WD 2008/ 127538PCT/ US2008/ 003710 AROVATI ZATI ON OF ALKANES USI NG A
GERMANI UM ZEQOLI TE CATALYST SPECI FI CATI ON BACKGROUND OF THE | NVENTI ON
5FI ELD OF ION: This invention relates to a prl;&?ﬁ@ e
aronat i zat‘i@ﬁ"‘g‘Wa anes to aromatics, specifically use o a()(fs%sﬁﬁ‘
base- exchanged zeolite with germaniumin the . crystalline franmework
and with a noble netal deposited on the zeolite for the aromatization
of al kanes having six to twelve carbon atons per nolecule to produce

aromati cs, such as benzene, ethyl benzene, toluene an .

DESCRI PTABONA TIAR RN AR ALKANES USING & CERMARTRYSRE o TR R ATALYST
alum nosilicate that may al so contain other elenents in the
crystalline framework and/ or depSREEHIGATIONS surface. The term
"zeolite'' includes not only alum nosilicates but substances in which
the alum num.is replaced BACKOROUNID G& Hili IVENEION and subst ances
in which silicon is replaced by other tetraval ent el enents.

Genegr al prp1. DZEP | THIE INPERTION! I 'PI6E WhvRAticH reldh foed prabesiifer thaarahatizadon 6f
t hree dinmensional networ y sharing oxygen atons where T represents

L etr avaliehts 6 SRy, SUGRCAY Mol SCR basAllphidd Bt VAP FBtfHaRiuns f Rue

as alumnum A zeolite may prepared by (a) preparing an aqueous

m xture_of silicon oxide, .alumnu j . | i :

ot her (TR ESBR R v oo BB ks the BRG] of

aqueous m xture under crystallization conditiong until crystals of

o s coRee b e e geopp DTSR FERGLP ¥ St akemariy ST ihe s

formzeolite crystals and then cooled. The zeolite crystals are

separ at &byl berzgne. feluensiand xfent- e washed, dried and cal ci ned. El ements

may be deposited on the zeolite by any neans known in the art, for
ERETHONQH THERRIR ARBr egnation or ion exchange. WO

2008/ 127538PCT/ US2008/ 003710 Aromati zation of alkanes is a

mul ti-step pEetiesis actystdlimecydoedaauromoslicatdhatankasiey cayaih pthax ¢lomenss in

t he dehydrogenated al kane and aromati zati on of the cyclized al kane.

The cat @b ¥sktaflipe flaliewofl AR Yeposited beityulrface. f Tinctein fizdolitet) invdudes aot only

accept abl e conversion and selectivity for the desired products.

Zeol I t eguRfiBsiiBAN b 3lsskasssSin vHicH S MRimiAdhii®feplacl W beer trivalent elements
di sproportionation, 5 transallcyl ation, hydrogenation and al kane

oli go mﬂd%%ﬁtﬁf&e?%%@&?ﬂﬂ\ﬂné@égﬁ@cd P Rerk8Rivhich: Hhatsy SeSoralfs BaMiedlake/

t hose contal ni ng oup eposited netal, are susceptible to

sul Lur poi soni LS t A . $G! RS
for “cat ?O?gpdrt?ﬁa% o’r‘ﬁag@%@omcyc idirg?'ﬁgﬁa@% R%é%r%gggﬁgr@y%%ng a
cat al yst  of nobl e netal .on an internediate pore 0.siz rystallin
si | i cat Whefgy ﬁaprasemsgﬁtrg‘{a,lqnég? “&T L?H?r[ﬁﬁs rsél’tcf’lg a B'Q’takPFtef?gﬁnéoa')mha%d
arelatively low alkali content (less than 6000 ppn). The patented
cat al ystlumgins y| f ur tol erance up to 2 ppm Low acidity of the ‘
catalyst is attained not by using | arge anounts of alkali but by Iow
al um num conhezeolitsi may Ihsvprapasechby (B PEEPRENG amaEnesns JRiEtusT Of siigpR pgide,
earth nmetal, such as magnesium in the catalyst. Germaniumis

di scl ossldmamna opide namtle opticely, oxides efoothemtrivelent or tetmavalént plenants; \aod (b)
but 5not in'the patented | ow al kali catal yst. U S. Patent no.

4, 692, 3pRintiisifg O4i€ aqecotaimttntundér cresmllizasion poefitona until Z§iwkIS obsaid zeolite
ZSM 22, on which a Goup WJ netal, such as platinum has been

deposi t gglmantheWai$ibn RaguRegd idpetdorananee® Mnhlyetlie ehysiaf dMathadn cooled.

cations, such as sodi um hydroxi de, potassium chloride or cesium

hydr oxi g, 4d Y8k O £38E0H R mc%i Hdab vk, BasLaRGaRae HbRents

aci dic conten atal yst corposition. One exanple illustrates

“h debvd i . : : . .
& basomak BhARSAd o (erfile Y apgmehisiabiin i s BrBtibhie Al Mol AR
the cat l?}lz %/rr?[;[régnation or ion exchange.




U.S. Patent no. 7,153,801 discloses a nethod of naking a catal yst of
a large pore zeolite WD 2008/ 127538PCT/ US2008/ 003710 i npregnat ed
wth plati | east one organi ¢ ammoni um hal i de | a
N(R) 4X V\he‘?grﬁ?(@:ﬁgﬁgg halide and Ris a substituted or unﬁTtgg%ﬁ(%sﬁ{age
carbon chai n nol ecul e having 1-20 carbon atons. The ammoni um hal i de
may be an acid halide and an ammoni um hydri de of the fornmula N(R )40H
where R is hydrogen or a substituted or unsubstituted carbon chain 5
nol ecul e having 12-20 carbon atons. The catal yst js, a bound tassi um
L-type zeol iAwematization ] alkanps s a qnyll-sieprgraecse pé (de s@r%aem?&t?ﬁ e alkane,
hydr ocar bons (C6-C8 petrol eum naphtha) to produce aromatic

hydr oc asyblization bf:thz deleydragshateshalkang dnd giommatization of the cyelized alkance nthegatalyst
4,867,864 discloses a dehydrogenati on/ dehydrocyclization process with
a non- at thivprecsamyusttbe afuld-Gaictivrel toetare amatcaptable conversion and selectivity for the
dehydr ogenati on/ hydrogenati on netal, such as 0 platinum C2-C8

par af f i Siré Froddly dzeanpAkeknoR chiatysts FoPRbMEAZakiSN, abRiene disproportionation,
dehydrocyclized. The acid content has been reduced by ion exchange of
alugin | 0 i DRSiz aBIn¥ti£RiIsh UNBome zeolite
I—lyd?oggé?n\érr%@a%’ gg‘éégge%ﬂg{f %%d dlllcla(@;/%rag%ycl [ %tg{ng%?r Cat al ysts of

pl ati num deposi te | Iy L Al

Car t h- SRR, Sepor AL 3P AR it § AR Ve adOio 1B, W heiplBle ® Suif
di scl osed for aromatization of 5 paraffins, .especially hexanes and
hept ane®SYPHEAr omat i zati on of Hydrocarbons over Platinum Al kal i ne
Earth Zeolites, T.R Hughes, WC Buss, P.W Tamp and §P L. . -
Jacobson, PréSecBpteps i PeR8.LAL eﬂﬁé?‘f%n&l PRy t@’rOB?'H" & n B0 OF
p. 725-732 (1986). .This catalyst is extrenely sensitive to poisoning
by sul fdebydropyslizationenf (hyilrorarbensqisinged easalysy of ¢ neble\astelsoncan wieryseiale Mofs
to high octane aromatics O utilizing a platinum supported L-type
zeobi t esipatrgdtaltine sificdtohaving ahigh silita te hlaminaiatio Kgregicrathanu?0) end hyelatigbh
co-feed is required. The Pt/ICL zeolite catalyst is sulfur-sensitive.
The sul fouralksivihtenn(lésh ehah 560D ppis). The patented odthlest haosulfantdlerarek sip $®2 pprat
the catal yst is not deactivated. Octane Enhancenent by Selective
Ref or m ngwolidid the%ﬁdégglf ik Bﬁainda-nWbﬁ_@dM%}varg@amﬁmMali by low aluminum
2008/ 127538PCT/ US2008/ 003710 and C. R W/l son, Catalysis 1987, J. W

Vard (EgliLog }:itE F’% ?ﬁ%ﬁﬁﬂﬁﬁ%ﬁfm 56 e ikale datth Edevafz i PO Rmesilua in the

Conversion o ato Aronatics, D. V. aw, P.W Tan= and

C. M Det n P , 0. z

Toa7). oLl Y §5Qped G phmdtft méal e FHAGal AR Elialet bu
paraf fins .contaj ni at,. l.ea 6.carbon atons into correspondi ng
aro tiE“ﬁ@%'F@&'ﬁP‘B@ﬂ%‘YaWbca}gﬁ; yst is a type L zeolite, an alkaline
earth netal and_a G oup VLI tal which h been red idh

hydr ogen. OnE-Se&aEntRo 688 H&ECIB??’S tat?étag’é't %fﬁ?g]ﬂtevﬁgf%faﬁ@%@;e‘?k@%#z’
the al kaline earth netal which nmust be barium strontium or cal ci gm
pr ef er aph whishra Groupi ViHeangtel, sush g platinwa, basibeen gengsitedandsghich hasibeen bage-
Patent no. 4,104, 320 discl oses a nethod of dehydrocyclizing aliphatic
0 hydr oeahiged with Gheipplie gretat eatixins,hsigh og esadivm hpkraxider pasasgond pirigride or
aromati ¢ hydrocarbons with a catalyst of a type L zeolite which has
at | eastesffVhadriseide, wwEbakr ¢isesdéntially klimiriatnthe (haseaeschangeabla bidicurongent of
cesi un) exchangeabl e cations and contains a group VIII

dehydr ogRRakiRocoRodition One RindMubtyatds ihaxast dehydrocyehigitionusibig PUZSM-5
exanpl e contai ni ng germani um was prepared. U. S. Patent no. 4,417,083

i SCl 05 a1 Gut DAL GREwl(Bbur R SILCL LRI fre MR TErel1Y 6 BRACRAOSE derrhislfh in
petrol eumfractions contalning par gffl ns in the presence of hydrogen
and a ¢ tealty‘gftt of noble nmetals and, optionally, sulfur deposited on a
crystal N&92&litic aluninosilicate, such as zeolite L, havi ng a

pore size of Jarger, thansoes ANGSLE OTRaANGe SRR ke oo kel Bl AR



WO 2008/ 127538PCT/ US2008/ 003710 hexane dehydrocyclization is greater
than 60% The feedstock is substantially free of sulfur and other
known poi form ng catal ysts. U S Pate

6, 063, 724%??8‘%%%%%§a sul fur-tolerant Pt/1CL-zeolite ap%cngﬁ?zgtga{olo:’é'ﬁo
catal yst. The catalyst has a rare earth ion, such as |anthanum
cerium praseodymum 5 neodym um samarium europium gadolinium
terbium dysprosium holmum erbium thulium ytterbiumor lutetium
incorporated with the L-zeolite. Incorporation of the rare earth ion
is by iiompregrethdmith, platinuipingrat leest enesesgdnigrrmpenitmorlide RE Hedarmula hER)X
deposition or other methods for dispersion of the ions and is after
cal ci nayhede) Xoik atHatidd amRlis 4 subsfmtedtor wasubsttutefl cethen Fhain Glolezulelbaviag 1-20
catal yst in hexane aromati zati on appears to occur by Oaggl onerati on
of the qalthileB, aTkt Hhaclia@chalie inhebe aphdid dalideaind ah amnSwifnn hydride of the
accel erates platinum aggl onerati on and reduces the nunber of
aCCGSS!é&hﬁmSQ&@i’ﬁbH WHekE R B thydRRen Pta SRRAAked! 6 IRMbEiutes toattioh ychaind
selectivity of the catalytic sites. Effect of Sulfur on the

Perfornma . : i ; : i i i K
rexane Bogeulf RO 1298 R afint. XHGeainyn2f BobpGss LI Reofe L
Ziemalc, WE. t J. L. Rqbbi ns M,J. eac (
S\ander @Bl T 1 deRpsdyclzr PRI bydhicoons, (CEEF Kool el o frsfluce
139, p. 46-61 (1993). | t vvoulg ge Eac{vant ageous to have a

sul f ur -arematichydireeabans dengens, tlpgieand SESh of al kanes with high
selectivity to aromatics, such as benzene. SUMVARY OF THE | NVENTI ON
OThe cat al y<¥.Si Batanton 4867864 dissloses adehirogepaiipnifishydipgyghizasion process gyith
whi ch pl ati num has been deposited. It is synthesized by preparing a
zeol i t ea moneiidivi cagalydtuoi otite béthiandre dehydepeenationtivitogenatien fmeide fishkas
depositing platinumon the zeolite and calcining the zeolite. The -
zeobi t eplatihun0N€aC; panaffing domdehydrogérmregeandiCsHCia pamffinglare dehyddocynlized. The
al kaline earth netal during WD 2008/127538PCT/ US2008/ 003710

synt hesicsd &dntdnd BasAeh rddacéd byaibh eXchbtgerotaluaiingh witheGouy $A ahd/onBA cations,
zeolite. Exanples of the zeolite structure are MFl, BEA, MOP., LTL or
M. In Prefrfii Qihﬁﬁﬁiyﬁhﬁe%hﬁlst BRI &Rin?@@h)myéﬂzﬁtohas a MEl

struct term “ZSM5" is used in this Specification to nean a

zeol it e havi . ) t el 1 SReSeaftRy
aromati zat i O(?]ﬂ%l?s %’Fﬁgﬁ%‘é‘“ﬁ?%@ﬁ?ﬁﬁ’ﬁgﬁt eESZr?gl?]tEa g@iﬂ (gll '(J:dg Bee ik o
al um num si |l i con-germani um zeolite on ' [ I
Gepos! t Stees CpRegy cBfuts iedod By | G HES88 for e Gatiaation of
recovering_the aromatic product. BRI EF, DESCRI PTI THE DRAW
A ndre BresPegily der 5 GRS GFpiENES: I ABRATGHOR i Héef_li}'%‘“m
att endant advant ages thereof- will be readi I% under.st god bg/ ref erence
to the AbwligFarth Zrolitesi BR. Hughssi WiG Ssnle- Sepmand& dulachboriaceerings
wi th the acconpanyi ng draw ng: , )

of 7% International Zeolite Conference, Tokyo, p. 725-732 (1986). This catalyst is extremely )

sensitive to poisoning by sulfur.
The Aromax® Process selectively converts Cs-C7 paraffins to high octane aromatics
0  utilizing a platinum supported L-type zeolite catalyst of low acidity. A relatively high amount
of hydrogen co-feed is required. The PtKL zeolite catalyst is suIﬁu—sénsitive. The sulfur
level in the feed must be controlled to low levels so that the catalyst is not deactivated.

- QOctane Enhancement by Selective Reforming of Light Paraffins, P.W. Tamm, D. H. Mohr,



Figure shows the variation of selectivity and conversion with changes
in H2/ n-hexane feed concentration for a 1%t/ CsGeZSM 5 cat al yst.

DETAI LED %?%SP'EJ,QI OF THE | NVENTI ON 5A catal yst of T/US2008/003710
al um num si i con-germani um zeolite (Ge-zeolite) on which a no 8[’e
nmetal has been deposited is base-exchanged with an al kali netal or

al kaline earth netal to reduce acidity. The base-exchange may occur
before or after the noble netal is deposited. The catalyst is used to
convert C6-Cl2 allcanes, such as m ght be obtained from natural gas
condensadeC. [R. ghilsorapbattlzsis 1987, h¥¥. eWW(bﬁE(HWG}th 335328 1d88%)on Sglsetive
other refinery or chem cal Oprocesses, to aromatics, such as benzene,
et hyl beszlgtie PrdcedsifenEomvedsioty bEight Naphtha tﬁweomhécsonV.i law,iPsW. Tamm and
synt hesi zed from an aqueous gel containing a silica source, a

ger mani g, QﬁlergfirrPr@%'rBﬂ PINT, SRU4.GR 280d28(Bdcemben It $87)i r ect i ng agent .
The typi cal t echni que for synthesizing Ge-zeolites conprises

converting & saqyeatis. @%'17 8bi6 BisSibies %atargwfsleref@mq@rﬂmmm&@uﬁﬁgeatm
an al umi num source to zeolite crystals y a hydrothermal process W -

2.005/ 12?7 lr?:ﬁ'gt; qtlo}@%? l%f)ggsigﬁ%af %&%ﬁﬁb B ons The catalyst is a type L zeolite, an

di ssol uti'on/recrys an| e reacti on nmedi'um nay al so
contain_struc agen G r r L, r
space o?lﬁ%hﬁ'g e‘?ﬂ% ?q‘g a%gtz\‘/v@rr?&lpdeﬁ ng?aclz rvgl%s |§ea ﬂg%dle:% m%—ml g] Iq?%g
the construction of the network and a n

st ruct u‘i"'sséef’ttulﬁlr I@E’ﬁ‘ﬁ“ttqéh‘? Rataly satc\yqs&ﬁg pﬁﬁs‘?‘ﬁle f"% gheg‘é%ﬁ a&%lﬁ%ﬁ e“(ﬂ@ mypfebe

reaction mxture gel is Sheated and stirred to form zeol: %e cr stals
and  t hebarivgsFEentivine cglsin. peeferplly baun spes lsléﬁﬂsp%@éam#% the; t and
are washed, dried and calcined. The silicon to al um num atom cratio
(Si:Al) of tUS. zBabitt @oi s4,pMeIr aliicloser datrarthethoef achydreyyelizing nglipbatic
without limting the invention, is a Si:Al atomc ratio in the range
f r om 10hyideocafidns vbthé ﬁrcsmcanﬁhﬁl,romttdnmrm dormespiondigg atvenakin hpdrotagpons ivdtha
Si:Al atomc ratio in the range from 20 to 0150. The zeolite of
the presilyst i waphd Drzebifte avhighchddrat Peakie90%6 alkali anctal (balign, Jithiuen, oukiite,
The term "nedi um pore” in this Specification should be taken to nmean

averag eruBFﬁ]ﬁl’l Sthd %eéuﬁn) &cﬁﬂ%eitﬁ@ gftioh§ QA akhs » gicRp AT WehydrageaafingOfietal

The termlarge pore” in thi's Specification should be taken to nean

aver age qugl rEAERL  ONB.
It is 5“@8@@‘@??%%@#&‘2’?“‘&%3@8% 1d overﬁ%% andqg{‘gartl cuI ar
zeolite m g consi de [ old

pare zeol | LU SRR ] ‘3%% dasaﬁae&%r%é%s%?# BRAfioBSiCY rinlic Bkt
5 angstrons, i "smal | pore" t be con

o tRe: EomeRnalesb e oBh ForERGe Reiiye B nEsesG dtyarked 3 %’?Yét of
zeolite would not all ow nol ecul ar di ffu5| on of the nol ecul ei tgﬁ
desi r ednehlomgtalscands efinsaldy, salfy. deppsited one@ crstaine Fsaliefuminos) ﬁ@ﬁe‘w B
xyl enes, in Oits pores and channels. Exanples of nedium pore zeolites
and | ar gelifeok,chayiag ai poessizew  Iacgar than fiSt Anggtromeandnybstitnigs withraorg thanieh
LTL, MOR and M. The germani um content of the zeolite is in the
range f slkali fhefbeations, Sachaspotassinghtlt isCiselosedathpt the odtalyss cam péniain cidivetin
of the zeolite is from2%to 8% by weight. WO

2008/ 1245 gRadikdSR088 rig3 6I@-1.5% but hbexaaplanidaadlyst sordsipingi detlanium is
the zeolite by any known net hod of dep05|t| ng a netal oft a zeolite.
Typigcal giabdeads of depositing a netal on' zeolite are ion exchange
and i npregnation. Depositi on of the noble netal results in the noble

netal being Brsegﬁflht H@t scicﬁ@s ?&Hetlﬁﬁ%f‘?]feh}cﬁ&ya%g BiRarRY! sugh 39 n-

in the pores-an anne e zeolite. I'n one exanpl® of the 5

pr esent . i nvent. O e lTEt al e t

ange. 1 PENG TR taAIAT E§ trke e Peotk® AT RIBe L Dottt @%ﬁfﬂéﬁén@
0 0)

| nvent| gsnpla%‘& ”é’n%' z(lan a gl?rle tI:a?thf r%gn? 8)&12111/911t gtroznt/f)ml%yorm@'kgum) Selec?t?v?ttyh or n-



The zeolite of the present invention is non-acidic. The term
"non-acidic" in this O Specification should be taken to nean a
zeolite whigh en base-exchanged with an al kali ne

al kal i ne eart oﬁh?h%g%ﬁ such as cesium potassium sodi un%@i;/g%{ﬂ%%mg%w
barium cal cium nmagnesium and m xtures thereof, to reduce acidity.
Base- exchange may take place during synthesis of the zeolite with an
al kali nmetal or alkaline earth netal being added as a conponent of
the reaction mxture or may take place with a crystalline zeo*iﬁﬁh
bef or e hexangfdebydrgeyshization dngrertersham@) o Bhefegdstogk is sph yifieg of sulfur and
base- exchanged to the extent that nost or all of the cations

associ adtha knbwh paisons foumefeamagadatedyisis. met al or al kaline earth nmetal. An
exanpl e of .a nonoval ent base:alum numnolar ratio in the zeolite
after base eysharugmtim. 6,063t dablosds 0. @ilfur-tolerant TP Iz-eedlit¢ erorpatization
contain pronoters or nodifiers as are known in the art. These

pronodt eggiRt, MPEE thialySt BisSaPfafsestth iich, Suclatad| Miithamin, Yeefitiing riseadymium,
anount, e.g., about 0.1 weight Opercent to about 1.0 wei ght percent.
Thecat infRY p 0 i n | |, aholmtifN cASurd
et 2l o%%%?ﬂugﬁrﬁ Xe %t arl’lg%agg,agg“gg"f" giﬂiméllgg g’frsgrﬁr;sagflﬂési um ’
al um num ..titani,u zkr.coni y b U 41 }

Fher eof oy froth oF 1R Pophol Wil ) 156t REBBEn OF 4L i Sart
carbon bl ack, . WO 2008/ 127538PCT/ US2008/ 00371 r.aphite, .act.j.vat €

Car bon, OB R PP SuiiaRn IEGRFSt WSS AMPEEPRIoo ol PPl I BT bF Sier
nol ybdenum car bi de, :silicon carbi de or_ tungste itride; zeolites; a
net al oxFdedprdisneraen 0@!1@1.9,115B‘Eﬂe‘ﬁﬁﬁ?ré?lwt"grh%fﬁg%fizﬁ%htﬁhysi cal
properties of the catalyst. The catal yst may contain a reaction
product, sucBeastvasioataf fkmPLzeelife catalyst in detanp GEUNAGFALONAPAERE {0 FCULPY
el ement or conpound deposited on the surface of the catalyst with a
sul bur supigmesstibn dficre-plativuti ang blockags afsheofeokite channels o Fpifirmdeslesates plati@m
C 11242 S or Cl-12+2S2, where n = 1-20. The sul fur conpound may be
added bgfRirerstiondatid reduédiehemanibtr afibécessible catalytic ites bit ddeghot appear to
al kanes, 1.e., the catalyst nmay be pretreated with the sul fur

conmpoungh gty 4iits thd sélecE PIBPOIRE YL Dited. NEMRE BESUfurvoh fhet Feeformance and on
hydr ocar bon feed- when it ‘contacts the catalyst O during the

ar omat i 4313 00 PKACEHY- 1dtatod BF PlaindH! fhi Bl HeRBIN RO IRhcdnS CitElts kGoBN

in the art consists 1n heating 1n the presence of hydrogen sulfide or

Femor oV AR ok Biind - ramidk M A, SHERABERE AR TG B, R, T
I f.th f |5 L h 1S f
[T om 10VprpiRoY R roshend it Kinart el Faet iyt ol o AT

to 1000 ppm _1In one enbodi nent of the jnvention, 5 _the hydrocar
feed cont ai ni wowld bg advapiageans tr bave ﬁﬁm%togﬁ’é’ﬁ fatafy fﬁb‘rﬁwmgtr‘?ag?fb?ﬁaggams
enbodi nent of the invention, the hydrocarbon feed contains sulfur
from abmthh@Sp\smitiwtama@timwopaﬁgenzene- U S. Patent no. 6,784, 333,
her eby i ncorporated by reference, discloses a catalyst of an

al umi numsilicon germani um zeolite on which platinum has been
deposited. The catal yst can O be used in aronmatization of al kanes,
specifically, aromatizati oSUMMARMNOFALKBNNSEENTFIOMN as propane. The
catal yst may be a MFI zeolite in which germaniumis incorporated into

t he ocr yst al | rpecdil T RIidf-acidi€alumBiund6itidsPMdpmanitng zeatitaby sthichgyatiém has
sul fided before or  during the aromati zati on process. WO

2008/ 12¢ a38RCTLHF20REE %g&ﬁ%s@zeﬁhgr gﬁggmr%ai zEQiidTebaifting ! Mm@ sHizbn @hd

t he present rnvention ere nt & as: MRS 02) (X02MY0z} 31lityin
where Mis a. nobl t S : i L.adi . i .
o ungerrarar R BE S der e PRl Y e A8 dhd Bcib g M. The

el ement Zeo itf:! fs I?cljnlilggi 1g rgyatr)]agé-eg Ei}lé%an\?vlitllydn z?lEacH rrliee[al or alkaline earth metal during



5 trivalent elenent, Zis a cation or conbination of cations with a
val ence of n, such as Fit Nat Kt Rbt Cst Ca2+, M2+, 57? or 43a2+, x
varies fr N nd y is 0-0.125. According to the |
recom‘rendgﬂ)%g@fﬁ?ﬁgexanpl e catal yst woul d be representt@ﬁészpos&nﬁml
[ Si 910e4A+110192] - MF1 The catal yst nay be used in a process of
aromati zation of al kanes, such as al kanes 0 having six to twelve
carbon atonms per nolecule, to produce aromatics, such as benzene,

et hyl benzene, toluene and xyl.ene. The contact between the allcane;
and t hesyothesis 9§ theizcolite oz aftegformatinguef he spatalingarelite+ Exprplen of thengrelite
between 0.1 and 100 W,. at a tenperature in the range between 200
and 60QG@Gueanck a¢ MFIpBEAS MOR,iLTH oeMiIdhde obe embedimBntanfdh@ibBersion dhe 1eolite
process for aromati zation of C6-Cl2 al kanes, sone enbodi nents of the
pr esentya aivivaRutir. Naveaehe tZSV-6s el v ihisySpecifisationad inean a ascditatmving a
tolerant to presence of sulfur, have better aromatic yield from
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WO 20084323538 PEE/reiiR9 08/de8Rdéd byGeferdite ao dh ol biwizm detailddedésonmivni when
havi ng been general ly described, the follow ng exanples are given as
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exanpl es ar dFigirgshowy thiakpriation off sgleetivity 3 conversipa With changes iy Ba/nphgxane

limt 5the specificatio It i to follow in any manner.
CATALYS}FC WPE)%PI QS{%?%%%(FE?S&%G@”&%& 5 zeolite Sol uti on
#1 was made by diluting 15.84g of 50w % NaOH solution with 131.25g of
dei oni zed (DI') water and bsequent dissolving 7.11a_of gernmani um
di oxi de. Sol ution #2 | BESAILRD BESERIE OB THETRENTIEIN | uni nat e
solution (23.6w % al um na and 19. 4wm % sodi um oxide) with 153. 9g DI
wat 8r. Sol uthoatalyst nhen atuenumsilicengemadivrn Aslit (Gerpsalite) $m| whigh janople
colloidal state) and vigorously stirred for 10 mnutes to obtain a
honogenmetdb has bdenrdeposhist s base-ekehanged stithrancalkilntretal loi slkaling earth, mefal tor
15 m nutes of vigorous agitation, 105.42g of tetra-n-propyl ammoni um
hydr oxi feude Beriidy) Thebasadsleingiiay beunbeforere afashshible metaf 3rdepehited. The
m nutes. Finally, 23.32g of glacial acetic acid was added to the gel

to adj uskarjdGs Risedfo tddgveH X NS allan@PQuth Us nliBhs beioblaitied BOH hoadegas
into a IL stainless steel autoclave and heated at 160C for 36 hours
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pattern. Exa,lr]g)el %e-lzebljftéﬁls/sc):rsn eszuzsel\éL g'om an aqueous gel containing a silica source, a

germanium source, an aluminum source and a structure directing agent. The typical technique
for synthesizing Ge-zeolites comprises converting an aqueous gel of a silica source, a

germanium source and an aluminum source to zeolite crystals by a hydrothermal process,



WO 2008/ 127538 PCT/ US2008/ 003710 aqueous CsNO3 (0.5M then filtered.
The filtrate was then rewashed 3 nore tinmes with 0. 5M CsNOG3 and
rinsed wt N d H20 on the final filtering. The z i r
was t hen Cglogzoistgéllslfsgr 3 hours at 280C in air. l%/%%zg%sgﬁm&
wet ness i npregnation was carried out by adding drop wise a solution
of 50.069 g Pt(N112)4(NG3)2 dissolved in 1.343 g of deionized water
to 3.508 grans of the Cs- exchanged Ge ZSM5. The material was dried
for 1 hour in a 110C drying oven then calcined at 280C for 3 hours,
El enenteabployieg g slissolytundregystaliizationomeshanign.g Jhgreapsipn megivgymgy absp @antain
5,03 wt % Cs, and 0.90 wt % Pt. The catal yst powder was pressed and
si zed tsru2firidg) apasd whith2dre dnd®rfddatéd in ¢he wificroprzos spater ofi theazeslitesnetwerk
mxed with 1.75 cn8 of inert quartz chips and was pretreated at 500C
for 1 hauigicRstallRaficty tid comthliigetip esrtructionvid shet feenork edd asstting tolgalize
and catalytic testing was started. Conparative Exanple 1 1%

Pt/ CsZShk o, B IntGRATRE Giththe/zealR dompbRenGSM e réteioh hikture gel is
CBV5524G ét\g\u/acg&évggﬁed vvigtktl 300 m of azqueousﬁ%sNCB (0.5M then g
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and”rinse tering. ThHe zeolite
powder - was .t he | ci ned,for .3 hours .at 280C in air. |ncipient
wet nessﬁﬁ?rﬂﬁtieﬁeﬁjﬂ%ﬁ%?%%w d, %;P%J]dcagclﬁedby addi ng drop wise a solution

of 0 0.1374_ g Pt (NH2)4(\103)2 dissolyed. in 6.3507.9 0 i oni ze
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for 1 hour in a 110C drying oven then calcined at, 280C for 3 hours2.
El erent @ne examples Withepsianiting the inyentigngis a Si:Ad 3taggic satia)in th rege fjomy (e 200.
and 0.75 wt% Pt. WO 2008/ 127538PCT/ US2008/ 003710 - The cat al yst
powder asther eespts, withowilimiting the xoemtipngissahSi: Al aggmpic fayion thegyngstirany 20 to
sized catalyst was mxed with 1 m of inert quartz chips and was
pretreats®d at 500C for 1 hour in flowing H2. The tenperature was then
reduced to 460C and catalytic testing was started. 5, Conparative
Exanpl e 2 1%d BalSMf Bie present ivetion s Diedimnmpercicaliteyordarge parbzeolFSNFike
(Zeol yst CBV5524G) was washed with 150 m of aqueous BaNO3 (0.25M

then filbfreldiudSoré! Int hAt pedidatiol SRodle WB AIRH t¢ ni¥RA Bverdg¥Bfbra\bikdlisOn WM
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>Yea, a;(ejdigir'nopzon\:/wz;(/)olitpet 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 a large pore zeolite, A small pore zeolite would not allow molecular diffusion of the

molecules of the desired aromatic products, e.g., benzene, ethyl benzene, toluene and xylenes, in

0  its pores and channels. 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 0.05% to 10 % by weight.

One example of germanium content of the zeolite is from 2% to 8% by weight.



The catal yst powder was pressed and sized to 20-40 nmesh. 0.25 cnB
(0.122 g) of the sized catalyst was mxed with 1.75 cnB of inert
quart z Chiﬂ%zﬁﬁ%zﬂﬁ§ pretreated at 500C for 1 hour in flow;adedids7idhe
tenperature was then reduced to 460C and catalytic testing was
started. OConparative Exanple 3 1% Pt/ HZSM 5: I nci pi ent wet ness
i npregnation was carried out by adding drop wise a solution of 0.0701
g Pt(N112)4(NOB)2 dissolved in 2.2822 g of deionized water to 3.505
granms of commercially available ZSM5 (Zeol yst CBV5524G) .. The:

mat eri al wasThernoble mesal is deagited on the ZWD(‘GZUOEM@?B’BMWWZ’G%}%WY@“
110C dryi ng oven then calcined at 280C for 3 hours. _ The
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and wasingr&inagat. ©dpaitid0iFhd moblelmétaluesults irf thenbsig ntdfil bdihg presampaotanly an
was then reduced to 460C and catalytic testing was started. CATALYST
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variety of- C6 isonerization products were observed, including

i sohexanekie patapare phatipynRAlladinm gy ghpdging paduthepiug.  1_hexene. ) For
the purposes of 5 calculating conversion and selectivity, these C6 .
product s wer Ehe eenditeiof ¢l presens invandiaw tie gon-eidics eilbe tergy tResacidig oy s
are calculated as the sum of benzene, toluene, xylenes, and ethyl ]
benpeneSpycifitat@rstmid betakdmytotnan supeolitt whdohziea deemihsedekch@ngedsvitinan abizali
materials recovered. These selectivities are presented on a nolar C6
basis. fetal ¥} hlkSlfneddagh mtall Qichlas CEiew,Poetssiimn sddies, mblidiugn, barium, calcium,
i sonerization) after 25 hours on streamand are relative to a.

cat al )’Sﬁlagﬁéafﬁﬁphﬁtgnﬁ&%&q%wr & RAues adGifC BhsePexdRdngh ahdyl ke pReE during
velocity of 5600 hfl. Results are shown in Table 1 below. WO
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Sel ect i

of the teaction mixture or may take place with a crystalline zeolite before or after deposition of
5  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 earth metal. An example of a monovalent
base:aluminum molar ratio in the zeolite after base exchange is at least about 0.9.
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
0  percent to about 1.0 weight percent.
The catalyst may be supported on or bound with a material, such as a metal 'o:I(ide; a
mixed metal oxidt'a, e.g., oxides of magnesium, aluminum, titanium, zirconium, thorium, silicon,

boron or mixtures thereof; a clay, e.g., kaolin or montmorillonite; carbon, e.g., carbon black,



Selectivity (460C) (480C) (500C) Exanple 1 0.34 46 59 78
196t / CsGeZSM 5 Exanple | (retest) 0.30 45 54 76 1%t/ CsGeZSM 5
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graphite, activated carbon, polymers or charcoal; a metal carbide or _nitride, e.g., molybdenum
carbide, silicon carbide or tungsten nitride; zeolites; a metal oxide.hydrdxide, e.g., bdehmite, to

chang;e the physical properties qf the catalyst.
The catalyst may contain a reac-tion preduct, such as platinum sulfide, that is formed b)II
5  contact of an element or compound deposited on the surface of the catalyst with a sulfur
compound. Non-limiting examples of sulfur compounds are HzS, CrHan2 S or CoH2n4253,
where n = 1-20. The sulfur compou:id may be added before or during the.aromatization
reactions of light alkanes, i.e., the catalyst may Bc pretreated with the suifur compound or the
sulfur compound may be introduced with the hydrocarbon feed when it contacts the catalyst
0  during the aromatization process. A standard sulfiding method that is well known in the art
consists in heating in the presence of hydrogen sulfide or a mixture of hydrogen sulfide and
hydrogen or nifrogen to a tempérahne of be;tween 150 and 800°C or between 250 and 600°C.
~ An example of the amount of sulfur on the catalyst is in the range of from 10 ppm to 0.1 wt.%.
The hydrocarbon feed may contain sulfur up to 1000 ppm. In one embodiment of the invention,
5  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 to about

100 ppm.

U.s. Patept 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
0  be used in aromatization of alkaﬁes, specifically, aromatization of lower alkanes, such as
Iiropane. The catalyst may be a MFI zeolite in which germanium is incorporated into the
crystalline framework, i.e., Pt/Ge-ZSM-5. The catalyst may be sulfided before or during the

aromatization process.
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The. chemical formula of the catalyst of the present invention may be represented as:
M[(SiO2)(XO (Y O241Z o
where M is a noble metal, such as platinum, palladium, rhodium, iridium, ruthenium or
combinations thereof, X is a tetravalent element, Y is aluminum and, optionally, another
trivalent element, Z is a_cation or combination of cations with a valence of n, such as HY, Na',
K*, Rb*, Cs?, Ca®*, Mg?*, Sr** or Ba*", x varies from 0-0.15 and y is 0-0.125. According to the
IUPAC recommendations, an example catalyst would be represented as:
| Cs*Pt | [Sig1GesAl O197)- MFI

The catalyst may be used in a process of aromatization of alkanes, such as alkanes
having six to twelve carbon atoms per molecule, to produce aromatics, such as benzene, ethyl
benzene, toluene and xylene. The contact between the; alkane and the catalyst is at a liquid
hourly sbacc velocity in the range between 0.1 and 100 h', at a temperature in tile range
bn;.tween 200 and 600°C and at a pressure in the range between 5 and 315 psia.

In a process for aromatization of Cg-Ci2 alkanes, some embodiments of the present
invention have better selectivity to aromatics, are more tolerant to presence of sulfur, have better
aromatic yield from acyclic, i.e., linear and branched, paraffins and/or use less hydrogen with
respect to catalysts which do not contain germanium. Such developments may produce higher
productivity, longer catalyst life, adaptability to certain feedstreams and/or cost reduction in raw
material, equipment and process operation. One example of a feedstream to which this catalyst
of the present invention would be adaptable would be a feedstream which is predominantly, i.e.,
greater than about 50% by volume, paraffinic and low, i.e., less than about 20% by volume, in
naphthenes. In one embodiment of the present invention, the feedstream contains Cg-Cg

alkanes, either alone or as components in a mixture, i.e., in a range from 0% to 100% for each

10
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Cs, C;and Cyalkane.
| 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.
- Itis understood that the examples are given by way of illustration and are not intended to limit
the specification or the claims to.follow in any manner.
CATALYST PREPARATION
Syhthesi's of Ge-ZSM-5 zeolite
Solﬁtion #1 was made by diluting 15.84g of 50wt% NaOH solution with 131.25g of
deionized (DI) water and subsequently dissolving 7.11g of germanium dioxide. Solution #2 is
made by dilﬁting 3.84g sodium aluminate solution (23.6wt% alumina and 1§.4v.rt% sodium
oxide) with 153.9¢g DI water. Solution #1 was added to 150g Ludox AS-40 (40wt% ;ilica ina
colloidal state) énd vigorously' stirred for 10 minutes to obtain a hbmogeneous mixture.
Soluti'(;on #2 was stirred into this mixt.ure. After 15 minutes of vigorous agitation, 105.42g of
- tetra-n-propyl ammohium hydroxide (TPAQOH) was added and the mixture was stirred for 60
- minutes. Finally, 23.32g of glacial acetic acid was added to the gel to.adjust the pH of the
mixture to about.é. This mixture was loaded into a 1L stainless steel autoclave and heated at
160°C for .36 hours with stirring. Subsequently, the solids obtained were filtered frdm the
mother liquor and washed with DI water. The s.olid was calcined at'550°C for 6 hours in an
oven with air flow. The MFI structure of the solid was confirmed by measuring the powder
X-R'ay diffraction pattern.
Example 1
I%PUCsGeZSM-é:

8 grams of GeZSM-5 prepared as described above was washed with 200 ml of

S 11



1%t | HZSM 5 _ The data in Table 1 show i ncreased sel ectivity
for the germani umcontaining ZSM5 catal yst. The 1% Pt/ CsGeZSM 5

cat al yst swoweek/a7s38gni ficant increase in selectivity oOm@fus2008/003710
5non- ger mani um cat al ysts whet her they were non-acidic or not. The

data denonstrate inproved aromatic selectivity for a
germani um containing ZSNI -5 catal yst. A catal yst made by the
procedure of Exanple 1 was tested with the procedure above at the

2006/ 1 27BSBENEAB R U BRI uaisoms RdEyeed Sauira e Wi MG
Time on stream (hours) LHSV (n.-i) H2/n-C6 in feed conversion (%
sel ect i @sN§; esd ringed with distilled H,O -on the final filtering. The zeolite powder was then
calcined for 3 hours at 280°C in air. | |
Incipient wetness impregnation was carried out by adding Arop wise a solution of

) 0.069 g Pt(NH,)4(NOs); dissolved in 1.343 g of deionized water to 3.508 grams of the Cs-
exchanged Ge ZSM-5. The material was dried for 1 hour in a 110°C drying oven then
calcined at_280°C for 3 hours. Elemental analysis géve 39.92 wt % Si, 0.69 wt % Al, 4.14 wt
% Ge; 5.03 wt % Cs, and 0.90 wi% Pt. )

The catalyst powder was press.ed and sized to 20-40 mesh. 0.25 cm® (0.131 g) of the

0 size<;l catalyst was mixed with 1.75 cm® of inert quartz chips and was pretreated at 500°C for
1 hour in flowing H. The temperature was then reduced to 460°C and catalytic testing was |
started.

Comparative Example 1
1% PY/CsZSM-5:

5 12 grams of commercially available ZSM-5 (Zeolyst CBV5524G) was washed with
300.m1 of aqueous CsNOQ; (0.5M) then filtered. The filtrate was then rewashed 3 more times
with 0.5M CsNO; and rinsed Wifh dis;illed_HZO_ on the final filtering. The zeolite powder was
then calcined for 3 hours at 280°C in air.

Incipient wetness impregnation was carried out by adding drop wise a solution of

0 0.1374 g Pt(NH,)4(NO;3), dissolved in 6.3507 g of deionized water to 7.0 grams of the Cs-
exchanged ZSM-5. The material was dried for 1 hour in a 110°C drying oven then calcined at

280°C for 3 hours. Elemental analysis gave 41.54 wt % Si, 1.43 wt % Al, 8.64 wt % Cs, and

0.75 wt% Pt.

12
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The catalyst ﬁowder was pressed and sized to 20-40 mesh. 1 cm’® (0.478 g) of the
sized catalyst was mixed with 1 ml of inert quartz chips and was pretreated at 500°C. for 1
hour in flowing H,. The temperature was then reduced to 460°C and catalytic testing was

started.

5 _ Comparative Example 2
1%Pt/BaZSM-5; '

8. grams of commercially available ZSM-5 (Zeolyst CBV5524G) was washed with
150 ml of aqueous BaNO; ‘(0.25M) then filtered. The filtrate was then rewashed 4 more times
with 0.25M BaNOs and rinsed with distilled H,O on the final filtering. The zeolite powder
0  was then calcined for 3 hours at 280°C in air.
Incipient wetness impregnation was carried out by adding‘ drop wise a solution of
0.0362 g Pt(NH;)4(NO;), dissolved in 1.17 g of deionized water to 1.8 grams ofl the Cs-
-exchanged Ge ZSM-5. The material was dried for 1 hour in a 110°C drying oven then -
calcined at 280°C for 3 hours. Elemental analysis gave 42.75 wt % Si, 1.47 wt % Al, 1.55 wt
5 % Ba, and 1.02 wt% Pt. |
The catalyst powder was pressed and sized to 20-40 mesh. 0.25 cm’ (0.122 g) of the
sized catalyst was mixed with 1.75 em® of inert quartz chips and was pretreated at 500°C for
1 hour in flowing H;. The temperature was then reduced to 460°C and catalytic testing was

started.

0 Comparative Example 3
1% PYHZSM-5: : )

Incipient wetness impregnation was carried out by adding drop wise a solution of
0.0701 g Pt(NH,)4(NO;), dissolved in 2.2822 g of deionized water to 3.505 grams of

comumercially available ZSM-5 (Zeolyst CBV5524G). The material was dried for 1 hour in a

13
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110°C drying oven then calcined at 280°C for-3 hours.
The catal)-(st powder was pressed and sizéd to 20-40 mesh. 0.5 cm® (0.230 g) of the
sized catalyst was mixed with 1.5 cm® of inert quartz chips énd was pretreated at 500°C for 1
hour in flowing H,. The temperature was ther; reduced to 460°C zind catalytic testing was
5  started,

CATALYST TESTING

Catalysts prepared by the procedures above were tested as fo‘ilows:
Catalyst pa;ticles, mixed with inert qﬁartz chips, were loaded into a % OD plug reactor. n-
hexane was vaporized into a s'tream of ﬂowing hydrogen at a temperature of approximately
0 150°C. This gas mixture was passed through the reactor, which was maintained at the
specified reaction temperature by»ah external heating jacket. The reaction products were
analyzed by gas chromatography. " Products ranging in size from methane to
dimethylnaphthalene .were observéd. A variety of C¢ isomerization lproducts.were observed,
including isohexanes (e.g., 2-methylpentane) and olefins (e.g. 1-hexene.) For the purposes of
5  calculating conversion and selectivity, these C; products were considered to be unreacted.
The selectivities reported are calculated as the sum of benzene, toluene, xylenes, and ethyl
benzene produced divided by the sum of benzépc and ?1] C,-Cs and C+: materials recovered.
These selectivities are presented on a molar Cg basis. Activities are for total C¢ conversion |
(excluding isomerization) after 25 hours on stream and are relative to a catalyst producing 50%

0  conversion at 460°C at a gas hourly space velocity of 5600 hr!, Results are shown in Table 1

below.

14



231 2.16 1.5 30.2 93.8 234 2.16 6.0 10.0 88.5 When the hydrogen to
hydrocarbon ratio fed to a base-exchanged Pt/ GeZSM5 is |owered 5
from a hydweogems/akiscane nol ar ratio at about 6:1 to aboupcfudzeodidesgrio
conversion and selectivity for aromatization increases. Table 2 shows
the effect of changing the H2/ n-hexane feed ratio for a 1%

Pt/ CsbheZzSM 5 catal yst; the same results are shown graphically in
Figure |I. After 111 hours on streamwth a H2/n-hexane feed ratio of
6, the conversion at 515C and an LH@%@OB 2.16 hr-1 was 19.6% and the

sel ectivity was approxinately 87% ectedly, however, as 0 t he
H2/ n- nexane feoed ratio i s |!'\\I\%r__e_d_ t'hn faYaValVi rcl C” Illcrcaﬂnﬂ al.luu V! 11
to 310hGatalssty ati o of | ACHAE to 39SPEETEY ati d BIECEVEY | n ASREETEN. t he
aromatj cs sel ectivitly increases!|f408Gbs at a [(A8°E) ot 3 an&5q0ncb'2% at
a rati|cExsinple 5. Ther[0.84 an addif#6onal | argd 3hcrease in|fRe
conver S1%PU/@4GeZSMMS hydrogen fe¢d is renoved conpletely, |but the
conver SEmpReRkdté®s [OBEkl y wi th45i me on strjedm However | 76hen t he

hydrogef%pgcgm_g at a ratiolof 1.5, the |conversion returns to a

WD 2008 ARRCT/ USZPgg/ 003710 gal ue only djpghtly [ess|uban that
observ e shuttl ng the hydrogen off. Returning to the original
rati o |of, é the conversi¢n to only 10% and the selectivity to

A) tj O 20N [ o d - $
88% E .c Z J./trl.l SEZSM 558 grans of —GeZSM S5 prepaned as
descri washed with{Z00 m of aj‘ﬁ)eous KNG (0.5M then
filtered. c'e |Itrate was then|rewashed 3 re times wifh 0.5M | CNO3
and ripk# t | H-ed H20 onthe—t+ral—FHHtertng—TFhe—zeotite
powder | ARBPAHBIE >8 2 ‘ - -

Example 3 '

1%Pt/HZSM-5

The data in Table 1 show increased selectivity for the germanium-containing ZSM-5

catalyst. The 1% Pt/CsGeZSM-5 catalyst.showed a significant increase in selectivity over

5  non-germanium catalysts whether they were non-acidic or not. The data demonstrate
improved aromatic selectivity for a germanium-containing ZSM-5 catalyst.

A catalyst made by the procedure of Examp.)le 1 was tested with the précedure above

at the specified process conditions. Results are shown in Table 2.
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calcined for 3 hours at 280C in air. Incipient wetness inpregnation
was carried out by add| ng drop wse a solution of 0 0.0682 g

Pt (NH2) 4( |l ved in 1.396 g of deionized water ne
of the K- ggmghzgnge ZSM5. The material was dried for 1%&;]@%2'?9&%09{18‘
110C drying oven then calcined at 280C for 3 'hours. El enental
analysis gave 41.1 w %Si, 0.73 w %A, 477w %GCe, 1.35wm %K,
and 0.95 wt % Pt. The catal yst powder was pressed and sized to
20-40 mesh. 0.25 cnB (0.121 g) of the 5sized catal yst was m xed with
1.75 cnB of inert quartz chips and 'Ealsleﬁretreat ed at 500C for 1 hour

in flowing H2. The tenper g‘%atl S@@ af51§&”3§/f€95%46oc and catal ytic

testing was started. Conp OA sanpl e of
comercial L.zeolite (Tosoh HS7500 nA) was qgbtained ipn-a ‘
pot assi um excirang@tistfeatm| LHSV | ncHphadyt m&tcnmmsibmprﬁgnwmmn was
carried out addi ng drap, wi.se a pol on 3939 H2) 4( NIC3) 2
di ssol ved in é‘ of dei glﬁl ed wa fJ‘fdo ‘ng: of LCl-zdolite.
WO 2008/ 1275B8PCT/ US2008/ 0%/ 10 The,omaterl gliowas dripkgzior 1 Hour in
a 110C drying_oven then dal ci ned af_260C for 33 hours E{ ment al
anal ysis gavel®®. 2 wt % $i%1%. 64 w38 A, 19 K7'-and 0.94 wt %
Pt . Thejsget al yst pawdgy was prgssed ando zed t3929-40 mgsh. 1
cnB (1.108 g) of the sizqd catalyst was mxqd with 1 719 f inerft
quartz chi ps| &4 was pret|2edt ed at | E90C for |B%hour i p?3Hfowi ng |H2
before catal yjis testing|wag startpd. The c3tgalgysts of gexanpl e |2 and
Conparative Exanple 4 werle tested Wth the pgrocedure gaboye at tlhe
specified prpé¥ss conditi|@a¥ Resu|Ps are sh in TapPe%3. Tafle 3 T
= 515C. 1% Pt 44 all cat|aglpysts LHpV 70.5 93.0

146 2.16 0 68.0 _93.3

177 2.16 L5 31.8 93.7

231 2.16 1.5 30.2 93.8

234 2.16 6.0 100 88.5

When the hydrogen to hydrocarbon ratio fed to a base-exchanged Pt/GeZSM-5 is lowered

from a hydrogen:alkane molar ratio at about 6:1 to about 0:1, the conversion and selectivity for

aromatization increases. Table 2 shows the effect of changing the Hy/n-hexane feed ratio for

a 1% Pt/CsGeZSM-5 catalyst; the same results are shown graphically in Figure 1. After 111

hours on stream with a Ho/n-hexane feed ratio of 6, the conversion at 515°C and an LHSV of

2.16 hr'_l was 19.6% and the selectivity was approximately 87%. Unexpectedly, however, as

" the Ha/n-hexane feed ratio is lowered, the conversion increases sharply, to 31% at a ratio of 3

and to 39% at a ratio of 1.5. In addition, the aromatics selectivity increases to 91% at a ratio

of 3 and to 93% at a ratio of 1.5. There is an additional large increase in the conversion when

the hydrogen feed is removed completely, but the conversion declines quickly with time on

- stream. However, when the hydrogen is restored at a ratio of 1.5, the conversion returns to a
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H2/ n-C6 conversion selectivity Catalyst (hfl) in feed (% (07)
Exanple 2 Pt 1KGeZSM5 4.3 6.0 6.5 89.6' 1.5 17.0 91.4 Conparative

Exanpl e 4 3l )bds/frs3s 6- O PCT/US2008/003710

value only slightly less than that observed before shutting the hydrogen off. Returning to the
original ratio of 6 reduces the conversion to only 10% and the selectivity to 88%.
Example 2
1%Pt/KGeZSM-5:
5 | 8 grams of GeZSM:5 prepared as described above was washed with 200 ml of
_aqueous KNO; (0.5M) then filtered. The filtrate was then rewashed 3 more times with 0.5M
KNO; and rinsed with distilled H.O on the final filtering. The zeolite powde_r was then
calcined for 3 hours at 280°C in air.
Incipient wetness impregnation was carried out by adding: drop wise a solution of
0  0.0682 g Pt(NH2)4(NO3)2 dissolveq in 1.396 g of deionized water to 3.503 grams of the K-
exchanged GeZSM-5. The material was dried for 1 hour in a 110°C drying oven then calcined
at 280°C for 3 hours. Elemental analysis gave 41.1 wt % Si, 0.73 wt % Al, 4.77 wt % Ge,
135wt %K, and 0.95 wit% Pt. ' |
The catalyst powder wés presséd and sized to 20-40 mesh. 0.25 cm® (0.121 g) of thé
5  sized catalyst was mixed with 1.75 cm’ of inert quartz chips and was pretreated at 500°C for

1 hour in flowing Ha. The temperature was then reduced to 460°C and catalytic testing was

started.
Comparative Example 4
1% Pt/KL:
0 A sample of commercial L-zeolite (Tosoh HSZSOOKOA) was obtained in a

potassium-exchanged form.
Incipient wetness impregnation was carried out by adding drop wise a solution of

0.393g Pt(NHz),(NO;3); dissoived in 7.5 g of deionized water to 20 grams of the KL-zeolite.
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20.9 89.0 1.517.584.2 .0 The data in Table 3 show the

ef fect of reducing the hydrogen to hydrocarbon ratio on a

ger mani um el ZSM5 catal yst conpared to the L z =

cat al yst vﬁiggh@gggésggnot contain germanium The 1% Pt/ KG@%%H@OM%Q
catal yst showed a significant increase in conversion when the

H2/ n- hexane feed ratio was lowered from6 to 1.5 and the selectivity
L5 also increased. In contrast, the conversion and the selectivity of
a 1% Pt/ KL catal yst decreased when the H2/n-hexane feed rati o was cut
from 6 {lie maserialwas deiechifod drhons il W Crdsying everncthemtajeinedhatr 2687 Grigr Sehaus.
| ower H2/ n-hexane feed ratios for a germani um containing ZSM 5

cat al ystElenfdmaiaailsdiy gave 262 wx%rfi] 64 waldA LA dmath Ke alkek@hp wt?oPtner e
further tested by WO 2008/ 127538PCT/ US2008/ 003710 reducing in a

ni t rogen/ hydmag@ataliisk pewasr Witepressoll fandlisirgd ité) 2040HASH 1 &l @NKOB g) of the
nitrogen until breakthrough, about 20-30 m nutes. The catal ysts were

Lested unbBdshy: REORBAYFISIESAT bbRe ARAYcitbs AROwAOpRBOR: b DOC for |

H2/ n- hexane fe rati o of six to one. The _re_sults are shpvvn in Tabl e
Sel e o) op i oSt FEb@pY el Wi WEBLERLL V! 1Y (4600 Vi eld

Sel ecti vi

The catalysts of Example 2 and Comparative Example 4 were tested with the procedure

above at the specified process conditions. Results are shown in Table 3.

Table 3

T =515°C. 1% Pt for all catalysts
LHSV Hy/n-Cg conversion | selectivity
Catalyst (br'h) in feed (%) A
Example 2 143 §.0 6.5 89.6
Pt/KGeZSM-5 1.5 17.0 91.4
Comparative ‘ 6.0 209 - 39.0
Example 4 |43 1.5 175 84.2
PY/KL

The data in Table 3 show the effect of reciucing the hydrogen to hydrocarbon‘ ratio on

a germanium-containing ZSM-5 catalyst compared to the L zeolite-based catalyst which does

not contain germanium. The 1% Pt/KGeZSM-5 catalyst showed a significant increase in
conversion when the Hy/n-hexane feed ratio was lowered from 6 to 1.5 and the selectivity

.5  also in'creaécd. In contrast, the conversion and the selectivity of a 1% Pt/KL catalyst
decreased when the H,/n-hexane feed ratio was cut from 6 to 1.5. The data demonstrate
improved catalyst performance at lower Hy/n-hexane feed ratios for a germanium-containing

ZSM-5 catalyst.

The catalysts of Example | and Comparative Example 4 were further tested by
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Exanple 1 1%t/ CsGeZSM5 (sulfided) 0.16 36 5.76 50 Conparative
Exarrp![e 4 PtB/ 1CL (sulhf'i ded) 0.04 82 3.28 85 3.4 Sulfiding had a
ramati c e e activity of the Pt/1CL sanple; t bV of
t he presuI{‘Vi gg%“%t%/s%& catal yst was about 25% of rr!t:)hat o%t?rélﬁ%g?j%v(%%%
the presul fided Pt/CsGeZSM 5 catalyst. Even though aromatic
selectivity for the Pt/KL catal yst was higher than that for .Othe
Pt/ CsGeZSM 5 catal yst, the overall yield for the PU CL catal yst was

| ess. These data denonstrate that a ZSM5 based catal yst is nore

sul fur tedhangint a hitvagesthydbgenasiztiredhen ywfiding in 1% Ho% it balange nifgegsn yptil
the procedure of Exanple | was teSted using the procedure described
above apreiifibrof e Gbbited-30 RRRss. (Mndiatalystsswerk tdstedlisingrthé procgdure described
repl acedby an 1nert gas (He) as a diluent. The results are shown in

Tabl e 5,8k Qued-& 480°C‘with a Hy/n-hexane feed ratio of six to one. The results are shown in
Table 4 below. |

5 ' | Table 4

Catalyst Activity | Selectivity | Yield Selectivity | Yield
' | (460°C) - | (480°C)

Example 1 : _ :
1%Pt/CsGeZSM-5 | 0.16- 36 5.76 50 8
(sulfided) ) '
Comparative : )
Example 4 0.04 82 3.28 85 3.4
PYKL

(sulfided)

Sulfiding - had a dramatic effect on the acfivity of the PYKL sample; the activity of the
presulfided Pt/KL catalyst wasl about 25% of that obtaiﬁed with the presulfided Pt/CsGeZSM-
5 catalyst. Even though aromatic selectivity for the PYKL catalyst wa;c, higher than that for
0 the PYCsGeZSM-5 catalyst, the overall yield for the PUKL catalyst was less. These data

demonstrate that a ZSM-5 based catalyst is more sulfur tolerant than a KL-based catalyst.

A catalyst made by the procedure of Example 1 was tested using the procedure
described above at the specified process conditions with H, partially replaced by an inert gas
(He) as a diluent. The results are shown in Table 5 below.

LS
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WD 2008/ 127538PCT/ US2008/.003710 Table 5 1% Pt/ CsGeZSM5 T = 515C,

LHSV = 2.2 hfl

7.5 27.1 93050ddinids32. 1 94.6 7.5. 12.5 38.1 96.1 5

H2,

seem He,

seem conver si on,

Table 5
1% Pt/CsGeZSM-5

% sel ectivity,

% 12. 5

PCT/US2008/003710

Hz, scem He, sccm conversion, % selectivity, %
12.5 75 27.1 93.6
10 10 32.1 94.6

7.5 12.5 38.1 96.1
5 15 47.0 97.1

5 . , .

: As can be seen from the data above, ipcreasing the proportion of diluent relative to hydrogen

results in increased conversion and sé_lectivity. The diluent could be any inert gas, e.g., He,

- N3, CO;, CHs, C;Hs and mixtures the-reof. The proportion of diluent relative to hydrogen
may be in a molar ratio of hydrogen:inert diluent from hbout 1:0.6 to about 1:3.

.0 A catalyst made by the pi'ocedure of Example 1 .was tested using the procedure
described above at the specified process conditions with alkanes other than hexane ﬁséd ina
process of aromatization. The results are shown below.

| Feed - 100% n-heptane
H,/n-C;=0.84

5 LHSV=54hrl
Temperature = 515°C
Conversion: 51%

Aromatics Selectivity: 92% (mostly toluene)
f"eed — 100% n-heptane

0 Hyn-Cr;=0384
LHSV =2.7 hr-1

T=515°C, LHSV=22hr! .
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15 47.0 97.1 5 As can be seen fromthe data above, increasing the
proportion of diluent relative to hydrogen results in increased

conversio NdosBiKet i vity. The diluent could be any i T 00519 -
He, N2, ngﬁ g?ﬁzl 5§2§H6 and m xtures thereof. The propo?’f\(l’rélrjl@o 0

diluent relative to hydrogen may be in a nolar ratio of
hydrogen:inert diluent fromabout 1:0.6 to about 1:3. OA catal yst
made by the procedure of Exanple 1 was tested using the procedure
described above at the specified process conditions with al kanes
ot her tRefAPHBREGTRSLEED in a process of aromatization. The results are
shown bel ow. Feed - 100% n- heptane H2/n-C7 = 0.84 .5LHSV = 5.4 hr-1
Tenper a€Caneerstors 16336 Conver si on: 51% Aromatics Sel ectivity: 92% (nostly
t ol uene) Feed - 100% n-heptane OH2/n-C7 = 0.84 LHSV = 2.7 hr-1 WO
2008/ 12A5a64ics Sels2a6: 03/ (hibsilg iphaena) ur e =515C Conversi on: 63%
Aromatics Selectivity: 93% (nostly toluene) Feed - 100% n-oct ane
Feed — 100% n-octane '
5  Hyn-Cs=0.93
LHSV = 8.6 hr-1
Temperature = 515°C
Conversion: ~35%
Momatics Selectivity: 88%
0 Aromatics Composition: Ethyl benzene - 53%
o-Xylene - 33%‘
m-Xylene - 10%
p-Xylene - 3%
Numerous modifications and variations of the present invention are possible in light of

5  the above teachings. It is to be understood that, within the scope of the appended claims, the

invention may be practiced other than as specifically described.
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5H2/n-Cg = 0.93 LHSV = 8.6 hr-1 Tenperature = 515C Conversion: -35%
Aromatics Selectivity: 88% OAromatics Conposition: Ethyl benzene -
53% o- Xyl ene- 33% m Xyl ene - 10% p- Xyl ene- 3% Nunerous nodifications
and variations of the present invention are possible in |ight of 5the
above teachings. It is to be understood that, within the scope of the
appended claims, the invention may be practiced other than as
specifically described. CLAIMS 1. A process for the aromatization of
hydr ocar bogg.AIRI®Iri sing: a) contacting a feed containing an al kane of

6 to 12 carbon atons per nol ecul e with at | east one catal yst
conpri si ng atnBRL E?Scfﬁréhea‘?r AN POEs L;{EFH’@ S . nedi um p /
| arge pore zeol it BHERAE egdﬁfﬂﬁj'n X ¥l a{cj’ 3F ok
. h. af least one cata ?c i ﬁﬁéh el al ﬁéﬁ icon: uﬁa)
recovering the aror’r}’ﬁ c]ia 5r8(£}“'fécigea{%rez e B QBT T nBle Mot Sle\éﬁ?@e&ﬁ)‘siﬁd'
the silicon to alun&ﬂun1gton1c ratio @IZ r@ o? the zeolite iIs ’
greater than 2, mqqggﬁgmbymggo%ggphﬂgge of from20 to 100. 3. The
process of Claim1l wherein the zeolite a medium pore zeolite, having
t he average DOME: mibdss biTléifel wigengetht sideon abaurbinbn tomidretitt (STAIpeI fetzedites .
4. The processisgfea@r tian? lprefamble inthe taegege from B0 tM08ont ent of t he

zeolite is in the range fromO0.05%to 10 % by wei ght.
3. The process of Claim 1 wherein the zeolite a medium pore zeolite, having the average

pore size in the range from about 5 to about 7 angstroms.

4. The process of Claim 1 wherein the germanium content of the zeolite is in the range
from 0.05% fo 10 % by welght.

5. The process of Claim 1 wherein the noble metal is platinum, paliadium, iridiurn, rhodium
or ruthenium, which is present in the range of from 0.05% to 3%.

8. The process of Claim 1 wherein the contact between the alkane and the catalystis at a
liquid hourly space velocity in the range between 0.1 and 100 h™, at a temperature in the
range between 200 and 800°C and at a pressure in the range between 5 and 315 psia.

7. The process of Claim 1 wherein the catalyst is treated first with hydrogen, second with a
sulfur compound that is H2S, CnH2n+2 S or CnH2n+252, where n = 1-20; and then
again with hydrogen,

8. The process of Claim 7 wherein the catalyst is heated in the presence of hydrogen
sulfide or a mixture of hydrogen sulfide and hydrogen or nitrogen to a temperature of

between 150 and 800°C.
9. The process of Claim 1 wherein the feed additionally contains sulfur up to 1000 ppm.

10. The process of Claim 1 wherein the chemical formula of the catalyst is represenied as:
PH(SIOZ)GeOMAIOMIZ i .
where Z is a cation with a valence of n, such as H*, Na*, K¥, Rb’, Cs", Ca®, Mg, 8" or
Ba?*, x varies from 0-0.15 and y is 0-0.125.

11. The process of Claim 1 wherein the catalyst is of the formula:
A™ r[Sig1Ge4Al1O192]-M Fl
where A is a cesium, potassium, sodium, rubidium, barum, calcium, magnesium and
combinations thereof and M is platinum, palladium, rhodium, iridium, ruithenium or
combinations thereof.

12. The process of Claim 11 wherein A is cesium and M is platinum.

13, The process of Claim 1 wherein the feed additionally contains hycrogen at a
hydrogen:alkane molar ratio from about 6:1 to about 0:1.

14. The process of Claim 1 wherein the feed additionally contains hydrogen and an inert
diluent that is helium, nitrogen, carbon dioxide, methane, ethane and mixtures thereof,
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5. The process of Caim1l1 wherein the noble nmetal is platinum
palladium iridium rhodiumor ruthenium which is present in the
range of fromO0.05%to 3% 6. The process of Caim1l1l 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 betavedar raR®f byrloge0 D€t dhenidiomasbputd R paboub 18Bhe range
between 5 and 315 psia. 7. The process of Claim1l wherein the )
catal yst is 15 &b @tpcessr ot CRim H Wyleib jlesh feed d dFrelominentvapagffime and low in
conpound that NMPhEREs. CnH2n+2 S or CnH2n+282, where n = 1-20; and
then again wth hydrogen.. 8. .The process, of .t Claim 7 wherein the
catal yer T el e, el B o gﬁﬁfa& 5
of hydrogen suffTBETANY YA GJEn 0F° Mt ¥ 8gen fo a t erperature of

bet ween 150 and :800C. 9. The process of Claim 1l wherein the feed
additionally contains sulfur up to 1000 ppm 10. The process of Caim
1 wherein the chemcal formula of the catalyst is represented as:

Pt uSi 02) (Ge02) x(A102)sdryin where Z is a cation with a val ence of n,
such as Fr, Nat, Kt Rb+, Cst, Ca2+, M2+, Sr' or Ba2+, x varies from
0-0.15 and y is 0-0.125. 11. The process of Claim1l1 wherein the
catalyst is of the formula: AM I [Si91Ge4A] 101921- MF1 where Ais a
cesium potassium sodium rubidium barium calcium magnesium and
conbi nati ons thereof and Mis platinum palladium rhodium iridium
rut heni um or conbi nations thereof. 12. The process of Caim1ll
wherein Ais cesiumand Mis platinum 13. The process of daim1l
wherein the feed additionally contains hydrogen at a hydrogen: al kane
nmol ar ratio fromabout 6:1 to about 0:1. 14. The process of Caiml
wherein the feed additionally contains hydrogen and an inert dil uent
that is helium nitrogen, carbon dioxide, nethane, ethane and

m xtures thereof, at a nolar ratio of hydrogen:inert diluent from
about 1:0.6 to about 1:3. 15. The process of Claim1l wherein the feed
is predomnantly paraffinic and | ow i n napht henes. 16. The process of
Claim1 wherein the feed contains C38-08 al kanes, either alone or as
conponents in a mxture in a range fromO0%to 100% for each Cs, C7
and Ceal kane.
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