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WO 2007/019457 PCT/US2006/030749 5 CATALYST AND PROCESS
FOR SELECTIVE HYDROCONVERSION OF NORMAL PARAFFINS TO
NORMAL PARAFFIN-RICH LIGHTER PRODUCTS This application

veipims sl denefit of Provisional Application 60/706,513, fileg&qg%q)émmw

2005. 10 BACKGROUND OF THE INVENTION FIELD OF THE
INVENTLOST TAN D EROTCERE A SERRS TOVacCHAYRICHDO WRACRSTGOT OF

PRIy e el AR

rich in normal paraffins are ideally suited for several applications: 20
spvenis.sHehaNORRAREM ARd alhers Lsadsingksdapetniene
production Jet fuel and jet fuel blend components Diesel fuel and diesel
filed preasichftnents Feedstock for linear alkyl benzene (LAB)
production - a biodegradable 25 solvent. Feedstocks for isomerization to
make lubricants Historically, C54. ligui s{,ch in_ normal paraffins have
been prepared by selB&fvi ,%Utgg INCANIN pett ek rom mixtures,
such as petroleum. This opgIBiOOHS HERINENIAEXpensive and is limited
to the content of normal paraffins in the feedstock. Normal paraffins can
also be produced in the Fischer Tropsch process. However, the Fischer
Tropschpoesss alsogeneratestheaeiahyrdduc torteatsdan fafrowsidetiog heavy
HSianas, @hy 96 9l e ARAKE ARRRAUARmJI- hERS AR PIRMELR Bre
converted into lighter products by hydrocracking over conventional acidic
t@m@fgﬁaﬂ isoparaffin-rich product 35 will be obtained, not a normal
paraffin-rich product. -1 WO 20073324548 CT/US2006/030749 5 British
Patent No. 2,146,350A, issued April 17, 1985 describes the production of
a diesel fuel with high normal paraffin content by cascading a Fisher
Tropgehipredusthtemal paraffins are ideally suited for several applications:

e Solvents, such as NORPAR™ and others

U Feedstocks for ethylene production

» Jet fuel and jet fuel blend components

® Diese! fuel and diesel fuel blend cémponents

° Feedstock for linear alkyl benzene (LAB) production — a biodegradable
solvent.

& Feedstocks for isomerization to make lubricants

Historically, Cs+ liquids rich in normal paraffins have been prepared by selectively
extracting normal paraffins from mixtures, such as petroleum. This operation is relatively
expensive and is limited to the content of normal paraffins in the feedstock.

Normal paraffins can also be produced in the Fischer Tropsch process. However, the
Fischer Tropsch process also generates heavy products that can fall outside of the range
of use for the above applications. If these heavy products are converted into lighter
products by hydrocracking over conventional acidic catalysts, an isoparaffin-rich product

will be obtained, not a normal paraffin-rich product.
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hydrocracker. However,' the high normal paraffin content in this patent is
likely due to the linear hydrocarbonaceous compounds (normal paraffins,
linear olefins, fatty acids, and primary linear alcohols) present in the
wiaissihesi94opsch product that boils in the diesel 10 range. Thesedieaiozor4o
compounds are simply saturated and converted to normal paraffins. Itis
BribtteRittan iNordikéfy3 104t inmes ias signifSarceenbes Shemsrietisy of a diesel
st NG iesaLbolingtanes matelials, BisBrlatpatiNg 088016413,
iIssued September 15, 1998 to Wittenbrink et al., describes a |15 diesel = -
hyshigfifas feiel BPOUTER A G IFSERSH HHEHE AARER DY @%E%ﬂﬁgs ﬂﬁ'ﬂﬁtd“e to
the GRSy h{RcHRBa o koo nafeiaidiCrariiidsclihbm\ingind, Idast-80s,

wt % n-paraffins. This patent descripes how this.product e.obtajne
= rei O SR e e e e R
rafgeohtaisetieyrhydmpeanisensionmphhesvierdpotcotscedSe eptive paraffins.

cracking of heayy normal paraffins.to ligk araf < hean.
R R R

dieirkalliBgange Hgidria¢racking of Paraffins with Nickel on Silica-Alumina
Catalysts - the Role of Sulfiding," Symposium on The Chemical and
Physical Nature of Catalysts Presented 25 Before the Divisj

ision of the |,
UPBtRasOmIc Rethist,3  ATtisAcHP eRBRmika 198 sy Y KRR ‘é‘it@'hﬁ‘&%‘ﬁh‘b‘? a
dé%@@@m%@e?- Ze)ide%@%eﬁapigclmelpa@@s!aﬁhﬁa ,bﬁheepaﬂﬂ?gséd‘rgbtfdensity
n-decane (n-C10) over silica alumina with different getals,durin .
frﬁ%‘?&c‘“rﬁclé?i@%%@?&%@& okt (e 1?%&%8?%%\735@ °4‘3€%q%fr%n cte
P iRveipekatios tHBs@Bpcbet dire beobtrbrsiofiroftihis wattly Stissheslrtoweh
(7.8%), and methane yields.are relaii | . 2 Lar
PSR S SRS AL Fat o R g Al il esyie
peaieersion (52.8), and low methane yields (0.02 wt %) but gives C4-C7
products with high i/n ratios (6.6). Catalysts are not described that have

the combination of good activity, low i/n ratio products, an, Iogﬁ%@tg}ane

dGakANEIS (HinAeliesa3p 8GR andslaeRofogy leditorid Rarhdsfgan,
s LA A Sl e e
sagidie ydrexytsitor oratkinGheesienientBisicl Nalyteedé ferialy didtigsated2
B\é\léoorezt?lg %s%ér? Zf%?eygr%?e%?@?’e%égy American Chemical Society, Atlantic
City Meeting, September 12-17, 1965 (Table 1, page R-128), the conversion of n-decane
(n-C10) over silica alumina with different metals during hydrocracking is described.
Nickel without sulfiding gives C4-Cy products with low i/n ratios (0.08), but the
conversion of this catalyst is very low (7.8%), and methane yields are relatively high
(0.28 wt%). In comparison a sulfided nickel catalyst on the silica alumina has high
conversion (52.8), and low methane yields (0.02 wt %) but gives C4-C5 products with
high i/n ratios (6.6). Catalysts are not described that have the combination of good
activity, low i/n ratio products, and Jow methane make.

Jule A. Rabo, “Unifyving Principles in Zeolite Chemistry and Catalysis,” in Zeolites:
Science and Technology, editor F. Ramoa Ribetro et al,, NATO ACS Series Vol. 80,
pages 291 — 316, 1984 (page 295-296) discloses the use of alkali-neutralized zeolites that
are free of acidic hydroxyls for cracking hexane. However, this reference discloses
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5 cracking and not hydroconversion, and significant quantities of methane
(3.1 wt %) and olefins are produced. Harry L. Coonradt and William E.
Garwood, "The Mechanism of Hydrocracking," 1&EC Process Design and

wieenstanment, Vol., 3 No. 1, January 1964 pages 38-45 deseihasstigs/dd0749
use of a platinum on silica alumina catalyst for hydrocracking hexadecane

cr{pk@BIpd e hrecanders docosasienffi«@2aradso tiasomelbasic (b dng) ¥o) and

oim%eaf%r? @g low levels of methane. Significant amount of

" cycloparaffins are also produced, and the product is isomerized (as noted
on page 40, 1st column), but the extent of isomerization is not Imown.

Hal¥hile thp pare Rrorerties of hewuaportie M@&é&ﬁ%ﬁ@%ﬂ%@ﬁ%@ﬁ%o

it 15 probably was not mlcro%4 rous as shown by the formatlon

P‘BWBP&%?@%P&%%&?% ol 8 dogebmumiibIohnaes 55 Sa@FaCe‘;heﬁ the
usSeRdp] éﬁat@y&@mmmm@kmg ki cydrecadbans (elystrial

dE t ber 1949, 257
e e O B o Bl e S i ophner S BB e sl of
mabtane $ignid:6). DfopartCulatoatefactmatedccadamoagives] ideverogredds of
REIhARS e ekl sopelonbnt sl pradises sonileant amoupis f

methan ificant amount$ ane, propane an tane. It

lngreg. nﬁfb@etﬁmmwmn@warﬁ iheavipninbiofoftifantn st arsaparmiedds
probIves (RAGE 281806912 RGPy AU AR FIVR VS Ei it othar 25

cracking studies, significant quantities of olefins were produced, and
isQRaiHdIBT C4- gases were excessive. Hisatoshi Asaoka ' 'Borosilicate
synthesis in non-agueous solvent and its activity for n- eicosane cracking"”,

| of Mol C t 8 (19 311 e .30
ERes TR HENRS s R e T S
Hyiorystaltisg In&ampairwsﬁmgtaaahgrﬁdlapmMkyvmde%%psgwmé‘iit—
25@9%&&%&%&@5 QBR1? f%?ah‘% il'l%?s‘?sr 6 %g'pama%( PYRIRARY, of cetape (n-

described as eing linear. e catalyst achiev conversion of

CipLC20rat'o0dF aie. doégisdredirmin wCroEp Baldstal neshrebide avilim at
reé?:ltlo§m{‘§fﬁ!5p%cg§% %éﬁ@ﬂﬂfb&itpgf%@ﬁﬂ@ﬂms@@@ﬁﬁ@ﬁﬁ%\é%ﬁts

in Topics in Cata Sis, rgélL999 ) 13-34 present an overview of this subject.

of ejhana JEPTeE £7 ﬁag% AR PO e b IR TS s shidsderae g ( Fﬁ’afRﬁ’i’Q%Of
150@%%@ hatob3eM& @ﬁ@m@ 84 5" ?%H@M@/Wé&r%@@ﬂmlmér

cr el%i?l g Qd}egospg%t;%caa r{rlltllrgg 1es 0 glséfz rg \%e%espum Tc%gzgngqyigyg fo 64- gases

were excessive,

Hisatoshi Asaoka “Borosilicate synthesis in non-aqueous solvent and iis activity for n-
eicosane cracking”, Journal of Molecular Catalysis, 68 (1991) 301-311, discloses the
preparation of a borosilicate (“Borolite-7"") which is not described as being a crystalline
microporous material and apparently is amorphous. While it does show conversion of n-
Cyo to lighter products, they are not described as being linear. The catalyst achieved

partial conversion of the n-Cyg at 900°F and does not contain a Group § metal.

Roberte Millini et al, “Synthesis and characterization of boron-containing molecular

sieves” in Topics in Catalysis, 9, (1999) 13-34 present an overview of this subiect. On

pages 16-17 they summarize the work of Taramasso et al in making a B-ZSM-5 that
-3
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et al in making a T Beta that contained less than 100 pnm.aimninum. The
WO 2%%%@/&% activity ofthe boron molecular sieves is summarigegd g R3A803%
ey note that the apparent connadieuon in the .catalytic activity seen in
wnmglggalyegg@gsl bo ?ﬁlﬁﬁaﬁmﬂé’a\g&ﬂﬂmaﬁrﬂﬁm f?mtéglmso
_ .. Irate amounts of aluminum are enou enerate 10 remarkable.. .
et Al 1R HAKIRE 2 EHRE %W%ﬂﬂ%e{“%%gg’gd Q/@#g?éi; T AB-ZSM-5 was

activiSusfigienidepaciseatinierestinguresdtezid pamagns Lratkivgow Basthe
isomerization,,

ethvibenzen kyjati QYGIopropane  oyercome

SPPATTEY, ﬁ%fﬁ?%#ﬁfe%ﬁtﬁ%ﬁ%ﬁ?%ﬁ%ﬁ%r%%&mk ga?o n Wereégg}[cg&ive.
whenift the skaey iactosriRbhet RS BRI BorumIREs!isss TROE, AIBRITTEM

a5 claimed.to he active are listecsassqlefin daubles-hond kRisomerization,
m%%éﬁi%%am%%?ﬁbﬁtion of aniline with methanol. and rearrangement
suffiaérivoivtreivan oreTesiRl SEUHY & SHHTR SEAIRGrMArpareiRti<ib dighter
chyiDQURAL RAIATINS WaS ROt demerech SHMMARY GBS dMENTI Oy 20

" In‘one aspect. there is provided a process for convertinga. . . .

rambyoo BEFPOMEERBUSERE ERtaFgoretar tHER SRRt % TEF B&Hn
LeoliiDthe-PrESERcE of Bykaaern; e predice ArPRakpradiiets: dowige-bond
~In-molecular weight thanﬁ-él}e Glc, n-varaffms in th%fe% g?{dcont tjﬂ[;|,g1 .
isomgrEFEee GRABFEGhdfions: GUMBRYING, TSP S béteen 600 and
of o3 RRExRoRI e SBHER RetvReth b i 6aRGaISIgral MBS Wiishveerw s and 5

with a catalyst co.n“]rgrising (1) a borosilicate or aiuminoborosiiicate
PR AP S RRFE B by weiQnt a_ 30 containing at least 0.05 weigh:

percent boron and less than 1000 -D aluminum:, or a iitanosiiicate

molecular sieve and:p)a Groun & metalnifanethsraspect, there is

provided a process forconverting a hyarocaroonaceous feed C o- r
varavms m the presence ofhydrogen to produce n- containing greater than
5-W,3,0 35 paramt: products lawer in molecular weight than. the 1 o

In o BREMAS TR IRe feed b contacting the feed under conditions.

 nydrsATDRIRER Y, e PETEBR ETHESRB00 Ent SO0, HPAAIINS 10 Ine PIesence

. - . . . e
of nvdrogen 1o produce r-parafiin progusts iower In molecuiar Welght Thanne e

paratiins in the feed by comacting the fesd under conditions corprising:

2 termperamure petween 600 and 800,
k. pressurs perween 50 and 5000 psig,
¢, THSV berweesn (.5 and 5

with 2 catalvst comprising (1) 2 borosilicate or aluminoborosiiicars molecular sieve
contaimine & Jeast 0.05 weight percem: boron and less than 1000 ppm by weight o2

aluminum., or & fanosiiicate molecular sieve and (2) & Group § meral

In; another aspect, there is provided a process for converting a hydrocarbonaceous feed
comaming greater than 3 W% Cje-moparaifins in the presence of NYATOZED 10 Proauoe -

parathin products lower in moiecuiar weight than the Co- p-parafins In the Teed DY
contacting the feed under conditions COMDTISIE:
a. temmperarars petween 600 and 8007,

i
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WO 2007/019457 PCT/US2006/030749 5 b. pressure between 50 and
5000 psig, c. LHSV between 0.5 and 5 d. conversion of n-paraffins in the
feed to smaller n-paraffins of 25% to 99% with a catalyst comprising (1) a
wepiasiigaie; or aluminoborosilicate molecular sieve 10 contginingsaédeasiqo
0.05 weight percent boron and less than 1000 ppm by weight of
b. alunfiresspredresastapdsiit 468 hwsiecular sieve and (2) a Group 8 metal

¢. Whergi{ng.SelacHWty,fo5 the conversion of n-paraffins in the feed to
smaller n-paraffins is greater than or equal to 60%. 15 The molecular

d. sievEENRTESRIR RS TR BS TreH Ex SHNE rRESTHER Y poith By Weight
of aluminum, The Group 8 metal may be selected from the group
.consisting of Pt, Pd, Rh, It; Ru, Os and combinations thereof. Examples

IR 4P BB DS BB 9SS S A

coBadEDat FE&-5.05 S840 5854-b& o6 5t 685 (B8/16d) Sz byOyZABMeb,

ah%gll\{lﬁylnj; ’ngfgfar%;EiEc%?é "o e%u é?%elees %élaz(%rf{'&r%% %r?)e%?\q\f%eg?i fﬁ' The
ydrocarponaceous feea can contain {ess than 1 ppm eacn or sultur

seladtiivinitfogba chrons enodimeiingiethafanistormalcon eop Bisdsgreaiur

th&r@eghﬁqgtgg%with the n- paraffin-containing hydrocarbonaceous feed.
IEF DES

25B CRIPTION OF THE DRAWINGS Figure 1 is a schematic
representation of a process for upgrading Fischer Tropsch products. 30

FigU@%@:&@é%&%ﬁ%ﬁBg%fﬁﬂl@ébm&f;iﬂ)@,rﬁéi%{%m% aﬁgﬂ&wa\@m by
petroleum products with lubricant base oll pro pon. - -
WG AT B0 38 R A6 B BRI DB SR TR of

PdJ Ril; NN NI doafbiiticoss ﬂn&rﬂ@EthmiqiinsthﬁxafmllmmN]mgsiewmmhm the
oS 3 S e NG ARV ) S e e

perdtes a an afmosphieric in the présence o
Sy HOGBA-adISMeh EOMAISTSidAMBINaEp&BFiRE ZSM-23 and the like) and

H-Y. The hydrocarbonaceous feed can contain less than 100 pf)m each of sulfur and

nitrogen.

In one embodiment, the catalyst has been exposed to sulfur prior to contact with the n-

paraffin-containing hydrocarbonaceous feed.

'BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation of a process for upgrading Fischer Tropsch

products,

Figure 2 is a schematic representation of a process for upgrading waxy petroleum

products with Jubricant base oil production.
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into lower molecular weight n-paraffins with a minimum of isomerization
and without excessive formation of methane. See key features of the
process as described below. Hydrotreating and hydrocracking are
wdistimoshpdifferent catalyst processes, but also 15 operate aPpreBS2ES)30749
greater than atmospheric in the presence of h dr s drocraeking
converts norn2il PAFEIRDRECRGRIGEBEEY Sirersignificant
amounts of isoparaffins. Hydrotreatlng does not convert significant
%uantltles of the feedstock to lighter products but does remove impurities.
De 2 contrast, thermal cracking converts normal paraffins into lighter
AsReed uetsivyithedoninitng merefstrancihinge26idmstittlermal cracking does not
use a catalyst. Thermal cracking typically operates at much higher
temperatures, forms more methane, and makes a mixture of olefins and
m@m@‘_ﬁm&m@m@m@-mm%w@m@m@m SRS
tl‘iaéj %?rg%%er ther}]# 9@1%@%3‘%891‘5 %Ié‘}l Cha \Zrh?bh' condid ¢ QO midttnal pardBid

0c000co.b00,0Q0 oVA Cim
intod Ay s nipheculag @e@i@l@@jquﬁ\wﬂbaﬁr@n@num of isomerization and without

excessive formation of methane. See key features of the process as described below.

Hydrotreating and hydrocracking are distinctly different catalyst processes, but also
operate at pressures greater than atmospheric in the presence of hydrogen.

Hydrocracking converts normal paraffins into lighter products comprising significant
amounts of isoparaffins. Hydrotreating does not convert significant quantities of the
foedstock to lighter products but does remove impurities. Also, in contrast, thermal
cracking converts normal paraffins into lighter products with a minimum of branching,
but thermal cracking does not use a catalyst. Thermal cracking typically operates at much
higher temperatures, forms more methane, and makes a mixture of olefins and normal

paraffins.



The current technology of n-paraffin selective hydroconversion can be differentiated from other cracking processes as shown in the next

5
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-i-+Nmo000~v,Z,ZZVn hHP mO.~+(00~~N4"y"0o0 >
Qy~0.Gu~GooUGaUGoowo0O oawzZUJwafaUaaaaU
WO 2@7kb4Er H a~ U) -7 WO 2007/019457 PCT/US2006/0307421553006/030749
Cracking is the broadest term and refers to all processes and reactions
that reduce the molecular weight of hydrocarbons by breaking them into
smaller components. Two types of processes do not use added
hydrogen: Thermal Cracking and Catalytic Cracking, Three types of
processes use hydrogen: Hydrocracking, Hydrogenolysis, 10 and now
n-Paraffin Selective Hydroconversion. Among other factors, n-Paraffin
Selective Hydroconversion is distinguished from typical Thermal and

Catalytie-Crackingbytheusgof hydrogenantd-the-absencerof —significant
(1 wt% or more) @mount'%og olefins in theproduct. The cata]lysts and use
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n-Paraffin Selective Hydroconversion is distinguished from typical
Hydrocracking by the formation of paraffinic products having lower i/n
ratios. While some past studies have shown that when a less strongly

wacidie mwdeacracking support is used the i/n 20 ratio decreasess tRes® /030749

studies have not shown the low i/n ratios demonstrated in this invention,
especially at high conversion levels, n-Paraffin Selective Hydroconversion

iscdistinguished framdsirogenainsis byl pure e thaneavields daweribame

| wt.%) when compared at high conversions. 25 ppm values are

CRISHESHBE S T gh b RSB B R R B SIS PSP Airt O
ray',i% lipradiasisrafardonweiahia atios ghle Theiheraisekingted: Giaiytic
Molecular sieve is defined in Zeolitekll\/lglecular ieves. fruclre  enolvsis
CHEROFy ARFULBSHS BEISI I B GIC Sahr WY & Eiks pagea ™y s*:
4210 ASY 4-Fuintfludedezbatifég]radoumephosphates (ALPO-11, etc),
silicoaluminophosphates (SAPO-11, SM-3 etc), titanosilicates (TS-1,
TS-2, SSZ-46, etc) as well as other materials. 35 Zeolite is defined as a
miseoatisic (e torat edataffis Salective iHedioromearim irtifSnBtjsedions.

pRlesdnglidea byl a @@Fd@iﬂﬁg@g%&ﬂé‘@@%%@ 5188 ¥e BWRe of
2007/019457 PCT/US2006/03074 silica-alumina (aluminosilicates

. )
sHieaLBREH (FOR6SNEES PRSI QLGTANIP VREATBLAattly SHADAAAT use

agidicdnelarmansieyas e aeolinssasiainisg less than 1000 ppm of
aluminum, for example less than 200 ppm or less than 20 ppm; and, when

composited 10 with Pt, Pd, Rh, Ir, Ru, Os or combinations thereof, forms
ap-Rapdaiifeiselpetivedlitydroennveisiisticatalyel. Ratyswiidpfadiratimg by
present invention haye acidities that. i ) I HeSudi
e e B P e
15aypshaven defivethersin swhalvingdickydegmeringaaRigRyedhe in
definegtherein by.calguiating.toe frraptier QuhitaliEnergiesdabnbrideing this

oxygen atoms in a series of related structures of fixed geometry (e.qg.
sinmention, especially at high conversion levels.

n-Paraffin Selective Hydroconversion is distinguished from Hydrogenolysis by lower

methane yields (lower than I wt.%) when compared at high conversions.
ppm values are expressed in weight unless otherwise noted.

Isoparaffin/normal paraffin ratiog (¥/n ratios) refer to weight ratios unless otherwise

noted.

Molecular sieve is defined in Zeotite Molecular Sieves. Structure Chemistry and Use
by Donald W. Breck, John Wiley & Sons, pages 4-10,1974, It includes zeolites,
aluminophosphates (ALPO-11, etc), silicoaluminophosphates (SAPO-11, SM-3 etc),

titanosilicates (TS-1, TS-2, 88Z-46, etc) as well as other materials.

Zeolite is defined as a molecular sieve that contains silica in the tetrahedral
framework positions. Examples include, but are not limited to, silica-only (silicates),

-8-
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Al, Si-O-Ga, Si-O-B, Si-O-Si) following the procedures outlined by Corma
et al. in J. 20 Am. Chem, Soc. Vol 116, No. 1, 1994 pages 136-142. The
Frontier Orbital Energies are calculated from the ELUMO and EHOMO
wenaigies&d are shown in Table IV of Corma et al. Table |Y@ioesnatdisto
a value for Si-O-Si, but it is separately estimated to be greater than the
vailieasiniup (steaipeyikipneny siiseshopeiiPr tpikcasie rdrlicadignizacid
s&r@@g{;gg@g@ﬁses (Si-O-B to Si-O-Al), the Frontier Orbital Energies 25
decrease in value. A system that is in charge balance, for example an
all-silica system, has only very weak acidity and the bridging silanols
have lighcRne rgits e stk than 2 ddes YonBirdng lysacidic ShOpatsyStems
have lower energies, 7.13 eV. Materials useful in the catalysts .
T P e A AN T PP i esguposied
gregitattiReanRhehe Rerdysfor Sindind|ics frafaatiy0sie - prealer teditisen
ener 10-A re preferably 0.25 eV greater than the energy for
?1 9%&%5{]%&81? Sr%éftgggﬁly 0.25 eV greater than the energy for Si-O-Al and
less than the energy for Si-O-Si. -9 WO 2007/019457

PETA 920061030 A2 Many.othieh REOSQeIEEs S AMBaRYIifGsAbng as Si-Al

calculating the acidity of solids have  appeared in the literature qver the. .
yEaP IR SRS iR R AR LESHPHID & e g ol%ag%%‘%ag%m
agsybenishanthehangelinvihg seldrscafigyes in solution. These
techniques may have other uses, say in the control of the production of

thg 10 catalyst,.but they should not.be used.in d,
Mca i R S e S ST
niGifgiap conditisnsdaiinedries BReiapsié strasiasmbBratgeanmeBnOFe foFO-

example, ?Z%-@%,Eiﬁg.% %19%62 &93%59@&&%&\%@1@@ HaliRhPelBin J.

for éxample < 0.2, < 0.05, or < 15 0.01. Details are in Table'3 and in

Extamplect. Bore'\Sie1ani DimERdaranty 3f tle ciar Seba Rl ingretes
sieves RIE:AYSaling. materiala that haversegulan prssagesitonies)lfof

examined over several unit cells of the , . " .
Corma et al, Table IV does not list a value for Si-O-Si, but it is separately estimated

to be greater than the value of 7.44 listed in Table IV. A key point in this table is that
as the acid strength increases (8i-O-B to Si-O-Al), the Frontier Orbital Energies

decrease in value,

A system that is in charge balance, for example an all-silica system, has only very
wezk acidity and the bridging silancls have high energies, greater than 7.44 eV.

Strongly acidic Si-O-Al systems have lower energies, 7.13 eV.

Materials useful in the catalysts employed in the present invention will have Frontier
Orbital Energies

. greater than the energy for Si-O-Al,

J preferably 0.1 eV greater than then energy for Si-O-Al,

o more preferably 0.25 eV greater than the energy for Si-O-Al,

J most preferably 0.25 eV greater than the energy for Si-O-Al and less than the

energy for Si-O-S1.
_5-
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structure, the pores will form an axis based on the same units in the
repeating 20 crystalline structure. While the overall path of the pore will be
aligned with the pore axis, within a unit cell, the pore may diverge from

wibemxieand it may expand in size (to form cages) or narrow: Tite@xis30f49

the pore is frequently parallel with one of the axes of the crystal. The
narrowest position along a pore is the pore mouth. The pore size refers to

théasiy etbiprrdrash B meTHERD pe wissating e AR B e bliidg the 25

nypbetofieitahedialaoaitians hal farssthacperinatersat ﬂaﬁnm@ﬁeﬂnouth
A pore that has 10 tetrahedral positions in its 15%% uth common

RIS ETED, i RO WO Ae B PR LA S8 TR AR SBAO™
hw&aw&zﬁi@@@ af ringsotiicgriaatesaylietnoleunbnbibyehdsconly i
type of relevant pore n axis.in the s t o the crystal
oo PR AT i B AT AT e e pores
of dlfferent structures or may have pores with the same structure but

i 5 meerneisiongatalye ihenerifstiom e 8%cadestihat
numg} q%%étﬁ'n% E%Q&Qlﬁféﬂaa{zﬁ?é@ﬂ&%{@g RIRATOYSUNTING theyooF, or <

relevant pores with the same structure but different axes with

ROV BV O fel VIO IBHB S it b Shapd OB FREIp o Ed i Ho: °oF <

determine.the.Rarersize anddmensignality is as follows. Table 6 is the

first reference where these propertres are described in the row labeled

Sreve Struc e The Pt/ZS S listed asB R.which means th

RARCAE R R M LR

mﬁmaansmmwndsgmratypmasgmg @mre@ P{/328z:33Ve! listsgahsniDyeidrof the

3D which eans thati reg dimensiqpalmolesulansieve yihdoth
Bt%ﬁ“fZ r OIS%F"QS ]ﬁ eagt%%ture |s%ot listed in Tab?e 6, the foﬂ%owrng

r@ﬂarf@ﬂibeqst‘fcmltéﬂhml‘é@ oFZeb el ey be eiesaanihgmore
V\Q)MS Nigigr angdiPeElr. isahe plaR@visgd IO, 290 ind ReROI85ize aNdze

dimensionality for different 10 molecular sieves are in des%?{ ed. in the
§

ChaMTEISTERb IS TSIRNMh A Of SE TOF TN RRE ShE Ry of the

12:1907108 aymer}@‘ chfferant p@rﬂﬁmﬁmgh poreisite ;ﬁ)rhsteniﬂarfﬁhﬂmore
dlmens onallt is foun O&dg‘ summr number of as er T goﬁ:ig{ the

SiPE8 g%ﬁ’o i) wu Rﬁr%?%ﬁﬂlf—“ga ruc it
154&&%1@56&&5&4@@3@1@831&@1&‘ ‘the perimeter of the pore mouth. A pore that

has 10 tetrahedral positions in its pore mouth is commonly called a 10-ring pore.

EUE

Pores of relevance to catalysis in this application have pore sizes of 8 rings or greater.
If & molecular sicve has only one type of relevant pore with an axis in the same
orientation to the crystal siructure, it is called 1-dimensional. Molecular sieves may
have pores of different structures or may have pores with the same structure but
oriented in more than one axis related to the crystal, In these cases, the
dimensionality of the motecular sieve is determined by summing the number of
relevant pores with the same structure but different axes with the number of relevant

pores of different shape.

The procedure to determine the pore size and dimensionality is as follows. Table € is
the first reference where these properties are described in the row labeled Sieve
Structure. The PtB/ZSM-5 is listed as 3D 10R which means that it is a three

-10-
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The dimensionality is the sum of the asterisks and is two. There are two
types of pores, one 10 ring and one 8 ring. The numbers [100] and [010]
refer to the orientation of these pore axes relative to the crystal axes. 20 If

wa staturesis not listed in either Table 6 or the Atlas of Zeolite Sussitiesor4e

Types, the crystal structure is determined, and the abave general

apianysri el Ry et RINER B hita Bereoasd BifRetifonality Se! as L2/10R
wgraml@épl ﬁ%gfgkﬁm@e §i%ﬁeh§cﬁr@eﬂ%ﬁﬁm:%ﬁalaab&r@epeneimautha 0bR912
rings or less. Group 8 and the Perjodic Table are defined in.the CRC
IR of CRAIE? e SRURIE, PO o S B RoR b
Graupl@defesiiotieniznBunnctive Galbrych. (Bxedediby ReMIdemcahd, I301.
Slack Wax s a by-produ bricant. oil progucti W?f@(  GOQF+

hy Qkarbor gf:seegtlj‘}sgﬁ r%%nt’g@ﬁwrﬁvpne%% &0n n(glcr) %néél%%é%c sour?g%a%rﬁ as
arkidohear Sieopsete prdeesed i@i@hﬁa@é@hﬂﬁih ATbeiVefirbyasidantions 3 of
Rz géréBCf%OéSHF‘R%Qs%@f%‘?dﬂHQH%%EP@@&Q&&%&%%&&JE Wake is

by-product. 35 Hydrocarbonaceous feed, material or product: A pure
chtpband be dineurandittisipedivssusmptsihg TIEand ShERkaIS pore

NiQ-and etk elemmentsoExamplesz naluderantias.ayriietizeaiges,
intermediate stream, petroleum products such as -11 WO 2007/019457

PCT/US2006/030749 oline, jet fuel, di , lubricant base oll,
alcohols such as milwgh%ﬁzridxét ar%%é?%ﬁﬁﬁéc%ecﬁa%é%naceous asset:
terjals comprising H, C and optignally S and..other elements used
o BT A 0 o e o e B Al e e SRR 1
natuesl gas| (methameowodkipetroleunintar sEiYS 2ofidEraeisnaiéeil,
"Rl ARG NN SRS, fOunERg LS R Aatuatives of these and
mixtures. Fischer Tropsch Process: This iS described in U, S. Patent No.
6,392,108, issued May 21, 2002 to O'Rear. It is a process that converts

SYNIhesisngasnte e osaHeRIEBRUS 0AB PIQN IS ZSYNGas-(Ofusy THesiShe

gas): A gaseous mixture cantaining garbon monoxide (CO) and .
crgstai gtructure 1s determined, and thg above general anagysn 15 &seg 1o determine the

pore size and dimensionality.

Microporous molecular sieves are defined as having pore mouths of 20 rings or less.

Group 8§ and the Periodic Table are defined in the CRC Handbook of Chemistry and

Physics, 49" edition inside back cover. Group 8 refers to elements in the columns

headed by Fe, Co and Ni,

Slack Wax is a by-product from lubricant oil production. A waxy 600°F+
hydrocarbonaceous material from petroleum or a synthetic source such as a Fischer
Tropsch process, is dewaxed with a solvent by conventional methods to form a

dewaxed lubricant base oil and a waxy slack wax by-product.

Hydrocarbonaceous feed, material or product: A pure compound or mixtures of
compounds comprising H, C and optionally S, N, O and other elements. Examples

include crudes, synthetic crudes, intermediate stream, petroleurn products such as

-11-



hydrogen and optionally other components such as water and carbon
dioxide. Sulfur and nitrogen and other heteroatom impurities are not
desirable since they can poison 20 the downstream Fischer Tropsch

wyasessisddvese impurities can be removed by conventionalgeghudgiueso74o
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Syngas Generator: (Generation of syngas is discussed in U. S. Patent No.
6m9Ting jetimbeadicsahiiah Bricanets crrdeahelsarch pdnchanc! and
ingRIparaked herein by reference.) 25 This is a process or procedure to
generate synthesis gas from a hydrocarbonaceous asset. A syngas
generator can be a light hydrocarbon reformer using methane or natural
oEs @safeadstoek erse hrawthidreoarison fafd met oRefortyivg Théhates

a_yariety of technologies such a am.reformin oxidatian, §¥sce:
r \élﬁﬂ‘ﬁr%?eggri'égg é?g?%}%&gé%%géfﬁgrrbe (})%r(r)ﬁ?r?ggpa{%%(}%ﬂu'totherrniﬁal Sees
referming] Alsharsthim @@ edmetrotetie protadtiorilorsyagdelfeth HistRane
and an oxidant (steam, exvaeR.cahan diexidenais sirishaskair or

Cc %%ﬁséit}gan% t[ %é%{g%} pf%%uc% typically containés some carbon dioxide
and steam in addition to syngas. Series reforming, convective reforming

apd griothesmaldefuming iNEURMRIEIMOrE thananesysgas; fosinged May

reaction in order to better utilize the heat of reagion. Theqfr?c sse 1;%%0 ous
S8 IR OWN 16 the art.

Steamdgformation is typically effected by contacting CI-C3 alkanes with

steam, preferably in the presence of a reforming catalyst, at a

temperature of about 1300F (705C) to about 1675F -12 WO 2007/019457

P Silifi4S 2R060BETA8esS: (DIBSpanthpressovatafnirs eivern MOnsEly§&LO) and

b%r&s&rgo abg %&%}Q{%gﬁ]? (34 bars)nuitakie reforming catabsis wbigk canlfur

bé-used Inclu or example, nickel, palladium, nickel-palladium alloys,

anddmiiiger Redeiiobe oPHRSRRSRIGE AT RPUSISHARE SiE 4 Fan poson

desirable, (g LemeverRny syl SempoUNHeagpuiytaganstifidecand
mercaptans, contained in the Cj-C3 alkane feed, This can be affected by

PESBRENIEERIESIkane gas through a packed bed sulfur scrubber
containing zinc oxide bed or another slightly basic packing material. If the

s s TS Sl canacl ot SYoHIER R A28 Ul 1,

th C3 alkanes can 0 provide energ{@lmughout the
fasifityd Fanexafipk)(6xoddR €1 <3 alkbites OB Ry geketmpee.)
boﬁzelts Eg z? Ir:a(r)(\)/clzgs?s @}%%%&é‘&e&ﬂ%x%&%fmg @Q@P&ﬁﬁﬁfdl&:&fbonaceous

asset. A syngas generator can be a light hydrocarbon reformer using methane or

natural gas as a feedstock or a heavy hydrécarbon reformer. Reforming includes a
variety of technologies such as steam reforming, partial oxidation, dry reforming,
series reforming, convective reforming, and autothermal reforming. All have in
common the production of syngas from methane and an oxidant (steam, oxygen,
carbon dioxide, air, enriched air or combinations). The gas product typically contains
sOme carboﬁ dioxide and steam in addition to syngas. Series reforming, convective
reforming and autothermal reforming incorporate more than one syngas-forming
reaction in order to better utilize the heat of reaction. The processes for producing
synthesis gas from C;-C; alkanes are well known to the art. Steam reformation is
typically effected by contacting C;-Cs alkanes with steam, preferably in the presence
of a reforming catalyst, at a temperature of about 1300°F (705°C) 16 about 1675°F
212 -



In a heavy hydrocarbon reformer, the process involves converting coal,
heavy petroleum stocks such as resid, or combinations thereof, into
syngas. The temperature in the reaction zone of the syngas generator is

wabeui/d808F-3000F and the pressure is about 1 to 250 atmaspheras/ibtmeo
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atomié: ratio of free oxygen in the oxidant to 20 carbon in the f t

(GE Gorniemensis: %‘Bt@%“ttéoll?@,aﬂpe?éi‘%v‘ébwté%bpﬁﬁaeé%s.b%%
ifregﬁi%é}égfee@ra%:ﬁ%%%wy%t Sg@fcﬁﬁﬂ%ﬁé RaY Relads, Pxygemnenrliched air,

€., Ore than 21 up to 95 mole % 02, or substaptially pure oxygen, i.e.,
gRedEHaigse nBle B2 P ﬁ%%%%%ﬁ%%é‘%ﬁ%ﬁ%& %Sg%%‘?g%‘i' %
(c))/@gatl@@?age@eqﬁr@égra@em@raihwmmmimm' pocodspegitibydingemkuliide
0 ending on the amount a MRPQsiti the feed. e
LS B B OB 7D, Co LD o Boin, Nots O v Caas
toHR0M; E428kBricteeR 0y DOS: BOBIPHDT RO tbiBD @NEINIEFRS P1jde bed

Particulate matter entrained in the.efflu |
oDhGIVEBGAT SIS GBI MGl carlculaiy sbout T lo 10w 205t

partiealnter SatsonipsEaweiiHbe FEEa Y irf -t g f51R6 g o provide
geneAon v ashraisuiate S0 matie:, mayRapresentaongitithacd in a

partictlate carbop and molten slag, ,Conventional gas cleaning and/or
p&Fﬁ‘?@&ﬁBHf‘ét@ﬁél?ﬁ%‘? He éﬁﬁﬁdﬁgg} %ﬂa%{g‘ﬁﬁa &8 r?%)eéjd in U.S. Patent
Elo. 5,423,8%4, issued June 13,.1995 to Child et al. The syngas can also

e generated by directly converting undergr :
R el T b S
hysitesiathosackousassetsids desoribactinyBeraste itte 5982515 M kaeprature
March 2. 2004 to K i - el of;
P@% §%§8fb§%]?4%9ﬁ§g§%§%?%%%§r¥égNorggg%gaaﬁfzﬁonog iIr; %nvi;he Pressie

Samplas DetddiAinmisnistsorPiaRPTAL WEse CERESThIRGPS SRpTREL ©

should vse.a-methed thalcandaiamynehroostent of individiakBt6.50 to
C> >0 n-paraffins with a limit of 10 detection of %1 wt%, The gre&gg{%r ‘o

méthod BREEG RSB EREFT A0S AHLGEE B Rormarparatfins in wax

is detpeminacinyngasoshiormataarapiub (GO The8 Cx(Agileht 689@.rthan 25
5890.with capjll

coooth el spleplles, e pene sl el

hygsaeatbons: Mihdotetharcatipreti eprivetryesiidsaending on the amount and
composition of the feed streams: H,:8.0 to 60.0; CO: 8.0 t0 70.0; C0»:1.0 to 56.0,
HyO:2.0 t0 75.0, CH40.0 to 30.0, H>8:0.1 to 2.0, COS: 0.05 to 1.0, N2:0.0 to 80.0, Ar:
0.0 10 2.0. Particulate matter entrained in the effluent gas stream may comprise
generally about 0.5 to 30 wt. % more, particularly about 1 to 10 wt. % of particulate
carbon (basis weight of carbon in the feed to the gas generator). Fly ash particulate
matter may be present along with the particulate carbon and molten slag.
Conventional gas cleaning and/or purification steps may be employed such as that

described in U.S, Patent No, 5,423,894, issued hune 13, 1995 to Child et al.

The syngas can also be generated by directly converting underground
hydrocarbonaceous assets. An example of a process to convert underground {or in
situ) hydrocarbonaceous assets is described in US Patent 6,698,515, issued March 2,

2004 1o Karanilas et al.
.13 -



capillary column, routinely used to separate hydrocarbon mixtures by
boiling point. The column was fused silica, 100% methyl silicone, 30
meters length, 0.25 mm ID, 0.1 micron film thickness supplied by

waUReIseddelium is the carrier gas (2 ml/min) and hydrogensangQsa8se749

5

10

15

used as the fuel to the flame. 20 The wax is melted to obtain a 0.1 g
homogeneous sample. The sample is immediately dissolved in carbon

di 5 3 d ek Reaspiiin B AREDIC

visually clear and free of solids, and then injected into the GC, The methgl
STREHBESIRAP TS PEateBRLSI 1o BENRA teaBErik Rl rant B8tk

Initial damRictRRCe (HeCdde e dbimidiacabonsare Prasarihstheinitiahit of
erature was 50C) Ramp: 6C per. minute, | Temp: 400C e Final

tem ] (r) Fi

h(ﬁ?%@lﬂﬂ REed B Gnth 5eARETE I BTG eftie lgﬁsTy‘%liogv&umn then
effectively separates, in the order of rising carbon number, the normal
paraffins from the nonznormal paraffins, A known refere ndard is
aié??%té%‘{lﬁetﬁggsle‘é{srﬁé) fmngﬁrﬁér %%g?ggﬁﬁ%&%%%ﬁ%é&% § égspecific
noimakgageffiny (@aks ThhéiStahgil G880 45 7T Mib2esilarspurifiplitiess
standar r - (Agl Sine pikedwith 5
Wt%i%%é%%}?g %@%ﬁ)ﬁgﬁdﬁgjﬁé@gﬁ%&r Petrpli{t;eﬂ%gr oration in
Onhisbidy s sraitiyang [y freteebpptiof 16 msiberanilizes s fathykidicone

collesigd romdtne-snalysinQidhestpierencrisiandandalsorag baraiegotie:.
resolving efficiency of the capillary c?lu]mn. -14 \%O 2007/01 45072 5 D

PAIIIETOENTS07HY 55l USH R TSRSt WA i%lﬁa%in-pea% ’
arg. welkseparatedoanese agibhlisEntifiapdi frofebtive isid weaeb gas typss min)

| ?gﬁ?ﬁ%%%;%ﬁn ple; T L‘S%ﬁeaf%%ﬁe?%t@?fﬁ% ide the retention time of
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afins are called non-normal paratffins. The total sample is
integrated using baseline hold from start to end of run. N-paraffins are

. [ t ol . g | iate
Z ol é}?i‘%o %Oﬁﬁeﬂ%% lotlarea and kg WHP B, vellgytapraieynMldiately

etected are normalized to 100%. hemstation was used

forltbrelpesin faemiridiHbilarcEs alatich B Teghid! necessary, the solution is

heated until visually clear and free of solids, and then injected into the GC. The

methy! silicone column is heated using the following temperature program:

® Initia} temp: 150°C (If Cy to Cis hydrocarbons are present, the initial
temperature was 50°C) |

e Ramp: 6°C per minute

e Final Temp: 400°C

e Final hold: 5 minutes or until peaks no longer elute

The column then effectively separates, in the order of rising carbon number, the
normal paraffins from the non-normal paraffins. A known reference standard s
analyzed in the same manner to establish elution times of the specific normal-paraffin
peaks. The standard used is ASTM D2887 n-paraffin standard, purchased from &
vendor {Agilent or Supeico), spiked with 5 wt% Polywax 500 polyethylene
(purchased from Petrolite Corporation in Oklahoma). The standard is melted prior to
injection. Historical data collected from the analysis of the reference standard also

guarantees the resolving efficiency of the capillary column.
-14-



Measurement of B. Al and Si in zeolites and solid reagents: Elemental
analysis is performed by ICP-OES following digestion of the materials
with HF digestion in 15 Teflon beakers. The limit of detection in the HF

wavhdtionefsB is 0.1 ppb and Alis 0.2 ppb. The ICP-OES techrigue©i86/030749
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described in Willard, Merritt, Dean and Settle; Instrumental Methods of
AnBiysisnTithtelow!S s mahsieadintpealdirmie srdlerieiaizdipntheastiginal

Mg t i dacksullisisht maiss -
|e§i‘?{§?‘§%‘~?§% e 1 s et cung

cothisislsehrgssention mephibe siowerkamEs AR R Ied Dt e omebri¢fram
of TRaterial.Heweyak-when theavalable:srmpie size is iasthan Ngiaatins

as is the case for small research samples, it js.acceptable to measyre
(265 YOETS 0 AT B D OB MGA resert, Bt ] peeks
reagegibdwaien:eid)atdocaictiataiehmaxinmmwamsed taf thlupmatum in

the s%gg%e ass rgag[%%gd at all.is ﬁ%?ent in the final product. 25 For this

wé(ilﬁ? hihuR CoRten 00f fiRe reagents used in this study were:

Tetraethylorthosilicate (TEOS) Not detected Cab-O-Sil 18 ppm _Deiqnized
W%%%M&H&%E%%‘g‘?‘ A30.MRANOS Mot detected MagB A DRsCbaG His is
Examples The aluminum corntent of wea tyaC| ic molecular sieves made

in ik tithSuP e fodraiepdigrssanatidhnmalssiels pElbR Y FsH B
Meaguremartof sulfisnang pikeasn infredstasksoirof Bamples yithdauss 0.2
points below 50C the nitrogen conj;enéin thWes IS easurffrge ?‘X the
foBwing!e-Ka WESBERNTEE 4% FBETI0 8200630796 s BrBRERT A

0. &r2Qrgepattideiaddesn pleais«k| et dising #sotvantaitemmidndliteirdeofction
diluted sample is injected int uartz boat sitting i i rean

T S T PE U R LT S BB i Acold L0t 5 O R ot
sample evaporadesoifhe. bkatitfedesansthe Giadesnerisonsthoosggeeniminen the
;‘_ﬂ%ﬁiﬁ@?ﬁgd %ﬁl&?%ﬁfﬂ%ﬂﬁﬁ{és amene l_oélilﬁﬁ QRSES o M1 RXIIE(NRLn the

gases are dried, swept into a detection cell, 10 and mixed with ozone. .
Tre BEbHcsrERbs iRt Nes, Bl o ckicimtlis e Seetealiitparch samples, it

is acceptable to measure trace levels of aluminum in the components (silica reagent,
boron reagent, water, etc) and caiculate the maximum amount of aluminum in the

sample assuming that all is present in the final product.

For this work, the aluminum content of the reagents used in this study were:

Tetraethylorthosilicate (TEOS) Not detected

Cab-0-8il 18 ppm

Deionized water Not detected

NHMNGO; Not detected

NayBqaOy Described in Examples

The aluminum content of weakly acidic molecuiar sieves made in this work without

deliberate addition of aluminum is below 20 ppm.

Measurement of sulfur and nifrogen in feedstocks: For samples with pour points

below 50°C the nitrogen content in the samples is measured by the following

-15-



in the process. The light is detected and converted to a voltage, and peak
areas are obtained for each sample. The areas are related to
concentration by means of standards. Results are reported as ppm

wattogened3etail test method can be found in ASTM D4629. d&rihesskisd740
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content is measured by the following procedure for samples containin

|lgmscedare.18002phespAftien Al S8Ew '%bﬁ%ﬁﬁi@%ﬁ@k{%&%%‘ﬁff@f of
TGRS, %Ql%é&é@ﬂ% izﬁlga@ﬁ%&ﬁ@%ieg%%i%@éy@ams@te@n. The boat is

temperaturé of 1000C where the sulfur is oxidized to sulfur dioxide, 502.
Whprsiae telar Ry R SIGR SYEREsR RSB P SRR G B o 7
SIEIRIe AQRRHSION BRSES AgnRXEexROsRME iddightuTheuBiRoduce,
absorbs the energy from th ight and is conyerted to excit *

T AEONBGHE S BIRAH o o et S50 B SR o i el
state SR isileisniedrhy ephoters tiflhad €y svardofiehersilitsigerseisalight
measure of the sulfur . contained in the_ sampl ' o
B A ok
sultrintefsutieh camsnt Tomesasunsd Btk R EOFANGSHINEY MRASStir

PQINtS 06 29 AR a%?Pe\(a%réﬁ%@%ﬁrﬂgnﬁﬁeg%ff%ﬁﬁé%@ﬂ%ﬁd@aﬁm found in

process, the preferred method easure heteroatom contents is
desEFBEd42B0 U. S. Patent No. 6,503,956, issued January 7, 2003 to
Maleksadeh. We have discovered catalysts that can be used to

hydroconvert heavy normal paraffins,.to form C5+ normal paraffins.
oS U HE A AP SO LIt 4 B O ean e ] opui e o

eXpRseousuitl B5AdhiciaperaupwsakslagiditCnadcutdisimoe dietbid
o oo cid Lnclons, PrEIFRNSEIEA Ol U GombneEn g ABGoRr e

angraiinGRY Fhe "Microporous weakly acidic molecular sieve can be .
conifiesed-Ghiacsilicentisr d6NO 300 MHTABTIPE FRIBLHISHTER P49 T ustion

framework sychyas a-zelile,srd arefarahiy thawepkiypeidiv mgiecttar SO

sieve Is a zeolite and contains pores of 12-ring or less, for. ores

ofabectirghe enessy ae fedkk 1%5?@%5@@0’%?%&%"8&8?&'nszgpé%g:)nd

oxife elementniaiicarbeite.the fisath thatdoasmetsndusaistronte &idity
Dut acts 0 promote. hyieneoYeTSIoN oL PaRIe: 1a.e85en NG

contained in the sample. Detail test method can be found in ASTM D5453. For

samples containing more than 1000 ppm sulfur, the sulfur conient is measured by

XREF,

For samples with pour points of 50°C and above, especially those from a Fischer
Tropsch process, the preferred method to measure heteroatom contents is described in

i

U. 8. Patent No. 6,503,956, issued January 7, 2003 to Maleksadeh.

We have discovered catalysts that can be used to hydroconvert heavy normal paraffins

to form Cs+ normal paraffins. Key features of the catalyst are:

o A Group 8 metal (for example Pt), optionally exposed to sulfur.

o A microporous weakly acidic molecular sieve devoid of strong acid functions,
preferably devoid of the combination of siticon and aluminum. The

microporous weakly acidic molecular sieve can be composed of a siliceous
-16-
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10 titanium, most preferably boron. A defined activity and product
selectivity for conversion of n-16 at standard conditions, It can be
advantageous to expose the catalyst to sulfur prior to performing the
woparaffimbydroconversion. This pre-exposure can be done tyiuseakiso740
hydrogen sulfide or a light sulfur-containing compound (e.g., dimethyl

sulfide, ‘Emetykdisifaa m&%@%@)@ﬁ@%&%&y%&%&?&&%ﬁﬁﬁ@%
more than 1.BrM sKlmderexaariem t&%s@f&%ﬁaﬁ%}} Y @&MQ Tlithg

over the catalyst prior to the pari’;\ffl roconverS|on ena w_sulfur

feed coRtAfRTng HEHEHHE KA B HAADRBHR EREATE RS SR ST ment
Catalyst(ﬁﬁcfwﬂi@umqtmmhm foi hﬁﬂﬂ@&ﬁsﬁﬁt@lyﬁﬁt&tysmu bfortthisomote
inventio an be |dent|f| Xaper{or g'n % ﬁt u5|Q% gag 16 asa
feedsto A083?§%5§¥0%0rﬁbﬁ5|nd3 GRe molectlar sieve-and at least
one Groupﬁmﬁembxsptemwbjacp“omtlon|ng 0.5 g of the catalystina 1 /4
inch internal diameter. tube reactor. If the catalyst, converts.at

of - hex eSS e SR R Gl R S PR
psig, in tvagtEsence of hydrogen at a flow of 160 ml/min and a

n-hexad Q h
S R

catalyst bassd5 iy dE AN TOB oA STE PRI Ragh Beptee by iehtion.

30 Feat%%gfeﬁﬂﬁﬁmeﬂmgﬁeMﬂmmﬁm@%@;ﬁtﬁm&(@gesﬁﬂﬁﬁhyﬂmﬁde,
A feedstock contalnln > 5 wt% Co+normal fﬂns preferabl > 50 wt%
Cio-+norigcHarH 3§f1519811é1f‘é)ol ‘EW’ PaRARoe

Suitabletsgul quﬁmédﬁf&ds’b@emﬂ;ﬁ& demelehfmmmﬁtmimu‘mmmmsmdzhe

35 synthetic crudes. S ck wax % Fischer Trop duct

preferrea E[e&fiés‘toc et g%ba}ﬁ ikerya=leay] %%p ?)%7839 ‘g%%s%

The feedstmwlnmgme:@mﬁimd@an levbisioksaifentangingrbgent(ted thialvble

of, preferabic. i e Wtk e JAEARIORSFRTSARIERAE Ele

oxygen specific Iy less than I wt 0,
identified by performing a simple test using n-Cj¢ as a feedstock, A catalyst
comprising at least one molecular sieve and at least one Group § metal is
tested by positioning 0.5 g of the catalyst in a 1/4 inch internal diameter tube
reactor, If the catalyst converts at least 80% of n-hexadecane ata temperature
of <800°F., at a pressure of 1200 psig, in the presence of hydrogen at a flow
of 160 ml/min and a n-hexadecane feed rate of I ml/hr and 2) produces a
product comprising Cg hydrocarbons having an iso/normal weight ratio of less

than 0,75, the catalyst passes the test and is considered useful in the present

invention.

Features of the n-paraffin selective hydroconversion process include:

° A feedstock containing > 5 wt% Cjor normal paraffins, preferably > 50 wit%
Cjp+ normal paraffins, most preferably > 80 wi% Ci¢+ normal paraffins.
Suitable sources of feedstocks are derived from petroieum products and
synthetic crudes. Slack waxes and Fischer Tropsch products are preferred

feedstocks,
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for example less than 1000 weight ppm, or less than 100 weight ppm.

The feedstock can be purified by hydrotreatment prior to hydroconversion.
10 The pressure is between 50 and 5000 psig, for example between 100
waneh20Q04sig, or at or between 250 and 1000 psig. The LBetViis2006/030749
preferably between 0.5 and 5, for example between | and 2 LHSV. The
5 temperatiteftsdirriewnt c00and8oorEfo sxfinpedsdtnaeh(Faoheiables !

800F, orpp@%@ng&ﬁgg Yelaky. If the process is conducted in a

continuous mariner, the per-pass conversion of the heavy paraffins in the

fetdstockits fsediaen et cowpolesy 151 S ahmke Betnedfcadaists diod, v

betweencGQ aad,150%4:s The BB wegnahRaraifisis prodLm ssapasated
from any unconverted 20 feedstock f&r{ Qe]xample by distillation.

P&rformAnedsRISAfA Atk BETHER A YA SERIBSILY 16 RGP BRSFEs™

10 cantact with thedaedstekden® bydrooonaries: MolgasiBsdisvad@and 2000
Examples of molecular siev § us%tﬂ)r% n-Paraffin Selective
HydrocolRieraldt ﬁ‘é"eﬁ’eze%?l? idi friclude, but are not limited to,
these depignaet $5#-13285 88321557 o4, S HE AP BLEaS57a0T 2
SSZ-58, %%%—59, SSZ-64, ZSM-5, ZSM-11, TS-l, MTT (e.g., SSZ-32,
ZSM-ZSIa he like), H-Y, SSZ-60 and SSZ-70. It should be noted that
these malectdapsienes ieactweentdit sl GRS fiveeraajpletotiahed FAN3GA
element 81012 i or are microporous molecular sieves

15 as defingg%gg\r/ééqyg ng%séﬁj%fzﬁaﬁbaraffin selective hydroconversion

catalystd ttteypnoasts contadudew levelsbfiettonyghpaidie corrpshepmgersion of

(such asalyminum). §eainR peakinacitlcmpengbEsHch as b

or titanium) and’be composited with a Group 8 metal, such as platinum.

35 Molesghaegictibass 3 13, ik drieed’ifnd. & Patent No. 4,544,538,

isqued Qglober L, 1IBRIERAReS0 a1 WEARALA BLAAR% unconverted
PCT/US20061030749 5 Molecular sieve SSZ-33 is disclosed in U. S.

20 patent N&edsigeis fe8 9xqaapledy distillation.

® Performance is enhanced when the catalyst is exposed to sulfur prior to

contact with the feedstock 1o be hydroconverted.

" Molecular Sieves

25  Examples of molecular sieves useful in n-Paraffin Selective Hydroconversion of the
present inventién include, but are not Himited to, those designated SSZ-13, 882-33,
$§7-46, 8S7-53, 88Z-55, 8SZ-57, 8SZ-58, SS7-59, S5Z-64, ZSM-5, ZSM-11, TS8-1,
MTT (e.g., SSZ-32, ZSM-23 and the like), H-Y, SSZ-60 and SSZ-70. It should be
noted that these molecular sieves each contain silicon as the major tetrahedral

30  element, have 8 to 12 ring pores, and are microporous molecular sieves as defined
above. To be useful as n-paraffin selective hydroconversion catalysts they must
contain low levels of strongly acidic components (such as aluminum), contain a
weakly acidic component (such as boron or titanium) and be composited with a Group
8 metal, such as platinum.

35
Molecular sieve SSZ-13 is disclosed in U.S. Patent No. 4,544,538, issued

October 1, 1985 1o Zones.
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5

October 16, 1990 to Zones. Molecular sieve SSZ-46 is disclosed in U. S.
Patent No. 5,968,474, issued October 19, 1999 to Nakagawa et al.
Molecular sieve SSZ-53 is disclosed in U. S. Patent No. 6,632,416, issued
wiP-Reiphges14, 2003 to Elomari. Molecular sieve SSZ-55 is gisgigsgsitzbiao
S. Patent No. 6,475,463, issued November 5, 2002 to Elomatri et al.
Mudlelenidar sieve S245 sidislisaabedindUP 8w alent NG . 538414498, issued

ABFI 8? ?99%%@{8@&{& 15 Molecular sieve SSZ-58 is disclosed in U. S.
Patent No. 6,555,089, issued April 29, 2003 to Elomari. Molecular sieve

SEpisgiier diseiossé 4 iy dopatdnn NoS eLatatgss, 18ty ‘Otstr 15,
2002 i.Elomasi Malegilalgsievg SSZ-64 is disclosed in U. S. Patent No.

. 6,569,401, issued 20 Ma%27 2003 to Elomari, Molecular sieve ZSM-5 is

10

15

20

25

30

35

dilssulpieyeSSPata At Mg a9 D 886 RUGRRI RRHIGL 185672 1o
Argauss-qtaboliole ubasieve ZSM-11 is disclosed in U. S. Patent No.

3 709,979, issu uar 1973 .25 Molec ve TS-1is
el S S e st S bl NE SR LR,
Taxamaﬁm at20MolEsutarisiesie MTT is disclosed in U. S. Patent No

O PR 88 “%zo“iqgﬁf ci%?@dlzﬁouz%”%eyz N, RALNLDO0 2,632,527,

isstied October to Zones, and U. S. Patent No. 4,076,842,
iséped §@8R3dp/E80m78 to Plank et al. 30 Molecular sieve Y is disclosed

inMoiéuPa?@wehé@Zss%]xQ @M@é@@fﬁ dr AR gkt 3OS 13 sBrecksMalecular
sieve SSZ-60 is disclosed in U. S. Patent No. 6,620, 401 issued

SépmBet B, oddamgtElomari and U. S. Patent No. 6,540,906, issued
Aptib 120 2003:49 $9omar dsddatacular SiewetiSh. /4sidiseldsaddn

publis%eédﬁ?eog%te&t A%Phcatlon No. 20060140855 Al, published June
Molecul.ar sieve §S7Z-64 is disclosed in U. §. Patent No. 6,569,401, issued
May 27, 2003 to Elomari.
Molecular sieve ZSM-5 is disclosed in U. S, Patent No. 3,702,886, issued
November 14, 1972 to Argauer et al.
Molecular sieve Z&M-11 is disclosed in U, S. Patent No. 3,709,979, issued
January 9, 1973 1o Chu.
Molecular sieve TS-1 is disclosed in U, S. Patent No. 4,410,501, issued
October 18, 1983 to Taramasso et al.
Molecular sieve MTT is disclosed in U. S. Patent No. 5,053,373, issued
Octobert, 1991 o Zones, U. S. Patent No. 5,252,527, issued October 12, 1993 to
Zones, and U, 8. Patent No. 4,076,842, issued February 8, 1978 to Plank et al.
Molecular sieve Y is disclosed in U, . Patent No. 3,310,007, issued April 21, 1964 to
Breck.
Molecular sieve $8Z-60 is disclosed in U. S. Patent No. 6,620,401, issued
September 16, 2003 to Elomari and U. S. Patent No. 6,540,906, issued April 1, 2003
to Elomari.
Molecular sieve SSZ-70 is disclosed in published U.S. Patent Application No.
20060140855 A1, published June 29, 2006.
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WO 2007/019457 PCT/US2006/030749 5 Each of the foregoing patents
and patent application is incorporated by reference herein in its entirety.
Catalyst Preparation 10 Synthesis of microporous weakly acidic molecular
weievesshMisroporous weakly acidic molecular sieves can be synthiasinedse749

from mixtures comprising inorganic reagents, water, option H organic

5 AR IR S (P BRI HPRHES) SRt BB RF e
basesmMNa@EhilaH, etc). This synthesis is well known in the art and is
widely practiced commercially. It is typically 15 performed in stirred
autoclaves, operating at pressures above atmospheric pressure, for a few
days:|Fh@pradiicinof the synthesis is recovered by filtration, centrifugation
and other techniques. The microporous weakly acidic molecular sieve

product is washed to remove impurities; A feature of this invention is the

10

{aeép weakly,aciic,20.molequla sievs, Fanesiall s RnuEGS 10

be avo

contsRlied Byipuyifigatiopisueh asigaexshanNaGHIHIOUkin)thEhis synthesis
~inorganic reagents can b .congcilled b& sglecti%{} I%E eer 'i??sgtenféa'% r
silfcXLOHRANHIHG e ARt SR I AR SSRTERt st be as Tow a
15 pessibiecicsssthan sR0weight AGpin araferabiypiess ttransphgiwpighure,
ppm, most. preferably les n [ . f ;
L e L e D
whidhotentahsiques 2Fhesighoppievainalal Reidip pEie R RPERIE bR

the. Ratah), AsMREIRR fimed slichioanminelaidicR tesilicaiwhichreagents
contains < 20 weight ppm aluminum. Other examples are tetragﬁﬂ Fl’ecédéﬁ

ofthaeié AtE WHFSINE BhEERRE 301 P aeRg ARIBIRT DTFIRIUATSES

20 Malgralswhich conlainian A¥EeRtives ameunbidtalurinumiferpufpiises
of this invention) are Ludox AS-40 éw ich. t\)//gsica}}!l coggain%i%otoo gglgmmm
PR RAFRRG Eh iy RISRE G55 QLTRSS 5B atent No. 4. 755,279,
issuedidulybod 888 tdlddrimuthistaigrmande aSoPatehte. Alg28imsn the
ssued Mareh 1, 19880 ncoy(h 61 ol AR AANRISALIAe FWUNUT. Raining

coRteft of fﬁ%‘%@%ﬁssﬁﬁ%g?ggae%ts is in Microporous and Mesoporous
Metegiats, B2 a{1989)11 ¢GUERDMAS g RSN BaesiigmipeRimpORitedah
25 NGS5 1BAMGRLR WILIMARTOCUESSS BliancasigibterSingealumimumiagsisian
concentrate in the microporous_ . )
An example of & low aluminum silica-containng reagent 1s CAB-O-SIL M 5®
(furned silica) which contains 4 to 24 weight ppm aluminum (apparently depending
on the batch). Aerosil 200 fumed silica is another source of silica which contains < 20
weight ppm aluminum. Other examples are tetraethyl orthosilicate which contains
30  <0.2 weight ppm aluminum, Examples of materials which contain an excessive
amount of aluminum (for purposes of this invention) are Ludox AS-40 (which
typically contains 1000 weight ppm aluminum) and Nalco 2327 as used in U. S,
Patent No. 4,755,279, issued July 5, 1988 to Unmuth et al., and U. S. Patent Na.
4,728,415, issued March 1, 1988 to Unmuth et al. An analysis of the aluminum
35  content of typical silica reagents is in Microporous and Mesoporous Materials, 32
(1999) 119-129. At high levels, the aluminum impurities in these reagents will impart

excess strong acidity. Since aluminum tends to concentrate in the microporous
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-20 WO 2007/019457 PCT/US2006/030749 5 weakly acidic molecular

sieve product, the 500, 100 and 20 weight ppm limits for the silica reagent

will translate into the following weight ppm aluminum limits for the
wihimoporets weakly acidic molecular sieve: less than 1000 WeigH2ps30749

preferably less than 200 weight ppm, and most preferably less than 20
5 vo’éff@hkymarﬁm?@?qﬂ&fe%?"N%?Oé?fgél,lffﬂ%s%%ﬂlign%@%‘g& @I?F@@é‘-‘ r%” the
Zgnesred @t deseripasithatprapasatomafidsatpan Baiaumi¢mmis fouthe

weakly acidic molecular sieye i accordalrégeﬂwai}n%ié&g

; iQn. i
tHE ERENEE oM 113 SIS noo?ﬂlg?’rtgi 6 used 'm commercl\léﬁf%ggllbg%rﬁggy
thesc dtalyHiCongonpntsamisiobient & fdrin du i thora2ieisbiaphe f6F §s8atent
T}QS_ fg) I’irglg ?1?%@%%& WW%%@C tt8%11@%?&%'9&%@@%@%%ﬁ0n of

microns, preférably great an 1/50", most preferably greater than
10 1#2gtoniRstiomsiogears ieddr adidicaenarilrpsime Parsasrgeeritdiy,
and compbinations thereof. Extrusion is the preferred method. Extruded
materials can be cylinders, trilobes, fluted, or have other axially
symmetrical shapes that promote 20 diffusion and access to interior

suraees.- thoaAssist biessaigka catalyst with good physical strength,

binders are typically used. Binders. In preparin talysts for use in the
TR B 5 T TR RS e P8 SR Bbbboare
15  bowned Hey ale: prétédalfty cenifositechwitduiadastinmabberials tessistant to
the temperatures and other conditi loyeddn hyeocarBon, e ferabi
cﬁ%%r%iij%l}] r%%é?s%s%%&%%fﬁ%%%%%%g use matrix rﬁateri%éetﬁgef d}(;

neteitRyaherstrdfy Bbiefiyrmmins v bagayst cuehvaamimadirig ppsxruding,
inclyde-active ARGLNactvs Ralarials. Freaueathchindersate addedites can

improve the crush strength of the catalyst. 30 The selectign of binders and
DRSSP M RS O A ORO SE VR SCRIES ARBVGELRAP

20 SiavRand s infenrdedinse ot hethisderaastarial tamie selested fitinzood
among the refractary. oxides of metals of Groups 4A and 4B of the
P%I??gfﬁalfgﬁ?@%fﬁfﬂé%fe%?éﬁ?é?%%rﬁscelﬁarly useful are the 35 oxides of
silicon, titanium and zirconium, with silica being preferred, especially low
alg{n%nym silica. Combinations of such oxides with other oxides are also

. For example, silica-magnesia, silica-zirconia, silica-thoria, L

silicartrenyiitasasilzsistiieiee in the present invention, the microporous weakly acidic

25  molecular sieves are bound. They are preferably composited with matrix materials

resistant to the temperatures and other conditions employed in hydrocarbon
conversion processes. Also, it is preferred to use matrix materials that do not impart
strong acidity into the catalyst. Such matrix materials can include active and inactive
materials, Frequently, binders are added to improve the crush strength of the catalyst.
30  The selection of binders and binding conditions depends on the microporous weakly

acidic molecular sieve and its intended use.

The binder material can be selected from among the refractory oxides of metals of
Groups 4A and 4B of the Periodic Table of the Elements. Particularty useful are the
35  oxides of silicon, titanivm and zircontum, with silica being preferred, especially low-
aluminum silica. Combinations of such oxides with other oxides are also useful. For
example, silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia, silica-titania,
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-21 WO 2007/019457 PCT/US2006/030749 5 titania-zirconia, and
silica-magnesia-zirconia can be used, provided that these combinations
do not form materials with strong acidity. (In contrast, the silica- alumina

waingernrbatorementioned US 4,728,415 used for borosilicategiaietimsowatlso

5

10

156

20

25

30

35

impart strong acidity.) These oxides can be crystalline or amorphous, or
ctitpiie-rtosidomd sligeiatgensisFiecpitaas beoreidrauasddrgdissSilica
in.the, form of &silicaosal Ads Arrafesrer bindery Anreferied, silicaisel has

about 30 wt % silica and contains . small particles (7-9 nm jn diamete

RN b A LY RAERR R UL ) el

- stipaths-dngHBimey Pelfatsonexisudatesdrameleculassinves oneiuding: the

the microporous 15 weakly acidic molecular sjeves useful in this s
ORI UL (U et A Heh st o flen o
inaggititaréd tedeindersfFnesalmdditives areuticdlly oltparsied contains
compounds such as cellulose based. materials, for 93@%&@ Methesal@O
s&%%ipff%\%eé eg?égll%%i%nét Qﬁénelg{}ycoﬁ and st%aric acid.gMany such
cossigbuntsrarexkaldeuhdanishetmastiss important that these additives do not
leave a 20 detrimental residue, i.e., one with undesirable reactivity or one

that can block pores, after pelletizing. For this invention, it is especiall
dEsmaizie paleS s rasinrsaB R ISR SR PO N LB H&?thg’lﬁ"ﬁ%ys

catalyst- aENB-3heNerliasssikRe dssms hinginilliemey eeles Byiiebidhesag

materials. The residue from the extrusion aid is preferably les .a f
teRTREsHas Ry FRRPLY 578 ?gtﬁﬁgggﬁ?gn%‘%ewﬂ’ 6. D5 gﬁ%ggl%rse%
PropRENY eataystenpopaditars aresivetideriond twatust.Jkilledinpihe art

and include such conventional techni S Yy dryi IZiAGny such
o S0 B e Ay sue

develppedisetiod ot in-texeudate ifoneransihet thesvadiierphilfarcideave a

desgriberin GLaleni o i 95k 8rbisCissiad Seplembenatiddbie.
lller and U.S. Patent No. 5,514,362, issued May, 7 l?ﬂg%? to Miller, ca

alefen@lissaimpnB e itre R Of FTRSEPatERY LS IRRPEoTARRE"SS do not
hereipysafersRcendi i slativesunparinn siof mateciiad srevesgottigemove

binder/matrix_can vary widely, 35 Generally, the malecular. sj
R O B SR i S B P g v By al
ustally ithermange ofdfrom.abostBetorablyUt 95 weightwt Y.

Methods for preparing catalyst compositions are well known to those skilled in the art
and include such conventional technigues as spray drying, pelletizing, extrusion,
various sphere-making techniques and the like, The newly developed method of in-
extrudate formation of the zeolite/binder as described in U.S. Patent No. 5,5 58,851,
issued September 24, 1996 to Miller and U.S. Patent No. 5,514,362, issued May 7,
1996 to Miller, can also be used. The entire contents of these patents are incorporated

herein by reference.

The relative proportions of molecuiar sieves to the binder/matrix can vary widely.
Generally, the molecular sieve content ranges from between about 1 to about 99
weight percent, and more usually in the range of from about 5 1o about 935 weight
percent, of the dry composite, more typically 50-85%.
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percent, of the dry composite, more typically 50-85%. -22 WO
2007/019457 PCT/US2006/030749 5 While laboratory use does not
require it, the full-scale commercial use of the invention likely requires a

woaendibmisroporous weakly acidic molecular sieve. It is prefSITEasee06E480749

5

10

15

20

25

30

35

whole extrudates rather than crushed extrudates or unbound microporous
weakly acidic molecular sieves in commercial operations. Bound 10
mwr@lpoﬁbuaw@aw asidiomelatular hietes sadel eaﬁhﬁsmelsmrefdh@p

throu ctor rovi e improved flow rate and re e rto Ioad
O 11( ta [8)035! Croporops W’e am mo ars ve IS
uh oa the 'synthesize mlcrop s weak Y aci

nw‘éwla?telemwim}weemmvdﬂ&mmmmmmmmﬂieenﬂar
SI]%Y&" gJ%Q%%lﬁe?‘é%lS?& 8&5’&(&%@%%%o&%ﬁe?&ﬁ?ﬁ?%ﬁﬂé’%BGH?P"ed

by modification méthods. Suitable modification metho e acid
exHEICHOFPRE Pieaily afttiHegicaen pities autmBstvABEnHsrHaaneh 2

ﬂH@J&é#'55%61@5‘Qrﬁﬁ‘m@t!‘ﬁﬁ%tgae&ﬁ@&ré@a@?@@%@%@a&'ﬂygﬁ{@a@ntaCtlng
the microporous weakly acidic molecular sieve with aqueous solutions or

steam at 20 concentrations, temperatures, and times sufficient to remove
tm@(ﬁemtgrong acidity, preferably without significant loss of the

t#:t%tu s de rmined b ag or t1 2. ore leume Gr E%)baMgtal 25

e cast)alf Sé%em n?‘llgreéj a]iOIeas roup glecu S}ierve era noble

mstedofftoRelydRlkly rekiis @s!)eadat mereip f@ferémylmatmwm Sffhexgembm this
Offﬁﬁ&l%eé% 'éeqf?ﬂ%(?eﬁ'gé % @cﬁﬁ@até%%q{fe%édté) e FHS&%EB&BB%@E%&&

to 3 wt %, and most pre 3to 1.5 wt %, based on the weight of

tH@%@%@Q@%ﬁk{}b’a@diﬁ m@é%@larsﬁé%ngPWH%téﬁﬁhﬁ@%}ﬁ%ﬂﬁﬁat

formreaityel:chasaeth Ao W CHMAISana R SAHEE JREalhee
preferred source of platinum. Platinum tetraamine chloride and nitrate are

e SHERIBMP PHErEREY 296 faL BB P Y HER IR e HEs St ER &L or
MaieaaRdoRlR Bbetalssueh @sedifuifidimaendmelds af@er@m@aczdny,

such.as, theni m Exa esmclu Sn, Pt/ 5Pt/N Re
RS SR e R R s e BT T e

vanetydikigown and conventional techniques, e.g., ion- exchange,

Group 8 Metal
The catalyst comprises at least one Group 8 metal, preferably a noble metal (Pt, Pd,

Rh, Ir, Ru, Os) and more preferably platinum. The content of the metal is preferably
at or between 0.1 to 5 wt %, more preferably 0.1 to 3 wt %, and most preferably 0.3 to
1.5 wt %, based on the weight of the microporous weakly acidic molecular sieve.
Platinum compounds that form positively charged platinum complex ions in solution
are the preferred source of platinum. Platinum tetraamine chioride and nitrate are

especially preferred.

To these Group 8 metais can also be added one or more non-Group 8 metals such as
tin, indium and metals of Group 7B such as rhenium. Examples include Pt/Sn, Pt/Pd,
Pt/Ni, and Pt/Reé. These metals can be readily introduced into the composite
employing a variety of known and conventional techniques, ¢.g., ion-exchange,

incipient wetness, pore fill, impregnation, etc. Care should be taken so that the Group
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incipient wetness, pore fill, impregnation, etc. Care should be taken so
that the Group _23 WO 2007/019457 PCT/US2006/030749 5 8 metal,
e.g., platinum, is incorporated in a manner that results in excellent and

wignfermeispersion. The incipient wetness impregnation methegis2006/030749

5

preferred. Reactor The feed can be contacted with the catalyst in a fixed
befdragistens;.leiinimg isdecameiid in, s derbyedin e sedis pobm
orgombinadens JheraoinRsRAIA RINIRI G Higse ﬁi&ﬁ!ﬂ/ﬁcﬁ}@ferred.

hydrotreating and hydrocraclcing are suitable. Either a fixed bed system

- or a moving bed system is preferred. In a fixed bed system, the preheated

10

15
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30

35

fepd.dgypassed into at least one reactor that contains a fixed bed of the

catalyst. The flow of the feed can be upward, d ard or radial. The
R e G B L LA o L B R e Do

espegially ifiidezedapertnftieaty speraifin isnbighti¢rSerndoPoR amdothh@imilar

conversion is high.(> 50%). This copling ¢ or by.ipjecti f
e T e R L R A LR e

withsimstrurertdtianed sngaitols ardecsdtrl adinpéhsthsesgeprabeprebealied feed
flayrates ithatare Ricaly et BYAIRCIanker $e4 OREe AUC ReaNew of

and Subsequent Processing The effluent from the hydroconversion

reBitsp LGRS CaRV Bl SpIrTaH iptdtHal dE reac irels OB E GRS,
g_n%&:%b%elsyf&iﬁg %Wea&&a@sé,%ba@bfgatme Re e Eﬂlﬁl?“sﬁ pe@u@ggé fuelgh
ese ueo en _compongnts,, eqstoc or ear a enzene
G B e SRR i en 2 B LB S RS B e by
gaﬁﬁsimbeodbme@d u_stjﬂgemammimial t€bhnigeess cboubdibinguipped
digtillatio -Ae?l%{tﬁ'g,gﬂ%%H'Porso%{ggétgme%eﬁa&&%%[%%é%&%%dﬁst;?riltles

the n-paraftin content is not sutticient, it can be incre Yy use or we

kribeiniadeorptiv et miydessr@iiersommercial adsorption process for
removing branched hydrocarbons and aromatics from linear 30 paraffins
is known as the Molex or Sorbex process described in McPhee,

WHiGH SRSGHRHAR iSe H?ﬂ%iﬂ@%ﬁé@ﬁ@h@ﬁdﬂﬁb@@é@@@e-sé’ﬁﬁ&@@ﬂﬁf@tm'esired

ectcloq s Prselechol, seeqbip Dol peEns ouere i

patiafiih&ieindieehtain biehdsmalamoyhtsdstocks for linear alkyl benzene
production, feedstock for lubricant base oil production, and by-product gases can be
recovered using conventional techniques comprising distillation. A normal paraffin
solvent can be recovered from products. If the n-paraffin content is not sufficient, it
can be increased by use of well known adsorption techniques. One commercial
adsorption process for removing branched hydrocarbons and aromatics {rom linear
paraffins is known as the Molex or Sorbex process described in McPhee, Petroleum
Technology Quarterly, pages 127-131, (Winter 1999/2000) which description is
hereby incorporated by reference. This separation technology works by selectively
adsorbing normal paraffins. However, the products from n-paraffin selective
hydroconversion will be rich in normal paraffins and contain only small amounts of
other species. Thus, it may be preferable to use an adsorbent that has a preference for

adsorbing branched species over normal paraffins. Such materials have been

.24 -



35 other species. Thus, it may be preferable to use an adsorbent that has
a preference for adsorbing branched species over normal paraffins. Such
materials have been 24 WO 2007/019457 PCT/US2006/030749 5

Ww}%gﬂ,@s inverse shape selective in Santilli D.S., Harris FeMvZai€830749
S.l1., Microporous Mater., 1329, 1993 hereby mcorporated bé reference.
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oo5vt 1l Ilcc ~~~(Oof"'nC~U..tipO Uon.of 4mINyccLll
bOU U~d:nlUNAi ~UJIO C:. C'r H C1. IE Crl -27 WO 2007/019457
WBCHTB2606/050749 Example 1- n-C 6 Test of Hydroconv&fsigi2006/030749
-Catalysts The hydroconversion of n-hexadecane is tested to identify
catalysts which give a high selectivity to lighter normal paraffinic products
over isomerized products, These 10 results can be anticipated to be of
value in selecting useful catalysts for n-paraffin hydroconversion of
molecules of C10 and greater, e.g., n-paraffin selective hydroconversion

cafalysts. [Unlessjotherwisg noted|in a specific example, the incorporation
of hoble metals (Ptjor; 15 Pd) was carried out by ion-exchange at 212F for
a inigwurn;mf dioursfoll \ged by filtration, washing, drying and
calcinatis @t F| The ! ﬁi ns include a total pressure of 1200
psig, d”;\"&wgo Bydr _nalfmin (when measured at | atmosphere
prégssﬁ‘re agd ), iquid ffeed 20 rate of 1 ml/hr and the use of
0.5 g/of caitalyst loaded in the center of a 3 feet long by 1/4 inch outside
diameter stainless $ tube (the catalyst is located centrally of
the-tube and el’tdends about 1 to 2 idches in length) with alundum loaded
upsieam | of t e catalyst for preheating the feed. All materials were first
redgﬂe in"ilo Golel hch[og at 570[F overnight. 25
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Products were analyzed by on-line capillary GC once every half hour. Raw
data from the GC was collected by an automated data
collection/processing system and. conversions and selectivities
weleuaiadffom the raw data. The catalyst was tested at 609FiRitially 48o740
determine the temperature range for the next set of measurements. 30
The temperature was adjusted to give a conversion below 80%. Then the
temperature wasmaisied inrl( E Tesrefiiénisoumiidheaameisign exceeded
80%. Temperature was increased incrementally during a test and eight
ohbliny danyplesgover ivhetdacshaietesicdlie ety eantytemperatire.a high
| i c rsion, of N-C16 to, products with
R R e PR e LR PR,
10 Imedsvenss prddipeedvrteiverscipidssin asaidigheeicEntrrateffals
Of@FoiaY s brl Gr Al dNAUIARE (30:e 16r@%eR BIOAHGE 28, Wilkive
-+ 2007/019457 PCT/US2006/030749 5 A catalyst, if it is to qualify as a
CYSIGSPBIHEOMEASH, when tested in this manner, must convert at least
80% of the hexadecane to products having carbon numbers of 15 or less
temperatures of 8Q0F or below, for example at temperatures of 700F or
O G B AR BRI P B SO0 PR, 15 ARSI TR E AR o
15 rid)aviheseiednditigrispbutatitenapaiatirés whintineaddbHs 8684 followed by
C rSj0. { S iag carbon numbers of 15 or
Ieﬁs@é? %’ ﬁlﬁ%%%’(gﬁfhﬁg %:%j g?g“fﬁ%%@mﬂ%fe ess than 0.75, for example
less than 0.2, less than 0.05, or less than 0.01. 15 Preferably the catalyst

at R0PLcomvaisianAsdeserhed-ahaneswilbatso el @ L% Uparatia of 160

less than 2, for example less than 0.5, or less than 0.1. Results are

OBHARR B0 TR o MSER AT e RESSUR i hata - S ot tinui Seed

20 preeiselynil¥aganvesion: 1esybs at8o% calndersian @arberaltataed by
linearly 20 interpolating results from conversjons, slightly above and belo
i s B R S e e e
oftdinedbasclesetd B0t domvEisioes as pogibleto desdire thad4th efatean

i%‘ﬁ&%"é?&% i Rdeguals. 1o, %Efr'EQH%‘?a{@gélme'f'@?ﬂt%tﬂ%%%%&ﬁng

accurate, the temperaturés and corresponding conversions should be
sevdeeenst Rathkeeansbiute value of percentage difference 25 between

o5 the high and low values of the C6 i/n ratio should not be greater than 40%.

Percentage Difference = Absolute value of { 100 * [(high C6 i/n ratio - low
Caafycts were analyzed by on-line capillary GC once every half hour. Raw data from

o

the GC was collected by an automated data collection/processing system and
conversions and selectivities calculated from the raw data. The catalyst was tested at
600°F initially to determine the temperature range for the next set of measurements.
30  The temperature was adjusted to give a conversion below 80%. Then the temperature
was raised in 10° F increments untt! the conversion exceeded 80%. Temperature was
increased incrementally during a test and eight on-line samples (over four houss) were
collected at each temperature. Conversions were defined as the conversion of n-Cig to
products with carbon numbers below n-Cg, thus the iso-C\s’s were not counted as a
35  converted product. Yields were expressed as weight percent materials other than n-

Cy¢ and included iso-Cig as a product.



ratio)/low C6 i/n ratio]} 30 In this calculation, if the low value of the C6 i/n
ratio is zero, the percentage difference is reported as zero, and the linear
interpolation of the results is adequate. This test can also be used to
waetarmireswhether strong acid functions have been introduee@/irszsabreso749
5 cagéyg durigl%pr? araéli?n. For e>§é’am ée when bound and un- 35 bound
mAEAZIESrE BB G AIRARE F058S IR HERRAG, BRI Rt aeigrer,
i/nmraticotty tieablasich Ofateiibt isemnitnehedt onoalthelinimgdustion oiasidityr 13

-29. 07/019457 P 00 49 5 Example 2 - Preparati
o R A e e RS R P
pordeheingt commsodatrop IEPHprsweitures. A sample of boron-ZSM-5

was made hydrothernially according to the following procedure. In a 23 cc
Teflon liner, 2.5 gm of 25 wt% aqueous solution of 10

10 tefidisropRARAR e IS B 2idBese oandifipan Nhas tprepgivaesphishdpad to
watl% ﬁ;@@v&gén gmasﬁﬁ%&e%%%mhw@eawedﬁéﬁga%ﬁg mi'%g@é, the
until all sodium borate was  dissolved. Tq this mixture, 0.9 gm CAB-O-SIL
VIS TG0 A P YR STz . A0 arAHEAFG BBl oo e
cappedoianthplaced in a Parr autoclave and heated at 160C while
rotating at about 43 rpm for 9 days. The resulting fine powder-liquid 15

mixture was filtered and the obtained solid was thoroughly rinsed with
15 watefesaidvaire detely ové flthtoTieesobtadrisdesibitd was fortHelsdrigeldrz & i/n

OVeR AI20GH I 3 hrs.i, ¥ield.0.9: 9ol Boran-£SMy§ as told by X-ray

analysis. Pt/B-ZSM-5 was prepared according to the following procedure.
A Boron-ZSM-5 20 sample, synthesized according to the example above,

wassaicinediaremaveihediempliate Hualginalignwnas dene astiobawsd A
thin bed of material is_ heated in a _muffle furnace from room tgtrbn eratur

toPT YA Pt B O PSS B ARG S FBOT S EG arly
20 temiperaliiiesi sctivdin fampedvwepimb40iat theveame rdtevalid h@ld: atdtiiis at

teé‘%ﬁx%%‘i‘ér% E%é?e@%%irﬁﬂ%ﬂ?g%hé&qv'ér'sﬁo'”%E%%%%%é’d%?%%s%@g fifd there
25 tor another 5 hours. 0 mixture of air and nitrogen Is passed over

theosaeriiie as ressildec 20sutaitda tiedutsier oty peleiioimtitedgavitg heating.
ThecalGiRed s 30RiRWasJRerGD ANGe MAAMMANMR AL BYesponding

heating the weakly acidic molecular sieve in water in the presence of

arffRBFHPRNTRRHE GOiRlReed RO R Ive iR Valte /f ROt eesddieras
25 1G@tewaiieshfen 3MSokhalsampleas henisuspeiaded 1o Wadek than 40%.

Percentage Difference = Absolute value of {100 * [(high Cs i/n ratio — low Ce i/n

. ratio)/low Cg i/n ratio]}

30  Inthis calculation, if the low value of the C¢ i/n ratio is zero, the percentage difference

is teported as zero, and the linear interpolation of the results is adequate.

This test can also be used to determine whether strong acid functions have been
introduced into the catalyst during preparation. For example when bound and un-
35  bound materials are compared, a significant loss of activity or increase in the Cs i/

ratic in the bound material is an indication of the introduction of acidity.
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30 (9gm water/gm weakly acidic molecular sieve) and a solution of
Pt(NH3)4(NO3)2 at a concentration which would provide 0.5 wt. % Pt with
respect to the dry weight of the weakly acidic molecular sieve was added.

woheopktefsthe solution was adjusted to a pH of -9 with sloweaddienes/30749

5

10

15

20

25

30

35

0.15N ammonium hydrOX|de and stlrred for 48 hours at_100cC. After
coollng the mlxtu 2 * sEokPUR RN

%6(1 Wate drled at ?t pIe as then calc g owly up

c i 4 %%’h IREN HRE &%t %‘ﬂl ufs. H‘H%S 5toh COMER ot @e i
flmmﬁlﬂdrmmly&hmla&ﬂbbﬁamﬁ%%ﬂ@ﬁﬂ)@ﬁjﬂi&h&ﬁm}ly according to the

P /U82006/0 0749 5 h st.was-t sted C16

e B e b S P S R O B souggof
(St?t@memémmmwrsmmm&@(%%%wsmm %@r@m&@m@m and 0.06
lineadysintgrplatestieFReits B dheoRaLERIAML IOnB0 % OBYSI HOte was

Since the C6 i/n ratio was zero for both cases, the absolute value of

p&IESYaGe! Rl BHER B f e RS LW AR TeA s (ARG was
infgreeatiomotsasulis yasad C-aparepriaie pi@ée&/\i.'@aw 404 € and heated

PCT/§06030749 Nt m<t 00000 0000
OB S o Bk eog DR T8 DA e ke B
o ﬂl@t@l@\@ﬁﬁ%@%ﬁﬁ DeObiOrRdD:610 O horou@ik NinFOWDh @dded O Lr-

0 (91‘ Od%valglgﬂlp %%Q%%Q O Q68 ‘9’8908) thr dge%(\b{l %‘108%6% Ell %2% gXI\‘C/I{Ié ﬁ_!‘s to
my®1®09 grcol ﬁomﬁl\ﬂﬁ\@s @ot@l@cbwd‘é@@z)@ma@&w h-WO000--------

Pt/B-ZSM-5 was prepared according to the following procedure. A Boron-ZSM-5
sample, synthesized according to the example above, was calcined to remove the
template. Calcination was done as follows. A thin bed of material is heated in a
muffle furnace from room temperature to 120°C at & rate of 1°C per minute and held
at 120°C for 1 hour. The temperature is then ramped up te 540°C at the same rate and
held at this temperature for 5 hours, after which it is increased to 595°C and held there
for another 5 hours. A 50/50 mixture of air and nitrogen is passed aver the sample at
arate of 20 standard cubic feet per minute during heating. The calcined sample was
ion-exchanged with ammeonium nitrate by heating the weakly acidic molecular sieve
in water in the presence of ammonium nitrate (1gm NHNO3/1 gm weakly acidic
molecular sieve in 10 gm water) for 3hrs. The sample was then suspended in water
(9gm water/gm weakly acidic molecular sieve) and a solution of P{NH3)s(NOsp at a
concentration which would provide 0.5 wt. % Pt with respect to the dry weight of the
weally acidic molecular sieve was added. The pH of the solution was adjusted o &
pH of ~0 with slow addition 0.15N ammonium hydroxide and stirred for 48 hours at
100°C. After cooling, the mixture was filtered through a glass frit, washed with de
ionized water, and dried at 120°C, The sample was then calcined siowly up to 300°C
in air and held there for 3 hours. The boron content of the finished catalyst was €.18

wi%
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difference between these results was zero, and the linear interpolation of results was

appropriate.
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yields of light products, and lower yields of more valuable heavy products.
This trend is increasingly evident when the conversion exceeds 99%.
Thus, there is an incentive 10 to operate at low conversions (25-50%),

wansbdeeypake the unconverted normal paraffins. But the size pfthespranessso
unit and catalyst charge will increase when operated at low conversion,
and an economic optimum is expected for conversions between 25 and
99%, most preferably between 50 and 80 %, very most preferably

betwee %5, 115 T comparison fojothe nro'o 'O verst(T)]n
catalys SM-5 hag severdl desirable features when icompatisons
are made &-8Q% donyers|an.as showninTable & iewest Yafi&ns 4 ¥
ratio (2 o conversioh), lowestvalug of CZB/m r&tie (zewg at 86%
conversi esr methane yjelds| andihighest activity. Thus, itiis the
most 2 ferred.catatyst—E=xa 3—Prepgarationand-Testingof
Pt/B-S SSZ-64]is|an.unknowi-structure beteves MIBEF L~ =
multi-di aal e()ﬁteca\@@)grgs DEhe E’g cﬁ?ﬂ%d:ﬁf@ gis% e
and/orJZ-rinu structures| Boron:S5Z-64 was made inia-hydrpthermal
synthesis agsoeding to trg\g‘ atedure-balewsA 2800 ﬁeﬂgﬁ MEE WS, |2
chargad witfe43g g of .62 &g re peis=sel{ o |of | I oy efoBuy sty L
ethylhexa %envei T ydroxidg (3 'SOA), U gm.of, o
aqueolis seifibn of NaQH-(E parfa| BlaDE)ANd 8 iR gm) Bf.d ﬂi% %
v A < ity =t T e K
water. [To this fixturd, 30 0.08 g af$6ditim borate decahydratd! (0,157
mmol of Na%l>54()7 10H20; -0.313 mmpl |B203) was.addedard.stiyed .,
until G@dmplegel$ dissdived] Ttere 9y |67 CABDSIG| M 5 @@i@éﬁ a
silicajwas added to the solution and the mixture was thoroughly stirred—
and the resulting gel was ¢apped|off and placed,in|a Bau, uteckave and
heateg i amfmen at| FoeCWhire ﬁt%ﬁ %F:ZB r[ﬁwﬁﬁ@%ﬂm;ﬁﬁ FO =
reactipigmixture was filtered 35 through a fritted:glass funnel and t §
collectef sq lids-were thoroughly \Nashfed with| water and-therevigsedwith
ac%tqﬁ%-zmr@) to rdMEARY DIGaRICIEBUesS 1B salid was R -ars(
ov@rﬁ:c andifurtherdried-id-ah-oven C-for1-Hourto-yield-10-85-¢
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Pt/B-SSZ-64 was prepared according to the procedure described above

for malting Pt/B-ZSM-5 (Example 2) after a sample was calcined and

ion-exchanged withNH4NO3, The pore volume of the calcined SSZ-64
wiiasdd8.em3/g and SEM analysis shows 0.5 to 1.0 | sheetdikgyuszoo6/030749

structures. 10 The catalyst was tested using n-C16 as described in

Example 1. Results were obtained at conversions near 80% and the
ling=ripiniarpotitddisalthe utiBaoenesinr sidnalvasnwsripadertsdy ke

repoiiedineiehief. InkxampleteRieRatatonand J8stind Afratios, higher

Pt/B-SSZ-58 SSZ-58 is a two-dimensional zeolite with all pores beln% ]
comtBREd SRt TIOdHE S STRICRINEE Y SHib AL S8 BRIVFRLS Brapuriadicls: This trend
hygiathermalsynthasistesing hineasie preardye/dasoibed:tok tieincentive

preparation of boron-SSZ-6 ple 3) with the 20 exception of using
R s e e e

PR <554 58mvias girepditad mocestling toxfheiphottetiernes daddribedsmwhen
Example, 2. for. making. PtB-ZSM-5. The.pore. vol i BT
S R g s S T B A e
roeEWEER2SiMBdABlAr masbrot RTebirddticeenad Azl Sthd.caralyeshar fasidy
usingLsCd® g described in Example | results were obtained at
conversions near 80% and the linearly interpolated value at 80%
conversion was 30 derived, They are reported in Table 6. This material
shawedphehighesteialdspbiiersvadavaluabie parafins Kes/s&idirangrble
-34 WO 2007/019457 PCT/US2 06/(@9749 5.Exampg<\ex/5 - Pr%%%ra%iptp .
antr FENG B PUBESR 87 885957 34 2 SOMEBIUhRhBWR S Huctire bt e
appharsito dé mritidime askiakandrednposedtofah® afGlen/h2ading zero at
stpugiures. Boron-SSZ-57 was prepare rding.the. p adyr.
e A YN B S AR O P KS e pogy
buwgfsyredkdinivii hydroxide as the templating agent. Pt/B-SSZ-57 was
made according to procedure described in Example 2. The pore volume

of the calcined §5Z-9/{mas 3603/ ehant skMaralysissimws 0.3 to

0.5 cubic structures.

S§Z-64 is an unknown structure believed to be a multi-dimensional zeolite with pores
being composed of 10 and/or12-ring structures. Boron-S5Z-64 was made in a
hydrothermal synthesis according to the procedure below. A 23 ce Teflon liner was
charged with 4.8 gm of 0.62M agueous solution of N-cyclobutylmethyl-N-
ethylhexamethyleneiminium hydroxide (3 mmol SDA), 1.0 gm of 1M aqueous
solution of NaOH (1 mmol NaOH) and 6.2 gm of de-ionized water., To this mixture,
0.06 gm of sodium borate decahydrate (0.157 mmol of Na,B,07.10H,0; ~0.315 mmol
B204) was added and stirred untii completely dissolved. Then, 0.9 gm of CAB-O-SIL
M 5® (fumed silica) was added to the solution and the mixture was thoroughly stirred
and tl:_ie resulting gel was capped off and placed in a Parr autoclave and heated in an
oven at 160°C while rotating at 43 rpm for 12 days. The reaction mixture was filtered
through a fritted-glass funnel and the collected solids were thoroughly washed with
water and then rinsed with acetone (~20 ml) to remove any organic residues. The
solid was air-dried overnight and further dried in an oven at 120°C for 1 hour to yield
0.85 gm of B-S8Z-64,
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15 The catalyst was tested using n-C 16 as described in Example 1.
Results were obtained at conversions near 80% and the linearly
interpolated value at 80% conversion was derived. They are reported in
whalle/61928y Example 6 - Preparation and Testing of Pd/SSZp&6/(Frabsdietso
1) SSZ-46 is a titanium-containing three-dimensional zeolite with the
5 ZSM-1 | structure with all pores being composed of 10-ring structures. 25

Asiample ohithis material wasmade ft@@%)i‘d@&lﬁ%%ﬁék%éd RddvSER #ekhg
No. 5,968,474, issued October 19, 1999 to Nakagawa e?}f?i" The catalyst

WRKBOA B FIGRRte 28 Heria SEmpMRSER LA FRBSTHOHERS obtained

OWmHmdgwmr@wemmmMMea@m KB8096 wanUaISon’ wasi iHM
exactly at this aj%val #ﬁ& %’5} |ESS%'[hIS material shows the production
I

of PROGIFER0 WO 2007/019457
10 PCT/U82006/030749 5 Table 5 Hydroconversion of n-C16 over

BBt L Bt M8, SR o AR R R £ OB

16 C91/n 0.14 Cloi/n 0
CatleifnverdidnCEarifi . a8l e dhikrdydnterngated value at 80% conversion was

derived. They are reported in Table 6.

15 Example 4 — Preparation and Testing of PU/B-S87-58

S§7-58 is a two-dimensional zeolite with all pores being composed of 10-ring
structures. Boron-SSZ-58 was prepared in a hydrothermal synthesis using the same
procedure described for the preparation of boron-SSZ-64 (Example 3} with the

20  exoception of using I-cyclooetyl-1-butylpyrrolidinium hydroxide as the templating

agent.

Pt/B-SSZ-58 was prepared according to the procedure described in Example 2 for
making PY/B-ZSM-5. The pore volume of the calcined SSZ-58 was (.11 em’/g and
25  SEM analysis shows ~2.5 1 cylinders and rods, The SI/B molar ratio of the product

was 42,

The catalyst was tested using n-Ci¢ as described in Example 1 resuits were obtained at
conversions near 80% and the linearly interpolated value at 80% conversion was
30  derived. They are reported in Table 6. This material showed the highest yields of the

most valuable paraffins (C7~Cia range).
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Yields,% C1 + C2 0.51 C32.10 Cns 4.84 C5s7.08 C6s 7.75 C7-C13
58.88 iC16 15.44 Uniden, 3.42 Ratio C34/C7-13 0.12 In comparison to
the results of Example 9 on Pt/B-ZSM-1 1, and Example 2 on Pt/B- 10

WRSMBtHETsample of Pd/SSZ-46 gave higher amounts of iRFAEHRZEE/ 30749

g liahter paraffin procuicts and js significantly oss,agtye, Tyscporon s
preferred over ti ; which

10

15

20

25

30

i irabl idity P i
T TR e DGR AEIR o AR O IR AN ane

poeipeireg chipodad bt MagiypcsirestBrsenBorosiiverersrahagrpsding the
synihesizedacardingre.the pioseduiadescribedsindgxample. 8 boigyl-1-

trimethyl-(1-phenyl-cyclohexylmethyl)-ammonium hydroxide as the
tehySAmTEcgaim S5 SR G 1omB e #E982006/030749 5
Pt/B-SSZ-53 was prepared according to the procedure detailed in

Example 2. The pore volume, of the calcined, SSZ-53.was 0.1 /g and
SENPRH S G GRS A RS RO PSS Aot B
of {bRupEasiuGE wias 9. iTe Cataly st Wasifasted SEMpEnaBL6 dodedciibeds p
in E>éample ‘al; Results were obtained 10 at conversions near 80% and the
Iincé%r]l(ilslﬁ?éjrprgfated value at 80% conversion was derived. They are
reported in Table 6. Example 8 - Preparation and Testing of Pd/B-SSZ-58
1%65&@515 %&é@gﬂﬁ‘%’ﬂﬁmﬁg CEaR ATl %ﬁl%ﬂ{d}ngcj utesUBE R obtained
e

Example 5. The purpose of this experiment was to determine the effect of
thet eRBKsESEMhetn 8P apdiBrilinTHbOFERIRMERR & 4iRisah AYRA RO AET BRI
to dBgRrOCRHN B LIRSEHRAEG Table 6.

Example 6 — Preparation and Testing of Pd/S87-46 (Ti-ZSM-11)

SS7Z-46 is a titanium-containing three-dimensional zeolite with the ZSM-11 structure

with all pores being composed of 10-1ing structures.

A sample of this material was made following Example 4 in U, 8, Patent No.

5,968,474, issued October 19, 1999 to Nakagawa et al.

The catalyst was tested using n-Cig as described in Example 1. Results were obtained
only at one temperature which, while close to 80% conversion, was not exactly at this
value. Nevertheless, this material shows the production of products rich in normal

paraffins.
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Example 4 for making Pt/B-SSZ-58 by using Pd(NH3)4(NO3)2 solution in
place of 20 Pt(NH3)4(NO3)2 solution.. The catalyst was tested using
n-C16 as described in Example 1. Results were obtained at conversions

wiean80%aand the linearly interpolated value at 80% conversiornusame/030749

5

10

15

derived. They are reported in Table 6 These results show that Pd can be
used as a 25 metal to give good seldéll to_normal products, but it is
not as effectivé e ?’TOl?fFﬁg%?gl’ﬁ&‘éllﬁvgh S[ ey HESHADIE feature of
giving the lowest yields-of 'b‘cc desirable-propane-and-butane. Example 9
- Preparation and TesfB¥:of PH/B-ZSM{1 siliggteZSM-11 was
synthesized accordidg-té s 609 % elite- Syht eadfeS diescribed in
Example 2 for making-ZSM-5-using-tets im-hydroxide as the

templating agent. 3‘31@%%#35 fAg to Example 2.
The catalyst was tezn&i@(é’ing-n-%@é iple 1. Results
were obtained at cq mgﬁr@ﬂnc near-80%-and-t interpolated
value at 80% convefsighiflas derived. They-are-repoftedin Table 6. 37
WO 2007/019457 PCELi42006/030749 5 Ex&mple—]ﬁid&reparation and
Testing of Pt/B-SS 568 ¥87.50is a one-dimensional-2edlite with the pore
being composed of MCﬂt*/ structures. Roros:!!cate—sﬁ-fésa was
synthesized accordi ga i the procedure-described-10. WExample 3 using
1-methy-I-(1-phenyl -rﬁih nfvlmﬂfhvl\ -piperidinium hidéokide as the
templating agent. Pt/Bx @ 59 was.m ' Example 2. The
pore volume of the c;alﬁﬁaéfﬂ_SSZMa.sﬂ,lAcmslg_Q&quEM analysis
shows 0.5 .t-long needles. structures. 15 The na;alystg&é%tested using
Nn-C 16 as describe I‘ﬁlﬁéﬁl{qrﬂp 1. Results.were -obtained-lat conversions

350

near 80% and the |IhP§I‘I|‘d1¢|i\tprnnlamd alue at.80%.c8mersion was
derived. They are rdpdrted in Table 6. 20 Example 112:Bleparation and
Testing of P{/B-SSZL5648 4.84
Css 7.08
Ces 7.75
Co-Ci3 58.88
iCis 15.44
Uniden. 3.42
Ratio C3“§”4/C7b}3 G.12

In comparison to the results of Exampie 9 on P/B-ZSM-11, and Example 2 on Pt/B-
7ZSM.-35, the sample of Pd/SSZ-46 gave higher amounts of isomerized lighter paraffin
products and is significantly less active. Thus, boron is preferred over titaniwm, and

both are preferred over aluminum which introduces undesirable strong acidity.

Exampie 7 — Preparation and Testing of PYB-887-53

SS7-53 is a one-dimensional zeolite with the pore being composed of 14-ring
structures. Borosilicate S87-53 was synthesized according to the procedure described
in Example 3 using trimethyl-(1-phenyl-cyclohexylmethyl)-ammonium hydroxide as

the templating agent.
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SSZ-55 is a one-dimensional zeolite with the pore being composed of
12-ring structures. Borosilicate SSZ-55 was synthesized according to the
weakly acidic molecular sieve synthetic procedure described in Example

W2 289 I143-fluoro 25 phenyl)-cyclopentylmethyl]-trimethyl-3EABFAL 030749
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hydroxide as the templating agent.. Pi/B-SSZ-55 was, according
A R E T D G thecc o e e (R T B s
Shdt:analysioshnwsi@nel$8%i6e graiflkestivend §EM3aEheicatayst0.5 to
was tested usi z ibedl in. kX re obtained
at?c':%oH\?%géﬁéff?sgﬁggt%egﬁggﬁﬁe ?F]early i;ﬁ%%éﬁ%%a%% g%%%
conversion was derived. They are reported in Table 6. Comparativel
Exampled & wRiepsationand T estingehRe k3R Ehis lea RoMRaIRlNRed
example of a commercial ngble metal h drocrackingl catalyst and is not

thel eemyersi grthres S0hBoh P HESHA RS RO S8R SRR GUY &S PL I

N@ebv34 1,809, dastipdrdugrstgk,c1992 to Bezman, with the exception that
the catalyst was not exposed to nitrogen. The aluminum in the Y zeolite
of this sample imparts -38 WO 2007/010457 PCTILIS20000930749 5
strong acidity w , clcing, is
not desirable in normal paraffin hydroconversion. The catalyst was tested
ustngmG1E BsSfdsehivet meExariblesamRprifled yie psedbtalaannig 5.
conversions near 80% and the linearly interpolated value at 80%

conversion was 10 derived. They are reported in Table 6. This

dépReparss BB IBSS OV BOIMSRIBHEF IRIPSEAKING eariysisTyvagal
tmhpéﬁ;tﬂa/diﬁ%nmr}éﬁcbquwéﬁ%@éyafgérmﬁwt@ﬁ&?@ﬁet@i&d in

€ mnvenuon. comparative cxa e - n esting o
S BN SRS A TS COAL e N g g e o

camMELgjalbgsedneial.hydrocraclcing catalyst and is not the subject of
this invention. While it does not contain a zeolite, the aluminum in the
amorphous silica alumina imparts strong acidity which, while necessary

folheontantiora tydrotriagloifgs & ArscrbettableximpdihaRparigfiFere obtained
hydroconyersian..2Qobhe calalystivas iesiedpusing 10l 80as deserigvias

Example 1. Results were obtained
derived. They are reported in Table 6. These results show that Pd can be used as a
matal to give good selectivities to normal products, but it is not as effective as Pt.
This catalyst did show the very desirable feature of giving the lowest yields of less

desirabie propane and butane.

Example 9 — Preparation and Testing of Pt/B-ZSM-11

Borosilicate ZSM-11 was synthesized according to the zeolite synthesis procedure
described in Example 2 for making ZSM-5 using tetrabutylammonium hydroxide as

the templating agent,
Pt/B-ZSM-11 was prepared according to Example 2.

The catalyst was tested using n-Cj as described in Example 1. Results were obtained
at conversions near 80% and the linearly interpolated value at 80% conversion was

derived. They are reported in Table 6.
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at conversions near 80% and the linearly interpolated value at 80%
conversion was derived. They are reported in Table 6. This demonstrates
that this class of conventional hydrocracking catalysts gives most

wigameriredrlight paraffins, high 25 methane yield and not nopoebpziaffisg 49
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as desired in the invention. High methane yield indicates undesirable
hydrogenolysis. E aration and Testing of Pt/B:SSZ-33 30
SSZ-33 is a musrae 20 RR-hEUs g composed of 12

a ing structures, B-SSZ-33 was synthesized as follows:.2,0 Moles
Ry BT (0 1 O P E  C 700 B S it are
mixedivith B6ARiiof 88iter) 92grariestiet ercaditkdntheprgramscaieseilibed
N , slear solution i ' . L-M<S ey
B L R B A R roniae
adeléu. Phelanngagatitents have been mixed in the Hastelloy liner used in

a 5-gallon autoclave (Autoclave Engineers). The reaction is stirred
overnight at 200 rpm and at_room_temperature. Next, the reactor is . .

oA B Y RO P LR M BRIE SttIRG T S UrBud o A5,
The reaction s1helsh under dmseconditionsfar, 530 W@ Re0EdbiTZes.
PCT/US2006/030749 5 10 days of run time. The recovered, settled

product is crystalline B-SSZ-33 in accord with U.S. Patent 4,963,337,
is§liedaDiyebend BsttO9MWitg Zehess Teverivatendseinafie Rnwdisrirere obtained
XRRE. e shstliad 8L dRianiZar ke AHIELIR PRSHIR RLRa:
aliminum is introduced. The other réactants and ingredients should also
belsatedtethep be wossatany #detf aluminum, 10 The calcined sample
was impregnated by adding an agueous ammonium nitrate solution

(0.1506 gm Pt(NHIMUN 9B) 2t dedaierdeionizadMeiesRyI& 15 gm
B-SSZ- 33 at the dry weight at 350C. After 48 hours at room temperature,
thedpixtre Was-dfirdsiomaivactuy e alold B:G dandimudsofTiernrthe

| Icined in.air as 15 follows; heat fro t Q.
i e iR e R e
hauesedetepiat 30ahitc prloutsetHes itonlen Eowrrto 3 radrs teriipBratare,
e Cined PUB. o o i,
resﬁeﬂ%ﬂt?y%ﬁgaeg Iqug?g%%ﬁntﬁ%@tﬁﬁ-%ﬁﬂ@ﬁhﬁ%&ﬁ{%&ﬂg&édﬁﬂ t{ﬁzﬁfmﬁ@%@ t

dr{} zZe 33 was'then pelletized to 24-42 mesh for use of

Pt/B-§S7-55 was made according to Example 2. The pore volume of the caleined

SS7-55 was 0.15 cm>/g and SEM analysis shows 2 to 5 u rice grain-like structures.

The catalyst was tested using n-Cis as described in Example 1. Results were obtained
at conversions near 80% and the linearly interpolated value at 80% conversion was

derived. They are reported in Table 6.

Comparative Fxample 12 — Preparation and Testing of Pd/H-Y

This is a comparative example of a commercial noble metal hydrocracking catalyst
and is not the subject of this invention. The material was made following U. 8. Patent
No. 5,141,909, issued August 25, 1992 to Bezman, with the exception that the catalyst

was not exposed to nitrogen. The aluminum in the Y zeolite of this sample imparts
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catalytic testing. 20 The catalyst was tested using n-C16 as described in
Example 1. Results were obtained at conversions near 80% and the
linearly interpolated value at 80% conversion was derived. They are

wiepariegiTable 6. 25 Table 6 Comparison of Catalysts at 80%pusho06/630749
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droconversion of n-C16 to Products Less than C16 Example 243589
CEraRErpiy SShPYHES 288 BBy 208 wRESRY By rS K8 E P Zefable
11n DiexalI2-00R BRI kBEWN Unknown 2D IOR 3D 10R Structure
Micropore 0.11 0.19 0.13 0.11 vol. cml/g SEM Size,-2.50.5-10.3-0.5
-2.5 Temp.,F 577 695 655 691 694 605 nCi6 Conv 80.00 80.00 80.00

80 BOBCIPE: 8Ost Ranps-Ch #ndes00HeDh (s 1 Ref8idWite Gbiained

S S g s e o A Rk T o
COamyai00 lEp 20 . GRotesio TabE. 67 This dararuorio g4 B1is ciass of

PCARRA00 1030442 M0 B QL0003 0-03, 0 QA0 12014l Sabd R La00 not
0.02 0.03 0.07°0.14 0.57 C12 i/n 0.00 0.03 0.02 0.09 0 20°0.847, C13 i/n
ORI R EnDas figizes indbe sertirsi/11 0.00 0,02 0.02 0.07 0.12 0.34
Yields, wt

Comparative Example 13 — Prenaration and Testing of Sulfided NiW/Silica Alumina

This is a comparative example of a conumercial base metal hydrocracking catalyst and
is not the subject of this invention. While it does not contain & zeolite, the aluminum
in the amorphous silica alumina imparts strong acidity which, while necessary for

conventional hydrocracking, is not desirable in normal paraffin hydroconversion.

The catalyst was tested using n-Cig as described in Example 1. Results were obtained
at conversions near 80% and the linearly interpolated value at 80% conversion was
derived. They are reported in Table 6. This demonstrates that this class of
conventional hydrocracking catalysts gives most isomerized light paraffins, high
methane yield and not normal paraffins as desired in the invention. High methane

yield indicates undesirable hydrogenolysis.

Example 14 — Preparation and Testing of Pt/B-S87-33

SSZ-33 is a multi-dimensional zeolite with the pore being composed of 12 and 10 ring
structures.

B-8SZ-33 was synthesized as follows: 2.0 Moles of trimethylammonium-8-tricyclo
[5.2.1.0] decane in 3700 ml of water are mixed with 3600 ml of water, 92 grams of
boric acid and 39 grams of solid NaOH. Once a clear solution is obtained, 558 grams
of Cabosil M-5 are blended in and 5 grams of as-made B-88Z-33 seed material are
added. The entire contents have been mixed in the Hastelloy liner used in a 5-gallon
autoclave (Autoclave Engineers). The reaction is stirred overnight at 200 rpm and at
room temperature. Next, the reactor is ramped up to 160°C over 12 hours and the
stirring rate dropped to 75 rpm. The reaction is held under these conditions for

-39 .
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10

15

20

25

% C10.06 0.19 0.89 0.26 0.16 0.32 C2 0.26 0.44 0.38 0.60 0.35 0.37 C3
3.832.69 3.52 3.26 1.79 2.81 Co0s 6.845,185.77 5.40 3.74 5.02 C5s
11.69 7.70 7.97 6.99 6.25 6.32 C6s 15.06 8.13 10.64 8.30 8.14 7.35

WE 208914361721 72,15 65.40 66.54 66.80 60.32 iC16 1.06 3. 55 BUBIEEHEIT4Y

410.00 0.00 0.02 0.0
5 o SR LS T o T e Bt 310 1 fpecord
Ox@lﬂﬂm Delzht PACePI 1) B0i7CBtabethant 89S E»éé@npm TW@&&S@.@&@I@
é@%%?&%ﬁx%%ﬁaﬁit BoRgGAR PIBRRira L iBRs frarddid %Mmaﬁdsve

ID 14R ID 12R ID 3D 12R Structure 12/1 OR 3D Micropore 0.13 0.1

: oaiagnvmmsmlsqiz@edo Fha qitsrremtpais R dinasgdinnts soud a1l 6@13°t%d

NG, BRI BOPBE0,00180:80:80,00 80.00 80.00 i/n Ratios C4 i/n 0.21
0.130.37 0.332.40 0.60 C5i/n 0.20 0.18 0.51 0.45 3.71 0.81 C6 iln 0.20
0.21 0.51 0.48 4.59 0.89

The calcined sample was impregnated by adding an aqueous ammonium nitrate
solution (0.1506 gm Pt(NH3)(NOj3); in 35.3 gm deionized water) to 15.15 gm B-SSZ-
33 at the dry weight at 350°C. After 48 hours at room temperature, the mixture was
dried in 2 vacuum oven at 110 °C for 3 hours. Then the sampie was calcined in air as
foliows; heat from room temperature to 120°C in 1 hour, keep at 120°C for 1 hour,
heat from 120°C 1o 300°C in 3 hours, keep at 300°C for 5 hours, then cooled down to
room temperature, resulting in a calcined Pt/B-SSZ-33 catalyst containing 0.5 wt.% Pt
on the dry zeolite, The Pt/B-SSZ-33 was then pelletized to 24-42 mesh for use of
catalytic testing.

The catalyst was tested using n-Cyg as described in Example 1. Results were obtained
at conversions near 80% and the linearly interpolated value at 80% conversion was

derived. They are reported in Table 6.

Table 6
Comparison of Catalysts at 80% Hydroconversion of n-Cys to Products Less than Cig
Example 2 4 3 5 8 9
Catalyst PIBZSMS5 | PtBSSZS8 | PtBSSZ64 | PtRSSZ57 | PABSSZ58 | PIBZSM
11
Sieve 3D 10R 2D 18R | Unknown | Unknown 2D 10R 3D 10R
Structure
Mzcropore 0.11 0.19 0.13 0.11
vol, em’/g
SEM Size, ~2.5 0.5-1 63-0.5 ~2.5
K
Temp.,°F 577 695 655 691 694 605
nCys Conv 80.00 80.00 80.00 80.00 80.00 80.00
i/n Ratios
Cqi/n 0.00 0.01 0,01 0.05 0.08 0.07
U Csifn 0.00 0.01 0.01 0.05 0.07 0.10
Cs i/n (.00 0.01 0.02 0.06 0,08 0.12
C,i/n 0.00 0.01 4.01 0.05 0.08 0.17
Cg in 0.00 0.02 0.02 0.06 0.10 0.20
Cy ifn 0.00 0.02 0.03 0.06 0.11 0.27
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C7i/n 0.18 0.26 2.95 0.60 5.23 .12 C8i/n 0.18 0.32 0.66 0.75 6.17 1.57
C91/n0.190350.740.876.80 1.98 C,pi/n 0.210.38 4.14 1.18 8.61 2.70
C1,i/n0.260.441.241557.853.29 C,,i/n0.290.511.5

3 9
W AUESE 0,60 1,61 2.52 Infinite 4.30 C4-C3 3 i/n 0.21 0;%%}%%@8%9
29,146 Yields, Wigs, 0.991%33 0. 71§52 0:00 .54 C2 1.0/ 0[48 T3
3722, G0 0.36 CTHoEB 2400479 6.847044 1.74 -1 WO 200410194557
GI/H52006/030040 /Cos /034 4.91 798 7.07 7.88%4.1/ 0552¢,//5 6.884
). 12, %430 10.38 5,430 Cis 8,5338.44 9.6902.94 12.21 6,35 CT-Z13 58.400
o4 hG8748. 170 34 55.4021016 10,23 12.4536751 17.34.104.45 18
uRtdeiatiied 0.00 0.11 .00 0.00 0,00 0.00 Ratio 0.21/0.25 0.29 (.16 0.11
C3+4/07-1310.00 C6 i/h low- high Delta 0,08 0.02 0.12 .0.17 1.37.0.17
Pelfcent 16 29 40 2099 chafde 20 5 Edfiple 15026 1fect of Fledstodk32
Suffur The Pt-R-78M65 catalfdiiaf Exatplel 5 waddlifided af afmospHbic
i \ditions°1( 3.26 1.79 2.81
48 6,84 18 5.77 5.40 3.74 5.02
Css 11.69 7.70 7.97 6.99 6.25 6.32
Ces 15.06 8.13 10.64 8.30 8.14 7.35
Cy-Cis 61.21 72,15 65.40 66.54 66.50 60.32
1C¢ 1.06 3.52 540 8.65 12,75 17.41
0.60 0.00 0.02 0.00 0.00 0.10
Unidentified
Ratio 0.18 0.1t 0.14 0.13 0.08 0.13
Csta/Comys
Cs i/n low-
high
Delta 0.00 0.00 0.00 0.01 0.00 0.04
Percent 0 0 0 17 0 46
change
Example 7 14 i0 11 12 13
Catalyst PtBSSZ353 PiIBSSZ33 | PiBSSZ59 | PtBSSZSS | PA/H-Y NiMo
Sieve 14R 1D 14R 1D 12R 1D 3D 2R
Structure 12/10R 3D
Micropore 6.13 0.14 0.15
vol, om’/g
SEM Size, u 0.5-1 0.3 2.5
Temp.,°F 757 705 659 746 516 683
nC Conv 80.00 80,00 80,00 80,00 80.00 86.00
i/n Ratios
C. 0 021 0.13 0.37 0.33 2.40 0.60
Cs i 0.20 0.18 0.51 045 371 .81
Ce i/n 0.20 021 0.51 0.48 4.59 (.89
Crim 0.18 0.26 2.95 0.60 523 i.12
Cs i/n 0.18 032 0.66 0.75 6.17 1.57
Co i/n 0.19 0.35 0.74 0.87 6.80 1.98
Cyp /0 0.21 0.38 4.14 1.18 8.61 2.70
Cyi ifn 0.26 0.44 1.24 1.55 7.85 3.29
Cpim 0,29 0.51 1.53 1.97 9.59 3.99
Cys 0.28 0.60 1.6] 2.32 1 Infinite 430
C4-Cys i 0.21 0.33 0.68 0.77 5.26 1.76
Yields, wt %
C; 0.99 0.35 0.71 2.12 0.00 6.81
C, 167 0.48 1.31 3.22 0.00 0.36
Cs 528 240 4,79 6.84 1.44 1.74
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_catalyst was tested usifigRE ¢

(1) First the 0,5 gram catalyst was purged in 100 cc/min N2 at room
temperature for 10 minutes, Then it was heated in N2 at the same flow
rate to 400F in 30 minutes and held at 400F in N2 flow for 30 minutes. (2)

WERHfHE 1@uction of the catalyst, the catalyst was treated in BCHZSRHSBODH

15-ce/min)-at-f00Fforto-heurs; thep-heateg-10-900-Fin-the-spme-H2 How
; PP I G I Ho | ,,.’,4.9,,1 £y D, 2,97 JZaxy i o 47
| IC“S”'“ [21]19] IICI(IJ (=18 I?]U]\S LI I‘I%m{iuu L,L,Ilg-llklr_j} TOTZ I.?lslbllb \OAOI‘BSCII are 547
Cau@ stwas gooted dpwrto 80U T 30 TYRYES T IﬁZEﬂUW“(TQQT. TH53
(4 catalyst wassgwen Sulfidg git 80Uk kT [1 NOuE 1w & HZ 108 Of 3455 45

cchrp 20 with an nipeptane feedcontainig VS ppmssyliur (esedimethyd.ss
disultideyiatda | feed ratecof 38.4 gaih. (5) Then| the netveptane fe@d was 0.0
stopad and the catalyst was heated front 800 to 900 in 30 Priutes ird.al

H2H e of 300 cc/min MMMMW
mlﬁfjgééGVQS (8) Finally, the catalyst was cooled down to!room temperature

in T =52 gfiours. (7§ e catalystiwas thes ready oy other .17

catapyfientest reactions.;d s amount of sultap ¢correspends to a H/Pt 29

stoichimmetry of 4.75 andlis sufficként to 30 ptoduce detectable H2S in the

exit gas. _42_ WO 2007/019457 PCT/U82006/030749 5 The sulfided

< g ampiEil. Results were

" obtained at conversions near 80% and the Ilnearly interpolated value at

10
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20

25

30

OB SR 3 \wata v R SOk Sa P T HIE T tha A BRI SHER i YR

regidl g fcemendemsulfided catalyst from Example 2. 10 Table 7
Comparison of Non- sdlflded Sulflded and Sulflded plus Tltrated

LS BRI e e OE RS 10 G,
Titrated for 10 minutes, Then 11: was heated in N, at the same ﬂow rate to 400°F in 30
minutes and held at 400°F in N, flow for 30 minutes.

(2)  For the reduction of the catalyst, the catalyst was treated in a H, flow (100
ce/min) at 400°F for 10 hours, then heated to 900° F in the same H, flow in
Thour and held at 900° F in Hy (100 co/min) for 2 hours,

(3)  Then the catalyst was cooled down to 800°F in 30 minutes in Hy flow (100
cc/min).

(4) The catalyst was then sulfided at 800°F for 1 hour in a Hy flow of 34 co/min
with an n-heptane feed containing 75 ppm sulfur (as dimethyl disulfide) at a
feed rate of 38.4 cc/h.

(5)  Then the n-heptane feed was stopped and the catalyst was heated from 800 to
900°F in 30 minutes in a H, flow of 300 cc/min and kept at 900°F in the same
H, flow for 30 minutes.

(6} Finally, the catalyst was cooled down to room temperature in 100 cc/min Hy in
2 hours.

(73 The catalyst was then ready for other catalytic test reactions.

This amount of sulfur corresponds to a S/Pt stoichiometry of 4.75 and is sufficient to

produce detectable HS in the exit gas.
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Tein.,F 577 642 +65 630 +47 nC16 Conv 80,00 80.00 0 80.00 O i/n Ratios
C4i/n 0.00 0.00 0.00 0.00 0.00 CSi/n 0.00 0.01 +0.01 0.00 0.00 C6i/n
0.00 0,01 +0.01 0.01 +0.01 C7i/n 0,00 0.01 +0.01 0.01 +0.01 CSi/n.

W& at5%9450.01 0.00 0.00 C9 i/n 0.00 0.01 +0.01 0.01 +0.00CEIFHE030749

5

10

15

0.0 0 : + || i 0 + +0.0

0 00 DT D B8 e S o o 05 G ca S er
0.00:0:04 #oonaims-0cen S, th Bsery o885 d088:0D80%.06
C2H2B:R AL LEABIHE, 13 CRABiR OFoi0 T Bicha St 62 £0%64m the
5.43-1.145.72-1.12 C5s 11.69 7.87 -3.82 8.50 -3.19 C6s 15.06 9.60
55t fded perglye ARl 75 71.53 10.32 68.96 iC16 1.06 2.10
+1.40 2.79 +1.73 Unidentified 0,00 0.00 0 0.13 +0.13 Ratio C3+4/C7.13
0.18 0.12 -0.06 0.19 1 +0.01 C6 i/n iwyihigh Delta 0.00 0.00 0 Percent
chan@eQfa-fdrheRedie suilfkish@uiddde xpd Swif dbd atallist ted R ZS M- 3
results in some activity loss, 15 and a slight increase in product i/n ratio,

but give &:hemnéficial increase injthe Igroductibengf r{‘nore viuable hédreyge
normal paraffins. This shift in vields reduces & 2 |- i6vs. 2
" Catalyst PtBZSMS | PtBZSMS3 PtBZSMS
' No Sulfided Sulfided,
. heteroatoms Titrated
Temp,,°F 577 642 +65 630 +47
nCs Conv 80.00 80.00 0 80.00 0
i/n Ratios .
Cq i/n (.00 0.00 0.00 0.00 0.00
Csin (.00 0.01 +0.01 ©0.00 0.00
Cg i/n (.00 0.01 +0.01 0,01 +0.01
Cyim 0.60 0.01 +0.,01 0.01 +0.01
Cqy i/ . 0.00 0.01 +0.01 0.00 0.00
Co i/n (.00 (.01 +0.01 0.01 +0.01
Cip i/ (.00 0.01 +0,01 0.01 +0.01
Cy; i/m 0.00 0.01 +0.01 0.061 ~+0.01
Ciz i/n 0.00 0.01 +0.01 0.00 0.00
Cisifn 0.00 0.01 +0.01 G.00 0.00
Cy-Chyy i 0.00 0.01 +(.01 (.01 +0.01
Yields, wt % ‘
O 0.06 0.06 -0.06 0.00 -0.06
Cy 0.26 0.41 +0.15 (.39 +0.13
Cs 3.83 3.G7 -0.76 3.18 -0.63
Cas 6.84 543 -1.14 5.72 -1.12
Css 11.69 7.87 -3.82 8.50 -3.19
Ces 15.06 9.60 -5.46 10.34 -4,72
C7"C;3 ’ GE 21 - +7.75
71.53 10.32 68.96
iCig 1.06 2.10 +1.40 2.79 +1.73
Unidentified 0.00 0.00 0 0.13 +0.13
Ratio Cs44/Caps 0.18 0.12 -0.06 0.19 +0.01
Cy i/n jow-high
Delta 0.00 (.00 0
Percent change 0 0 0

These results show that exposing the catalyst to sulfur results in some activity loss,
and a slight increase in product i/n ratio, but give a beneficial increase in the

production of more vaiuable heavy normal paraffins. This shift in yields reduces the
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-43 WO 2007/019457 PCT/US2006/030749 5 consumption of valuable
hydrogen by about 100 SCF/B. Thus, the sulfur content of the feed should

be < 100 ppm, for example between 0.1 and 10 ppm. Sulfur content can
W@é‘?@’@%%@ﬁ by hydrotreating high sulfur feeds, or increasin@qm?%?lﬁfﬁﬂwm“?

content of, low fur ee such asaFl p der The
s e g S R R R
hidsh ﬁ@ﬂuht@éﬂd@ﬁd@@g@lﬁ)p@tmimbmp& byng rlaﬂs’mwikdﬁgifhéwnﬁeﬂt

g&%‘%%ﬁc%; fggg« W&?H@é&ﬂ%%g@ﬂﬂ%eag mmﬂeﬁ&ﬁﬁme REMr content of

met rmercaptans, hydrogen sulfide, extracts from a

smﬁet&ﬁw@,f@@éﬁaﬁ@hwam&%ﬁm aopse cﬂr@w&d fesied 16 THpHOvRItent of 2 low

selagtivited iagan he,asdedFontiauaushyr m@m@mmmm ple 16 -
Effect of Feedstock Nitrogéen The Pt-B-ZSM-5 cat st of E§’ Ie 15
gt

fUPEHEH S it BnAREC S e SR ARTh 5 eﬁ? %gaes

bUaﬂt@ﬂikfgi‘edﬁﬂﬁﬂéﬁhglf@aﬂijmm@@llﬁﬂmm&cdm*auwhwgmem@d@mmas
ammonia and butene T mo ves n

DR bR SRR SPoU el T8 bbb e TR e ity

fromah 5@ tadEA0Enbyincigasingaemtpatiture in 10F increments as

described in Example 1. Overall n-C16 conversion increased from 9.9 to

99.7 % over this temperalireange. Respliswsie ofiaiagd at
conversions near 80% and thé Tinearly interpolated value at
8G%:PRAVELIINR WasyJesiveghn], @X?E@aﬁ%ﬁﬂ@%ﬁe&ﬁﬂtﬁ@@ﬂ@!@f@&vnh
the results from the non-sulfided catalyst from Ex Mle 2. These res

SHOWAHARENEPRBH2E AR SHE LR ES TR HERED N TE PHIE RS SE fons,
A@E‘é"&ﬁtb’ﬂ%ﬁﬂ@&d&@@@cﬁ&@@ﬁhﬂi@ tenpitioigand \Mtawtmmmmmbeem ril

by, a theory, it is b Ile thi ribut st |n m sulfur
fr&’rtﬁ S'Eda \ég?rff? S&F@hﬁset\%%sa fg the 0?1 aﬁ'@e s%e%lsﬁceétvien
Expefisnantct Srom 56 m&?@éﬂ ratatystsarmiExponnrent 260 thereatayse

PRLIR PRSI NS biiproaio U oGRS REioNRd S0 HBYO lpove:
orno bfec 6h the catal yst. -44 W(ﬁ) 2007/019457 PCT/US2006/03 749
5 thiemls e egs: GLBBN6VEIBMEAIRT BL LN IR SRSl and the

PliB:Z8Mra AR IS WER SiepasekwithoniadsnisunTaadardtiatying
levels of boron.

25 Table 7 along with the results from the non-sulfided catalyst from Example 2.

These results show that the non-acidic borosilicate is remarkably tolerant of nitrogen,
Activity improves upon exposure to nitrogen. Without wishing to be bound by any

theory, it is believed this is atiributed to a stripping of some sulfur from the catalyst

30  and a slight reversal of the change seen between Experiment 15 on the suifided

catalyst and Experiment 2 on the catalyst prior to exposure to either heteroatom.

Nitrogen is believed to have little or not effect on the catalyst.
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10 Comparative Example 17a. Synthesis of the All-Silica ZSM-5(samule
53353) This sample of all-silica-ZSM-5 was made hydrothermally
according to the following procedure, In a 23 cc Teflon liner, 2.5 gm of 25
Wt a6UedUs solution of tetrapropylaminonium hydroxide, RBUaRIHH30749
NaOH, 8 gm de-ignized water_a d 1 15 gin CAB-O-SIL M- 5 (f med silica -
98% Si02) were REIBRGHIFRUSEL RO GoRpnLl Bt iigned off and

p'a B e P Bt R e

e resu m|x ure was
ebstalnecf solid was thoroughly rinsed with water and air-dried

10 0@1%'% : A byinendried i ?@bﬂvﬁgaﬁutp}@%%ﬁ’f 3
Stica-

-5{X-ray analysis).

PeAlls) %% M]’%l’]“@sﬁﬁpﬁﬁ"% éfé‘&@ r%ﬂ){ﬂeglﬁ?afﬁfl IOWing Ry ?&%‘Jf(ﬁlowmg

The all- silica-ZSM-5 sample, synthesized according to the example

BB BhRAets (P THemBwe the SBNAbRteY Calerraisniionshe as
fOﬂBﬂ‘&ﬁ&o@ﬁé&ﬂ;ﬁ@ﬁL@B maia&ﬁlels% baatechR@HM @ﬁgha Bma%&amamm 1

i St Sp i TR SR e AT

hgkd ahtf‘as;:t;ﬁm péﬁ’aﬂdrplioasfﬂmm Bes; axftocwii ahdm&tadmaééd:‘tmﬁ%ﬁtatmg

e, peldahers for aaciher S outs A SRISA A o i Ad RS

passe over e samp at a rate O standard CU et per minute
d@ridnghhaatmgedrmi@av@wtédr@mbamph@méhdﬁ@kéﬁéﬁgéﬂl@ﬁw@mlgh’t The

ammeniiL pirate Rheating the,zeelitedn waterin: the BrasRNe8Ofm of all-

ammonium nitrate (1 gm NH4NO3/1 gm zeolite in 10 gm water) for 3

20 heiliceFAM gy wadtHeh suspended in water (9gm water/gm zeolite)

and a Pt(NH3)4(NO3)2 solution at a concentration which would provide
wt. % Pt wi spect to the dr ht of t eolite was dde

o oM s L 28 AR B o0 N S AP SRS DE

ammmﬁmﬁyﬁn@pldesmﬂﬁestwédcmdnﬁ hotirs aetQOChale rvwodar}@nemo

mixture as flltere h.a Iass Wi ,
and ¢ Cﬁ‘le\ﬁl tf%@ eThe chn A ég W%Ss t I}eenaca cilenqévg{ s}lickg% lﬁéyé?%\ééglé%? n1 sair

25 arﬁiddu@idlthem%? ﬁlmgcrémmswv@@@mmaﬁ@?@ﬂ@aaaeélﬁgwagmute

5 A§hericeh hediafinum.contentppibinrample.shawad bal bitechadhe same

been incorporated. In contrast, samples with boron >0.10 wt% aluminum,

oressielbASTIICBRISTANG e dPEeRtraNBIht: is inoreased to 595°C and

held there for another 5 hours. A 50/50 mixture of air and nitrogen is passed over the

sample at a rate of 20 standard cubic feet per minute during heating. The calcined

30 sample was ion-exchanged with ammonium nitrate by heating the zeolite in water in

the presence of ammonium nitrate (1gm NELNO3/1 gm zeolite in 10 gm water) for 3
hours. The sample was then suspended in water (9gm water/gm zeolite) and a
Pt(NH;)4(NOs), solution at a concentration which would provide 0.5 wt. % Pt with
respect to the dry weight of the zeolite was added. The pH of the solution was

35  adjusted to a pH of ~9 with slow addition 0.15N ammonium hydroxide and stirred for

48 hours at 100°C. After cooling, the mixture was filtered through a glass frit, washed
with de ionized water, and dried at 120°C. The sampie was then calcined slowly up to

300°C in air and held there for 3 hours.
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I7b. Synthesis of the B-ZSM-5 10 This sample was synthesized according

to the synthesis procedure described above for the synthesis of the

all-silica sample with exception of adding 0.01 gm of
WRZ¥BA$% Enhydrous). The Pt-version was synthesized accofelfigthies/030749

5 3h0¥e rapaer aINMAS AU 11015, SARlR, B aLiss han the

amount expec IS is an 15 indication that silanol groups in the
alirefiiparsigthple ereesEREBRAP SRy ach. He wite ivaiaweh angridiagtions

fonihe satal iAnalysisebiiess zeolites and their catalytic performance is
shown in the Table 8. 20 Table 8 Effect of Boron Level in Pt-B-ZSM-5

ca1t7alysts Example Comg.l?ﬂa 17b 2 Boron Content, wt% < 0.007 0.10
048" FEPpmM < 20 < 20 < 20 Temp.,F 750 753 577

10 . . : .
nC16 Cony 10.8 80.00 80,00 i/n Ratios C4i/n 0.43 0.5Q0 0.00 C5i/n 0.43
O SO e 8T AT 56 BB 5 S e B R AT A Ve for
0:00 sEhifsi Dol thO ABfiOH saTHol e/ IvBIvE G0 6DadBixy idrD0.g# 4103 0.00

R LA SRR 0
Platinum was found in this sample, but at less than the amount expected. This is an

15  indication that the siianol groups in the all-silica sample are sufficiently strong to act

as effective exchange sites for the metal.

Analysis of these zeolites and their catalytic performance is shown in the Table 8.

20 Tahle 8

Effect of Boron Level in Pt-B-ZSM-5 catalysts
Example Comp. 172 | 17 2
Boron Content, wi% < 0.007 0.10 | 0.18
Aluminum Content, ppm <20 <20 | <20
Temnp.,°F 750 753 577
nCis Conv 10.8 1 806,60 | 80.00
i/n Ratios

[ Cylin 0431 0501 0.00
Csi/n 0437 6491 0.00
Cgi/n 043 030 0.00

i Cyi/n 0371 034 000
Cein 0.41 0.551 0.00
Co i/n 0191 038 0.060
Cie i/n 0.47 0.76 0.00
Cy in 044 1.03] 4.00
Cizin 0.1 1 1641 0.00
Cixi/n 0.16 | 0.891 0.00
Cy-Cy3 il 0361 0.60; 000

Yields, wt %
Cy 0.02| 0.10F 0.06
Cy 0.171 01341 0.26
Cs 3291 445} 3.83
Cys 619 901 | 6.84
Css 7511 11.30 | 11.69
Ces 7.99 1 12.20 | 15.06
C7Cys 38311 4563 ¢ 61.21 !
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C0s 6.199.016.84 C5s7.5111.3011.69 C6s 7.99 12.20 15.06 C7-C13

38.31 45.63 61.21 -46 WO 2007/019457 PCT/US2006/030749 iC16

36.53 17.18 1.06 Unidentified 0 0.00 0.00 Ratio C3+4/C7-13 0.30 0.18
WOBWHIUWSRigh Delta 0.02 0.00 Percent change 4.17 0 5 TRelAlS3Med 30749

Samp|e (17a) Was nor-fnn:\ \nnfh r\nn\larcnnn hannn Pay 'Iiy:?llog'”nlulﬁi’ Z50F.
] 0 I

Results at 800/n:pf‘\@“'°f°mn could-not-He-detew '5*?'3“ EXPEFim y and
were estima!erJ'Wdf‘?’-m"ﬁ?£3 temperatures-i-exeess o?ﬁgﬁ. - ains an
insufficient am ,%aﬂpﬂﬁ | n'*fw useThe-sample-v "*’mq ft,}\gf* ron was
more active, bt ."!/Bti%‘g"] i sample-with At9%-Beron
These results te thatforthe! ZSM-5-strt Ct:,?{"ﬁ the BY n

content ShOU ad IPEEQ@E“;\@ ?‘qge.‘un :\hnu it fL 05-w1% {anni\ »;IZI

YRS e e o e el e °‘f§1°%%f bt

O R&suitoat (8¢ atentito GOCKE na!talyéettﬂmmeda&mpermmmr)zmﬁhm

rel tlon betwe n 15 horon content ta i\ 3
S e A R A 2 B
rrmtenuﬂfamfshem Examp r&lmsm@ﬁkewa;fwm%bm@mmm B@@Mﬂ@ not as
A&%@@%@&Egﬁx 2 Wit EQ@W%&TS Rigpared . ith yandradracersvels

of aluminum. 18a. Synthesis of the aluminum-containing B-ZSM-5 25

TR B bra Wéé@l‘ﬁwﬁiﬁ% sBeHARA rgg%f@%dhazsm% s Whadgquivalent

hygl Bﬂ@v@rm@iyg@@@@e@m%xﬂa@tﬂ‘aﬂomre&azaﬁg&eg@aeaxIfm 288 T efort%
liner, 0.8 gm of 40 wt% aqueous sol

utio tetrapr n o
P A £ FRE MR A ST 5 PRI ot e A T %
S@eliuimaboitatetd@eomsied lamﬂeadtltm@dmmttm}afﬁdmrﬁiatmmhxps between

boron content and catalyst activity are for ZSM-5. They likely depend on the

'-J-

n
cam
DT
pa ]

Tt

structure of the weakly acidic molecular sieve.

Example 18 — Effect of Aluminwm Content in B-ZSM-5

A series of Pt-B-ZSM-5 catalysts were prepared with varying trace levels of
aluminum.

18a. Svnthesis of the aluminum-containing B-ZSM-5

This sample of a trace aluminum-containing boron-ZSM-5 was made hydrothermally
according to the following procedure. Ina 23 cc Teflon liner, 0.8 gm of 40 wit%
aqueous solution of tetrapropyl-ammonium hydroxide, 1.25 gm IN NaOH, 10 gm de-
ionized water and 0.033 gm of sodium borate were mixed until all sodivm borate were
dissolved. Then, 0.5 gm CAB-O-SIL M-5 (fumed silica - 98% SiO) and 0.001 gm of
Na-Y zeolite (Si0/A50:=5; 0,000112 gm Al which amounts to ~115 ppm of the
solids or ~10 ppm of the entire gel mixture) were added, and the mixture was
thoroughly mixed. The resulting gel was capped off and placed in a Parr autoclave
and heated at 160°C while rotating at about 43 rpm for 12 days, The resulting fine
powder-liquid mixture was filtered and the obtained solid was thoroughly rinsed with
water and air-dried overnight. Then, the dried product was suspended in > m} of

0.01N HCI and heated {static) at 80°C to ensure the complete destruction of any un-
_47 -



dissolved. Then, 0.9 gm CAB-O-SIL M-5 (fumed silica - 98% SiO2) and
0.001 gm of 30 Na-Y zeolite (SiO2/A1203=5: 0.000112 gm Al which
amounts to -115 ppm of the solids or -10 ppm of the entire gel mixture)

WEEPRTANMEA, and the mixture was thoroughly mixed. The recakiFepHieltrk4®

5
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35

ca f laced,in a ve .and heated il
SRS S ol T T By o
meixeare WASGilferddusrid Yiekddbedisedos SifdV vt sugltiBisiinsed with 35
water and air-dried overnight. Then, the dried product was suspended in 5
ml of 0.0IN HCI and heated (static) at 80C to ensure the complete
deberaeisslies AhyiRITAP WS obbTscRRHE PesTAPI R ERSEH Aeeagured

reasted Nasy +Jhe 30ligkygas filtered and dried in open air and further dried
in an oven at 120C for 3 hrs to yield 0.83 gm of ZSM-5(X-ray analysis).
The calculated aluminum content of this material was 145 ppm, and the
neasived diainaaplentwas 28 wtdndi} RI/ZESibefithizemnple Was
prepared acgording 1o Ihe following prosedurs. the SRmRleSyines AR
accoPd?hgf' to'the example a%ove, Was calced to remove the template.
CaleirlatiorCalaisdimenas folowsiolanin Hethis radwdrmtiziabitbepipdan a

JUIRRCE M IOMJISMPRIAIUES: REAG alid dpieobd: hiRGRiAUAd

and held 15 at 120C for | hour. The temperature is then ramped up to

54024tk ddiie r B ARRPPRBRIa IS IERRIRS A &P rat 5 hBURS, sy rate and
whichit s dncrgRsad tore9S toardaheld theret fonRnaikarnd SIBuCsan hldthere

mixture of air and nitrogen is passed qver fihe sample at a rater(%l;lzg)am

SEARARPHNEUDROFEEL Hetdmnin IS YT PR &t Mg Shased Sampfe agle at
ionrexciTangechidth anvinbeiye: nitrate by inedtingrthe Peolitkimedstepln was

the presence 20.0f ammonium.nitrate (1. gm 4 ‘ ealite |
T VL SR IARAe 5 Fe AR ML N O AR Cence
wafanﬁgcgmwuatez_a/rgrﬁM@Wigmmmwmg@éﬁmf@h%@a- The

CsRIAGNLGR WOVIEL IBY R R it BN eRBREEIR HB61AEYand o

Welgﬁt of the zeolite was added. The pH of the solution was ad u? dto %
pRLGFED ) WRR steWtisictis A SEBREEAGHAD T PR e saha %’%’rr é?jp‘z%“

for48 haoyrsal 95k Aier apolingirdhrmisdete MesHieratdtbrbuigh aglass
frit, washed with de-ionizgld water, and dried at 120C, The(ﬁam le WAS: . od
e

RSP RIBITY AP 8 S0 AP ARd e P Rere Tor 3 hotirs,

ours,
sample was thesgelletizedooling, the mixture was filtered through a glass frit,

washed with de-ionized water, and dried at 120°C. The sample was then calcined
slowly up to 300°C in air and held there for 3 bours, The sample was then pelietized

on a Carver Press, transformed to a 24-40 mesh and used as the catalyst.

18b. Synthesis of the aluminum-containing B-Z5M-5

This sample of aluminum-containing boron-ZSM-5 was made hydrothermally
according to the following procedure. Ina 23 cc Teflon liner, 2.45 gm of 25 wt%
aqueous solution of tetrapropylammonium hydroxide, 1.2 gm IN NaQ¥H, 8.35 gm de-
jomized water and 0.06 gm of sodium borate decahydrate were mixed until all sodium
borate were dissolved. Then, 0.9 gm CAB-0O-SIL M-5 (fumed silica - 98% Si02) and
0.0025 gm of Na-A zeolite (Si02/Al;0:=1.7; 00037gm Al which amounts to ~385
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on a Carver Press, transformed to a 24-40 mesh and used as the catalyst.
30 18b. Synthesis of the aluminum-containing B-ZSM-5 This sample of
aluminum-containing boron-ZSM-5 was made hydrothermally according

Wb AN Wing procedure. In a 23 cc Teflon liner, 2.45 gm SCABRAGHH/630749
5

aqueous solytion of tetrapropylammeonium hydroxide, 1.2 IN NaOH
o e oo R T e wh R e
wegpedixEthoeh il it S odiuParotatés wersl dissell ed! A0S W10 mting at about

RS S R e A e e S e anelle
20001 aE I PETIYSREbE0Be7A Y1l pigie) Andraraditety wreighe hiktuias
wasctheranghlynixeskFRE sesuling oehwas canpadcoff andiplaceging

Parr autoclave and heated at 160C while rotating at about 43'rpm for 12
dEYEITHE FOSUMRIE FRTE HORESF-HEUREHSRRISFE NGRS filteretp ighwem ltered and
oltainedsridwasdtharasohivdinsecowdthaweier@ng ket 9yeinidhim of
T%ggé tst;% dried product was suspended in 5 ml of 0.01N HCI and heated
(statiey at 86CHE 16'€nsure the complete destruction of any un-reacted
Na-Y. The solid was filtered and dried in open air and further dried in an
oven at for 3 r ield-Q. _ - iS).

e S L R G A e
mieas redtens Wt 82 boritént was 0.21 wt%. Pt/AI-B-ZSM-5 of this sample
WagQrepAcee aceqrd @&ﬁﬁ&h@a@ﬁ?&ﬁe@bﬂ%&%@@iﬁ%&oﬁ%@}ﬂl@céﬁﬁe 18% for
Synthesigpf the aluminum-containing B-ZSM-5 20 This sample was
synthesized according to the procedure for sample 1 8b but using 0.005
gmsN-Avaeekie dD:RORIainA DontiigisaBLatersaluminum content of this
material was 785 ppm, and the measured 25 boron content was 0.22
Wiis RAAHBwAS MsTitebinid samplegiashprepasddradeosdingetodheut using

p@&&dg&e&l%ed fcilrtes(%@sé?ﬂ%%. %ﬁd. Synthesis of the

- GO
aIummﬁm-cont%unlng

The caleulated aluminum content of this material was 785 ppm, and the measured
boron content was 0.22 wt%.

Pt/Al-B-ZSM-5 of this sample was prepared aceording to the procedure used for
sampie 18a.

184, Svnthasis of the aluminum-containing B-ZSM-5

This sample was synthesized according to the procedure above but using 0.007 gm N-
A zeolite (0.00] gm Al).

The calculated aluminum content of this material was 1000 ppm, and the measured
boron content was 0.18 wt%,

Pt/AL-B-ZSM-5 of this sample was prepared according to the procedure used for

sample 18a.

18e. Synthesis of the aluminum-containing B-ZSM-3

This sample was synthesized according to the procedure above but using 0.01 gm N-
A zeolite (0.00148 gm Al

- 49 .



This sample was synthesized according to the procedure above but using
0.007 gm N- A zeolite (0.001 gm At). The calculated aluminum content of
this material was 1000 ppm, and the measured boron content was 0.18

W% B REAI-B-ZSM-5 of this sample was prepared accordingriostiues 030749

procedure used for sample 18a. 18e. Synthesis of the

5 aluminum-containing B-ZSM-5 40 This sample was synthesized according

10

- tohe RIeaedura aheus, Ruhusing 8:Qkgmr - wazeslitep(R0AA4 e MeAthred

-49 WO 2007/019457 PCT/US2006/030749 5 The calculated aluminum
CONERSPIFRS WRALAAI4s 1500 ppm, and the measured boron content
way Q13- XH0. SR Al Bsa Bt vad thipsainplewias: preharedcadeerding ko
the Brglric?gure used for sample 18a. 10 Analysis of these zeolites and
the ?aly%ic performance is shown in the Table 9. Table 9 Effect of
Trace Aluminum Level in Pt-B-Z SM-S catalysts Example 2 18a 18b 18c
18shaBeisvithstr ecoBsromd e 0canlpiR PO RGNS O sro@oitd Tikds O
Calculated --]<-20 145 402 785 1000 1500 Aluminum Content, ppm
Temp.,F 577 567 559 593 567 563 AE16Tonv 80,00 80.00 80.00 80.00
el ac A

0.00 80.00 i/Bifestpileacy/A Bnmanbays o $8EN 0.00
Bzamply 0.28 0,944 024 €6 ¥He0 0o 0188 013418550 285 29 18¢
Measured Boron | 0.18 0.21 0.21 022 | 018 | 017
Content, wi%
Calculated <20 145 402 785 | 1000 | 1500
Aluminum
Content, ppm
Temp.,F 577 567 559 593 567 563
nCig Conv 80.00 | 80.00 | 80.00 | 80.00 | 80.00 | 80.00
i/n Ratios
Cai/n 0.00 0.02 0.26 025 | 022 | 0.22
Cs in 0.00 | 0.03 0.29 028 | 024 | 024
Ce i/m 0.00 0.03 0.34 0.35 | 029 | 029
Cri/n 0.00 0.05 0.42 0.45 | 038 | 037
Ceim 0.00 0.04 0.40 044 | 037 | 035
Coifn 0.00 0.04 0.42 0.48 | 040 | 0.38
Cio Un 0.00 0.06 0.51 0.74 | 061 | 054
Cy; i/n 0.00 0.06 0.62 1.04 | 0.82 | 0.74
Ciz i/n 0.00 0.07 0.71 057 | 1.00 | 0.93
Ci3 1/n 0.00 0.03 0.77 090 | 1.17 | 1.20
"Cs-Cy3 i/m 0.00 0.04 0,40 0.44 | 039 | 040
Yields, wt %
C, 0.06 0.06 0.00 0.03 | 000 | 000
Ca 0.26 0.23 0.15 007 | 011 | 011
Cs 3.83 3.29 7.32 498 | 5.65 | 497
Cas 6.84 6.04 11.52 | 889 | 1020, 8.87 |
Css 11.69 | 956 1330 | 11.09 | 12.65 | 10.95 |
Ces _ 1506 | 11.65 13.54 | 11.88 | 13.32 | 11.75 |
C7-Cis 6121 | 65.12 | 47.72 | 47.09 | 47.72 | 51.51
iCie 1.06 4,04 647 | 15.97 | 1034 | 11.84
Unidentified 0.00 0.00 0.00 0.00 | 6.00 | 0.00
Ratio Cs+4/Co- | 0.18 0.39 029 | 033 1 027
13 0.14
Cg i/n low-high
Delta 0.00 0.01 0.04 0.04 | 0.04 | 0.03
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C71i/n 0.00 0.050.42 0.450.38 0.37 C$i/n 0.00 0.04 0.40 0.44 0.37 0.35
C9i/n 0.00 0.04 0.42 0.48 0.40 0.38 C101i/11 0.00 0.06 0.51 X0.74 0.61
0.54 C11i/n 0.00 0.06 0.62 1.04 0.82 0.74 C12i/11 0.00 0.07 0.71 0.57

WDGQI’U‘Q%*CIS i/n 0. OO 0.030.77 0.90 1.17 1.20 . C4-C13 i/®OT00S&N 04030749

PP £V P o ) D S ) S

60411528891020887 C5s 11.69 9.56 13.30 11.09 12.65 10.95 C6s
1536k Hf1Rn4nkE-88(18. 82 tb. plodCoti@Hle 6 1i gt rodud? With4/1080 i

0 BB 00000 R i o eides AN o v
0 Jeds G/ hOfhpprigHD eien(R00s0h0. 6A0e: Ordesd tpeo20-ppnw Because the
29190%%1%% %QLTJ&%&@ %@9%9%&&%&%9??%9 Brr %%}?& Je§a%11aiuﬁﬁnum

0.71 5 These results demonstrate that for the pro duction of a | ighter
pmttmww&wvmﬁaﬁmmﬁﬂs amnd - pasiast Pipdesl dimmtimmedntentss
ofithe imnRlecylak sieve should be less than 1000 ppm, for example less
than 200 ppm or less than 20 ppm. Because the molecular sieve
structure may also | act aluminum 10
content needed foragtve ed-product i/n ratio

MY 8 %rtaen%ssa%]p Ifq 58 \é@geasg was prepared following the procedure of Example

4. Tt was tested in a trickle bed microunit operating in downflow mode. The catalyst

was converted to pellets and 7.0 cc was placed in the reactor. It was reduced in
hydrogen at 450°F, The reactor inlet pressure was adjusted to the target (1000 psig
initially) and the gas rate adjusted to 10,000 SCFB, The feed was then started at 1.0

LHSV. Catalyst temperature was adjusted {o give a range of feed conversions.

The microunit configuration permitted calculation of product yields, feed conversions
and mass balances based on detailed feed and product analysis (ASTM D-2887

simulated distillation, gas analysis).

The feedstock was a Fischer Tropsch wax prepared from a slurry bed process using a
cobalt catalyst. The wax was hydrotreated to remove impurities (olefins, nitrogen,
oxygenates, solids, etc). The properties of the hydrotreated wax are shown in Tables

i0and 11,

This catalyst was evaluated at a variety of pressures and temperatores with yields

shown in Table 12. When the pressure was reduced, the catatyst’s activity increased.
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Example 19 - Tests with Fischer Tropsch Wax 15 A 10 gram sample of
Pt/B-SSZ-58 was prepared following the procedure of Example 4. It was
tested in a trickle bed microunit operating in downflow mode, The catalyst
WRALIOAA ed to pellets and 7.0 cc was placed in the reactdf: AR 6/050749
5 reduced in hydrogen at 450F. The fgggtqpinlet pressure was adjusted to.
the target (1000 psig initially) anggg@%}@ge adjusted to 10,000 SCFB,

The iF?éﬁWEQéﬁﬁbE[dteo ar'T’0 49 LSV Catalyst temperatyre was
adjustgd to give arange of feed conversions. The \microunit configuration
perrpiitted carculation of produggpreles, §ggd CONVETSIONS DARMEEEEN
balances based on detailed T€6d and product analysis (ASTM D-2887
simuigrﬁodiigﬂgation, gas analysis)4 29 The féedstock was a Fgcher
Tro %‘iﬂﬁ’i{",’%%%@%%g from a slurryhed process using a cobadt catalyst.
The V}@ﬁ,(yé@ﬁ" preated to remowvg Impurities (alefins, nitropen,
oxyg&gg{es, solids, etc). The properties of the hydrotreated wax are
shoyp i .Eables,10 and 11. 30 Thispsatalyst was evaluated afa variety of
presStessangktemperatures with welgs shown in|Table 12.34/B2n the
presSUR Was eduged,[the catalysts.@ctivity increased. -51 MIG
2007EP457 PCT/US2006/03074914 Table 10 Feed Analysi3Eeed for
Exampig 18: 20 21 No} HDT FT Wag.a ing 650N API Gravi$yo41.1 32,0
Sulfupveighinw2<6 | Nitrogen, weight <1 1.2 PPM Oxygeii.wt % 0.05
0 Chrlwsvii¥h184:91 85.87 Hydrogen, wt % 15.04 14.13
by wt %
0.5/5 512/598 678/796
10/30 642/732 §50/943
30/ 817 979
70/90 908/1035 1001/1036
a5/99 1096/1199 1050/1071
Table 11
10 Normal Paraffin Analyses of Feedstocks
F-T- Wax Daging 650N
Paraffin Analysis, wt %o n-P | NonnP! nP | NornP
Ci2- 3.22 (mostly n-P} | 0.03 0.01
Ci2 0.05 0.00 0.03 0.06
C13 0.18 0.01 | 0.05 (.09
Cl4 0.45 0.03 0.05 0.07
Cl3 0.85 0.05 0.07 0.07
Cib .33 0.07 0.07 0.09
Cl7 1.89 0.10 0.08 0.03
Ci8 2.52 0.14 0.08 (.06
C19 3.17 0.20 0.10 {.05
C20 3.79 0.24 0.11 0.03
C21 431 0.26 0.14 0.04
C22 4,71 0.30 0.21 0.08
C23 4.93 0.32 0.37 0.11
C24 4.97 0.33 0.48 (.28
C25 4.88 (.33 0.69 .32
C26 4,70 0.33 (.63 0.33
C27 4,45 0.34 0.75 0.50
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MW 444 530 Wax, wt % 100.0 53.0 Oil-in-wax, wt % 0.0 12.4 D2887
Distil., F by wt % 0.5/5 512/598 678/796 10/30 642/732 850/943 50/ 817
979 L70/90 908/1035 1001/1036 95/99 1096/1199 1050/1071 Table 11
wiMohTEbParaffin Analyses of Feedstocks F-T- Wax i Daqi@r85amM6/030749
Paraffin Analysis, wt % n-P_Non-n P.n-P.Non-n.P_C12- 322 (mastly ii-P}

0.03 0.01_C12 0.05%%0 0.03.0 46 £1% 018531 008 Foa 1380 45
0.03 0.058.0.07.C153385.0.05.0.07.8:87 0164333 0.0%-0l07 0980 c17
1.89 0.10.0.08 0.035¢4 8 2.52.0.14 8:68 0.06 319 3119220 046%0.05
C203.79024 011903 c21431 3360404884 0284271 088%.2
0.08 C234.930.35647.0.11_Cp4 247 0133%h343 0l 28.5¢ 25 4603
0.69 0.32_C26.4.70933 0.63.0.33 €97 4458381 0. 78850 -BF7
C34 2.64 0.25 0.96 0.63
C35 2.41 0.24 0.80 0.79
C36 2.50 0.23 1,33 1.89
C37 1.98 0.22 1,66 3.98
C38 1.78 0.19 1.90 6.49
C39 1.58 0.17 2,13 8.82
40 233 0.19 2,18 0.25
C41 1.23 0.23 1,50 8.80
C42 1.06 0.14 1,02 6.70
C43 0.84 .13 0.82 5.59
C44 2.11 0.20 1.54 543
C45 0.33 0.15 0,49 4.31
C44 0.15 0.05 0.45 2.53
a7 0.06 0.05 0.51 1.34
Ca8 0,02 0.00 (.43 0.59
C49 0.00 0.01 .27 0.21
C30+ 0.06) 0.00 0,20 0.54
Sam 80,33 10.68 26.69 73.31
Table 12
Hydroconversion of Fischer Tropsch Wax With Pt/B-SS7-58
Run Hours 402 666 8§58 906 1074
Temp., °F 702 731 722 715 715
WHSV 1.19 1.19 1.19 1.20 1,19
Tot. P, psig | 1113 | 1107 1104 1099 250
(ras Rate, Q755
SCFB 5740 9749 9693 9725
Conv <650 ~10
°F, Wt% G2.99 03.8 7427 80,46
Yields,
Wt
Methane 0.17 0.14 0.10 0.20
Ethane 0.25 0.23 0.16 0.32
Propane 1.74 1,45 0,88 1.42
i-Butane 0.05 0.04 0.02 0.03
n-Butane 3.38 3.05 1.78 2.28
Cs-180°F 10.4} 9,90 6.09 9.11
180-250°F 3.68 3.45 2.16 2.33
250-550°F 62.93 61,18 46,35 50.16
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WO 2007/019457 PCT/US2006/030749 C28 4.19 0.350.70 0.48 C29

wo e Ped£, 71 0.50 C30 3.62 0.31 0.72 0.44 C31 3.35 0.32OcAR B dathz0749
C323.200.320.81 0.58 C332.840.300.810.67 C342.640250.96 1

0.63 C35.2.41-0-24 6.89.0.79 C36.2.500.231.331.89 C371.980.,22
166 3.98 63871099 0 10 1 906466030 1 28817 » 13882 oD
0.19 2.18 9798°K*41 1.23.0.23 1 58%8.80-C42* .06 0.149. 60 .70 £9%
0.84 0.13.0.82 559.C44 2.11.0.20-1.54 5.43 -C45. ‘h33 0-15-0.49-4.31
C46 0.15 89%°0.45 253 C47 0.06 0.05{0.51 1.34 C48 0.02 0.00 0.43
0.59 C4 %%081027021 C50+} .00 0.00 0.20 0.54 Sum 89.33
10.68 26/63-13.41-5 Foblopia Hycroconversion ot Fissher-Fopsoh e
With PUB- SS7:g8 L %%urs g{q %6 a55,90 ]{97§1ub§'§mo ERR
731 722 #45 ...f‘: WH C‘\%g% 19 7 1 T pstgETE3-1107
1104 1099 2594s,, 257/383 j 259/385 i 302/454 | 301/420
50% 707 i 454/ 457 | 549 521
786/9
T0/90% 21 522/623 548/625 625/713 600/694
991/1 [
55/99% 097 6700771 G658/713 743/805 732/788
5

A GC analysis of the converted portions of the whole liquid products from the unit

showed large peaks due to normal paratfins with only small intermediate peaks.

Portions of the products from hours 666 were distilled by D-1160 at a 650°F cut point

to produce a bottoms product, overhead product, and light material which was in the

10

distribution, cetane index, as shown in Table {3,

L
xS
1

trap. The products were analyzed for density, normal paraffin content and



5

Gas Rate, 9755 SCFB 9740 9749 9693 9725 Conv <650 -10 F, Wt%
92.99 93.8 74.27 80.46 Yields, Wt% Methane 0.17 0.14 0.10 0.20
Ethane 0.29 0.23 0.16 0.32 Propane 1.74 1.45 0.88 1.42 i-Butane 0.05

w.0dh 00028703 n-Butane 3.38 3.05 1.78 2.29 C5-180F 10.4T919Q®GAS0749

9.11 180-250F 3.68 3.45 2.16 2.33 250-550F 62.93 61.18 46.35 50.16
-53 WOT208710 194styPe 1 ths Powbrosravtisgtsthe Grrsrlusesiook

4.31 29,23 700F+2.83.1,48 10.70.7.60_D2887 Distil., E bhywt% 118/4

5t/5% 11 91/207 33/209 9171286 90/256 478161823006 D1 25 PRitemms
250/26% Sup4p4 301/420 H8%h 707 454/.457548 521 786)9 7AHG0% 21
522/663Ba8/B05 625/713 680694 991/1 95/688: 097 670/771.888/713
743/805igB2 /288 5 A GC aﬁ%I}yQiq of the conv@fed portions of 5fp[éwhgle_
liquif¢iraddedsfrom the unit 78
n-Paraffin n-P Nopn-P | p-P | Nonn- p-P | Nonn-P
Analysis, wt % P
C4 0.24 0.00 0.00 0.00 £.00 (.00
C5 2.10 0.14 0.00 | 0.00 0.00 0.00
C6 6.82 4.11 0.00 | 244 0.00 0.00
C7 15.91 0.43 0.0l | 0.03 0.01 0.00
C8 25.09 0.99 .34 0.04 0.02 0.01
C9 20.90 1.22 227 | 0.08 0.03 0.06
C10 10.43 0.99 566 | 021 0.04 0.07
Cl1 3.93 0.89 922 | 0.39 0.01 0.10
Cl2 1.38 118 | 1099 | 0.50 0.01 0.07
Cl3 G.47 1.06 10.52 0.57 0.00 .05
Cl4 0.20 051 | 10.65]| 061 0.01 0.06
Cl5 0.11 0.18 11031 | 0.69 0.00 0.03
Cl6 0.07 0.14 9.02 | 0.77 0.02 0.03
C17 0.04 0.10 7.50 | 0.80 0.37 0,06
C18 0.03 0.09 580 | 0.78 2.56 0.19
C19 0.00 0.14 3.79 | 0.62 6.90 0.62
C20 0.01 0.08 213 | 0.44 10.39 1.33
C21 (.00 0.03 1.07 + 0.28 11.23 1.99
c22 0.00 0.00 052 | 0.17 10.14 2.35
C23 0.00 0.00 024 | 0.09 8.47 2.37
C24 0.00 0.00 0.16 | 0.05 6.12 2.09
25 0.00 0.00 0.05 . 0.03 4.76 1.87
C26 0.00 0.00 0.02 | 002 3.63 1.27
Cc27 0.00 0.00 0.00 T 0.14 2.54 1.00
C28 0.00 0.00 0.00 | 0.00 1.82 0.82
20 0.00 0.00 0.00 | 000 1.36 0.64
C30 0.00 0.00 0.00 | 0.00 0.97 0.51
C31 0.00 0.00 0.00 1 0.00 0.73 (.45
C32 0.00 0.00 0.00 | 0.00 0.62 0.41
C33 0.00 0.00 0.00 | 0.00 0.52 0.33
C34 0.00 0.00 0.00 | 0.00 0.47 0.33
C35 0.00 0.00 0.00 8.00 (.37 (.32
C36 0.00 0.00 0.00 | 0.00 0.37 0.34
C37 0.00 0.00 0.00 | 0.00 0.33 0.29
C38 0.00 0.00 0.00 | 0.00 0.20 0.28
C39 0.00 0.00 0.00 | 0.00 0.25 0.25
C40 0.00 0.00 0.00 | 0.00 0.23 0.22
Cal 0.00 0.00 0.00 | 0.00 0.20 0.19
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showed large peaks due to normal paraffins with only small intermediate
peaks. Portions of the products from hours 666 were distilled by D-1160
at a 650F cut point to produce a bottoms product, overhead product, and

Wiy HR4Ral WhICh was in the 10 trap. The products were a?%Wz%%PW’”
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d"n“l*", RO ent-and-—dis y nnr\_'

S o ple AL R e
nalysiﬁ%?*he Produ‘,{i ‘QJG.. th%;gb?chei) 'Q'Q’ bbﬂ ﬁcu tlﬁ, Frap 025

OverheuSJ Botto'ns 7j3 ity 52'7 53- B vg;zg , “/7» ‘6‘9" 2%'83‘2

Wetght; 51914 70-6-10-3Cetané frdex Fa-Paraffnn-P ?\IUIIIII_III'

Anal 4 ) . . .
NI R MO, A WGP S04 06000000 000800, .
1518k @msear@i@mm@c@mm@oc@@g@mgl@@@ G3:duel 0.02 0.01 09
20.90 1.22 2.27 0.08 0.03 0.06 010 10.43 0.99 5.66 0.21 0.04 0.07 Cli
3.930.89 9.22 0.39 0.01 0.10 C12 1.38 1.18 10.99 0.50 0.01 0.07 C13
0.4 rovasaped by vay Getstark4vighte s1edecbsgsdoncort.adidk1s

0 ﬂés@z%ﬁz@rﬁ;f hEXRAR:0 B3GR F0a D). 0210 s%YchaQ&%@ﬁw@ﬂ;?ﬁmi
0.04 0,20 7.50 0.80 0.37 0.06 C18 Q. 800182560 C19

0
BB SO BT T B8543 S By Produced

to the n-Coy and heavier norma!l paraffing in the feed. n-Cy; was chosen as a reference

since it corresponds to a boiling point of ahout 700°F,

net n-C22 formed in the product x 100
net n-C23 consumed in the feed

N-Paraffin Selectivity =

= (87.49x0.191 + 89.90x0.706 + 10.3x0.4174 — 23 25)x100
66.08 — (0.41x0.706 + 34.95%0.103)

For this product the n-Paraffin Selectivitjf is approximately = 98.4%
where the'yields of the products on the basis of the feed are taken as the yields from
the 11160 distillatior. The amount of light gases produced is small.

The whole liquid product from howurs 666 were solvent dewaxed by the following
procedure:

Laboratory Solvent Dewaxing Procedure

The waxy sample was heated until just above its pour point. 100 grams were poured
tnto a tared 1-liter glass bieaker on a balance and weighed to two decimal places, 200
mL of toluene, and then 200 moi of methy! ethyl ketone were added, The sample was
stirred gently unti! dissolved, Once compleiely dissolved, the sample in the beaker
was covered with a piece of aluminum foil and placed in a freezer which had been

preset to the desired temperature {-10°F) and allowed to sit undisturbed overnight.

The filtration was done in a compartment in the freezer that is equipped with a
vacuum line and toggle switch. The filtration assembly consisted of a 186-mm

Biichner funnel atop a 2-liter filtering flask. All equipment, including the filtration
- 56



C21 0.00 0.03 1.07 0.28 11.23 1.99 C22 0.00 0.00 0.52 0.17 10.14 2.35
C23 0.00 0.00 0.24 0.09 8.47 2.37 C24 0.00 0.00 0.10 0.05 6.12 2.09
C25 0.00 0.00 0.05 0.03 4.76 1.87 C26 0.00 0.00 0.02 0.02 3.63 1,27
WQ2PpMmes700 0.00 0.14 2.54 1.00 C28 0.00 0.00 0.00 | 0.GC T BRPGB0749
C29 0.00 0.00 0.00 0,00 1.36 0.64 C30 0.00 0.00.0.00 0.00 0.97 0.51
& 0a%IBDHLBAI, 66°TEH% SFBeAC Es ﬁ?@?)gd. BOBEH 08 080T ot
C32AHA:00:0:80 0.00 0.52 0.33 C34 0.00 0.00 0.00 0.00 0.47 0.33
C35 0.00 0.00 0.00 0.00 0.37 0.32 C36 0.00 0.00 0.00 0.00 0.37 0.34
C37 0.00 0.00 0.00 0.00 0.33 0.29 C38 0.00 0.00 0.00 0.00 0.29 0.28 F
CB9¥0.G0Yhetmar0f! 8:aguE28 & 2em oD W0 0iaes o trsofamel.

Cﬁ]n%%% t Q'arngIQx 90@9 Qa%%t@a&%d’éﬁ%’%&% LA freever,

PCT /030749 C42 0.00 0.00 1 0.00 0.00 0.12 0.25 C43 0.00 0.00
10 0.00 0.00 0.100.25 C44 + 0.00 0.00 0.00 0.00 0.63 1.82 Sum 87.73
15ilimeenoogedsivis 69 23.31 5 The distilled products are rich in normal

paraffins, and the overhead fraction has a high octane index indicating its
good poldftisPapeiees RW?%‘@&%@F?}OW 8?%3(%\6593% feedstock to
lighter produsisiwasidane withahighyte greservation of the structure of

15 thBe. nor%'e%%%) fitni%"tgeh ge%ﬁé?%yz\i/sit gﬁ%&h\%{fﬂ @%}laatula and quantitatively
transferred to the funnel. The sides of the beaker were scraped to remove
additional sampie.

4. The sides of the beaker were rinsed with 200 ml of cold ketone.
The freezer was closed and the mixfure was allowed to filter.

20 6 Cracks in the filter cake were smoothed over with a spatula to provide a
smooth surface.

7. 200 ml of cold ketone were poured over the sample to rinse residual oil.

8. Steps 6 and 7 were repeated.

25  Wax Recovery procedure:

The filter cake was aliowed 1o dry, and the vacuum disconnected. The wax was
transferred to a pretared jar. 100 mL of boiling toluene was poured around the rim of
the filter to dissolve all remaining wax. The toluene was collected in the jar. To

30  evaporate the solvent, the jar was placed on a hot plate under low heat and in contact
with a gentile stream of nitrogen. After the solvent has been removed, the weight of

the recovered wax 1s determined.

01l Recovery procedure:

% The filtrate was poured inio & tared 1-liter round bottom flask and then stripped using
a rotary evaporator equipped with a nitrogen stream, The oil-solvent mixture was
heated to 120°C in an oil bath and stripped for 2 minimum of four hours. The weight
of the recovered oil was then determined.

40
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paraffin conversion is defined as the ratio of the n-C22 and lighter
paraffins produced to the n-C23 and heavier normal paraffins in the feed.
n-C22 was chosen as a reference since it corresponds to a boiling point

WEF WBHBI9?80F. 15 N-Paraffin Selectivity = net n-C22 formedhiiE19H6@8EHY
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was attached to the vacuum line in the freezer. 10 Filtration procedure: 1.
The filter paper was prewetted with 20 ml of cold ketone.

Comparative Example 20 — Tests on Fischer Tropsch Wax W ithout Added Hvdrogen

Following Example 13, the PUB-SSZ-58 catalyst was left in the microunit at 250 psig
and temperatures in excess of 725°F but the hydrogen was replaced with nitrogen gas.
The catalyst activity for normal paraffin conversion appeared to halt immediately, and

increasing the temperature did not resuit in any significant conversion.

After 29 hours at 250 psig, temperatures in excess of 725°F and in the absence of
hydrogen, hydrogen was re~introduced and nitrogen gas flow terminated. The
catalyst’s activity was rapidly restored to its initial value as determined by the
appearance of the product GC traces. This demonstrates the remarkable tolerance of
the catalyst towards hydrogen interruption. This is an advantage over conventional

hydrocracking catalysts.

Example 21 — Tests on a n-Paraffin Containing Petroleum Feedstock

Foliowing Example 20 a waxy hydrocracked Chinese feedstock was processed over
the Pt/B-SSZ-58 catalyst. The catalyst was very stable at moderate conversion leveis
and low pressure (below 300 psig) while giving good yields of distillate fuel. The

- 58 -



2. The toggle switch to the vacuum was opened. 15 3. The sample in the
bealcer was stirred with the spatula and quantitatively transferred to the
funnel. The sides of the bealcer were scraped to remove additional
waample19sThe sides of the beaker were rinsed with 200 m| BETalszik@t0sE49
5. The freezer was closed and the mixture was allowed to filter, 20 6. :
5 CRARETN D REr Lo e SHIB SHSETR B e hRT A et e progluagshown
snootblsufactie s Z0meabeolbletbnewaid prurediower the sampeta
rinse residyal oil. 8. Steps ec
B AR AR T WD TS Chr AT A LSe2and 1434
disoorrrectigwTihe Waewés transferred to a pretared jar. 100 mL of
boiling toluene was poured around the rim of the filter to dissolve all
remaining wax. The toluene was collected in the jar. To 30 evaporate the
solvent, the jar was placed on a hot plate under low heat and in contact
with a gentile stream of nitrogen, After the solvent has been removed, the
weight of the recovered wax is determined. Oil Recovery procedure: 35
The filtrate was poured into a tared 1-liter round bottom flask and then
stripped using a rotary evaporator equipped with a nitrogen stream. The
oil-solvent mixture was heated to 120C in an oil bath and stripped for a
minimum of four hours. The weight of the recovered oil was then
determined. 40 -57 WO 2007/019457 PCT/US2006/030749 5 Because of
the large amount of light material, recovered wax and dewaxed oil were
low. The properties of the dewaxed oil and wax are shown in Table 14.
Table 14 Properties of Dewaxed Oil and Residual Wax from Hours 666
WLP DWO Wax Wt. % 100 36.5 3.2
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API Gravity 54.5 50.2 Vis@40 C, cSt. 3.366 Vis 100 C, est. 1.296 VI
Pour Point, C 9 Cloud Point, C 12 D2887 Distil., F by Wt % 0.5/5 95/207
419/456 10/30 257/383 485/523 50/ 454/ 552/ 70/90 522/623 580/629
WOBI90/61Pa#771 670/734 10 Comparative Example 20 - TestBGHUBRIgNOFC749
Tropsch Wax Without Added Hydrogen Following Example 15, the
Pt/B-SSZ-58 catalyst was left in the microunit at 250 psig 15 and
temperatures in excess of 725F but the hydrogen was replaced with
nitrogen gas. The catalyst activity for normal paraffin conversion appeared
to halt immediately, and increasing the temperature did not result in any
significant conversion. After 29 hours at 250 psig, temperatures in excess

of 725F and.in th ice-of--20-hydrogen-hydrogen-was-re-itrodiced
and nitrogen gas flow terminated. catalyst's cg:ti ity was [kapidly; g
| . =)}
restored to i, jiitil mﬁ@c as det &1 Dy & apb"ég n :@&t\ S
. § el - N b A b . A B P o
product GC|Fates Thie (8 cﬁ%ﬁ%a \The rarmarkeble lergtee of The
I Lol . o
catalyst towards hydragen interruption. This i$ an advantade pver |2~
conventiondl hydrocracking catalysts; 25 Exgmple 21 - Testg on aj,. |
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Tt | P =Y I N g Ly =
hydrocracked Ghifiese feetistock Was [ pEessed ever sthe U %558
catalyst. The catalyst was very stahble jat moderate conversjon Tevels 38
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5 conversion increased as the pressure decreased. Properties of the
feedstock are shown in Table 10. Yields from various operating conditions
are shown in Table 15, and analyses of the products from D-1 160
wdistillatipnef the products from 1362 and 1434 hours are shewn;iadaliero
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paraffin products are desired, the feedstock must contain > 5 wit% n-paraffins,

preferably > 50 wi% n-paraffins, and more preferably > 80 wit% n-paraffins.

Table 17

Dewaxing Results and Lubricant Properties of the 650°F-+ Products from
Hydroconversion of Daging 650N With Pt/B-SS5Z-58

1386-1434

Run Hours 1338-1362
WLP DWO Wax WLP DWO Wax
Wt % 100 70.4 10.5 100 73.8 11.2
API Gravity 36,2 30.3 359 312
Vis@40 C, cSt. 46.26 41.72
Vis@ 100 C, ¢St 7312 6.90
VI 120 123
Pour Poirt, C -5 -3
Cloud Point, C -3 -2
D2887 Distil., °F by
wi %
0.5/5 129/256 406/488 152/278 397/485
10/30 326/718 584/853 . 363/765 547/852
50/ 924/ 935/ L 935/ 942/
70/90 074/1018 | 976/010 978/1021 | 976/1010
95/99 1039/1074 | 1025/1044 1043/1079 | 1025/1043 |

These results show that a high viscosity index product can be made by a combination

of & n-paraffin selective hydroconversion process and a solvent dewaxing process.
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010,0.0:Q.8,8 Qandard cubic feet per minute with a small amount of air being bled
into the flow. The pore volume of the calcined B-SSZ-33 was 0.21 cm3/g. The Si/B

molar ratio of the product was 18.

The calcined sample was impregnated by adding an aqueous ammonium nitrate
solution (0.1506 gm Pt(NH3)4(NO3), in 35.3 gm deionized water) to 15.15 gm zeolite
at the dry weight at 350°C. After 48 hours at room temperature, the mixture was dried
in a vacuum oven at 110 °C for 3 hours. Then the sample was calcined in air as
follows: heat from room temperature to 120°C in 1 hour, keep at 120°C for 1 hour,
heat from 120°C to 300°C in 3 hours, keep at 300°C for 5 hours, then cooled down to
room temperature, resulfing in a calcined P/B-SSZ-33 catalyst containing 0.5 wt.% Pt
on the dry zeolite. The Pt/B-8SZ-33 was then pelletized to 24-42 mesh for use of
catalytic testing.

Example 23 — Catalytic Testing of P/B-857-33

The catalyst from Example 22 was tested in a microunit using the Daging feedstock

described in Exampie 19. Results are shown in Table 18§,
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-62 WO 2007/019457 PCT/US2006/030749 5 These results show that a
high cetane index product is generated, along a bottoms product that is
depleted in normal paraffins. The bottoms product was solvent dewaxed
to give a dewaxed oil with the properties shown in Table 17. The n-
paraffins selectivity for this feed is about 61%. Apparently, in feedstocks
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5

16

Pour Point, C -5 -3 Cloud Point, C -3 -2 D2887 Distil., F by wt % 0.515
129/256 406/488 ( 152/278 397/485 10/30 326/718 584/853 363/765
547/852 501 924/ 935/ 935/ 942/ 70/90 974/1018 976/010 978/1021

WA P10 °95/99 1039/1074 1025/1044 1043/1079 1025/1045 TH5FHELE ™49
rephlts.sHow JRka g McesibREeRIQAVEHERRRG AR MK @sions and

combination “of a n-paraffin selective hydroconversion process and a

SORE REEBHRNING PHe CE &3 SBIWEISI00 1m0 1o hPUgHY SOMISIHR BTt
EXaeple 22 wREeRaelian 9fd RigRsSampisahRYB-SSZ-33 Borosilicate

SSZ-33 was synthesized as follows following the procedure in Example
14. 10 Pt/B-SSZ-33 was made according to the following procedure. The

B 1SS 4-3dhsanipleluntas tedcid éditothe moviadhiestéplatio M altin &l o mavaswas
done.as. foll thin bed.of terial is heated in.a,muffle furnace fr

o e B b R S B T PR T e
forrg $howm Théakdmdaratr geistihbas rmapesdien tnsLOD Al the same rate
and held at this temperature for 5 hours, after which it is increased to 15
595C and held there for another 5 hours. The atmosphere for calcination

IS nitrogen at a rate of 20 standard cubic feet per minute with a small
amount of air being bled into the flow. The pore volume of the calcined
B-SSZ-33 was 0.21 cm3/g. The Si/B molar ratio of the product was 18. 20
The calcined sample was impregnated by adding an agueous ammonium
nitrate solution (0.1506 gm Pt(NH3)4(NO3)2 in 35.3 gm deionized water)
to 15.15 gm zeolite at the dry weight at 350C. After 48 hours at room
temperature, the mixture was dried in a vacuum oven at 110 C for 3
hours, Then the sample was calcined in air as follows: heat from room
temperature to 120C in 1 hour, keep at 120C for 1 hour, 25 heat from
120C to 300C in 3 hours, keep at 300C for 5 hours, then cooled down to
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room temperature, resulting in a calcined Pt/B-SSZ-33 catalyst containing
0.5 wt.% Pt on the dry zeolite. The Pt/B-SSZ-33 was then pelletized to
24-42 mesh for use of catalytic testing. 30 Example 23 - Catalytic Testing
Wof PUBOSZ-33 The catalyst from Example 22 was tested inP& FHEROUAIEE749

using the Daging feedstock described in Example 19. Results are shown
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PCT/US2006/030749 5 The catalyst proved to be remarkably stable
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gases were low as were the yields of naphtha products. The catalyst was
most selective for distillate products. The overhead product collected from
the on-line distillation from 570- 618 hours was 10 distilled by D-1160 into
rough cuts to simulate naphtha, jet and diesel, The products are shown in
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catalyst contains 12-ring structures, it converted not only n-paraffins in the feed but

non—zﬂparafﬁns {isoparaffins and cyclic compounds),

10 The bottoms product from the on-line distillation was solvent dewaxed and the

products analyzed as shown in Table 20.

Table 20
Analysis of Stripper Bottoms Product Blend from 570-618 hours
15
SLP DWO | Wax
Wt. % 100 86.1 13.9
APT Gravity 30.6 30.4
N, ppm 0.4
S, ppm <2.0
Vis@40 C, cSt. 48.27 51.12
Vis@100 C, cSt. 7.456 7.48
V1 117 108
Pour Point, C +20 -14
Cloud Point, C +24 -13
D2887 Distil., °F by wt %
0.5/5 623/665 637/683
10/30 691/798 715/815
50/ 893/ 904/
70/90 933/1012 | 967/1020
95/99 1046/1187 | 1046/1145

The dewaxed oil gave a high VI lubricant. The VI of the product from 450 hours of

operation was 114,

20  The original stripped liquid product (SLP}, the dewaxed oil (DWO) and the wax were

further analyzed for normal paraffin content as shown in Table 21.
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5 PCT/US2006/030749 5 The produci&®®atained significant guantiti
> antities of
n-parafiAetBnsalEin arprand 3

' QA AT PAREL RIS b b 0TS,

converted.-not only n- P GRG R Foad AW Hon . o e
emd_ﬁﬁfé%?{?mlmd 5),-10 2 bottdms priBidct from-the-op-lind:
. ‘ R A ot L 0P+ . NOD-fi+

?:Iablegmw‘“% Sekent &eﬁvaxé%’aﬁd th%fpm&l%ﬁélana%—gec as shERALh
Cl7- 0.00 | 0.00 | 0.00 | 0600 | 0.07 0.00
Cl7 (.00 0.00 0.00 0.01 0.02 0.00
C18 0.00 0.00 0.00 0.01 (.02 (.01
Cl19 0051 010 1003 ] 019 014 0.01
20 0.28 1.50 0.08 1.84 1.53 0.03
C21 0.41 3.38 (.05 428 2.82 0.17
Cz2 0.32 3.61 0.02 4.78 2.53 0.34
C23 0.23 3.60 | C23+| 8871 | 2.01 0.47
C24 0.18 3.43 1.50 0.51
C25 0.14 | 338 1.20 0.54
C26 0.12 3.49 (.95 0.59
C27 0.09 | 3.55 ' 0.80 0.6
C28 0.12 | 397 0.66 0.81
29 0.14 3.56 0.33 1.04
C30 (.14 2.73 0.44 1.13
C31 0,10 | 3.34 .34 1.46
C32 0.07 | 3.02 (.30 1.66
C33 0.05 | 334 0.27 1.99
C34 0.04 3.37 0.20 2.42
C35 35+ 4816 0.20 3.05
C36 (.24 3,28
C37 0.25 4.74
C38 0.17 6.43
C38+ 51.44 (mostly

non-n P)

Sum 248 ¢ 9753 ] 0.18 ¢ 99.82 11719 82.81

Example 24 — Preparation and Testing of P/B-SS7-60

10 SS7-60 is a one dimensional 10-ring zeolite. The preparation of B-S8Z-60 is
described in U. S. Patent No. 6,620,401, issued September 16, 2003 to Elomart,
(Examples 3 and 4) and U. S. Patent No. 6,540,906, issued April 1, 2003 to Elomari.
Example 8 in U. 8. Patent No. 6,620,401 describes the testing of a P/AI-SSZ-60 that
was prepared by conversion of the B-88Z-60 into an aluminosilicate zeolite. The

15  results show that aluminum incorporation generates unwanted acidity as shown by

high product i/n ratios.
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Table 20 Analysis of Stripper Bottoms Product Blend from 570-618 hours
15 SLP DWO Wax Wt. % 100 86.1 13.9 API Gravity [ 30.6 30.4 N, ppm
0.4 S, ppm <2.0 Vis@40 C, cSt. 48.27 51.12 VisaalOO0 C, cSt. 7.456
w487k kE7 108 Pour Point, C +20 -14 Cloud Point, C +24rdB/US288630749
Distil., F by wt % 0.5/5 | 623/665 637/683 10/30 691/798 715/815 50/
5 gsPYBAISTOIO0 OB RIRIY $6 Hrosa eaBrdird 9a% 11 7 HtRie A1 ABemryst

dewaadengaye-a Jalgéﬂdvaldﬂbmmxﬂﬁglyi ofthalpreduct fremed 20 hours

of o era,tlon was Ffbdo e in strl e |I(l]&,lld ?uct SLPf? the
dé’\w NNl M%\ Hhe Ql\%el}% &F SHER I 08 SeRormarParatfin
cakttrtiaRshdwarmnshablei? TabdO2W/O 2007/019457 PCT/US2006/030749
5 Table 21 Paraffin Analysis of Stripper Bottoms Product Blend from
570-618 hours SLP (Blend 2) DWO Wax Welght % 100 86.1 13.9

10 n-Paraffin AnalyStemple A TaEHingR WA/ P C17-
000000000000007000

SSZ-70 is believed to be a four dimensional 10-ring zeolite — it has two sets of 2-
dimensional 10 ring pores. B-SSZ-70 was made by mixing tetraethylorthosilicate and
triethylborate at a Si/B molar ratio of 18:1 with a 1 molar solution of

15 diisopropylimidazolium to give a Si/template molar ratio of 2 and then allowed to
evaporate in a hood for several days to remove ethanol. The contents of the tared
reactor {Teflon cup for a Parr 4745 Stainless steel reactor) were then adjusted with
water to achieve the H>O/Si molar ratio of 18. Finally 50% HF was added dropwise
with a plastic spatula being used to stir the contents as it gels to give a SV/F molar ratio

20  of 2. The reaction is then heated to 150°C for 80 days.

A PY/B-SSZ-70 was prepared by the same method used in Example 2. The catalyst
was tested using n-Cje as described in Example 1. Resulis were obtained at
conversions near 80% and the linearly interpolated value at 80% conversion was

25  derived, Results are shown in Table 22,
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5

C17 0.00 0.00 0.00 0.01 0.02 0.00 C18 0.00 0.00 0.00 0.01 0.02 0.01

C190.050.100.03 0.190.14 0.01 C200.28 1.50 0.08 1.84 1.53 0.03

C210.41 3.380.054.28 2.820.17 C220.323.610.0214.78 2.53 0.34
WO2800/343760 C23+ 88.71 2.01 0.47 C24 0.18 3.43 1.50 0.BATW2H 120749

3.381.20 0.54 C26 0.12 3.49 0.95

C27 0.09 3.55 0.80 0.69 C28

0.12 3.97 0.66 0,81 C290.14 ~3.56183}%1§%. 04 C300.142.730.441.13
C3LRDD34:Q 3611546 38280288011 fi6-C:3 (06113534 Bian Cie

1.99 C34 0,04-3.37-0-20-2:42-635-€35+4

20 D =

5+48-146-0:26-3 636024 3.28
C37 0.25 4. 7 *E88.17 6.43 CBS+ 51.44 [mos IV non Sum 2.48 1
97.53 1 0.18 eguaasi? 19 82.81 E?«ﬁmméﬂ@{méﬁéﬁazti&ﬁ&ﬁa’/‘ﬁesting of
PUB-SSZ-68-10-554-60+s-a-onedi unai 1011 PAS] WS e
: ToR9 £C9RSORT
preparation p ’§"s§§ BHIS desdrlbégjcil(rjl .IS. atgnt No. 6,620,401,
issued Septt,MﬁlﬁbﬁcﬁrsZ’éﬁDBrtd/Elomarl, (Examples 3 and 4) and U. S.
Patent No. E;gé" on |ooucu Aptit-12063to EtomarTExampte 8 in U. S.
Patent No. 6, B'dﬁi téscribes the testing pf a Pt/AI-SSZ-60 that | was
prepared by Cmﬂprﬁ?on of the B-SSZ-667hto an aldfinosilicaiSzeolite.
The 15 results s \C(v that-atuminynrmegrppratiomgEmETates ghygnted
acidity as show
im Raﬁos |
Cqifn 0.00 0.01 0.01 |
Csi/n 0.00 0.62 0.01
Cg i/n 0.00 0.04 0.02
Crin 0.00 .02 0.02
Cs i/n 0.00 0.02 0.02
Coim 0,00 0.01 0.02
Cipifn 0.00 0.02 0.03
C;} in 0.00 0.01 (.04
Cyppim 0.00 0.01 0.02
CB in 0.00 0.02 .01
C4-Ci3 i/n 0.00 0.02 0.02
Yields, wt %
C; 0.06 0.33 $.00
Cy 0.26 0.71 1.05
Ca 3.83 5.77 3.78
Cas 6.84 8.92 6.35
Css 11.69 8.82 8.69
Ces 15.06 9.15 12.69
CruCi3 61.21 63.92 64.63
| iC16 1.06 2.38 2.83
Unidentified 0.00 0.00 0.00
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high product i/n ratios. -70 WO 2007/019457 PCT/US2006/030749 5 A
Pt/B-SSZ-60 was prepared by the same method used in Example 2. The
catalyst was tested using n-C 16 as described in Example 1. Results

wWwene7abtairied at conversions near 80% and the linearly inté@ybiatees/adie9

10

15

20

25

30

at 80% conversion was derived. Results are shown in Table.22. 1
Example 25 -Praparasiof-ans Testing of-bY/B-SSzSs7-7049d believed

to be a four 'Q@é@gﬁ@@%éﬁ)-nng Zeolite - it fas two sets of Z- dimensional
10 ring pores..B-SSZ-70 was made by mixing tetraethylorthosilicate and

triethylborate aP$'8TUB molar ratio of P9 v;ith a 8-fojar sollltfh| of 15

diisopropylinﬁ“d@g@g,m%%ye a pi/templage molar rago| of 2 and ghen
allowed to evapaorate.in.a.hood-for several days to remove-ethanel. The

contents of the tared reactor (Teflon cup for a Parr 4745 Stainless steel
reaRas)rwene dhen adiusted Witkinyatenies ashigie thedoOiGiimelgrlcation

of 18. Fijnall % as added dropwise with aplastic spatula being
B S U AAT GE TI T S Core AR IB Y. The
reaction is then heated to 150C for 80 days. A Pt/B-SSZ-70 was prepared
oy the same meiggusont Infreamils 2,4 hesaaipbyssmagsested using
n-C16 as descri ample 1. Resuliswere obtainéd at conversions

near 80% and the linearly interpolated value at 80% conversion was 25

deriyed, RasUlE e SRAWN NyEADIRR Zred/ d BRBAZAAARAR Latalysts. SSZ-13
PCT/US2006/030749 5 Table 22 Comparison of Catal}és;;s at 80%

Hy&RoHUE Ao MHREE th DR T LS thim RTETER SRR Pb o Borie
CatalysiR B 2SM B IR SRA0 W RIBSHEE0 SievepinClikec3RpheRRDIHR

40108 Migrapore vol e Jg SEM SieP, B.TS(@R, 577 659 682 nci

Example 26A: This sample of boron-8SZ-13 was made hydrothermally according to
the following procedure. In a 600 cc Teflon liner, dissclve 2.15 gm of boric acid in a
mixture composed of 134.61 gm of 0.72 molar N,N,N-trimethy:-1-
adamantylammonium hydroxide and 41.15 gm of (.28 molar N,N,N-trimethyl-1-
adamantylammonium hydroxide. Add 0.72 gm boron SSZ-13 seeds and 26.13 gm of
Cab-0-Sil M-5 (fumed silica - 98% Si0,) with stirring. After thorough mixing, the
resulting gel was placed in a 600 cc stirred autoclave and heated at 160°C, 75 rpm for
3 days. The resulting mixture was filtered, washed with deionized HO and dried at
95°C to yield 31.53 gm boron SSZ-13 (X-ray analysis).

The measured boron and aluminum contents are (.64 wt%. boron and 15 ppm

alyminum. The measured sodium content was 187 ppm.

Example 26B: This semple of boron-SSZ-13 was made hydrothermally according 1o
the following procedure. In a 23 cc Teflon iiner, add 9.70 gm 0.62 molar N,N,N-
trimethyl-1-adamantylammonium hydroxide, 0.12 gm sodium chloride, 0.12 gm boric
acid, 1.45 gm Cab-O-Sil M-5 (fumed silica - 98% Si0;) and 0.04 gm boron-8SZ-13

seeds then the mixture was thoroughly mixed. The resulting gel was capped off and
=73 -



i/n Ratios C4 i/n 0.00 0.010.01i C5i/n 0.00 0.02 0.01 C6i/n 0.00 0.04
0.02 C71i/n 0,00 0.02 0.02 C8i/n 0.000.020.02 C9i/n 0,00 0.01 0.02
CIO i/n 0.00 0.02 0.03 Cll'i/n 0.00 0.01 0.04 C 12 0.00 0.010.02 C13i/n

W 086:903,98,01 C4-CI3i/n 0.00 0.02 0.02 Yields, Wt Cl 0.06:0838¢06¢ 56740

5

10

15

20

25

30

35

0.26 0.71 1.05 C3 3.835.77 3781 Cos 6.84 8.92 6.35 C5s 11.69 8.82
8.69a@e 9125786 9115iapc60dGrard 3t EPT 6802164163 iCAH L 06 Pador 5
2,83, W nidantifi . . .
PCT USZOO6/(£)%%%%Q}§SQ %%%%5%%?;%8 1%9&%3 %%ég é}%d TG Faggnly rinsed
Deltdld 6t B Binariptie sidE Aot ronTiesd Teutey shalsiiat

other 10-Ring zeolites can give products with very low i/n ratios, but the

B-ZSM-5 mategjal is preferred because of its higher activity. Example 26 -

Pre grglﬁg%lgﬂ %8&%5"8?%-%%32?1% boron, Based on the aluminum contents

of the silicon and boron reagents, the calculated aluminum content should be below

200 ppm, probably below 10 ppm. The measured sodium content was 3569 ppm.
Preparation of the Pt catalysts.

Platinum impregnation by incipient wetness was carried out by first determining the

volume of water necessary to achieve incipient weiness in a known amount of zeolite.
This was done by drying a gram of zeolite in a tared 60cc Pierce bottle at 300°C for 3
hours then capping it while hot. Upon cooling the dried weigh of the zeolite was
determined by weight difference. Then the zeolite-containing Pierce bottle was tared
again, and water was introduced by syringe unii! incipient wetness was achieved, The
incipient wetness volume required per gram of dry zeolite was calculated from the

weight difference.

For the real platimun impregnation, another fraction of zeolite was dried in a Pierce
bottle as before and the volume of water necessary to cause incipient wetness
calculated. Next platinum tetraaminedinitrate for 5% Pt loading was disselved in that
volume of water, and the solution was injected into the Pierce bottle by syrigige. The
catalysts were let to stand overnight then the Pierce bottle was uncapped. The
catalysts were dried, then calcined in an oven with flowing air by ramping the

temperature at 1°C/hr until 288°C and then held at this temperature for 3 hours.

The Pt catalysts were tested using n-Cjg as described in Example 1. Resuits were
obtained at conversions near 80% and the linearly interpolated value at 80%
conversion was derived, Resulfs are shown in Table 23. These demonstrate that 8-
ring zeolites can also be used as catalysts for this process. Sample 268 shows lower
activity and high product i/n ratios. This is presumably due to the higher sodium
contert in this sample which reduces activity. Thus, if sodium is added in an attempt

- 74 .
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10

10 Two samples of boron-SSZ-13 were prepared and converted into Pt
catalysts. SSZ-13 is an 8-ring zeolite with the Chabazite structure. The
aluminum content of the boric acid used in both preparations was

wheasuiadas < 5 ppm. The composition of the Cab-O-Sil Mpg- WS @pitba0
aluminum and 7 ppm sodium. 15 Example 26A: This sample of
baroredsSZit kIt nrHde dnglycttidrorsiity, apconginghoulb edfoloididgs this will

Progadure;n2.60Q6¢ %ﬁé'9&#{%&@%&%&&&%&&%%@'nes’s active

mixture composed of 134.61

gin of 0.72 molar N,N,N-trimethyl-I-

ad&ﬁﬁbﬁt%ﬁ#ﬂ%ﬁ@ﬁ%%@?@é@%ﬁé #4ia% gm of 0.28 ‘molar
N,N,N-trimethyl-l 20 adamantylammonium hydroxide. Add 0.72 gm boron

SSZ-13 seeds anch26id 8-9meef Realt O3 ib i S mmedssilicas 98% Si02)
with stirring. After thorough mixing, the resulting gel was placed in a 600

cc stirred autoclave
mixture was filtered

yield 31.53 gm borg
and aluminum conte
measured sodium ¢

boron-SSZ-13 was

procedure. In a 23 C
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gm boric acid, 1.45
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angheated at 16
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5 (fumed silica - 98% $i02) and 0.04

chloride, 0.12

'eex;is/'then the mi

[T WaTaYatw i WaXiWa W, N riew B |

kture wag3thoroughli4mixed. The

resulting gel was ca
PCT/US2006/03074
while rotating at aba
filtered and the obtajret
air-dried to yield 1.64 gfh Of boron-SSZ-13 (X-ray
boron content was Q.

of the silicon and b
be below 200 ppm,

content was 3569 ppn{.iFreparation of the Pkt

IIQIIU I\J

3% b

pféced inaP
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arr autocla

LIF07T

ve and hea

led at 160C

ut@ﬁa/rpm for 5 dcays. Thielesulting Pnist

ure was

unu wasS llll.

roughty gimsed Wiy

analysis)

Jater and

The measured

6B8awt8%6 boron. B

ased dhithe alumfhéfn

contents 10

10 lcagcmb thre

pro%a%lv below 1

catculgtge giurmingAL

D.ppm. The

measured

ontent should
sodium

alysts 0-46
Cy i 0.09 0.48
Cipi/n 0.11 0.57
Cpizi/n 0.11 0.70
C4-Cys i/m 0.06 0.25

Yields, wt %

Cq 0.93 0.98
) 1.07 1.25
Cs 5.35 5.90
Css 8.25 10.01
Css 10.15 11.69
Ces 11.23 11.57
Cr-Ci3 58.47 48.28
iCl6 4.54 10.32
Unidentified 0.00 0.00
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15 Platinum impregnation by incipient wetness was carried out by first
determining the volume of water necessary to achieve incipient wetness
in a known amount of zeolite. This was done by drying a gram of zeolite

w8 baygads¥yee Pierce bottle at 300C for 3 hours then cappipgitoahile fidtao |

Upon cooling the dried weigh of the zeolite was_determined by weight
difference. Then the zZRetiteCebritaining PieréeBattle waks¥ared 20 again,
and vyatgr.was intro b';’fhd vaﬁﬁgjﬂgg untitncipignt-wetness was achieved.
The incipient wetness’volume réquired per gram of dry zealite was

.calculated from the |wélgha difference. For tAéd@dal platth®in impregnation,

10
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30

. 11 . [ =W ). t
another fraction of Zeofite WS HEd e Prercy 25 botdgas before and
the volume of water necessary to Cause incipient wetness ¢alculated.

Next platinum tetraaminedinitrate for 5% Pt loading was dissolved in that
volume of water, and the solution was injected into the Pierce bottle by
syringe. The catalysis,were el i stand averrighithepbaiigrce bottle
was uncapped. The catalysts were dried, then calcined in an oven with
flowing air by ramping the 30 temperature at 1'C/hr until 288C and then

held.ab this temperatusefona haukg. 1 Theditioatalystinyeredestedugimgd.

n-Cie as described in Example 1. Results were aine ' :
I A T TR VI A SO0 o e O o aion
desimed cResutts are shown in Table 23. These demonstrate that 8 35 ring
zeolites can also be used as catalysts for this process. Sample 26B shows
lower activity and high product i/n ratios. This is presumably due to the
highrepsadiamf 8emient in this sample which reduces activity. Thus, if

sodium is added in an attempt -74 WO 2007/019457

PCT/US2006/030749 5 to reduce the activiac/l of stron &ﬁfl ic sites, an
VI

exbesSRnoierise inedeth s INE Ui 4 Se LEcESRPRE ity PRE Rignar

tempRIatWes aeadeckt wrik withvthe ldss Tag fueiscatalystailietasuidine was

high duct i/ ios. Tabl T lts far,RPtB- o
e e e T e

8RR SRuTiemp. sEspaEid860.03g B-MTT seeds from a previous synthesis (SV/B =

49) were then added to the mixture, The liner was then capped and sealed in a 23-ml

steel Parr antoclave and subsequently placed in an oven with a rotating spit (43 rpm)
at 160°C. After four days, the resulting solids were filtered, washed with about 500
mL deionized water, and dried in an oven at 90°C. Powder X-ray diffraction

indicated the sample was pure B-MTT. ICP indicated a Si/B molar ratio of 34.

Preparation of B-MTT

In a 23 cc Teflon liner, 0.90 g 0.1N KOH, 10.6 g deionized water, and 0.70 g N-
isopropyl-1,3-propanediamine were mixed together. Next 0.11 g potassium borate
tetrahydrate was dissolved in the solution. 0.90 g Cabosil M-5 was then added and
mixed to create a uniform suspension. 0.03g of B-MTT seeds were added. The liner
was then capped and then sealed in a 23-ml steel Parr autoclave and subsequently
placed in an oven with a rotating spit (43 rpm) at 160°C. After seven days, the

autoclave was removed and cooled to room temperature. 1.0g additional KOH was
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_nC,6 Conv 80.00 80.00 i/n Ratios C4i/n0.030.14 CSi/n0.030.11 C6
i/n 0.050.14 C7i/n0.050.19 C3i/n0.07 0.26 C9i/n 0.090.34 C19i/n
_0.11 0.46 C1]i/n 0.09 0.48 C12i/n 0.110.57 C13i/n0.110.70 C4-C13
wigne06:6:26 Yields, wtt % C, 0.93 0.98 C2 1.07 1.25 C3 >85/6:90:6£0749
8,25 10.01 C5s10.1511.69 C6s 11.23 11.57 C7-C13 58.47 48.28 iC16
4ibeh BOMRE 1iclentifise B100h0N08 LT RORSANG Borte for an additional four

PETURZA0PLOR0TAS. Ralin CandlGEnd 3022 N0 inlavshighDalia
0.00 0.01 Percent change 0 7.69 Example 27 - Preparatign and T
1

g ANY A [ Testin
ofieeBirad Taerenlf dd RNt Al e HAVATH T-thiiEHSEHST itﬁlﬁﬁtg% the
Dgﬁﬁﬁg\é’%pﬁg{:@;&gﬂi@ The preparation consisted of two parts:

preparation of the seeds, and then preparation

Preparation of the catalyst
A Ptimpregnated catalyst was calcined and prepared following the procedure for Pi-

B-S87-13 described in Example 26 with the exception that the water pore volume

was estimated from results obtained on other samples rather than measured.

Catalyst Testing
The Pt catalysts were tested using n-Cye as described in Example 1. Results were

obtained at conversions near 80% and the linearly interpolated value at §0%
conversion was derived. Results are shown in Table 24. Pt-B-MTT shows excellent
selectivity to heavy products, low i/n ratios, and good activity. This makes it one of

the preferred choices.
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of the catalyst. Preparation of Seeds 15 In a 23 cc Teflon liner, 0.90 g IN
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rather than
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sted using n-C16

btainvevg‘% conversions near

80% and the linearly inter

DeiRiad walue at 80%

Ci 0.18
Cy 0.36
Ca 2.68
Css 5.15
Css 6.83
Ces 8.52
Cr-Ci3 72.05
iCl6 425
Unidentified $.00
Ratio Cy+a/Co-13 0.11

Ce i/n low-high
Delta 0.00
Percent change 0
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conversion was derived. Results are shown in Table 24. Pt-B-MTT shows
exc_:ellent selectivity to heavy products, low i/n ratios, and good activity.
This makes it one of 20 the preferred choices. -77 WO 2007/019457
wBGAHSRR06/030749 5 Table 24 Test Results for Pt/B-MT b&aatabistiozor4e
Catalyst Pt/B-MTT Sieve Structure ID IOR Temp.,F 667 nC16 Conv
5 8QPAradinRefiBisdBé ilncdBR PoRlikisD.02 C6i/n 0.02 C7i/n0.02 C$i/n
0.02 C9i/n0.02 C10i/n 0.02 Cili/n0.03 C12i/n0.04 C131/11 0.06

C4-C13i/n 0.03 Yields, wt % CI 0.18 C20.36 C32.68 Cos 5.15 Cs
- N . . Be . S
6. 8BisCab @i BrrCieniber 2 D fared mefipg o convert Fischer Tropsch products
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into a diese] fuel that has a combination of superior yields and properties in

comparison to conventional Fischer Tropsch diesel fuels.

Products from the Fischer Tropsch process consist partially of materials already in the
diesel boiling range, and partially of heavier materials. In conventional processing,
the diesel boiling range material is either hydrotreated and then blended into the diesel
pool, or used directly as a pool blend component. Heavj( materials are hydrocracked
over acidic catalysts to form an isoparaffinic blend component which is blended with
the first diesel material. Conventional hydrocracking produces isoparaffins
throughout the boiling range of the diesel.

In this preferred embodiment, the heavy material is converted to diesel range
materials by n-paraffin selective hydroconversion. The heaviest portions of the diesel
fuel which otherwise might have unacceptable cloud points are isomerized. This
gives a product with 2 maximum amount of normal paraffins. Only the heaviest
materials are hydrotsomerized thus giving an increased amount of normal paraffins

and a higher cetane number,

In Figure 1, a synthesis gas (5) isfed to a slurry bed Fischer Tropsch unit using a
supported cobalt catalyst. A vapor phase product is removed from the reactor, cooled
and a liquid condensate (15) is recovered. The condensate can be treated in an
optional treater (20) to remove oxygenates and saturate olefins, The optional treater
can be a conventional hydrotreater using a non-acidic support, ot it can be an alumina
treater. The latter converts the oxygenates into olefins by dehydration. The treated
condensate (25) is sent to a distillation facility (40). The Fischer Tropsch process also
produces a waxy product (16) which is fed to a n-paraffin selective hydroconversion
reactor (30) to produce an effluent (35). Optionally the waxy product (16) is first
hydrotreated to remove impurities such as nitrogen, oxygen, olefins, solids, ete., ina
reactor not shown. The hydroconversion reactor uses a 10-ring borosilicate, preferably
silica~-bound Pt/B-ZSM-5 containing less than 20 weight ppm aluminum, and operates
at 250 psig, | LHSV, and at a temperafure 10 give 70 percent per pass cOnVersion. The
-79 -



3+4/C7w-high oDel ified OVO t chan-78 WO 2007/019457
PCT/U$2006/0307_49 5 Upgrading of Fischer Tropsch Products This
embodiment describes a preferred method to convert Fischer Tropsch

wproagdue®ssnto a diesel fuel that has a combination of superieCyigksks@ndo49
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properties in .comparison to conventional Fischer T h di f .
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conventional processing, the diesel boiljng range material, is eith .
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Eﬂzﬁgﬁ@m@m@ﬁoﬂ idepranigefofitie whickkanvers HreerroemBbBRAEHS nto
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whichtotiednise higediasifbculaiblecelo der SBRTHEFHO TS OIE AL ™
TRIS:glves aRredHewith.afmaxmem amount of normal paraffins. Only the
heaviest materl_als are hydroisomerized thus giving an increased amount
of normgl paraffln_s and a higher cetane number. 25 In Figure 1, a :
Syﬂﬁﬂ?éttﬁégé‘&b@lhi@éﬁldd&@isww et rdsicherf Tieges Sreliit usngsimilar to an
supported cobalt catalyst. A vapar phase.pr [ - ;
e e S
condensaisiitanrhegtieated in an optional treater (20) to remove
oxygenates and saturate olefins. The optional treater can be a
con or it.can
al ad 80 2E) T g SIS S Y O b e ---.".. ; i‘.’--
dehydration. The treated condensate (25) is sent to a distillation facilit '
(40NiT b xdionas Bropidens pIIEEISARGIBIOHLEY FWHRy B%’%&‘?fé ducts
whigh isfedde.eraspatatfimselentivehytivatabiension! eaciin (30)te-products.
produce an effluent (35). Optionally the waxy product (16) is first
hyc_irotreateo_l to remove impurities such as nitrogen, oxygen, olefins,
sofigsrietas i@ oils are made from petroleum products that contain 650°F+ boiling

range material. 650°F+ containing waxy petroleum products, such as hydrotreated
petroleum streams, hydrocracked petroleum streams, hydroisomerized petroleum
streams, slack waxes, ‘ei:c., can be processed; in a hydroconversion reactor 10
selectively convert the normal paraffins in the feed to lighter normal paraffins. The
lighter normal paraffins can be separated from the unconverted product by distillation.
The lighter normal paraffins can then be used to make solvents, jet fuels, jet fuel
blend components, diesel fuels, diesel fuel blend components, and feedstocks for the
production of linear alky! benzenes, The unconverted product, now depleted at least
in part of normal paraffins, can be converted into a lubricant base oil by processes
comprising solvent dewaxing, catalytic dewaxing, hydrotreating, hydrocracking,
solvent exiraction, and combinations. Catalytic dewaxing is preferred, especially
hydroisomerization dewaxing. In hydroisomerization dewaxing, waxy materials are
catalytically isomerized to lower their pour point. The selectivity of normal paraffing

during this isomerization is lower than the selectivity of other compounds. The
- 80 -



35 reactor not shown. The hydroconversion reactor uses a 10-ring
borosilicate, preferably silica-bound PtIB-ZSM-5 containing. less than 20
weight ppm aluminum, and operates at 250 psig, 1 LHSV, and at a

wigpapesaitee to give 70 percent per pass conversion. The -P2WQ2006/030749
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2007/019457 PCT/US2006/030749 5 effluent from the hydrocracker is
akstndeny tepener ardettitionabibmaermalgR Eim kiiae SuRerwtighicsults in the
PrRGMEiS 42N dssreaayeredoiiRrLthausisiHatR pyiaeclity idieilghiaradercts
can be used as a feedstock for ethylene production. A light djiesel fyel is
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roleum Pro S with Lubricant Base Oil Production
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produGts.inte-ailnicantihase pitiwith Predigtiondbvaluablte nexhmala

paraffin rich by-products.. Lubricant base oils.are made_fr
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wasyepetintermmproguniongiies) asvisfuetrefteth thetdditlntistraaiiy, 1tis
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sISEK Wakes, etc., can bé processed In a hig;goconverslon reactor to
seliestividlfl SHnRrfenebhotm A pyiemifirs o e FedaauiphariHbt frgrprises 2

p%&%ﬁ&?ﬁ% 1135'1@0 jighter nerl/ abparafing £ seRare s Hlemiheieve to
unconverted product by distillation. 30 The lighter nor?agﬁgégﬁms
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thisarberige de 5 ISR VEBIV SRS GRIr A SRR AT D RIRAUC RSO RERSRE POUr
digsgl fiuels: gieset fughdlanescormpaieniss andtetdsiocksidet thee

production of linear alkyl be T ny d.pr .
T
lulgiganidRae-siichy aracesser0tarigrisin SEINERORGTE Y eatdfyieraiure
det\évgé%?eqfeqxg %@@9&'9%&%88@%‘&@.9%e lubricant base oil manufacturing

facility also comprises a distillation section to adjust the viscosity and flash of the

base oil products, and a hydrotreater to reduce the content of aromatics and improve

color and stability.
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35 solvent extraction, and combinations. Catalytic dewaxing is preferred,
especially hydroisomerization dewaxing. In hydroisomerization dewaxing,
waxy materials are catalytically isomerized to lower their pour point. The

weelestvituaf normal paraffins during this isomerization is lopeftRas k8740
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selectivity of other compounds. The -80 WO 2007/019457

P& i) 8200618803749 5 relatively poorer selectivity of the normal paraffins

during this operation results in the production of less valuable lighter

products which typically include mixtures of normal and isoparaffins. r%/ s
13{'1

selectivelyRiaeis iHh GRS R HPAMPRIAT RS fsgd toNPHIEIECAGH
paraffin lighter roqusisating wg@gﬁg@fa@@%?@@&mwgv&ﬂmmnﬁsm@,
a waxy 650F+ petroleum feedstock (105), preferably a slagk wax, is. 1
process@éoﬁ'}lﬁwmda%@@Wr@’ﬁ%trt%f%})‘?“FH@ HSRITS }R}&@}Sﬁee by
reactor usasainkdtingddarmsdlicatelipsaferahlyisitiga-bound Pt/B-ZSM-5
containing less .than 20 weight alumj , and operates at 250 psig, |
LHSV, aﬁgd at éet’gﬁ%%t}’g%eegflg ﬁ?é@oﬁ%%ﬂrgi%t per pgss conversion.IO Tr?e
effluent fsom therdsydrobeaeker 2356 is0spsigent to the distillation facility

(140). A(I;ight pﬁ%ﬁtbé};&%%i%%%ﬁgéﬁt products, (142) 15 is recovered

from the distillation facility. The light grodgc_:ts can be used as a feedstock
for ethylerith presdelesomyerinies, aiéseprerlicaiaipred HaiRpbBETHE i mRLecular

650F+ upeopYsHiediRRHiaR: 4 Dk isvithdavafwimnihe disilation facilibm by
ltis processed in a lubricant base oil manufacturing facilit Cé]@? éj{O g
produce HekgBHREHP AN off @ BEPBISRIFRR SRl 8ﬁ¥%ﬁ¥ foup

manufacfyiglg facility comprises a 20 catalytic hydroisomerization reactor
that uses Pt on a 10-ring molecular sieve to isomerize the residual waxy
species in the unconverted product and lower the pour point to the
dexsired Vidlagrddastprefénably thermbidnuian deopsdibare e

hydroiso%\%ﬁ%@pﬁgﬁ %t,tgrnj;%h?ﬁf)aps'ie%e £atind1 QL B2d 298 p}%eHbg weight of

condition ydroisomerization reactor are 1000 psig, V,
5000 SCHBR@at a temperature 25 to achieve the desired product pour
point. The lubricant base oil manufacturing facility also comprises a
distillation section to adjust the viscosity and f| of the base oll

s
préducts?%ﬁar%cﬁﬁﬁﬁ%ﬁ?é%%Cﬂéﬂﬁ&ewﬁ?éegbfﬁ%g%qﬁ {gHiatics and
improve GelahehEstEbiitnoSNOR00 20145 R CRHIS20061)3074dt of

aluminwm,

4, The process according to claim 1 wherein the Cg product has an iso/normal

weight ratio of less than 0.2,

5. The process according to claim 1 wherein the Cg product has an iso/normal

weight ratio of less than 0.03.

6. The process according to claim 1 wherein the Cs product has an iso/normal

weight ratio of less than 0.01.

7. The process according to claim 1 wherein the product further comprises a Cy3
product having an iso/normal weight ratio less than 2.
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5 What Is Claimed Is: 1 A process for converting a hydrocarbonaceous
feed containing greater than 5 wt.% CIO+n-paraffins in the presence of
hydrogen to produce n-paraffin products lower in molecular weight than

wiheywhkerparaffins in the feed by 10 contacting the feed usEiEts2006/030749
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conditions comprising: a. temperature between 600 and 800F, b.
pissurd hewesss BocantirBo0Cpsly whekig b ehweenlGibhan s swingenal
catalyst %@E{rﬁl@oﬁ‘ {ck) bprpsilicate or aluminoborosilicate molecular 15
sieve containing at least 0.05 weight percent boron and less than 1000
ppm by weight of aluminum, or a titanosilicate molecular sieve and (2) a

Group 8THaiAlcds BRORIAE]STRERINHRG LD ChRID), 1ML RN iso/normal
borosilicate or 20, aluminoborasilicate molecular sieve contains less than

200 pprBiEWERI YrSsiURm AR, 3. The process according to claim 1
wherein the borosilicate or aluminoborosilicate molecular sieve contains

less than.20 ppm by weight of 25 alumj 4 roc in
il 1 NS B S e DS SRR 3 TR0 o
0.2. 30 5hd bewreocesstagooiBin§tidlaimRuyviPesaihctebosiisasdberhas

an iso/normal weight ratio of less than 0.05. 6. The process according to
claim 1 wherein the C6 product has an iso/normal weight ratio of less

thah 0.0ThespecsRasspstiassaeksrdfgraltha ahHer BB B e ict
further comprises a C13 product having an iso/normal weight ratio less
than 2. -82 WO 2007/019457 PCT/US2006/030749 5 S. The Jcoioc%sts 01
accordingPToRERSITS PYRPRHBRBdaER SToPOIRE MsSP IS Mohwal g™ o

ratio of lgss thatvhas) chhdpratassadeardilgtiardizive. 7 wherein the C13
product has an iso/normal /

13.  The process according to claim 10 wherein the amount of metal is between 0.1

and 3 wit% based on the weight of the molecular sieve.

14,  The process according to claim 10 wherein the amount of metal is between 0.3

and 1.5 wt% based on the weight of the molecular sieve,
15.  The process according to claim 1 wherein the molecular sieve is a zeolite,

16.  The process according to claim 15 wherein the zeolite contains pores less than

or equal to 12 rings and a dimensionality greater than or equal to 1.

17, The process according 1o claim 16 wherein the pores are less than or equal to

10 rings and the dimensionality is greater than or equal to 2.

18.  The process according to claim 16 wherein the dimensionality of the pores is

greater than or equal to 3.
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weight ratio of less than 0.1. 10 10. The process according to claim 1
wherein the Group 8 metal is selected from the group consisting of Pt,
Pd, Rh, Ir, Ru, Os and combinations thereof. 11. The process according to

welatrbyeherein the at Group 8 metal is Pt. 15 12. The prageses2006/030749
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according to claim 10 wherein the amount of metal is between 0.1 and 5
Wi% based prothe weighiref the smolstwibersievk: 1&liThis prisctessitom the

according (9 cleim 40 whetoin ha amoynteof meteljs heWeen0ds 2987,

OLl Stng o T :
3 Wt% bAsed on the eight of the molecular sieve. 14. The process
accordirig 18 laih $04LRIE e SHiolht BT Ml lvbétweer OvEl haed H-Y.
1.5 wt% based on the weight of the molecular sieve. 25 15. The process
according to claim 1 wherein the molecular sieve is a zeolite, 16. The

pPScess Hciuiey CrimLEs WiBréh The dadhtreshiainépdkes less than

or equal to 12 rings and a dimensionality greater than or equal to 1. 30 17,

The process according tg claim 16 wherein t res are less than

el to TEOMRG St O REITB AT € B e W b S o g
The process aegostifg toralaiMstinhersih e dins nsibaetilyiotions pereal.
is greater than or equal to 3. 35 83 WO 2007/019457
PCT/US2006/030749 5 19. The process according to claim 15 wherein

thip zeolifinégpsmienstetickedmm Lites isupratirsrsioayobabntainglsss fn 100

SSZ-46,pgg%h%ﬁ,0§%ﬁ§5an§§%§ngSZ- 58, SSZ-59, SSZ-60, SSZ-64,
SSZ-70, ZSM-5, ZSM-11, TS-1, MTT and H-Y. 20. The process

according to claim 19 wherein the zeolite is ZSM-5. 10 21. The process

acgordingo.slaina Lwingrenihe-dectis salesiadsfeen trgqedup sulfur prior to
consisting of slack wax, Fisc rTchgsch Q{oguctsbc%pag;e%%rsn i‘ar&ations
thereof. O3 tarhE T S R YR A S s rhonaceous Teed contains

less than 100 115 ppm each of sulfur and nitrogen. 23. The process of
Cl%i@ 1 \%hgr%ecigsy}grcc%%a%/lgr%n%aash?fﬁf‘eo%?ré819%:%91}9 f@éﬁfg&ﬁﬁiﬂﬁg greater than 5
| wt.% C o+ n-paraffins in the presence of hydrogen to produce n-paraffin
products lower in molecular weight than the Cyo+ n-paraffins in the feed by
contacting the feed under conditions comprising;:
a temperature between 600 and 800°F,
b. pressure between 50 and 5000 psig,
LHSV between 0.5 and 5
conversion of n-paraffins in the feed to smaller n-paraffins of 25% to
95%

with a catalyst comprising (1) a borosilicate or aluminoborosilicate molecular

o

o

sieve containing at least 0.05 weight percent boron and less than 1000 ppm by
weight of aluminum, or a titanosilicate molecular sieve and (2) a Group 8
metal wherein the selectivity for the conversion of n-paraffins in the feed to

smaller n-paraffins is equal to or greater than 60%.

25, The process of claim 24 wherein the selectivity is equal to or greater than

80%.
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contact with the n-paraffin-containing hydrocarbonaceous feed. 20 24. A
process for converting a hydrocarbonaceous feed containing greater than
5 wt.% C30+n-paraffins in the presence of hydrogen to produce n-paraffin

wioreguetedewer in molecular weight than the Cio+n-paraffinspiotths feesdoys

contacting the feed under conditions comprising: a. temperature between
620 and'BOORcaS o grs Syretetivdbn BiraidtsGoenpeidy @ ey than
betweegdd,5 and 5 d. conversion of n-paraffins in the feed to smaller
n-paraffins of 25% to 99% with a catalyst comprising (1) a borosilicate or
aluminoborosilicate molecular 30 sieve containing at least 0.05 weight

percentiorefaind iess:than 100 R BylMeigh ot @lurinstBreated than
titanosilicate molecular sieve and (2) a Group 8 metal wherein the
selectivﬁ?'ﬁ)r the conversion of n-paraffins in the feed to smaller
n-paraffins is equal to or greater than 60%. 35 25. The process of claim 24

ereinthe selectivity is.equal to or.greater.than , 80%,.-84 WO
200710184 SET S008I0 74075 Ta TR B ERee Feiam 24
whereintheseleotviticitcenuiat tbusigre atatainahe9 bsn 200 Thia provestio
claim Zéhl\ﬁlrgg{&iﬁ the selectivity is equal to or greater than 95%. 10 28.

The process according to claim 24 wherein the borosilicate or
aluminoborosilicate molecular sieve contains less than 200 ppm by weight

0f galuMmitid P okes? Qe G Y @EERTALe v HIRg Harelatthafiomaerein the
borosilicate or aluminoborosilicate molecular siive ontains Ief??than %O
Cr

I
ppm by HRTIAE B SHASATS U o581 RIS F5r5RNES bREIRY 4 et of

whereingligafinproduct has an iso/normal 20 weight ratio of less than 0.2.

30, The process according to claim 24 wherein the Cg product has an iso/normal

weight ratic of iess than 0.2,

31.  The process according to claim 24 wherein the Cg product has an iso/normal

weight ratio of less than 0.05.

32.  The process according to claim 24 wherein the Cg product has an iso/normel

weight ratio of less than 0.01.

33.  The process according to claim 24 wherein the product further comprises a Ci3

product having an iso/normal weight ratio less than 2.

34, The process according to claim 33 wherein the Cy3 product has an iso/normal

weight ratio of less than 0.5.

35.  The process according to claim 33 wherein the Cyz product has an iso/normal

weight ratio of less than 0.1,
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31. The process according to claim 24 wherein the C6 product has an
iso/normal weight ratio of less than 0.05. 25 32. The process according to
claim 24 wherein the C6 product has an iso/normal weight ratio of less

wihanHuklis33. The process according to claim 24 wherein the produaiose749

10

15

20

25

30

35

further comprises a C13 product having an iso/normal weight ratio less
than 2. Boeodse pocdios cdsiaing whersimiBaGira &imare 1 1955i8d fom
has an {ﬁ@@%{}g%ﬁ%@{ﬂ@&ﬁf‘@ g Inesithan ©3-238 S RBiREAERSShereof,
according t© claim 33 wherein the C13 product has an iso/normal 35
weight ratio of less than 0.1. -85 WO 2007/019457 PCT/US2006/030749
5:36. The,presess aceeidingcteiclaing 2hwherein therGroapdialéatdt is
selected from the group consisting of Pt, Pd, Rh, It, Ru, Os and
combinations thereof. 37. The process according to claim 36 wherein the

at Groupd metakisaRioith 38 Thienfoedsscactordingus efansiddsparesn 0.1

the amount metel i beieen .1 AR 5,10 Basggon th weight of he

molecu®ste process according to claim 36 wherein the
amount of metal is between 0.1 and 3 wt% based on the weight of the

leculgy sie 49, J:N8 R'a56sS ARERIHINGh - AlBiH: 36 MéaraiBdhRen 0.1
?r%bunt%&erﬁé\égfé cg%vvgggtg.g&and 1.5 wt% based on the weight of thzn

moleculardiev,drsthenghscede LR K HEIRES%: wherein the

molecular sieve is a zeolite. 20 42. The process according to claim 41

wherein the zeolite contajins pores less than. or equal t rn
difiensiSREMPEFEAETHTIH &7 a%r’?ovék}eﬁ%*ﬁ[ﬁeeg&%%%s(}s,fzglgé%r%éiaé%g\%en 02
claim 42xherinthepeares areveshthdmonegerallso s28e10 rings and the
dimensionality is greater than or equal to 2. 44. The process according to
claim 42 wherein the dimensionality of the pores is greater than or equal

to43. 30 BBe Fheqssovessimedordiin & oIk FEs TS ifeigolite:
selected from the

42, The process according to claim 41 wherein the zeolite contains pores less than

or equal to 12 rings and & dimensionality greater than or equal to 1.

43, The process according to claim 42 wherein the pores are less than or equal.to

10 rings and the dimensionality is greater than or equal to 2.

44,  The process according to claim 42 wherein the dimensionality of the pores is

greater than or equal to 3. “

45.  The process according to claim 41 wherein the zeolite is selected from the
group consisting of S§Z-13, §87-33, 887-46, $8Z-53, SSZ-55, S8Z-57, SSZ-
58, SSZ-59, SSZ-60, $SZ-64, SSZ-70, ZSM-5, ZSM-11, TS-1, MTT and H-Y.

46.  The process according to claim 45 wherein the zeolite is ZSM-5.
47.  The process according to claim 24 wherein the feed is selected from the group

consisting of slack wax, Fischer Tropsch products, and combinations thereof.
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group consisting of SSZ-13, SSZ-33, SSZ-46, SSZ-53, SSZ-55, SSZ-57,
SSZ- 58, SSZ-59, SSZ-60, SSZ-64, SSZ-70, ZSM-5, ZSM-1 1, TS-1, MTT
and H-Y. 46. The process according to claim 45 wherein the zeolite is
waSM751935 47. The process according to claim 24 wherein g feguig030749
selected from the group consisting of slack wax, Fischer Tropsch
5 products, and combinations thereof. -86 WO 2007/019457
PET/USZR06/03Q74214484 Theproarss/efcaibadsviefein dbetains less

hydrocarbonaceous feed contains less than 100 ppm each of sulfur and
hitrogen?2io! PP 5ol &SP AT A GREERein the catalyst has been

exposed to sulfur prior 10 to contact with the n-paraffin-containing
throcaonnaccous feed

e process of claim §Z wherein the catalyst has been exposed to sulfur prior

10 to contact with the n-paraffin-containing hydrocarbonaceous feed.
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