asmpdotmrASMe48 keystalsphol ogy of the crystals

formed as well as to purity of crystals forned. Ratios of silica:alumna
are also inportant to catalyst activity. The base:silica ratio is a factor

affecting[ptug for mat k.on of. Kenyai The u f,.a _hex ' .di recting
agent is git or rﬁ y?'ie eOf&O(Sld%SM%E SSFSZSUZS‘E%] u %m_ﬁgflf Q%%p%?}rﬁ%nmdgg fibrous
materi al . Thgird Qié@fdr%rrﬂfn%‘ﬁl"edZW-hg%rWélBQféb?ﬂ%t tén@ir HORIASNI-9f t he
silica:alumna ratio and sttucture directing agent:silica ratio. WO

2008/ 156622aCH 4aR0ARsRAIAA8M-A8 crystals synthesized according to the invention

are either synthesized without the use of seed crystals, or with ZSM-48 seed



tenperatures of from 100 to 400C, preferably from 100 to 250C. Pressures
may be at nospheric or subatnospheric. If drying is perforned under parti al
vacuum cOom0i20080136698t he t enperatures may be | ower than treTasatosavr@spheri c
pressures. [0046] Catal ysts are typicatoly bound with a binder or matrix

material prior to use, Binders are resistant_{o tepperatures the use
desired asiystaleforseedingo By egﬁe§tqfﬂ?¢n}@i“ﬁd’é‘fr&szm%§el%‘é‘l"éﬁ/&‘?&&fewagﬁti ve or
i nactive and.i.neluude, ot her zeolifes ther, [nar [ el ial ch as
ot ve BREZSRE S80S BE! amBbRE e SRR OB TRTE K Rerbd " S,
may be kagj cti&?”PPﬁbf%lﬁﬁﬁeW ubdPR e iAVEhtRSILIsCASBBiee ioFl dtiver

avai |l abl e. ey may be blended with other materials such as silicates.

Qt her por nois- 718N 4 XcryBtals tathe depreel didtisoch bthesickystalsarealsoasoti ncl ude ot her

binary materials such as silica-magnesia, silicathoria, silica-zirconia,

si | i ca- bedstectahledhyg Xsray didfrectioni 4 hasnewdetestable detgryinatiosy ¢an ke mads as
silica-al um na- La, Silicag-alumna-thoria and,silic um Ra- zi rconi a.
The matri @ @gﬁugg'gﬁﬁsﬁﬁ%eafvﬂ ARSSFUTeRt, Manutacite uﬁ&u%l\/}%’ ﬁﬁ@ range from
10 to 100.\Wind 4 S i 8 TWel; Jsa0RGishR 9 bi nder.
[0047] ZSI\/ﬁ}%p g/gr{;st a fvgg?%g?th?%? Qgé'é(;&ggéﬁ%)? rTm‘y;? 12?%1%&%8@@3560' v?n th a netal
hydr ogenadiliesn powrlensrindaid(Nist by 0By geticl ion neneriainenhsutasesbe ThedullG oups
6 -12 of the Periodic Table based on the | UPAC system havi n&et(;‘r oups 1 - 18,
pr ef er abl widthdapsmaxamuns(fwhm Herrtpe standardpedk ated&aft4 degeseadethria isvb,  Co,

W M, Cu , , Pt or Pd, f er abl or..Pd, M xtures of, hydrogenati on
metal s m@-lggsﬁﬁét%é’&eéﬁ@ml&?ﬁ(@g?ﬁ ,n%t\ﬁhpme/ﬂ}emén@sggqqg& ylg]'ee?er ably
Pt/Pd. T t I } I to 5
ot ok bachstiRANB AV HTAIREA S ORVEAS Bl Y Shise BRYLFGRIE ST hd 1 0 D
at | east ®fde Bf fleeddé-1e drosals”Us Areatlt thatAhe fibrob@s@id/Or Readldslikercrapttalsgast
0.6 W% or at least 0.75"w% | n another enbodi nent, the anount of netal

or net al sifiany5anst prtesentlie smownts thatta®e oot detsetabler b3 Seanaiog Hlestson or 2 wt % or
|l ess, or 1 wt%or |ess., Mthods of | gadjng tal onto ZSM 48 catal yst are
wel | knowMices omoEiENEs SthatamigsosphodTom SEV anbs Ked el,demafy exanpl e,

i npregnat i on, of . catal yst wi.th a, netal he\h tion
conponent gt IR GiffErRothontied, Bl RuiBhbels g AR SIREERE. Per

may al so #e pHekdhiGHgRiphSin tife H&@,enﬁﬁgu&@.t al yst may al so be steaned prior
to use. [0048] H gh p%rity ZSM 48 crystals made according to the above

enbodi nents have a relatively low silica:alumna ratio. This | ower
silica:alum na ratio nean that the present catalysts are nore acidic. In

spite of 1033]i ncrEhe &draxcdidiragtion paterRd 'R B pé thof SHERB\arystalsritable

sel ectivi as.well. as excel |.ent yi.e . | so have environment al
benefits ﬁé‘ﬁ?f%ﬁ’%?‘é’ﬁa Bt At h@f eﬁﬁﬁﬁl{eﬁ%@?is&% fl"%'mg}q' é§p£ICqu§rqﬂd;nd t he
small cry. al E fi i, e t Sig @ Xxﬂ) ]In
addi tion %@)ﬁh@hﬁggﬁsﬁeﬁﬁgi}ggg? Fllkl)(zég% OL\F/rgZGE%I\?]‘I 488'“ Wﬂlgénot erkgxg?r)t%)odi ment ,
t he i nvengdedriofestadlish theidungifty pfiaidiyeZ 204148, it @annst bié asedt@avdisgnguish a
silica:alumna nolar ratio of from70 to 110, the ZSM 48 being free of

nonZSM 48partiedlar nyarphblogan dF dri examplecthgstegdle-like end plaselet formes kgn 48
crystals al so have a..|ow.content or .are free of needle:like.crystals.
Anot her engS’éliZﬁ@h‘te ‘?’Ql S’EV\(é‘g“ttt eéalzng,\ﬁlgffgacéwaaqegn% L prden t%ﬁlsigy hesi zed
formco i i i1J kca: 1 L f @570 to 110
and ar _errpl(;)értan’gagﬁ %%%g?%déﬁﬁ?%é éﬁgl’ '>1<ttclgrn%kg%%ﬂg}dr?%eg&aaﬁéelkgﬁéttﬁ%| um direct | ng
agent in @rchRX 28RNM96h. UAInSédnile BTl sath aabbPisf scaih gledtforPniibrosposy er abl y
from0.015 to 0.025. In this enbodi nent, the as-synthesized ZSM 48 crystals
are free ((EManPBMotBicsegdphs fonaSEM mdnfbielrsedgo ddgrgifal wystPlsevghabl y, t he
ZSM 48 c‘reg,stal s alsgo have a | ow content of needle-like crystals or are free
of need ediffeggntdpgEhalegies.0050]1n still a further enbodinent, the
as-synt hesi zed ZSM 48 crystals are cal ci ned thereby renoving the
hexamet honi um structure directing agent to formhigh purity Na-form ZSM 48.
Thi's Na- f @By fSM 46 CEBMU4CrYStal LA & reRRNALES TR StRidRurd UReBliASHbS | N
still another enbodi nent, the"as- :

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

formula:



WO 2008/ 156698PCT/ US2008/ 007444 18 synt hesized form of ZSM 48 crystal s or
the calcined ZSM 48 (Na-formor Hform is conbined with at |east one of a
bi nder amsiohyavseg®aati on netal. [0051] I n yet anot her emnpodiuseens/00t4he
invention relates to a nethod for makiing ZSM 48 crystal s which conpri ses:
preparing an aqueous m xture of silica or silicate salt, alum na or

al um nate salt, hexanet honi um sal t(ndbixAkA)i base wherein the mxture has
the following nolar ratios: silica:alumna from70 to 110, base:silica from
0.1 to 0.3, preferably fromO0.14 to 0.18 and hexamethonium salt:silica from

0.01 to 0¥\%§re REERBRAR0 X?grlnggg;&fgljaﬁl)l 8’? ?o 988; m ?%‘\E)féﬁratﬂw |851t5t9‘5r. gpW t h

stirring a time and ature - sufficieht crystal formation.

Opt i onal | ypothecembbiihents na§ aZ k¥R, it beast 80edr atlehdted 3. ehrydtamothiert ur e.
The above procedure results in as-synthesized ZSM 48 crystals that contain

t he hexanembodimentsnrisidd Qroe lelisy ecd 0B @r dessnor Hpdilessr dJostidli othemni t h zSM 48

and ot her high. productivity, | ow gensity talysts 100521The. hi
product i VPWOQHH?‘E?F’ WH&WSIFP%CE é(l(;’glaggg}:lc‘ﬂgiﬁi &dcp CFﬁi@yiQ@e]g’[]ll; Gn are
sui tabl e :fr?rvh oggpr ocessi ng of hydrocarbon feedstocks. A preferred

feedstock I’s a 1Tub€ oil basestock. Such feedstocks are wax-containing feeds
that boil in the lubricating oil range, typically having a 10%distillation

i h 50F (3430, STM 86 1) 87, d
DO s L RERE o B BRSPS Pl RTMEREY; 20
froma numﬁuﬁeham rsgﬁéa SHERiRS bakd r|1€ﬁékel\’rﬁgthfohﬁ%%ﬁlt‘éﬁféctihgfdgghﬂgln

processes such as raffindtes, partia sol vent dewaxed oils asphal ted

oi | s, di sam ehodsmentehimodasratiol of, staekanal gascting sgerttisilida inathemiximet s oi | s
and the like, and FischerTropsch waxes. Preferred feeds are slack waxes and

Fi scher - Tisdpscthandk@s, ordestcthandk@dd, ardessythian 4.022. dby anather emhodiaemcar bon
feeds b ol vent or. pr.opane dewaxing. Sl ack. wax cantain sone residual oil
and ar eyt%@a alrﬁatdl%gfp _ctu;%ﬁ@ec&n%saggpgs ’é?tail{}gﬁe PHEHCE &5 l@BSts(f'Ql’k waxes.

brocess. OUB BOVE boeB e T EBNRE B P LB REbaPLABR MENOMITE e 1 gn
contents gf sthidthRd AirecBnfl agbhf:dilics dtRMbaNiSis fre@d3.0¢9m6 8L003)g up to 0.2
wt. % of nitrogen, based on feed and up to 3.0 wt. % of sul fur can be

pr ocessedprefertably $.0d6dat0.Q22chbsan edblodiment theas-syufbasicedfem 9fmay be
measur ed by standard ASTM net hods D5453 and D4 ,. respectiyely. [0054]1n
the i nvenZ%Mf,“gfcé@%fé’tsJ&@sa Hhga:alpuwapglar gatio §2r%8é§ 4 ﬁ;&‘cﬁr"gﬁ?‘%&&sl ng
steps. Fo , abh - G0 drof ki shed, or
under go a%lgﬁé?{@é@a¥h§r§f %@Eﬂ%l%%f%oggsﬁé%rg o‘%g%!?glga.s %ﬁg grg'r?g%ve y, the

feedst ockyjgmt fafiobrdit MRYAB S6k ANEadtB) obat feadl 83 1 Bayedandiiér of i ni shed, or
undergo aromatic saturation. The above treatnent -schenmes can al so be

conbi ned é¢mbpdimentethe asesyeheszed formesfASM-4 8afry stptiy lnetsr @ sificag]umina

hydr odewaxi ng, and hydrofi ni shi ng. The set of feedstocks jncludes both
hydr opr ocBdaFatiefdilfcasless @ 0B QTdpssToB I3 16wk or IOBFENN an

enbodi nent, a feedstock may be.h ot r bt her nprjor or after
dewaxi ng.P’iSyalfaé't"Pe t?‘ﬁ&Ségﬁme@fztg’ﬁg{ofrﬁ'c(fetﬁ%gﬁ{'ghﬁgsa{?lgrglse IB{E)PEEp to 426C,

pr ef er abl é’oﬁlgemiéﬁ%itlloccﬁﬁﬁﬁsiHPJ,eallﬂhﬁfaeélﬁpBMe@tﬂ% h8erA5 ACshGul BRI RAGD
partial presSure of Trom 1480 to 20786 kPa (200 To 3000 psig), preferably
2859 to 1839ihekdiasyrthésized BsHiDoPpZOY-48acrypratemaghavetyolat rdtiesslizhtlyt o 10

hr.-1, preferably 0.1 to 5 hr,-1, and a hydrogen to feed ratio of from 89
to 1780 ndiffeentsivom:the molen rajids ©)reagtaatseeftheyeactpn migoee #yhi®.

Pr ef bly, the, hydrot t t i f d in the. t th
Py dr odenalioRAIS (LA SRV torgy | pisgeshibmay Qarer QurdS iddiBekfer e *°
Pref er abl imogsar?ﬁ@ﬁ B@&@@%of‘ﬁfe r%ﬁﬁlﬂﬁtsb@fttﬁﬁ‘?eaét RYuPS [RahEBLy spd

steps. rerera Y, e

hydr odewaxi n at exchange does not occur between the

hydr ot r eafgiidd (ffoin iyslfeaddvBhixdure).eps, al t hough heat may be renpved from
the reactor by a |liquid or gas quench. 100561Alternatively, the feedstock
may be hydrofini shed or undergo

[0036] 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



aromatic saturation either before or after dewaxing. It is desirable to
hydr of i ni sh or saturate aronmatics in the product resulting from dewaxing in
order to w0j2068t15660© 2008/ 156698PCT/ 1JS2008/ 007444 20 pr eduais2@psabisi es to
desired specifications. Hydrofinishing and aromatic saturation are forns of
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Pref er abl y,]chiRatoradChANGi AP foriPhaRCE Ww REEHES O 418 free of needle-like
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may be reoxystals.f Bgmeelie-likads oreabycrystalgjtlial have gds/Doxatiocd <[10057] Dewaxi ng
conditions include tenperatures of up tqQ 426C, pref eé/abl fr%m 21'510- 400C,
more pr ef Brednaplytess thamydemesegasierally hetweensoand ¢/ 1>ovke SEMbshewso ¢ o
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anot her enbodi ment, high productivity catal ysts can be used for "bl ocking"
of feedstatRell agldssitably atvirawaentakfeatures.ers to using a process train for
processing of two or nore feedstocks with distinct properties, wthout
having to nodify the catal yst or equipnent in the process train. As an
exanpl e, ces IR C LN : ' a dewaxi ng
catalyst ROYTRCCioThe ZSNArESBLRAoR R L Bt SRLE ek iEn T, o e
content, fligiur@Gorhp¥sigsilicookstlicapesalt, adimind\er soliblepilofisseshR) basean be
used to process a different feed, such as a feed with a wax content of 50%
or nore, and divectinpagdnti i attacvpthreadésmgdarysiat monphabgy hdiepeactants inr ai n.
The flow rate of f eedi{alock %k&i\%’ the catal yst, the hydrogen treat gas
rate, thefaghan mixtysghavgth QWME WOIATHAUPH| et of the reactor, and the
process train renmain the sane. The tenperature for processing the two
different feeds differs by 35C or |ess, or by 30C or less, or by 20C or

| ess, or 10C or less, or preferably the sane tenperature profile is used to
process the two different feeds. Wiile the cost benefits of bl ock operation
have previously been recogni zed, previous attenpts at bl ock operation have
not been successful in producing high quality basestock products. Using the
hi gh productivity catal ysts according to the invention, blocked operation
of a process train can be used to process disparate feedstocks while

mai ntai ning high quality in the resulting basestocks. EXAMPLES Exanple 1

[ 0059] A m xture was prepared from 1200 g of water, 40 g of hexamet honi um
chloride (56% solution), 228 g of Utrasil PM (a precipitated silica powder
from Degussa), 12 g of sodium alum nate solution (45%, and 40 g of 50%
sodi um hydroxi de solution. The m xture had the follow ng nolar conposition:



WO 2008/ 156698 PCT/ US2008/ 007444 22 S102/ Al 203 = 106 H20/Si 02 = 20. 15
OFF/ Si 2 = 0.17 Na+7Si02 = 0. 17 Tenplate/ Si 02 =
WO 2008/156698 PCT/US2008/007444
13

Si0,:A1,0; =70to 110

H,0: SiO, =1 to 500

OH™: SiO,= 0.1t0 0.3

OH": SiO, (preferred) = 0.14 10 0.18
template : Si0, = 0.01 - 0.05

template: SiO, (preferred) = 0.015 to 0.025

[0038] In the above ratios, two ranges are provided for both the base:silica
ratio and the structure directing agent:silica ratio. The broader ranges for these
ratios include mixtures that result in the formation of ZSM-48 crystals with some
quantity of Kenyaite and/or needle-like morphology. For situations where
Kenyaite and/or needle-like morphology is not desired, the preferred ranges

should be used, as is further illustrated below in the Examples.

[0039] The silica source is preferably precipitated silica and is
commercially available from Degussa. Other silica sources include powdered
silica including precipitatéd silica such as Zeosil® and silica gels, silicic acid
colloidal silica such as Ludox® or dissolved silica. In the presence of a base,
these other silica sources may form silicates. The alumina may be in the form of
a soluble salt, preferably the sodium salt and is commercially available from US
Aluminate. Other suitable aluminum sources include other aluminum salts such
as the chloride, aluminum alcoholates or hydrated alumina such as gamma
alumina, pseudobohemite and colloidal alumina. The base used to dissolve the
metal oxide can be any alkali metal hydroxide, preferably sodium or potassium
hydroxide, ammonium hydroxide, diquaternary hydroxide and the like. The
directing agent is a hexamethonium salt such as hexamethonium dichloride or
‘hexamethonium hydroxide. The anion (other than chloride) could be other
anions such as hydroxide, nitrate, sulfate, other halide and the like.
Hexamethonium dichloride is N,N,N,N',N',N'-hexamethyl-1,6-

hexanediammonium dichloride.
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gr'}:sta‘?irr?c?ré)ﬁlo?o%§r. THE Sreg%%t%noi% fre?Or dtheP hof 24 0Eas t}Qpejs7of seed
crystals such as zeolite Beta. The ZSM-48 crystals are purified, usually by

filtration, and washed with deionized water.

[0041] In an embodiment, the crystals obtained from the synthesis
according to the invention have a composition that is free of non ZSM-48 seed
crystals and free of ZSM-50. Preferably, the ZSM-48 crystals will have a low
quantity of Kenyaite. In an embodiment, the amount of Kenyaite can be 5% or
less, or 2% or less, or 1% or less. In an alternative embodfment, the ZSM-48

crystals can be free of Kenyaite.

[0042] In an embodiment, the crystals obtained from the synthesis
according to the invention have a morphology that is free of fibrous morphology.
Fibrous morphology is not desired, as this crystal morphology inhibits the
catalytic dewaxing acitivty of ZSM-48. In another embodiment, the crystals
obtained from the synthesis according to the invention have a morphology that
contains a low percentage of needle-like morphology. The amount of needle-
like morphology present in the ZSM-48 crystals can be 10% or less, or 5% or
less, or 1% or less. In an alternative embodiment, the ZSM-48 crystals can be
free of needle-like morphology. Low amounts of needle-like crystals are
preferred for some applications as needle-like crystals are believed to reduce the
activity of ZSM-48 for some types of reactions. To obtain a desired morphology
in high purity, the ratios of silica:alumina, base:silica and directing agent:silica

in the reaction mixture according to embodiments of the invention should be

and
nol ar



Na+/ Si 02 = 0.17 Tenplate/Si02 = 0.018 WD 2008/ 156698PCT/ US2008/ 007444 23
100621The m xture was reacted at 320F (160C) in an autoclave with stirring
at 250 RANDf2008/489B0urs. The product was filtered, washedTwistévsaeidani zed

(D) water and dried at 250F (120C). ifhe XRD pattern of the as-synthesized

mat eri al showed the typical pure phase of ZSM 48 tqpol ogy. .The SEM of the
as- synt he8mpéeyadat AddisionaHynd a ¢rmpevitondtes ofdkenyal %P%B%gﬁe@ff

aggl oner at es,,of...smal | .irregul arl.y shaped.crystals .t verage crystal
si ze of aB%%ﬂ‘ed’.‘%“ﬂﬂé’r"clﬂ%f Is g?Fé‘yePeElﬁo rieﬁ“g“%‘giﬁn S%&%‘%‘{aﬁ;“%&ﬁ a Si 02/ Al 203
mol ar ratio of-' 94/1. Figure 2 is a photom crograph of the resulting
ZSMcrystals. Figure 2 shows the absence of needle-like crystals for ZSM 48

accor di ng[0o43]he | Aceoitding to Braredl States Fad&as DMumbet 6923y, pr epared from
wat er, hexanet honi um chl ori de (56% solution), Utrasil Mdified, sadium
al uni nat ethGrQ&twwr@hm;ZSMﬁ%d@ﬁdmgH?dlﬁ@& teiprepsrei ZSHA-4 &ery stlsphaying

(relative tq.the silica.charge ZSM 48 seed Gryst m xture had
the fol | caelisardnaine isobet Pn F29:SorbecondnE todad HFiRosd e
preparation of pure ZSM-48 with silica:alumina ratios down to 50:1 or less is

dependent on the use of heterostructural seeds such as zeolite Beta seeds.

[0044] If heterogeneous seed crystals are not used, as one synthesizes
ZSM-48 with increasingly lower silica:alumina ratios, the formation of the
impurity ZSM-50 becomes more of a factor. Ratios of directing agent:silica
greater than about 0.025 typically produce mixed phase aggregates containing
needle-like crystals. Preferably, the ratio of directing agent:silica is about 0.022
or less. Ratios of directing agent: silica below about 0.015 begin to produce a
product containing Kenyaite. Kenyaite is an amorphous layered silicate and is a
form of natural clay. It does not exhibit zeolite type activity. Instead, it is
relatively inert in the presence of reaction conditions typically present when a
feedstock is exposed to ZSM-48. Thus, while the presence of Kenyaite in a
ZSM-48 sample is tolerable in some applications, the presence of Kenyaite tends
to reduce the overall activity of the ZSM-48. Ratios of hydroxide:silica (or other
base:silica) and silica:alumina ratios are also important to the morphology of the
crystals formed as well as to purity of crystals formed. Ratios of silica:alumina
are also important to catalyst activity. The base:silica ratio is a factor affecting
the formation of Kenyaite. The use of a hexamethonium directing agent is a
factor for the production of a product not containing a fibrous material. The
formation of needle-like morphology is a function of the silica:alumina ratio and

structure directing agent:silica ratio.

[0045] The as-synthesized ZSM-48 crystals should be at least partially dried

prior to use or further treatment. Drying may be accomplished by heating at



, 14.8 O T/S1™2 . 0.17 Na/Si 02 = 0.17 Tenplate/Si02 = 0.029 100641The
m xture was reacted at 320F (160C) in an autoclave with stirring at 250 RPM
for 48 howo=00sTisesopr oduct was filtered, washed w th dei enrasdoogbDhm4nat er
and dried at 250F (120C). The XRD pattéern of the as-synthesized materi al

h d the typi | h f ZSM 4 [ . Th h
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ZSM crysta 8PCT/ US2008/ 007444 24 .
pressures.
[0046] Catalysts are typically bound with a binder or matrix material prior

to use. Binders are resistant to temperatures of the use desired and are attrition
resistant. Binders may be catalytically active or inactive and include other
zeolites, other inorganic materials such as clays and metal oxides such as
alumina, silica and silica-alumina. Clays may be kaolin, bentonite and
montmorillonite and are commercially available. They may be blended with
other materials such as silicates. Other porous matrix materials in addition to
silica-aluminas include other binary materials such as silica-magnesia, silica-
thoria, silica-zirconia, silica-beryllia and silica-titania as well as ternary
materials such as silica-alumina-magnesia, silica-alumina-thoria and silica-
alumina-zirconia. The matrix can be in the form of a co-gel. The bound
ZSM-48 may range from 10 to 100 wt.% ZSM-48, based on bound ZSM-48 with

the balance being binder.

[0047] ZSM-48 crystals as part of a catalyst may also be used with a metal
hydrogenation component. Metal hydrogenation components may be from
Groups 6 -12 of the Periodic Table based on the IUPAC system having Groups

1 - 18, preferably Groups 6 and 8-10. Examples of such metals include Ni, Mo,
Co, W, Mn, Cu, Zn, Ru, Pt or Pd, preferably Pt or Pd. Mixtures of
hydrogenation metals may also be used such as Co/Mo, Ni/Mo, Ni/W and Pt/Pd,
preferably Pt/Pd. The amount of hydrogenation metal or metals may range from
0.1 to 5 wt.%, based on catalyst. In an embodiment, the amount of metal or
metals is at least 0.1 wt%, or at least 0.25 wt%, or at least 0.5 wt%, or at least 0.6
wt%, or at least 0.75 wt%. In another embodiment, the amount of metal or
metals is 5 wt% or less, or 4 wt% or less, or 3 wt% or less, or 2 wt% or less, or 1

wt% or less. Methods of loading metal onto ZSM-48 catalyst are well known



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. BxaORLEs/Becb80651A mi xture was prepared from wat epcThesé@d®biagni um
chloride (56% solution), Utrasil Mdj;fied, sodium alum nate sol ution
(45%, 50% sodi um hydroxi de solution, and 5 wt% (relative to the silica
char ge) ofind§idldée,foedxampd, anpre giwomoﬁZSM h&dataﬂ]ystfvult}h awnetgl salt af
conposi tion: S102/ Al 203 103 /420/S i 02 14,7 iSi 02 0.17 Na+/Si02 0.17
Tenpl at e/ the lgpdragenagian cqropeeqmtra@ rhfsamge %ZS%%QWAYS‘WIPMC) in an

I
%Lﬁ:damwd@%eaaﬂléw@ﬁ A PP 2O S 1he S04y Crmi B hh o1

of the asg @ﬁﬂﬁ@%@l terial showed the typical pure phase of ZSM 48

t opol ogy. of the as-synthesized material shows that the materi al
was conposed of agglonerates of small irregularly shaped crystals (with an
average crystal size of about 0.05 mcrons). The resulting ZSM 48 crystals

had a Si 0pJ048}303 nHugln puat)i 8SH- 4@90ry51iabiulmdﬂ apeordinghtn deiaboygr aph of t he
o g ot A T IRl SRl A Y STRDgRgF2 & "0 1 e
8111ca:alum1na ratio mean that the present catalysts are more acidic. In spite of
this increased acidity, they have superior activity and selectivity as well as
excellent yields. They also have environmental benefits from the standpoint of
health effects from crystal form and the small crystal size is also beneficial to

" catalyst activity.

[0049] In addition to the embodiments described above, in still another
embodiment, the invention relates to high purity ZSM-48 composition having a
silica:alumina molar ratio of from 70 to 110, the ZSM-48 being free of non-
7ZSM-48 seed crystals and fibrous crystals. Preferably, the ZSM-48 crystals also
have a low content or are free of needle-like crystals. Another embodiment
relates to a ZSM-48 crystals which in an as-synthesized form comprise ZSM-48
having a silica:alumina molar ratio of from 70 to 110 and are formed from a
reaction mixture containing a hexamethonium directing agent in a
hexamethonium:silica molar ratio from 0.01 to 0.05, preferably from 0.015 to
0.025. In this embodiment, the as-synthesized ZSM-48 crystals are free of non-
ZSM-48 seed crystals and fibrous crystals. Preferably, the ZSM-48 crystals also

have a low content of needle-like crystals or are free of needle-like crystals.

[0050] In still a further embodiment, the as-synthesized ZSM-48 crystals
are calcined thereby removing the hexamethonium structure directing agent to
form high purity Na-form ZSM-48. This Na-form ZSM-48 can also be ion

exchanged to form H-form ZSM-48. In still another embodiment, the as-



WO 2008/ 156698PCT/ US2008/ 007444 25 hydr oxi de solution, and 3.5 wt %
(relative to the silica charge) of ZSM 48 seed crystals. The m xture had
t he fol | owDrgosmsb@s conposition: Si02/ Al 203 = 103 1120/ 8c@AIS200840644
01-17Si02 = 0.17 Na VS i02 = 0.17 Temgsl ate/ Si 02

synthesized form of ZSM-48 crystals or the calcined ZSM-48 (Na-form or

H-form) is combined with at least one of a binder and hydrogenation metal.

[0051] In yet another embodiment, the invention relates to a method for
making ZSM-48 crystals which comprises: prepariﬂg 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, preferably from 0.14 to 0.18 and
hexamethonium salt:silica from 0.01 to 0.05, preferably from 0.015 to 0.025;
heating the mixture with stirring for a time and temperature sufficient for crystal
formation. Optionally, seed crystals of ZSM-48 can be added to the reaction
mixture. The above procedure results in as-synthesized ZSM-48 crystals that

contain the hexamethonium structure directing agent.

Hvdroprocessing with ZSM-48 and other high productivity, low density catalysts

[0052] The high productivity and/or low dehsity catalysts according to the
invention are suitable for hydroprocessing of hydrocarbon feedstocks. A
preferred feedstock is a lube oil basestock. Such feedstocks are wax-containing
feeds that boil in the lubricating oil range, typically having a 10% distillation’
point greater than 650°F (343°C), measured by ASTM D 86 or ASTM D2887,
and are derived from mineral or synthetic sources. The feeds may be derived
from a number of sources such as oils derived from solvent refining processes .
such as raffinates, partially solvent dewaxed oils, deasphalted oils, distillates,
vacuum gas oils, coker gas oils, slack waxes, foots oils and the like, and Fischer-
Tropsch waxes. Preferred feeds are slack waxes and Fischer-Tropsch waxes.
Slack waxes are typically derived from hydrocarbon feeds by solvent or propane
dewaxing. Slack waxes contain some residual oil and are typically deoiled.
Foots oils are derived from deoiled slack waxes. Fischer-Tropsch waxes are

prepared by the Fischer-Tropsch synthetic process.



0.015 [0068) The m xture was reacted at 320F (160C) in an autoclave with
stirring at 250 RPM for 48 hours. The product was filtered, washed with
dei oni zedwQDRb)s/ed98r and dried at 250F (120C). The XRD patrtuseensob7sushe
as-synt hesi zed material showed the mwmwture of ZSM 48 and trace of Kenyaite

Impurity. Exanple 6 [0069] A m xture was prepared fromwater, hexanmethoni um
chl ori de (#6R]sol uFeedsrockymaydave tigh eorigntssdditipgen#ichat e sol uti on

45% , 50% sodi hydr gxi | ut.i . 9 ) at i il
Char ge) _of updeparnaietti FEedy conioRing BRlad? Wb SEMBeclopdderdf o |
composi ti eikg alddp € 393wt B shifie artRprocdsded i thelpresbiprocés20 Na/ Si 02

Sulfur and nitrogen contents may be measured by standard ASTM methods

D5453 and D4629, respectively.

[0054] In the invention, feedstocks are subjected to a series of
hydroprocessing steps. For example, the feedstock may be hydrotreated,
hydrofinished, or undergo aromatic saturation, and then be hydrodewaxed.
Alternatively, the feedstock may be hydrodewaxed and then be hydrotreated,
hydrofinished, or undergo aromatic saturation. The above treatment schemes
can also be combined to produce a sequence, for example, of hydrotreating,
hydrodewaxing, and hydrofinishing. The set of feedstocks includes both

hydroprocessed feedstocks and Fischer-Tropsch waxes.

[0055] In an embodiment, a feedstock may be hydrotreated either prior to or
after dewaxing. Hydrotreating conditions include temperatures of up to 426°C,
preferably from 150 to 400°C, more preferably 200 to 350°C, a hydrogen partial
pressure of from 1480 to 20786 kPa (200 to 3000 psig), preferably 2859 to
13891 kPa (400 to 2000 psig), a space velocity of from 0.1 to 10 hr.”, preferably
0.1to5hr.”!, and a hydrogen to feed ratio of from 89 to 1780 m’/m® (500 to
10000 scf/B), preferably 178 to 890 m*>/m’. Preferably, the hydrotreatment step
is performed in the same reactor as the hydrodewaxing, with the same treat gas
and at the same temperature. Preferably, stripping does not occur between the
hydrotreatment and hydrodewaxing steps. Preferably, heat exchange does not
occur between the hydrotreatment and hydrodewaxing steps, although heat may

be removed from the reactor by a liquid or gas quench.

[0056] Alternatively, the feedstock may be hydrofinished or undergo
aromatic saturation either before or after dewaxing. It is desirable to hydrofinish

or saturate aromatics in the product resulting from dewaxing in order to adjust



0.20 Tenplate/Si02 = 0.019 [00701The m xture was reacted at 320F (160C)
I n an autoclave with stirring at 250 RPM for 48 hours. The product was
filtered woasésedessst h dei oni zed (DI) water and dried at P25AR2¢0220G@¥4 The
XRD pattern of the as- WD 2008/ 156698PCT/ US2008/ 007444 26 synt hesi zed
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102. 4 and color bodies. The post dewaxing hydrofinishing or aromatic saturation is
usually carried out in cascade with the dewaxing step. Generally the
hydrofinishing or aromatic saturation will be carried out at temperatures from
about 150°C to 350°C, preferably 180°C. to 250°C. Total pressures are typically
from 2859 to 20786 kPa (about 400 to 3000 psig). Liquid hourly space velocity
is typically from 0.1 to 5 hr.”!, preferably 0.5 to 3 hr.! and hydrogen treat gas
rates of from 44.5 to 1780 m*/m’® (250 to 10,000 scf/B). Preferably, the
hydrofinishing or aromatic saturation step is performed in the same reactor as the
hydrodewaxing, with the same treat gas and at the same temperature.
Preferably, stripping does not occur between the hydrofinishing /aromatic
saturation and hydrodewaxing steps. Preferably, heat exchange does not occur

between the hydrofinishing/aromatic saturation and hydrodewaxing steps,

although heat may be removed from the reactor by a liquid or gas quench.

[0057] Dewaxing conditions include temperatures of up to 426°C,
preferably from 250-400°C, more preferably 275 to 350°C, pressures of from
791 to 20786 kPa (100 to 3000 psig), preferably 1480 to 17339 kPa (200 to 2500
psig), liquid hourly space velocities of from 0.1 to 10 hr.”, preferably 0.1 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).



H20/Si 02 = 14.8 01-17Si02 = 0.15 Na+/Si 02 = 0.15 Tenplate/Si02 = 0.019
[ 0072] The m xture was reacted at 320F (160C) in an autoclave with stirring
at 250 RANDf2008/489B0urs. The product was filtered, washedTwistévsaeidani zed

(D) water and dried at 250F (120C). Jihe XRD pattern of the as-synthesized

material showed the typical pure phase of ZSM 48 topol ogy. Exanple 8
100731A nﬂﬂﬂ&gm&é@_ﬁﬁk_%d fromwat er, hexanethonium chloride (56%
solution), Utrasil PM sodium alum nate solution (45%, and 50% sodi um
hydr oxi de solution. The m xture had the foll owi ng nolar conposition:
[0058] In still another embodiment, high productivity catalysts can be used
for “blocking” of feedstocks. Blocking of feedstocks refers to using a process
train for processing of two or more feedstocks with distinct properties, without
having to modify the catalyst or equipment in the process train. As an example,
a process train containing a hydrotreating catalyst and a dewaxing catalyst can
be used to hydroprocess a light neutral feed with a first wax content, such as
15%. In blocked operation, the same process train can be used to process a
different feed, such as a feed with a wax content of 50% or more, without
modifying the operating conditions of the process train. The flow rate of
feedstock (LHSV), the catalyst, the hydrogen treat gas rate, the total H, partial
pressure at the inlet of the reactor, and the process train remain the same. The
temperature for processing the two different feeds differs by 35°C or less, or by
30°C or less, or by 20°C or less, or 10°C or less, or preferably the same
temperature profile is used to process the two different feeds. While the cost
benefits of block operation have previously been recognized, previous attempts
at block operation have not been successful in producing high quality basestock
products. Using the high productivity catalysts according to the invention,

blocked operation of a process train can be used to process disparate feedstocks

while maintaining high quality in the resulting basestocks.

EXAMPLES

Example 1

[0059] A mixture was prepared from 1200 g of water, 40 g of
hexamethonium chloride (56% solution), 228 g of Ultrasil PM (a precipitated
silica powder from Degussa), 12 g of sodium aluminate solution (45%), and 40 g
of 50% sodium hydroxide solution. The mixture had the following molar

composition:



Si 02/ Al 203 . 90 H20/ Si02 = 20.1 OFF! si02 = 0.17 Net Si02 = 0. 17
Tenpl ate/ Si 02= 0.025 WD 2008/ 156698PCT/ US2008/ 007444 27

WO 2008/156698 PCT/US2008/007444
22
Si0,/AL0O; = 106
H,0/8i0, = 20.15
OH/SiO, = 0.17
Na'/SiO, = 0.17
Template/SiO, = 0.023

[0060] The mixture was reacted at 320°F (160°C) in a 2-liter autoclave with
stirring at 250 RPM for 48 hours. Those of skill in the art will recognize that
factors such as the size of the autoclave and the type of stirring mechanism can
make other stirring speeds and times desirable. The product was filtered,
washed with deionized (DI) water and dried at 250°F (120°C). The XRD pattern
of the as-synthesized material showed the typical pure phase of ZSM-48
topology. The SEM of the as-synthesized material shows that the material was
composed of agglomerates of crystals with mixed morphologies (needle-like and
irregularly shaped crystals). The resulting ZSM-48 crystals had a SiO,/Al,04
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% sodium

hydroxide solution. The prepared mixture had the following molar composition:

Si0,/Al,04 = 106
H,0/Si0, = 20.15
OH/SiO, = 0.17
Na'/SiO, = 0.17

Template/SiO, = 0.018



[0074] The m xture was reacted at 320F (160C) in an autoclave with stirring
at 250 RPM for 48 hours. The product was filtered, washed wi th deioni zed

(D) wat ewoaned/dsd9ed at 250F (120C). The XRD pattern of pChaSamssyrhesi zed
mat erial showed the typical ZSM 48 tapol ogy and a trace of ZSM 50 inpurity

was identified. The product showed the&’r&gsence of . sone needl e-] | ke
mor phol 0gy00@anpl dhe migts)ess isacted gt K (1687¢) Wean S@QC%V%YH‘M gh

pscudobyeATEE 21 410 REM SOt S Rofisy cThE R gAY erds el fie,
Sutfl cl enlieHAALd (81 \%ﬁfﬁ@d 8riBd 4f19SEoIAN R UdaR! RRIFpheMbfthd asBonnot

ext ruder. pseudoboeh | um na, and wat er containing

past e was seithesided nadneriglrshesvddthe thpicabplrepiene af ZEMCH D wgpodogyht Thehe dri ed
extrudate was calcined in nitrogen @538C to deconpose and renove the
organi c t Sk afdhe THaymhesized imasarialkshaydathat tesmateriadivrascpmpessdsdt ur at ed
air and exchanged with 1 a niumnitrate to renmove sodium (spec: <500
o oy . AEE BIETRIeS AT SN trCERaA L, hahsd ety ials kil B gy B R STyIE e o

dei oni zed s e j ; i HOr Q; { he

amoni um &X¢ t:qigégmgx@r%z'dg{hgﬁjﬁag‘gﬁbg;ze%%@fb%?,a 8%‘?% Sg]}@/'g%?{:}g?%?ned in
air at 538ftio 6f L&/ Ri Figirt Q isal pHolomidiegeaph oiidieaeywsingt fals.3 hours @
900F. The steaned extrudate was inpregnated with tetramm ne platinum
nitrate (Digiraf2oshems nhsiarbgemaacdﬂ]‘omMC—g\%B reegstalsAbt SN aepoadingrio thée
extrudate,was dried overnight at 250F and calcined in air at 360C to
convert tHVEEORami ne nitrate salt to platinum oxide. Exanple 10 [0076] The
dewaxi ng catal yst of Exanple 9 was tested in a n-Cl0 hydroi soneri zation
test. Catalyst tenperatures were varied from 162 to 257C under flow ng H2
(100 sccnmExatnple 3t m pressure to adjust n-Cl0 conversions from WO

2008/ 1566 2008/ 007444 28 0 to 95%. The high activity ZSM 48

cont ai ni ng catal yst showed excellent iso-Cl0 yields with mniml cracking

as a funcgg of n ' ' : i is a
graph shO\i/\(/? (ﬁ%li So- é%%ﬁg]ﬁﬂgy%gﬁgﬁngg&%?eﬁe %ﬁ%geg%@ggﬁlghc@l@%%a%

cat al yst gsladibfl), Ndltiaeilavio@ithl]iso@inim afurhimatd solatibh 045 %) d5@LcRididnist Wi th a
silica:alum na rati o of about 200. Exanple 11 [0077] This exanple relates

to the prbpdroxidosolofioperrbimigo (ieldtivectodhagiliva thargepofaf SVERB 48edr yst al s.
A m xture was prepared usin ter, hexanet honi um.chl oride (56% sol ution),
Utrasil Wst%gdﬁﬁﬁ%wmgéﬁgépﬁ?wwg (“ﬁ% COT4RESIHAY, sodi um hydr oxi de
solution. About 5 wt% (relative to the silica charge) of ZSM 48 seed was

t hen added the m xture. The m xture had the follow ng nolar conposition:
Si 02/ Al 203 Si0,/AL O3 = 103

H,0/8i0, = 14.8
OH'/Si0, = 017
Na'/SiO, = 0.17
Template/Si0, = 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 pure phase of ZSM-48 topology. The
SEM of the as-synthesized material shows that the material was composed of
agglomerates of elongated (needle-like) crystals (with an average crystal size of
<1 microns). The resulting ZSM-48 crystals had a SiO,/Al,0; molar ratio of
~95/1. Figure 3 is a photomicrograph of the resulting ZSM-crystals. This



= 103 H20/Si02 = 14.7 OFF7Si02 = 0.17 Na+/S i02 = 0.17 Tenp 1 ate/Si 02 =
0.019 [0078] The m xture was reacted at 320F (160C) in an autoclave wth
stirring WO 208058PM f or 24 hours. The product was filtereu/USe@sieti4sn t h
dei oni zed (DI) water and dried at 2508 (120C). The XRD pattern of the
as-synt hesi zed material shows pure phase of ZSM 48 topol ogy. The

as- synt heepmparativgsxamploshews the prasencq of neadle-lkgfrifals ﬁ%érzrﬁl‘ﬁgﬂﬁ wo i on

h iLth. ' it .soluti ] | db
i ng. ot SHUbIFADBEM AR PRI ADE RSO S A000e R o RQaPs. “The

resulting ZSM 48 crystals had a Si 02/ Al 203 nol ar ratio of 88.5/ 1.

Example 4

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

crystals. The mixture had the following molar composition:

Si0,/Al,0; = 103
H,0/Si0, = 147
OH'/Si0O, = 0.17
Na'/Si0, = 0.17
Template/SiO, = 0.019

[0066] The mixture was reacted at 320°F (160°C) in an autoclave with
stirring at 250 RPM for 24 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-
synthesized material showed the typical pure phase of ZSM-48 topology. The
SEM of the as-synthesized material shows that the material was composed of
agglomerates of small irregularly shaped crystals (with an average crystal size of
about 0.05 microns). The resulting ZSM-48 crystals had a Si0,/Al,0; molar
ratio of §9. Figﬁre 4 is a photomicrograph of the resulting ZSM-crystals. This
example of ZSM-48 crystals according to the invention shows the absence of

needle-like crystals.

Example 5

[0067] A mixture was prepared from water, hexamethonium chloride (56%

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



WD 2008/ 156698PCT/ US2008/ 007444 29 Exanple 12 100791Thi s exanpl e shows the
preparation of ZSM48 with seeding using 5 ww% (relative to the silica

charge) oWOBedasaised9gst al s. Heterostructural seedi ng usi ngCBatsacosnysial s i s
described in United St at es Patent Numdser 6, 923,949. A m xture was prepared
from 1000 g of water, g of hexamet honi um chl oride (56% solution), 190 g
of Ut rashyqu@scﬁu@@nmch&éaww(r@latlps@mﬂw Hed chage) pbmS bégtﬁsge&ﬂ, 10 g

f sodium al Lt i 3 Q% sodi um hydr oxi d
Sol ut i on. CHREL01 R gRINEUE JR8dbA TpEPYBTAMIIA eOaBPsRONAS " hen atded t h

m xture. The m xture had the foll ow ng nolar conposition: Si02/A 203 = 106
H20/ Si 02 = 20 j = A. +/ 5 = 0.
i OFF/ §iCS¥AT2(5)3 17 Na+/5if}2 = 0.17

H,0/Si0, = 14.6
OH'/Si0, = 0.17
Na'/Si0, = 0.17
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 pattern of the as-
synthesized material showed the mixture of ZSM-48 and trace of Kenyaite

impurity.

Example 6

[0069] A mixture was prepared from water, hexamethonium chloride (56%
solution), Ultrasil Modified, sodium aluminate solution (45%), 50% sodium
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; =  102.4
H,0/Si0, = 148
OH/SiO, = 0.20
Na'/SiO, = 0.20
Template/SiO, = 0.019

[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-



Tenpl ate/Si 02 = 0.018 [0080] The m xture was reacted at 320F (160C) in a 2
liter autoclave with stirring at 250 RPM for 48 hours. The product was
filtered woasésedessst h dei oni zed (DI) water and dried at P25AR2¢0220G@¥4 The
XRD pattern of the as-synthesized mat®rial shows pure phase of ZSM 48
topology. Clearly, no Beta phase was observed on XRD pattern of the

synt hesi z8ynthesided matamal wotkspiredalspmeaireaciionanixtyksrhaving ¢ basedilicat o t he

hydr ogen farm i 0 xchanges w ibum ni.trate solution at room
t enper at uF&10 ?&{12@&‘8“5@ tg‘?ﬁ’ 5t°%@g'?%aﬂw ‘tsdfflﬂ‘ﬁﬁh on at 1000F
(540C) for 6 hours. The resulting ZSM 48 crystals had a Si 02/ Al 203 nol ar
rati o of - . Exanpl e 13 [0081] Thi s exanpl e shows the preparation of
ZSM 48 us}rgg(rg&éee%i ng with 10 wt% (relative to the silica charge) of Beta
seeds. The sane reactants, WD 2008/156698PCT/ 1JS2008/ 007444 30

formul ati on, and procedure as Exanple 2 were used, except that double
anount of [(B¥t1] cr yAt mixsturawas pdehred fiome svater, hgramethtmuniRiblpade €¥6%00f t he

as-synt hesi zed materi al_shows pure phase of . ZSM 48 Li)q%ol o%y. gyearl,y, no
Beta phas&olienyddiirasd PMnsogpnpalunapatecioletien (avohex(%sQdpia dydioxige e

oxchanges TR AR afEe LEMAT A Bl of NP RYIS omea by

dryi ng at TaQRixtird Haki REGofaheidAldIA cfhpddiBf: (540C) for 6 hours. The
resulting ZSM 48 crystals had a Si 02/ Al 2}())3 nolar ratio of 80/1. Exanple 14

100821The products from Exanples 11-13 were tested using a hexane
adsorption test. T, e adsor ptyi test is a neasure of the pore vol une
of any given catal §§?ZD% cal ci ne O?a al ysts prepared as above were heated
in a thernogravi nerOgSi@nal yze= (TGH) gunder nitrogen at 500C for 30

m nutes. The dried catal yst was then cooled to 90C and exposed to n-hexane
at a partial pressOQHE/S0,75 tort THel$wei ght changes as n-hexane uptake were
measured by micro balance in the TGA instrunment. An Al pha val ue was al so
det ermi ned for eacNac/%g‘/éz al . The Abhd value for a catalyst is a

st andardi zed neas cataly tivity relative to the activity of a
ref erence cat al ysﬁgqlﬁiaat%@g(a?ts ar ?% mmari zed in Table 1. WO

2008/ 156698PCT/ US2008/ 007444

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

Example 8

[0073] A mixture was prepared from water, hexamethonium chloride (56%
solution), Ultrasil PM, sodium aluminate solution (45%), and 50% sodium

hydroxide solution. The mixture had the following molar composition:

Si0,/AlL,0; = 90
H,0/ SiO, = 20.
OH/ SiO, = 0.17
Na'/ SiO, = 0.17

Template/SiO, = 0.025



31 TABLE 1 SAVPLE n- Hexane (ng/g) Estimated % Beta in product Al pha Val ue
Exanpl e 11: HA-ZSM 48 reaction seeded with ZSM 48 crystals 37.7 0 70
Exanpl e 1RO 2bi%/1A&¥B48 reaction seeded with -5% (to sili eaTaisasogeousof Bet a
seed 42.4 -5.3 -125 Exanple 13: HA-Z3W 48 reaction seeded with -10% (to
silica charged) of Beta seed 48.3

[0(974]

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 ZSM-48 topology and a trace of

ZSM-50 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 paste on a 2 Bonnot extruder. The mix of ZSM-48,
pseudoboehmite alumina, and water containing paste was extruded and dried in a
hotpack oven at 121°C overnight. The dried extrudate was calcined in nitrogen
@ 538°C to decompose and remove the organic template. The N, calcined
extrudate was humidified with saturated air and exchanged with 1 N ammonium
nitrate to remove sodium (spec: < 500 ppm Na). After ammonium nitrate
exchange, the extrudate was washed with deionized water to remove residual
nitrate ions prior to drying. The ammonium exchanged extrudate was dried at
121°C overnight and calcined in air at 538°C. After air calcination, the
extrudate was steamed for 3 hours @ 900°F. The steamed extrudate was
impregnated with tetrammine platinum nitrate (0.6 wt% Pt) using incipient
wetness. After impregnation, the extrudate was dried overnight at 250°F and

calcined in air at 360°C to convert the tetrammine nitrate salt to platinum oxide.

Example 10

[0076] The dewaxing catalyst of Example 9 was tested in a n-Cy
hydroisomerization test. Catalyst temperatures were varied from 162 to 257°C

under flowing H; (100 sccm) at 1 atm pressure to adjust n-C,q conversions from



-12 180 Beta seed crystals used in Exanples 12 & 13 126 100 690

[ 0083] Based on the data shown in Table 1, the added Beta seed crystals were
not di ssovoedisirscddBe crystallization and remai ned i n t heCcIyustévssdzed
product. The concl usi on was supportecdsby the increasing adsorption data of

n- hexane on Exanples 12 and 13. The conclusion is, al so sugport d by the

i ncr easi nf tadfervahadigh astiaty 45VAR confaining calalxshehpwee eXeeliiof beta in
the crystal s.increases, The n-hexane adserption and. al i ncreases
denonst r a8t We?f‘ef(ﬁew %%mlﬁlgnﬂlr ?/@FEV’@ i ¢ ﬁ“@thﬁ)&oet?’}ig:éﬁgglg%rg@é&%ﬁfave a

di ff erent Iy N g 48585 HAV Mg ST § yIQERE aNRRKEof -

[ 0084] Not {aéat%ﬁg? t?‘hg&ﬂ&%ﬁé li}gﬁﬁ%%&gs %ﬁ&gﬂpproxi te ilﬁgi cation of the

cat al yti cnal gdonngrsésr forid yatalfyst Aecozdingl tvin embpdinechttof the svaemtimncandat al yst
and it gives the relative rate constant (rate of normal hexane conversion
per vol une cafalysvetly 8 siligaralyniina ratiepf abeutiZ)based on the activity of the
hi ghly active silica-alum na cracking catal yst taken as an Al pha of 1 (Rate
Constant = 0. 0?.6 sec-1). The Al pha Test is conventionally known, and is

descri bedExa@pledbrple, in U'S. Pat. No. 3,354,078; in the Journal of

Catal ysis, vol. 4, p. 527 (1965); vol. 6, p. 278 (1966); and vol. 61, p.
395 (1980 2008/ 156698PCT/ US2008/ 007444. 32 1 .0085],Thi s
exanpl e CI)WJXES tﬂglsaee&amqwe{@fééﬁtpggg BIePAERH 50 )| QZE% #’&n%eebmﬂenti on

relative bl SN CABIONA witkdure Gl phEdieg LdhigOwale SOON ol ack uax

was dewax psi g LHSV of 1.0 //hr “and treat gas rate of

2500 scf/ BexXamé&thoBiumB)chlétide(86% dadutio)y, &fitrasih®M @ diwacilomitagper ature vs.
required tenperature to neet the 370C+ pour point. In Figure 6, the

di f f er encsolbtonééh’®d handipP¥r sddive lydspxaicaolution. Z&bons S wih (eelativehier
silica:alymna rati o), a e lower |ine M 48 wi.th a wer. sili.ca; al umn
o Pudticd dhdrd SEZsMng SFiives then aiard temiturd TREGhihre Y

the following molar composition:

Si02/A103 = 103

H»0O/Si07 = 14.7
OH'/Si0p = 0.17
Na-+/SiO9 = 0.17
Template/SiO7 = 0.019

[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
as-synthesized crystals were converted into the hydrogen form by two ion
exchanges with ammonium nitrate solution at room temperature, followed by
drying at 250°F (120°C) and calcination at 1000°F (540°C) for 6 hours. The
resulting ZSM-48 crystals had a SiO,/Al,O; molar ratio of ~ 88.5/1.



[ 0086] Thi s exanpl e shows the distinction between a version of ZSM 48 which
has a Si 02: Al 203 ratio of less than 110, and a version of ZSM 48 whi ch has
a Si 02: AwO2oosasb@sof greater than 110. These two ver si @n3/uskooZ8d448 can be
referred to as lowratio and high rativo ZSM 48. Figure 7 shows pour point
versus tenperature for lowratio and high ratio ZSM 48. As shown in Figure
7, the | olxample 12SM 48 has a noti ceably | ower pour point at typical
hydr opr ocessi ng tenperatures of nore than 300C. Note that the tenperature
for the bottomaxis is an Estimated Internal Tenperature. The benefits of
the | ow r gdd~@1ZSM 48: { } -4y, ol M r

poi nt ver Z‘Losﬂ\li SCOgﬁ@éﬁ;ﬁg@)@(%@@%ﬁ?g‘ﬁpﬁﬁag@g%ﬁsz %cti orﬁtg Sggﬁfg%a'fsé 15 rom a
pr ocessedwhgedeladick to the ili@gdchatze)lodBdtacrystdSMHBerostraaprbl ®edingachi evi ng
nore favorabl e conbi nati ons of pour point and VI. Exanple 17- Low Density,

Hi gh Acti Using Bativicaystals|is desatibied indunitech States PateghNambarie, 9210425k 48
0087] Fi gur.es 9 and 10 | f f t ock that, h been.

hydr opr oG BUSRHE SRR G 0L Bf Ptis 00 GOk b eiPOReD ETORdSr at i on
tal yst then: i | - ' i O, f

Che two (05 400 BRI IBRs R A oo BRai T b6 REBiGhicea: one ©

commer i afioyn Bégubsal)] PO gaifabriim Rt iitd sSlutiobo(B59anand 33.3n ¥rBdys upport ed
on silica and/or alum na. The other catalyst shown Is a | ow density version

of al um nsodivomialy dvoxidelsdlnipergiihedd gvof Bela ok @iPp/AlpDD~B5MYsvRel. Thi s

al um na bound MCM 41 has a density of |ess than 550 kg/ n8. For

hydr odewastiengaddedih¢ ppsturef Tie-EASNuKsSharhthe! fpdlosving enalhveemposidiony pe of
Pt-ZSM 48 has a Si 02: Al 203 of greater than 110. The other type has a
Si02: Al203 ratio in the catal yst between about 70:1 and about 110:1. The
low ratio silica:al SHHAIZZ 48 waslOer med wi t hout using a heterogeneous
seed. In Figures 9 gggééo Process refers to processing a feedstock using
a comercial Pt/Pd Qxa and/or2%i unmi na cat al yst followed by high ratio
Pt - ZSM 48. Process %}Uﬁl s to pr;ocgslsﬂ ng a feedstock using Pt/Pd on

al um na bound MCM 4 ol 'owed by low'ratio Pt-ZSM 48. Process C refer to
processing a feedst pk/Sigd,ng a cesmgrgi al Pt/Pd on silica and/or alum na
catalyst followed by low ratio Pt-ZSM 48. [0088] Figure 9 shows the
performance for varTeoplatef8iDaat ion@.0d8 cat al ysts operating on a 150N

hydr ocr acked feedstock. Figure 9 shows the conbinations of pour point and
viscosity index that can be achieved at various operating tenperatures. For

a 150N f el080bck, Bheiniinturgowasdedantd 41 3207F oler dyyinlaodlitertaubodtave ity 8
(wth less, than S 02: Al 203 rati o hows on._average. the | owest

conbi nati%}%lngfatiébs}ggwg?r urﬁoiafhle Hau@i ‘é’%g‘iltﬁ]e  NASREA Wt trend is
nore pron i l - Wi peur i i i i ndex
for proc egésipﬁ%gg#ﬁéf%%%%%&gﬁ%eﬁégg s@:’c %‘-BQ meﬁ %Fg@% é%/'Fi gures
11 and 12syilesi ARl xfn_ﬁférmrshwls%ﬂ@ﬂhﬁ@g@ﬂ'ﬂswflliihég@l%@?f i¢Rafly, n@ Bl
density, high activity catal yst such as alum na bound or titania bound

MCM 41. PFphaseevasiobsieove] omXRD gattean obthe deohe szl podacketihé esdst ocks aft er

dewaxing with a S 02: Al203 ratio of 70 to 110 at a given tenperature.
Fi gure 125VaWaRsized; GRypials Warecomersdonti g edraae foma By dWa ieNFi gures 11 and

12, each ecgchax\é%sz&%%/ QORI Hitate QORa S dtbom temperature, followed by

drying at 250°F (120°C) and calcination at 1000°F (540°C) for 6 hours. The
resulting ZSM-48 crystals had a Si0,/Al,03 molar ratio of ~ 87.2.

Example 13

[0081] This example shows the preparation of ZSM-48 using seeding with

10 wt% (relative to the silica charge) of Beta seeds. The same reactants,



34 the dewaxed feedstocks is further exposed to an aromatic saturation or
hydr of i ni shing catal yst, as specified in the Figure. Two types of
comer ci avocatsalsy®ss having Pt and Pd supported on al unpoa/tsc@ssbawn. One
of the catalysts is conposed of 0.3 w0% Pt and 0.9 wt% Pd on a silica
and/ or alum na support. A "high netal" version of this catalyst is also

i ncl uded formuladenrandgprogeduiecas Bxampler? peransed@xeepidhat doekic amput
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| ower dengdshitirff ZEME4 $thlsShaP® S10,/AMSO Rlodrsratierdfengoaf, t he MCM 41
catalysts is also | ower than the hig% nmetal content comrercial catal yst
shown in Figures 11 and 12. As a result, the use of a MCM41 catalyst in

pl ace of é congenéi onal al um na bound commercial catalyst allows for

subst ant i €k4 avings during a catalyst | oad operation. Exanple 19 -
Bl ocked Operation [0092] The current invention as described utilizes high

activity i SO i zation catalysts,su s. ZSM 48 .t hat have sufficient
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content | : Ufnt.. : VA ed to
process hjii%stk?e 1%??%’5892‘%1%5135?%% E?%%EPE%S&?QF%Q?E%?%@?{%I#]l\sMc}fteh tlflllgekﬁf;her wax
cont ent s. alBeguaccatalvstl TH O A0DRA bt 98PETépareda8above dardheatedriatal ng

tenperatures are possible with this invention, [ower dry 8as. makes are
achi eved thermpgravimginie agaliypen (Ted) agdepmisragenad iS§A°Clfood8 minutesavERg i on
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Si 02/ Al 20gi¢ratiabamel iawhd TG Adndtrum@AL4AhnA yhasriesivag Also ddierrhinédbl on can
be used to process feedstocks with widely varying wax contents in the sane
process teahrerystial.eTheiAdpha vahie e 9i cagaly sirie dustandandizad eeassire of the
Preferably, the tenperature duyring the hydrodewaxin rgcess step for both
of the fcARIVSRINIE Bl G0 the eIt aheAgHsNES caalyshe thedeots are

i nvention ydroprocess a first feedstock having a first wax
content. S,'&ﬁ@ggg%gairgg‘g{s)%ogk havi ng a second wax content can then be
processed w thout nodifying the configuration of the process train. In
particular, the catalyst used during the hydroi sonerization process is the
sanme for both processes. In enbodi nents where additional hydroprocessing
steps are used, preferably the catalysts for the additional hydroprocessing
steps are al so kept the sane.



1009511 n an enbodi nent, the first wax content can differ fromthe second
wax content by at |east 15% or at |east 20% or at |east 25% or at |east
30% | n awotbhewisesyBodi ment, the first wax content can dipCrars2domsonidshe
second wax content by 80% or |ess, or3i75%or |ess, or 70% or |ess, or 60%
or less, or 50% or less. Preferably, each feedstock has a wax content of at
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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 approximate indication of the
catalytic cracking activity of the catalyst compared to a standard catalyst and it
gives the relative rate constant (rate of normal hexane conversion per volume of
catalyst per unit time). It is based on the activity of the highly active silica-
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).



density, high activity dewaxi ng catal yst (Pt-ZSM48 with a silica to
alumna ratio between 70 and 110) was used for hydrodewaxi ng after an
initial hyorotreedosent with a conventional hydrotreati ngcratsadogov7shavi ng
Pt/Pd on alum na. The hydrotreating catal yst represented about 15% of the
catal yst volune. Table A provides the feed characteristics for four

di fferentEKé’ékﬁ?ljJLées. Tabl e B details the hydroi sonerization conditions
used for each feed type. Table C shows the product inspections for both a
heavy | ube and light |lube product resulting fromtreati n% t he feedstock
under the[C0)854i f i eThisyekavipdowenipases e activdytdredis forTABMEAR aceerding pes Li ght

Feod densTaiXETARRETGYBELS 6040 DV ibch BieBss SR JVDIE: WSS GH OBy o
slack wax was dewaxed at 1000 psig (6996 kPa), LHSV of 1.0 /hr and treat gas
rate of 2500 scf/B (445 m*/m’). Figure 6 is a graph showing reactor temperature
vs. required temperature to meet the 370°C+ pour point. In Figure 6, the
difference between the upper line (representing ZSM-48 with a higher
silica:alumina ratio) and the lower line (ZSM-48 with a lower silica:alumin

ratio) represents the activity credit.

Example 16

[0086] This example shows the distinction between a version of ZSM-48
which has a Si0,:Al,0; ratio of less than 110, and a version of ZSM-48 which
has a Si0,:Al,0; ratio of greater than 110. These two versions of ZSM-48 can
be referred to as low ratio and high ratio ZSM-48. Figure 7 shows pour point
versus temperature for low ratio and high ratio ZSM-48. As shown in Figure 7,
the low ratio ZSM-48 has a noticeably lower pour point at typical
hydroprocessing temperatures of more than 300°C. Note that the temperature for
the bottom axis is an Estimated Internal Temperature. The benefits of the low
ratio ZSM-48 are further shown in Figure 8, which depicts pour point versus
viscosity index (VI) for the 370°C+ fractions generated from a processed |
feedstock. In Figure 8, low ratio ZSM-48 is capable of achieving more

favorable combinations of pour point and VI.

Example 17 — Low Density, High Activity MCM-41 followed by .ow Density,
High Activity Pt ZSM-48

[0087] Figures 9 and 10 show examples of feedstock that have been
hydroprocessed by first exposing the feedstock to an aromatic saturation catalyst

and then to a dewaxing catalyst. For aromatic saturation, one of the two
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catalysts used was a commercially available catalyst having 0.3 wt% Pt and 0.9
wt% Pd supported on silica and/or alumina. The other catalyst shown is a low
density version of alumina bound MCM-41 impregnated with 0.3 wt% Pt and
0.9 wt% Pd. This alumina bound MCM-41 has a density of less than 550 kg/m’.
For hydrodewaxing, two types of Pt-ZSM-48 catalysts are shown. One type of
Pt-ZSM-48 has a SiO,:Al,0; of greater than 110. The other type has a
Si0,:Al,0; ratio in the catalyst between about 70:1 and about 110:1. The low
ratio silica:alumina ZSM-48 was formed without using a heterogeneous seed. In
Figures 9 and 10, Process A refers to processing a feedstock using a commercial
Pt/Pd on silica and/or alumina catalyst followed by high ratio Pt-ZSM-48.
Process B refers to processing a feedstock using Pt/Pd on alumina bound
MCM-41 followed by low ratio Pt-ZSM-48. Process C refer to processing a
feedstock using a commercial Pt/Pd on silica and/or alumina catalyst followed

by low ratio Pt-ZSM-48.

[0088] Figure 9 shows the performance for various combinations of
catalysts operating on a 150N hydrocracked feedstock. Figure 9 shows the
combinations of pour point and viscosity index that can be achieved at various
operating temperatures. For a 150N feedstock, alumina bound MCM-41
followed by low ratio Pt-ZSM-48 (with less than a 110 SiO,:Al,O; ratio) shows
on average the lowest combinations of values for pour point and viscosity index.
This trend 1s more pronounced in Figure 10, which shows pour point and

viscosity index for processing of a 500N hydrocracked feedstock.

Example 18

[0089] Figures 11 and 12 provide further evidence regarding the benefits of
a low density, high activity catalyst such as alumina bound or titania bound
MCM-41. Figure 11 shows data for various 150N hydrocracked feedstocks after
dewaxing with a SiO,:AL,O; ratio of 70 to 110 at a given temperature. Figure 12
shows similar data for 500N hydrocracked feeds. In Figures 11 and 12, each of
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the dewaxed feedstocks is further exposed to an aromatic saturation or
hydrofinishing catalyst, as specified in the Figure. Two types of commercial
catalysts having Pt and Pd supported on alumina are shown. One of the catalysts
is composed of 0.3 wt% Pt and 0.9 wt% Pd on a silica and/or aiumina support.

A “high metal” version of this catalyst is also included that has roughly twice as
much Pt and Pd on a silica and/or alumina support. Two types of MCM-41
catalysts are also shown, an alumina-bound version and a titanium-bound

version. The MCM-41 catalysts include 0.3 wt% of Pt and 0.9 wt% of Pd.

[0090] In Figure 11, the MCM-41 catalysts show improved results for
aromatic saturation versus the 0.3 wt% Pt / 0.9 wt% Pd on alumina catalyst for
all temperatures above 300°C, and comparable results below 300°C. The much
higher metal content of the 0.6 wt% Pt / 1.8 wt% Pd on alumina catalyst shows
comparable results to the MCM-41 catalysts above 300°C. The improvement

achieved by using MCM-41 is more pronounced in Figure 12.

[0091] In addition to providing comparable or improved reactivity, the
MCM-41 catalysts used for the experiments shown in Figures 11 and 12 have
significantly reduced metal content, due to the lower density of the MCM-41
support. The metals content of the MCM-41 catalysts is also lower than the high
metal content commercial catalyst shown in Figures 11 and 12. As a result, the
use of a MCM-41 catalyst in place of a conventional alumina bound commercial

catalyst allows for substantial cost savings during a catalyst load operation.

Example 19 — Blocked Operation

[0092] The current invention as described utilizes high activity
hydroisomerization catalysts such as ZSM-48 that have sufficient activity to
allow the processing of feeds with large differences in wax content in the same
unit. Furthermore such excess activity can be used to process higher nitrogen

containing feeds in combination with the higher wax contents. Because lower
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operating temperatures are possible with this invention, lower dry gas makes are

achieved which in turns simplified equipment design.

[0093] The invention uses a ZSM-48 catalyst system with zeolite ranges
between 40 and 80% and group VIII metals alone or in combination with a range
between 0.3 to 1.5 wt% and less than 110 to 1 silica to alumina ratio. A
preferred range is zeolite content between 50 and 70% with Pt between 0.3 and

0.8 % and SiO,/Al,0;5 ratio below 110 to 1.

[0094] In an embodiment, the invention can be used to process feedstocks
with widely varying wax contents in the same process train while maintaining
desired product characteristics. Preferably, the temperature during the
hydrodewaxing process step for both of the feedstocks is 365°C or lower. For
example, the method of the invention can be used to hydroprocess a first
feedstock having a first wax content. A second feedstock having a second wax
content can then be processed without modifying the configuration of the
process train. In particular, the catalyst used during the hydroisomerization
process is the same for both processes. In embodiments where additional
hydroprocessing steps are used, preferably the catalysts for the additional

hydroprocessing steps are also kept the same.

[0095] In an embodiment, the first wax content can differ from the second
wax content by at least 15%, or at least 20%, or at least 25%, or at least 30%. In
another embodiment, the first wax content can differ from the second wax
content by 80% or less, or 75% or less, or 70% or less, or 60% or less, or 50% or
less. Preferably, each feedstock has a wax content of at least 10%, or at least

15%, or at least 20%.

[0096] In an embodiment, both feedstocks have a pour point after the
hydroisomerization treatment of -10°C or less, or -12°C or less, or -15°C or less,

or -18°C or less, or -20°C or less. In another embodiment, the pour point of both



141.7 142.8 131 131.7 Yield, wt% 38.1 54.6 70.5 82.8 Noack, wt % (esti mat ed)
15 4.3 15 6.5 Product Inspections - Light Lube Pour point, deg C -34
WO 2008/156698 PCT/US2008/007444
36

feedstocks after the hydroisomerization treatment is at least -50°C, or at least

-40°C, or at least -30°C.

[0097] In an embodiment, the temperature of the hydroisomerization
process for both feedstocks is 365°C or less, or 360°C or less, or 350°C or less.
The temperature for processing of the first feedstock is preferably within 35°C of
the temperature of the second feedstock, or within 30°C, or within 20°C, or
within 10°C. Alternatively, the temperature profile for processing the two
feedstocks is the same. In an embodiment, the dry gas make in the
hydroisomerization process of each feedstock is 5% or less, or 4% or less, or 3%

or less, or 2% or less.

[0098] In still another embodiment, the feedstocks can be characterized
with respect to a selected catalyst, such as characterizing the feedstocks based on
the processing temperature required to achieve a desired pour point when
performing a hydroisomerization process using a specified catalyst. For
example, feedstocks can be classified relative to the hydroisomerization
temperature needed to achieve a desired property, such as pour point, when
using a specified catalyst, such as Pt-ZSM-48. In an embodiment, feedstocks
can be classified as requiring a hydroisomerization temperature of at least 285°C
but less than 315°C, or at least 315°C but less than 340°C, or at least 340°C but
less than 365°C in order to reach a pour point of -15°C. For convenience, each

of these classifications can be referred to as a ZSM-48 processing class.

[0099] In such an-embodiment, feedstocks from different classes can be
processed in a process train by changing only the temperature of operation. For
example, a feedstock classified as needing a temperature between 285°C and
315°C can be processed in a process train. The temperature in the process train
can then be increased, and feedstock from the 315°C to 345°C class can be

processed.
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In the data presented in the following Tables A, B, and C, a low

density, high activity dewaxing catalyst (Pt-ZSM-48 with a silica to alumina

ratio between 70 and 110) was used for hydrodewaxing after an initial

hydrotreatment with a conventional hydrotreating catalyst having Pt/Pd on

alumina. The hydrotreating catalyst represented about 15% of the catalyst

volume. Table A provides the feed characteristics for four different feed types.

Table B details the hydroisomerization conditions used for each feed type.

Table C shows the product inspections for both a heavy lube and light lube

product resulting from treating the feedstock under the specified

hydroisomerization conditions.

| ube

TABLE A
Feed Types Light Neutral | Heavy Neutral LN HN Hydrocrackate
Slack Wax Slack Wax Hydrocrackate

Feed density ASTM-287 0.811 0.820 0.839 0.845
Wax yield D3235 94 87 20 20
Sulfur, ppm 5 5 10 10
Nitrogen, ppm 1 1 1 1

TABLE B

Hydroisomerization Conditions

WABT, deg C 351 346 316 315
LHSV 1.0 1.0 1.0 1.0
H2 circulation, Nm3/m3 419 419 419 419
Pressure, kg/cm2 107 107 107 107
370 deg C conversion 43 32.5 7.2 6.8

(1) includes 15% Pt/Pd on alumina HDT catalyst on top
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over conventional techniques, where a reactor temperature increase of 0.65°C or
higher is required to accommodate each 1% increase of wax in feed. The
smaller reactor temperature increase for processing higher wax feeds, as
demonstrated in the Tables above, means that lower operating temperatures can
be used for processing higher wax containing feeds. The above Tables also
show substantially lower gas makes, due in part to catalyst type and in part to the
lower temperature requirements. This allows for improved yield when
processing high wax feeds. Due to the improved processing characteristics of
the inventive process, even higher wax contents up to 100% are possible, such as

processing of GTL type stocks.



3. The method of claim1l wherein the dewaxi ng catal yst has a density of 600

kg/ n8 or | ess. 4. The nmethod of claiml1l, wherein the first catalyst
conpri seswanodis&Isupport. WO 2008/ 156698PCT/ 1JS2008/ 0@T4A%2¢D8/007444 5.
The met hod of claim 1, wherein the fiast catal yst conprises MCMAL. 6.

The nethod of claiml1, wherein the first catalyst has a density of 550
kg/ m8 or MEHAT IS CLAIMERhES:net hod of claim 1, wherein the first catal yst
has a density of 500 kg/nB or |ess. 8. The method of claiml1, wherein
the first catalyst conprises at |east one Goup VIII netal selected from

Pt, Pd, and m xture Qo al f I , Wherein the
first catal yst)fborrp% }Srg:é?ﬁcgffcfrégggug?lg awﬁ&egﬁggﬁgclgtcoﬁﬁegé?h ne Goup VIII

nmet al . 10. The method of claim 1, further conprising exposing the
dewaxed, treated feedstock to a third catalyst under conditions effective
for hydrofini shing proddongea fiestsatalysttdommprising at {¢ast ane &irabp Mhaetalg a
density of 600 kg/ nB or |ess. 11. The net ho clagkm 10, wherein the
third cat sYRRATteARMHA catdyshenprart and having: d‘?ﬂ%“%@gﬁgékg MePL{S¥s> 10, wherein
the third catalyst has a density of 550 kg/nBor |ess. 13. The met hod
of any of clains 10, wherein the third catal yst conprises at |east one

Goup VIII netal sebestiathg 4 §6BoRd, ca'?ﬂzstaé&nﬁiii%ihgra%eésh@h@@ropp VIII 14. The
met hod of any of clainms 10, wherein the third catal yst conprises at |east
0.5 wt % ofmetdlchaxring sefficianaleGraxigg ptdduchiwitgito be able to process a light

neutral (150N) hydrocarbon stream from a medium pressure hydrocracker

having a kinematic viscosity at 100°C of less than 5 and a final boiling point of

less than 550°C, at 320°C and 1 LHSV to produce a lube basestock having pour

point less than -15°C and a VI of at least 160,

exposing a feedstock to the first catalyst under effective conditions
for treating the feedstock, said effective conditions being effective for one of

hydrotreating, hydrofinishing, or aromatic saturation; and

exposing the treated feedstock to the second catalyst under

conditions effective for dewaxing the treated feedstock.

2. The method of claim 1, wherein the dewaxing catalyst comprises

ZSM-48 with a SiO,:Al,O; ratio of from about 70 to about 110

3. The method of claim 1 wherein the dewaxing catalyst has a density
of 600 kg/m’ or less.
4. The method of claim 1, wherein the first catalyst comprises an

M41S support.
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5. The method of claim 1, wherein the first catalyst comprises MCM-

41.

6. The method of claim 1, wherein the first catalyst has a density of
550 kg/m’ or less.

7. The method of claim 1, wherein the first catalyst has a density of

500 kg/m’ or less.

8. The method of claim 1, wherein the first catalyst comprises at least

one Group VIII metal selected from Pt, Pd, and mixtures thereof.

9. The method of claim 8, wherein the first catalyst comprises at least

0.5 wt% of the at least one Group VIII metal.

10.  The method of claim 1, further comprising exposing the dewaxed,
treated feedstock to a third catalyst under conditions effective for hydrofinishing

or aromatic saturation, said third catalyst having a density of 600 kg/m3 or less.

11.  The method of claim 10, wherein the third catalyst comprises

MCM-41.

12. The method of claims 10, wherein the third catalyst has a density
of 550 kg/m’or less.

13.  The method of any of claims 10, wherein the third catalyst
comprises at least one Group VIII metal selected from Pt, Pd, and mixtures

thereof.

14.  The method of any of claims 10, wherein the third catalyst
comprises at least 0.5 wt% of the at least one Group VIII metal.





