WO 2011/ 068964PCT/ US2010/ 058723 | NCREASI NG OCTANE NUMBER OF LI GHT NAPHTHA
USI NG A GERVANI UM ZECQLI TE CATALYST SPECI FI CATI ON BACKGROUND COF THE

| NVENTI O\NWBI2ELID68¥64 THE | NVENTI ON: Thi s i nvention rel at epCT@saopnsgress f or
the increasing the octane nunber of a naphtha hydrocarbon feed having a
predom nantly paraffin content with a base-exchanged zeolite wth gernmani um
in the crystalline franework and with a noble netal deposited on the
zeolite, for exanple Pt/ CsGeZSM 5. DESCRI PTION OF THE PRI OR ART:

Naphtha is a m xture mainly of strai2ht-chai ned, branched and cyclic

al i phati c hydrocarbons, |ight naphtha having fromfive to nine carbon atons
per nol ecul e and - I 0.Nnine carbons per '

nol ecul e. Typi calrﬁy,UéA Et w%ﬁ%ﬁgﬁmgﬁgﬁ%h as cycl ohexane
and rnet hyl cycl opent ang,9 4h gﬂ“ REREABARYAE ns, such as hexane
and pentane. Light naphtha typically contains 60%to 99 % by wei ght of
paraffins and cycl oparaffins. Liﬁmﬂ@ can be characterized as a
petroleumdistillate having a nol ecul ar wei ght range of 70-150 g/rnol, a
specific gravity range oBAGKESRODNG OF A3{E BNWBNITIOY poi nt range of 50- 320F
and a vapor pressure of 5 to 500 mmHg (torr) at roomtenperature. Light
napht BERDIDEHBUNAIMENON: OMLarititaion kala@atdil 3o QaSih ARIGIRALE, . QL'

hydr ocarbons streans by a variety of processes, e.g.,

2011/ @68864RCT/ Q1 The er of a ligqui.

hydr ocar bon i s n?ﬁ% rrgggﬁrg%g%% fﬁt:eﬁehalvé-% %ﬁ%%&%%?@&%@ﬁ Barnt V‘l’lg? 4 Reteandar d
(spar kz Lgni tqi Lnternal conbustion ngi.ne. The higher this nunber, the

| ess Eﬁéshg@%%dl Z%plétk ?}éﬁt%‘?&mﬁ%}%% 3‘?%‘8?‘]3‘{%@“9 KABCRPHg X ph 6510bls reetgisiegosipdi t s
premature b r.nisfn in L@he combustion chanber). The octane nunber represents
a ni xPhPE 75PiEs B’g‘ﬁaﬁiﬁ Hifd<hdptane 5 having the sane antiknock
properties as the fuel, i.e., a hydrocarbon having an octane nunber of 92
has t R&ESSRIBINRORK T BRIGKARTe of 92% i sooct ane and 8% n-h. eptane. Th.e
octane nunber is often determ ned by neans of a standardi zed test, such as

ASTM 2699 dlaplABT s 27 OfhixtEenesahlly of 1@ OeLaRB8NURRELLS ah@cgy%g%egﬁ%ﬁ .
decreasing the linear paraffin content of the hydrocarbon. I e neans of

decr easirdgt e, Libine r i n 1 ocarbon s by isonerizing
t he pa?daf fins fr %m lgdriﬂelg%mﬁ%l‘iﬂng?ﬁg&l ?ﬁggﬁ q{n%)e g%gg%%gor%snp ?rymBl’e Hered. hegvs,

Pat en 4,007 discloses a catalyst and process for isaornerization of
a par g%ﬂf'h?f}]ai éa\{ﬁ%geé%?n oé;gvet ojfoo% - (Rt o] e}i‘m%@ﬂ n mvalf%zéﬁhb@ﬁph%@@éj@al yst
is a support of . an oxli de or hydroxjde of a Goup TVB netal (zirconium
titanf P AP 4y Rk ERe ﬁ%ﬁmﬁ@é]ﬁy%i@}??@@ai & year pelraenhed wirkfiing, qudingst en
15 conpound to forma strong acid and on which is deposited a phosphorus
conpotinkFxarian Rsnkne.ndreidgrpbiiadpiciie coztial $6% b DoUS e vdigi Be phraERRhZat | on
process to convert linear paraffins to isoparaffins. Anot her neans
of _dearbasiadind | rieamsphialchi heaQnotizal od NERIEAAIDAR i, ALELELENt | a
adsorption. U. S. Patent no. 7,037,422 discloses a process for producinc. 2,
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contacting a hydrocarbon feed stream

50-320°F and a vapor pressure of 5 to 500 mm Hg (torr) at room temperature. Light naphtha may

be obtained from crude oil, natural gas condensate or other hydrocarbons streams by a variety of

processes, e.g., distillation.



WO 2011/ 068964PCT/ US2010/ 058723 m xture of isomers of C5 and C6 paraffins
with a CFl zeolite, such as CIT-5, in an adsorption zone whereby the
branched weanarwswh the C5 and C6 paraffins are preferemrciraistyroassos bed
conpared to the staight chain isomers and recovering a naphtha product form
t he adsorption zone. Since for a given carbon nunber, the shortest, nost
branched i soner tends to have the 5 hi ghest octane nunber, increasing the
proportion of these high octane isoners in the hydrocarbon increases the
oct ane nunber of the hydrocarbon overall. The CFl zeolite can al so be a
hydroi soneri zafion catal yst. to selectively isonerize n-05 and n-C6 ﬁo

br anched i 5wnestane RGO 2 g8 BETGaPOR OR R Hl@éﬂ%f)glthesl%ﬁl%sq“ﬁila’tw Tm

pall adium iridiumor a mxture or platinumand palladium active for

hydr dhsmnier: gatiaen spddk-SmniRat mrma combpeRe;) 572indi St bigber hissiumblearthpiestess
10usi ng an ATC zeolite, such as SSZ-55. Anot her neans of decreasing
par af fifeptientie e Bfdrbhebdy@dr reakhen(dxpldbrasaned bziingpriheupasahhpns tho
aromatics. U S. Patent no. 6,083,3 79 discloses a process for desul furizing

and e %ﬁ%{ic CQ@% W%Ean@ynﬂ%w@r%g&ﬁs hydne6Rr Donsecdheskah akyshe i S @

zeolite, su an activity pronoter, such as a netal or neta

oxi de, of oups | LA, LA VA . 15Vl A, || . ni-B,. VB I r

VA | having € (R aiipbik PREETE st S16' i st P YRS BB e TP T erSiRrhg a
napht ha- cont ai ni ng hydrocarbon feedstream containing at,|east about 25 wt %
of C59% basche arnphBackes aTaseye P 8L o p RSP rioe BrFBRECWIPR OS AR AR HPYELS of a
ZSI VI -5 and a dehydrogenation netal, such as gallium zinc, indium iron,
tin osfiodewrmised dbycakralsysi sbepmiprdrodi frésedswitt s AAIFMupOILAr k@i Adleart h
nmetal, 20such as barium or an organosilicon conpound sufficient to

neut r gkih2@1b0%e WUnefnullter SUnhaesed WO 26ckd4068 964 RedH US2AT0/ Qh&R23fakt di C
sites. The aromati zation of the n-paraffins to aromatics results in a
higheﬁggg&gﬁﬁlrating of the resulting product. U.S. Patent no,

6, 177.374 discl oses a catal yst of oxides of silicon, zinc and al um num used

for the praoduction hi gh oct.ane_ar tic sugh .as b n I

¥91 encs, 1 DBRTHATL? dieR-gas FEan St B S SR EEEE e SO ERRe
catalyst is represented as. M1,0, X 203, Si02, .z 7 wher e _M.i

pr ot o%ﬂeéﬁwf‘éﬂs RomeRTap T nARGY Jimgir ooy oRHET @ﬁ%ée%-f %ggp%%&ﬁ ¥n 76‘%&6?&? y
and z is the nunber of nobles of Al,03. Si0O? and ZnO and yix (Si G)/ZnO

mol ar diseibi®)a csalystnandbeocssarfgl rgmicrisatios eba peodiiniy, feedspek dntobirt 251SH0, 016
di scl oses a ,process for catalytically desul furizing cracked 10 fractions

i n gasekhdBydbERbd. hyek odtsleatik agush@p ovah ehideediceso:oéd ahe GrombBfB fiatdl owed
by treatnment with self-bound or binder-free zeolite to restore |ost octane.

Li ght %?&BQW gengrabl %aﬁu@lﬁﬁ) RAiciC @R THebitign b OO hyOGtAREnY aiHes nMdshaut

reformng. Catalytic reformng can increase octane nunber by converting a

rtion of paraffins and cycl oparaff.i.ns.t t ' pe
5t or frng elia ga ot hadr FOTRBHUET L ReRREE g oo B PR B UPE
15 hydrotreating | owers the gctane nunber of the feed which s restaored b
conve PR SRIGERGNELHEHHEY 1HY ﬁ?gﬁ%ﬁ?ﬁe%?ﬁWEﬁ”%ﬁ?%ﬁ@mﬁﬁﬁﬁ PeDPHEUETY s,
e.g., selective cracking of heavy paraffins to lighter paraffins, cracking
of | ow wopaa@inpar af fi ns, generation of olefins, ring opening to yield high
oct ane conponents and dehydrocyclization and aromati zation of paraffins to
al kyl benzengsthe? means of decreasing linear paraffin content of the hydrocarbon is by preferential

adsorption. U.S. Patent no. 7,037,422 discloses a process for producing a high RON (research

20 method octane number, ASTM C2699) naphtha by contacting a hydrocarbon feed stream of a



WO 2011/ 068964PCT/ US2010/ 058723 It would be advantageous to have a
sul fur-tolerant catalyst for increasing the octane nunber of a naphtha
hydr ocar bwo 2baadsdsavi ng a predom nantly paraffin cont enPCTRSMIMBY7CF THE

| NVENTI ON 5The octane nunber of a naphtha hydrocarbon feed with a

predom nantly paraffin content is increased by contacting the hydrocarbon
feed with a catal yst which conprises a non-acidic geinianiumzeolite on
whi ch a noble nmetal, such as platinum has been deposited. The zeolite is
non-aci di c. Exanples of the zeolite structure are MW PER, MEL, TON, MRE,
MW M-I, BEA, MOR, LTL or MIT. In one enbodi nent of the invention the
zeol i trexthmsofasdvbrs st rilscandr @ pardffinThatht erGR1"Z28Me5%udhsasuSEJS | m dnhddsorption
Specification to mean a zeolite having a IvITl structure. The zeolite has
Si | i cophe QBEABNIHMaRdhe® RbiRRAbE Yhe a@l;UMI UM fabafiihe a6 yedrakhiane dsameqor k
of the zeolite structure. One exanple of the catalyst is an alum nosilicate

zeol i i e I . f q i e d
uch ERaE e G R e sl ot Ty b Bosh dapol faqrarg.
Pt/ CsGezZSM.5. This catal yst is,sulfur. tolerant.u 0, a level of 1000,ppmin
15t he“fdr 984T BT FE&Y .cal%or‘ nump, e RAAESH fn?:)‘?st[ ibﬁ%ﬁ;%%isisﬁﬁlero PRy %%Vr?b%g of a
hydr ocarbon feed conprising: a) contacting at conditions for concurrently

i SoneRigheEvigernpEYAbE inAeatBe NEGHaRARen Astheseteh eFtapes BABRTSZP Hy YEB&Pat f i ns
to nmore highly branched isoparaffins, cracking n-paraffins to smaller

n-i soparakés s, odety dnogenat ithg Hydtokanron arrtrals o- Thpa Cil fienBteapah also be a
dehydrocyclizing n-paraffins to aromati cs a 20hydrocarbon feed conpri sing

napht haghavines, £6mGaRlkanekctiwl ¥ ometiat al(shd GoUPid whitGed isoanrrsacitdicdl WO
2011/ 068964PCT/ US2010/ 058723 nedi um pore or |arge pore zeolite conprising

sil1con,;g ?x{af\?g:%h{é‘fﬂ ggxgiaal%ﬁ Qo ?ialti}ﬂumab%'lmdw PR hIch AiARLlL ﬁmﬁh&h ahas

been deposited; and recoverfng a hydrocarbon product. The naphtha feed

may hav C6- 08 content. of at .l east % .at | % or at .| east 50%
e Al B et O B RS R R P | 2tent 20,1 588 S Zﬁlugéscg)s%sr%/%‘f“gllai PIREss
hydrated al um nosilicate that may al so contain elenments other than al um num
arvd sitFirg8n AT £90iic Pyt ISne f ranewor k. The tetin "zeolite" includes not
only alum nosilicates but substances in which the alum numis replaced by

ot her tri vainetiter eteenent dgcreasthespdrsifiarmvatnt nf Wi ohirsiathonoln bysarempizacetheby
other tetravalent elenents. Cenerally, zeolites are structures of TO4

t et r ahedirens whielhatiodr mast Peee: dimensh onaldisvdisad kplyess har idagsl iy gerendt oms
where T represents tetraval ent el ements, such as silicon, and trival ent

el emen gy, HHC AR AL BY BonfRRld 1IR3 RhfrHEOM CALRLY S LS, chotk, hremBIEALi ON,
tol uené di sproportionation, transal’kvlation, hydrogenation and al kane

oligoneri.zation and aronmatization.  Sone zeolite Spr4 € | ky, t hose
cont ai hiwﬁé Y 3@“3%?5 p{ﬁrﬁl?terdes%(fz)ns?st od e}rai??’ 5[11}&%05( 3%%%%%}&%%?‘%’ Ii%’ gu ?Ill\f?‘ ’ VA,

15poi soni ng. A catal yst _of a germanium zeolite (Oe-zeolite) on which
ai%oblvé*‘)&’rg%aﬁ%éé’?’@éf&Vd@p%’sﬂped i s base-exchanged with an alkali netal O
al kaline earth netal to reduce acidity. The base-exchange nmay occur before
or after tR&Sndltast met af.2452depowiased.a Theessaffel yormiise us edpbibaichgriadse t he
oct ane nunber of natural gas condensate, |ight naphtha or raffinate from
ar omatygfoceibf aedds@dnanshtabingrat least about 25 wt% of Cs to Cs aliphatic and cycloaliphatic

hydrocarbons with a catalyst of a ZSM-5 and 2 dehydrbgenation metal, such as gallium, zinc,
indium, iron, fin or boron, said catalyst being modified with a Group ITA alkaline earth metal,

20 such as barium, or an organosilicon compound sufficient fo neutralize 50%-90% of the surface



20refinery or chem cal processes, provided such condensate, naphtha or
raffinate has a predom nant WO 2011/ 068964PCT/ US2010/ 058723 paraffin
content. WO 2011/06Bs4si | i con to alum num atom c rati o (Si PALjuSedionbs2zeol ite
is 40-rx,. One exanple, wthout limting the invention, is a Si:A, atomc
ratio in the range from40 to 500. Another exanple, without limting the
invention, is a Si:A, atomc ratio in the range from50 to 150. 5The
zeolite of the present invention is a nediumpore zeolite or |large pore
zeolite. The term "nmedium pore” in this Specification should be taken to
mean average pore size is in the range fromabout 5 to about 7 angstrons.
The t e&ific"shi8d. I PRb@atidfok BF e hifine & memasibotsditbe 4 kken ccanaeangayer age
pore size is in the range fromabout 7 to about 10 angstrons. It is
possigjleq_e i ‘Wﬁgﬁiﬁ ranges could overlap and a particular zeolite m ght be
consi dere ther a nmedi um pore zeolite or a large 10 pore zeolite.

Zeol ites havj an aver are, size of .l ess than about 5. | .e.

a "snal | p@r%‘r}gaf% Pt g’,ﬁ\?\ga‘?&iﬁgfb@t‘se%é ¢ H’éfai F'DeﬂgieselO Rer & Zﬁ%‘g %ﬁ&mglglglﬁnemﬁ
zeolite or a large pore zeolite. A small pore zeolite would not allow

mol ec ubesriotemuaiusHoR P! i B OHBN S BUTEE o FUTHE RfE4i e P U PRES pF SR GRLEY

e.g., benzene, ethyl benzene, toluene and xylenes, in its pores and
channehscorSemeteZ @} ()t aad Hyhvearthiio:. ditstdapadyst chaprastedhs WafhPek éntOsty 28,

e.g., MR has a 12-ring channel that is 7.0 x6.5 angstronms 15 as well as
an 8- b, GhRANRI is khadtoh Sndror aRESH I OrBionMitd the harnel ozdekiti@sndhi, ghnhave at
| east one channel which is within the ranges above for a nedi um pore

zeol | LenQl Al ANl 8 2801 LA £RISKASIEdsil I e S6OPR OhuABSl I t €S
useful for the present invention. Exanples  of medi umpore zeolites and

| arge pore zeol. t without Iimting the invention, are MFl, BEA, LTL, MOR
and S“%@*HBJ& 3ﬁg%iun1content of the zeolite is in the range from1. 0%
to 10. 0% by wei ght. One_ WD 2011/ 068964PCT/ US2010/ 058723 exanpl| e of

ger mani um ﬁtBﬁ@anOIhél%gﬁiﬁk%mﬁ§s?r%ﬁ?@ﬁS@%t%W%ﬂﬁ@ﬁthﬁéﬁﬁﬁF@ cracked e
noble nmetal is deposited on the zeolite by any known net hod of depositing a
et al fowtiensz @olgaicéine Tyjth cabydretrbotls 8Ep delpolsiredungs soavmeabumobe: Z@8bvee bar e

i on exchange and i npregnation. Deposition of the noble netal results in the
nobl e pltnddnt REINGIIFRSE RE bReler Ok Yedhc theessit fias @cohet Moz eaplithe ghutallal so
in the pores and channels of the zeolite. In one exanple of the present

I nventd,on :131525 E@ltﬁv\%?g ﬁlﬁjﬁt Bltah S vRLES 8okt IRiGAt aladStid Ridrhend and@clehem

0.05%to t- I n another exanple of the present invention, the

nobl e tal is fromO0.2%to 2% i.gh n,_an I l.e

ot al TEUR B 2 6L 00y b bt ket celoR PR feplit e

pl ati num palladium iridium rhodiu rut heni.um and conhj nati.ons thereof
10The P8I &VpF TERETBIZe SEALST A eFOFGHY | Eofné‘ﬂf%rc itﬁFf@.m- On eﬁ'g “HY "of the
term"non-acidic" in this Specification should be taken to nmean a zeolite
Vit ch hydsotivesme bases Secietangedmbiet hf the fagdkahichnstrediorsd baldkardrhes bar e¢atet al |
such as cesium potassium sodium rubidium barium calcium nmagnesium
|1t hi uinadRd piaXinsrie idhbesafe ndobdr geuivetsac i didlyctivBasarkingcdfarge pmyffikatee

pl ace during synthesis of the zeolite with an alkali netal or alkaline
earth @Eéﬂpa RY adaed 8Si0d SQIROPSMINRS perrdii JTEACHHORNTIOREMEL tOK;icBY
take plface wth a crystalline zeolite before, after or sinmltaneous with
deposi.t.i.;on of the naobl e al. The .zeol| iS4 - ; _ t ent
e R D Rt e e
or alkaline earth metal. An exanple of a nonoval ent base: al um num nol ar
ratio in the zeolite after base exchange is at |east about 0.9. In one
enbodi ment of the invention, cesiumis the alkali nmetal and is present in a
mbar ratio to



20al um numin the range fromabout 1 to about 2. WD

2011/ 068964PCT/ US2010/ 058723 Anot her neaning of "non-acidic" within

t he presewD 20nvesdeiton is an alum numfree zeolite. An alPamiuseemofossses zeol ite
need not be base-exchanged to be nonacidic. The alum numfree zeolite may
contain another tetravalent or trivalent element, such as titanium iron,
gal lium boron, germaniumor tin. "Alum numfree" has a neaning of having
al um num content of no More than 0.4 wt% Wthin the nmeaning and for the
pur poses of the present invention, a zeolite may be "non-acidic" by
exchange with a base or by havin I al um num.cant ent . ~The zeolite
may cont ai h“iﬁ’f*ﬂéirﬁ?tﬁg?’@t%ﬁeo i Y"eg?ﬂ%’é“?‘\g? KAROWE oF BHERSHie e $HEE @ BPS ot er s
or nodifiers are present in a catalytically effective anount, e,g., about
0.1 wef apphie hpdntalie fagoying aprofsinghtnthareedhie CoBREnpl es of pronoters or
nodifiers are rhenium iridium palladiumand tin. 10 The catal yst nmay be
supported on or bound with a material, such as a netal oxide; a m xed netal
oxi de, e.g., oxides of nagnesium alumnum titanium zirconium thorium
silicon or m xtures thereaqfppasgdapr ©IgNVERaOr or nontnorillonite;
carbon, e.g., carbon black, graphite, activated carbon, polyners or

charcoal ; netal carbi it | rhi ill.con
Carbi do or TPRGRt AT i B By Seed o S REMTLER BrflEn cBhE
boelunite, to change the 15physi cal properties of the catalyst. .,._The
hydrogﬁﬁﬁﬁﬁ'?%éﬁn%%V@CGﬁtgﬁﬁj Opugagﬁwﬁ%315ﬁ@yﬁpﬁ%“%nmgﬂﬁmé%ﬁoﬁVﬁﬁﬂ?cof
the invention, the hydrocarbon feed contains sulfur fromabout | pprn to
about g&oGnmpNTeckite embhishre ebbodicitbrtclors plaBoymtticeh derogisedny Hicoreakitsdh f eed
contains sulfur fromabout 10 ppmto about 100 pprn. 200ne particul ar
exanphen-afidia Hydmopanior polrertsicone prodayss, RERNYEL., 7601, iMRECRIVEMWSUFL s WO
2011/ 068964PCT/ US2010/ 058723 dehydrocycli zati on of al kanes to aromati cs,

e. 0., 86 416RKANES: LWOTRI B ESbodihcABEf thy RRESN e A0liene . aMH svbeRes, as
disclosed in U'S. Patent Application Publication no. 2008/ 0255398 publ i shed

t ob 0, 2 ,=»Ner i f; - I £ 44k | hzation
E?bcegée%?%hn esﬂbggP%%%Fh@%qgﬁgﬁ%%ﬁghgﬁgéﬁggggﬂgyé??ggaﬁgﬁyﬁggg%gegﬁgc;ive
ar omat

i CS. .. U S. Patent na. 784, 333,. hereby ji.ncorporated.b .
" of or GRUES i Bee T AR ARy BHO o R @?’F’%@Bﬁ%\ﬁ?‘wﬁ%iogm%%alﬁft e on
whi ch pl ati num has been deposited. The catalyst can be used in
ar onasirzsuko Ao fexamRinels ety i1e 4P | JJumBostipde iZ2adF JHVHR LHReNUE| RaRes,
such as propane. The catal yst may be a MET zeolite in which germaniumis
i ncor panatet which Hehéear yataktianged swhehorikis norecidicPinkdGe: ¥Bivk Platifie has
catal yst may be sulfided before or during the aromati zati on process.

Accor @if0ddRsitdaee b PPAGSEEoamTENdatiians, is anfexapheupto alwatal Wst pherint he
present invention would be represented as: Cs+2Pt0. 37 [ Si nbGe4Al 20222] - MFI

pr.es i i;on i ncreases octane nunber by several reaction
bhe tﬁ?ﬁ@%ﬁ{%‘éﬁ ey

nechani convert hydrocarbons having a relatively | ower octane
nunber to g%grocarb ns having a reIa%iv§I¥%75E%%her gct&pe.gunﬁenﬁmﬁn
Nonst oi chi ONEEFES R ST BENB L PR BEN PE L A HOTEERRATE HTRFE S AR £
at conditions for concwrrently isomerizing n-paraffins to isoparaffins, further isomerizing
isoparaffins to more highly branched isoparaffins, cracking n-paraffins to smaller n-isoparaffins,

dehydrogenating both n- and iso- paraffins and dehydrocyclizing n-paraffins to aromatics a

20 hydrocarbon feed comprising naphtha having C¢-Cy alkanes, with a catalyst comprising a non-acidic



bel ow. One exanple is isonerizing n-paraffins to isoparaffins, e.g., H3H3
HHHHHHHCHHHHHCH H 20HCG GGG CCGCGH4HCCGCGCCCGH H GG GGG H LI
H H 1-1 HvbHoHkasi#dHH Hexane2- m et hyl pent ane3- et hyl pent aoe/uSe2t1anss7azinber
25Cct ane nunber: 73Cctane nunber: 74 WD 2011/ 068964PCT/ US2010/ 058723

Anot her exanple is further

| soparaffins, H3H3H3H3 5HCHHHHHCH HHCHHH CHH 11 HCC C C CGH
HCCCGCCCGCHHCGCCGCGCHHCGCGCGCGCGH!HHITLIL HH HHHH H H H HHHCHHCHH
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medium pore or large pore zeolite comprising silicon, germanium and, optionally, aluminum on
which a noble metal has been deposited; and b) recovering a hydrocarbon product. The naphtha

feed may have a Cg-Cg content of at least 30%, at least 40% or at least 50%.

DETAILED DESCRIPTION OF THE INVENTION

Zeolite is & crystalline hydrated aluminosilicate that may also contain elements other than
aluminum and silicon in the crystaliine framework. The term "zeolite" inciudes not only
ajuminosilicates but substances in which the aluminum is replaced by other frivalent elements,
and substances in which silicon is replaced by other tetravalent elements. Generally, zeolites are
structures of TO; tetrahedra, which form a three dimensional network by sharing oxygen atoms
where T represents iefravalent elements, such as silicon, and trivalent elements, such as
aluminum. Zeolites are known catalysts for isomerization, foluene disproportionation,
transalkylation, hydrogenation and alkane oligomerization and aromatization. Some zeolite
catalysts, especially those containing a Group VIII deposited metal, are susceptible to sulfur
DOISONIng.

A catalyst of a germanium zeolite (Ge-zeolite) on which a noble metal has been deposited 1s
base-exchanged with an alkali metal or alkaline earth metal to reduce acidity. The base-exchange
may occur before or after the noble metal is deposited. The catalyst is used 10 increase the octane
number of natural gas condensate, light naphtha or raffinate from aromatics extraction and other

refinery or chemical processes, provided such condensate, naphtha or raffinate has a predominant

H H

I somerizing isoparaffins to nore highly branched



10H3H3 2-rnet hyl pent ane3- et hyl pent ane2, 3- di net hyl but ane2, 2-di r net hyl

but ane Cct ane nunber: 73Cctane nunber: 74Cct ane number: 99Cct ane nunber:

Anot her ewerpligesmw4cr acki ng n-paraffins to small er n-anecras2@anss7es ns,

e., ..
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paraffin content.

The silicon to aluminum atomic ratio (Si:Al>} of the zeolite is 40-e0. One example, without
limiting the invention, is a SitAl, atomic ratio in the range from 40 to 500. Another exampie,
without limiting the invention, is a Si:Al; atomic ratio in the range from 50 to 150.

The zeolite of the present invention is a medium pore zeolite or large pore zeolite. The term
“medium pore” in this Specification should be taken to mean average pore size is in the range from
about 5 to about 7 angstroms. The term “large pore™ in this Specification should be taken to mean
average pore sizé 1s in the range from about 7 to about 10 angstroms. It is possible that these ranges
could overlap and a particular zeolite might be considered either a medium pore zeolite or a large
pore zeolite. Zeolites having an average pore size of less than about 5 angstroms, i.e., a “small
pore” zeolite, would not be considered either a medium pore zeolite or & large pore zeolite. A smell
pore zeolite would not allow molecular diffusion of the molecules of the desired aromatic products,
e.g., benzene, ethyl benzene, toluene and xylenes, in its pores and channels. Some zeolites have
two distinct channels of different sizes, e.g., MOR has 2 12-ning channel that 1s 7.0 x6.5 angstroms
as well as an 8-ring channel than is <5 angstroms. Multichannel zeolites which have at least one
channel which is within the ranges above for a medium pore zeolite or a large pore zeolite are
considered within the scope of zeolites useful for the present invention. Examples of medium pore
zeolites and large pore zeolites, without limiting the invention, are MFI, BEA, LTL, MOR and
MTT.

The germanium content of the zeolite is in the range from 1.0% to 10.0% by weight. One

93
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Hexanen- pent anei sopent ane Cctane nunber: 25Cct ane nunber: 62Cctane nu
91 25 Hg HHHHHHHHHHH CH 1 HC GGG CGCGHAH GG G H 30H HI HHHHHHHHH HH_ H
H Hexanerwbubamss®ebut ane Oct ane nunber: 25Cct ane nunbePCTABRGubAsSET2nUNDeEr !
95 35 WD 2011/068964PCT/ US2010/ 058723

example of germanium content of the zeolite is from 3.5% to 6.0% by weight,

The noble metal is deposited on the zeolite by any known method of depositing a metal on a
zeolite. Typical methods of depositing a metal on zeolite are ion exchange and impregnation.
Deposition of the noble metal results in the noble metal being i)resent not only on the surface of the

5 zeolite but also in the pores and channels of the zeolite. In one example of the present invention,
the noble metal is present in the catalyst in the range from 0.05% to 3% by weight. In another
example of the present invention, the noble metal is from 0.2% to 2% by weight. In another
example, the noble metal is from 0.2 to 1.5% by weight. Examples of the nobie metal are platinum,
palladium, iridium, thodium, ruthenium and combinations thereof

10 The zeolite of the present invention is non-acidic. One meaning of the term “non-acidic” in
this Specification should bé taken to mean a zeolite which has been base-exchanged with an alkali
metal or alkaline earth metal, such as cestum, potassium, sodium, rubidium, barium, calcium,
magnesium, lithium and mixtures thereof, to reduce acidity. Base-exchange may take place during
synthesis of the zeolite with an alkali metal or alkaline earth metal being added as a component of
15 the reaction mixture or may take place with a crystalline zeolite before, after or simultaneous with
deposition bf the noble metal. The zeolite is base-exchanged to the extent that most or all of the
cations associated with aluminum are alkali metal or alkaline carth metal. An example of a
monovalent base:aluminum molar ratic in the zeolite after base exchange is at least about 0.9. In
one embodiment of the invention, cesium is the alkali metal and is present in & molar ratio to

20 aluminum in the range from about 1 to about 2.



Anot her exanpl e is dehydrogenating both n- and iso- paraffins, HHHHHH
HCCCCGCGGCGHS HHHHHH Hexane Cct ane nunber: 25 HHHHHH H G C C C C CGH

15HHHHHH Wexan@s@stiane nurmber: 25 H HHH HHHHHHHHHHHFI HPCIHUS2010/058723
HCCGCCGCCHHGCCCCCGCH I1I

Another meaning of “non-acidic™ within the present invention is an aluminum-free zeolite.
An aluminum-free zeolite need not be base-exchanged to be nonacidic. The aluminum-free zeolite
may contain another tetravalent or trivalent elernent, such as titanium, iron, gallium, boron,
germanium or tin, “Aluminum-free” has a meaning of having aluminum content of no more than
5 0.4 wt%, Within the meaning and for the purposes of the present invention, a zeolite may be “non-
acidic” by exchange with a base or by having a low aluminum content.
The zeolite may contain promoters or modifiers as are known in the art. These promoters or
modifiers are present in a catalytically effective amount, e.g., about 0.1 weight percent to about 1.0
weight percent. Examples of promoters or modifiers are rhenium, iridium, palladivm and tin.

10 The catalyst may be supported on or bound with a material, such as a metal oxide; a mixed
metal oxide, e.g., oxides of magnesium, aluminum, titanium, zirconium, thorium, silicon or
mixtures thereof, a clay, e.g., kaolin or montmorillonite; carbon, e.g., carbon black, graphite,
activaied carbon, polymers or charcoal; & metal carbide or nifride, e.g., molybdenum carbide,
siticon carbide or tungsten nitride; zeolites; a metal oxide hydroxide, ¢.g., boehmite, to change the

15 physical properties of the catalyst.

The hydrocarbon feed may contain sulfur up to 1000 ppm. In one embodiment of the
invention, the hydrocarbon feed contains sulfur from about 1 ppm to about 500 ppm. In another
embodiment of the invention, the hydrocarbon feed contains sulfur from about 10 ppm fo about 100

20 One particular example of a hydrocarbon conversion process using a zeolite catalyst is



HHHHHAHHHAHHH 1- hexene2- hexene3- bexene Cctane nunber: 70 Cctane
nunber: 87 COctane nunber: 87 H3H3 H CHHHHHCHH 111l HC-=CCCCHI1 HH
HH H H 2-wethilossdspent ene3- met hyl 1- pent ene Cct ane nunbecT/(8301QvsERe
nunber: 89 Anot her exanpl e is dehydrocyclizing n-paraffins to aromatics,
e.g.. HHHHHH 1i HHHHI TH

dehydrocyclization of alkanes to aromatics, e.g., Cer alkanes to aromatics, primarily benzene,
toluene and xylenes, as disclosed in U.S. Patent Application Publication no. 2008/0255398
published October 16, 2008, hereby incorporated by reference. The dehydrocvelization process

promotes cyclization and dehydrogenates cyelics 1o their respective aromatics.

¥

U.S. Patent no. 6,784,333, hereby incorporated by reference, discloses a catalyst of an
aluminum-silicon germanium zeolite on which platinum has been deposited. The catalyst can be
used in aromatization of alkanes, specifically, aromatization of lower alkanes, such as propane. The
catalyst may be a MFI zeolite in which germanium is incorporated into the crystalline framework,
1.e., Pt/Ge-ZSM-5. The catalyst may be sulfided before or during the aromatization process.

10 | According to the IUPAC recommendations, an example of a catalyst for the present
invention would be represented as:
| Cs™5Ptg a7 | [S1105GesAL 000 }-MF]
The present invention increases octane number by several reaction mechanisms which
convert hydrocarbons having a relatively lower octane number to hydrocarbons having a relatively
15 higher octane number. Nonstoichiometric examples of these reaction mechanisms are shown

below. One example is isomerizing n-paraffins to isoparaffins, e.g.,

H3 H3
HHHHHH HCHHH HHCH H
BEEEE RN NN
20 H-C-C-C-C-C-C-H > H-C-C-C-C-C-H + H- C-C-C-C-C-H
RN RN N
Hexane 2-methyipentane 3-methyipentane

Octane number: 25

Octane number: 73

10

Octane mumber: 74



Hexane Cctane nunber: 25 B enzene Cctane nunber: 123 201t shoul d be noted
that the chem cal reactions above are not chem cally bal anced but are

pr esent edwoaoHINGs9eH eact ant s and products in the processPpofi/ush@opsssent

i nvention of converting hydrocarbons having a relatively | ower octane
nunber to hydrocarbons having a relatively higher octane nunber. WO

2011/ 068964PCT/ US2010/ 058723 The catal yst of the present invention is
capabl e of concurrently functioning as an isonerization, cracking,

dehydr ogenati on and dehydrocyclization catal yst. The octane nunbers for the
above hydrocarbons are nunerical averages of the research octane nunber
(RON) and the notor octane nunber (MON) from ASTM Speci al Techni ca
Publ i cati on #225. "Knocki ng Characteristics of Pure Hydrocarhons". i.

( RON Angigr/egample is furtrgasqneaeegdsaresdidy menpighly WEW%W%%@H%F@M t han
C6- C8 al kanes and nonhydrocarbons, i.e., conpounds which are not
hydrocarH8ns. It may coHfain | ower al kanes, ¥luch as pent ane, f&hd hi gher
akkaneg] csugltHas nondlré CamdHdecane. The priacessifeed nay coHt @irhtd
|soparagﬂ|ﬂ§ ol efing, |napt henes and even gropmatics. Those conponents of

the fged whic _[@qug \et. CQ@ gl kal i es rramJ@eCr(y@I;qqcar bons HA@L@.@ C H
catalytlc y react om, ngcarbons or non y ro ar bons mhICW
Y

cat al yt nonrea inert, such a i nts. In on i ment the
rocesgkggééyﬁs naphth i'ng at |east 305,3/7I & al kanes. Cgiano her
Abodi ment_ t he process, fe%q i S napht ha Qay%' i%geast 4996 tgﬁg}yalkanes.
In anot ¥ EIrent YHENBIGRELS feed i“s- 5%#? “HSvi B0
C6- 05alknesumigTHE ar@ﬁ%ﬁ?%@#ﬁbn‘broceégmﬁﬁyﬂﬁémbéprlggcﬁﬁ?méﬁ‘5 P3 qui d
hourly space velocity in the range between 0.1 and 100 h, at a tenperature
in the range between 200 and 600C and at a pressure in the range between |
and 3ARofsi &ample is crackidfephnfentd onalkawvi-ag ibeenafieneral | y described, the
foll owi ng exanpl es are given as particul ar enbodi ments of the invention and
denonstrate the practice and advantages thereof, It 20is updgerstood that

P e exagggfﬁygg given by way of |Ilustrat|Q@{ﬁngare not intengded to limt

t he 964PCT/ US2010/ 058723 NN B
H—C—GC»C—C-C—H > H-C-C-C-C-C-H  + H-C-C-C-C-H
N R L[]
20 HHHHHH HHHY HH HEHH
Hexane n-pentane 1sopentane
Octane number; 25 Octane number: 62 Octane number: 91
25
H3
HHHHHH HHHEH HCH
IR ER RN Pl
H-C-C-C.C-C-C-H - H-C-C-C-C-H + H- C-C-C.H
30 Phdd | I
HHHHHH HEHH HHH
Hexane n-hutane 1sobutane
Octane number: 25 Octane number: 87 Octane number: 95
25

11



specification or the clains to follow in any manner. CATALYST PREPARATI ON
The catal yst used in the exanples was prepared according to the foll ow ng
procedur ewv020118w8e6i on #1 was made by diluting 15.84 g eCTAG26w/0%87bR0OH
solution with 131.25 g of deionized (D) water and subsequently dissol ving
7.11 g of germani um di oxi de. Solution #2 was made by diluting 3.84 g sodium
alum nate solution (23.6 Wt % alumna and 19.4 wt % sodi um oxi de) with
153.9 g DI water. Solution #1 was added to 150 g Ludox AS-40 (40 wt %
silicain a colloidal state) and vigorously stirred for 10 mnutes to
obtain a honogeneous m xture. Solution 2 was stirred into this m xture.

Af t er AlBherienempls iofehvirggmetiss agh batnidosy- pROBIA2 cg.of tetra-npropyl ammoni um
hydr oxi de (TPACH) was added and the m xture was stirred for 60 m nutes.

Fi nal | yii 128.1BR 1@ of gl aci alHageliilcHati d was Rdoed Hait he gel H B radj ust the
pH of the mxture to about 9:.:Thiss| nm xture was| ljoaded intg a 1 L |stainless

st eel paut-oelaye .@-ﬁd hﬁateg @tc t60&. tax 36@@%&@@ the st bigtd RGe=C. CCH
Sgbs e sol i ds obt ai qed Were fil red 1gﬂgmthe m)t her {5; quor and

ntly,
wat er. The r g solid wa ci ne 55 for
hour s éﬁgﬁ\% W|th air flowﬁé%HNF stru}g re O?II{the S I%i% CH
conf i PREdCby measurl ng the powddF*R -Ray dlffr'a DR pattern. exXeie
GeZSI\/I;)St“mb]P‘é%}ﬁFe as descri bEFSBETEET Wik m%gtﬁ%enw?q% 84 esns mesRen 87 0. 5M)
then filtered. The filtrate was then rewashed 3 nore tinmes with 0.5M CsNG3
and rinsed wwth distilled 2 Owater on the final filtering. The zeolite
powder was then cal cined for 3ihours at 280C if3air. WO

2011/ OGH%HHWHJSZOlO/ 058723 I%iRi Hwas addeHlyHimci pi ent wet ness

i mpregnati on, icarried out by adding drop-wse jajsolution of Pt(NH2)4(NB)2

di ssoly _@Q;mt[%_ et-9ni zeyl wage@_@,@_tt@_}ﬁs;epgc@@@g;e@ &¢ZSM5. The material was
dried f §ie In a 110C dryipn ‘oven t hen, cal 0| ned at 280C for 3 hours.

efore the catal yst p was pressed, and sized to 20-40 nesh.
rr%[e%%h? \(/emﬁ inert silicon

5si zed cat al yst m xed t cnB _of

car b| X?‘f’ﬁl ps. and_was pretr A 31\,\2? PHYEE £ or QW?EIH?H ¥Powi ng hydr ogen.
CATAL YSPqEgTPRG2Eat al ysts p %fﬁ%?rféﬁ’bﬁi‘] ?%eoﬁFa@E’ié‘HWP@% Sbove were tested as
foll ows: Catalyst particles, mxed with inert silicon carbide chips, were
| oadednbtitossampl 2t déhjrdmcu@znr@acp@afﬁn&@) #oggmesheri cal | y- bl ended |i ght

napht ha was nmade by cal cul ating a conposition based on a Pl ONA anal ysi s

di sclosed for a light naphtha in U S. Patent no. 6,884,531, weighing out
each conponeri ygimndiy Edually to obtain the desired nole.fraction and m xi ng
t he corrponentsﬁto nmake the feed mixture, which was i

of flow ng gg a tenperatur e_éof approxi mately 150C.] This gas
Se 'r!‘ﬂ[' 3 ugh t he reactaor, which was mal ned at 15 the
O

m xt ure wa
speci fied condi tli ons !in the tables bel ow. The reacti pr oducts were
le 1 below. The

anal yzed by gb¥ lERrd#at ography. Results are shown
oct ane nunitsxagancreased fromSi for the naphtha fee for the
r ef or r nat e.Octane number: 25

Benzene
Octane aumber:123

20 It should be noted that the chemical reactions above are not chemically balanced but are presented
to show reactants and products in the process of the present invention of converting hydrocarbons

having a relatively lower octane number 1o hydrocarbons having a relatively higher octane number.

iz



The octane nunber was estimted by using the pure conponent values for the
research octane nunber (RON) and the notor octane nunber (MON) from ASTM
Speci al TwolhmiiomBe20Publ i cati on #225, "Knocki ng Char act eciratseas/oss725ar e
Hydr ocarbons”. A nunerical average ftRON WO 2011/ 068964PCT/ US2010/ 058723 +
MON)/ 2] of each conponent was wei ghted by volunme to estimate the octane
nunber of the feed and of the refonnate. WD 2011/ 068964PCT/ US2010/ 058723
2.3 clinmethylbutane 99 3.2% 3.4% 2,2 clinethylbutane 93 2.1% 2. 6%

Met hyl cycl opentane , 86 3.4%

The catalyst of the present. invention is capable of concurrently functioning as an
isomerization, cracking, dehvdrogenation and dehydrocyclization catalyst. The octane numbers for
the above hydrocarbons are numerical averages of the research octane number (RON) and the

motor octane number (MON) from ASTM Special Techmical Publication #2235, “Knocking

tr

Characteristics of Pure Hydrocarbons™, i.e., (RON -+ MON)/2.

The process feed may contain hydrocarbons other than Ce-Cg alkanes and
nonhydrocarbons, i.e.. compounds which are not hydrocarbons. It may contain lower alkanes, such
as pentané, and higher alkanes, such as nonane and decane. The process feed may contain
isoparaffins, olefins, napthenes and even aromatics. Those components of the feed which are not
10 Cg-Cy alkanes may be hydrocarbons which catalytically react or hydrocarbons or nonhydrocarbons

which are catalytically nonreactive or inert, such as diluents. In one embodiment the process feed 1s

naphtha having at least 30% C4-Cy alkanes. In another embodiment the process feed 1s naphtha
having at least 40% Cs-Cs alkanes. In another embodiment the process feed is naphtha having at
least 309 Ce-Cy alkanes. |
15 The aromatization process may be carried out at a liguid hourly space velocity in the range
between 0.1 and 100 h™', at a temperature in the range between 20¢ and 600°C and at a pressure in
the range between 1 and 315 psia.

The invention having been generally described, the following examples are given as

particular embodiments of the invention and to demonstrate the practice and advantages thereof, It

20 1is understood that the examples are given by way of illustration and are not intended to limit the

13



4. 0% Cycl ohexane 80 2.6% 0. 0% 1- hexene 70 0.0% 1.4% 2- and 3-hexene 87 0.0%
4. 7% 2-MP rel ated olefins 91 0.0% 4. 4%

WO 2011/068964 PCT/US2010/058723

specification or the claims to follow in any manner.

CATALYST PREPARATION

The catalyst nsed in the examples was prepared according to the following procedure:

S Solution #1 was made by diluting 15.84 g of 50 wt % NaOH solution with 131.25 g of
deionized (DI} water and subsequently dissolving 7.11 g of germanium dioxide. Solution #2 was
made by diluting 3.84 g sodium aluminate solution (23.6 wt % alumina and 19.4 wt % sodium
oxide) with 153.9 g DI water. Solution #1 was added to 150 g Ludox AS-40 {40 wt % silicam a
colloidal state) and vigorously stirred for 10 minutes to obtain a homogeneous mixture. Solution

10 #2 was stirred into this mixture. After 15 miﬁutes of vigorous agitation, 10542 g of tetra-n-
propyl ammonium hydroxide (TPAOH) was added and the mixture was stirred for 60 minutes.
Finally, 23.32 g of glacial acetic acid was added to the gel to adjust the pH of the mixture to
about 9, This mixture was loaded into a 1 L stainiess steel autoclave and heated at 160°C for 36
hours with stirring. Subsequently, the solids obtained were filtered from the mother liquor and

15 washed with DI water. The resulting solid was calcined at 55¢°C for 6 hours in an oven with air
flow. The MFI structure of the solid was confirmed by measuring the powder X-Ray diffraction
pattern.

GeZSM-5, preparéd as described above, was washed with aqueous CsNO; (0.5M) then
fltered. The filtrate was then rewashed 3 more times with 0.5M CsNO» and rinsed with distilled

20 water on the final filtering. The zeolite powder was then caleined for 3 hours at 250°C in air.

14
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1% Pt was added by incipient wetness impregnation, carried out by adding drop-wise a solution
of Pt(NH,)4NO;3), dissolved in delonized water to the Cs-exchanged GeZSM-3. The material
was dried for ! hourina 110°C drying oven then calcined at 280°C for 3 hours.

Before testing, the catalyst powder was pressed and sized to 20-40 mesh. 2.16 em’ of the
sized catalyst was mixed with 5.84 cm® of inert silicon carbide chips and was pretreated at 460°C
for 1 hour in flowing hydrogen.

CATALYST TESTING

Catalysts prepared by the procedures above were tested as follows:
Catalyst particles, mixed with inert silicon carbide chips, were loaded inte a %27 OD plug reactor.
A synthetically-blended light naphtha was made by calculating a composttion based on a PIONA
analysis disclosed for a light naphtha in U.S. Patent no. 6,884,531, weighing out each component
individually to obtain the desired mole fraction and mixing the components to make the feed
mixture, which was vaporized into a stream of flowing hydrogen at a temperature of
approximately 150°C. This gas mixture was passed through the reactor, which was maintained at
the specified conditions in the tables below. The reaction products were analyzed by gas
chromatography. Resulis are shown in the Table 1 below. The octane number increased from 51
for the naphtha feed to 95 for the reformate.

The octane number was estimated by using the pure component values for the reséarch
octane number (RON) and the motor octane number (MON) from ASTM Special Technical

Publication #225, “Knocking Characteristics of Pure Hydrocarbons”. A numerical average [(RON

15

.84 0.0% 2. 8% Benzene



0. 5% n-but ane 870.0% 1. 7% | sobut ene 950.0% 0. 3% Table : Change in
conposition due to reformng. Catalyst: 1% Pt/ CsGeZSM5 LHSV = 2.0, T 525C,

P = 1 at nwoHB1imgsacecar bon nolar feed ratio ----- 0. 45 EpCrnst@d/ossseane
nunber of feed naphtha is 51 Estimated octane nunber of refoiwate is 95 WO
2011/ 068964PCT/ US2010/ 058723 Concentrations of |ow octane conponents,

such as n-hexane, 2-nethyl pentane and 3- nethyl pentane, have been decreased
from87.4%to 26.2% The concentrations of high octane conponents has
increased (2,2 and 2, 3-di net hyl butane: 5.3%to 6.0% benzene: 1.4%to

38.5% n-butane, isobutene and isopentane: 0.0%to 2.5% cyclic and
br anc hédOdli@t pheach seipongst was weighted by volume to estimate the octane number of the feed

and of the reformate.



5net hyl pentane rel ated ol efins, 3-nethylpen ane rel ated ol efins,

nmet hyl cycl opent enes and i sobutene: 0.0%to 16.09% . Fuel standards nmay
limt thewarmunisswh ol efi ns that are present in gasoli necarnub2omepssiesui r e
that sonme or all of the olefins are hydrogenated to the correspondi ng
paraffins. Table 2 shows the cal cul ated conposition and octane nunber of
the product streamif all of the ol efins were hydrogenated. The octane
nunber woul d be increased from51 for the naphtha feed to 89 for the reform
ate, WD 2011/068964PCT/ US2010/ 058723 Conpound (RON 4- MON)/2vol %in feed

vol % in reformate n-nexane 2551. 8% 11. 5% 2- net hyl pent ane 7315. 4% 15 5%
3-net hyl pent ane 7420. 2% 18. 8%

compound | (RON +MON)2 vol %infeed | vol % in reformate |
n-hexane 25 51.8% ; 5.2% \
2-methyipentane 73 | 15.4% 1 11.0% j
3-methylpentane 74 20.2% | 10.0%
F 2.3 dimethvibutane 99 32% | 3.4% ‘
at ’ ;
2.2 dimefhylbutane 03 | 2.1% | 2.6%
Methyleyclopentane 86 3.49% 1 4.0%
| Cyclohexane | 80 2.6% %‘ 0.0%
] 1-hexene j 70 0.0% 1 1.4%
| 2- and 3-hexene } 87 ] 0.0% J‘ 4.7%
2-MP related olefins 91 | 0.0% | 4.4%,
| 3-MP related olefins 89 \ 0.0% | 8.5%
MCP related olefins | 84 0.0% é 2.8% |
l Benzene 123 1.4% 38.5% L
n-pentane 62 0.0% 0.9%
] Isopentane 91 0.0% | ¢.5%
n-butane 87 0.0% i 7%
T sobutene 95 0.0% { 0.3%

Tabie 1: Change in composition due to reforming.
Catalyst: 1% Pt/CsGeZSM-5
5 ' LHSV =2.0, T=1525°C, P =1 atm.
Hy/bydrocarbon molar feed ratio = (.45
Estimated octane number of feed naphtha is 51
Estimated octane number of reformate is 95

17



2, 3 dirnet hyl butane 993. 2% 3. 3% 2, 2 di net hyl butane 93 2.1% 2. 6%
Met hyl cycl opent ane 86 3. 4% 6. 9% Cycl ohexane 80 2. 6% 0. 0% Benzene 123

10
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Concentrations of low octane components, such as n-hexane, 2-methyipentane and 3-
methylpentane, have been decreased from 87.4% to 26.2%. The concentrations of high octane
components has increased (2,2 and 2,3-dimethylbutane: 5.3% to 6.0%, benzene: 1.4% 1o 38.5%,
n-butane, isobutene and isopentane: 0.0% to 2.5%, cyvclic and branched olefins, such as 2-
methylpentane related olefins, 3-methylpentane related olefins, methyleyclopentenes and isobutene:

0.0% to 16.0%).

Fuel standards may limit the amount of olefins that are present in gasoline and may require
that some or all of the olefins are hydrogenated to the corresponding paraffins. Table 2 shows the
caleulated composition and octane number of the product stream if all of the olefins were
hydrogenated. The octane number would be increased from 51 for the naphtha feed to 89 for the

reformate.



1.4% 38. 0% n-pentane -67 0.0% 0.9% i sopentane 91 0.0% 0. 5% n- butane 87 0. 0%

1. 7% | sobut ene 95 0. 0%
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Compound (RON + MON)/2 vol % in feed vol % in reformate i
n-hexane 25 51.8% 11.5% JII
2-methylpentane | 73 15.4% ? 15.5% |
3-methylpentanc 74 | 20.2% | 18.8%
| 2.3 dimefhylbutane 99 | 3.2% | 3.3%
2.2 dimethylbutane | 93 | 2.1% | 2.6%
| Methyleyclopentane | 86 | 3.4% 6.9% |
Cyclohexane 80 | 2.6% 0.0%

Benzene 123 | 1.4% 38.0%
n-pentane 62 { 0.0% 0.9%
Isopentane 91 \ 0.0% 0.5% |

n-butane 87 \ 0.0% 1.7%
Isobutene 93 ‘\ 0.0% 0.3%

Table 2: Change in composition due to reforming — product olefins hydrogenated
Catalyst: 1% Pt/CsGeZSM-5
LHSV = 2.0, T=2525°C, P =1 atm.
Hi/hvdrocarbon molar feed ratio = 0.45
Estimated octane number of feed naphtha s 51
Estimated octane number of reformate is 89

Because of its significant value as a chemical intermediate, benzene may be extracted from
reformate. Table 3 shows the calculated composition and octane number of the reformate if all of
the benzene were removed. The octane number would be increased from 51 for the naphtha to 78

for the reformate.
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0.3% Table 2: Change in conposition due to refoimng - product ol efins
hydr ogenated Catal yst: 1% Pt/ CsGeZSM5 LHSV = 2.0, T = 525C, P -- 1 atm
5H2/ hydr owerbomesswhar feed ratio - 0.45 Esti mated oct anecmursben/os§725 eed
naphtha is 51 Estimated octane nunber of reformate is 89 Because
of its significant value as a chem cal internediate, benzene may be
extracted from 10refothiate. Table 3 shows the cal cul ated conposition and
oct ane nunber of the reformate if all of the benzene were renoved. The

oct ane nunber would be, increased from51 for the naphtha to 78 for the

reformate. WO 2011/ 068964PCT/ US2010/ 058723 conpound (RON MON)/2vol % in
feedvol % in refornme n-hexane

compound (RON + MONY2 I vol % in feed | vol % in reformate
| n-hexae 25 | 51.8% 8.5%
| 2-methyipentane 73 15.4% | 17.9% |
3-methylpentane 74 20.2% 5 16.3%
| 2.3 dimethylbutane 99 ; 3.2% 5.5%
| 2.2 dimethylbutane 93 2.1% 4.3%
| methyleyciopentane | 86 | 3.4% | 6.4%
cyclohexane | 80 2.6% 0.0% i
| I-hexene 70 | 0.0% 23% !
| 2-and 3-hexcne 87 | 0.0% | 7.7%
| 2-MP related olefins | 91 | 0.0% | 7.1%
3-MP related olefins | 89 | 0.0% | 13.7%
| MCP related olefins 84 0.0% 4.6% |
‘ benzene | 123 | 1.4% 0.0% ‘;
n-pentane ﬂ 62 0.0% i} 1.5% 1
isopentane 91 } 0.0% j 0.8% J
n-butane | 87 ] 0.0% 2.8% |
isobutane ‘ ' 95 0.0% | 0.5%

Tabie 3: Change in composition due to reforming — benzene extracted for chemical use
Catalyst: 1% Pt/CsGeZSM-5
LHSV =20, T=3525°C,P =1 atm.
Ha/hvdrocarbon molar feed ratio = (.45
Estimated octane number of feed naphtha is 51
Estimated octane number of reformate is 78
1t should be noted that ever though there is no benzene in the product, the octane number

{91



2551. 8A8. 5% 2- net hyl pent ane 7315. 4% 17. 9% 3- net hyl pentan_e 74 20.2% 16. 3%

2,3 dinmeth.yl butane . 993.2%5.5% 2, 2 di net hyl but ane 932. 1% 4. 3%
r net hyl cywbaepamissgse 863. 4% 6. 4% PCT/US2010/058723

Sl
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has increased. Therefore, the increase in octene number is not due only to the increase i
aromatic content from aromatizing n-paraffins, but also from isomerizing n-paraffins to
isoparaffins, further isomerizing isoparaffins to more highly branched isoparaffins, cracking n-
paraffins to smaller n-isoparaffing and dehydrogenating both n- and iso- paraffins. Concentrations
of low octane components, such as n-hexane, 2-metylpentane and 3-methylpentane, decreased and
the concentrations of high octane components, such as 2,2 and 2,3-dimethylbutane, n-butane,
isobutene, isopentane, 2-methylpentane related olefins and 3-methylpentane related olefins, and
methyicyclopentenes, increased. This data demonstrate that the process and catalyst of the present
invention embodies mechanisms other than aromatization of paraffins.

The catalyst of the present invention may be in a series process with 2 conventional acidic
reforming catalyst, such as a Group VI metal on an oxide support, e.g., platinum deposited on
alumina or silica to reform a hydrocarbon feed having a linear Cg-Cq alkane content of at least 25%.

The conventional acidic reforming catalyst may contain a promoter, such as rhenium, fin, cobalt,
nickel, iridinm, rhodium, ruthenium and combinations thereof. In one embodiment, the acidic
reforming catalyst would be platinum and either rhenium or iridium deposited on alumina. Either
catalyst may be the first catalyst in the series process. In one example, an acidic reforming catalyst
comprising platinum deposited on afumina or silica is the first catalyst and a non-acidic mednum
pore or arge pore zeolite comprising silicon, germanium and, optionally, aluminum on which a

noble metal has been deposited comprising Pt/CsGeZSM-5 is the second catalyst.



cycl ohexane 80 2.6% 0. 0% 1- hexene 700.0% 2. 3% 2- and 3-hexene 87 0.0% 7. 7%
2-MP related olefins 91 0.0% 7.1% 3-MP rel ated ol efi ns 89
WO 2011/068964 PCT/US2010/058723

Numerous modifications and variations of the present invention are possible in hight of the
above teachings. 1t is o be understood that, within the scope of the appended claims, the invention

may be practiced other than as specifically described.
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0.0%3. 7% MCP rel ated ol efins 84 0.0%. 6% benzene 123 1. 4% ). 0% n- pent ane 67
0.0%l. 5% i sopentane 91 0. 0%0. 8% n- but ane 87 0. 0%. 8% i sobut ane
WO 2011/068964 PCT/US2010/058723

WHAT IS CLAIMED AS NEW AND DESIRED TO BE SECURED BY LETTER OF PATENT
OF THE UNITED STATES OF AMERICA IS:

1. A process for increasing octane number of a hydrocarbon feed comprising:

a} contacting at conditions for concurrently isomerizing n-paraffins to isoparaffins, further
isomerizing isoparaffins to more highly branched isoparaffins, cracking n-paraffins to smaller n-
isoparaffins, dehydrogenating both n-paraffins and ise-paraffins and dehvdrocyclizing n-paraffins to
aromatics a feed comprising naphtha having C¢-Cy alkanes with a catalyst comprising a non-acidic
fnedium pore or large pore zeolite comprising silicon, germanium and, optionally, aluminum on
which a noble metal has been deposited; and

b) recovering a hydrocarbon product.

2. The process of Claim 1 wherein the zeolite is a medium pore zeolite.

3. The process of Claim 2 wherein the average pore size is m the range from about 5 to about 7

angstroms,

4. The process of Claim | wherein the zeolite has a Si/Al; atomic ratio of 40-500.

5. The process of Claim 1 wherein the zeolite has a S1/Al; atomic ratio of 50-150.



95 0.0%0.5% Table 3: Change in conposition due to reformng - 'benzene
extracted for chemcal use Catalyst: 1% Pt/CsGeZSM5 LHSV = 2.0, T 525C, P
= 1 atm wekbhydswaar bon nolar feed ratio ------ 0. 45 EpCrnst@d/ossseane
nunber of feed naphtha is 51 Estinmated octane nunber of reformate is 78 It
shoul d be noted that even though there is no benzene in the product, the
oct ane nunber WO 2011/ 068964PCT/ US2010/ 058723 has i ncreased. Therefore,
the increase in octane nunber is not due only to the increase in aromatic
content fromaromatizing n-paraffins, but also fromisonerizin.g

n- par af fiihe grdessi S eRakaf fhas; ul 1700 ) raffins t r

hi ghl y braﬁched iSopar2???§?f3%?%§§?ﬁg§%?%%?g%??ﬁ%gﬁg%gﬁgﬁ?g?ge%BEPL@%

n-i sopaf@d fins.;gpd dehydrogenating both n- and iso- paraffins.
Concentrations % of |ow octane conmponents, such as n-hexane, 2-netyl pentane
and 3-net hyl pentane, decreased and the concentrations of high octane
conponents, such as 2,2 and 2, 3-di net hyl but ane, n-butane, i sobutene,

i sopent ane, 2-nethyl pentane rel ated ol efins and 3-inethyl pentane rel ated

ol ef i As,Thampcatst Hyleye bopentie fiesgernmuneasedtnt Tiis: datia id&mrnssratest bat the
process and catal yst of the present invention enbodi es nechani sns ot her

t han aewhati zati on of paraffins. The catal yst of the present invention
may be in a series process with a conventional acidic reform ng catalyst,
such as a Goup VIIl nmetal on an oxide support, e.g., platinumdeposited on

alumna or silica to reforma hydrocarbon feed having a |inear C6-Cs al kane
cont ept - 25% e.conyventional acidic reforn.ng catalyst nmay
cont aig]'nTgé'%?%eﬁtg)ts f:?%anéﬁcu%]hegés?& SEPam “‘?@i‘ﬁ?“eé%%éﬁ ¢ 145ee Retr oM G0 i %%r hodi um
rut heni um and conbi nations thereof. In one enbodi nent, the acidic s
reform ng catal yst would be platinumand either rheniumor iridium
deposited on alum na. Either catalyst may be the first catalyst in the
seri e$ proresss of Glagnd véxapthe nobls retdlds preset: ar i nange af BbyiSL2%C @NPY:i Si g

pl ati num deposited on alumna or silicais the first catalyst and a
non-aci di ¢ nedi um pore or | arge pore zeolite conprising silicon,
2eillianiumand, optionally, alum numon which a noble netal has been

deposid. eThReaki §f MEinld AGHEEZIMFolb 3 h1Gs H26A0H GRLALY S 5089 20 1o 1.5%

1. The process of Claim 1 wherein the noble metal is platinum.

i2. The process of Claim 1 wherein the zeolite is non-acidic by base-exchange with an alkali metal

or alkaline earth metal,

3. The process of Claim 12 wherein the alkali metal is cesium present in a molar ratio to

alurinum in the range from about 1 to about 2.
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WO 2011/ 068964PCT/ US2010/ 058723 Nurmer ous nodifications and vari ations
of the present invention are possible in |light of the above teachings. It
is to be woderigiseawsd t hat, within the scope of the appeneet/ush@ionss72s he
invention may be practiced other than as specifically described. WO

2011/ 068964PCT/ US2010/ 058723 WHAT IS CLAI MED AS NEW AND DESI RED TO BE
SECURED BY LETTER OF PATENT OF THE UNI TED STATES OF AMERICA IS: |. A
process for increasing octane nunber of a hydrocarbon feed conprising: a)
contacting at conditions for concurrently isornerizirtg n-paraffins to

i soparaffins, further isonerizing isoparaffins to nore highly branched

i soparaffin.s, cracking n-paraffins to snmaller nisoparaffins,

dehyd ating b .n-paraffins and iso-paraffins and dehydraocyclizing

n- par g%?ﬁl %sp P %e%% ]g[r:rgafrpés“%er?%é}ﬁf oWt |§°§ “ﬁ%epﬂ%ﬁlf VI GAIEES05 2t Katif es
W th F‘l cgt al yst conprising a non-acidic rrpﬁ?i um pore or |large pore zeolite
conpr P RGPase etasHy ngeF rRat beivasrd)- | ept 1 OmBl 1y, al umi num on which a nobl e
nmetal _ has been deposited; and b) recovering a hydrocarbon product. 2.
The process of Claiml wherein the zeolite is a nedium pore zeolite. 3.
The process of Caim2 wherein the average pore size is in the range from
about 15 Tiee phetls 7f SNGSLT OMBrein 4he dhCadrReRsS Ok flakmnk wheheln: the .
zeolite has a Si/Al2 atomic ratio of 40-500. 5. The process of° Claim]l

wher e dohgir2 ok 1.2 D BSwReShd 1c ratio of 50-150. WO
2011/ 06§’§64lgCT/ us2010/ 05867% ﬁgﬁ 6$ggfnpr ocess of Claiml wherein the

germani um content of the zeolite is in the range from1.0%to 10 % by
weight. 7. The process of Claim6 wherein the gernmani um content of the
zeoli&éelis from3,5%to 6% by wei ght

1

he process of Clazm 1 wherein the contact between the alkane and the catalyst is at a liquid
howrly space velocity in the range between 0.1 and 100 7, at 2 temperature 1n the range between
200 and 600°C and at a pressure in the range between 1 and 315 psia.
17. The process of Claim | wherein the zeolite has an MFI siructure.
18. The process of Claim 1 wherein the feed additionally contains sulfur up to 1000 ppm.

19. The process of Claim I wherein the catalyst is supported or bound.

20. The process of Claim | wherein the catalyst is of the formula:

| Cs" Pty | [51105Ges Al G -MFI
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8. The process of Claim1l wherein the noble netal is present in the range
of fromO0.05%to 3% 9. The process of Claim8 wherein the noble netal is
present iwotha/msgsge of from 0.2% to 2% 10. The proce®sTafS2@assm®
wherein the noble netal is present in the range of fromO0.2%to 1.5% 11.
The process of Claim1 wherein the noble netal is platinum 12. The
process of Claiml wherein the zeolite is non-acidic by base-exchange with
an alkali netal or alkaline earth netal. 13. The process of Caim12
wherein the alkali metal is cesiumpresent in a nolar ratio to alum numin
the range fromabout | to about 2. WD 2011/ 068964PCT/ US2010/ 058723 14.
The process of Caiml wherein the contact between the al kane and the
catalyst is at a liquid hourly space velocity in the range between 0.1 and
100 h2ll The p®cesThé (hrimcesdesin Geaierlitt opperistnadieonebriemerts betigam. tie,

al kane and the catalyst is at a tenperature in the range between 200 and
600C. gaillifrn, bbhe: priocess of Claim 1 wherein the contact between the al kane
and the catalyst is at a liquid hourly space velocity in the range between
0.1 and 100 h-1, at a tenperature in the range between 200 and 600C and at
a pressure in the range between 1 and 315 psia. 17. The process of Caiml
wher ei he_zeol | ha " i . e process of Caiml
vvhere?% ’tkﬁéjr?cgés ftacg i f%ﬁ%ﬁ%@%ﬁ?ﬁ%ﬁ%ﬁzﬁg‘gto 1000 ppn-i. 19. The
process of Claiml wherein the catalyst is supported or bound. 20. The
process of Claim1l wherein the catalyst is of the fornula:

CS42Pt O[ Si i 05Ge4Al 20222] - ME WD 2011/ 068964PCT/ US2010/ 058723
23. The process of Claim T wherein the hydrocarbon feed comprises naphtha having at least 30%

C¢-Cy alkanes,

24. The process of Claim 1 wherein the hydrocarbon feed comprises naphtha having at least 40%

{g-Cq alkanes.

25. The process of Claim 1 wherein the hydrocarbon feed comprises naphtha having at least 50%

Ce-Cg alkanes.

26. The process of Claim 1 wherein the feed additionally comprises higher and lower alkanes,

wsoparafiins, otefing, napthenes and aromatics.

27. The process of Claim | wherein the feed additionally comprises pentane, nonane, decane and

nonhydrocarbons which are catalvtically nonreactive or inert.
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21. The process of Caiml wherein the zeolite conprises additional
el ements of titanium iro gallium boron or tin. 22. The process of Caiml
wher ei n twe 20atmBysst is Pt/ CsGeZSM 5. 23. The process eCT@saiwioss7amer ei n
t he hydrocarbon feed conpri ses naphtha having at | east 30% C6-C8 24. The
process of Claim| wherein the hydrocarbon feed conprises naphtha having at
| east 40% C6-C8 25. The process of Claiml wherein the hydrocarbon feed
conpri ses napht ha having at |east 50% C6-Cs al kanes. 26. The process of
Claim|l wherein the feed additionally conprises higher and | ower al kanes,
i soparaffins, olefins, napthenes and aromatics. 27. The process of Claim]l
wherein the feed additionally conprises pentane, nonahe, decane and
nonhydr ocar bons which are catal ytically nonreactive or inert. WO
2011/ D688 6AREF/fUSROLA Q58723 n2BbarAf phpdessrbbofeddmompasingg oct ane nunber of
a hydrocarbon feed conprising: a) contacting a hydrocarbon feed having a
C6- C8ajalokakignLOM @Mt fadd Haesta G0% kit @nfdnt 81 at¢akad s vidta Bendidiysons to
forma reforned product; and b) contacting the reformed product with a
Seco”ﬁc%@&j%ﬁé%f&&%re@m@%?&\éﬁ&i:Hﬂ a hydrocarbon product, wherein one
catal yst conprises an acidic reform ng catalyst conprising a Goup VI
met al . on _an.oxi de .support, and. .wherein the other catalyst is a non-acidic
medi ufi ‘i%‘?aémiﬁt'h? Bﬁfﬂggggf%dufte%]lﬂ??%ec%dr}f)afiggftnadldgi | i con, genuani um and,
optionally, alum numon which a noble netal has been deposited. 29. The
pr ocesseRfv et IYPeaitve et he aci di ¢ refornming catal yst conprises
pl ati num deposited on alum na or silica.

wherein one catalyst comprises an acidic reforming catalyst comprising a Group VIII metal on an

oxide support and
wherein the other catalyst is a non-acidic medium pore or large pore zeolite comprising silicon,

germanium and, optionally, aluminum on which a noble metal has been deposited.

26. The process of Claim 26 wherein the acidic reforming catalyst comprises platinum deposited

on alumina or silica.

30. The process of Claim 29 whersin the acid reforming catalyst additionally comprises rhenium,

tin, cobalt, nickel, iridium, rhodium, ruthenium and combinations thereof.

31. The process of Claim 30 wherein the acidic reforming catalyst comprises platinum and either

rhenium or iridium deposited on alumina.
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30. The process of Caim29 wherein the acid reform ng catal yst
additionally conprises rhenium tin, cobalt, nickel, iridium rhodium
r ut heni unwanrdiiaesdsisnat i ons t hereof 31. The process of Cpairras3@ombsseei n t he
acidic reform ng catal yst conprises platinumand either rheniumor iridium
deposited on alum na. WO 2011/068964PCT/ US2010/ 058723 32. The process of
Claim 26 wherein the non-acidic nmediumpore or |large pore zeolite
conprising silicon, germanium and, optionally, alum numon which a noble
nmetal has been deposited conprises Pt/ CsGezZSM 5. 33. The process of Caim
26 wherein an acidic reformng catal yst conprising platinum deposited on
alumna or silicais the first catalyst and wherein a non-acidic nedium
pore or large pore zeolite conprising silicon, germanium and, optionally,
al um pLNMTenprabdse bf @anoBb evheetalhe hasabéennd@pospdre dr aorprrsiandte comprising
Pt/ CsGeZSIVI-5 is the second catal yst.

silicon, germanium and, optionally, aluminum on which a noble metal has been deposited

comprises Pt/CsGeZSM-3.

33. The process of Claim 26 wherein an acidic reforming catalyst comprising platinum deposited
on alumina or silica is the first catalyst and wherein a non-acidic medium pore or large pore zeolite
comprising silicon, germanivm and, optionally, aluminum on which a noble metal has been

deposited comprising PY/CsGeZSM-5 15 the second catalyst.
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