WD 2011/ 130156PCT/ US2011/ 031917 PROCESS FOR THE PRODUCTI ON OF GASOLI NE
BLENDI NG COVPONENTS AND AROVATI C HYDROCARBONS FROM LOWER ALKANES 5 Fi el d of
t he | nverw0Dan11/130156 The present invention relates to aPpTasess/ 08mn7
produci ng gasol i ne bl endi ng conponents and aromati c hydrocarbons from | ower
al kanes. The invention also relates to a novel gasoline blending conponent.
10 Background of the_Invention There_ is a_projected gl obal shortage
for benzene which ispﬁgﬁgﬁﬁlrgRoE?QiR%QPUQFBQE thﬁA%@hENEaronatic

hydr ocar bons, by separ aPFhP&NFeed¥f GRkNF P act P ofRWHRERCi s rich in aromatic
conpounds, such as ref o @Prediced R (i Gig L& 7e8t3al yti ¢ ref orm ng

process and pyrol ysis gasolines produced through a naphtha cracking

process, Ef.Lrequg nQn-4r.o tvie% hl%qlr ocarbons using a solvent extraction process.
To meet tﬁ—rpm—eii—edr@wﬁﬁl—y—shortage, nuner ous catal ysts and processes
for on-pur poseaher educidran iofveartdrnmat ires a(dac ltudian g r2Qdsen zene o dademialgkanes
containing six or |ess carbon atons per nol ecul e have been investi gated.

For exanpie€Clirs Pareht U o5 885 tde SEY FELTE 1o e K6 Rerv drtithg

et hane- coptai ning gaseous,d eds 119 Af QMR G$1USIAT & Gf yshall ine zeolite
catal yst of the ZSM5-type famly containing a mnor 25 anount of Ga. As
anot her examplige B1SnRaiemonpol88t871 descri bes aromati zati on of Cl-C4
al kaggs i ] .2 n%t Ify thec lqtvaei .io Pt and ZSM 5. It is well known
to add ceftainBrending—corponrer 0 gasolines to inprove the properties
t hereof such asidrke iRON 30 Ofedthel MM baGommHAa dis eb hlendidtg conpenent s

i ncl ude naphthas (e.g., straight-run gasoline, alkylate, reformate,

t ol uene, Ly I%REL 2 ldvadied 1gasol ideN Dyrdly Sitd SFaseldHeé, 1 and paraffinic
hydr ocar 1/ PCL/. 1 7 J. S t ent. :

6, 353, 14%1 esoccral\éf)gggl%%ugfys% %ggq#%% \%ﬁ%?%%;orcg cforr?pcrtiqsogid VAg@ngnblrsja\tkrjlched
hydr ocar barmh siuclrrasnaan d soparcafridsn, sandh ars arcdivatnat chydroaotardson.  An

exa e of a suitabl romatic dr.ocarbon given js Al Tl C 150 Fluid 5

r oM B GHE Cale AL Iy ey oo RO asea ot B SOk G S | o

sol vent go{RAIRING rakeuh 23 natphtWd etrfaxeihyr Renzenesorabit- 22 wt. %

ethyl dinethyl benzenes, about 15 wt. % nono-, di- and tri-nethyl indanes,

about 8 WL.OMGALdiCet AT AFETASNES Usahsute & AlVeh Raitasdl ieie PTalseRs -5 Wio. % 10

trimethyl n , %0 ] ,..ahd t + % of

met hyl et eyet E%ﬁ%g ggjg%:)%tgéy%gé?}e%%?ﬁ%yIn%gn%%}%ﬂjs b(=§jr11:zae{r}]ce%;t,SJ %E’lt%yl

benzenes priexadsdserfzenes,-durgerne, pretdudt inap htthalremes, i cand Dol leresig Anot her

exanple of an aromati c hydrocarbon given i s AROWATI C 100 whi ch tsypi cally
A

15 i $”confosEd<df & HWa "t W% GVet cotaidihy alo" A4Sk . %
trinet hylyhenzanes,a@biie 35 nMe s gty  etdyle zenes;, Abeutr ot . %
propyl and isopropyl benzenes, about 3 w.% ethyl dinethyl benzenes, about
2 W . % rfet3p, §GH derdriides) e erffan &SN vAFoUn® aharngsdi et hyl
benzenes, | ess 2 Qut + Y f tyl and
tetramet hcyolnetﬁér?zl(eglr?le . réae(la)})oust fﬁjev(\j}(\g to% xa;%%é%gg,csan%%r%%ﬁc% Car%%&nelsqelo et hyl
benzene ardh1CHR -GH=Satstr atfe SheSwarRy- tofpd Maninvertdramining a minbie

presggt i nvention provides an integrated process for 25 producing gasoline
bl end? ng AEEIEEN &t $£3and “ar SHREIE Ty g bons %iP@WWi@@S:SH (a)

contact i ng < Jiouer aldane feeddh c@ncarometics hydraeay bon. copversion
catal yst to produce an aronmatic reaction product m xture which is conprised
of benzem®rdrd/omBEt cinderdesMarid/ or xyl ene, C9 aromatic products, Cl10

g; ggﬁé It g pro du CItts ilsn %le ql ?{ ogr%p hctoh %ld%n ec e?fmc%’i no %tlle%%%lnlgy 'c o(rr:llfv’o naern%rgattloc

gasolines to improve the properties thereof such as the RON
30 or the MON. Commonly used blending components include

naphthas (e.g., straight-run gasoline, alkylate, reformate,

toluene, xylene), cracked gasoline, pyrolysis gasoline, and

paraffinic hydrocarbons.



WO 2011/ 130156PCT/ US2011/ 031917 (b) separating and recovering the
aromati c reaction product m xture, (c) separating and recovering
benzene, wWOA011/130156 (d) separating and recovering tol remasand/oarixyl ene
and 5 the C9 aromatic products and the C o aromatic products which boil at
a |l ower tenperature than naphthal ene fromthe naphthal ene at a higher

products. 10 Brief Descriptio f the Draw n Fig. 1is a flow diagram of
a two process WreréinF enfened, 50°’I’He4r§ede?ﬁ rgi Ifeife & RaTe tegfo

fraction.aien ecevergghserar atrelsyy brfEitned iy @& JdoWsh, agham efs at wo stage
aromati zation 15 process wherein the process al so conprises

hydr odeall@pratriagif 16f, el tegl warradnd Ylcaree ardarek e Mdddizdmemal dderdzene.

Fig. 3is fl i of et t r t i r-o0c wherein the
00710 r SH G s T ol A a TE Tha & o Gnd fand S0y Fand he a

si ngl & gasain mx<lrermdiang 20 conponentpi daatiai lied doegerdgot iocdn :0fmarhew-

| nvention Gasolines typically conprise mxtures of hydrocarhbons

boi | i ng iT% F& ¥Hlge fFUMIS (@250 TCHERASO 3405) - thé OptT i Wanges and
di stillatjon Glyves gy cal Ly var yWig 125 :a680rdi R e Jd Ml and sseason of
the year. The hydrocarbons in a gasoline may be derived by any nmeans known
in the amt,. Gomveri-entdly tanel hydrocdatbons nrveyndse dérduwed iwt .arky known
manner fram.straight-run gasoline, synthetically-produced.ar, tic

hydr ocar B%ne t%yx t?%élsz,eqeﬁér r?galquf %r " c°atlr1aalpy%lhca?%ei%ye ’cragac%lé:d ydrocar bons,
hydr aocr acked tpetlr oewmdagctaens, xattal v iiealdne,r efrer neddtydr egar lzons or

m xtures of these. WD 2011/130156PCT/ US2011/031917 The specific

di stil | at9for i W, RFddc &Bor CEMFEsIas of T Fede A1CF SO Gan& Shder ( RON)
and ot or,,0ctane, unbers (MR, 0fdhe gasoljne jane not, or i tical,

Conveni er%)tl;ﬁl%ﬁt he research octane number (IS%%) of the egaisollmi nélerfay be at 5
| east 80 meftdry li mstcdride liemetshe amange lahds.om280 therl ExanEN 28164) . The

not or oct ane nunber of the gasoli onveni ently be .at | east 70,
For °1 net Scat s Ry T agw SGF FHomr0 R GArHBErEN deias tdanine 18™
conposed i¢f Jwpp sdd fgr enth drocardbensmatQ clyicldty .c Gasaliing CORIH ses
conponents selected fromone or nore of the foll ow ng groups; saturated

hydr ocar Béhgit -olf%eflimine thydr Reaydseres ., akovdt i hikdr cedlbdns, samd loxygenat ed
hydr ocar ) [ |y, 4t ar.0 .G hydr ntent of th ol i ne
may be i%%?%ee ngsﬁgga%c?f%f rlorrgffto' t(’oq%toOI pSjelr %:églr?? %%O%%p% Bz e, NELAAR

3 wt.% ethyl dimethyl benzenes, about 2 wt. % methyl (n- and

iso-) propyl benzenes, about 2 wt. % diethyl benzenes, less

20  than about 1 wt. % each of mono butyl benzenes and
tetramethyl benzenes, about 6 wt. % xylenes, and minor
amounts of ethyl benzene and Ciy —Cq; saturates.

Summary of the Invention

The present invention provides an integrated process for
25 producing gasoline blending components and aromatic
hydrocarbons which comprises:

(a) contacting a lower alkane feed with an aromatic
hydrocarbon conversion catalyst to produce an aromatic
reaction product mixture which is comprised of benzene and/or

30 toluene and/or xylene, Cs aromatic products, Ciy aromatic
products including naphthalene and, optionally, Ci;;, aromatic

products,



15 vol une based on the gasoline (ASTM D1319). Crude oil enters a
refinery and is processed through various units before being blended into
gasol i ne.w@ 2nefi3nsey may have a fluid catal ytic cracker PCETSp114819af kyl at e
unit, and a reformer, each of which produces gasoline bl ending 20
conponents. Al kylate gasoline, for exanple, is valuable because it has a
very high octane, and can be used to produce hi gh-octane (and hi gher val ue)
bl ends. Li ght  SEPai AR TGasBl TE AT THEA ddst Brotested T edh It is
cheap to gyRduee mikut,dd, has a | ow octane. The person specifying the 25
gasoline blends has to mx all of the conponents together to neet the
product speci f(@at issiprating and resaomsidinendmnassicaddindert ai n bl endi ng
conmponents to solj tQ .i nprove .the pr i ereof, su t or
Ehe NN Comolally VA BILar 10 e rmraReeY s i naan e Ao e gnd ™
st rai §ht -un#n qgasebmaejicapkybates daref atrat®e, benzene; poddesies xyleme),
cracked gasoline, pyrolysis gasoline, and paraffinic hydrocarbons. The
present i Ator? ProViTdeSE SFAORIE Yasi rePNERdiE daiPbridit whi ch

conpri ses, f,0M-AQ 1 WO2Q1 Y. 130156PCTA US2014{ 03191734 & 10; ¥ % ndane,
from about 40 to 60% w indene, fromabout 4 to 20 wt % C9 aronati cs ot her

t han i ndarte somiiaidend cnaed oftrvomm deut 12Bhttda35nst %Wd Grar ¢mat isgmstther t han
naphthalened_SEhe process of the present invention conprises bringing into
cont act 5mﬁ§d¥béﬁrbon f eedst ock containing | ower al kanes, and possibly

ot henohy dyracar bensrignd o eat alhestoreanpesi tion suitable for pronoting the
reacti on of such hydrocarbons to aromati ¢ hydrocarbons, such as benzene, at
a 10 tenper at dr¢ -f romSaodtl A0 2P @bt P00 Carid 28 prressifte Frtdritabout
0.01 to ahout. L OMpa ;absaliite.. The 19as hourd X, SRAGR el o6 tyd GSY) per
hour may range from about 300 to about 6000. The process nay be carried out
in a sindlractiage aore imeamidripl escegarefterlabl y two, stages. |f a two-stage
process is 15 _used,, t.he conditiagns in each stage may fall in the above
Panges and maj B the Sdmd oF dIFREAICT 2 THO SHAKbIE FEkd G r i for
use hsreigrddglldecaldiane rst e Ii0h IRy et HIdrMRIdd 1% AR iQn mor e
C2r C3r and/or C4 al kanes (referred to herein as "l ower al kanes"), 20 for

exanpl e &f étfarte/lprdramelbutvadifels itch steeafidderiored faesrmarg-ural gas,
refinery or petrroc ical (Streans i e Sstrea I of
potentially s%ﬁf&bpiq%ﬁghféngans@%%giEgzq%f%?%%}é§ﬁg%5Eﬁﬁ??éggﬁb%§¥ésidual
et hane amd qureapanécfrredm ndteurcal cg@satmebhame) rpupivkredt topetparewethane,

propane 25 and butane streans (al so known as Nat ur al s Liquids)

Eon by oduget SO B der da IS Zoas R o DA 05 s EHERRE T om Associ at ed
gasegpco-mdeed W th crude oil production, unreacted ethane "waste"
streanms from steam crackers, and the Cl-C3 byproduct stream from napht ha

r ef or mer LR dhowss 0 pililcan e T dév iy are 1de] | berately diluted with

relatively inert jt ng/. it L i

hydr ocar bons S%ﬁ%%?§§fﬁﬁﬂﬁ%ﬁ?ﬁégéf%ﬁggqﬁgaﬁﬁgﬁéﬁkﬁﬂéﬁié“?%§F%%%%%€ cat al yst
perf or manga.1i N0 120kl 3QIREPEHJIS2BL O3B e (En-1sbnzane) enbadi ment, the
majority of the feedstock is conprised of ethane and propane. |In another
enbodi nempt itnlyd freedstsockd sliconprliadadrofcurivesd tEX-1CA lalvk arey.inon stil |

anot her embodigrent .. 1 he feqdstock Js, comprd sed of. primarily 5 propane and
but ane. e Feedst o¢ may contain’n additi on oﬁher'open chai n hydrocar bons
cont ai ni ng dietaseednd dnd 8 cardldmeateiys s dearieaet at sinySpecidfd Grexanpl es
of such additional coreactants are propyl ene, isobutane, n-butenes and

i sobut enél THE fgdd Ay EOHEAT T Yu b Yo labERc o ans gy 15 pércemd of! c2- ¢4
ol efins, prefiefAbl Yo dr0re &han about: 10, Wei-ght: spes cent, :9lgfiing.) Too nuch
ol efin content may cause an unacceptabl e anount of coki'ng. The hya}ocarbon
f eedst ock rwdefascalnp ey b é vcormprarsed: ofi xdturdegastt hayowtl 130 quer cent by

30 catalytically cracked hydrocarbons, hydro-cracked petroleum

fractions, catalytically reformed hydrocarbons or mixtures of

these.



wei ght of C2-4 hydrocarbons, preferably at | east about 50 15 percent by

wei ght . In one enbodi nent, the | ower al kane feed is conprised of at
| east propeneliasdiset hane and the process is carried out PCA/USMIISBEIGES as
described in copending, comonly assigned provisional U S. patent
application nunber 61/257085, 20 entitled PROCESS FOR THE CONVERSI ON M XED
LONER ALKANES . TO AROVATI.C HY RBONS, filed Novenber 2, 2009, which is
herein i ncorpg;l;ﬁ egé’eﬁ}grl& m%ﬁ% S et VI AWRE i rst stage, the
reacti on copdidiitans,, mae e opt ighzed fimddie GomversiomafoPrepane to
benzene. In the second stage, 25 reaction conditions may be optim zed for

t he conveywiasy dM@bhade the wEwrdnge @ig oval 1971 tilve lsec éivd vetndge trleact | on
conditio y al.so.be i_m f or C r Si t T ny. .ot her
non- ar orrgtsnleg%r%/s razrccahr Bjoc(r)f;%tn\ﬁniné%%r?ary (lgite r&%\é%f ig%%t%gr% iélsag; sbt%aéaé:. 30l n
anot hér anbedi reent ,fcas idescirideed n nreopendjieng,f dommrdoy tassilgned
provisional U S. patent application nunber 61/257149, entitled PROCESS FOR
THE CONVERS BN 1POMER AINRARES OFO OARAVAT I"CTIIBRAEARBONS, 119 & Soviéter 2,
2009, Whigh ic%n W0 120431301 56PCTUS20LL/ 031917, hereid ineorparated by
reference in its entirety, the process (a) conprises alternately contacting
t he | owerfralnk atte tfoedd On tEN &P 1&r3drvat i zati on catalyst in a reactor for a
short period ti.me, preferabl 0 Jm_nut es,. | ess, ;and then 5 contacting
The ar bt | 2206 Caioal st LIy Aot driararin Ol s F or “a

shor 10 pernygd cef1 1tyi, Meja arefrey alinpr2G a8 ~whgSrendLsslded epeat icig: tdie
cycle of step (a) at least one tine, (c) regenerating the aromati zation

cat al yst ™ot &t A LiiC™Ainch & Uy g e Bmtahigl rgasi ratciél-evat ed 10

t enper at lbrl%fi‘?ﬂg: (T RREHING SLeRS (i3 hyar%t&%wo%,atadgﬁ%%yg%@l%ttéom-

One inportant advantage of the aromatization process used herein 1s that
littl e omwaoCaroaren- arlomEtdac lhydrideardyans: tare pyrcodyeetorTherCent of
non-aromati ¢ hydr.acar bons 15 which are produced be recycl ed . or used for
fuel, et STRESTHSE BPFSdEE ¢ Thr créaﬁl(%r é%urf%r?éfin?&c/ t Jzé’?/‘?éf,ceéﬁd eneral I'y
tol ugpe and und enge@rd neeoveredideanany aisubst.antial anount of C9_,
aromatic hydrocarbons. W have di scovered that a significant portion of the
C9_, fraction 2095 cduced Harema Gwerl i karres! iif oS SsevatinZ&tidn pr ocess
may be useday A .gasal ine-dlending samonent; aid by AL Ve, pIORGLeS.
Accordingly, a product separation schene is incorporated in the

aromat i zatayomagpreocess uial effdadiventd v rseparat (@ Cand raec aMéry ltehe desitr,abl e
portion of the C9 , mxture_ 25 so_that a nmaxi num anmount of desirable

Gasol | ne BIedig EaBon&c @ oblH Ted: OTECD 32 et St SHErGdes
naphbbal engn@d isghernbeildmg GO iaf0matd C hyahiacar bens; anhigh are not
useful for gasoline blending conponents because its boiling range is higher
t han spediefdeadia yii ddls gassitivné isdn et a36n atlde PPrredeEntusasy dmt icorpdudse C9

aronatic r gcar.hans t. r ti dr ogarhaqn i bai ] at | ower
t enper at 5{%21 t C?ttrij %ap(rﬁ%halhé%%egr &aﬁé% vgrl%gr%épaﬁgl%%y%%&% gjrdcl)qrrati C
hydr ocar bens liingl ude thaddnre,st ndene,s sddr ena,eam It is cheap to

2011/ 130156PCT/ US2011/031917 propyl benzene, etc. and the | ower boiling C10
ar omat i ¢ BRAHEEar BBs itAAfdé mehiGTidane, et MAGSTfer@eciiying the

met hykpr opyd Jienzens.c R Ylhenzens.x diat R herzeng £lb sThe amined C9

aromati ¢ "hydrocarbons and C10 aromati c 5 hydrocarbons which boil at | ower
tenperatmmég.ﬁﬁgnproduct specifications.

It is well known to add certain blending components to
gasoline to improve the properties thereof such as the RON or
the MON. Commonly used blending components include naphthas

30 (e.g., straight-run gasoline, alkylate, reformate, benzene,
toluene, xylene), cracked gasoline, pyrolysis gasoline, and
paraffinic hydrocarbons. The present invention provides a

novel gasoline blending component which comprises from about



napht hal ene conprise the gasoline bl endi ng conponent of the present
invention. It may conprise fromabout 1 to 10 wt % i ndane, from about 40 to
60 wt % i nsiorze1 /30 about 4 to 20 wt % C9 aronati cs ot hePCThEspotiiosene or

i ndene, and from about 10 25 to 35 wt % C10 aromati cs other than

napht hal ene. I ndane is a hydrocarbon petrochem cal conpound wi th chem cal
formul a H10.. Derivatives include_conp ds such as .1-net hyl -i ndane and

c oun >
2- met hyl -i fda Wer]éld@ﬁ]ee'n&rlﬂﬂ G8ip 4i_%s &t PAched tONE F iVé ar bon _
ring), 4-4mtdyls icedane and - alsmAet Byl oiAdanentwhengaqpecret Aykngroup is
attached to the benzene ring), various dinethyl-indanes, and various
phar macewricc dlr adereilpatti vVes td dend 9§ £ anuersat ueat @dieol yegel i ¢ hydr ocar bon
with chemical .fornmula COH38. It is conposed of a benzene ring fused with a
cycl opengé%ﬁtrﬁaﬁf%zowm tiple chem cal analyses of the C9+ fraction
obt ai Aed experihzentraldes sshow tHratordardane ianedntidene drgrrimdde brajrorirgy of
the CO nol ecul es while nethyl substituted indane and indene and napht hal ene

form t he ‘A& orAAY- 35T tth & VEED Go1EeuItEE IS4 & AT Hdéh & ©¥S35] ndanel ndene

are sim landf St ruct We dig,1Renzens, Sidid-Lenzane apd propdihenzene which
are known to have high octané and high flame speed boosting properties as
shown i n Cralylcs it.ioralive th8@ Hcame rorpicured RONMONGSpeadrh.gf. sOCch\D
2011/ 130]515%!3CT/ U%2011/ 031917 cm sec . Benzene 105 99

ydro hydrocar

carpons to aromatic Ong, Ssuch as benzene, at a

10 temperature from about 400 to about 700°C and a pressure from
about 0.01 to about 1.0 Mpa absclute. The gas hourly space
velocity (GHSV) per hour may range from about 300 to about
6000. The process may be carried out in a single stage or in
multiple, preferably two, stages. If a two-stage process is

15 used, the conditions in each stage may fall in the above
ranges and may be the same or different.

Suitable feed streams for use herein include alkane
streams which may contain primarily one or more C,, Cs,
and/or C, alkanes (referred to herein as “lower alkanes”),

20 for example an ethane/propane/butane-rich stream derived from
natural gas, refinery or petrochemical streams including
waste streams. Examples of potentially suitable feed streams
include (but are not limited to) residual ethane and propane
from natural gas (methane) purification, pure ethane, propane

25 and butane streams (also known as Natural Gas Ligquids) co-
produced at a liquefied natural gas site, C,-C; streams from
associated gases co-produced with crude o0il production,
unreacted ethane "waste" streams from steam crackers, and the
C1-C53 byproduct stream from naphtha reformers. The lower

30 alkane feed may be deliberately diluted with relatively inert
gases such as nitrogen and/or with various light hydrocarbons
and/or with low levels of additives needed to improve

catalyst performance.



84 80.1 Tol uene 120 109 67.9 110.6 |sooctane 100 100 67 98.5 Ethyl benzene
111.2 97.9 76.9 136.2 1,2,4 Trinet hyl benzene(Pseudocunene) 110.5 105.8 58.3
169. 4 1, w6 2rvisetshy| benzene(Mesi tyl ene) 120.3 120. 3 56 PCHAISZ011/031917

i sopropyl benzene

In one embodiment, the majority of the feedstock is
comprised of ethane and propane. In another embodiment, the
feedstock is comprised of mixed C,-C, alkanes. In still
another embodiment, the feedstock is comprised of primarily

5 propane and butane. The feedstock may contain in addition
other open chain hydrocarbons containing between 3 and 8
carbon atoms as coreactants. Specific examples of such
additional coreactants are propylene, isobutane, n-butenes
and isobutene. The feed may contain up to about 20 weight

10 percent of C,;-C, olefins, preferably no more than about 10
weight percent olefins. Too much olefin content may cause an
unacceptable amount of coking. The hydrocarbon feedstock
preferably may be comprised of at least about 30 percent by
weight of C,_.s hydrocarbons, preferably at least about 50

15 percent by weight.

In one embodiment, the lower alkane feed is comprised of
at least propane and ethane and the process is carried out in
two stages as described in copending, commonly assigned
provisional U.S. patent application number 61/257085,

20 entitled PROCESS FOR THE CONVERSION MIXED LOWER ALKANES TO
AROMATIC HYDROCARBONS, filed November 2, 2009, which is
herein incorporated by reference in its entirety. In the
first stage, the reaction conditions may be optimized for the
conversion of propane to benzene. In the second stage,

25 reaction conditions may be optimized for the conversion of
ethane to benzene. Optionally, the second stage reaction
conditions may also be optimized for the conversion to BTX of
any other non-aromatic hydrocarbons which may be produced in
the first stage.

30 In another embodiment, as described in copending,
commonly assigned provisional U.S. patent application number
61/257149, entitled PROCESS FOR THE CONVERSION LOWER ALKANES
TO AROMATIC HYDROCARBONS, filed November 2, 2009, which is



113.1 99.3 76.3 152.4 n-propyl benzene 74.1 t-butyl benzene 75.7

Fig. 1 is a flow diagramof a tw stage aromati zation process wherein a
C9_40 onlwofoae3dn i s recovered. Lower 5 al kane feed erCEs26&tag®1l
aromati zation reactor 2 through Iine 1. The reaction products are conbi ned
with the reaction products fromstage 2 aromati zation reactor 3 in line 4

whi ch is_conveyed to a vapor-liquid separator, 5. The liquid bottons | eave
the separSt6rTh FFARERE 6 ah Fiale Comibyed ¢ 10 e [étiens e F&P P Siher oi n

benzene i )sepaiatied f ramdhe etiRercaemting predudhe and s eervered in
line 8. The other aromatic products in the bottomstream9 are conveyed to

the tol ueréxrene-cCoLLLIG Separ atditon ysttage PO L <Hve trolfwene syl ene | eave
separat | gL a08 40 L U AJnG 11 G ALE D Lecanar ed spRaralel y as

tol uene inline ene inT'ine fraction’1's taken out
of sefpar atdramcstiage tHe andnrecoverieth igatddlnetl4ui thhéyicermajam g C9_10,
aromatics | eave stage 10 through line 15. Vapor stream 16 | eaves separator

5 and i s SCEMTESS EFTIHR 20 WS Es SorSPEE KR 1ot itd S caiSdF TR to the

conpr essof §ie qweyed 40 t he,d ecrlinégerth% through 4 ie18.5)The ot her
| i quids are conveyed through line 19 to denethani zer 20 wherein the nethane

and hydr dgerstarcess éparcat €d)ant aeecovdried ddef welompds dat ldmeaZB1yHe bottom

stream 22 of the 25 demethanizer 20 contalns G2 .4 hydrocar beﬂ%svav%hei;h are
recycl ed to THhe Secoid ‘st dge arohati’Zat | on réactor 3 i'g- 2 is a

f 1 ow1di agleaipeafa thite ,t WSt @ge aemlinzatdt@p preoeshnhigrel i)t ke preeeerss
schene of Fi gt 1 includes at the WD 2011/130156PCT/ US2011/031917 end a
hydr odeal®¥\A ati"6h secti on wherein the toluene and xylene are reacted to

produce nore bepzene,, Mst Qlqthe ROcHSS HIESGIdRLd 100 1% he 3ank as for
Fig. 1. Instead of Dbeing separat e(i the toluene and xylene 'in line 11 are

used herein is that little or no Cs; non-aromatic
hydrocarbons are produced. The C;_, non—-aromatic hydrocarbons

15 which are produced may be recycled or used for fuel, etc.
The major products produced are aromatic. Benzene, and
generally toluene and xylene, are recovered, leaving a
substantial amount of Cs; aromatic hydrocarbons. We have
discovered that a significant portion of the Co. fraction

20 produced from lower alkanes in this aromatization process may
be used as a gasoline-blending component with attractive
properties. Accordingly, a product separation scheme is
incorporated in the aromatization process to efficiently
separate and recover the desirable portion of the Cg, mixture

25 so that a maximum amount of desirable gasoline blending
component is obtained. The Cq, fraction includes naphthalene
and higher boiling Cio, aromatic hydrocarbons which are not
useful for gasoline blending components because its boiling
range is higher than specified/typical gasoline range.

30 In the present invention, the Cs aromatic hydrocarbons
and the Ci9 aromatic hydrocarbons which boil at lower
temperatures than naphthalene are recovered separately. The

Co aromatic hydrocarbons include indane, indene, durene,



5 conveyed to a hydrodeal kyl ation unit 26 which produces additional benzene
inline 28 and sone fuel gas conponents in line 29. Unreacted tol uene and
xyl ene arworetyhesd to t he debenzeni zer through |ine 27PCThS2ave8tyead
stream 21 from denet hani zer 20 is conveyed to separator 23 which separates
10 hydrogen from ot her fuel gas conponents. The hydrogen is conveyed

t hrough |ine ﬁ%to t he %}r/drode kyl ation unit, 26. The remai njng fuel gas
conponent’™d FomLEFarat 523 iHEF WA 4h& 2P BN Y ECover ed as

fuel gas HhiRugh-ddme 1241 vieFindt ¥ i dd , owedirgaramefe a two stage _
aromati zation process wherein the C9-10 fraction is recovered together with
t he t ol udwdhand o veme nas e /s invglve dyagsinene Bledmdilimgresmsonaic. | Fhehi s
enbodi nent , .t. u |.e racti .are not recovered
separ atel%yo’ngju]{}leeao{r ggrggg\%ﬁ ggd?§§8 EgPQgg;@ éborrtc)alrr?g(glsc&gcgol i ne bl endi ng
conmpofenthyidrddai®chlk which ANV ene lafwea washipetins tofrecattalayst s may be used
to pronote the reaction of the | ower al kanes to aromatic hydrocarbons. One

such cat Q3PN s GIBEd S5 195,924,899, 008 SN CW (ST e eidf the

I ncor por 3&%@&% nefRIRNCR I N 1k SN seThe GRtal st 1copas) tian
described therein conprises an alum nosilicate having gallium deposited

t her eon amdleore,arf radnusibvodi [40cdtce G0n Wik chndeats, orfs dravédhderd éxchydnged wit h
gal liumions.. The nolar ratcho of , sili %? to alumna is at .30l east, 5: 1.

Anot her datalyst Rhfch“fay be used”i A"t he“process of’ t Ae“préSent Frivent i on
is deecridzedd BERWG 244 db6Znadhis catiat yiSha€ompshisiesidhe. cat al yst
described in the precedin WO 2011/ 130156PCT/ US2011/ 031917 par agraph and a
Group VI netlaldadd éct éd DRea G EiTu mSATP PISAL SRdmC ot vaIcutilidsi | i cat es
are said toprefieraply,be Vel or MEL fLype st nuchures and Ry e, ZSMS,

ZSM 8, ZSM 11, ZSML2 or ZSM 35. 5Cther catal ysts which rmay be used in the
process df-ntehidnypresertng mrentd-or tare -descmichedhiardl.®e Tel86,18 ¢ carpd U. S.
7,186, 872, both of ich. are .herein.incorporated by reference in eir

et rety TR ATEC OF (hbsd Wa Srboedrites a0 R A1 G ZSM 5
crystial | inRe rgaoliide rsy ntltesiez eth Hnekd Ar @parignd 4 he tzeoldd & LaMeai ni ng the
alum num and silicon in the franmework, depositing platinumon the zeolite
and cal citfif§ehe& 1260l/i tVér TThe sedsid yPatiéiergsscibey 3uchisa cat al yst

whi ch congai |.i i - fur wor i sentJ.al | um num fr ee.
15Addi ti r%%lr@%ac%a tylsété? \%If:lh rif'alyV%lrngg usng ?1% tl%e%glr gfglgsagdg%étt dé pr esent

i nvent i omdlnclyude d hose cdesdrdrbed thn dde®ii e 12X r5bil,a lieHebyIt ncor por at ed by

reference in its entirety. These catalysts contain an MFl zeolite plus at
| east on& AT Inital® HASA e TR FRACt Ay carid ORGSR forte- 250

addi pponal metal1 tGhosenHanamaihe euwR CHIsitstd 1y, of rd i o ges e iy | ead,
and i ndi um e preferred catalyst for use in this invention is
descr i be@xperdrsntRgtlents hyppltheat ilowamghlansatinste ¥o. £ 200 9/F2 09795 1 thhi s
publicati i r [ Lp d [ . N.i ntirety. This
bubl i cat ian e ﬁg%egﬂggga%gﬁgcg%??gi ﬁg?g%i?ﬁﬁ?éoéhﬁéng bt (% by

wei ght) plnatdrmumndoased tor tdhe fetral ther efeefaaliltyy @Ok Q05 %, (2) an
anount of an attenuating netal selected fromthe group consisting of tin,

| ead, and'Qg&SrEmSUm CK 1383 WEFE than 30 0.02 % | ess than the anount
of platinum preferably not pe atal yst, based on the
metal; (3) 10 to 99.9 % of
based on the al um nosilicat &

25 Indane Indene
are similar in structure to benzene, ethyl benzene and propyl
benzene which are known to have high octane and high flame
speed boosting properties as shown in Table 1.

Table 1
30

Flame
Compound RON MON Speed b.p. °C




WO 2011/ 130156PCT/ US2011/ 031917 preferably selected fromthe group

consisting of ZSM5, ZSML1l, ZSM 12, ZSM 23,
to the Hwbapmy13prsef er abl y having a Si 02/ Al 203 nol ar

80:1, and (4) a binder, preferably selected fromsilica, 5 alum na and

or ZSM 35, preferably converted
r aPCo/uskorfioerwn20: 1 to

m xtures thereof. Anot her preferred catalyst for use in this
i nvent i gh—s—described+nrPCTFPublcatiopNo—WD 2009/ 105447 This

. . . . . . se
TR S AL B AV A LIAE
pUb| I cat QU strroes—a tataryst— CoOmpr—syiig, > 1 LU L) l,dg \SAvLY :5\5, AL by
wei ght) mtatipym based—onthe metat,—prefergbty 003 tp 0,06 9wt nost
pr ef er alitpy, Orfdl; ; . (2) am anou(it{ of 51 T[oTg W3 CTIT -5 &qyat 3£ 0; O
gr eat er [than The, SRQUN L -afc TEE-PIRALLBET PUTT I8l [Mahe_§ NAN =@, 50 [Ys0f | he
cat al yst[,1, prefel adny 1 halzcADT @<ENan B 20 P 20B ([ha28b3 cat abysSt,[ mesiy
pr ef er abligopaloymbdrechban 0. 10 %W of the| caiahyst,ohased on.the nmetal ;| (3)
10 to 99..9p-8aMy1bén-ancal um nosilicate, preferably a zeol|tes.baged on the
al um nogsithbeatieenppmef erably 30 to 99.9 %, preflerably sel7éctied fromthe

group consisting of ZSM5, ZSM 11, ZSM 12, 20 ZSM 23,

or ZSM 35, preferably

converted to the H+ form preferably having a Si 02/ A 203 nolar ratio of
from20:1 to 8Qgl, 1and (A)1dwididermanpre er ably sselectednfatamasiidrea,

al um na

and m xtures thereof.

i nvent i oPHS IS geseriPed ih-10. SN lpPafeACtARPI Eat PEAVPEBI catPER No.

2009/ 9209794,
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I's publication
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25

wherein the methane and hydrogen are separated and recovered

as fuel gas in line 21.

The bottom stream 22 of the

demethanizer 20 contains C,.4 hydrocarbons which are recycled

to the second stage aromatization reactor 3.

Fig.

process wherein the process scheme of Fig.

2 1is a flow diagram of the two stage aromatization

1 includes at the

rocesses 25 are

&N RS,

%rated process of this
0 demethanizer 20



30 include the reaction of benzene wth propyl ene to produce cunene which
may in turn be converted into phenol and/or acetone. The propyl ene may be
produced wopariatselsy i n a propane dehydrogenati on unit oPCEREB2€MBIYNAT OM

ol efin cracker WD 2011/ 130156PCT/ US2011/ 031917 process vent streans or
ot her sources. Methods for the reaction of benzene with propylene to

produce cunene are descrihed .in U S. Patent Application Publication No.
5009/ 0156870 i CH & it e Gipdr 4t bd 15 T8t drende 1471 &5 ent i rety.
The int egrated pracess fed hics drdeentd on YL al-30.d nchigde tdre teaction of
benzene with ol efins such as ethyl ene. The ethyl ene may be produced

separ at e[y das sgn detsvanie tdehy drsogérratsiage @i tfaor iy donme Iysdmas! effi n
cracker 10 .proc vent. strea t her rces.. Et-hyl benz is an
organic C eel%gcaﬁee%zagr?%o%t?ddtt\}\ﬁel o Olﬁlgen%ngglrdo%rf&t |egleehylélr ()lcélr (;elﬁ %Ir}t S maj or use
IS i N5t hegetayechen calhyididukialkvds tan nirgromed atre compaunador t he
production of styrene, which in turn is used for making pol ystyrene, a
commonl y 7S PITast REPESRratdy ilde Mt Rods S8 e It S&Ct IO T Perizeie with

et hyl ene 11,0, proaduce gthylhenzene are descrjiked iU ScRatent. Appld cation
Publ i cati on No. 2009/0156870 which is herein incorporated by reference in

its enti cdefoenzSnirzene tpudien e Frodudéd by addépedr cgersan g thenp0

et hyl benzgne. .One process for producing styrene is described in U S Pat.
No. 4, 85 745 VLA 5 € harei T eot bor ared By T81 & enia G 3 LT et y.
Anot her pryegessf ardar edueimng sy rene dompdeserddied Tne WySir fain iNo.
7,276,636 which is herein incorporated b){lé/r eference in its entirety. 25
EXAMPLES conveyed tPReUR [1oiend Sexanpiigs tarce stedlikdedd Hem iUiistdat i ve

pur poses 101 ¥ A e N9f1 nfendet 8 i e 5609, of. the 3 1 nvent i on

Example 1 | ndane an né were obtained fromvendors. Tol uene was
used as a@dménctavamk tin ltimies 2% vyl ofeddvedfagelasblfersdi mgrs WDrough line

2011/ 130]256PCT/ US2011/ 031917 properties. The RON and MON of neat i ndane,

i ndene, tol'uene, and a base fuel were tested using ASTM D 2699 and ASTM

D-2708 test metikpd.3 Ald Lonpaurdsigiene drest ed;d dddapldreate iand ithe average
of those results were presented in Table 2. The RON 5 and MON of the base
fuel and RAreIQFeite "REre reddondbly ArghtasnexpeEEEdVaRadt ReIRONCEANHLMON of

i ndane and J ndane were al.sa Seasenable fugh.  tahlie 2 Nealy pepsity
component. In this embodiment, the toluene, xylene and the
Co_1p fractions are not recovered separately but are recovered

20 together as a combined gasoline blending component in line
11.
Any one of a variety of catalysts may be used to promote
the reaction of the lower alkanes to aromatic hydrocarbons.
One such catalyst is described in U.S. 4,899,006 which is
25 herein incorporated by reference in its entirety. The
catalyst composition described therein comprises an
aluminosilicate having gallium deposited thereon and/or an
aluminosilicate in which cations have been exchanged with
gallium ions. The molar ratio of silica to alumina is at
30 least 5:1.
Another catalyst which may be used in the process of the
present invention 1is described in EP 0 244 162. This

catalyst comprises the catalyst described in the preceding

10



Average delta g/mM RONMON R+ M2 RMO. 743 Base Fuel 85.4 79.0 82.1 6.5
0. 865 Tol uene 114.5 106.0 110.3 8.5 0.965 | ndane 100.7 85.5 93.1 15.2 0.996
WO 2011/130156 PCT/US2011/031917

paragraph and a Group VIII metal selected from rhodium and
platinum. The aluminosilicates are said to preferably be MFI
or MEL type structures and may be 7ZSM-5, 7ZSM-8, 7ZSM-11, ZSM-
12 or ZSM-35.

5 Other catalysts which may be used in the process of the
present invention are described in U.S. 7,186,871 and U.S.
7,186,872, both of which are herein incorporated by reference
in their entirety. The first of these patents describes a
platinum containing ZSM-5 crystalline zeolite synthesized by

10 preparing the zeolite containing the aluminum and silicon in
the framework, depositing platinum on the zeolite and
calcining the zeolite. The second patent describes such a
catalyst which contains gallium in the framework and is
egssentially aluminum-free.

15 Additional catalysts which may be used in the process of
the present invention include those described in U.S.
5,227,557, hereby incorporated by reference in its entirety.
These catalysts contain an MFI zeolite plus at least one
noble metal from the platinum family and at least one

20 additional metal chosen from the group consisting of tin,
germanium, lead, and indium.

One preferred catalyst for use in this invention is
described in U.S. Patent Application Publication No.
2009/0209795. This publication is hereby incorporated by

25 reference in its entirety. This publication describes a
catalyst comprising: (1) 0.005 to 0.1 %$wt (% by weight)
platinum, based on the metal, preferably 0.01 to 0.05 %wt,

(2) an amount of an attenuating metal selected from the group
consisting of tin, lead, and germanium, which is no more than

30 0.02 %wt less than the amount of platinum, preferably not
more than 0.2 %wt of the catalyst, based on the metal; (3) 10
to 99.9 %wt of an aluminosilicate, preferably a zeolite,

based on the aluminosilicate, preferably 30 to 99.9 %wt,

11



| ndene 108.0 98.5 103.2 9.5 10
I ndene in base fuel blends were neasured (see the top part of Table 3).

4.7 v% i ndane and 4.6 v% ipadiarseolito3m®b7 base
Table 3

RON and MON 20f1/130156% t ol uene,
bl ends were al so neasured (see the bottom part of Table 3).

f uel

bel ow shows an increase in Research Oct ane Nunber of 0.43 and 0.5 with

1. 2v% of
Resear ch F&&arté nt? SE-6L 96 %Shd Wikt K O ST O ﬂ?dzfr?

riespeghiviel,y.z 020 LY F30156P ﬂé%%@%ldl%le%%%eﬁ%@oﬁ t3 tAerage

i ndene,

I ndane _and dene, respectively. Table 3 shows an ghease I n

The RON and MON of 1.2 v% i ndane and

The

d 2% vo 20

delta Den5|ty(g/n1) RON MON R+M 2 RON R+M 2 0. 743 Base Fuel (BF) 86.3

79.8

10

15

20

25

30

form, preferably having a S$i0O;/Al,0; molar ratio of from 20:1
to 80:1, and (4) a binder, preferably selected from silica,
alumina and mixtures thereof.

Another preferred catalyst for use in this invention is
described in PCT Publication No. WO 2009/105447. This
publication is hereby incorporated by reference in its
entirety. The publication describes a catalyst comprising:
(1) 0.005 to 0.1 %wt (% by weight) platinum, based on the
metal, preferably 0.01 to 0.06 %$wt, most preferably 0.01 to
0.05 %wt, (2) an amount of iron which is equal to or greater
than the amount of the platinum but not more than 0.50 %$wt of
the catalyst, preferably not more than 0.20 $wt of the
catalyst, most preferably not more than 0.10 %$wt of the
catalyst, based on the metal; (3) 10 to 99.9 %wt of an
aluminosilicate, preferably a zeolite, based on the
aluminosilicate, preferably 30 to 99.9 %wt, preferably
selected from the group consisting of ZSM-5, ZSM-11, ZSM-12,
ZSM-23, or ZSM-35, preferably converted to the H+ form,
preferably having a Si0,/A1,0; molar ratio of from 20:1 to
80:1, and (4) a binder, preferably selected from silica,
alumina and mixtures thereof.

Another preferred catalyst for use in this invention is
described in U.S. Patent Application Publication No.
2009/0209794. This publication is hereby incorporated by
reference in its entirety. This publication describes a
catalyst comprising: (1) 0.005 to 0.1 wt% (% by weight)
platinum, based on the metal, preferably 0.01 to 0.05% wt,
most preferably 0.02 to 0.05% wt, (2) an amount of gallium
which is equal to or greater than the amount of the platinum,
preferably no more than 1 wt%, most preferably no more than

0.5 wt%, based on the metal; (3) 10 to 99.9 wt% of an

12



83.0 0. 965 Indane(1.2 v%in BF) 86.7 79.8 83.2 0.43 -0.03 0.2 0.996
I ndene(1.2 v% 86.8 79.5 83.1 0.50 -0.30 0.1 Average delta Density(g/m)
RON MON WO 2011/130156 PCT/US2011/031917

aluminosilicate, preferably a zeolite, based on the
aluminosilicate, preferably 30 to 99.9 wt%, preferably
selected from the group consisting of ZSM-5, ZSM-11, ZSM-12,
ZSM-23, or ZSM-35, preferably converted to the H+ form,

5 preferably having a Si0,/Al1,0; molar ratio of from 20:1 to
80:1, and (4) a binder, preferably selected from silica,
alumina and mixtures thereof.

The unreacted methane and byproduct hydrocarbons may be
used in other steps, stored and/or recycled. It may be

10 necessary to cool these byproducts to liquefy them. When the
ethane or mixed lower alkanes originate from an LNG plant as
a result of the purification of the natural gas, at least
some of these byproducts may be cooled and liquefied using
the heat exchangers used to ligquefy the purified natural gas

15 (methane) .

The toluene and xylene may be converted into benzene by
hydrodealkylation. The hydrodealkylation reaction involves
the reaction of toluene, xylenes, ethylbenzene, and higher
aromatics with hydrogen to strip alkyl groups from the

20 aromatic ring to produce additional benzene and light ends
including methane and ethane which are separated from the
benzene. This step substantially increases the overall yield
of benzene and thus is highly advantageous.

Both thermal and catalytic hydrodealkylation processes

25 are known in the art. Methods for hydrodealkylation are
described in U.S. Patent Application Publication No.
2009/0156870 which is herein incorporated by reference in its
entirety.

The integrated process of this invention may also

30 include the reaction of benzene with propylene to produce
cumene which may in turn be converted into phenol and/or
acetone. The propylene may be produced separately in a

propane dehydrogenation unit or may come from olefin cracker

13



R+tM 2 RON mON R+tM 2 0. 743 Base Fuel 86.67 79.83 83.3 0. 865 Tol uene(3.7
vy 87.6 80.23 83.9 0.93 0.40 0.7 0.965 Indane(4.7 v% 87.57 80.23 83.9
0. 90 0. 4070.2611/130156 PCT/US2011/031917

process vent streams or other sources. Methods for the

reaction of benzene with propylene to produce cumene are

described in U.S. Patent Application Publication No.

2009/0156870 which is herein incorporated by reference in its
5 entirety.

The integrated process of this invention may also
include the reaction of benzene with olefins such as
ethylene. The ethylene may be produced separately in an
ethane dehydrogenation unit or may come from olefin cracker

10 process vent streams or other sources. Ethylbenzene is an
organic chemical compound which is an aromatic hydrocarbon.
Its major use is in the petrochemical industry as an
intermediate compound for the production of styrene, which in
turn is used for making polystyrene, a commonly used plastic

15 material. Methods for the reaction of benzene with ethylene
to produce ethylbenzene are described in U.S. Patent
Application Publication No. 2009/0156870 which is herein
incorporated by reference in its entirety.

Styrene may then be produced by dehydrogenating the

20 ethylbenzene. One process for producing styrene is described
in U.S. Pat. No. 4,857,498 which is herein incorporated by
reference in its entirety. Another process for producing
styrene is described in U.S. Pat. No. 7,276,636 which is

herein incorporated by reference in its entirety.

25

EXAMPLES

The following examples are provided for illustrative
purposes only and are not intended to limit the scope of the

30 invention.

Example 1

Indane and indene were obtained from vendors. Toluene

was used as a benchmark in this study of the fuel blending

14



0.996 Indene(4.6 v% 87.47 79.57 83.5 0.80 -0.27 0.2 Such increase in
octane nunber is known in the 5 literature for aromatic nol ecul es. However,
it is gerwoablwyideshpensated for by a decrease in flanme spgas20iThaldit ane
speeds of above nol ecul es were nmeasured using the Leeds University bonb
experinment technique at Leeds University facility. Fuel sanples were tested
under |am nar caonditions 10 with ini tigl conditions of, 5 bar absol ute

pressur e P 3601 ‘Al 1T EDBUATITh § e e itGoes (A% 6T werd Yieksur ed
at stoi ChirRimef HaGd atidd Qfefliale @ @idsinthe eperinent s neeng eondycted
using the Leeds M2 fan stirred conbustion vessel (Refer to

waw. engi ireert g thests. dd lukjomsshinicsy welie rteBs efdacinl it Jaaties agdsttdien| ess
sphere of ljter I i Si i.cal .ac ) e fuel re

i njected alv%%g eheOfb\écﬁf) am‘f\@aﬁ &\%éﬁet o gjgr&@).s% ztee%lf u%l &%sbt%ﬁe?a s#% C O\(/%Fmt ric
anounf ofarai MoMaD fadded baGentfent]l werde thaaterd twertdhe cdesimed t enpgr atwur e,

m xed by stirring. Mxing fans were turned off 20 prior to ignition.

Pr essur e Sig: a3t &0 RO &nd1BF Athe 119G i3 iS4 8Cor e 91 SFabl e 4.
To deter e dfadihens gias any significant change due to the presence of a
conponent, it was decided to do experinents using 20v% of the conponents in
commerci al grade gasoline. No significant change in flane 25 speed was
noted for indane or indene as shovvnIi ana e 4. The data in Tables 1-4

i ndi cate that indane, indene, other & 2011/ 130156PCT/ US2011/ 031917

aromati ¢s, and certain C10 aromati cs Qther than naphthal ene woul d conpfi se
sui t abl mﬂyn > bl endi Ng components. '@?J@ra"gé’ Frame Speeq Dy a dWpr epul e
Bl end Ccrrpg%ntli otr—Famre—Speed RON MON R + M/2 RM
0.743 Base Fuel 85.4 79.0 82.1 6.5
0.865 Toluene 114.5 106.0 110.3 8.5
0.965 Indane 100.7 85.5 93.1 15.2
0.996 Indene 108.0 98.5 103.2 9.5
10
The RON and MON of 1.2 v% indane and indene in base fuel
blends were measured (see the top part of Table 3). The RON

and MON of 3.7v% toluene, 4.7 v% indane and 4.6 v% indene in
15 base fuel blends were also measured (see the bottom part of
Table 3). Table 3 below shows an increase in Research Octane
Number of 0.43 and 0.5 with 1.2v% of indane and indene,
respectively. Table 3 shows an increase in Research Octane
Number of 0.90 and 0.80 with 4.7v% of indane and 4.6 v%

20 indene, respectively.
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Such i1ncrease in octane number 1s known in the

literature for aromatic molecules.

compensated for

speeds of above

University bomb

facility.

Fuel

However,
by a decrease in flame speed. The flame
molecules were measured using the Leeds

experiment technique at Leeds University

it is generally

samples were tested under laminar conditions

with initial conditions of 5 bar absolute pressure and 360K.

All the burning velocities

stoichiometric ratio of fuel to air.

(flame speed) were measured at

The experiments were

conducted using the Leeds Mk2 fan stirred combustion vessel

(Refer to www.engineering.leeds.ac.uk/mech for their

facility).

extensive optical access.
bomb and allowed to vaporize fully,

amount of air was added.

temperature,

prior to ignition.
ignition is recorded in Table 4.
any significant change due to the presence of a component,
was decided to do experiments using 20v% of the components

commercial grade gasoline.

mixed by stirring.

then a stoichometric

Mixing fans were turned

It is a stainless sphere of 30 liter volume with

The fuels were injected into the

Content were heated to the desired

off

Pressure measured after 0.1 second of the

To determine 1f there was

it

in

No significant change in flame

speed was noted for indane or indene as shown in Table 4.

The data in Tables 1-4 indicate that indane,

indene,

16
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Feed Conposition
Feed Rate, GHSV 800 800 1000 1000 Tot al

10

15

20

25

30

WO 2011/130156

Et hane, % 100 100 50 50 Propane, % -0- -0- 50 50
Hrs on Feed 14.4 50.7 27.2 50.7

PCT/US2011/031917

aromatics, and certain C,p, aromatics other than naphthalene

would comprise suitable gasoline blending components.

Table 4

Flame Speed Data

Molecule Blend Composition Flame Speed
% in Gasoline P/bar at 0.1 Second
Gasoline 100 17.35
Indane 20 17.24
Indene 20 16.10
Example 2

Four runs were carried out in a lab-scale aromatization

reactor at O

600°C reactor wall temperature with

repeated cycles of 10 minute exposure of the catalyst to feed

followed by

hydrogen stripping.
described in Table 5 below.
were prepared

Publication No.

minute exposure of

The feed and

described 1n U.S.

2009/02009794,

which

the catalyst to hot
other conditions are

The catalysts used in these runs

Patent Application

is incorporated by

reference, with target metal loadings of 0.025 wt% platinum

and 0.09 wt$%

gallium or 0.09 wt% platinum and 0.25 wt$%

gallium, on extrudates consisting of 80 wt% ZSM-5 CBV 2314

zeolite (available from Zeolyst

alumina Dbinder.

A gas

International) and 20 wt$%

chromatograph was wused to provide

quantitative analysis of the total product stream.

As shown 1in Table 5,

the total Co,

aromatics fraction

accounted for about 8-15wt% of the total aromatics product in

runs conducted

feeds.

The Co¢_19 aromatics

all-ethane and mixed ethane/propane

fraction excluding naphthalene

ranged between about 45 and 60%w of the total Cos aromatics

product or about 4-8%w of the total aromatics product in

these runs.
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Avg Total C2 + C3 Conversion per Pass, % 38.40 33.66 47.26 47.06 Avg Tot al

Arom Yield per

Pass, %t 23.57 20.01 30.19 32.81 Avg C9+ Arom Yield per

Pass, %t W02011236563. 30 2. 95 Avg C9- C10 Arom ( Except Naphtrhmsk@n®}1917 Yield

as

% of CO+ Aromatics 45.3 59.8 56.7 48.5 Yield as % of Total Aromatics
Table 5

Run No. 1 2 3 4
Feed Composition

Ethane, %wt 100 100 50 50

Propane, %wt -0- -0- 50 50
Feed Rate, GHSV 800 800 1000 1000
Total Hrs on Feed 14.4 50.7 27.2 50.7
Avg Total C2 + C3 Conversion per Pass, % 38.40 33.66 47.26 47.06
Avg Total Arom. Yield per Pass, %wt 23.57 20.01 30.19 32.81
Avg C9+ Arom. Yield per Pass, %wt 3.29 2.61 3.30 2.95
Avg C9-Cl0 Arom. (Except Naphthalane)

Yield as % of C9+ Aromatics 45.3 59.8 56.7 48.5

Yield as % of Total Aromatics 6.3 7.8 6.2 4.4
Avg Naphthalene and Higher Aromatics

Yield as % of C9+ Aromatics 54.7 40.2 43.3 51.5

Yield as % of Total Aromatics 7.6 5.2 4.7 4.6
Final Boiling Point of Collected Liquid NA 493 NA 453
Product, °C

18



6.3 7.8 6.2 4.4 Avg Napht hal ene and Hi gher Aromatics Yield as % of C9+
Aromatics 54.7 40.2 43.3 51.5 Yield as % of Total Aromatics 7.6 5.2 4.7 4.6
Fi nal Boi IwogoRai3atsef Col | ected Li quid Product, C NA 493 RATAB3011M&1917

2011/ 130156PCT/ US2011/ 031917 CL Al M5

cLaimMs

1. An integrated process for producing gasoline

blending components and aromatic hydrocarbons which
5 comprises:

(a) contacting a lower alkane feed with an aromatic
hydrocarbon conversion catalyst to produce an aromatic
reaction product mixture which is comprised of benzene and/or
toluene and/or xylene, Cy aromatic products, Cio aromatic

10 products including naphthalene and, optionally, Ci:, aromatic
products,

(b) separating and recovering the aromatic reaction
product mixture,

(c) separating and recovering benzene, and

15 (d) separating and recovering toluene and/or xylene and
the Cy aromatic products and the Cip aromatic products which
boil at a lower temperature than naphthalene from the
naphthalene and the C;p aromatic reaction products which boil
at a higher temperature than naphthalene and any Ci;: aromatic

20 products.

2. A process as claimed in claim 1 wherein step (d)
further comprises separating and recovering toluene and/or
xylene and separating and recovering the C; aromatic products
and the Ci9 aromatic products which boil at a lower

25 temperature than naphthalene.

3. A process as claimed in claim 1 further comprising
hydrodealkylating the toluene and/or xylene to produce
additional benzene.

4. A process as claimed in claim 1 wherein the C,

30 aromatic products and the C;p aromatic products which boil at
a lower temperature than naphthalene comprises indane, methyl

indane, indene, methyl indene or mixtures thereof.
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1. An integrated process for produci ng gasoline bl endi ng conponents and
aromati ¢ hydrocarbons which 5 conpri ses: (a) contacting a | ower

al kane fe®02itt130888 ar onati ¢ hydrocarbon conversi on cat CyaiS2ei0/0protuce an
aromatic reaction product m xture which is conprised of benzene and/ or

tol uene and/ or xylene, C9 aromatic products, Cn aromatic 10 products

i ncl udi ng napht hal ene and,. opﬁoi onﬁ:,l %/ Cu+ aromatic products, (b)
separating and r ecoOv&ASTY tHe Hr % FPERAIDY pi PG, @

(c) Separc%ﬁd/p%e%&d JeaGMRId G henzener A R(d)stseparat iingi-anrd recovering
tol uene and/or xylene and the C9 aromatic products and the Cn aromatic

pr oduct s MgHhoH Beidangt, ancdener tEhieratindechamchaphtthvaleend aremit-he

napht hal ene and the Cn aronmatic reaction products which boil at a higher
tenperature than napht hal ene and any Cu+ aromatic 20 products. 2. A process
as cl aimed in 4l ai mhk wherdiimestapdng udnpemecanpri $8s iseFanmatiiarg and
recovering tol uene and/ or xylene and separating and recovering the C9

ar omat i ¢ ProdiFdt £ e GP i/ SrodddtedSahi ch boil at a | ower 25
tenperature than napht hal ene. 3. A process as clainmed in claim1 further
conpri sing hydrodeal kyl ati ng the toluene and/ or xylene to produce

addi ti onal berfzene.The Agmddess dercligionespninengrdi mil adtzemeion whiehC9 30
aromati ¢ products dth romat.i ¢ _pr.oducts which baoil at |, ower

t enper at t#én Rhaiv Snaialfgrﬁ)tnhaal%eoflgre)E go%?r ilsoegp%ﬁn&élr?{ea,neﬁetf%qu iarll)c?é%e,él%l i 2%@,

met hyD i Rdene reten® Xtades ddweieaf .o \W0 20k1/c130166RPETLYSZ0LE,080947 5. A

gasol i ne bl endi ng conponent which conprises a conponent sel ected fromthe
group coﬁé’idsatrien@rofm%@ne,a%tfﬁﬂm iaRPatte, 23 fdere, ikt kyh FheRMel @hd

m xtures fhereqh, . p4. e 9asQld ne bl ending conmponent of claim5 which
I

further conprises toluene and/or xylene. 5. The gasoline bl endi ng conponent
of claim5 which conprises fromabout 1 to 10 wt % i ndane, from about 40 to
60 10 mt % i ndene, from about 4 to 20 Wt % C9 aromati cs ot her than indane or
i ndene, and from about 25 to 35 wt % C10 aromati cs ot her than naphthal ene.
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