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WD 2007/ 019457 PCT/ US2006/ 030749 5 CATALYST AND

PROCESS FOR SELECTI VE HYDROCONVERSI ON OF NORMAL
WOARARRI4INSE TO NORVAL PARAFFI N-RI CH LI GHTER PRORUCTS2006/030749

This application clains the benefit of Provisional

ADATACAIS DAND PRUBCESS FOR SEL.EAGNHAL HY/DROCONVERSION OF

NGRIALSARAFFR R0 NPRM AR EARAIENRIGIT LICHTER Plopucrs

process for hydroconverting heavy 15 normal paraffins
into |ighter normal paraffin products with ninimal
Thix appticasionalaimis slopzenafif ofifyoviBas gkrlicatiorc8¥% 704,813, ds

[ i n | paraffins are ideally suited for
fé%‘f/g}l%l'}s'tgg{qa?cations: 20 Solvents, such as NORPARTM
and others Feedstocks for ethylene production Jet

fuel and jet fuel blend conponents Diesel fuel and
di esel fuel bl enBAEKAGROENDOF AFEHEYVERNTIGN | i near

al kyl benzene (LAB) ' fefegradable 25
sol vent. Feedstock SRR I I\PT o make

| ubricants Historically, C5+ liquids rich in nornal
par affi ns have been prepared 3?kjy sel ectiv

e :

ext r dBE PFR§EHJRYRINOP A¢lates fascatalythans prase P¥1§¥f€ﬁ°°&1§emng heavy
. I o .

e B R Rl i PR B

isdparaffeesdst ock. Nornmal paraffins can al so be produced

in the Fischer Tropsch pr?;:e S. wever, the Fischer

Tropsch process al so geners vy products that can

fall outside of the range of use for the above

applications. |If these heavy products are converted

Gsmtiquids ghlt &y norprabparetiins loye iﬁ?ﬁi@'cﬁ@ﬂé‘ﬂ: Kirgvesylapplications:

“or oaselveas, e nORERER R Spel " ol

opar afefobirddis RoRARAME produckioO 2007/ 019457
PCT/ US2006/ 030749 5 British Patent No. 2, 146, 350A,

o ssudel fiplrand jafAuellldas chagmnefdes t he production of a

diese|l. fuyel with hi ormal paraffin content by

'casc&?i???&;%hal Fﬁlvga@?eq'ﬁ?%ﬁg%‘ﬂcﬁm Sto a hydrocracker.

Jowe : ' fi 80t hiBddoRdibl

bt e\gggﬁls‘g’o%l%re Pf}}&g Sg&ti g@lzeMLﬁé) Po&RBLRa biBddgddble
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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the |inear hydrocarbonaceous conpounds (nor nal
paraffins, linear olefins, fatty, acids, and- primary
woOimgan o4l cohol s) present in the Fischer TropseQr/us2006/030749
product that boils in the diesel 10 range. These
British e?atenth;cﬂ:; LA 35 ey, esssedwﬁlpyﬂ tbtlﬁﬁéﬂ@ﬁﬁﬂhmth@ @mﬁblr!‘tl@doﬁ adiesel

ffi
A I TR IR MR R

q8RlevBRidhd Kigh heRGa pARERK baltent inkhiSattiatehitelNaue to
hygfb%%%k@l] 3, |essued Sgptenber 15, 1998 to Vs\llsff)tenbrl nky\lgt

th@]mqal Ugdxocarbcem@puspswp@m (n@ml peraflins) lipgas alebss faitnagids,

Fi scher-Tro b
angl ,pgeﬂtapbhneaé gléohol sé\é%metp éljgeg%’lr@) Et}glﬁbtgfgﬁﬂgﬂt lgc%lg in tnhg diesel
raifde. IT8RS lif¥di-coMipSnds PRsah ly@&turéﬂsd and qoavendd tde&unalbmwfﬁns

how t hi s product can be obtai ned di rectl% Itclixpomt ? 1
It ﬁ|r@th‘gdenr;qyrlg<§]y thet eesswas Hgrilgd SORGTSILAIFaN i grials into

hydr oconver si on of heavi er
(hﬁ?g@ﬂg? 2&§%H§9?§gtlze cracking of heavy nor nal
paraffins to |lighter nornal parafflns has been
disclosed in the art E.. L I
U Frtenip 30t hriid Seersoe dgafoo8 1B ARl &y Tegprbes o
leS%[ a{%li; rB@ut%@P cffg)?r#] gﬁ@h&lﬁrbﬁs@hﬂabtmyrs@ﬁe@aﬁ@ a/ Hpist den51ty

Synposi um on The Cheni cal gn .
frfdiyaj <@l C&\Ia(ﬂumemralﬂhﬂak—ﬁm wit Prasgaitleast 88+ maPppparafians. This

Di vision of t e petra tr | kh
oGt et e e Rrodstgt R EV g et o (RER(F TG,
pr%a—é%%lb%st &oes%%a&x A28}t cahlbe obRmedrtsi h@fh dmbnversien afibeavier

over silica alumna with different netals
prddudtnng hydrocracking i s described. N ckel wthout

sul fiding gives C4-C7 products with lowi/n ratios
(0.08), but the conversion of this catalyst is very

| sél%vé%ra%?@ng AR vTRidtRBEpatfing & kiglterrenani nastffink heghbezo

Al | f
okt o, S5 b 2 B8 G
“%?(ﬁlaﬁrgflgg%g‘{ %alrgit]fﬂﬁ wifdr IQl%kWoanﬂl@dJAhQﬂn&iQ €a€§4ﬂys€§7 the Role of

hi/nratios (6 Cat al E’
SHIeirgeSSyrhfustint bmﬂ“hhé)\herrmdaéarab?lmswa Nefureodt %%la,fsts resented

activit | ow i/

B the ]V]élOA of etrotl &%?r%% Am%ﬂg n @H\érﬁﬁ%?m?ety, Atlantic

|nC|peS|n eol 1t

xcrfg?\géeﬁﬁxgys Mnﬁé@t@mm%s (TeBlede phdeB428), B Goivenios ofnelecane
gy, editor F. Ranpa Ribejro

(15€% ) eser\filica aBonina p\atjle(gffggmt metglsgluripg gxdr@ﬁ%glngg%dﬁ%ed
es t use of
MR R ol SRty e ptutepumenke
cHIRBY S of thidicatalyst ﬁr@@cmdwsw%p and mﬂlaﬂﬂy@w—m@mléwly high
0

s E T TR T
cgrln%frsiigﬁ (5‘3&5, ﬁ{dqg%%éj[hane 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, and low methane make.

Jule A. Rabo, “Unifying Principles in Zeolite Chemistry and Catalysis,” in Zeolites:
Science and Technology, editor F. Ramoa Ribeiro 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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Harry L. Coonradt and WIliamE. Garwood, "The

Mechani sm of Hydrocracking," |I&EC Process Design and
woevglapisent, Vol ., 3 No. 1, January 1964 pageBCBRS4®6/030749

describes the 10 use of a platinumon silica alum na
crackihg byd hotflgrrdupuversiomekil signifeceataeatites of nB2ne (3.1 wt %) and
lﬁ,ﬂft ane d n- docosane (n-C20 al so known as ei cosane),
ole f‘rgpﬁ? Bting | ow l.evel s of methane. Significant

amount of cycloparaffins are al so produced, and the

product is isomerized (as noted on page 40, 1St
HagplLy ﬁ@pnraldmndt Walliamethe ftarwpod, € She Meghatiion of Elydweracking,” I&EC

ar X} tie t t f
prof i esiaingRAERRRREE VBLOE o, dcinfiry 1864 PURES(AS| @horibes the
usetita PIAGTUAPEN Silisa al@mirshavdlydYortHy@rdcedoRBigi eRadekane (n-Cie), n-
cycloparaffins and isoparaffins. B.S. G eensfel der,

heptpng, andovgdeocom (&Cw alep pown @a@@%ﬁ?)cwaﬂ@prpﬁéwﬁallow levels of
k |
e 0 R G DTGB pLASAEL o808 prog

isoRbfded @eactei bapagdun, ¢V abluatn), diut dfe akitdif of Bomertapadsnaf

cat sts for conversign of cetan
knqgi 1VEkle e SE BROPSERS G EiPESURRATHGR ﬁaé %@ysfta#e?otgeéqraﬂgd: it
proBhbl TR R ABEmiIeEbrous. BEHTRN by tﬁé‘%rh&ﬂon BEEycH aHfﬁns and
produces significaht amunt's of nethane and al so
isopdrgffinki cant anounts of ethane, propane and butane. It
was noted that very little chain-branching (formation
of isoparaffins) was observed (page 2576, col 2, 2nd

B. @radtis My, HIHRWRISE! andas. M\AGdeOt‘Oﬁﬁlyﬁ5 afid FB&H1AY Cracklng of Pure
studies, significant quantities of ol efins wer

Hyghioserbers), Indwueirio} asddingifeetng Cheamisyy, b@vw@zd@@%mges 2573 -
25232’:I ﬁ?&o?%@é thA%Q’«ﬁF&on %ﬁg&&@%ﬂs&{s%\f%%ﬁﬁg{s%ﬂ (Q)nversmn of cetane (n-
n-agquéous “so osa
ng r @tfhsmm]gular dewe) decivated cdybbe gub:arou@amllds&jfsnetme (tﬂeﬁﬂalﬂlermal
301- gll dIS | oses the 30 preparatlon a
reagfipy 81 %ﬂéla%re oegigpificend amopnigl sppthane 3 alae sigpjfisent aymounts
of aﬁé&g%ﬁpﬁﬁeyaﬁltdadultdn@e m&fﬁﬁvﬁf t?lh‘lsve??gﬁfe' Bhin@hching (formation of
I's anor ous oes show conver si on

1sopﬁraﬁ11‘msm@s tlpetvied hp;agc 2{57@@01:2,32 paregraplne Hmtevdr—;sas miithendher

The achi eve
craipg S diter SRk HTESE Sioi8hmsnvaihat aeet At YElnatiGy goses
weldedissRenet al . 35 Robert o MIlini et al, "Synthesis
and char acterization of boron-containing nol ecul ar
sieves" in Topics in Catalysis, 9, (1999) 13-34

Hls?{ﬁﬁle&ao%‘“EX@Ei{ﬁh@%"&g@tﬁés@f A %Hba! & dus sS?t%‘zemfa%S?& a%ﬁw?{ for n-

sunmar | ara SSO €

elc(B;aZSMaiSklh@ anurIﬂal\M) M&@Wl@r@aﬂﬁl}s@@y Ws2DBEY1 A0 7419010568 the
contalndles n 100 p m num Pages 20-21
PreR UG P 5ROURELGE EB@FOHI‘%T Qhﬁ@@ﬁ is léctt dsporioad AnRFIAg 2 grystalline

mm@o@%@s &Q@flal%ﬁt t}eﬁ@;gh}l ﬁ%ﬁkor it nD ﬂpﬂr@o@é B Ryverb of n-

alytic actlivi ecular sieves is
Cysutighier peduds, thesgee 82t doftidlyedrastbeingtanear Hihe cafapyst eettieved

parggln&taglggrgl%%lo %C%\fg ?@@’ﬁ?ea Mtdlogs ot tcloﬁltlat}ny a ar%%g 8I metaf rly

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

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

pages 16-17 they summarize the work of Taramasso et al in making a B-ZSM-5 that
-3-
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when it was clearly denonstrated that trace amounts of
al um num are enough to generate 10 renarkabl e

woabva@logedse activity. For instance, .80-580 ppnPof/uAR006M30749
a B-ZSM5 was sufficient to produce interesting

contadsad less than pe( pyirh iaheniowrac Regeg, 20x3/1 smengrizsithe veds ¢fokaramasso

t hyl henz | kyl ati a |_opr qpane .
ot of L RIRRE Act- B 3a s n et Bosh M 08 PBY DA, g cagatyeie
activ Ry ONthaRofo@bledglal Mevds s uRem&ai¥E ohgagt BDN TheRaartthanise
i n which boron zeolites free of alumnumare clained
appesnbeonixagiofign i the|cpiglydig aglivi) en in epslypitedigfond Vyas overcome
o | 7at | i . L
whi PR oAl Ao AR08 ke Mhlcs BF R cUnoBE tol iferate
rentdylchblrceatal gl cacivit9f Foeiavyndeo80raB0 ppmadffAlrs atBeZBEMyhtvas
- normal paraffins was not ,desc@:\*rfj bed. . SUWRRY OF THE ,
suffigiptNg Pegduce nterastiedsy i i Rargiiing crackue; ¥Xletn SURer4aHare

eth%l?;%lpzreﬁé/ i 1844 A elggfg)g)aﬁ@@yﬁ&t&dmm? Zeolites containi\ﬂg.o(%y

rocar bomaceous f ntaining greater than 5
frar@ediOrk bor@awafefiotactive it tie spmegeattien.” oR edeyidnoigevhitlpboron

T S

isomBRzAt B8 AcrHAGRE o LONWE, LR fR1ti6R BPhhiSihE9/ith4RetBanol, and rearrangement
tenperature between 600 and 800F, b. pressure between

of &50lchnxhr®0e0Hydiogonversion pfdgaine nowsest paratiingte lightgr nrmal
catal yst ¢ rising (1) a borosilicate or
pm%ﬁ%ﬁ?%888?§%$??%%te nol ecul ar sieve 30 containing at
| east 0.05 wei ght percent boron and | ess than 1000 ppm
by wei ght of alum nu or _a titanosilicate nol ecul ar
sieve and (2) a ﬁﬂb@éghlﬂgﬁéﬁﬁiﬁﬁgﬁgiéQEMt i nventi on
al so provides a process for converting a

hydr ocar bonaceous feed containing greater than 5 W . %
In dccordandeawilf fHinmvemtidnh theprie pervidedof prhgess dgyennveatipg aduce

- 35 paraffi roducts | [ I I i ght, th
R 0 e Bk R PSRl Wl

Fo RO Hidat018 pRAiRS Icvdi9h mofeculad FREIMAtHAn&he Cjov n-
Oflé?gt?g%egﬁg 00 and pI§oo¢,p C4 N0 2007/ 019457 e o

parBXOns LISEeIe¢DB0TactiBg he foedwrnsier eonsbiaisaNBOISEAED 5000
' \V bet o?nd 5 d. conversion of

ig, . L
a. g?bgpgﬁ%fa}t?fg |6quﬂg’%§§g(g8?00 smal | er n-paraffins of 25%

b. 10 BR¥urdbétivean s@tal Y300 weypri sing (1) a borosilicate
or alum noborosilicate nolecular sieve 10 containing

c. at LHRYtbgwom Qéieghf percent boron and | ess than 1000
ppm by wei ght of :

with a catalyst comprising (1) a borosilicate or aluminoborosilicate molecular 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.

The present invention also provides a process for converting a hydrocarbonaceous feed
containing greater than 5 wt.% C;g+ 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,

-4
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alumnum or a titanosilicate nol ecul ar sieve and (2)
a Goup 8 netal wherein the selectivity for the
woamransison of n-paraffins in the feed to snal PET/US2006/030749
n-paraffins is greater than or equal to 60% 15 The
b. nol gesduser betweared Cand TPAtpmign | ess than 200, for exanpl e

| es n, 20 b wei ght of alum num The G oup 8
. QHE%V"%%“@P%‘&CY% fromthe group consisting of Pt,
d. F’d cdRersloh: of RUpar&Bind Rfthe P88AIt6 afnb e s-bABHER of 25%a819b%s

of nol ecul ar sieves include zeolites SSZ-13, SSZ-33,
SSZ- 46, SSZ-53, SSZ-55, SSzZ-57, SSZ-58, SSZ-59,

w1tt§ g%s@?ébsmgzgigégzo%iﬁl%ﬁé %}unéﬁ?ﬁ sﬁli%%esm%%?cwgsieve
confti fiihg aaleha maieweigh geckne Boros and Esnthaad900 pan b@O@e@lﬁm’f
.each of sul fur, and- nitrogen. ({ljn one embhodi ment

alugdnenps @ tHanosiiisals reolprda e g () @rf?rﬁelp Srmétal ‘Elaﬁﬁ?l&é]f‘e

s SR AP 09 OB e

thaA o8 eduairat 6080y epr esent ati on of a process for upgradi ng
Fi scher Trapsch products. 30 Figure.2 is a schematic
representation of a process for upgrading waxy
pet Tﬁ’é B BeuRf Qg%%aﬁl Wntah lekdihhis 200, f&aé@n?ﬂé less than 20 ppm by
production. -5 WD 2007/ 019457 PCT/ US2006/ 030749

welDRTed alﬁmrmﬁsmepmom SompetaHEay hevEieRtaNT OB fthegioup ﬁ@nms&@g of Pt,

paJB dr. S B BB airo iR thitdod, S el R g B AP Oeiuae

ze&ﬁ&%l%S@S?m@SSEtSBDSSZ%T lSZgWesSEISS s&zrw SSZ-60,
at m)sgzerl C in the presence of en and whi

SSZ v 8PZE-J0 M- ﬁ(ﬁfﬁM’rl lpdBdt MW%,(‘? g n$ BéweP Mnd @@Jh%}lke) and
ht, |  SFuARM

47 S OB BRIk thd b TR %9%5‘%‘2 GER
nitfogat.ur es of the process as described bel ow.

Hydrotreati ng and hydrocracking are distinctly

di fferent catal yst processes, but also 15 operate at
Inﬁ{ dﬁﬁerﬁr@@tcgtra DR READSIBA foGuiflr piet tBeSeRGHA O the n-

ydr oge Hydrocracki ng converts nornal paraffins
panafftrpcdntag%gﬂlyﬁmmbon@ecmﬁ@c(_i sing significant anounts

of isoparaffins. Hydrotreating does not convert

significant quantities of the feedstock to |lighter

products but BlOgF DESORP TIOBUDF IEESDRAWINGEN
contrast, thermal

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 lubricant base oil production.
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cracki ng converts normal paraffins into |ighter

products with a mninumof branching, 20 but thermnal
wonrewkiiswg7 does not use a cat al yst Ther mal cr aekTmg2006/030749

typically operates at nuch gher tenperatures, formns

nmore net haMTMhH%S§WM @Féf It MHBENTJQI\hnd

normal paraffins. -6 WO 2007/019457 PCT/ US2006/ 030749

0O0C C oUo0OOUa~OOV1o OU~ 00 OI~ +N+ ~

Deﬂ'ljtlglsoovv bdAc o Onvin, cnm p”*~007dV o
T ooV

A'd 0z dIl b cdi U- 00> AooN3~-"4d
As @ed herein, thefollowing ternys kava the meaningg below.

Hydroconversion, hydroconvert: A catalytic process which operates at preséures greater
than atmospheric in the presence of hydrogen and which convel'fs Cio+ normal paraffins
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 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
feedstock 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

0ooaG --*' MU OoOOUOOVUZ+~VA NOOODOO
aZZZAVvVVA d. wa |l o-~ V)cnV) Q (Da) V
wO 2007@1045¢d vi 'd Q cd t++ ¢ O aaz W~ E~WUE' a0aaSkéd6/030749

OU a) a UN L) -7 W 2007/ 019457

PCT/ US2006/ 030749 5 Cracking is the broadest term and
refers to all processes and reactions that reduce the
mol ecul ar wei ght of hydrocarbons by breaking theminto
smal | er conponents. Two types of processes do not use
added hydrogen: Thermal Cracking and Catal ytic
Cracking. Three types of processes use hydrogen:

Hydr ocr ackl ng, 'Hydrogenol ysis, 10 and now n-Paraffin

Sel egt-vp—Hydrpeenversi-an—ArpRg—ether—factors;
n- Paraff n Sefective qﬂiycrocomersi on iis distinguished
from typi caI'@TherrmI_oE and Catalytilc Cracki ng py the
. . . e
use pf | hidrBgen ég]dj:' #e |abseng® & signifEtant (1 wt %
or nbre) [ BripuBlt s @f%&g eflins in e produbtd| e
cat a| yst sSamds usig5 (15 Wf |hydrog@icare avsg & |V
. S tAls) ) = ad .
di st | ngu| SHF Ry charéaca er|i sticsg@|n- Pardffvn Se| ective
Hydr acanversi:@n i si"dPstilngui shed firom|t ypi cal
Hydrocratcking oyl ithe fqrmationlofi pataffiniciproducts
having| | pwer ifn riatigs.| Wile gore past stidies
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have shown that when a less strongly acidic
hydr ocracki ng support is used the i/n 20 ratio

wdeor@asess, these studi es have not shown the | e@TiUSZ006/030749

rati os denonstrated in this invention, especially at
hi gh conversion |evels. n-Paraffin Sel ective

SRR Bkt OB A O TGP e e

GREBANRAvAEhtf By dRRMbBASHORSakiRD tmﬁ{‘rin‘t/@blﬁﬁser ab@ponents. Two
expressed rn wei ght unless otherw:-se no

|tpRsaf @fr’] qoessen 89 wal ussaAdadhydragsn; ddermal ﬂrpcd@mg)%l)d Catplytic
RS oSS LM, DOAE B0 GO i

Sl wetwi-BaeinsdedtivedhdrddeaverbipnDonal d W Breck, John
Wley & Sons, pages 4-10,1974. It includes zeolites,

al um nophosphat es (ALPO 11, etc),

Sk A8 SeflcoNEdro §M A @ﬂﬁ)dlstm uished from
Aljtn %gﬂlhg{*%ag&gég% 11 'IQS-Z S Z-c 6, eetlc) as vvgll as
aypiesl Tretreal aald£atéi§t1¢2@mlckmg bb’ghfd‘eﬁel afdgdmgemantbthe ebseaee of

SI ey that §|rg’tfi%iﬂ? asfr'péyil,} a nﬁ(’:‘? h}?epro%{?? g]i; afalysts and use

f‘ﬂ#iﬁ)%eﬁ Qre atdd diSth (cﬁbﬂabt%ﬁ&tﬁﬁ) -8 WO
9457 PCT/ US 06/ 30749 5 silica-al um na

(aI um nosilicates), sili ca boron (borosilicates), and

tit
%F%réﬁirb$elg(fqlé/\9 é—g‘dﬁc&‘%g 9 1|0n tlsgcggtg %l%sgf\é\% ;ﬁjé gﬁzbldﬁﬁdrom acking by
100 @ rRRIbR bf pahiimidpratiudtiohavengiopleei/h eﬁmst Wé]mlemﬁhemam studies
or less than 20 @ie and, when %gpos ted 10 wit

Figve Rhown phat mhen less FronghbAsHle hyfre cranking SHPPoFgs Wil vn
E{"gﬁg‘ Iﬁ@ér%és@s I %s@ GLiq¥s hﬁ%’ S QEARY ﬁ{esibW]/nCr%ﬁé’é Yethonstrated in this
al'ys use In resent Invention have
aaietitiongsspedially ar]rég}nmnvasumtlemm as Si-Al zeolites,
but are stronger than the silanol groups in all-Si
zeolites. Catalysts of this 15 type are defined
21?? §ech?tWer}9ydi‘€@Jﬁva§ioﬁh§ Fisting{hed OhtH Yrogeidolysis by lower
[ ne herel n by calculating the Frontier O bital
Enethgnegiekds (lowsr thagulwgt %X yhemcampated ptrhigh eQuversions
rel ated structures of fixed geonetry (e.g. Si-O A,
Si-O0@G, Si-OB, Si-OSi) follow ng the procedures
h VAIREs &hﬁ eggﬁ cBRRd 6t walght ilesh.otZ@wimmotddem Soc. Vol
1 94 pages 136-142. The Frontier O bital
Ener gi es are cal culated fromthe ELUMO and EHOMO

e§ ra%ﬁﬁ?ﬂrﬁ)@r%a%a?aﬁgqmsi (I }—eﬁfbls?re@( t9fweight ratios unless otherwise

noted.

Molecular sieve is defined in Zeolite 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, SSZ-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-



Corma et al. Table IV does not list a value for
Si-OSi, but it is separately estinated to be greater

woheot/idus7val ue of 7.44 listed in Table V. A Rey/US2i06030749
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inthis table is that as the acid strength increases
(sHica@!Bnine (Suminokiljcates)) siliva-botondborosibicatas), Enksiliteettans
decrease in value. A systemthat is in charge bal ance,
f(GranaXUFAleSe an all-silica system has only very weak
acidity and the bridging silanols have high energies,

greater than 7.44 eV. Strongly acidic Si-OA systens
w k1Y aci seujinesieves ategzeelites Sentnmingrlpss| than k0 ipm of

e IR BT BRI o

eRiEh BY PHORN Sk, -TG, s, orFonpifienathbieof) fdrme\angr-patfin dehative
t hen energyfor Si-OA, nore preferably 0.25 eV

drydzacervarpian cetalysenergy for Si-O Al, nost preferably
0.25 eV greater than the energy for Si-O- A and | ess

than the energy for Si-OSi. -9 WO 2007/ 019457

RCHiAlyER Q80103 Qe Prescmt Mmytl(m leee apiddice dhat es fadias strong as Si-Al

opi et i chgesn g e lenogganpt iy Sty fler BalER of s

tggé ng%leﬂg rEitas ‘B%ﬁg liahk 9Qditpr ocedures, use of
gaseous adsorbents change 1n the colors of dyes
in solution. These techni ques may have ot her uses, say

| MW edkeactdint' iodeftied theripby chlatlatong thé Frdngier @ﬁ)l’@éﬁaelg@s for

but th houl d t b f..th
ik deRE Sy e Pl I Bl Bty G GO SF DR R S & SO
' ﬁ% @0%).5had; @%“S@fd %1)%9ﬂ/éﬁlngﬁ‘hecptbc&iu%s ouflaRditlyl @dta et al. in J.

’ined I1h Exaripl e 1 and tenperatures < 800F, for
eAmrﬁ]hem<S<7cDOR),l 1d>6 No. 1609% pagegﬂiéal@ c"éhanr@atJ@tOWﬁhE%FrgleS

i/n ratlo ol ~exa

13¢ @alﬁlilate F}? EZH"@O aﬂd Eﬁwcé r@r%{ QridzarE;hOQVrPI% ”Iié%ﬁepﬁ/ of
B3PI Drﬂﬁ@wqe@d hdtYisof vivtnd Re Shﬁ-Sﬁb&Nl@& dephreclyl estimated
sieves are crystalline nmaterials that

‘@si@@ge%er(tb@i‘r deyalupiol & drisirddn dble Wevk ey Dot eBigtde is tha
0?13 tﬁ‘tﬁ acid gﬁen%%ﬁ H{c?easésf@hﬁpﬁ‘?é SWd—Agf e 'ﬁr@rﬁle@@r&taﬂ Teeies

e repeating 20 crystalline
SHédussellrevalhi | e the overall path of the pore will be
aligned with the pore axis, V\Athinaunit cell, the

pore may diverge fromthe axis,  and X
s hzstentthatiiy iy haggsplanse, farnragiple %ih%l 'é%c% ¥>@? ‘gﬁ@ 88& yery
P el a?c%*l%pgtrldythg BHALLE SIMoi ha¥B §i g enlefiffes, 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,

. preferably 0.1 eV greater than then energy for Si-0-Al,

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

. most preferably 0.25 eV greater than the energy for Si-O-Al and less than the
energy for Si-O-Si.
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axes of the crystal. The narrowest position along a
pore is the pore nouth. The pore size refers to the

wei2aE/a$45t he pore nouth. The pore size is cal ceCatsenobp30749

counting the 25 nunber of tetrahedral positions that
formthe perineter of the pore nmouth. A pore that has
Maﬁ}e@tha’rr@dcreahrepw meamﬁng or ¢eﬂ®141mgehmdlty osotidsrharel y
cal Il ed 10-ring pore. r

@@P%ﬁr%inéh‘? htefarwrg Oéfﬁlb‘ihP as§$§f§h?ﬁgd%c b%rfgﬁcﬁeﬁﬁgawa@n

.rﬂr@&:ﬁu K, 1& %?g Lous aldfsoﬂ’Je | £QWhageSh BecIIS 0P Bl ek iRR6ution.

peo nt porevv| an axis-i'n the sane
d]Fheesnteal&mquesmytHwe othes tisds, siyrinthtewpontroli af the prodh¢tiog of the
1-di mensi onal ul ar . si eves 30 ha ores of
ettt they F]%F&{}/‘EP% ediseﬁlrﬂ‘yp ﬁ?ﬁ/@ﬁ%? Ve\ﬁl%{]ﬁ (fhe same

structure but oriented in nore than one axis rel ated

LOpLAG; 1 CJeYﬁiﬁ@é h){drf)]cc}nl@%%ggn%%%&t 1std?1% thefl cBBRE3ls @0@4 d)ftﬁLC%f at
[}Te—n eterm ned by sunm ng t
rosatieionofefineé ireZaatplp draag t@mpdramha@ <SH0EF. Jor W%<HQQ°F or <

rent axes he.nu el evant
oéopf fogYe %ﬁéB’é’ u%@”‘%lﬁ%l/w a‘: é7$of101&% e?pr%lene <6)65 or <
Rpoﬁ Bliéfs @fe%%me%@mmampm as follows. Tabl e 6 i's
the first reference where these properties are
described in the row | abel ed Sieve Structure. The
R RBkiabd Dimbnsioratitaet MDletalrr Sievesh Medeawtar sigaes gre cpygtaline

fﬂ%}gﬁéﬁ ﬁﬁg}\f\gﬁéggxﬁérop}%%%@g@f Sﬁfoeé%gi%g 8%?1' se@eral umt cells of the
%&fu@fu%sa’ie%résswill ﬁhﬁ%%&lslﬁém tﬁ@s&i)ﬁd: ﬁiﬂtdﬁﬁaﬂ@reﬁobatngl t

is a three dimensional nol ecul ar sieve with hoth 10
aqmstamne SUsEIpO erlle the ovpialleth efithe rore evi be afigiagdgyith fhe pore

efmsz &ﬁ rt %Q@{ Ifefji u&o@%n{agfd%egbcﬁ%{g?ﬁ %g.ﬁ 21?111 tltefﬁ?\% c?}éaﬁé in size

el fdPmidagesPos ﬁﬁl’roﬁtTheR&Vsl sfate polietis HequeR0P ﬂ)araIl[bierﬂDm@ of the
size and dinensionality for dliferent 10, nol ec

saxey e5thg ceysigh H@sf@?l.on@ét Hoﬁltltoﬁé WIS & therRpts “’ilOﬁh The pore
h 18 aRaB§Tounting th

TYHIRRLInt Bad 8PS pirOhoutl B bEIARNT € 0RaRIBTouning the

i Sumber of eaﬂahainai pokigiods theh&irmrthé pugme:tsr ¢fdb¢1 ao%yn@tum pere that

th m t
e O TREARedn sty ahp Bore PR & sopbpGREs I F [ be
1150r[3§|-9ﬂ;|31]e95n01%§ o l?srs (988 applicaxch Ve PbR sizes of 8 rlngs or greater.

dinmensionality is the sumof the asterisks and, t wo.
ﬂfarreolacnéartswyethy@e@ly@m tyRsrad selevane parg Wity %?ﬂ%il gsgne
9 t R1d18&u
o?“'“%‘mt %ﬂ‘ “ot” t%esrg&glggf gqg%{segale%lg{eﬁ%gﬁatlo t(Le c?rflsetvgs may
xRS pod off Hifferadt istrasiures or mapdhvd patedith mheesan’meitrumlﬁ lut

6 or the Atlas of Zeolite Structur
oriented in more than one axis related to the crystaﬁ -{ﬁ/ sté cases S the

dimensionality of the molecular 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 6 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
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crystal structure is determ ned, and the above genera
analysis is used to determne the pore size and
wdizongdesnal ity. 25 M croporous nol ecul ar si eveeTAIS2006/030749

defined as having pore nouths of 20 rings or |ess.
5 @imepsi¢hahnoldchiar Revé with ontpalf) lengpcafesd e §Zi33 is histedre12/10R

k of d Ph t
@iﬁwﬁgﬂaws 0 B e en N ey TR R E R B gy gna 12
Ss. 1haRAGH0N iFaot 1ﬁaeda1ﬁdralblla 6,36k @nawmg\/iaferme &
by product fromlubricant oil roductlon

O0F+
Ipasulisdr Kdlas obZealiterfitruoting) Tvmﬁ&rﬁlb &apmc@grm%,l\/l Melel and D.H.
nt het u
RS G QAR 2R 26T RS 858 en
10 frﬁél%tﬂar i uedn ldb@hbecﬁﬁi th® ﬁx&mﬁld Etiglisaumanayized aI:'Rable 3 of
5% product. 35 Hydrocarbonacequs feed, %Faterla
ﬁh’éd rencgom ppges d drfodive EmLRT Xk diHEEnbROTeT SR RIS size is
r ! abdr Of Neerisks. Th
FS% l‘u?d e I‘:ixwflen O%gﬁtysggqtﬁgﬁlygﬁr& mé\lths??/lﬁlt he¥| C crnuséses © pote
I siieg areeghioavién bb]ﬁe@m exmﬁple),IHNhSﬁr(bﬁ&ﬁmcwc)hs histedag 1
WO 2007/ 019457 PCT/ US2006/ 030749 5 gasol ine, jet
fuel, diesel fuel, |ubricant alc hol s such
15 as net hanol and[ngH%%éP‘Sﬁﬁ5“3H§é&U%%ﬁﬁéh ceous
asset: Materials conprising H C and optionally S, N,
orkmrrtimembnahtseisehaesm ofithe dsttenslwndﬂmtcu fldhere are two types of

H%/‘Pg{fggﬁ? [ B naceo gr(ii%lc ¢ mglél*t)ef tl%%}ngnd[ @% 6§1Ie§e tg‘ﬁl ar e

sdirhnfitiof Bﬂﬂﬁs@}bdre am&élanpé ﬁﬁthb eS/stalvsdse tires,
muni ci pal waste, derivatives of these and ni xtures.

20 Fischer Tropsch Process: This is described in U S,

I?%%Hﬁctﬁl% is ﬁot%%?edﬁg ithd:SEBRD Mte {‘ﬁl%s o804t Qtrg&tﬁleeaf ypes, the

roce at converts syn esl1 S gas | nto
hyszh*tﬂcsaﬁbmme eotsaningd, and dlkuattose gSynglanalysis isyset hedétsrmine the

gas) eous, m xture containing carbon nonoxi de
(m%ﬁs%ﬁamfﬁyﬁpﬁﬁgﬂlﬁnd optional ly other conponents
such as water and carbon di oxide. Sulfur and nitrogen

25 Mr%g{iﬁﬁs NERENAE AR | 'afgﬁaéWn éé Qsz}éﬁﬁ g ﬁr]g)'@:llﬁiggoﬁgp%ngs or less.

Tropsch process. These inpurities can be renoved by

iy A e e g e doURAEh BEPRCTHRoBEEN G R and
' fd AL iRdide BRRRoVE, @BRARB réfersab elenWitsGh thécolumns

ncorporated herein by reference.)
headed by Fe, Co and Ni,

30
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.

35

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, petroleum products such as

-11 -



25 This is a process or procedure to generate
synthesis gas from a hydrocarbonaceous asset. A syngas

wqgemgriaeesr can be a |ight hydrocarbon refor ner PAsiusgno6/030749
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nmet hane or natural gas as a feedstock or a heavy
lepsbloeajebfirel, rdadsel fivel; JubRedns besawy], iatrohold escheas methanol pndf
t echnpl ogi es such as steamreform ng, parti al

9L f¥n, dry reforming, series refornming,
convective reform ng, and autothermal reformng. All

have in 30 common the production of syngas, fr
bonadequs asset: dMgteripksicamprising i dnan Q;gl,o%lﬁyn%, N, O and

di.oxi de ir, senrli [ ' ' 4
S i Y e HyoRlea IRANAAS bidfids, FRAmIESof asses
sheadtuial g eietliagg, doal, pytrgann, tSesands, oflefshaleishgle oil, waste
convective refor mg% and gut ot,her(g(ah? reform rg‘{(,:lt?1

ihestien ovastedtirah MU ViRste: dRGHYeS rthsagnd mEEESon i n
order to better utilize the heat of reaction. The
processes for producing 35 synthesis gas from Cl-C3

- HikApETrovseh P@ktssk Mhisris tesctibed iarld.. S. BateabNpe,89WH8, dysued May

is typically effected by contacting Cl-C3.al
e RO AR Jf it ol e ohests o oo P@RGEapgppocous
Q%Bédc)t’sﬂ’ at a tenperature of about 1300F (705C) to

out 1675F -12 WD 2007/019457 PCT/ US2006/ 030749 5
(913C) and pressures fromrabout 10 psia (0.7 bars) to

out 500 ia (34 hars). Suitab I r.1 i

NgAS e g %&a&g&gs n}l%t}lgce%(oglﬁ%ﬁég c%]lngg g{bﬁﬁﬁ&%@@) and
Pk G WY opii Skl -opiadr kasporenad duoly as wardatihearborkdioxide. Sulfur

Regardl ess of the systemused to produc% ?n%aﬁ it is.
chelinitaerte and othambotercatoyn YEPUTITies St dRUIEPIESIRT they can poison
hydr,oge i T@{ﬂ oy t : AbNeH YelReibeed b
é%l‘?é%%é%}ﬁezaﬁeﬁf %%(rj. q?s gg%gbgﬂg%efle tmélgé by pgsgli ng 1

thmvEatidad! eblkdgeesgas t hrough a packed bed sul fur
scrubber containing zinc oxide bed or another

slightly basic packing material. If the amount of
Gl Blefaaes: ?%?ﬂ&ntof@yn apatidu¥sedfin ths. Boitesi 6,992,114,
: e surplus G - al kanes can be_used to

pisseddenuaenat G006 e OlRgaveital s Widhdg incornpratedyhergipdyygpference.)

excess Cl-C3 al kanes may be.b o '

© b oy PE T PELRLH ek RS s FopEd B hfeous
1254t ASyREaVoEen Bl ee@bde Nglitefydrotarbontréfermerasapsmethane or

i nvol ves converting coal, heavy petf?gl eu ‘%t OC'kS'SlI'é:JEsa

agatniab g, asar feedstrskpapiheny hyerdagion rpiQrgels NG YNNG e |
LSBT B ol it 115 BESEH AR ARRE, Shid BRIGHOMAY reforming

agiek rdfotrRing Sédnabdte piferming, dteavitheringl redoringngf Aflhage in

OSSN 25, GRS R S

] oy ks, s ap o posuialy o

gs@a¢ earbdmdioxRit ang steams additien 9% DREes SIS fedpruTipg, cpnvective

p%fgm%g grelc? élutiofh%frhal %f%rantﬁ%[g iﬁc%%]orgt% more than one syngas-forming
reaction in order to better utilize the heat of reaction. The processes for producing
synthesis gas from C;-Cj 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) to about 1675°F

-12 -



nole % 02. The effluent gas stream | eaving the parti al
oxi dati on gas generator generally has the follow ng

woanpagd4sion in nol e % dependi ng on the anount PGI1/GIJSZ®5/030749
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conposition of the feed streans: H2:8.0 to 60.0;
8(9031@) and poessEeL frommrbost Kopsia (0. Hoosptoabew 598 peia (34 bars)

%M@%%p Ie Orgvggg)cdt%l??tss W, 105 %u?b%uged 1%(%?}81 ?g% 0 a¥n%lel {ngkel

eﬁdlfa@idﬁ? quéldél bAeadairh lalll@@t argietiie Hiké.eRByATdlEssCaNthe $}smm used to

general I'y about 0.5 w. %npre, partjcula
am@ducqsweaﬂmlwdemra)@l@fo r@@pw e wlar celaPWS(%&sﬁ%fyrogen sulfide
t of. carbon. r Ab
rifplgglﬁza%tgpst Icgr?tlauntea] r&@@ %t%%garlﬁa%g; %qul?se%g% ag{egﬂ%g y passing
WHe T tGalR@det dag thratigh £ pachehbahh] fup b¢rebbes lcagfaining zinc oxide bed

SR AT —
agaél’t HoPm8 %g théﬁsc‘%a%%nﬁuﬂﬂg stplus¥998; 4]Rarfel chlb&tisedlto provide

gas c be generated by directly
C ener gy thrmghundme dacdlityd FeSexayplo caedss fadoallanasmay Be bygged in a

exanpl e of a s, to conver or in
sFEYR bﬁilﬁrr@d%&}g‘ﬁg@ Fae LES@ &5‘3 es%?cl r%nbgel n US
Patent 6, 698, 515, issued March 2, 2004 to Karani kas

et al. - 13 WO 2007/019457 PCT/ USZOOG/ 030749
Déxt shcavryéwdm@atﬁonmﬁomq:r ﬁag,pgqqepmgwpl,yempvg&w&cggl heavy

Det er,m na nor

C5u BUTI 07 R0 RGO A 3Bkt i emporr
C heREachbn Lo6H o tHel nges’ gdrﬁreﬁﬂr]l@ abmpaea@‘“ﬂ&ﬁ)@ow anhl the pressure
limt of 10 detection of O. th referr

it dhout L5 aimespliests g aw@}s 19 oftrrePaien %tﬁ% ogjflant to

ngs ly about 0.80

chr SR DA P R RGP g S BB
capy. |ty ﬁfeeS@lylgEvi—Spﬂltamirg%s of okidentamay e aimexygmresicheharr, i.e.,
3%&%8}5311 é_]gu;?,\e}ﬂ %ﬂﬁrﬁplg %VI O@ oF gulisléa%glglll* g nrlez %/ée% i.e., greater than 95
hy g G/abbo'f'ﬁ e%@nt‘@% BeehnVicaling ek lé’artmtd?(ydatlsh lghcgamerator

cap |?I ary routinel y used to separate d
mg@ne:rany hmhmfodtquleg chypasEian ingYe O gdepending OB IS AMOYL &0

fused silic 0%, met hy o 50.0,

0 o BoRRiPROL g e P Rig o cO B TR RIS ijﬁ{g" i
PR $9-to H8l0L 0,00 folB®. 05 8806l toal, GQS:rfl.0ion)). 0. N0 to 80.0, Ar:
dzro en and air are used as, t he fla

THbO Wa3(04 ? aﬁ@ﬂbﬁfnﬁféﬁréﬁﬁgp@fi in the q_ftfgleﬂ% aéﬁaé% may comprlge
5 gg:BFrP 1& 455 D& TRIR b S o4 Hiyedg%&l%hhéﬂy dbseal a0 vtnvcefagivulate

0 ¢give a tiron. If necessary, the
S QlatdnqBasdis welphaodhrbimtin thevesditdl thy gad generaigry Flyeash garticulate
> orlnél’f?esf meglnlgje grgs%%t él.lg ge %v‘itﬁ dheI Ig]zltrt?culet&e c%on altfc? 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 June 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 to Karanikas et al.
-13 -



methyl silicone colum is heated using the foll ow ng
tenperature program 25 Initial tenp: 150C (If C7 to

wQ2s07legsocar bons are present, the initial teRpPEUALMGO30749
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was 50C) Ranp: 6C per mnute Fi nal Tenp: 400C
Final hold: 5 mnutes or until peaks no |onger elute
3DefEhringtidruofiNommes) Pafaffud inWEiy Samplas at es, in the order
of rising carbon nunber, the normal paraffins from

t DRtcRARRAGK SBhorRAl pérﬁfﬂm in Arak-oonmintref @ﬁ@im&hsﬁlanﬁaa ghethod
Is analyzed in the sane manner_to establish elutio

t thabeangieiarminesthe eputert of dndiarugd £r7de G Tesapidins T a lfmit of
st [ ed.o. s f; dard,
pS% qg)élg) %1?1 r‘gtnﬁb" aTﬁ\gg ven oretp%ggﬁr gﬁ% 5%1;&1%8/3@ co)
spiked wwth 5 wt % Pol ywax 500 pol yet hyl ene (purchased
fromPetrolite Corporation.in Cklah 8 %’%‘PTEE st andard

i Quaiitative q@aIYQrs of @ormﬂjp@afﬁ%wn VISP BF1F Y 8§25

?l oﬁl‘é{ogpa Ghﬁh?ﬁ 1f%npff89bh)‘f' 5860 GAiBRE ﬁllﬁ?}ﬁéﬂ)ﬂ%}qmess

tee e re ving efficiency o

c aﬂd:tlalna ﬂytrrxeobmmhon—dbﬂecw@ R@eQUippabwWBl aﬁtamwsm@tmro@@em@

e L R e SETRL St By RS
hXﬁﬁﬂ’eﬁ? CBR Ycﬁﬁﬁeﬁﬁ%@@fﬂ s ?ﬁ‘raieh@dﬂﬁﬁfﬂoﬂ m&hﬁéﬁb}p&ﬁkﬁg point.

ting outside the retention time of the nornal
pahatélims veascussdl silead, he ﬁmthvmﬂhﬁgmeaﬁﬂumﬁéers Tgeth, §i2g mm ID,

eﬁgp B n{b?%é?tngesglpp]éedr@r dlt]@rlg rtr11§etr %?Plér og?ﬁ FZ E®min)

aﬁﬁ@hﬁﬁ@ G @digit Reuesdes the fuel wahé fBymeo valley. All

peaks % detected are nornalized to 100% HP

Chenstation was used for the peak identification and

Cgll %L\&{agtié r%@l&@c{ to o%gé‘ﬂlta% 1 %/ﬁ@rﬁ&}% SN saffpl B, Tl’% safple Blimidddiately
es and sol reage enental analysis is

paisk6lkekich dayodn%lﬂ}ﬁ& focglizd)at\d’l Mg%daogﬂs)tm dfnasessatye the solution is

materials with H

ef L an_beak h
e ol Pl o ol it e P BT RS R oG be
s é@afi’e f%uﬂﬂ[a?s heb&1 dsGEg, tﬁE%lroeﬁH@tem@rame @e@gfambed

t, Dean and Settle; [Instrunental
I\/bt hod$nitiél tamal Y30°€, (IfAEFto & bydsecartiissre prapesitdheitia) a
l[imt of detection the original material of about
10 ppmtff“&l?er AP’ {:;Fovi ded sufficient nmaterial (at
| gast %  Hisgel ved. The preferred method is to
msasure e cor%onents on the 20 synthesi zed sanpl e,
whi ch merwmb&@ adp0teast 1 gram of material. However,
when the avail able sanp Ies than 1 gram

a® i s tinal bglde F@mulsHy rlunP]e%e@gﬁ“ ‘&chﬁ)gﬁﬁrpei 'étg it

The column then effectively separates, in the order of rising carbon number, the
normal paraffins from the non-normal paraffins. A known reference standard is
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 a
vendor (Agilent or Supelco), 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.
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the sanple assunming that all is present in the final
pHauesent, in 25 forple, mosnalqrakaffin peakslatavivelli papetsieceand essily he

reagent sed jn.,this stu were: .. .
Ry PR e Mlokedor aalrofen idesamely dgsepeghs cluing
18utRiaBthePeichiibiZ Ble WRtHRMONAA] shedf6ias 86 caBél NN aNpiraffins.
det ect ed Na2B40O7 Described in Exanpl es The al um num

c8he total samplréniaisgraied using hesebewheld Tromesiard torengbof rn jpgraffins
wor K. wi t hout el t di ti ([WUT1)! S, bal

18 St a1 B A PRl LU ARy S
f g@dgtdsks hordrlized apdEs. WPt Ghapmstiopovastused fue tioapeal C

the nitrogen_content in the sanples is neasured by the

f slepiligatign and cal gty oof/re3diss7 PCT/ US2006/ 030749 5
procedure. A 0.2-2.0 g portion of sanple is diluted

using a solvent. Ten microliters of diluted sanple is

i Meagiredentrof 8, Al gndSt in deokites snd sdlidgeagents: ddemengal apalysis is

stream _Th 0 i slo nmov into.a C t,i .
F BB G ACE e e svdnd digkuiog o iayBe B SRR Wi ¥kion in
VoLaLd bdaked. TRERLE: JARESHBR K Wb HF SXUBADIRisNEpHPind Al is 0.2

furnace, burn, and produce, qnnng other gases, nitric
orpld eTHNOP-OFER deahasps indescdpddad, Wilaeds MarpittoDgan and Settle;

- Bttt fiEiaets g oRASS ST Enlibh R RRBIE B dstsotion

t RethB bAEREPmatENS dfia@blit 10sppaefe aletinamncredasdsifficichtonaterial (at
vol t age, and pe areas are _obtained for each sargpl

ak [ e.
Theastdr gram) irdissobiedt de prelasimpihpats 1B magyutdhscongronents on the
S i i giin bl hen th
oA oS, S B EALAE e BRI, Q9GRevr v the
sV dilablecampRizei is lave dmurlagtahyastib éhefoabd owismgll peseerst gamples, it
for samples containing |ess _than 1000 ppm sul f ur..and
hiNACREP G R BEIHE TS 1 STeinApgpn 1 RGBT G agent
S |3t/ | 280 na RGO 8 WM aRVBESE Amfum in the
tg%@?g%gﬁ?téﬁg ’10@08 where the  sul fura is oxidized to
s sdrhple askuoinglthat $03. presgnien tpy Baplprodgar i ng t he sanpl e
conmbustion 20 is renoved and the sanpl e conbustion
gases are next exposed to W light. The SO2

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

Tetraethylorthosilicate (TEOS) Not detected

Cab-O-Sil 18 ppm

Deionized water Not detected

NH4NO; Not detected

Na,B40O~ Described in Examples

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

deliberate addition of aluminum is below 20 ppm.

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

below 50°C the nitrogen content in the samples is measured by the following
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absorbs the energy fromthe UV Iight and is converted
to excited S02*. The fluorescence emtted fromthe
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detected by a photonultiplier tube and the result
grgedlre A 8. 2@agqopmomfoftshmpbus flimted vging aspleent; hen pgcroliters of

- TN I T R R

s'ﬂﬁvl?r%cg\}éﬁ 158 B MbubtfonRARdE a6t MY dilifsE. saﬂﬁpYe esapgrhtes. The
pour points of 50C and above esp eC|

0]
fvodnnlrzecﬂismlbie gase¥ nop Saih qéﬂryg@b@éhe lqaifefumaé% PF an‘tiﬂ%f‘ﬂ&}&@

to neasure hete oat 0 e | thflo a3Rtebki 1
§_mq;19§t<§$: I SReFS: BT 5’0%1@5@ fj ssu%eclig ga%u%%g} ) 20_0(:)%at_oe on c.e ’
Malieksad &fith ovénd)avie ogbreaends ®ith 00, adiviag sfftchemiloeindsesnce light
used to hydroconvert heavy normal paraffins

o form

G5 -thenponess. Iimlaghft isfistecies\and canyRried 1 f vp %%ec%ﬂ(gwgtafeas are

l | NAédn of
Sepaer sl TH alchBee TR 6 cSh b ARk AL
nghiRadsaR esilte ue reportidchs phrsiitrogey. ddtail fesioethedgan be found in
prefer ablzl devoi d of the conbination of silicon and
ahSRVhRAZ9The  mi cropor ous weakly acidi ¢ nol ecul ar
si eve can be conposed of a siliceous -16 WO
2007/ 019457 PCT/ US2006/ 030749 5 franmework suc[}ﬁ
Zed §ull for camtelntps mreesuaem yy thidolaveiRg prosed e éorime |°8P‘falmng less

el T

%é’ i E)glllfed%ki%gﬁlllbﬁfedsfhﬂi\/@(ygeﬂﬂ hi&l uaﬁlparaimc ohtOMR Cawhere the
ele lica being the first) that does_ not

Stulbings acitid { lfor S0Rie: SOpGHE OO dRGRE H) gpep B Finbustion

F t hi 1
t ?strrgﬁ)lc()vgﬁ) rﬁbtg? sargli?plg g&%@?stﬁé g&s%&&%@(ﬁé}f{}??gﬁ% lgyllgg:ht yﬁhe SO,

aQISJsongQgé‘ sﬁergygfrsﬁltthwwhgm rang ¢ mnoab vetiteasirto skeited & *athe

st andar condi t1 ons e .advant age

e fporsecenpecmities fipst fie seltad ot GRibE B S?gﬁ’ierr%t%te $Gds
a AIROHUSR d:@ﬂ”thé) eulfu

naba tsé B& 2 gﬂxgﬁg@ﬂﬂ%?{&b%ﬁd tﬂé%&lpﬁgx ¥ROQUsRr r

drogen sulfide or a lig

Subﬁtulme@ anthaisaiplg. mrqddaﬂdne(tbocbcan bgi me|A§wa%Aé3 For

di met hyl disulfid L
f Iéggglp%ecpptélg#]lgé%lq{g ﬁlgarrllﬂrgbg ppglhsggf}.\& tfggp%%?@g ?@ﬂtéfrﬁ %/ measured by

e |l e nore than 10 ppm sul fur, can be run over the
catal'yst prior to the n-paraffin hydroconversion. Then
a | ow sul fur feed containing n- paraffi ns can be

droconverted usin ' GabcRla¥$ thos€ $rom a Fischer
F f ﬁaé’ﬁ%? gl E\R@urrpam 5 %)ES% daat%ggeat al yst 2 usef ul f or
t h'r§p§cﬁ\f)ﬁﬂ:teb§3 theGasfelred method to measure heteroatom contents is described in

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

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

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

microporous weakly acidic molecular sieve can be composed of a siliceous
-16 -
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identified by performng a sinple test using n-Cl6 as
a feedstock. A catalyst conprising at |east one

wonbemudsar si eve and at | east one Group 8 met aPCITAIS2006/030749

tested by positioning 0.5 g of the catalyst in a 1/4
i nch ifredneewak sdéteasst mohteumd prefezatipthe wdaktyhasidiamelegsiar sieve

25 of & gapite ST ot P BT of B PHER0R Ry S PIRREH of 1B-ring

presenggeRf THY WeaRI§RCcHic Rolcb@l¥ sidfe obﬁ&nfﬁ d fecinddmdd@element
n- hexadecane feed rate of 1 m/hr and 2) produces a

pr odu o(mhc@ hpmg henfeysOshas 9@@8@1&)&#@@@@ streng gsigityrput acts to promote

i sof
cat al yOR et B8 8t GRple, P Scohd B8 olbient Bboron o

the prga@im, mo@t/ﬁefetabllybcﬁenl:eatur es of the n- par affin
sel ective hydroconver5|on process incl ude:

feeedstAdrfineshacsivity Al produsiseleetio faoeonyersir QaffrHJ recit standard
pr ef er abl o3 50 % C 1o+ normal paraffins, nost
preferé)Bflgf 8580 wt% C | o+ nor nal paraffins. Suitable
sour cgs caf bd /BARIEEIS (@6 odeite\catlyst reupft pbray Performing the
products and 35 synthetic crudes. Slack waxes and

Fi scherpappskiireiosyersion. Zhis REe-eRRAsHEEFan{os dgue By ke of

-17 e

can coNPRE G F Gy arErCRrg p ARAE bonmoul T FERRURE fuiide,
t abl e difnethyt éfselfiabland fredike).t ARanbigveby)feedsibale cbmelaistg(mkre

can contalnlow evels of o ecf ally | ess
Chan 58 & /&Pn*%l}#ué\i%rrﬁ%P@Pleégé%ﬂ%{hﬁﬁ B Slig i Bigap oger the
lp Ef |S ‘ |t %%s]t (Bﬂof/\ﬁ)' g0 B Min hydScdieRfio Cl"heﬁ aNoR8ulfur feed

drotre tnent prior to hydroconversion.
10 Th@n];mmag nmrafﬁnbmnmmydﬁmoavﬂﬁeﬁm@lgﬁhq gllﬁtﬂflﬁircatalyst

exanpl etween 1 00 bet ween

750 a r%@aeorﬁswa av an(f%ava}@yi}?&f%ﬂf BT %87 RLICE <gn ke
and 5, g iR RrRfk WSk t@s‘"ﬂ%ﬁ'g_ nldieYs afé@d@tock A catalyst
tenperature is between 600 and 850F, for exanple

bet we eson@Finged leaxsor%@qﬂecmr sievewnee At [22g onp §rqusEmetal fs

(1 PrOSERE, b EAYESTh e Rug LB PTBRATA e o

f eedStr@Q&oﬂ SIf ﬂ@d&ﬁﬂ’j’kt 25nvane 9196 SOW ofexRdRaliecand et avemperature
50 and 80 9 between 60 and 75% The C5+ n(srr mal

par af ¢ rﬁ:&@orﬁ oé%l’reﬁ%‘res‘éfplgpgﬁ’%a Py iBpPEessneg o€ BrdeReey a flow

of 160 ml/min and a n-hexadecane feed rate of 1 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% Co+ normal paraffins, preferably > 50 wt%
C)0+ normal paraffins, most preferably > 80 wt% Cio+ normal paraffins.
Suitable sources of feedstocks are derived from petroleum products and
synthetic crudes. Slack waxes and Fischer Tropsch products are preferred

feedstocks.
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hydr oconverted. Ml ecul ar Sieves 25 Exanpl es of

nol eculles fesdstoddscanseftaln low levelaolautfunarsehidrogénv@ee the table of
Hydr ocon%/er?i on of, tpﬁ resent invention include, but
are noRreferahl Brpppigies 8&’2 desi gnated SSZ-13, SSZ- 33,

SSZ- 4 _BE. ) ) ' i
SéZ- 62?11@?{2%}33(}%1&%%%&?@%@%@79 hﬁrﬁgégsp%aﬁgzless than 1 wt%,

ZﬁM |23foaath;bie ldsk kien, 10PP YeigBBppeQordash tB8Y 1 GDweight ppm.

shoul d_be noted that the I [ h :
bt ai FOSEeient a8 beiarie Bt PeTEHEaRoposes by dnghersion.
have ' : I

o ove s Thgrriple RbRRE 30 AESOW Sl ot PRAT BeTRuif Fol @ld 2000
sel ectpsig onyteomowyerXi0ondd80Gbsigt s t hey nust contain

|l ow I evel s of strongly . acidic co ent s ch as

L i w8 LS E8iE BIARPIRERE) DAl 5 Ao ek
boron pfgti tanium and be conposited with a G oup 8
metal , such as platinum 35 Ml ecular sieve SSZ-13 is
dé scl oSkstehipetdnse iFadteadn 600.and 850%, 5@&xainpieumdween 700 and

Cctober 1. 1985 to Zones, -18 WO 2007/019457
PCT/ US&ZSB%/Q??@W@“@WBS@’Z% ar sieve SSZ-33 is

dj scl ' . . ; .
o+ opol HebBse i oriEERtn Anauciinsir, headGfss conversion of
di scl ogedeavy paraffins RatheidedMock 5,18680h 24, anid $9be dor example
Cctober 19, 1999 o Nakagawa o, Mol ecul ar sieve
SS7- 53b§tweey %Q:P‘E%%Qﬂ i A pytwesh &%‘@?5 Ro. 6,632, 416,
i ssued : [

v ”glée}eggb}ng&ggéagc 1n1c2&9§u& 2 EhadRa frmﬁ@ﬁl\ﬁ@ﬂoﬁ{/ened

Sl eve osed I1n U S Patent
6, 475, &68stodksfouexbmo b diztitlation. 2002 to El omari et al .

Mol ecul ar, si eve, SSZ-57 . i s disclosed.in U .S Patent
No. 6, Bariormgace jseafanged RBEF RgathGhi Saoier i Per o
Mol ecul @fis 3 WaianSREIR8Cl ® WingaiReRekHen. U. S. Patent
No. 6, 555,089, issued April 29, 2003 to El omari.

Mol ecul ar sieve SSZ-59 is disclosed in U S. Patent

%ol&hﬁ?%ie%%g’ i ssued October 15, 2002 to El omari .

Examples of molecular sieves useful in n-Paraffin Selective Hydroconversion of the
present invention include, but are not limited to, those designated SSZ-13, SSZ-33,
SSZ-46, SSZ-53, SSZ-55, SSZ-57, 8SZ-58, SSZ-59, SSZ-64, ZSM-5, ZSM-11, TS-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
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.

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

October 1, 1985 to Zones.
-18 -



Mol ecul ar sieve SSZ-64 is disclosed in U S. Patent
No. 6,569,401, issued 20 May 27, 2003 to El onmari.
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3,702,886, issued Novenber 14, 1972 to Argauer et al.
Wb&cuﬂbasie@i $8/&37 8Middosed inllUs 81 Berd N 496333 7Pasuedt

%. 139 qgg ssued January 9, 1973 to Chu. 25
?@E‘ﬁl o’flgsl is disclosed in U S. Patent No.

4Mﬂﬂe@u1§10§ieve ssad is Gsdiehann UBS. BA&H N@ 5Tusarmasssueat

| ecul ar sieve MIT is disclosed in U S. Patent
l\@ctOBGYOQBI@%ONE’é(QgMet@étoberl 1991 to Zones, U. S.

I S R e

8@ct3,9&a4t;@od§ltarmo@§nal 30 Mol ecular sieve Y is
disclosed in U S Patent No. 3,310,007, .issued Apri |

Nolegolgusievs S$f-8¢ s displpiedin B SsPaet Nesp.456,463, issued
&"%%fﬁ@%% 2@0}15,0%8 Bate Flt No. 6,620,401, issued

Septe omari and U. S. Patent No.

oy iouaDGevd $SSHEA 1s°qhs¢1bse]1,1n P08 3Patert Neh. dneiidi49535sued

I\p/gl ecul ve S§SZ-70 is disclosed in published U S.
ﬁéﬁ)q af28n No. 20060140855 Al, published June

g o%eﬁglgfswvel@s% 2086010494R 1. BC%H}%&@&%/ %mgxss&dEaC h

oregoi ng patents and patent appl ication Is
| Apor PH2ad%0 Hymesf erence herein in its entirety,

B AL P 1 2D e S RN SISy

a@b@bé} 1@@@}2%@310@hﬁves can be synthesized from
m xtures i Si n i norgani c reagents, water

obvicsnla igvao$ i ds iselosseun b & PRBHINY 6390 » Issued

( and optionally inorganic bases
lk%%lzﬁa%é(%tg‘g% q‘?asr ‘This synthesis is well known in the
aMble’@[inr bisverSiel-y ispdigutdsed e Uc Briveper INal. By702)886) issued

pi cal | erformed in stirred autocl aves,
o%@Yeélﬂl?ehé"%a]tW e ddgrusE Siove at nospheric pressure,

flglrole%uf‘a?%y g@%gl\/ﬁ The dadegin Of s thaens Wot @@'@9 @79 Sssued

recovere tration, centrifugation
t by §ué%i3 tﬂ@hum cr opor ous weakly acidic m)I ecul ar

sj eye produc v e
@qu@r OFvG t?é 15 A ﬁ?ﬁ? W[l?sSr ?n% gNszghl %61 Ss}lédagent s

t OcR¥&I 8, 198 RdusihaRo ef alst rong aci d functions into

the mcr opor ous weakly acidic
Molecular sieve MTT is disclosed in U. S. Patent No. 5,053,373, issued
Octoberl, 1991 to Zones, U. S. Patent No. 5,252,527, issued October 12, 1993 to
Zones, and U. S. Patent No. 4,076,842, issued February 8, 1978 to Plank et al.
Molecular sieve Y is disclosed in U. S. Patent No. 3,310,007, issued April 21, 1964 to
Breck.
Molecular sieve SSZ-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 Al, published June 29, 2006.
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Al uminum in water can be control | ed by purification,
SEach cdishd foregeingimatayis and patinh applicatiorhis INGoRRATgaA by reference
rea ents{ ?’% be controll ed by selection of the
r}éeél B 1t Y| i ca- cont ai ni ng reagents, the al um num
content nust be as |ow as possible: |ess than 500
wei ght 25 ppm preferably less than 100 wei ght ppm

Iy | ess than 20 weight ppm An exanple
of a low alum num silica-containing reagent is
CAB-O-SIL M5(r) (fumed silica) which contains 4 to
28y iedsUf nifipropatousiwedkly (@aidiamekthlyr dewsndi ng  on the
batch). Aerosil 200 funed silica |s an ther our ce of
sMigreporans wealdpagidic maolecudy sigues gam esyA ’Sﬁla?ﬂ f{&’ﬁﬁ MiFHE:

3%30% %gB%ﬁ{u%tr&%%hﬁyéva@f tr??ﬁéﬁéllh/‘p‘b@éﬁué"é’d&hﬂ@ anb&@imSigents

um nu l'es of materials

- whysiballyomhiaes), ad opxioealli merganivhasds (RO, Kidhuaie)( flds synthesis

f. th t, d AS;
Pty ma A hTCLe St PR SR R SRR co
Zﬁégorﬁ‘l%d %?ﬁﬁ‘rédrhu%clées oB@ltaﬁH ai\&essﬁl63550&7£mobﬁme@ressure

to Uncouth et a , and U. S. Patent
4fo't‘28°§:\4];15ys |Emm@lduaﬁpﬁmeﬁynth%mtr@comr@é@wﬁltﬁ@tl% ,cermfugatlon

t he um. num f
R e A R S S R
3RasHed 99 PnckEImpdBtiesAlA Fiaghe bEIHE iayerttioe iathentledtion of reagents
inmpurities in these reagents wil| dg‘part eXCess

sfqormgl iatrpduatipn oSptreng asid fnAtieRsRRdRe mirreRmewhYPalRagific
t / 1ca-
rr&eecklfég QRL %ecﬁﬁjé,%?ﬁ% 91824y oidel 19%%&%@ Bﬂ 9i1

aci si eve product, thé 500,
abghed trivep@lats ppakly heidicsmbloculbmess,| suclaas btzrgsh@atwi IAlumlnum

AL S A e L0 LB 08, 12, 0 REML A iy in e

S bhty Fok €i8a-conta
B8 e aun 1 bl g i

V\maghtts phaalutding cidersmust Noas Bwisgossible: less theg 500 weight

glgétgg;?rg qr%iiﬂ’ 5:%89 %@ 288 gg?l% gg%lal%lr%st &rg%gaﬁf) a’ufsgzgsc'thtaﬁ ?O weight ppm.

aQindixGmpRl FGUbAEIEhRMR dilicad@eeitan caguittih CAH-©- SIL M 5®
invention. Formi ng the catal yst conmponents In or

smial) nerenss i 31 ek oRE, A g gL ERPy SRy depeSding
2 ea% Ec}l fu]:h"éedfsﬂﬁﬁqga Jih& s@ul%i: 8Esifitd WvaRhohRins < 20
ormed cataly

st nmust ave at east one
dwwgmppm afreiatuer Oltﬁmnxaﬁﬁplm; Enecbctsaet}ml eftbwsalma;e Yyh@htcentams
than 1/50", nost

f 5P \ﬁ@g]&td:]prrb@lu@g b )Earg]lgl%%p%ag 11 :rlswvglh chn&uil %n eddWve

L
typlcally 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 No.
4,728,415, issued March 1, 1988 to Unmuth et al. An analysis of the aluminum
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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be cylinders, trilobes, fluted, or have other axially
symmetrical shapes that pronote 20 diffusion and

waeewgeI4so i nterior surfaces. To assist in for RCIWS2006/030749

catalyst with good physical strength, binders are
twezkbeddidic usdetnlaBsiedepoduttntherSOparGorapd PQtvedighitppnf hinits for the

use in the esent inventi.on,. the, m croporous akly
Aifeeesptobraeie R Rl ps Vil bR R pHEIER for e
RhRfGorRlsUvaRITRR ¢ £R1600TR siERE: I leds R €000k ghtgHins tpaeterably
to the tenperatures and other conditions enployed in
Hys$rtbara? Woweighiopis asdl s19spprstesaldp dess iag @0 weightopm. U. S. Patent

BT RSB I 5ol s i o

NEbRbh Bl BRfpoftls waakigeilcl dieémandulansietd Menccordimeei vaitisthis
Frequently, binders are added to inprove the crush

savemignh of the catalyst. 30 The sel ection of binders
and bi ndi ng conditions depends on the m croporous
weakly acidic nolecular sieve and its intended use.
Themdie cataBkedonglone@n be sel ected from anong the
refractory oxides of r_TP]t al s of ou 4A and 4B of
tIR@Oreatp bepeedin gpmstciglpepitationh e OH%jY%t iCBlE}P%’??f@ must be
USERM infd £sikd ?Lﬁtaﬁfé BXhAeFhOForich c&@Rst hbidtddmiaRdone
zirconium W th silica being preferred, especially |ow
alinehsiomgshter tan SConbionstiretesbbf greatchthan i1 $8%, mpstipreferably

ot her oxi .ate also useful,. For x.anpl .. .
sirprie i SRR s EriaiBSind dane &) coFiLR isgeligune, exuding
Sdnldi cearbp@iivhd hereos IHxti®Sioh iid @B ipfeferredlrheti6ll. 208rdOd Bdbefials can
PCT/ US2006/ 030749 5 titania-zirconia, and

el gydiaderagritebea flutads onhayeosher guially symmgirisg] deges thak promote

t e c i i,on i ' I
SR G A h M Re thels PR AL jRnel iAo
aflgsRaEsich hebinkis dredgBicdilbussded for borosilicate
materials will inpart strong acidity.) These oxi des
can be crystalline or anorphous, or can be in the
formQf gel atinous precipitates, colloids, sols, or

. Silicainthe formof a silica sol 10 is a
pingfrepariag chiahydisrior vsepn gfequresedt miveiita, thelmibmpormive weakly acidic

w %silica and contains small particles (/-9 nrn i.n.
dralretlar 31?%\%62@911}1 T e b eTranf EbobGif e kol
aletiklahi 8Mhe fefPeSBECH BRRrO6AkibBNEMBIoYE inTHyH LI FH0S

Form ng pellets or extrudates from nol ecul ar sieves, |

i qroivendiomgprodeesesi Alsopirivprsfered toustangtrixanapialprfiag de pefimpart

si.eves eful .in thi ' i er.al. ' : .
S SR b ARSI NG mcive
agdietibloNFrequdnile, ihdwens. addbendnpasictthy esislasteength of the catalyst.
typically organic c qunds such as cel |l ul ose based
n%lf@eilegp)glp of %,nd@)c(a glg,dmgw@p BY %epgg SPIHReE By groporous weakly
Qs %lec%r'sig% vl ghgudla¥gale. and stearic acid. Many

suc conmpounds are known In the art. It is inportant

that these additives do not |eave a

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. Particularly useful are the
oxides of silicon, titanium and zirconium, 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,

-21-



5

10

15

20

25

30

35

- domptsirongagdidy.» Thesd ONigRs\GAD b CEg

20 detrinental residue, i.e., one with undesirable
reactivity or one that can bl ock pores, after

woebd7ai94sing. For this invention, it is especi BCTAS2006/030749

desirabl e that such residues do not <create stron
atdalda-fzunmtla g snlwatﬂ@n@m@lrmla carhles usodyvodided pbBgse

v es

atiaioft 80 ppORRY et WA Sl tpid S i PR AR Blediica-
tﬂ@(ﬁlrﬁ Hisr beatoRsnékiofedIgs aen8,4 15RKE fr Bbekiiohty rﬂl&&&h‘als will
than 0.1 w % 25 Methods for preparing cataly

g’éléles%amoéﬂmiuﬁr qrfgan be in the
ncl ude n

ol BT GG A, S o oOh i S o o
tigaprdfeiresbianel, hhaefeirs®silidhsol hawhyoud 80 eit Sp siticarendhauhtahs
in- extrudate formation of the zeolite/binde

crsrad pasideles (-, in digmsin) NhiclsTes s lrs@ialywvft@ ghadattrition

r and U. S. Patent No.
??Q&%Q%6@d%%§%1ﬁgéﬁvgpmwn% h%996 to MIler, can also be
used. The entire contents of these patents are

PR PRI e OTER AP IS EE Seyer e hindlieFRigtoposovs
CREARTPEN MR kS lar sRYeSRRAT 3 ths inhBRidD b@d‘e&ﬂlf}fmﬁ(ble&sausmg

content ranges from between about 1 to about
weitgistonpédscadtviscasity modiGegdu addiiion tp thi blﬁdﬁﬁggh%"ﬁ agidigings are

SR pienfiptneyRiscRrry s RESE8Nen s 5 5% eunisy
Hqgfﬂé&?l@pﬁﬂ@ﬁ DAY CherMiball ®.) @bgdemt glyyol sl stkaeis acidt Many such

require it, e full-scale comercial use of

i wmﬂwndﬁaneulqnémz in hgur Bds Enpsstabithat Sessrddgies aiéBR‘i lgave a

a [ VA&

oS RS s S e B R B b e cpores
& foa PRI MinSS. \Neﬁﬂilg/lnaetitld)hplt m)&spe,oadila«r desirable ¢hat guch residues do not
comer ci al @?ratl ons. m,cr o

or o.
PP 6ol SO F GRS Tl IRbONF AGETPRS pgpnd will emove
URGPIRIAS Bf tHe?eal‘ﬁ%féhalsPT &Vﬂegﬁué TBMaKE exthlseom di@isﬁﬁrefewwy less
are easier to | oad unl oad Modi fications If the
syhat Iaefsw:mﬂhmf@rpmmbm@rmm&l‘ybléld?&ﬂlﬂ@a%l seibar sieve
or the bound 15 m croporous weakly acidic nol ecul ar
sieve is found to have excess strong acidity, this

f NRetdde @oﬁﬁ?pd?ﬁgk@fﬁ%ﬁ&mbpbsﬁﬁﬂb tiiecadll lmowretotthake. skilled in the art
Sui tabl e nodi ficati on nethods i ncl ude am%text racti on

( erydpinelaide ymh qomveRtppal tg%lwﬂeﬁ 8 SErRL A PeNgtiZHe, extrusion,
ta }rfr%g({]u&éﬁ]}wrg L UQEOSELLS fﬁqu(gbl‘ lﬁ?ﬂév%) %e@é']@ﬁe%%eth&i bfin-

I nvo e CO m Cr opor ous weak y
agitelidatofolastidnedf thé moate/\blhdieraq desuibed ol UtS. BatsnioNo.st &5m851,

a}ssued 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 molecular 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 to about 95 weight
percent, of the dry composite, more typically 50-85%.
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20 concentrations, tenperatures, and tines sufficient
to renove the excess strong acidity, preferably

woi20Tmae458i gni fi cant | oss of the structure (asPCT/US2006/030749
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determi ned by XRD) or the pore volune. Goup 8 Mtal
25 The catal yst conprises at |east one G oup 8 netal,

f. bl b tal .(P P d
D o B e B s oo o
p[rﬁl%ﬁtﬁcﬁbl'll&ély %quﬁés @B&Mﬂ%lcﬂ)pérdu@ wealtly a@dlé"ﬁfo%cular sieve. Itis
preferably 0.1 to 3 w % and nost preferably 0.3 to
1 pBfegreddy u@@@éqle@ﬁtmmemﬂlghtha@pmsh@d eritodaiss epubound

{
R R v e R S B R

s alictbp@ousSHesdle aﬁlhﬁz mble&eaﬂs&dze§ mdue@t}ﬁfpr&bﬁbldmhrough a
Platinumtetraam ne _chloride and nitrate are

e E59610r- a1 PYide iraprevedBow Toiet, Had arecagaptodosband wileadh al so
be added one or nore non-Goup 8 netals such as tin,
indiumand netals of Goup 7B such as rhenium
Exvadificationncl ude Pt/ Sn, Pt/Pd, 35 Pt/N, and Pt/Re.

T tal s can be read|I i.ntrodu dlnto e

c BTBD il P grongroas Bar e/l RG e or the bound
Cﬁﬁ&@f%rbﬁ’@@leal@l? %ﬁﬁic%@l%cul&‘r s%ve i RRMEXEAARIK cess stron (gaa01d1ty, this
i nci pi ent wetness, pore fill, inpregnation, etc.

s ﬁmqtldn ban bealemovedby h@dlﬂda‘eorm@ﬁpds Swtahd mcd)lﬁ/catlcmsethods

820 6/ 30749, 5 num
Ao oy eDs B GoaelyiSapmgpiym
U ﬂh&@ﬁﬂlﬁbﬁb SRE ESthBiatidiiehérbstl PUEREatRhR SV EUnG@AaE tHen
met hod is preferred. React or The feed can be

c arierapereds weakdy epidiconelasylatsiqve vatlf aqueeusioditions pesfpar at
”93/ {cglgtrg%ﬁs Jt%%lﬁgfﬁtu%gh Sl"f‘c[ {]Ilngé gjffﬁ&%é ¥3E:fe e Qi%e%&t{%lg acidity,

ém or co ereo ac ors sim
t b&f@alﬁymlﬂmedmgmﬁhm f@exs o€ glei shgctared(ab etenaihad ki KR )@ the
suitable. Either a fixed bed systemor a noving bed
SPYESRYE preferred. In a fixed bed system the
preheated feed is passed into at |east one reactor

that contains a fixed bed of the catalyst. The fl ow of

t BeodpeeMetdn be upward, downward or radial. The

' iﬁ% gaéaggl c%gg%lg%qh |l?83§{; ﬁ‘)l}ea(?rrd%l% g 6#?[ Pre%argﬁgc R IblenrgetnP()f’t Pd,

p Rhafrf R 50510) $ndl |rrgﬂe pheFer@Bly MatihmaTHe Ezcﬁtﬁerﬁ@ﬂ‘ﬁ%ﬁﬁbt@ns ipgeferably
(> 50 his cooling can be perforned b

i nq ceéletvmn 3 @oiawt by rcsg prefasehl i@driori eyt Yoo an%@eét profiggably 0.3 to
F eaGLQY, Sba%g(ﬁ) Hhﬂ} ?1§?tl“8f9196€1q créﬁﬂotrgusl Wedd xﬁﬁtc% é@(?lllér Yeve.

noni tor’ an er at ures, pressures an
r alagigumtcbaipoands thyydtbaa bbs&tw&y‘: dhargled"nprldmmnn acikples iord0n solution
are the preferred source of platinum. Platinum tetraamine chloride and nitrate are

especially preferred.

To these Group 8 metals 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/Re. 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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Product Recovery and Subsequent Processing The
effluent fromthe hydroconversion reaction zone can be
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Products such as solvents, jet fuel, jet fuel blend
c 8 mpoaieng s plativim sie Ilncfommratedi ires mianyadhat esaltel in excellent and

o P EREL Rt SiP e SOk PP LSO PR S Sy o Preferod.
production, and by-product gases can be recovered
usi ng conventional techni ques conprising distillation.
paraffin solvent can be recover ed from
f f
pﬁ‘f)gg e&%%n iaet, %%rﬁgcé%%fe %ﬂ%ﬁ Ja?al%s? e fif{ CL fa nllchugéllged

t epsumn, Chlﬂiﬁdlz&l@/smmm{a‘fdhadysteﬂldﬁ"@bmﬂalmnom Kh@ﬁ:ﬁ)ﬁ I?fdabtors similar
renmpvi ng hranched hydr ocarbaons and_ aromati.cs frog

| Fniase SJaplpadd fiy AL tieating g y4Eocrack g e Uikl esdintexa fixed bed
Qfé?e?xz ? PBRGI &%Q fgg; %5 &%meﬁffg:aoiggggeg-ogg%%%ﬁl?g%eheated feed

d esa:tas:f.erltmto rat least dne lreicjorlthm copeinatdikethped ef the ceatralsyst ‘l[}hb $low of

a techn | .0 I ect .vely dsor bi n
e Ssarbspnag dpatagro g Do el weppentie, st
1@&5@&5 &(ﬂ)hﬁg |n%ftlie\&%edéw @M@@i‘any ﬁ’ftﬁé %hté‘ﬁt'&f hegyy pa%fﬁhﬁls high
normal “paraffins and contain onh amount's of

0f>h&0 W pecné she cpnyersiontis high (béO%ig efl bxsacbpeng @ﬁnd@ﬁepeaﬁrmed by
adsor.ben referenc or n

P aRRGq T st e BrisEh RaPiop Bschr s BARRIENRALY by sapinped
haytd iReementdiod€d %ﬂﬁé&lﬂ%ﬁtrﬁ@mpﬁaﬁl@&/ Q&@i&& anﬂ flow rates
descri bed as inverse shape selective in Santilli D.S.,
Hehet qig typieally useghashygrocrackgrser opor ous Mater., 1329,

1993 hereby incorporated by reference. O her

subsequent processing and integration options are
desciutiiedobaly and Subs’bﬁuM@PE&@?diﬁhi%S? PCT/ US2006/ 030749

NIge gfﬂugptl\ﬁ%% %% lgdéglqg\r{xérﬁiog rééctcl%n zone can%e separatetl'l into axek(liesued

streams or fractions. Products such as solvents, jet fuel, jet fuel blend components,

diesel fuel, diesel fuel blend components, feedstocks 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 from 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
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n- Cl6 Test of Hydroconversion Catal ysts The

hydr oconversi on of n-hexadecane is tested to identify -

catal ysts which give a high

nor mal
These 10 results can be a
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paraffinic products over isonerized products.

nticipated to be of value in
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30 The tenperature was adjusted to give a conversion

bel ow 80% Then the tenperature was raised in 10 F
wonerarents until the conversi on exceeded 80% PCT/US2006/030749

Tenperature was increased increnentally during a test

and eight on-line sanples (over four hours) were

col lected agxgagh It eAWSE AbHLEHYTRRYRISHONEMBE
defined as the conversion of n-CI6 to products with

S35 DB UIE 3 DEL 9D L0 M AT P v i
exlpetbsiyead lightenaogi ppeffda prodaste bival isoméded pidtaltsNThdse

16 and included iso-C 16 as, a prqduct. - 28 WO
10 3650 epropreaniioiriodso be 6] bav el g Gistal Gpiadysts for peparafin
Q& [ nvent | tested
RO o AoRENR UEC A BRRh ST BT R
hgshadacarsion catgdydsluct s havi ng carbon nunbers of 15 or
| ess at tenperatures of 800F or ‘bel ow, for exanple at
tenperatures of 700F or Dbelow, or at tenperatures of

G 0fdss OthePeisONbted th AbRRIfioMXaMpIN EheGRERbN B0 SF fidhle Aktals (Pt or
t hese conditions, but at tenperatures which lead to

15 @dywevearded purbyobnissshedee aird 2P fasradinimemindvihegrsdalpwed by
ers of .15 or. | es t.he. i/ tio of the C6
Bﬁ:ljtg;g{?& ga%Iﬁlg’ d%% %Cgcﬂlﬂgﬁmﬁ.a‘}g?é‘%Or exanpl e | ess than
0.2, less than 0.05, or less than 0.01. 15 Preferably
the catalyst at 80% conversion_as described above w |
dihg éesfeandgions medude atotyl prasyirg et | Wopsigh dawnflopdyydrogen at 160
I : .
SRR EnbERRapRly ) Aol iRt s ). HRRMILE 1AL feed
20 mae oHbhdihnend tie usppea.iSpeificalft badadkcinghooenteredal3t etdbng by
% conversi.on can he obtained by linearly 20
T BFbOVEE Agraa A Gom i Barve dr iie carlighiigeastdssarally
dPtheeb OWABRYondd B0t 858 b lisohe@in leRARY Rith HARIUANONR dRPGream
bel ow 80% conversion are obtained as close to 80%
obtivenwlyshfcaprehestindihe feed. A suaterialhaeret first teilwesdrin flowing
}hnéfer%)oltﬁ%bﬂp i s .adequate. To determ ne that the
VOB i /d YA BB i s accurate, the temperatures and
25 correspondi ng conversions should be sel ected so that

t he absol ute val ue -of percentage difference 25
Beadneisrverh analyzge byrra-linsgapRlanegComee geerphalf hauy. fRgvpdata from

% ' ce
T S G
Cbnvietsionsraatliseleétivathes@aldulated @dm alke favddatd. nThdeasalyst was tested at
calcul ation, if the |ow val ue of tlgwoe Coi/nratiois
SEYE iREY (R Aeemiag Bedrmparicienes o e &g Ogglefwa?em&

30 R dnhiRrdchfR8Rs ddisRIIR0 loflel QBN Prsiol BeldRB809%S Then the temperature
adequate. This test can al so be used to determ ne

whetdigd isfl PORdnaements uniditthe e vimian deesnledi8atr. obuersgature was
E)lgcg%aé ﬁar%%]t,??ll[a\{g/tdu%%é ke REF 8% taotnl-lcl)rrllé sarFr%rles SO & I\{c\')fl]l?sq were

0

collected at each temperature. Conversions were defined as the conversion of n-Ci to
products with carbon numbers below n-Cjg, thus the iso-Cj¢’s were not counted as a
35  converted product. Yields were expressed as weight percent materials other than n-

Ci¢ and included iso-C;¢ as a product.
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35 bound materials are conpared, a significant |oss of
activity or increase inthe C6 i/n ratio in the bound
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acidity. -29 WD 2007/019457 PCT/ US2006/ 030749 5
Exteeatlistoif it ipkegialify somcaialist péthe inverion BvESMeSed BMhE manner,
| S AN P AR DY 00Abe AERILLRE Y Rt nRRAE RS Alfnbers of 15

ures.

bor Ie8s a&%ﬁemmesmmaoﬁyarbatdve fored dayh pdC R QbEhdgtR dri780°F or
IIovvln procedure. In a 23 cc Teflon liner, 2.5 gm
obeloy, gk 8@%9@6%‘3%@699 iFg bgow o tetrapropyl ammoni um

hydrOX| de, 1.25 gmIN NaCH, 8 gm de-ionized water and

0.06 gm sodi um borate decahydrate were thoroughly

mdtsed wihat ile catdlyss cdiunat theseatoaditmss, bai ststempedturdsowhibh &ad to

ture, O SlL fi.nned silica - %
SB4)eofkersion ad Bereaner Repioditls BRVIBE Gubonaun e phs oy oss the
apd il Asale O pﬁ)dla@trs ki BE Rk 814 oo f&%@(ﬁﬁ le 1@§s @062, less than
while rotating at about 43 rpmfor day he
r 894) erilpgy thim@Opowder -1 i quid 15 mi xture was f| | tered
and the obtained solid was thoroughly rinsed with
water and air- dried overnight. The obtained solid was

f prdfétablydnd efdalst 2880R\@RvaRtiod a&a‘estﬁbecﬁa%we Svill Qlso Yickd 8 C3 i/n
0.9 gmof Boron-ZSM5 as told X—ra%/ anal ysi s.

PEgtiB-of Spvs thapels f@rf’éﬁ@@p@dtﬂ%ﬁdh@@jﬁﬂglﬁst ae0-1 ol | owi ng

procedure. A Boron-ZSM5 20 sanple, synthesized

according to the exanpl e above, was cal cined to renove

tb Rgsulttfs ar’mbtﬁtuﬁecll ﬁaﬂ()@?] l@idegﬁbrﬂ\/&fﬁutdm n%&easzhffarel daeans n;)tﬁolithlhéti at
ed of material is heated in a le furnace fro

r B‘i?ﬁﬁs?lé!r?ﬁe/? SRIYFESIqMy reppliet 0 /%qu%(@@l%ﬂfca@éeﬁéfalrf»ﬁdrhwéwarly

rggllagng Petsul%szﬁ)&nfcgﬁve}mb nghfw SbdRIRAHRIM §0%S T‘hQ %&ults at

rarrp up to 540C at the sa rate and held at th
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heati ng. The cal ci ne | e was ion-exchanged with

aperoarsipnsshewldbe splpctadse thﬁgth@ plsoheg Rplie 98 pefcentage difference
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SI eve in 10 gm water) for 3hrs. The sanpl e was then

ded ter 30 (9g k| di .
PG DTSRy CARORISONLY pop (5 K uts) A RER) 0% Codn

"C%%?/W@%i/ﬁ?am ch woul d provide 0. 5 w. %Pt with

respect to the y wei ght of the weakly acidic
m)I ecul ar sieve was added. The pH of the soI uti on was
ste addi ti

B R Bl POt s TRFIRa: ph 0O gEre oy g ifference

Afstrgﬁorﬁégcéﬂs iz89, atd e Mn¥druhrpdtioh iolf iR reshitshs autghats.
glass frit, washed with de 35 ionized water, and dried

at 120C. The sanple was then calcined slowy up to
3991@ 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-
bound materials are compared, a significant loss of activity or increase in the Cg i/n

ratio in the bound material is an indication of the introduction of acidity.
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in air and held there for 3 hours. The boron content
of the finished catalyst was 0.18 wt%-30 WO

waQe/0@d6457 PCT/ US2006/ 030749 5 The cat al yst PG@aAIS2006/030749
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tested using n-Cl6 as described in Exanple 1 with the
resul ts shown Bxanpithl e Prepasagsipnand Fest®? BFBEAEIMS per cent
conversion) and 580 (88% conversion) were used to

| Z8bBE liya thn¢edineinsiosaltzeelite et dllspdres e casposedbiiliring

for 80% conver.si i/n rati
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dmfo%nﬁg@%g T!\gﬁ{h w@é?efr&ﬁm& 9. 383 A5 Qytof eBl!?sesolutlon of

I 1 near tion of results wa 10 appropri ate.
- &1rampzbﬁﬁm@ﬂ®n517dﬂ®iﬂeU82@@@/ 03 0a0d, 8 gm kie-rierﬁﬁed Water and 0.06

00
TOSOLE Dosalh e s rir oot ety e g sy bole s
Qdissolved. To thlS Nnx@ré) O@ CAB-O-8110MI5 @ﬁlQeMleda 9@’/J\$1@2D\|was

0~1 00000 d 00 "t "-
_addef and the resulti,ng gal vmscgppeph off zg(gl pzj@peg@n g@a@ a@o@la@e Ign@heated

o B SRy e oy Fynt P TR PR g

Vm)xt(&e@vﬁi; filtehedvar@ t@a oNaMed sohd wily @ot@gmyﬁﬁlsed Withl vat€r dad air-

Q000000T- 00 V1
" @n@ overnight. The obtalned solld was @urther grled in an oven at 120°CI¥01 3 hrs to

yleld 0.9 gm of Boron-ZSM-5 as told by X-ray analysis.

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 a rate of 1°C per minute and held
at 120°C for 1 hour. The temperature is then ramped up to 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 over the sample at
a rate of 20 standard cubic feet per minute during heating. The calcined sample was
ion-exchanged with ammonium nitrate by heating the weakly acidic molecular sieve
in water in the presence of ammonium nitrate (1gm NH4sNO3/1 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 Pt(NH3)4(NOs), at a
concentration which would provide 0.5 wt. % Pt with respect to the dry weight of the
weakly acidic molecular sieve was added. The pH of the solution was 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 sample was then calcined slowly up to 300°C
in air and held there for 3 hours. The boron content of the finished catalyst was 0.18
wi%
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features when conpari sons are nade at 80% conversi on

as shown in Table 6: lowest value of C6 i/n ratio
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structures. Boron-SSZ-58 was prepared in a
hydr ot hermal synthesis using the sanme procedure
wdeswroipsd for the preparation of boron- SSZ- 64 PCEUSRPEE30749
3) with the 20 exception of using
5 1-cyclooctyl-1-butyl pyrrolidinium hydroxi de as the
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nesrated Rula conpeisignfand $inecynantig optimys) is expustodgor conversions

SOGB4 L SEORALRN TR AN pymog el

Zealveére6@indirdenown structure, but appears to be
mul ti di nensi onal and conposed of 10 and/or 12 ring
15 structures Bor on- SSZ- 57 was prepared according the

Bor oﬁﬂ%@g 1@% uée%rng&fc @?ﬁﬁg ?l§sifg,qjit@12§m9 has several desirable

bﬁ:a‘gulrep:sywhanﬂ dodlipatisims raya:inna&e aiéBO%(scdriversiw]rqslshd)Wm in Agldab: lowest
B- 7 was nade cord i ng .t rocedure.descr.i bed
HAg ot O 50 30 En S Gt o ROV e 0 Gge o at
V\@G% Qotvr& ), bvRRtn M EyialdY Sind KEE1RWSacvi%y.t Phi, & is the most
cubic structlUres. 15 The catal yst_ was tested u5|ng

20 npefkdredsa@bstri bed in Exanple 1. Results were obtained
at conversi ons near 80% and the l'inearly interpolated
val ue at 80%
reported i n Fablhe=6 F-EXartpt + at-atton
Testing of Pd/ SSzZ- 46 (T| -ZSMl 1) SSZ 46 |s a

t Sé?r@}kt qmﬁ%ﬂ&%%'s%cthfy I?e@ie%dﬁ%%'aofﬁ@lltl Fifehdibal %élhe Wi pores
ZSM 11 structure pores bei ng czng;)ose

25  1eing egmpasedof 10 asi/mzlz rmgﬁwpﬂueesoBononr%S wies aiadwasa
hoia e Sl e fude Goprossis’ BYSRutnsmT o fner vas
ThRrgatwitly 88 st §.63VeduesisalufiohbBNas, ciibas/linbdel-Na

le 1. Results were obtained only at one
t @h%@pwwléylmlmmuww@medé aupel SSM%I d dhera 0§ il bhaqugggs
n?&lut?&ﬁao%tl\llébﬁt(l L NaOH) and 6.2 gm of de-ionized water. To this mixture,

30  0.06 gm of sodium borate decahydrate (0.157 mmol of Na;B407.10H,0; ~0.315 mmol

B,03) was added and stirred until 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 t}}e 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
35  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-SSZ-64.
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30 value. Nevertheless, this material shows the
production of products rich in normal paraffins. -35
wORV20E745019457 PCT/ US2006/ 030749 5 Table 5 PCT/US2006/030749
Hydr oconversi on of n-Cl6 over Pd/ SSZ-46 (Ti-ZSM 11)
5 Temp.,F 733 nC 16 Conv 67.8 i/n Ratios C4 i/n 0.30

i/n.0,18 C6 i/p 0.17 C7.iln 0,14 i .
P 52064 aon prene A80rdie 1 s PEpotape dasstippd, fogle o g
' IStVBQ’;SM—SQE%ﬁanXi(%Z bfler 28abrble whRcdeirdd arfd3or-eXbhand®
4.84"C5s '7.08 Cbs 7.75 'Cr-Cl3 58 88 iCL6 15 44
UnitlYHaN@;.42hReark yolosredyfdire addcioed SS4-64 vensPakd wang eed SEM

th L tsof | :
ARt 05 o dif DR R Py S5z 46 gave T

10 hi gher anmounts of isonerized |ighter paraffin
products and is significant]ly | ess active. Thus, boron
i Eheppasdlisst vend tesiedrusitigiahi aahdeggitbed 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.

15 Example 4 — Preparation and Testing of Pt/B-SSZ-58

SSZ-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  exception of using 1-cyclooctyl-1-butylpyrrolidinium hydroxide as the templating

agent.

Pt/B-SSZ-58 was prepared according to the procedure described in Example 2 for
making Pt/B-ZSM-5. The pore volume of the calcined SSZ-58 was 0.11 cm’/g and
25  SEM analysis shows ~2.5 p 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 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 showed the highest yields of the

most valuable paraffins (C7-Cy3 range).
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both are preferred over alum num which introduces
undesirable strong acidity. Exanple 7 - Preparation

wana7estsing of Pt/ B-SSZ-53 15 SSZ-53 is a PCT/US2006/030749
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value. Nevertheless, this material shows the production of products rich in normal

paraffins.
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both are preferred over aluminum which introduces undesirable strong acidity.

Example 7 — Preparation and Testing of Pt/B-SSZ-53

SSZ-53 is a one-dimensional zeolite with the pore being composed of 14-ring

structures. Borosilicate SSZ-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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h Q{@ kSiutigxanpl e 14 - Preparation and Testing
o? E@@g'gsuéo 'SSzZ-33 is a nulti-dinmensional
zeolite with the pore being conposed of 12 and 10 ring

structures. B-SSZ-33 synt hesi.zed. as I 1.0ws: -
APy Sy Ta TRy P e GOy By sanpls Ty B feft obtained
deCARPerkidnSAOR 80b, Afd haliftarBlifterfokRed VAlL&atHOP corlvetfion was
water, 92 granms of boric acid and 39 grans of soli

d
Nd@iedOoTdey arcorpertedsslTabledn Thesotsalindgw baig dyranrhs vsed as a
of osi | M : '
e ST gl et AL ROl L pfiaor i ATE it as AR .
hayug chaent didsadwithe vére dekisbll featyrd ofrpiving sledoivastayields of less
5-gal lon autoclave (Autoclave Engi neers). The
ré@%qabl@rprq)gangtapaigg@n%\,er ni ght at 200 rpmand at room
tenperature. Next, the reactor is ranped up to 160C

over 12 hour E@Hﬂebh—ire@;ﬁ&d éﬁ T%Eiﬁ% gf PPREENIQ 1 7>
rpm The rea ese conditions for

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-C ¢ 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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Cct ober 16, 1990 to Zones. The water used in the
present exanple should be distilled or deionized water

in order to 160 hRreparation landilastimei of Pit/h- ed.

The ot her reactants and ingredients should al so be

sgbesbhasa oh@dbﬁer@ﬁ%@ﬁebﬁie'vﬁt}f the @oﬁa‘ beith mnﬁpmd 301 4Fing
cal ci ned _sanpl e was i npregnated

astrshiemBeresilicate SEEUMTaS ﬁyr(tbeswd@c@%dmggwan ﬁgwaewescﬂbed
T T b8 AR D U i

t symhe taahplhitng 4de@t.m xture was dried in a vacuum oven

at 110 C for 3 hours. Then the sanple was calcined in
air as 15 follows: heat fromroomtenperature to 120C
g%%: V\Jﬁg ﬁﬁd@&cc%?cg% fooExa:lnﬂTQ 85 The BERvolUREDARO CalbRred
3 hours eep at 300C for 5 hours, then cool ed
d880- semasrmmm%/gped SEM @palysistibws Ag li-hong nsadles siaugtures.
Pt/ B- SSZ- 33 catal yst containing 0.5 wt.% Pt on the

dry zeolite. The Pt/B-SSZ-33 was then pelletized to

24’héf@at£ﬁ?§t%£&ésték§ﬁsn@é n-(Gpdedegdriivedtie Pikhm@le 120Rdshls were obtained
catal yst was tested using n-Cl6 as described in

Exfampwg"smns Reas B0 sandethe lingsekyiiptepolated walpg el 807 e RIVAESign Was

% a he |inear| ol ated val ue at 80%
?‘fvee sﬂf&iﬁy\%}é%rep rdyl\r}gggl%'fsﬁey‘ are reported in Table 6.
25 Tabl e 6 Conpari son of Catal ysts at 80%

Hydr oconver siginslk 10-PképakAioRrand Uektind ¢fP/B-887-5516
nple 2 43589 Catalyst PtBZSMb Pt BSSZ58

S AL A R Lt opare

Ostldctﬁkei%d}os’tha@e $37-58ovas symtﬁésgz@&ktb@dm to 1l Weqklpacidip

0. 3- 5
lecu?ar sieve synthe‘clr;[;p proc;dgrzjdeg(g*l 69511? Eggl%p e usmg5[1 (3-fluoro-

phenyl)-cyclopentylmethyl]-trimethyl-ammonium hydroxide as the templating agent.

Pt/B-SSZ-55 was made according to Example 2. The pore volume of the calcined
SS7-55 was 0.15 cm®/g and SEM analysis shows 2 to 5 p rice grain-like structures.

The catalyst was tested using n-C ¢ 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 Example 12 — Preparation and Testing of Pd/H-Y

This is a comparative example of a commetcial noble metal hydrocracking catalyst
and is not the subject of this invention. The material was made following U. S. 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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nCl6 Conv 80.00 80.00 80.00 80.00 80.00 80.00 i/n
Ratios C4 i/n 0.00 0.01 0.01 0.05 0.08 0.07 G5 i/n

w0.20/009631 0.01 0.05 0.07 0.10 C6 i/n 0.00 O.BCTWSLDG6/030749
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0.06 0.08 0.12 C7 i/n 0.00 0.01 0.01 0.05 0.08 0.17
csrangrpcgliowvigclpwlolegecess@s for aamventivmal Inglrpgracking @s wpt@gsirable

TR AR R 000 0.03 0. 03 0.07 0. 12

0.41 Cl11 i/n 0.00 0.02 0.03 0.07 0.14 0.57 cC12 il11
0.00 0.03 0,02 0,09 0.20 0.84 .C13i/n 0,00 0.03 0.02
oTlieinéalzst waséestecmsn@@% % deseribed inExample 1o Resulds were obtained

Of
0" Smy ¥t e 4y rendfn ot B B PPl wes
1deétdved. hey Ggefordd ib TaBleS. Miﬁde&ﬁbrﬁtrﬁt&s tha0Othis s of
11. 69 7,97 6.99 6.25 s. 15. 06 3 10,64
oy ontiong! by dsacrag N gRlgRs B3 mopty isgrmisn ki pEBIR and not
Ol phBifhshs 00RATR IR #rhoBS 1275 17. 41 0,00 0. 00
0.02 0.00 0.00 10 Unidentified Ratio 0.18 0.11 0.14
0.13 0.08 0.13 C3+4/C7 13 C6 i/n low high Delta 0.00
0. v @0 eE@inpde 0D Drépdratibe podltstihe®f Gulifitied NW/Silica Alumina
change

This is a comparative example of a commercial base metal hydrocracking 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 for

conventional hydrocracking, is not desirable in normal paraffin hydroconversion.

The catalyst was tested using n-C;¢ 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-SSZ-33

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

B-SSZ-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-SSZ-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

-30.-
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5 Exanple 7 14 10 11 12 13 Catal yst Pt BSSZ53 Pt BSSZ33

Pt BSSZ59 Pt BSSzZ55 Pd/H Y NiMo Sieve 14R ID 14R I D 12R
wWORNBMD14BR Structure 12/1 OR 3D M cropore 0. 13P0T/A42006/030749

0.15 vol. enB/g SEMSi ze, p 0.5-1 0.5 2-5 Tenp.,F 757

5 ;gﬁ%&g& gg ﬁggtirE&GTﬁé?:&coW(ﬁ s€ltiad pRAnGds Bﬂ'sﬁﬂilﬁ@-sﬁzgﬂ iB@ccord

Wil oS disiened 96713 6. sy Optpter 16 18905 Zoey: b iatedged in the

Z{ngseq)% g)gacr)ﬁbslg %1;30%11(59@ &sﬁ’@ed“or@@l&uﬁa wa@c% 1h 6fHe@ tolﬁlsgre%ﬁat no

. 1alBminu@Visiiptmodiicdd Dhes@he) meuct@itsamng@d@n%shouiﬂollsomqe selected
.21 0. 014 1,18 8.61 2.70 Cl1 i/n 0.26 0.44 1.24
1?0315’;_6‘75%1 oy 5 OFSmHR 0 29 0,51 1.53 1,97 9. 59 3. 09
10 Cl3 i/n 0.28 0.60 1.61 2.52 Infinite 4.30 C4-Cl3 i/n

0.21 0.33 0.68 0.77 5.26 1.76 Yields, wt % Cl 0.99
oTlscalkifad 2mple wapmnBegrteddy aldam an aggequsammonipmpige

s8R RSl 8 ot i ¥ s s

733 & tHe drf w&ibist af 330 Afer 98 lhaurZ aBdoiDietPetapdd, th€hsxture was
8.53 8.44 9.69 7.94 12 .27 13 58.40 64. 10
tghinggamim avaualdd D36 Tor L oﬁ@g thosampla ag gilgipedsip air as

15 118 %s HRabPRom 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, 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.
20

The catalyst was tested using n-C,¢ 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. |

25 Table 6

Comparison of Catalysts at 80% Hydroconversion of n-Cys to Products Less than Cig

Example 2 4 3 5 8 9

Catalyst PtBZSM5 | PtBSSZ58 | PtBSSZ64 | PtBSSZ57 | PABSSZ58 | PBZSM

11

Sieve 3D 10R 2D 10R | Unknown | Unknown 2D 10R 3D 10R

Structure

Micropore 0.11 0.19 0.13 0.11

vol. cm’/g

SEM Size, ~2.5 05-1 03-0.5 ~2.5

n

Temp.,°F 577 695 653 691 694 605

nCys Conv 80.00 §0.00 80.00 80.00 80.00 80.00

i/n Ratios
Cy i/n 0.00 0.01 0.01 0.05 0.08 0.07
Cs i/n 0.00 0.01 0.01 0.05 0.07 0.10
Ce i/n 0.00 0.01 0.02 0.06 0.08 0.12
C;i/n 0.00 0.01 0.01 0.05 0.08 0.17
Cg i/n 0.00 0.02 0.02 0.06 0.10 0.20
Cy i/n 0.00 0.02 0.03 0.06 0.11 0.27
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Uni dentified 0.00 0,11 0.00 0,00 0.00 0.00 Ratio 0.21
0.25 0.29 0.16 0.11 C3+4/C7-13 0.00 C6 i/n low high
woebd719503 0.02 0.12 .0.17 1.37 0.17 Per cent PC®/URN04030749

26 29 change 20 5 Exanple 15 - Effect of Feedstock
SuCHin The Pt-@B0ZEM 5 €63 pl yst0.ef | ExanpdZ| 5 wab.12 0.41
suCif i/dled at at (oG pher i @0Ppf esswr.es undero.0t he fob.llow ngo0.57
capdi/hl ong: 100.0d) Fir®oe3 I he .52 pram@edt gl yst 0.0&s 0.84
pucged 1 n[100 ggd M n Ngomt roand pnper@fufe  Teps10 130

O T e g s T e T B bia 034
?}e?dslM FPUT™ !II oy M1t eSS difu—T1IeT U A .’-I- Or— T 1T INE

f(lA)+ I’fo[ I%?hm nuE sls. +(2) Fo[ th? re_ductlog 9|f thje .
SRR A DATRC 1PN L2 YA T AGNABY A1 $ XA
A% he safreH2Y: 613w i nO‘4L4 YO (.243\8'4“ hel u'@f 900 ‘351 b 037
190 colmin) 1382 b houb® [ (2} 3rien thed 4ok al yst? 2.81
gg%}?ad down_t o &D0E i - B0l minutBslin HA%] ow (34D 5.02

i n) 4) _Thed cat al T4 | was +¥epn sul%3%ed aFG'ﬁiﬂF 6.32
dess1 hout 1nl%06p 1 fldof 341064 hin $30 pith B 7.35
-Gyelpt ane | f eefll.2bnt aj .1yl 75 @A sul fefr54las db@dd hyl 60.32
diiSul fide] at h06feed 3k of BB U cc/dNS5 |(5) Théh|thd74l
n- hept ane|f eedd.0as st dpffed and).@zhe cat®ilyist wa&Oheat ed.10
f Yoider®ified {o  900F| in 30 nminutes ijn a H2 f|l ow of 300
cHation and kept.i&ar 900F!L h the).Blape HRI3f| ow f@e8 BO 0.13
nCrwCes. 25 (6) Flnally, fthe cata] yst was| cool ed gdown

t O ifrolowr t €nperatufe in 10’0 cc/mn H2 in {2 hours. |(7)
Thigh cat al yst was [ hen ready for ofher catjalytic test

r ebeltd ons| Thigo@pounto.@f| sul fouso [cor r esgaonds t@o@m| S/ Pb.o4
St pdredat omptry ofp B. 75 andl 1s sufgf crentjAflo 30 py pducesg
dabegt abl ¢ H2S infthe exit gas. -42

Example 7 14 10 11 12 13

Catalyst PtBSSZ53 PitBSSZ33 | PtBSSZ59 | PtBSSZ55 | Pd/H-Y NiMo

Sieve 14R 1D 14R 1D 12R ID 3D 12R

Structure 12/10R 3D

Micropore 0.13 0.14 0.15

vol. cm’/g

SEM Size, u 05-1 0.5 2-5

Temp.,°F 757 705 659 746 516 683

nCs Conv 80.00 30.00 80.00 80.00 80.00 80.00

i/n Ratios
C4i/mn 0.21 0.13 0.37 0.33 2,40 0.60
Csim 0.20 0.18 0.51 0.45 3.71 0.81
Csim 0.20 0.21 0.51 0.48 4,59 0.89
C;i/m 0.18 0.26 2.95 0.60 5.23 1.12
Cg i/n 0.18 0.32 0.66 0.75 6.17 1.57
Co i/n 0.19 0.35 0.74 0.87 6.80 1.98
Cipo i/ 0.21 0.38 4.14 1.18 8.61 2.70
Cy il 0.26 0.44 1.24 1.55 7.85 3.29
Cppim 0.29 0.51 1.53 1.97 9.59 3.99
Cyzilm 0.28 0.60 1.61 2.52 Infinite 430
Cy-Cj3im 021 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, 1.67 0.48 1.31 3.22 0.00 0.36
C; 5.28 2,40 4.79 6.84 1.44 1.74
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catal yst was tested using n-Cl6 as described in

waxzeTpheisl. Results were

obt ai ned at conver si AT/USEAE/030749

80% and the linearly interpolated value at 80%

qofwer si on! was déli ved. ahley aréPeportd® in TaddBe 7 417
alépsg withithe reédults fé6.8mthe?ldon-suf.3d ded WaBal yst 547
fir 6 Exanple 2. 88 [Tabl e8.# ConpdrPson o7.9Non- sl2filded, 6.35
uli-Cded, hnd S68.40 ded- ph.ust Ti t30&87 ¢d Pu8.B- ZSM B.34 55.45
Exéhpl e 2 15 Chanzpe| 16 Change 1B5vg. 2118WV5. 21445 19.65
CavaidgngifiedP; BZSMVb0.6% [BZSVbo. Pt BZSMB.0Dlo Sul ¢.00ded Swlobijded, 0.00
herafooat onp Titr@iied Tenp.|F 5025642 +@% b30 646 |nCl60.11
Cay/B6. 001 80. 00 0 (80. 000 [ i/n Ratlios C4 j/n 0.0(
0.@OnBWOO P.0O0 0.000 C5 i/nj0.00 0O.[01 +0.0L 0.00 (.00
Cigh/ n 0.00 0.01 +0.01 0.011+0.01 |C7 i/n D.00 0.01
4+0.1®%2 0. 01| +0. 010.0308 i / n0.g2 PO _0.9d% [+0. 09.!D| 00 4.30 C90.17
i|/ Pe@en®0 0| 01 +0. 1 0.01 +0[ 01 EPo i/n DO 0.0C¢ 29
4@hage 0. 011 +0. 01 411 i/139D 00 0. Q01 +0. 0110 01 +0 01

Cl2 i/n 0.00 0.01 +0.01 0.00 0.00 C13 i/n 0.00 0.01
+0. 01 0.00 0.00 Esaigple 1iS/nEfkecof Beqistoek Solfun. 01 +0. 01
% Cl 0.06 0.00 -0.06 0.00 -0.06 C2 0.26
OTH P#B-ZM B, 3%alyd of Bxarkple 3. 8@ salfitfed-a0atftosBhek® présstfe under
Cos 6.84 5.43 -1.14 5.72 -1.12 Cbs 11.69 7.87 -3.82

gthsdollogving corhifonss 06 9. 60 -5.46 10.34 -4.72

Yields, wt

ey

First the 0.5 gram catalyst was purged in 100 cc/min N3 at room temperature

for 10 minutes. Then it 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

cc/min) at 400°F for 10 hours, then heated to 900° F in the same H; flow in
1hour and held at 900° F in H, (100 cc/min) for 2 hours.

€)

cc/min).

Then the catalyst was cooled down to 800°F in 30 minutes in H, flow (100

(4)

()

(6)

(7

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

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.

Finally, the catalyst was cooled down to room temperature in 100 cc/min H; in
2 hours.

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 H,S in the exit gas.
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Delta
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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 valuable heavy normal paraffins. This shift in yields reduces the
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ofoanﬂfm f@dﬁ(setnh ag hFBﬂE&SIW@SAhﬁéYW@be@@ phe gutfeg\gontent of a low

Bt et PR Bl R e AN RARE Woblase |
ggé’tidlﬂﬂﬁi(l) ?eegf ot B}epré\lshl-fﬂllrhg Kha c 8V 08 byrpdreinb8@5Baddihg s sulfur
mp

| -silica-ZSM smadehi;l(%ther ﬁ%y
AeWHRIGING FOMPOReTE (dlmerlwwﬁalﬁdﬁﬂaer@amrﬁ@a ygrogemsyiliide, extracts
Tefl o [
¢ Bl e Bl B R o e (g peeotivty
di-chwbé Zddtdwah@tuoasig ot irt&rngtrerTAB- OSI L M5 (f umsd
silica - 98% Si 02) were thoroughly m xed. The
resulting gel was capped of f d pl aced |n a Parr
aut ocl ave and héxemplest6 - Effectghleedsiqq 8D at  about

43 rpm for 12 days. The resul t| ng fine powder-1iquid
nilke Bt-B-Z%- 3 cdtalpsted Examglet evastitietherdesteroith apasCie feed

L L 1 0P B UL ions,
12RGukAanind & oiPodts @idnd: alﬁﬁloﬁfﬁl a@lﬁ b@kdne 28c ammonia serves to
silicd-ZSM 5( X-ray anal ysis). sillica- ZS%{L@:

ptigplastangBomsted agidisies. hWithghis é@ﬁdntbe E%téla%td’ﬁHSéest

aII silic r depGnd®mbhe
T B8 S e I, By R IR R BG-REC B (T BubitSas

Cdbs{éhﬁéd inoExangse tloQeciall nf-@l6|com)$er51An irvireasérbilom 9.9 to 99.7 % over

material is 25 heated in a ffle furnace fro

{ Erp iR e GEat WerF SPEIEH o1 IR RS AR e

h Ok TR SIRES @drive@. They M€Reported in

rgrll}gargﬁm%@dt%48%&%t th /ecsamre rate a{nd hel cf(at (t;:I|)’]I S

t Gabler7atlongwito theSesvdts fom tietnon-suifideh cptelyPsirom drempi?-

to 595C and held there for another 5 hours. A 50/50

m xture of air and nitrogen is passed over the sanple

atrpasd @bfts@how Qheft rndardidie bbosiliet ipemariiabiyt ©ledantiofigitrogen.

heat1 ng. The cal ci ned 30 sanpl e was, i on- excharl&eéj Wldﬁ)

arszblmty] nnpnowcsawnwpwm forfireera. 2EBRoUt &visiin qugd by any
[ eSenc ! NAY fford e catalyst

Elbqoﬁ tsﬁsﬁ %b r%%\g\rng?%ﬂrr fjﬁﬂ}eﬂ b %%ﬁ)g uIl ﬁlg% s arrpf 12 was

t haa a%ﬁ@lﬁ&éﬁ&ﬁhl bfthe@hige(s@gnbatatar Ezgmrmmnt 1% 91)1 tlamﬂll’féded
Pt (NH3) 4(NO3) 2 solutign at a caoncentration

preaiahigears! Ixpgrimeny Hpn {he ialysL BRI KBOPHR!OF %ﬁtaﬂ?tom
Ole{rggenZl‘g%Eflé\f%d‘ﬁ@ﬁav%qgﬁéjor dereH #fthé BRals&l uti on was
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35 adjusted to a pHof -9 with slow addition 0. 15N
anmoni um hydr oxi de and stirred for 48 hours at 100C.

wanbeEroiesol i ng, the mxture was filtered througlTas2006/030749
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glass frit, washed w th de ionized water, and dried
at 120C. The Bamgle 1 hadiffebicof Rabr CoettnsindBMASMH t 0

300Cin air and held there for 3 hours. -45 WD

2061165198 /R3PS M 1920064 036 HfoparedAvietirRe Kludfiniri @nd with varying
pleatisEBboant ent of this sanple showed that little had

been incorporated. In contrast, san‘pl es wth boron >

ik e L %Z%é@b’iy'yése%as?ecﬁs?c&@ g&éﬁé?@d@@? 15 fovin
Ng ocdduré.Ch SPTRE BefMbrf llihe? XZC§ Bl i1 504108 HIeBEs Q)l&)ci]ongff' of

2B40r7(anhydrous). The Pt-version was synthesized
atstreprdpylgmmikeiah dy dropidsc badigm 1N NagtH, i§ugm derdorfizadnwaterend 1

TR ARy abisicafhed 55 B2 SIS BRI PS84 The resutiing

t b&t vdslcagpdd sFRasBpBted idhPafttufdctdvenhl Yestd SNGOLO wame rotating
as effective exchange sites for the netal, Analy

t peabeut Ao By 134gys nEierregdiing {ag wm@rflwwﬁeﬁurﬁws S filered
L aiid the oBtaE{éﬁgI@@kﬂﬁ% ﬁmr?'%% Q’ll?lgeg Eﬁth%{t@ﬁ%i%r-ﬁ?%?&f%gl}t The

BotstaineCoslicewts furthed dridd. i0@d oleril & 1(203(8 forAl hrsrtmymid 0.88 gm of all-

Cont en m< 20 <, 20 < 20 Tenp.,F 750 753 577 nCl16
fos! %-%%N%géﬁrwr@bw@ i/n Ratios C4 i/n 0.43 0.50

0.00 C5i/n 0.43 0.49 0.00 CB6 i/n 0.43 0.50 0.00 cC7
i/n 0.37 0.54 0.00 C8i/n 0.41 0.55 0.00 Ci/n 0.19
0P&811Giltica-ZEM0 viakprépared adcatging.tothe following procedure. The all-

silica-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 a rate of 1°C per minute
and held at 120°C for 1 hour. The temperature is then ramped up to 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 over the
sample at a rate of 20 standard cubic feet per minute during heating. The calcined
sample was ion-exchanged with ammonium nitrate by heating the zeolite in water in
the presence of ammonium nitrate (1gm NH4NOs/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;3)4(NO;), 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
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 sample was then calcined slowly up to

300°C in air and held there for 3 hours.
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Cll i/n 0.44 1.03 0.00 C 12 i/n 0.11 1.04 0.00 C13
i/n 0.16 0.89 0.00 C4-C13 i/n 0.36 0.60 0.00 VYields,
WaR0OH450. 02 0.10 0.06 C2 0.17 0.13 0.26 C3PBTARS2006/030749
4.45 3.83 Cos 6.19 9.01 6.84 C5s 7.51 11.30 11.69
5 CAshIckad thoplatnus costeniCE-tigs 3argple Show&d B3t ttle had beens WO

2007/ 019457 PCT/ US2006{ 030749 i C16 .36, 17.18 1.06,. ..
UHF%FQH‘?%‘L[ éa anteffsg@alapﬁé V\ﬁf;lﬁﬁo 011(%g!gpélft_/g%ua‘{l%n,cﬁrfgmbmatlons
CRichr/pBratcdhd bgiectealdrdougt. 02 0. 00 Percent change 4.17 0

5 The all-silica sanple (17a) was inactive with

conversion being only 10.8% at 750F, Results at 80%
cbfv ipilesis of tHedB-#®M{de det er mi ned experinental |y and
10 were estimated to require tenperatures in excess of
OTRIE sarhple &R tsmtAGsiAsd dcbSidinigi t6 ilersynthesio pracedire dosovibed abbove for
use. The sanple with 0.1 wt % boron was nore active,
bilre smhesa%ofgge aldsiliga serplerathsgspntion gidding O g
S g f 4lVe
SRR he B JEIRAMS Sribl A oBdinihe £tk Brocedure.
aPlatihuf w25 fovrihiq ehjssamaplenut at lesSboktheanaiups expected. This is an

tenperature or better), . for ex | e eat er..t ha bout

15 oigiation i BeqURTAEENDS it T ofE CAsaTY ISt SHEEEARY SEoRgto act
bet Ik live QlchAahies fdrimmelput 0. 15 wt % (equi val ent
to 600F catal yst tenperature or better). These
rel ati onshi ps between 15 boron content and catal yst
afhalysis yf these feotitcZ SMI Beirkiatyytici gesloymatmsdsshaym inithe Table 8.
structure of the weakly acidic nol ecul ar sieve.

20 Exanple 18 - Effect of Al unimabmgContent in B-ZSM5

Effect of Boron Level in Pt-B-ZSM-5 catalysts

Example Comp. 17a | 17b 2
Boron Content, wt% <0.007 0.10 | 0.18
Aluminum Content, ppm <20 <20 | <20
Temp.,°F 750 753 577
nCi¢ Conv 10.8 | 80.00 | 80.00
i/n Ratios
Cqi/n 043 0.50| 0.00
Csi/n 043 049| 0.00
Cs i/n 043 0.50] 0.00
C7i/m 0377 054 0.00
Cgi/n 041 | 0.55] 0.00
Cyi/n 0.19] 0.58} 0.00
Ci/n 0471 076 0.00
Cy1i/n 044 1.03| 0.00
Cpzi/n 011} 1.04] 0.00
C4-Cy3i/n 036| 0.60| 0.00
Yields, wt %
C, 0.02| 0.10| 0.06
G 0.17] 0.13} 0.26
GCs 329 | 445] 3.83
Css 6.19| 9.01| 6.84
Css 7.51| 11.30 | 11.69
Ces 7.99 | 12.20 | 15.06
Cs-Ci3 38.31 | 45.63 | 61.21
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20 A series of Pt-B-ZSM5 catal ysts were prepared with
varying trace levels of alum num 18a. Synthesis of

woOheo7@lisy num cont ai ni ng B-ZSM 5 25 Thi s sanpl eCofuS2006/030749

trace al umi_num cont ai ni ng boron-ZSM5 was_nmade
hydr ot her nfaliCys according to [ he f®6.5&W gl 8 otOdyr e.
In a 23 cc| Tatiganifliegner, 0.8 pm of 400WM %0o0agueons

sol ution of T, ammon| UM Nydr oXT @esg [T g3gdm I N
NaOH, 10 gL R O 0 Gt

ed—waterand—0-033gnrof—sodijum
borate werle At vnlfgyhlisiﬁ—ﬂ aH—spdi-um bur'*"@e e
di ssol ved. T ﬁa 0 9 gm CAB-Q SIL M5 f.‘f),m PPPda -
98% Si 2) anHereex@@han&% of 30 Na-Y zeolit&17 0
(Si /Al 233=5: 0. 000112 gm Al which anmobunts to -115

b

pphe ali-siliee saslk ( W) vras inkotippwitb borteesiembdingogl10.8% at 750°F.

re added, and the m xture was r oughl
RS S Gl o B ot el ppmen R Subed,
aefffﬁd“tec?t%tl%lﬁ%%g@fﬁﬁll&qg%ﬁ&sﬂ)f dRPL Mbhﬁﬂs‘&h@ﬁéu@ﬁbl@ﬁt
about 43 rpm for days. The resulting fine

pawdent-of borendomiskt dihe ssmplefwitht @it ed%elrmdon Wes wiloredatierd, but not as

SR Gl B ORIHERD s P Sto s Rt iRl ot forthe
SESPERdeskting, the Bbro(ﬁfconl@nﬂéﬂﬂukme @bstenBat gsbul 81084i9) (egtuvalent

80C to ensure the conpl ete destruction of any un-

vt@ 3907 sl g S PRIFNISHOBEF 0307 gpmige geeater é@nﬁbom 0. 13%ewt%
fAnhb I, )

ot rfyaltPig 100 RS @GRl bR Ul Hghl 5 ot

Zshhivalént t@)609?fad:aj!aﬂy§t Xemﬂ'd?ﬁumairdi&ttaf) e T'hese welatiomshgnrvesnten

of this material_ was ured bor on

CBRTPR Aol cole i v B el z§§9g5 51 heshiice ¥ 4eRsnd ofdle

p§tﬁf&ﬁfr@gf ﬁi%%aﬂy%mﬁ@mﬂk%ufa%ﬂe@é’“ ng procedure. The

sanpl e, synthesized according to the exanple above,

was cal cined to renove the tenplate. Calcination was

done as f ol Epasple A8 tHfififecheflAbimimamardnddnt irs BHEEY e i n a

muf fl e furnace fromroomtenperature to 120C at a rate

OA sdri€s ¢Tar-BIZBM-§ catalskeldle plepated WMOG drdhg fratidlevels bhe
tQupRarature is then ranped up to 540C at the sane rate

and held at this tenperature for 5 hours, after which
'Iiga' SynfifekEAPAH aﬁlﬁr@ﬁa@cgi@ﬁmﬁg'&%wﬁf for another 5
rogen is passed

SRR N N O T —
i %o&%@@ﬁﬁ@%l%ﬂ’g }@\’6’8&1&%@ Nnd 43 @"ﬁ“efﬁb‘l 1heatl STthcﬁf 40 wit%

zeolite in water in the presence 20 of ammnl um
nﬁtqueamesomogmf IR IHagmoniun hr@ome,lmigﬁmvm BliePH, dp gm de-

ilrc])nb\zg g‘vrape? @I %35% :tosodfuh or rWerg gl\AQed untﬁ D1 3SERES ?eﬂe were

gm Wa gm Zeo
dissolved. Then, 0.9 gm CAB-O-SIL M—S (fumed silica - 98% Si0;) and 0.001 gm of

Na-Y zeolite (Si0,/Al;03=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 5 ml of

0.01N HCI and heated (static) at 80°C to ensure the complete destruction of any un-
-47 -



Pt (NH3) 4(NG3) 2 solution at a concentration which woul d
provide 0.5 wt. %Pt with respect to the dry weight

wofhod7hvassseol it e was added. The pH of the sol ut POWUS2®6/030749

5

10

15

20

25

30

35

adjusted to a pH of -9.2 with slow addition 0.15N
araerad Nar Yiy The xéldflewasfiltesed andetiicd5n bpen diBafbimtbendric@sg.an

After ling, the m e was_ fi ed thraugh a
g?Vefgsatﬁ?(?éfgrmtedl‘?ﬁbﬁg&é@P é‘%fe%(%ﬁé’é‘iﬂayﬁ B dried

at 120C. The sanple was then calcined slowy up to
300C in air and held there for 3 hours. The sanﬁle was

t Hemncapailated almarinunnoriercaf s mptesiob was | 4heifrorand dhe gegsured
4- 40 sh an ed as the catal yst. 30 18b Synthesis
gtfor ﬂgﬁF‘{}Mwmgﬁ%ai ning B-ZSM5 This sanple of

al um num cont ai ni ng boron-ZSM 5 was made :

hydrothermal |y according to the fol| ow ng_proce%{‘;‘;e. ,
| /S35 efthissmple Wasieepared apsoghnmio theialloygingpfgessyse. The

Sﬂgaéuﬁ’flé’%?% E:si%e%t lc (grrgﬁl%ytb W{&l&!@eir%%,%dcggznée%%% f%ﬁl&\N the

gm de IFoni zed and

Stedipliie. bOsleinatiche sahyetreats doltere Avihie dedinf mnbteahl is boatedim a

borate were dissol ved. Then O%\B-

0,9 gm SIL M5

(PyFHsfugnace figm rogg"%e@ip@rgjur%ml 208C %b%sa %Hﬁ)ﬁ RG5 Iinute and held
289biE £ 3! beziur® QOB |16 3 40DOMAESsdnf rate and
B L A s T T v
altdé et thismndmpbeture firdrieurmsiiethaliolghis increasesido 5?E° and held there
L% Bepthes oo b BR g Seainy BroPgeni Moo Rbhips sample at
431 P8 3 P§taddhrd aitic febhifer nBistHetdufitlg hedtigp aWd@htclned Watlple was
m xture was filtered and the obtained solid was

t fonrexehdrigpd Withswemoninm niate by Apating the gpqlisingyaeninghg presence

oS f RALBBAY ol Ep UIREERY gyl b I
aggﬂ#tlsfr? ggggg gaﬁgﬂd: aAs Ofn alpendedrigactedd Nar Wateilgre zedlitepand a

] dried in gpen_ air and fur r .
i Rl p(NQs)asolpperatiagoneeigtpe V\ihz:?hwfaﬂg P@Vgs{ﬁ 3? B with
Z 5 | t 1t RAIBI G WA
SPARHS hRtPRal Ll 10 0 s e pla gt o
badjosted ad pHtor WAL Witldowtadelition OAI SNBar@hBNphydrewide and stirred

? WS?)Q\AH%S% B%%gaggtgrcc%% oérgheggﬂlégéxp%ﬁg{e?gf t%}l({u%h lésgqgss frit,

al 4 i AURMIE 9t Rl AR Rt d; dhdMried 22 Q20P0. STiRaambR Ww@Sthen calcined
synt hesi zed according to the procedure for sanpl

18b .
bsibwlis iptp 3008 apyrenithad tkese fare Tars o'blmsagmlwzjls_ t%m gelletized

gg%%??’ﬁ%'s@@ggo?gg% £ 4850 dshhRa TRUEE R catfyst.”85

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

This sample of aluminum-containing boron-ZSM-5 was made hydrothermally
according to the following procedure. In a 23 cc Teflon liner, 2.45 gm of 25 wt%
aqueous solution of tetrapropylammonium hydroxide, 1.2 gm 1N NaOH, 8.35 gm de-
jonized water and 0.06 gm of sodium borate decahydrate were mixed until all sodium
borate were dissolved. Then, 0.9 gm CAB-O-SIL M-5 (fumed silica - 98% Si02) and
0.0025 gm of Na-A zeolite (Si0,/Al,03=1.7; 00037gm Al which amounts to ~385
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25 boron content was 0.22 wt% Pt/Al -B-ZSM5 of this
sanpl e was prepared according to the procedure used

wobano7/easpl e 18a. 18d. Synthesis of the PCT/US2006/030749
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al um num contai ning B-ZSM5 30 This sanpl e was
syphesiezdded @od tlti mixtire wak ¢hopoughdidoiecdabhe eesbiting gsl wiap

Pt BB Rt T b plorigyothealaen 16 ol o ot abous

t hlﬁ A]j?i@ astunafhys. b?ﬁ@fés&lﬁﬁé GRE p¥REerQigk®d Wiire3Pas ﬁltered and the
B- ZSM hi s sanpl e was prepared accordi

thletaxpcd)e@ubwes h.hsmlghldrrms wihavai®and assclnes;owemglts Tben the

SO PRBTA R GERL A3 L R B it e SR R
Oerféihregﬂb BomAetedsirl @idnbfARy 48 reiFted Na- Y- 4he\WOlid was filtered and

2007/ 019457 PCT/ US2006/ 030749 5 The cal cul at ed
afliigd inwpee eiead furdfer driedinpagtaven at 12056 fasdbowpig yiglid.8 gm of

t TEas Ll e on content was 0.17 wt %
F’?W%I\#@b}ggsthl s sanpl e was prepared according to
the procedure used for sanple 18a 10 Anaiysis of
Eese zeol ites .and their cat aI perf or mance, |

Rrrleylated alumipyma cgntent—leg 51]11%1@ otfet was 403 papg the measured

A{)&g}le&%ﬁ@yglo Ny - B-ZSM 5 catal ysts Exanple 2 18a
18b 18c 18d 18e Measured Boron 0.18 0.21 0.21 0.22
OP181-B-2SM-Cofithisrsamplet WasGabpud daacedrdng® the ro¢eRiry 8%d for
1601d 580 Al um num Content, ppm Tenp., F 577 567 559
593 567 563 nCl6 Conv 80.00 80.00 80.00 80.00 80.00

88D ynthesis of the aluminum-containing B-ZSM-5

This sample was synthesized according to the procedure for sample 18b but using
0.005 gm N-A zeolite (0.00074 gm Al).

The calculated 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 according to the procedure used for
sample 18a.

18d. Synthesis of the aluminum-containing B-ZSM-5

This sample was synthesized according to the procedure above but using 0.007 gm N-
A zeolite (0.001 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-5

This sample was synthesized according to the procedure above but using 0.01 gm N-
A zeolite (0.00148 gm Al).
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i/n Ratios C4 i/n 0.00 0.02 0.26 0.25 0.22 0.22 G5
i/n 0.00 0.03 0.29 0.28 0.24 0.24 C6 i/n 0.00 0.03
wO0.2809/00943% 0.29 0.29 C7 i/n 0.00 0.05 0.42 0. 26T@WS3B6/030749
0.37 C8i/n 0.00 0.04 0.40 0.44 0.37 0.35 O i/n
5 0.00 0.04 0.42 0.48 0.40 0.38 Cl10 i/n 0.00 0.06 0.51

74 .0.61.0.54 CI11 .i/.n .82 0,
 CHt g it GontyniaS efisib s T e i gedsted
%&gngoﬁgmqvagq) {7 4#,1.20 ' C4-CI3 i/n 0.00 0.04 0.40
. Yields, wt % Cl 0.06 0.06 0.00 0.03
oPtz)@l B ZﬂM Sozftblszemolmaxprmrw grogingtoghg procesirg uged for
3,29 7,32 4.98 5.65 4.97 Cos 6.84 6,04 11.52 8.89
18708Re 8847 055 11,69 9.56 13.30 11.09 12.65 10. 95
40 CBs 15.06 11.65 13.54 11.88 13.32 11.75 C7-Cl3 61.21
615m§d%51§ éf t?@se‘%oﬁ%s 4hd feirohiadhic Jetibfmdndds shd¥h #@.tHd Table 9.
.84 Unidentified 0.00 0.00 0.00 0.00
0.00 0. oo Ratlo C3+4/ C7- o §1§@ 39 0.29 0.33 0.27 13

0 oa 2or bl Oﬁﬁl%hagﬁmﬁm, s P78 B0

Baapelen 33 3[1323 71 185 Thed 84, Lo difee
denonstrate that for the pr Ole(‘TI hn_of _a lighter
hMeduned Boton a DAW i|/ 0-2bafafGiln aPe f[r8dBa| 0.17
nCpatead % t he al umnum content of the nol ecular sieye
soeulididde | ess<tpar] 1040 ppmo2f of @8anyl B0d0ess 150N
PAQRROMmer | ess tharp 20 ppm Becalse the
Content, ppm
Temp.,°F 577 567 559 593 567 563
nC¢ Conv 80.00 | 80.00 80.00 | 80.00 | 80.00 | 80.00
i/n Ratios
Cyi/n 0.00 0.02 0.26 0.25 | 0.22 0.22
Csi/mn 0.00 | 0.03 0.29 028 | 0.24 0.24
Cg i/n 0.00 0.03 0.34 0.35 | 0.29 0.29
Cyi/n 0.00 0.05 0.42 0.45 0.38 0.37
Cgi/n 0.00 0.04 0.40 0.44 | 0.37 0.35
Coi/n 0.00 0.04 0.42 0.48 | 0.40 0.38
Cioi/n 0.00 0.06 0.51 10.74 | 0.61 0.54
Cii/n 0.00 0.06 0.62 1.04 | 0.82 0.74
Cppi/n 0.00 0.07 0.71 0.57 1.00 0.93
Cizi/n 0.00 0.03 0.77 0.90 1.17 1.20
"C4-Ci3i/n 0.00 0.04 0.40 0.44 | 0.39 0.40
Yields, wt %
C 0.06 0.06 0.00 0.03 0.00 0.00
C, 0.26 0.23 0.15 0.07 | 0.11 0.11
Cs 3.83 3.29 7.32 498 | 5.65 4,97
Css = 6.84 6.04 11.52 8.89 [ 1020 | 8.87
Css 11.69 9.56 13.30 | 11.09 | 12.65 | 10.95
Ces , 15.06 | 11.65 13.54 | 11.88 | 13.32 | 11.75
C7-Ci3 6121 | 6512 | 47.72 | 47.09 | 47.72 | 51.51
iCie 1.06 4.04 6.47 15.97 | 1034 | 11.84
Unidentified 0.00 0.00 0.00 0.00 | 0.00 0.00
Ratio C3+4/Cs- 0.18 0.39 0.29 | 0.33 0.27
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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nol ecul ar sieve structure may al so i nfluence the
product i/n ratio, the exact alum num 10 content
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1Bolsevasteys siprurs el alia dnflurase wm@a‘f g ThiOofhg gxqhglyminum
CandnY Stede8 THE @%H Tﬁrdﬁﬁﬁe afbish ek Elef%irgd yl%dﬁctrimﬁo ‘ﬂ{ay be less
f eed conver si ons. e mcrounit configuration
phemiltesedhlosl cul ati on of product yields, feed

conversi ons and nMass bal ances based_on detail ed feed

s iak > it 4¢ was a
Fi scher Tropsch wax ared froma slurry bed process

re
udilfAgram seoplglof PYBtSH4r88 watheepared foldeving dreorre of Fjxample

r [ riti b Nitr - tes

(TR s I 50 BLER D5 QR g PO s v
awes Sinowed 10 pEREh esd 7.0@cand plabed 30thd idastor Alt alay sédusedin

eval uated at a variety of pressures_and tenperatures

witdrogFnet 4a0°F sﬂaﬁ/\;}qaﬁﬁr‘ igh PESSI Wik adjustRd iihe daraptd L (Rikpsig
ST b B S S e il 1
AnldB Y sCstaeedmperatuEx sap hdjudtdd t2giv@ a range of HOT cBAvadirns.

Dagi ng 650N APl Gravity 41.1 32.0 Sulfur, weight ppm
<l <6 Nitrogen, weight <1 1.2 ppm Oxygen, wt % 0. 05

OThe 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
10 and 11.

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

shown in Table 12. When the pressure was reduced, the catalyst’s activity increased.
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10

Car bon,
MN 444 530 WX,
wa204/0193887 Distil .,

w
wt

% 84.91 85.87 Hydrogen,
% 100. 0 53.
F by wt% 0.5/5 512/ 598 6P81/T185006/030749

wt

0 Gl-i

% 15.04 14.13
n-wax, wt %0.0

10/ 30 642/ 732 850/943 50/ 817 979 70/90 908/ 1035
1001/ 1036 95/99 1096/ 1199 Ta$O1A071 Table 11 10

Nor mal Paraffin Anal yses BdedRemdgtisocks F-T- Wax Dagi ng
650NceP@brBdantplAnal ysis, w9, % n-P Non-jn P n-P ®n-n P
CJZNOS 22 (nDStI/nP) 0.03 0.01 C12 0.05 0.00 0.03
0. €13 180101 0. UHD%F’F’W&&{” 045 0. Uga‘cﬁnggﬂqqo/
Ci15 C 85 O. 850607007 161 007007 0. C17
1.89 010 0. 08 0-83—C18 OL-rO 80.0% 19317
0. JARL Graviyos  cho 379 0433 0.11 003 21 4421 g 25
0. 1S8ubfgweightzopm v1 0.30 0.94 0.08 3.4 93 082 0 37
0. 1|INitG2dn,4vedght0. 83 0.48 0.98 (25 4.88 0.33 0169 0.32
C2G ppnY0 0.33 0.68 0.33 C27 4.45 0.34 0.75 0.50
Oxygen, wt % 0.05 0
Carbon, wt % 84.91 85.87
Hydrogen, wt % 15.04 14,13
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
70/90 908/1035 1001/1036
95/99 1096/1199 1050/1071
Table 11
Normal Paraffin Analyses of Feedstocks
F-T- Wax Daging 650N
Paraffin Analysis, wt % n-P | NonnP | nP | NonnP
Cl2- 3.22 (mostly n-P) | 0.03 0.01
C12 0.05 0.00 0.03 0.06
C13 0.18 0.01 0.05 0.09
Cl4 0.45 0.03 0.05 0.07
C15 0.85 0.05 0.07 0.07
Clé6 1.33 0.07 0.07 0.09
C17 1.89 0.10 0.08 0.03
C18 2.52 0.14 0.08 0.06
C19 3.17 0.20 0.10 0.05
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 0.28
C25 4.88 0.33 0.69 0.32
C26 4.70 0.33 0.63 0.33
C27 4.45 0.34 0.75 0.50
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-52 WD 2007/ 019457 PCT/ US2006/ 030749 C28 4.19 0. 35
0.70 0.48 C29 3.91 0.33 0.71 0.50 C30 3.62 0.31 0.72
wO0.2d0y/019431 3.35 0.32 0.72 0.54 C32 3.20 0.32 6CBwS0b830749
C33 2.84 0.30 0.81 0.67 C34 2.64 0.25 0.96 0.63 C35
2.41 0.]24 0.89 @§&9 C36 P.%090. 23 (1383 (1089 | CAN48L. 98

0.22 1.[66 3.98 488 1. 78 . 3911. 90 ®A9 | 639 1. 555%. 17
2.13 8.[87 CAU @B@E3 0. 19 2 4579, 25 o $AT 1023 U Zpa4l. 30
8.80 (42106 F 14 102 610 CH3 P34 00t D82 599
C44 2. HH0-20—154 543 A3%§.3 fojﬁ %rlﬁ L
0.15 0]05-6-45G%3 caz b 380 b5 11081 1S58 g,

5
0.00 0143 0.50 €19 0 00 0 8840 b7 Q)3(b1 B3+ | 0 GeY
0.00 0./120 0.54 C3uym 89, 33 18.6448 6.6 73. 896 5 Th&Y
12 Hydrloconver i3n of Fi sich@r1Tr ppdcd Wix 0\Bt h
Pt/ B- S$Z- 58 RuBdHours 402 6606 8b8 RDH 10743 Tempsy K
702 731 722 7TIc¥A5  WASY T1E% 11193 19 1.630[ 13188

Tot. P, pSTg Tidsx 1107 TH047EQ9972599 | 190 | 6.49

C39 1.58 0.17 2.13 8.82
C40 2.33 0.19 2.18 9.25
C41 1.23 0.23 1.50 8.80
C42 1.06 0.14 1.02 6.70
C43 0.84 0.13 0.82 5.59
C44 2.11 0.20 1.54 5.43
C45 0.33 0.15 0.49 431
C46 0.15 0.05 0.45 2.53
C47 0.06 0.05 0.51 1.34
C48 0.02 0.00 0.43 0.59
C49 0.00 0.01 0.27 0.21
C50+ 0.00 0.00 0.20 0.54
Sum 89.33 10.68 |26.69 | 73.31
Table 12
Hydroconversion of Fischer Tropsch Wax With Pt/B-SSZ-58
Run Hours | 402 666 858 906 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 259
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 0.04 0.02 0.03
n-Butane 3.38 3.05 1.78 2.29
Cs-180°F 10.41 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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A GC analysis of the converted portions of the whole liquid products from the unit

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 650°F cut point

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

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

distribution, cetane index, as shown in Table 13.
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Portions of the products from hours 666 were distilled
by D-1160 at a 650F cut point to produce a bottons
wonoeafas4s7over head product, and |ight material pemiusk06/030749
was in the 10 trap. The products were anal yzed for
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Cl6 0.07 0.14 9.02 | 0.77 0.02 0.03
Cl7 0.04 0.10 7.50 | 0.80 0.37 0.06
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C20 0.01 0.08 2.13 | 0.44 10.39 1.33
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C34 0.00 0.00 0.00 | 0.00 0.47 0.33
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13hos0ngarish of thewai skt e plyd s B bithialen
apRséry&itbnl 97 tlﬁ@ﬁfﬁétur@ af &k fbfifal pardfifd eTHRWRIL Aty of the normal
fraction has a @g cetane index indicating its_good
pparafitn eonversion igdefed af thelratiorpithe Brivee e8¢ §ahigs parafing gigduced
f n

e bt Pl G S0P RE R i s Bnchps A erence
Thﬁcéﬁbméspumdsyto afboilig prddtradlaboy ZOGTET i n conver sionis
defined as the ratio of the n-C22 and |ighter

paraffins produced to the n- C23 and heavj er nor nal
pAirareffinsSelastivive ~mebarC2d formed jg éh 03 ref erence
since it correspondlﬂrﬁ:‘ftnoc%t3 msminﬁ@lrﬁbmfﬁedof about 700F.

= (87.49x0.191 + 89.90x0.706 + 10.3x0.4174 — 23.25)x100
66.08 — (0.41x0.706 + 34.95x0.103)

For this product the n-Paraffin Selectivity is approximately = 98.4%
where the yields of the products on the basis of the feed are taken as the yields from

the D1160 distillation. The amount of light gases produced is small.

The whole liquid product from hours 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
into a tared 1-liter glass bleaker on a balance and weighed to two decimal places. 200
mL of toluene, and then 200 mol of methyl ethyl ketone were added. The sample was
stirred gently until dissolved. Once completely 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 -
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the bedkefogglasichwethedavminiwas ppeed. of al um num foi |
and placed in a freezer which had heen 35 preset to

15 the debhs wenrlempbe heakerwes 3oryl witths speitlednd quapijtatively
undi st hed Qvet 'fg?ﬁel. ThESidbd bithablaR, Wes sg\%lﬁﬂ@% tdrefhove
conpartnent In the freezer that 1s equipped with a
vacuunmdditimmabsehpgl@ggl e switch. The filtration assenbly

cpnstsiad gl S AT BUShnl, LUOnel 8k 0B R Bk o
f§ 1t rarhOfesePwi 1880 Hnd 14R ik teWAINOREd 3RI49 5

assenbly spatul as, additional ketone etc, was stored
20 i6 t heCfackeinghe e dakie wehesmentikedsaver witberppptula to provide a
equilibri%aél@ No. 4 Whatman filter paper (18.5 cm
dianet%??o 5 %faced in the Buchner funnel. A
hpavy- 200 ¥l ¥yesldRetbas RemaRuaidiaentd shiaplehe rivectesitubli gik
in the freezer. 10 Filtration procedure: 1. The filter
p&per WEBS AR MCEIRFAPA- 20 M of cold ketone. 2. The
toggle switch to the vacuum was opened. 15 3. The

S I ip 5EE ﬁker was stirred with the spatula and
25 qaﬂ&ﬁCoelr mﬁg Fansferred to the funnel . The sides
grgh%ggqrbc% <é< \?vras g\ﬁc{v?e t% rdarjp,%%d tt}?e \[a%{lrl?r\ﬁ%iscggrgelc%eldf) nﬁlle 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 is determined.

Qil Recovery procedure:

% 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 120°C in an oil bath and stripped for a minimum of four hours. The weight
of the recovered oil was then determined.

40
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Following Example 15, the Pt/B-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 result 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

Following Example 20 a waxy hydrocracked Chinese feedstock was processed over

the Pt/B-SSZ-58 catalyst. The catalyst was very stable at moderate conversion levels

and low pressure (below 300 psig) while giving good yields of distillate fuel. The
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Conpar ative Exanple 20 - Tests on Fischer Tropsch Wax
5 V\Wﬂwtﬁﬂorﬁmd@ds%ﬁ)ﬂd tlagemssuroddceabatly BEsparhesollbe faetigock are shown

o] Frg 0. Ric oS RSt ing Bl S S8 Ty, anc

hu@mm@ Bf #h8 prédiietsaB@sl DM 140 distil[2888 0f 8Rroddees i?&h qtm hnd 1434
activity for normal paraffin conversion appeared

hbpwrs pigrdbavaielpbleddd i ncreasing the tenperature d|d
not result in any significant conversion. After 29
hours at 250 psig, tenperatures in excess of 725F and
in the absence of 20 hydrogen, hydrogen was
re-introduced and nitrogen gas now term nated. The
catalyst's activity was rapidly restored to its
initial value as determ ned by the appearance of the
product GC traces. This denonstrates the remarkable
tol erance of the catal yst towards hydrogen
interruption. This is an advantage over conventiona
hydr ocracki ng catal ysts. 25 Exanple 21 - Tests on a

n- Paraffin Containing Petrol eum Feedstock Foll ow ng
Exanpl e 20 a waxy hydrocracked Chinese feedstock was
processed over the Pt/B-SSZ-58 catal yst. The catal yst
was very stable at noderate conversion | evels 30 and

| ow pressure (bel ow 300 psig) while giving good yields
of distillate fuel. The -58 WO 2007/019457

PCT/ US2006/ 030749 5 conversion increased as the
pressure decreased. Properties of the feedstock are
shown in Table 10. Yields fromvarious operating
conditions are shown in Table 15, and anal yses of the
products fromD- 1160 distillation of the products from
1362 and 1434 hours are shown in Table 16. -59 WD
2007/ 019457 PCT/ US2006/ 030749 00
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- N Ifgvuxgxg'Ré\éluNs and Lubricant Properties of the 650°F+ Products from
Hydroconversion of Daging 650N With Pt/B-SSZ-58

|

Run Hours 1338-1362 1386-1434
WLP DWO Wax WLP DWO Wax
Wt. % 100 70.4 10.5 100 73.8 11.2
API Gravity 36.2 30.3 35.9 31.2
Vis@40 C, cSt. 46.26 41.72
Vis@100 C, cSt. 7.312 6.90
VI 120 123
Pour Point, C -5 -3
Cloud Point, C -3 -2
D2887 Distil., °F by
wt %
0.5/5 129/256 406/488 152/278 397/485
10/30 326/718 584/853 363/765 547/852
50/ 924/ 935/ 935/ 942/
70/90 974/1018 | 976/010 978/1021 | 976/1010
95/99 1039/1074 | 1025/1044 1043/1079 | 1025/1043

20
These results show that a high viscosity index product can be made by a combination

of a n-paraffin selective hydroconversion process and a solvent dewaxing process.
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shown i n Table 17. The n-

at a rate of 20 standard cub1c 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
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molar ratio of the product was 18.

The calcined sample was impregnated by adding an aqueous ammonium nitrate
solution (0.1506 gm Pt(NH;3)4(NOs3), 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, 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.

Example 23 — Catalytic Testing of Pt/B-SSZ-33

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

described in Example 19. Results are shown in Table 18.
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paraffins selectivity for this feed is about 61 %
Apparently, in feedstocks containing 10 nodest |evels
wohoor/passaf f i ns, some of the n-paraffins hydr oeoOmwSR06/030749
to formother products - possibly isoparaffins,
cycl oparaffins, or alkyl groups. Thus, when n-
paraffin products are desired, the feedstock nust
contain > 5 w%n-paraffins, preferably > 50 wt%
n-paraffins, and nore preferably > 80 wt % n-paraffins.
15 Tabl e 17 Dewaxi ng Results and Lubricant Properties
of the 650F+ Products from Hydroconversion of Daqing
650N Wth Pt/B-SSZ-58 Run Hours 1338-1362 1386-1434
W.P DWD Wax W.P DWD V\ax  W. 9% 100 70.4 10.5 100 73.8
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was cal cined to renove the tenplate. Cal cination was
done as follows. Athin bed of material is heated in

waea 200rfofid457f ur nace fromroomtenperature to 120ECaUS2006/030749

5

10

rate of 1C per mnute and held at 120C for 1 hour.
'I”lﬁhe tetatpspadwedeo ibs rerhakablpsipbld wigntopetd@iGit high doheersiangand

te and hel is tenperature for, 5 hours, after
Wrewreriress s ahCeetes Weee Botes wra oYtk ALhasTiibroducts.
angd E%&élxéi WRUASst sl B&n@tf&l)cﬁﬁhf‘a'iégplfoeﬁc@a' cination is

ni troge a rate of 20 standard cubic feet per
m nut e vvlth a small anmount of air being bled into the

flrgf\:‘,lv Ihe a& prqéﬁtq}/ lfe%?ed%qnéﬂ allgl%l c[i?etq aﬁg g %7(%’-\’% W%hours was
18istiR&4 BHB- 1080 GhB @eughadtied 18 siaSlaieHRPRIGA; ?Et&ﬁldbﬁesaﬂ dihe@roducts

an aqueous_anmmoniumnitrate solution (0.1506 gm

Peie BBy a (INGahle 19 n TBe je8 cyfrhagen sxelent sieakempinto 15. 15 gm
zeolite at the dry weight at 350C. After 48 hours at
roomtenperature, the mxture was dried in a vacuum
oven at 110 C for 3 hours. Then the sanpl e was
calcined in air as follows: heat fromroom
tenperature 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 room
tenperature, resulting in a cal cined Pt/B-SSZ-33
catal yst containing 0.5 wt.% Pt on the dry zeolite.
The Pt/ B-SSZ-33 was then pelletized to 24-42 nesh for
use of catalytic testing. 30 Exanple 23 - Catalytic
Testing of Pt/B-SSZ-33 The catal yst from Exanple 22
was tested in a mcrounit using the Daqi ng feedstock
described in Exanple 19. Results are shown in Table
18. -64 WD 2007/019457 PCT/ US2006/ 030749 o <r cn \o
t~~n Mc~oornrncoC) (::) OONV) MC9 C \p -
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\O\O000 O O NDLNNMNWVI \ONNvV1l ,-~Mo O
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2007/ 019457 PCT/ US2006/ 030749 5 The catal yst proved
woaeodr@isesmar kabl y st abl e when operated at hi ghPCT/US2006/030749
conversions and | ow pressures. Yields of C4_ gases
were |ow as were the yields of naphtha products. The
catal yst was nost selective for distillate products.
The overhead product collected fromthe on-1ine
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D- 1160 into rough cuts to sinulate naphtha, jet and
di esel. The products are shown in Table 19, The jet
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0.80

6455 ~18.98
9.46 |5 B.O)

5.88 | =20.66
=

n-P" | N

6.33
4.04
1.57
0.40
0.07
0.26
0.00
0.00
0.00
0.00
63.73

n-P { Non-n-P

4.08
2.74
1.67
0.55
0.14
0.02
0.00
0.00
0.00
0.00
36.28

0.36
0.14
0.09
0.03
0.01
0.02
0.00
0.00
0.00
0.00
53.55

n-P | Non-n-P

0.13
0.08
0.04
0.01
0.00
0.00
0.00
0.00
0.00
0.00
46.45

Hours Continued

6.04
5.62
5.36
5.13
4.62
2.80
0.62
0.02
0.00
0.00
68.54

n-P | Non-n-P

2.05
1.72
1.46
1.13
0.78
0.28
0.03
0.00
0.00
0.00

Sum | 31.45

C15
Cl6
C17
C18
C19
C20
C21
C22
C24

Paraffin Analysis, wt %
C23
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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
API Gravity 30.6 304
N, ppm 0.4
S, ppm <2.0
Vis@40 C, cSt. 48.27 51.12
Vis@100 C, cSt. 7.456 7.48
VI 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/
70/90 953/1012 | 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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1-%%#??%5%@11{7 it gll—nc ag -IF_SS%S Eg%fﬂél ysnt%cant ailingsrrklz
L.%—H—n%éructur s—H—egrverted—poet=anty-paraf-Hn
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C20 0.28 1.50 0.08 1.84 1.53 0.03
C21 0.41 3.38 0.05 4,28 2.82 0.17
C22 0.32 3.61 0.02 4.78 2.53 0.34
C23 0.23 3.60 | C23+| 88.71 2.01 0.47
C24 0.18 3.43 1.50 0.51
C25 0.14 3.38 1.20 0.54
C26 0.12 3.49 0.95 0.59
C27 0.09 3.55 ‘ 0.80 0.69
C28 0.12 3.97 0.66 0.81
C29 0.14 3.56 0.53 1.04
C30 0.14 2.73 0.44 1.13
C31 0.10 3.34 0.34 1.46
C32 0.07 3.02 0.30 1.66
C33 0.05 3.34 0.27 1.99
C34 0.04 3.37 0.20 2.42
C35 C35+ | 48.16 0.20 3.05
C36 0.24 3.28
C37 0.25 4,74
C38 0.17 6.43
C38+ 51.44 (mostly
non-n P)
Sum 2.48 | 97.53 | 0.18: 99.82 |17.19 82.81

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

10  SS7-60 is a one dimensional 10-ring zeolite. The preparation of B-SSZ-60 is
described in U. S. Patent No. 6,620,401, issued September 16, 2003 to Elomari,
(Examples 3 and 4) and U. S. Patent No. 6,540,906, issued April 1, 2003 to Elomari.
Example 8 in U. S. Patent No. 6,620,401 describes the testing of a Pt/Al-SSZ-60 that
was prepared by conversion of the B-SSZ-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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Anal ysis of Stripper Bottons Product Blend from
570-618 hours 15 SLP DWD VVax wt. % 100 86.1 13.9

woRh7@1assTty 30.6 30.4 N, ppm 0.4 S, ppm <2. OPUTRAISED6/030749

5

10

15

20

25

C, cSt. 48.27 51.12 Vis@O00 C, cSt. 7.456 7.48 VI
18P 8SPeiirwaRqireptareddy+h0 samd mediodudedi Iitampde 22 4he e@alyst
D2887 Distil., . F by wt. 0.5/.5 623/665 637/683 . 10/ 30
o517 58 Friap B a8 gL PRtk oBeTis s 98857 1.0
98I 8l 8L A 197, 4:QHBE LikdaIyTnerpawes eduokl @3 ¢enverdibgvas
VI lubricant. The VI of the product from 450 hours of
opaiveti Beswlisgreshwwnig Tehte % i gi nal stripped i quid
product (SLP), the dewaxed oil (DWD)  and the wax were
further analyzed for normal paraffin content as shown
in Tabl e 21.Exa6fpld/¥3 200:paitidd and PestingdSTPAB-OS0749 5
Tabl e 21 Paraffin Analysis of Stripper Bott ons
Product Bl end from570-618 hours SLP (Blend 2) DWO

s 0 . _ o Lo Analysi -y
o0 Bl bt 83 e OGS Bl Bloes o0
OdidienBiofdl 10.rig fdr&0 B-S$Z-T. Wk Hadiby0mDindte@ietbyl0Zhosilihte and

Cl8 0.00 0.00_0.00 O. : ‘
tr?ethylborate at a SI/B molar r%‘gio %f ?g 1 Q)vi%la 1 molar solution of

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 Si/F molar ratio

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

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

derived. Results are shown in Table 22.
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Cl19 0.05 0.10 0.03 0.19 0.14 0.01 C20 0.28 1.50 0.08
1.84 1.53 0.03 C21 0.41 3.38 0.05 4.28 2.82 0.17 C22
wO0.20822/03961 0.02 4.78 2.53 0.34 C23 0.23 3. 60 €RBAIS2006/030749

88.71 2.01 0.47 (C24 0.18 3.43 1.50 0.51 (C25 0.14

5 3.38 1.20 0.54 C260123¥le9)1@2295059 C27 0.09 3.55
0.80 0.69 (28 0.12 66 0.81
1 Sompagisen of Gatalysty gt %3 % iIY%r%nV?ﬁélfn@ "‘%ﬁrog %ﬁLiSS?fgan Cio
C32 0.07 BgP 30 1766 3 P05 3. 5244 0.27 1299
0 04 5 57 B W5 a2 co5 [Gon e 48 e 020 4 05 cag]
0.24 3.28| Ca@lysD. 25 4. 74 | BBESHISL FPRSSZ60CIBBSSA 70 4
(rn)st|y non-n—P) Sum-2-48-97 53 B 18 99824749
82. 81 Exaﬁﬁlv@S{ZECturePr epayr r a1 R aho?HdOR; f ng g By 10K
Pt / B- SSZ- SW a one di rensi onal| 10-T11ng
zeolite. The pPeparatlo%;of B-SSZt 60 is escribed|in
U S. Pat eBEMBize, s 620, 401, issued Septenber 16, 2)03
to Elomar | (Exanples | nd—U—S—Patenrt-No.
6, 540, 906 Tewpu'&d April 1, 20037t p El orfedil. ﬁ%l e 8
in U S PatettNo—6, 620401 fdgstTTD e tegi by of
a Pt/AI-SSQgéd&FWat was pprepared| by ?gﬁ@ersion‘of t he
B- SSZ- 60 | ph®a@ihs al um nosylicate rzeolite. |The 15
results show that alum num.incorppration generates
unwant ed acCdi/ty as shown| by ®PGh pro@dﬂt i /n 981 os.
- / n/ll:—l DT LIChNnAAl-Aant. ;.n
70 WO 20‘7&):5 57+ PEFUSP0061 050 002 0.01
Cgi/n 0.00 0.04 0.02
Cri/n 0.00 0.02 0.02
Csim 0.00 0.02 0.02
Coi/m 0.00 0.01 0.02
Cioi/n 0.00 0.02 0.03
Cnim 0.00 0.01 0.04
Cipi/n 0.00 0.01 0.02
C13 i/n 0.00 0.02 0.01
C4-Cy3 i/n 0.00 0.02 0.02
Yields, wt %
Ci 0.06 0.33 0.00
Cy 0.26 0.71 1.05
Cs 3.83 5.77 3.78
Css 6.84 8.92 6.35
Css 11.69 8.82 8.69
Css 15.06 9.15 12.69
C-Cis 61.21 63.92 64.63
iC16 1.06 2.38 2.83
Unidentified 0.00 0.00 0.00
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5 A Pt/B-SSZ-60 was prepared by the same method used
in Exanple 2. The catal yst was tested using n-Cl6 as

wdeswroipsd i n Exanpl e 1. Results were obtai nedPar/us2006/030749
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Vﬁlue at B80RaE®OQYEYGi-gn was dergyved. BeSults ad.g6
shown in Table 22. 10 Exapple 25 - j

g_esti ng of Cm/néaoxsézg}vo SSZ-70 is believed to be a four
i mensi ongt nng zeot T e =ty ias T SETS O

di mensi onal I)ll%trlng por es B-§%9970 magﬁ%Jde by 606 i ng
tetraet hy o%@gtéﬁaﬁgge and tri@thyl borate at a @l
nolar ratio_of _18:1 with 1 molar saoluti of 15

diisopropyllnlda ~oliumto give a Si/tenplate nolar

f ' .
f gﬁlesg? é‘\C/)Sél tg lsﬁ‘%\gy gle? edr)m Yl\@dz tes %%(@E]%rﬁ ??%dgﬁﬁevzi%ﬂ;\%g? low i/n
t htiok,au@ the B-@&M-@rmﬁt&i&il|1s)prefdm&dfb@l§atae BAits higldctivity.
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water to achieve the H20/Si nolar ratio of 18. Finally

50% HF was aggs_iﬁlg?lgQ@M@@ratwntaadafe@ﬂng&m/fﬁsizulsa
bei ng used t € contents as It gels to give a
Si/F gol ar ratio 20 of 2. The reaction is then heated

150C Pt/ B- SSZ- 70, was pr red h
T AR VA §¥W weprred e Ganp gL Fiabiyshd)Sss7-13
t esteflils 090 withGhaehaRskd hrtrb NTEX altligunt comteswtise boric

were obtai ned at conversions near 80% and t he
| heidasédini hotleprsphratiens wasl m@asmed 89 % rimyel B¢ epmpgsifionxof the

28{9[?7@%54@ s E@rﬁ%&%ﬁg%flﬂ li)Aracbq%ﬁ‘%27(1iovrr\§))ari son

of Catalysts at 80% Hydroconversion of n-Cl6 to
Products Less than Cl16 Exanple 2 24 5 gfa al .
PERESHS 10/BSTHb0PHIBSEITOR STy 86t el huFaBeTbpcording

155 880 PSS A T SR T i
Chnikiure @r@bs6d 6113, @ngmmbimnn@éuom NINoRin@:lgyi-1- ce i /n

0.00 0.04 0.0
adamantylammon%um hydroxide and 41.15 gm of 0.28 molar N,N,N-trimethyl-1-

\_
WS

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 H,O and dried at

95°C to yield 31.53 gm boron SSZ-13 (X-ray analysis).

The measured boron and aluminum contents are 0.64 wt%. boron and 15 ppm

aluminum. The measured sodium content was 187 ppm.

Example 26B: This sample of boron-SSZ-13 was made hydrothermally according to
the following procedure. In a 23 cc Teflon liner, 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% SiO5) and 0.04 gm boron-SSZ-13

seeds then the mixture was thoroughly mixed. The resulting gel was capped off and
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C7 i/n 0.00 0.02 0.02 C8i/n 0.00 0.02 0.02 C9 i/n
0.00 0.01 0.02 C10i/n 0.00 0.02 0.03 C11 i/n 0.00

wO0200/009434 Cl2 i/n 0.00 0.01 0.02 C13 i/n 0. 00TWSO®6/030749

0.01 C4C13|/n0000i02002 Yields, wt % C1 0.06
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5 Gbs 11 2 8,69, (C6s 15.06 9.
~ 0 THEAulfRe sieBine §ud Blscta Fpind Spiained <G pvas diopoughly rinsed
Unwﬂlewatfa@a:l i0.d0ied & (i61d0L. 80 om-of BoddR- $
PCT/ US2006/ 030749 F\gtl 0 C34/°Cro13 %%:L%é 8).%23 %l?all-‘ém%a
i/n | owhigh DeItaOOOOOOOOO Per cent changeOO

gaﬁ%g%%ﬁl%d gﬁﬂ-{ éo‘?lt g Ryt 1510%;51}] 18";1 ggﬁg glmnne% contents

B-of$h4 &licoat aercll bﬁ)lrorl Ea@érﬁsf @l{d@d:umabalﬁﬁlrﬁfm bérﬁetﬁ'sﬁ&ﬁ& be below
activity. le 26 - Preparation and Testing of

Pt408- P@@zm@a&ky belgy 48 ppme d hemassireh seligm xenigat was 3569 ppm.
prepared and converted into Pt catalysts. SSZ-13 is

an 8-ring zeolite with the Chabazite structure. The

al RrepanationodibePit catflydthe boric acid used in both
preparati ons was neasured as < 5 ppm The conposition
of the Cab-OSil M5 was 3 ppm al um num and 7 ppm

S Q@atiHifim 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 until incipient wetness was achieved. The
incipient wetness volume required per gram of dry zeolite was calculated from the

weight difference.

For the real platinum 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 dissolved in that
volume of water, and the solution was injected into the Pierce bottle by syripge. 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-Cis as described in Example 1. Results were
obtained at conversions near 80% and the linearly interpolated value at 80%
conversion was derived. Results are shown in Table 23. These demonstrate that 8-
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 higher sodium
content in this sample which reduces activity. Thus, if sodium is added in an attempt
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| /49) Quete/then d@ded to the mixture. The Jiner was then capped and sealed in a 23-ml

steel Parr autoclave 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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Ci/n 0.09 .0.34 COi/n 0.11 0.46 Cl11 i/n 0.09
0.48 Cl12 i/n 0.11 0.57 C13i/n 0.11 0.70 C4-Ci13 i/n

wO0.206/0092% Yields, wt %Cl 0.93 0.98 C2 1.07PCT252000830749
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Uni dentified 0.00 0.Q0 -75 WO 2007/01945
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| Qlen BEIPENPoGRABNEE 2D difr8&ionSndicated the
eg%n%%%hﬁggﬁ’%@ g%gc?g%nonegnd Testing of P?/ B-MIT A

zealpld waopure ML st ruct ure having 1-di nensi onal

10-ring pores was prepared. 10 The preparation

consi sted of two parts: preparation of the seeds, and
tspl% RGP @k lellysef the catalyst. Pr epar ati on of

& I5Tn a 23 cc Teflon liner, g? cﬂng
0ATA ugpmgnaeqbcatplyst \&as&amll@ﬁ@ﬁé@rwqﬁiefoﬂmwt ROGpQpEytor Pt-

B oo LU B TR HE R g

t BafeFindfe DrrSRRESKIs oMamedas ofictd eainplesl ratherdlhnt roeasoredat e
a uni form suspension. 0.03g B-MIT seeds from a

previous synthesis (Si/B = 49) were then added to the

”}a‘fawsﬁes—[he liner was then capped and sealed in a
23=

The Pt catalysts were 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. 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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24 Test Results for |[Pt/B- MIT Catalyst \gg'lyst
Pt/B-MIT Sieve Strycfare 1D 10R
C4S 5.15
CSS 6.83
C6S 8.52
C-Ci3 72.05
iC16 4.25
Unidentified 0.00
Ratio C3+a/Cr-13 0.11
Cg i/n low-high
Delta 0.00
Percent change 0
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Cl3i/n 0.06 C4-C13 i/n 0.03 Yields, t# %Cl1 0.18
Cllp@radtng &EFigheSTrofsh Proddcts CSS 6. 83 C6s 8.52 C7-C13

72.05 iC 16 4.25 Uni dentified 0.00 Ratio C3+4/C7-13

0.11 C6 i/n lowhigh Delta 0.00 Percent change O
ﬁls%%g%éﬁ% h84rbed Q[e%%étﬁ&@%"&nv&t Braicadiregschiproducts
Fi scher Tropsch Products This enbodi nent describes a

pireb erdiesd fivel thaichas o comhination pf spREeT TiPlghavhPiOPEHGE it

y Peradisngs frstifenel ERbp AoficR AftRLatson of supertor

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. Heavy 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 a maximum amount of normal paraffins. Only the heaviest
materials are hydroisomerized thus giving an increased amount of normal paraffins

and a higher cetane number.

In Figure 1, a synthesis gas (5) is fed 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, or 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, etc., 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, 1 LHSV, and at a temperature to give 70 percent per pass conversion. The
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comprising solvent dewaxing, catalytic dewaxing, hydrotreating, hydrocracking,

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 selectivity of normal paraffins

during this isomerization is lower than the selectivity of other compounds. The
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relatlvely poorer selectivity of the normal paraffins

during this operation results in the production of

| ess val uabl e lighter products which typically include

m xtures of normal and isoparaffins. By selectively

converting the normal paraffins in the feed to
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or converting a hydrocarbonaceous feed
c ont ai nlungngfroeadibeate matecslar sievasontainsdessihpm2dppmby weight of
the presence of hydrogen to produce n-paraffin
producPs™MBW8r in nol ecul ar wei ght than the
ClO0+n-paraffins in the feed by 10 contacting the feed
under conditions conpri sing: nper at ur e bet we

680 andhs @m:esstaccqug%tg caingd \)(}é@ﬁmgbe 9 Hrogqulaﬁ ap éso/normal

C. LHSV 5 with a catalyst conprising a
(1) bor 6 %ﬁrggvgqggta uninobor05|licate nol ecul ar 15
sieve containing at |east 0.05 weight percent boron

I h 1
ar%ci 6%%etpr0%288 a%ggrd?ng to ¥alm 1 wherein the Cg product has an iso/normal

weight ratio of less than 0.05.

6. The process according to claim 1 wherein the Cg 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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process according to claim7 wherein the C13 product

has an iso/normal weight ratio of |Iess than 0. 1.
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process according to claim 10 wherein the at Group 8

netal is Pt. 15 12. The process accordl ng t ags\r,ge
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The pr%cess accor di erern the anount
of nmetal is betvveen O 1 20 and 3 wt % based on the
\N?h'ght T?l!: pltrorgzgssrtaglcoer%ynlg to cFalm 18 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 to 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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ChhonsTapresy egrordine o e 1 wHOSEbR 2R s 29 S qua

to 3. 35 -83 WD 2007/ 019457 PCT/ US2006/ 030749 5 19.

The process according to claim15 wherein the zeolite

i 21.sel Bod jpdcéss ansarding do daim & ohsrain thedeest is sejpctgd from the group

SSZ- 33, SSZ-46, .SSZ-53,.. S57- - b7 < .

Se7. sotonBRong ot Ik @ FigRs s Tafpdhbrs, B sorbingfigns thereot
MIT and HY. 20. The process according to claim19
wherein the zeolite is ZSM5. 10 21. ¥he process 0
a2 or dihyprosessiofeleim 1\ihehidrocarbpnapeauy fred confains gsy ol

t he grou onsi st | ack wax, Fischer Tropsch

pr oduck lgegﬁldoqi%%% %gitl?%(ﬁéénf hereof. 22. The process

of claim 1l the hydrocarbonaceous feed contains |ess

than 100 15 ch of | f d.nit L 23, T .
LR S LA R e i MO
XPOS Of 0 Sl HE nfallfinBnta MRG0 idRaddds fecd.

n- paraffin-contal ning hydrocar bonaceous feed. 20 24. A
process for converting a hydrocarbonaceous feed

containin reater than wt . 9% C10+n- I: [

pfesen éeprggae%ﬁ @H rCSBEﬂHP% a EY%YH brrRoTC %‘%a ?dly %fnftdﬁlﬁhg% l%f:btageti] Fhan 5
| over  {p ool & QU RHFiNSInahé plehare bhRydEodéopradicahfparsiin

in the feed %y contacting the feed under c dlilgn ab
conpr i piadgets dowerdnpentesular avebalyt e ihs o+ 87?&”%5’6‘1:‘? t ?gee y

b. pressuyr %m%?%% 33 uggerq:gﬁdiﬁg%g%ogﬁrgmg:p. LHSV bet ween

0.5 anf’%? ersi on o ins’in the feed to
smal | ep, n- panafdratos leitwan%o0and 809%wi th a catal yst
conprising (1) a borosilicaég 68‘ al um noborosilicate
mol ecubar  préssure 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% n
with a catalyst comprising (1) a borosilicate or aluminoborosilicate molecular
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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30 sieve containing at |east 0.05 weight percent boron
and | ess than 1000 ppm by weight of alum num or a
woib@Emaesisii cat e nol ecul ar sieve and (2) a G oupC®1US2006/030749

nmetal wherein the selectivity for the conversion of

5 rmxépar aftfe piscdssof tleinf 2edhemin thersélb@ivity-ipeadqual fd ergréager than
equal to or greater than 60% 35 25. The process of
cl ai m%ﬁ/"-v\her ein the selectivity is equal to or
greater than 80% -84 WD 2007/019457
PCT/ US2006/ 030749 5 26. The process of claim24
\ilfer ei Thetiirecese bfclbiny24 whersinethe a¢lectivityris gquahtosor grénder than
90% 29 The process of claim24 wherein the
sel ectt Pty is equal to or greater than 95% 10 28.

10 The process according to claim24 wherein the
borosilicate or alum noborosilicate nol ecul ar sieve

Adnt aLTise preesss e¢randing® gipim By wheseiprhe borosidicaigionum 15
29. T 2
por os P EapEosrF T aheBef pRUE oab L BRD bl eient o

cont aighgmieas than 20 ppm by wei ght of alum num 30.
The process according to claim24 wherein the C6
product has an iso/normal 20 weight ratio of |ess
e |

15 el e IR RABPEL RO PN Bk S rati o0
of | esaeturhhmbofms%ate Aol&2ar Flege poweias Esatmo20ippg hyoweight of
claim %4 wherein the C6 product has an iso/nornal
wei ght*Y a8 of | ess than 0.01. 33. The process
according to claim24 wherein the product further

conprises a C13 product having an iso/nornhal weight “
¥ i o Thegwotdsanac@rdiggtaadainewhetsinethe Caprastugi kg ap dso/normal

cl aim 33 C13 product has an iso/ nornal
20 wei ghtw?lgl\éms{l%f){] egss@a égh 0.5. 35. The process

according to claim 33 wherein the C13 product has an
i so/normal 35 \NEI(? ratio_of less than O. -85
31.  The process according to claim 24 wherein the Ce product has an iso/normal

weight ratio of less than 0.05.

25 32.  The process according to claim 24 wherein the Cs product has an iso/normal

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.

30
34.  The process according to claim 33 wherein the C;3 product has an iso/normal
weight ratio of less than 0.5.
35.  The process according to claim 33 wherein the C3 product has an iso/normal
35 weight ratio of less than 0.1.
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according to claim?24 wherein the G oup 8 netal is

weebwmied7f rom the group consisting of Pt, PdPCRWS2406/030749

10

15

20

25

30

35

Ru, Os and conbinations thereof. 37. The process
a85c or ditigprbeess haordiBGtodiamelwhéreinghe Groups Sretabisaelected from

he arfbs RIOUBRORBHE LUk fiolh B0 S Srilpaitgh g s,

the wei ght of the nol ecul ar sieve. 39. The process
according to claim36 wherein the amount of met aLi S
55t we FheQpracesanctoBling 8o Baitetd wherehethoet Grrupdtmetkis Pt.
nol ecul ar sieve. 15 40. The process according to claim
36 wherein the anount of netal is between 0.3 and 1.5

W0 bapiedn8fest heconBihg b clgin 3dehemlethe hmoust ef\eetaldd between 0.1

The process according to claim?24 wherejn the

nol ecuralrs wi% besadonghe weight ef the prplepplar $igxe.nr ocess
according to claim4l wherein the zeolite contains

pores less than or equal to 12 rings and a

digrensTgbbéy asdordihg o ¢lhian3®whegitathe amoiint ef3netdite between 0.1
process according to_cl aj mgfz wherein the pores are

Pess tams Bidgeal onte weight of the FRRleclzs Stove

di mensionality is greater than or equal to 2. 44. The

process according to claim42 wherein the i
digrensThapdocésg acforting tpdries 36 wherpiretie amouhbef etakig Ggiween 0.3

to 3. r 30_.45,, The, process .accqrdi t.o ¢laim4al

wher ei #1d hé “ﬂ‘g‘bl?qs'?‘iegr? g‘eé’@l%}gtoi g’efl}l(glﬁ?lflﬁresqe\%f oup

consi sting of SSzZ-13, SSz-33, SSZ-46, SSZ-53, SSZ-55,
SSz-57, SSz- 58, SSz-59, SSZ-60, $SZ-64, SSZ-70, . .
Z&M 5, THSMotdss at@rding MrTlaign a4 prvrein the mofgenlay sygdga zeolite.
according to claim45 wherein the zeolite is ZSM5. 35
47. The process according to claim 24 wherein the feed

i g7 5el eag BrbcbisaRtdimeas oldim 4¢ evisiein ihegeofitesbaieloswases less than
Fi scher Troi)sch products, and canbin tit?lns therfst%fl.
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process of claim24 wherein the hydrocarbonaceous feed
contains 1ess than 100 ppm each of sulfur and
Nits r 0g@Ne probe acttdingrioclass 43fwherein theppregrse snthaper equal fo

cat al yst has been exposed.ta sulfu ri to
cont act0inghan @e ﬁlrﬁ%s‘é’lnﬂlwlﬁ 5’???&? ﬂ[}aﬁé’ t 8hual 192
hydr ocar bonaceous feed.

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 SSZ-13, SS7-33, SSZ-46, SSZ-53, SSZ-55, SSZ-57, SSZ-
58, SSZ-59, SSZ-60, SSZ-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-3.
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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48.  The process of claim 24 wherein the hydrocarbonaceous feed contains less

than 100 ppm each of sulfur and nitrogen.

.49.  The process of claim 24 wherein the catalyst has been exposed to sulfur prior

10 to contact with the n-paraffin-containing hydrocarbonaceous feed.
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