WD 2010/ 104762PCT/ US2010/ 026402 PROCESS FOR METHANE CONVERSI ON CROSS
REFERENCE TO RELATED APPLI CATION [0001] This application clainms priority to
U. S. Prowveizoralo4eat ent Application No. 561/160, 102, fi lped/ushoioh2¢482 2009,
the disclosure of which is incorporated herein by reference inits
entirety. FIELD OF THE I NVENTION [0002] The invention relates to the
conversion of feedstreans containing nethane to 10 aromati c hydrocarbons by
dehydroaromati zati on andpROVISSSEOR MIETHANG CONVERSIORf associ at ed gas
and/or |iquefied natural™gas (LCNG production. BACKGROUND OF THE | NVENTI ON
[ 0003] I ntegration of systens is per se known. By way of exanple, the
integrati : N di sproportionation

process a Ot ' . S. Patent Publication
2010- 0004{66@1] |nTﬁi%0E fca@drarémlﬁs Mtﬁltpr@pmst Pﬁummnalllmm Rygli@gish baps
froma i ht hydr ocar bonaceous feedstock is conbined with a process for

|| quePyi afilegadarch 3 ol08onthetdirslospsdfathiehisarcoaspergied heem Bnepfempyce j s

t aught i n%s g;ent No. 7,451,618. 20[ 0004] Aronati c hydrocarbons,
partlcularly éne toluene, and xylenes (collectively, "BTX") and al so
et hyl benzene, are i nportant commodity chem cals in the petrochem cal

i ndustry. CUrrentréE aromati c _hydrocarbons are nost frequently produced
from petr L by a variety of processes, including

catal yti qop@for ﬁ{(‘éﬁtﬁﬁ“r@ﬂa&’e&'t@; he %%bél&oh‘oéﬁ’ei’e%&stre%ﬁlst& étgzﬂfél {8
of petroleun1fee sto decrease, there Is a 25grow ng nee&' fin
al t erlfat i aremstiuu rhydsocafboas olgat debhy trpdroncairitooms anﬂOﬁﬁﬁ]:@e foosthe bhtﬂization of

alternative source of a i.C h roc s met hane. The present
i nvent or SSPRAALC %Pé&d@ﬁﬁﬂqg%ééﬁ/ E¢§§ pHﬂ“WﬁFhane i ncl ude natural gas
and biogas. Mdre natural gas is currently bei ng di scovered than oil.

Li kew se, productlon and coIIectlon of biogas, such as fromlandfill (e.g.,
"gar bage BY d bl ’Lnously However, 30 there are nunerous

b t atl F
Pt ance BT, Z?Iﬁa%{% g o%rygnﬁﬁqéf?%ns'gq%%(’ww R G TN S DA
gas" )15 pasdrh&idadioh Yrédesd ML £ d@p@@ﬁﬁmoﬂaﬁoﬂw@de@é lasoubh i af esmand ddnyscisas ied.

More efficient use of such gases is critic
taught in U.S. Patent Publication 2010- 0004493 In another example, the preparation of

liquid hydrocarbons from a light hydrocarbonaceous feedstock is combined with a process for
liquefying natural gas, involving the production of syngas (CO and H,), is taught in U.S.
Patent No. 7,451,618.

20  [0004] Aromatic hydrocarbons, particularly benzene, toluene, and xylenes (collectively,
"BTX") and also ethylbenzene, are important commodity chemicals in the petrochemical
industry. Currently, aromatic hydrocarbons are most frequently produced from petroleum-
based feedstocks by a variety of processes, including catalytic reforming and catalytic
cracking. However, as the world supplies of petroleum feedstocks decrease, there is a

25  growing need to find alternative sources of aromatic hydrocarbons.

[0005] One possible alternative source of aromatic hydrocarbons is methane. The present
inventors have noted that possible sources of methane include natural gas and biogas. More
natural gas is currently being discovered than oil. Likewise, production and collection of
biogas, such as from landfill (e.g., "garbage dumps") is increasing tremendously. However,

30  there are numerous problems associated with transportation of large volumes of such gases.
For instance, natural gas recovered along with oil (also known as "associated gas"),
particularly at remote places, is generally flared and thus wasted. More efficient use of such

gases 1s critical.



WO 2010/ 104762PCT/ US2010/ 026402 [ 0006] A | arge majority of the processes
currently proposed for converting nethane to |iquid hydrocarbons involve
i nitial owocatoiomreef methane to synthesis gas, such as BCBUSPabazd40No.
7,451,618 referenced above. [0007]In U S. 7,451,618 (EP 1306632), liquid
hydr ocar bons are produced froma |ight 5 hydrocarbonaceous feedstock in
conbination with a process for |iquefying natural gas, which |iquefaction

process qRomy|i S€A GLARVAK{oHRE ofl tHd SHbcRYIERERID AEEROY Forf ERHSHRGKMEMRAR: to
synt hesis gas, followed by catal ytic conversion of the synthesi's gas into

liquid hyldnothydsosrsbonghinvadve itsl apideiiemoef mathehaiomynthicsis ghe nuthess ESs Beteatt ed

wth integratj f _two cesses (natural gas liquefaction and |iquid
hydrocarﬁ%%quﬁgﬂgé?%3?w${8%§estiII inherently inefficient for at |east two
10 reasornggone beuUs 148,61 @GP P3®SYY, eiqdid hpirenibals RepywBed hBm a light

| i quefaction effluent stream and the preferred operating pressure for the
i qui @ hyudecariesacesyniasdypek ingembindion ayithyepiggess Hait hqwgd%tl@tml s, which
synt hesi s: LNt i . i i QUi .
nvar ocar s Bbeb i SETRN YRy SHRR: 10t BRrBLRRGLRR Sutild supholy o
i nt egr at igag, followed baratatpitvenseliont @cthaclabess gav inko tqsid| hydteehaohs. oWl d
be of valge. 15[000%%@ nug@sr of ot her rqgesses-hav been proposed for
directly t ’ér?@@lrlﬁ“ﬁa 1R SHECIE 194 ?’éﬁéﬁ“}t HIGCRICBBHEN 08 (W PHCCEsED é‘}la}’t“ia gas

oxi dat i VQiqﬁgféE{i%ﬂlgn(flfi LH&th?%@aIan Q}LIRIfIéS \ it g sltﬂ’lvi’ﬁgerpﬁ‘[l 1 @ffﬁ?én@k&ta't Geast two
conversion of the o eglns to I'iquid hydrocarbons, 1ncluding aromatic

hydr dfar bromens, 8ae beihgrthebagryiressutd. diffetfeatiditetiNen the BRE82i5n cHbhwav strgam and

oxi dative, coupl i net hods suffer from.the,proplemthat th i nvql ve hi ghl
oot nor m S PRkt e e R G et BBk Dottty A JroiB Bl O™ Y

met hane GRERISbh O sYRAGHS RSk ANdtchieyiade Hﬁ&ﬁigﬁMﬂ&ﬂQP@mﬁ@ﬁ&ﬁ?m@ﬁmbons
environmental | y sensitive carbon oxides. [0009] n-oxldatlve‘coupllgg has
al so beers pepiidsadl icncrgymateosiscpatiepardingty pi edre yefficiennydesratgn ©brmetbaiong

net hane with a cgt Igﬁt.co rishn @ net al 3% grﬁed on a zeolite, such as
ZSM 5. atony ol SoebadiRkis SRR Nt BE Ut BBb I G for exanpl e
pat entss qooes| | n A2Rinhigr BROKE@F pLitdssse BivetitefprdpoSed F@ﬁttd@ﬂébt(lfpbtkﬂvieﬁﬂigi 1@&thane

e

2007/ 0260098. [0010] Non- oxi dative coupling nmethods inclu
dehydr oart®héghcs by digparbews, ge@uaheatadytic oxidaiteeraupting Y scdwne tarlcsas ifotpwadeans

rocesse r - oxidati i NG.- i r e : .
Conver todt o ereeauil ARTSREE BT ME SRR T ThURTaAEE TR, MRt
napht hal enydrdcarbonmniSge,rfef exaraple 0.3 dlateac Nov 81336425 BIOWgver,adxiddugivedcotipl i,

using a 30 supported netal catalyst. Syngas.is not a significant
i nt er mediBE o el ?ﬂa@c Selea it dhscinden h%gilﬂﬁémlaﬁ%c gractions (and thus are
de hy%ocy&g : %egt 10 teﬁia?l?%&dbﬁ@ nh@ﬁ&n%%o‘fﬁ%&%ﬁ ‘i’ed.cﬂ&llﬁfat%d( @y henGaRf 4sgd

with) the uctton of “cyclic paraffins. pri or
dehydr oarquestitisatficonirgmonesyesnatec edrbwsexidosc| usi vel y "once t hrough" (no

eyeL ) A B AIRER 9000 B 0 St SRBL NS Do, et .
Pat ent  PuRldicakiceRtad@/ mBRaRORNEh adatalyst comprising a metal supported on a zeolite, such
as ZSM-5, at high temperature, such as 600°C to 1000°C. See, for example, patents cited in
25  the Background section of U.S. Patent Publication 2007/0260098.
[0010] Non-oxidative coupling methods include dehydroaromatization. As used herein,
the term "dehydroaromatization" means processes comprising non-oxidative coupling
reactions wherein methane is converted to aromatic hydrocarbons, such as benzene, toluene,
and naphthalene (commonly referred to collectively as "BTN"), along with Hj, using a
30  supported metal catalyst. Syngas is not a significant intermediate. Such processes have also
been referred to as dehydrocyclization, although the latter can also include (or be confused
with) the production of cyclic paraffins. Such prior art dehydroaromatization processes are

almost exclusively "once through" (no recycle) and do not address separation of the products.
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process is described for converting nmethane to hi gher hydrocarbons

i ncl udi ng aromati ¢ hydrocarbons, the process conprising contacting a feed
cont ai ni nyormetohmmms2wi t h a catal yst 5 useful for dehydro&constéinaison,
conveni ently nol ybdenum tungsten and/or rheniumor a conpound thereof on
ZSM5 or an al um num oxi de, under conditions effective to convert said

nmet hane to aromati ¢ hydrocarbons and produce a first effluent stream
conprising aronmati c hydrocarbons and H2, wherein said first effluent stream
conprises at least 5 ww% nore aromatic rings than said feed; and reacting
at |east [pAF] of Fohensknce,r ontleapidrdmaensioned fUI.BeRuten Pyblication vi00A/ 0260098, a

' d d,effl i .
entced. i0EsuERe B dPeaSn O dheifytr B M) neltbepit AR IR sredlis
r ef er encesdpehitons nthe peoddyHiraied it Zdink Nfee Cbbidmitg MethRat &Ath a catalyst

Publ i cat i ons 2008/ 0047872; 2008/ 0058564; 2007/ 0249740; 2007/ 0129587 (now
al | owdd) ;usefu f%@dwdwmelzageesvmgmgehy mMPB(ELNEE] B E0d 00 PmgEY OF

2006/ 067087 14 o788 o s oV ufeop Endch TRl B ol 0

process tsaidoencachapttedaromatic dgzratmlaﬂdoak a&dalbreducrmstﬁl@f ctiieng agcars ecbniprisipe
process needs to e converted to hig é ducts such as benzepe,
and/ or modiePaiehyorArEns2nd ﬁz@ﬂl%@@&ﬁ@r st g n%@rqa@ cappRTRs et IGash? Mg o
be bound rgéfre apﬁﬂét}'c: I‘l@%ﬁgl el fe@@rdﬂ'a(ilé(mwgﬁt l%Qﬁihlq%rfﬁ{e' W%ohhﬁﬁ@ﬁfs% effﬂlleﬂt
limted anount of 20 1he rret ane feed that can be convefted to aronatic
pr oduét s,straémr edb anatetyeeficortainigr opemiscal pry)duwab | seyoralpeffmtntnsfranondavingrs.

Accordi ngl y, roduct str i e anounts of unreacted nethane
e e " Jetiest 3 PR R R 80 Tt FFeoBT BTN and 11 gnt ol efin

bypr OdUCG[GOPﬁn b@tl?e@c%‘ﬂéidnéé’sedpé?ﬁnéﬁ@t Iftpdﬁellsiﬂworﬁ@t[zaﬁ@n RRWRNEry.SSepPakat | on
of byproduct H2 fromCH4 is difficult, requiring expensive equi pnent and

hi gh enerRppligateons 225106@9478?&019@8&00&564el2§97/\9é41%/74ﬁl éﬁOBQiZ’%}WH@OM ahlovaid;

cont ent or
met hanol 0P 7SR RErp POt AR 23] CinlBloos PP TGP SO ARB PO Sy S & U any
hi gh 1ur iy, Cdnt(Neyw7 389,006 ket %559,93 B WO T0900Rd06T 2hHFOI200TAD3LNS. r ecycl ed
as feed to the reactor. In addition, reactor conversion of nethane to
aromat i ¢ [AYHHocalbersT iy amsihane senisysiemarasessierheedgpteion %cern@ef%leﬁcale

30[ 0015 i r r 2 d
from eactioy o £t A e Bocey fids B BETSR 4Rl SRR SO rlyclE sihg s
and CH4, ehtdmepghd/bheaiegbtatd @ bighovueoto-phelunmy euchf sfseH§| \Aefltlmﬁrmsbi&lg to be

achi eving the separation, was very expensi.ye; iri ng pital
expense 19[1991 ﬁ@ Fﬁm baseq Pgéhemoeﬁn%eﬁpﬂegere\ﬁwqﬁ%rﬁ.%eg Yrée lwtﬁ@raa}wgt o

2010/219047&@51%&19@?&31%& 26492 c&?veﬂed toC;l?forngge AR B QoY (i (I' leargén d?ﬂl&ﬁ@r
refrigerant systens. Also resultant liquid Pret hane nust be eheat ed back to
reactor iwndbde) omergacmdet;lomhl Abcdrdingly, ttie poxddetr stofant 00Gaios ldrgg rerounfsOefl 6]

O'ten rather hem cal nv rting. met hane to anoth t eri al

{r anspor (HEGITA TEORE BobFbys 6 Ao enGUgE BhpSParangsof HRC 18 b o ines
so that ig pﬁmc@%aéb& ﬁ@d&%@ﬁ&ﬂby ﬁeihbaykﬂbv&rpﬁémeShdd}@ef lsb%i@t’idrﬁ?f%%d&héﬂ

Gas) . Wth regard to gases taken at the wel |-head and i ogases

ext ensi velrigomi(Jeriadifi nult,sreqelqng eXgnsine e@@pm@m anl dpigght @@tgymet errper atures.
Thef naI p i ressure.r r.c essure W

aut o- ref r[lﬂgfe‘ﬁatl eﬁﬁgoavr?@' ?érelatweguc% Bun%f HDOW pt Ceoéflé%lrt)eisoéélgess jud eg%c%tal%l I

of f gas” Iegenlei’dﬁoﬁ%)i/or@@ﬂﬂakél VB g fdr NBeth &) & althtr praett Ry Bsdis, eandf likdgse
streamprior to the pressure reduction to 10 atnospheric pressure with

aut o- r ef regReat Porclatingle hagh pedy CRG(BRGH: scopieatluisetso peedepepehisitaindin | et
for nore t e i L

cconon ATy o 1 St welte EEAAAFTh Bdafioh A5kt QRARRR thy go EARIE |
found t henyddeovpeboas mrc&pm‘ssddhezthebfesgeea)tfikbmnﬂmsfem S) can be rai sed. So,
from n |enystan poi nt, en LNG BOGvqurrE|s e outle

(di sp Dei t[P@@ Atoqpiz raelalﬁf%\éﬁi}wgent ByPsEy Oafseﬁea%%ﬂﬁ% ugéﬁ OB CBRP t he
LNG conpl S I i r 0

f I ashi ng. d%PfI;eI{Iéé E%I}Més reﬁ gg%wefailceoy ésnslée%aga%{tag Ogggra%;s(@%rrgf gﬁ@%%gﬁ dﬁ%:h f f‘oor
use in gds ow bif tbs maorer efficative mb@scoﬁmtmwmguht veparati@, Jet tvyryBEXpdnsival so
produced when LNG tankers are f.i e]? Ia he vapor ,vol u i s.displaced, LNG
BOG and f&%‘PE}n%&‘ég%c‘t‘H“a Ehere ‘?IetB“ '8 TSfTFgeeé%t}O\?erPﬁzc%%seu YIOUS ARTIEC i 5 5

ot herw se specifically noted. BOG tends to
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20 be enriched in inerts (predomnately N2), and these inerts are
practically non-condensables in the natural gas. A nore efficient use of
BOG i s t we 2hiogiokis2sought after. [0017] LNG i s produced ipaTa®ea1s/0ed40t he
worl d where there are | arge reserves of natural gas but paradoxically
little use for it. The natural gas is thus transported as LNG to | ocations
where it can be used for heating, power generation or industrial use.

However, bI§G Gga@zoan@él})@r Wy alrgeemea r&ﬂﬁfgellahﬂws%rﬁso rA‘IB@FBqut:Hﬁ 1i§hRIBethingmust

be converte back’to a gas at high pressure for distribution to consumers.
To suppl ynysaporéheeidd hack @tregitgrahichtenmpeegenar ehich i 1Sp<m thic ordes fof 66E Cgarshigher.
burned t vide heat which is,inefficient in ort nof th as iIs
consumed P16 ouP i Ee sieiter ShiiEbincblinplc bifin® B helEs dratpd 96

i nt egr at etﬁhn@pdrtan@ﬂeuqs J3BIcd ot lBer ciyuRh esmPsratuséy HLE] hh&ﬁez,sahaatlﬁﬂcahe&c hes
a process in which natural gas is non-oxidatively converted to aromatic

liqui & arfernprortediin ligsiddpay @ﬂéNGq(Ié@meéierié\Tﬂtwl Ohe- S¥iaregerdle ssesvialrantié sp
fluids intg a %@%ﬁ@/&@%@%ﬁﬁ”&t&{sﬂ%ﬁé{ﬂ }g&aﬁ&?ﬁg' s 1?&1 the i ot ﬁeéa&t | d

derived from Fude and Inte r i'on of “Conver St on

bypr oduc tteﬂdﬁet‘amr&OV\Hl’heV\lﬁhil stem-i0Xrekatuiev eedubdn? @d. %ﬂ%ﬁ%@@fés@ﬁ%Oﬁ/ﬂh OQﬁél-O 2
conver si on of as t aro tic liqujid. Separation of un cted net hane
recycl e deff {gﬁ@ @aﬁ@ Betioned raela&t ResSUES gapyisem ([bm[lg @f@i&%@@

teaches HBAGRS Dy AL térﬁ?@&t‘uf&galﬂif %é%?@opﬁ{e%ﬁ%hmg@%r td M Q’e%?é Pedu i {OSES

(i) liquefying and fractionating the natural gas to generate a liquefied
nat url@l gaieo$phstic peussuamadvith duiagtedngdrytibmo cardonlest LNéhBOG is pradperdir ifsharg isat

| east a portion of sai g dr carbon stre Jil assin

vapour | s& GREP! i5FoLaEDBNG e fa R g Bare b erign el Re R OF Hrgore
catal yst don@sniel ta&ra%tﬁ&@fé)g RO @AS afd/St Yl eﬁﬁé@fdrSLNGi BEIN2AE be StbERIMthe
carbon oxi des and hydrogen, (|v) passing the refornmed gas m xture over a

met hanat itompeatuat 96thetre wraénoatsefstamﬁﬁétchaﬂ@e rpiseth  §astromriag (fiyiceontsindpattt he

The or oceuteh G55 PL"PRe 1l NLIR ey R i o iy P B i Y ohb "8t

met hase,; dxheple e@&tusékgbphﬁe Meémbmrﬂﬁ@m@@ss@hﬁ&nﬁﬁmm tequiredk eerberaiaet H2;
then (wth a second cata d%/St at a second set of reaction conditions)

react i ng Rrivg totnding. HNEJ QEanurt alspbe kamerard waeapProxoustoly PRE nst Bse in
I nvent or }Sa*s‘ Bm%yio%nsthé‘%% %ﬁg@%e@%ﬂh&%&e tJQ{%( ?dﬁ%seﬁscp 1o ?&!d”&h%’%@tﬁ(} 15

head gas e consuner € integrated W e production o
aromat i ¢ tladroe@r filbets aﬂ&ythéem;adr calvomaisi digblhcxd. BNEVBRG @hd Tty BOGENTLON
|[ ggfﬂjl—rgge erreg rt]é Icgl?ecltlgelglhrese% gsd "1%8Gt hl?nllesgtoetlgerr\?vgsleosgec(:)l%calﬂ\l%o% Ce SGe‘;,sends to
20  be enriched in inerts (predominately N;), and these inerts are practically non-condensables in
the natural gas. A more efficient use of BOG is thus highly sought after.
[0017] LNG is produced in parts of the world where there are large reserves of natural
gas but paradoxically little use for it. The natural gas is thus transported as LNG to locations
where it can be used for heating, power generation or industrial use. However, LNG cannot
25  be utilized in the liquid form and therefore it must be converted back to a gas at high pressure
for distribution to consumers. To supply vaporized gas at pipeline pressure, a portion of the
gas is burned to provide heat which is inefficient in that a portion of the gas is consumed. It
would be beneficial if the gasification of LNG could be integrated with one or more other
processes.
30 [0018] U.S. 7,019,184 teaches a process in which natural gas is non-oxidatively
converted to aromatic liquid and is said to provide integration of the separation of wellhead

fluids into associated gas and crude with blending of the aromatic liquid derived from the gas

with the crude and/or integration of conversion of byproduct H, to power with non-oxidative
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20 production and uses, with a process for dehydroaromati zati on of

hydr ocarbon streans containi ng nethane to nake aromati ¢ hydrocarbons.

[ 0022] ThewOrostoswr i s al so directed to the conbi nati onprafi/yscaomzaies f or
t aking nmethane fromthe well-head to the consumer with processes for the
production of aromatic hydrocarbon conpounds by dehydroaromati zati on.
25[0023] The invention is further directed to processes involving LNG and
Pr 0CessesohPMGbM | JTdad @B e RATORRH Z Mch ARtV BF @hRbas@l thdthAREARIERcRIIAbE (it
| east one common appar atus and/ or process step and/or process stream

[ 0024] Thesaing\beelt foghe sdasior dhi tregdtted to a system conprising facilities for

dehydr oar i zat,l ilities for G pr.oduction. 30[,0025]The
vt + o0 s W aRo BR800 yeAchaS T pisihaRt BREREAT SR st WS ar bt arssss
stream CQ¥BlpriStNG) MRITARE aad dradtigheihg Avdhacal ens suchtas ligdedl Rataf fans,
e.g., associated gas, to nmake aromatic hydrocarbons, which in enbodi nents
resul Bs iseampad 4 highen Sxdioparbere sEipasntl) ORPAEITRE &L [spgcupeigion afysaid higher

2010/ 1047 026402 . N ' j ' t he
separ at i QoS MOgr P e o e s v el el B e BT e GRDER! B8 Borh |
enbodi mentamviforning tdaeilyat its ganéredead irsferyed giggenianmuodm@ising fvdidcgsasarand a
relatively small, anou f H2. [0027]1n enbqdi nents the invention concerns
a proces<arien %ﬁ%%ﬁ%ﬁ%f%a@vbaaw& @@ﬁé?%@”gsgaﬁrea&t%rm&r 3 Nethapp{Eei n
the two W r.en ke ef i gerati

cqui prent g o Brtal g Belng aRhy oA (S PRI S i e

di r ed¥ed raturalsgasqiridB@ thes lifjedagtonesden. f GFhadptoygehs acaquormatfirztatcpenting 62 Bigher

erbod et S, Lhe oyanar L2aL) o0, O, NG 15, YReH 9%, 2N i SR 2 kel € 10
and Hj; then (with a second catalyst at a second set of reaction conditions) reacting the CO
and H; to produce methane and water.

[0020] The present inventors have surprisingly discovered that the process of taking well-

15  head gases to the consumer may be integrated with the production of aromatic hydrocarbons

by dehydroaromatization.

SUMMARY OF THE INVENTION

[0021] The invention is directed to the integration of LNG processes, including

20  production and uses, with a process for dehydroaromatization of hydrocarbon streams
containing methane to make aromatic hydrocarbons.

[0022] The invention is also directed to the combination of processes for taking methane
from the well-head to the consumer with processes for the production of aromatic
hydrocarbon compounds by dehydroaromatization.

25 10023] The invention is further directed to processes involving LNG and processes
involving dehydroaromatization wherein said processes share at least one common apparatus
and/or process step and/or process stream.

[0024] The invention also directed to a system comprising facilities for
dehydroaromatization and facilities for LNG production.

30  [0025] The invention is also directed to the dehydroaromatization of a hydrocarbon
stream comprising methane and higher hydrocarbons such as C2-C5 paraffins, e.g.,
associated gas, to make aromatic hydrocarbons, which in embodiments results in a net

increase in the amount of methane produced.



[0030] I n an enbodi nent, the present invention further conprises a step of
separati ng benzene and/ or napht hal ene prior to separation of H2 and

nmet hane. WOQ8jlos762s an obj ect of the invention to provipde/useeie/oedshz ci ent
use of the various processes involved in taking nethane fromthe

wel | -head to the consuner and conbi ni ng 15t hese processes with the process
for providing a feedstreamto a dehydroaromati zati on reactor and produci ng

aromati c @pggi esThoahehlioms Q032 cbincti Swith &el departhiéid BEE noRBE LT Of, ahB&H,
invention to provide an efficient nethod of separating nethane and

hydr ogen.frdro@38hiresrematicatonizenc,ob pebodimentsavhores thaie o andlegivelydarge winiount
becone apparent as 20 .reference i.s md the followi ng detail ed

descri ptiogﬁl,le%barngfg@ F'Ié(ha %%Blgrynséﬂ%lga}m%ﬁﬁ%ﬁé‘s, and appended cl ai ns. BRI EF
DESCRI PTI[0021PF ThECHRBAMNGES tht QAL $H @oAEERTR PRYCED foil W dgSrob akigionadrR
schematical ly various enbodi nents of the 25invention. [0035]Figure 1 is an

enbodPmerite sheasifirgtion miok¥s woaieingtheatomracsrscs ahijare odir aivatritsmtiEd st ei n
nmet hane i St ye8en egﬁloéy%qﬁmﬁélﬁgogﬁ&%gﬁg%d utilizing at | east a portion

of the 20 rege oaro ion catalyst, and at |east a
portion dD028je nit kaibedinsntealelindtntion tibeditteteddiooaso otB@@t a0 feedtteqam for
30[ 0036] F(%ggre 2 illustrates an enbodi nent of the invention wherein the
dehydr oarSHEYPRMGR Mocess is integrated with a flashing step used to

separ at e @phrdiNG §f LEAPUILG G BOR.A0 8 TNtdlis LNG Pcfroﬂ:gg%en?ct rsﬁﬁ?atio_n of

[ 0037] Fi gure 3 shows base case conpression of BOG strea enerated in LNG
or shiop WBtR@kOnd0¥da2RCEALBR010/ 026402 | oadi ng operations. [0038] Figure 4

![ |h|eUSt ' at[ﬁﬁ3(ﬁ0heﬂ{iglil Ce%llbloé{in?'en(f\,ot eipr%easte}ltolrllwglfltioaﬁ {:'uef\’tthref) fciorglpr?sne%I ai Qttel? %rfaéglgaggtin%f
benzene and/or naphthalene prior to separation of H, and methane.
[0031] It is an object of the invention to provide more efficient use of the various
processes involved in taking methane from the well-head to the consumer and combining

15  these processes with the process for providing a feedstream to a dehydroaromatization reactor

and producing aromatic species therefrom.
[0032] It is a still further object of the invention to provide an efficient method of
separating methane and hydrogen.
[0033] These and other objects, features, and advantages will become apparent as

20  reference is made to the following detailed description, preferred embodiments, examples,

and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The accompanying drawings illustrate schematically various embodiments of the
25  invention.
[0035] Figure 1 is an embodiment showing a process configuration for
dehydroaromatization wherein methane is cryogenically separated from H, and utilizing at
least a portion of the H; to regenerate the dehydroaromatization catalyst, and at least a portion
of the methane is recycled to the dehydroaromatization step.
30  [0036] Figure 2 illustrates an embodiment of the invention wherein the
dehydroaromatization process is integrated with a flashing step used to separate an LNG
stream into LNG BOG and a final LNG product stream.

[0037] Figure 3 shows base case compression of BOG streams generated in LNG or ship



conpressors used in a systemaccording to the invention, such as Figure 3.
[0039] Figure 5 illustrates the integration of LNG processing with aronatics
product i onoZbroomuTeet hane wherein the regasification of PHEUS0WS2E0L O
provide refrigeration for the separation of nethane and H2. DETAI LED

DESCRI PTI ON [ 0040] The present invention concerns the conbination or
integration of 10 dehydroaronmati zation and the |iquefaction and use of
natural gafiind6sR4siRg to the invention, nunerous efficiencies are achieved
by the integration of a process to convert nethane to aromatics with

nat ural d8838]i quEicact # dhustrates eghumiafical bt 4 cymbiagiidni afi aestrofsangdsistegtagionion thehe
term"integration" neans t he con‘%in titﬁn' of ttvvo 0@ rrgre facilities or two
or nore pPORLLEYE Y Mip Ve 4R i el B Oled 84 A whole. It is a

hol i sti c [gppjoachidue: PrinGests ki HRSH@biGH CRGCRBsdsdaE Syittherohfaties prldudis
between different unit operations fromthe outset, rather than optim zing

t hem Sepdrar engthanphwhersine ieatcremfientioprafcleSels ysgd 4o pyide deiigewiipe dor ghoas

i nt egr at e i of; process synthesis. It is not trivial to
determ ngsg{)éﬁégﬁeéftsmgtﬁ%‘%gt Hil'echni cally feasible nmethod of integrating such
systens. [0041] Accordingly, in enbodinents, the invention concerns a

process for converti ng a 20 gaseous hydrocarbon stream conpri si ng net hane,
to H2 an&%ﬁé&k&%ﬁ}&l&g_&r bon stream conprising at |east one aromatic
conpound, ;g PTRECSFLRAPIARhAS (BhcRASSHND. $8mIindASEOYs MALRAGRKDOSY
streamto one or nore conversion zones containing at |east one
dehydfoardehpdrioz@mtiatimatoat ahg she unplefactomdintli oses of uiatwabl @ad. or Acamdi@gt ionghe

nmet hane t.0 said at | east .one aromatic. conpound and H2: ( recovering said
ot ¢ RS8N ALTERGS SOG4 D91 (i CGr G e RS iy sEous

net hane apghii: to WRSHhAIR WillenRiACe3iquslabiid L REAG WA f@ehds! tAsaRed Rbretnhe
production, transportation, or uSe of LNG and/or integrated with the
uti|izat ithe tom dintegrstione veans ahe contbaiation thieey pemary drobtiehoengwo |gr more
enbodi nents the . int e}lg_)r at;[i on gr. ¢ r{rbi natiaona ar & W'Fttih hzlrtedafaci itti es for
of f- and BRSTEAY HIPONG RGPS RIS g Rt e fole: eFPﬁ‘& Pat TREACHACT PTITRs)
or wasn nigs@periEth Qofsiddisl tiy aressmsi binotned chat @hi.opdthtibRO4dn tHe eutger to
better understand the present invention references will be made to nunerous
enbodi merader (n eptimizang bsmesspsetely. v Ehcointegrsiop o HErpesseh respmmesmes seferpd ton ot

i nt ended 4 1] [ Y, Ll jon - i

posseser o TAPE Trbbad dIE SEbidiS SR, TEAGT v It ifi bng ot and
be pract imed tawhhieally fasibleancthsd spiacighdtmglshiyh sydOms.

2010/ 1047§2PCT/ U8201%0%64.02 set. . forth in these representative exanp] es.

[ 0043] DeH{MUar ormeriinglyningmbadimete the MYSRYUhEOTICS™ & RFOFTHE FNDTRMYEHINE A | v
LT m bed: Belags %pgwo%'baﬁrs&wn éoﬁlgﬁs’iﬁ R E ABE AR LEmIBE RARSCAHTrAGRART | C
species i's possible at currentl fe%m bl e reactor conditions. This results
i n poor ubniprizengi anlweft die anehdtaneompoundpsha Brogessf corsprises nfa) hassingesanbst

dost 201 € LTBESYETEOI AP, 2% SOIRLE, LIS 0L SEL 0, TELURIE, oK 12 (e

by pr oductdchy@hioRfitidaibndeAayanpidez abhBioseattabRNfor dofivdiing ndtighnt thNsatdt
met hane, it wll thernodynam cally suppress additional aromatics

product i deast Theraompkc \campowd wag ﬁ@f(%gép@’vaﬂn& gadharomatin ageenpentdsighereby
det ai |SS q]éav\{\'hi %hre%‘{d?lalpgtl} ahy c%ﬂlo%ni I,n a'%shg sah}e- a%”a}%ha e'swhg‘r%isnoalg)et i Pless. is
absorpti on, Yo % FACT Fonatd onC " Ena ehe Y Re ! e present invent or & beri eved
that crydgeptaed wialk ficdlitadsi fontha gRedicaon, t ttanbportdlion "®Sisc@FONNIG &l dryintegrated
attractive option even though it is still .very expensive in terns of

equi pn’EnthlthE i HHIFaReTS oh A dn direpa £gataining heavier hydrocarbons. In embodiments

the integration or combination are with shared facilities for off- and on-loading LNG and/or

cryogenic (e.g., refrigeration facilities) or warming operations and processes involved therein.
30 [0042] In order to better understand the present invention references will be made to
numerous embodiments, which are representative of the present invention and are not
intended to be limiting thereof. One of ordinary skill in the art in possession of the present

disclosure will recognize that the invention may be practiced otherwise than as specifically
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[ 0044] Furt her eval uation of the cryogenic fractionation approach lead to
the di scovery that the process could be inproved if, rather than regasify
and recycwe 2wtwiommsthane stream 15 from the cryogeni ¢ fr &criuspabioossp2 we
could instead | eave a portion of the nmethane as a liquid for use as a LNG
product. In enbodinents, this invention allows for one or nore of the
follow ng i nprovenents: (1) realizes econony of scale on refrigeration
equi prentg.afyckhah ARGe f@edsbhthiiSexatlese! | M nates some facilities, e.g., heat
exchangers to regasify the nethane if it were to be recycled; (3) allows
hi gher pr(8043]quePabydrogrofiatizitionenfpeethangrte behome ax sienyl thermo@y 2@nigildph &mited;

preferably.> 5C hi gher; e ferabl.y >.10C hi gher) since nore boil off
as. ( Lo By ranBaTy 5, Brie whE s ShEMita & 2 o S e G T rel
demand f QfurRhfly fesibRMBARN: cofdMidhb aMhis irSsult® irSHo @tili2ftioh @EIad ety St /iskldand
fuel gas systens as utilities but to keep feed and hi gher val ue product

proceds <t fiEgges iyt dipamest; desirgple imprpveragntjvwpadihe tosigsy dertheciisagtademathgiced
all or i f t i i.Qn: e eni

fract onatPald 9 Wy RHR I Heb ARt RS AR b o AR B foduct from
dehydr oartherdthyziaddromatifa?ipn Staceians i ¢pais défedh tie Methasedt il lthdrmodylaNGeally
producti on and %{diriea separated to be used as fuel fromthe,

dehy dr oarYRBICH A AP RGEBESS PIOHBFIRN: Nl FeREVEFgUanayy @&a@@a@g dis)methaneye
used as fjgl szpﬁet%ﬁ‘LGopmgdﬂcérb %[ér @9%%nfi9rthé Ye! rnfeﬁlrbrénla A agi_so tion, absorption,
dehydr oaromatizati on process. [ 0045] Accordi ngly, 1 n enbodi n%)nt s the

i nverOi orfractinceions aad phodéss flbe mosenentventpra bdlegdsthou srjvgdnio clardtionatsinr eam

conprising nethang, .to LNG a H2 rich stream and an aromati.c hydrocar bon
SRy e TRy A O S R S RO et ol
(a) passiifgraRiof c9@PRCHSHYIFIRGH HRInSidyQRMRL O One or nore conversion zones

cont ai ni ng at | east one dehydroaromati zati on catal yst under conditions
sui t abl e [P844]conVerthdrmyahetiomné theocryegatica frasiOn20a AnwaFdRRaT taUgR0diIVy26402

| east on romatic co nd_and H2: ecoveri aid aromati.c conpounds
ther eby TBEVRRE e RGP RELTE shpbr bR UG SRR GO TR
separat i Mgorh AherfBidnana@ivdatiéh, vt @udd GBREOUave Edoftidhhofhé aRMaands a liguRui d,
nmet hane rich stre::slhrgI wherein said separating includes cryogenic separation
utilizi ndobHee &t adg¥@ nEpdushedn embedinneés dkis Iavangpn sillpy tfhhens ar gropp of ithen
streamt i I SiiviQn; W i t f . nr Lng:

Fout ng S8 T Ranper EhERREHG Bl bobul b 8o op i IpoRRicR B BARR B (R

wi t hout ffacitities; (Py oliimicn gomlcO@4ifitibs) cagldhtdt @rchamgoishe rregasifyctheommithank if hite

invention concerns a process for converting a gaseous hydrocarbon stream
compr i si TR BafEyCld: &i@_ﬁogs PReher BiF-Gt n%ﬁaf} Wpfﬁatalieciﬁ%rﬁxe@pfe Sie
hydr ggar hﬁghe(%;t RAMAPEPEICS hile@md 8 3plreRBE 2M10N@!H: theP PIRAKE thord BbH off R&ESS

conpri si ng a) passing a first portion of said gaseous hydrocarbon stream
t o one or(Li$y BQfonwar k¢ genczagnd o bonised as figel.adud walsigheonanergy demand for entire

dehyd i zati on cat al yst . diti i tabl ti
ot hane. (OMBRG Aroraith iR b RESt Shbtnan it B Sebhs SRR EPiew o
aromatic I&gﬂﬁéz&l%a HiiRk @RNe !p?@dﬂcﬂﬁrg@ed’s%ﬁ%%@keﬁé%@éﬂﬂb%ﬁ}”Plr)iréfr%raﬂﬁ%%%ﬁ% 15

met hane an (c) separating said nethane and H2 into a H2 rich stream
and a metdealieba sheredsilras amrparpbasmesdthansdiquciiepen wtliNg and dhagiEeganty/Bepsioneation

separyatiQ tillzin e or.pore. cr enj ef rigerant S routin id
N e R R R T
(e) passinguadstedmtbnp NG oftodictivai £hdgaeReisSsdpyichiaac ay bonised ragafiel Groan thNG

| i quefaction process utilizing one or nore cr ogenic‘refriggrants to

produce d#chpdopigmagzaannaecss delidHIZTgCeRcreand TEECTAER)I 548 bsaised ps dupl dor

et hane a3l SLALATF Aychfor NG ah RROSDIL OB Ll @Ls W L hout furt her

pr ocessi ng; e process further characterized 1nt e at | east one of
the one dO048jre Aryadegic inehrbodanaint theahvdmipnatodcdrey agrecesu gl ¢omsteftingra t he
same refrigerant system [0047] One skilled i e art. w|ll recqgni ze, once
bei n&onac%g%%mdf&car AR S %%%0 Blil%%ﬁﬁﬁl%ﬁ?m{gmaﬁh&claﬁ%?ﬁérhﬁpg%eggomam

i nt egr at iR sBEM icBfpAtidRial icG@¥he bR Bhpoln® 3Rl FRbcdsEE3thp 4§ and
at | east Some reduction |R enérgy use. [0048] The present 1 nvention al so
concer ns nabkengisad ghseBos hydybdarlrmsst(cBO® oas oa nfoee dorfversiaietnpds oartanmgi at &tasion.

one dehydroaromatization catalyst under conditions suitable for converting methane to said at
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[ 0049] As nentioned, dehydroaromatization of nethane to benzene is |imted
by 30 thernodynamics to only approximately 5 to 30 % conversi on of nethane
at currenvofengiolsice reactor conditions. Rather than sepacatisaui2dshe H2
fromthe nethane and recycl e the nethane, one could consider routing the
entire methane + H2 steamto fuel or other dispositions. However, in order
to do this the stream must be conpressed from WO

2010/ 104762PGht UpsR46Y Q8B ddehy dHoa(H"REd @ik Mid GRFIR QDMloRhdPHRSSHT es
approximately 20 to 40 psia up to downstream consuner demand pressure

appr oxi mdtaliyg 3@esidsil atream gowatising g8bapub fmatkane aaddigycussparatidg egidi petbaite i s
required t this conpressi on 0050] The,.present, i nventors have . .

i Soover it it i &, @SFER Ty BB R AP & R SR P Sl e g
Wi th exi skpagtid@eddiidel @8ydgdnicNeponRasatititpisgt sheShrOfofd e8BLENc refigeRnts; (d)
i nvest ment and energy use. In LNG operations |ow pressure, near atnospheric
pr essdr e revtingpaid dhaderitaant e devsediprppition wisor methgub Birthepprocgssing; NG
BOG or | i et boi . et t Y i r ,
after thg8€$r£?alg? g ed’o ehglg{ frlecgc 1rae%le{,o h?ﬁ%@dg%ﬂé&t@%h@to&e\gﬁﬂﬁd@ aglnhed
down to neetcessihgospheric pressure to produce a near 10 atnospheric pressure
| iquid stream of LNG product and the LNG B Jetty. BOG i s produced en
LNG i s i 0846 aghn 1additong fotisheembogiment §938ﬁv@w?%wnt GORREHYY ApPrasesy for

| neur si 0nohNrink Bga{@0K h oS ] SohRARANLALR. 8 BRGORILKiA Rl SHP
tanks an 0vapoIrléi gacr eatgofodue to displ a{ge nt of rnert DI ar%k%at St hat 1 s

pr evilduslap arnmphe hydmokarhen wekdm asntpyising o rleaabhoprasaisecbnfountesdidmpkodess at

a tenperature greater than the LNG BOG typically 15 contains 85 to 95 nol %
Tet hane. HETPEBMEG (DEPRINSEITST BIUAN OTRAERETE HURPEESR FRo Hea more

at mospherdofv@tida Sines bkl 8t $QKI 88c ALhFRIROAIEL DN At NP BREHHS Jas
streamis produced which can be routed to uses for fuel or power within the
LNG conplsesalde fanycobecrtingitracthans ex seidnail leasfepns fmdtigebompawdr andor Ha; (b)

feedstockr uses. kolaSa]f Th? inteqr tit n o}ﬁgoritunai }e¥1 of1 tthias errbodi.nrrenat1
conpr i ses “tAKI'Ag Sthie SRS i P Edl BES Koy SRR PSS R Ut e
it thsoughethfie dehydr Qarsepmitimadaid metfa@d AN dHS He® a UHD lric 8trt &R ah@ ABrh&thg
stages of BOG conpression to achieve a disposition for the unreacted

net hane dH& StFENHVISFRIRoWIE seParigt inslydps FBOBEHE SCRYalQY SHATINE Pnery BOX)

cont ai ni Si.QC A it gduc T ofF I ,
@ oo, SR BERHIRY CURBRE P 3EEEE b 18 f SRR dBRR b0, &1
produce avitiwamn further pfocofsing @) passing @-se@midnioroaiuct saih giseothieydBaXarienpreassi on
train such that th egorr.pressors ahe, fully utilized. [0052] One or re

addi ti ondf aé‘o%pe YA UOP JPRCCHE UHEBE NG rY PBICTIYQSHL fHEETRYS e ProdiIce 2
pressire lﬁﬁi& BthaRE Qofithinthd ScP R FRRR %aﬁﬁﬁqﬁﬂ'ﬁléthﬁ{epggfﬁeﬁnﬁ SifchiCloent 'y
hi gh pressure product streamto go to desired disposition. Be%zene,

t ol uene, IaNG dspokitioalvetheor(Bifivut iiither peoaesting; eheprocessrfutthe chtragenzedinngaone

or nore sieps to re e BTN as |iquid .products. Met.hods of recqvery, of
BTN 1 om bt ahict obF BEHR 476 b 2rore sTHOREHR OGS o (e H0E R B OHIEd Horh the
absor pti amcGomdensaljsRm. menbrane, and the Iike. [0053] The recovery of BTN
may al so be | ocated downstream of and/or integrate with conpression steps.
After BTNOP€dovePye skiléeds iy dematiowiltl recogniainonger belog etladreeargeof WE above
2010/,1047.62PCT/. US20 026402 (illustrative: 66 nol9%., -H2 aduct .
(g r Aneyio il R @ et MR o P Bls teni FEmD RGNS n qypiva
etc.), oxy@erensPeCcindSt (qasedasrodictiby ilCé)er@sudel | as contam nants (sul fur
conpounds, nitrogen conmpounds, netal conpounds, etc. A portion of the

)
stream wd04Blbe Uhe prosert invendiopslsp qamecmy s ussrefsBeit afffgas (BRD dscwkeed deteds
associ at ] matics 5 production facilities. The renai nder of
t he st reggﬁhﬁ%gghpgéagogl'the preexi sting BOG conpression train. M nor
nodi f i cat[0o49]( r oAsr mentdied) dehydloesenationjame 9§ omsthamy tbebdrebpd Uk Iduged dyt he
| ower, density of the gas stream e.of ordinary.skill in the art _in
poss@dsi &ﬁefa%dmaémﬁ?&ewty HPERIBEEE 3 " Ee l%# pRihanget ¢t FrBls han

routine &poifieesddibns| ORAALT ﬂﬁncéégprra?es 86192515 HoRAMRYHAR: ARl EARId Yhe
routed to a purification device (e.qg.,
methane, one could consider routing the entire methane + H, steam to fuel or other

dispositions. However, in order to do this the stream must be compressed from

9



10 nenbrane or adsorption) to produce a higher purity H2 stream (or H2
enriched strean) and a |ower H2 content stream the |atter of which may be
rout ed t owburelo/wu7épower within the LNG conpl ex or advantagasasiop2d4ozt ed to
external users for fuel, power, or feedstock uses, such as feed for

met hanol synthesis or syngas generation. The H2 enriched stream nay be
exported directly as a product or may be blended with regenerator off gas
di rect ed deflydroarbafi@MRInGR8@6r oltRe Preb QurELigpR&GmBILY 50 &R10 Pfla (P UE BoRAstRYm
menbrane or” adsorption) to produce a higher purity H2 streamand a | ower H2
cont ent sonsamar(deiniaod mresputseappeeyahiely 690 peiatasdreasert uBigndicepiogrictgyonde. arthe
hi gher purit s stre an .be expanded for energy recovery, then routed
to the cAtMIRATE Pagaiitly B8y EaPB i ch t akes catalyst with hi gher

| evel s ofjogsdfe f ThEpidentdRmelrOBaAREdo% el Bhht HIRRAE IsQih, oppBFTINIBStodnfR@Fakd iy Of
t he coke by reaptlnglthe_coke_zo with H2 at el evated tenperatures and

pr essdr esCoPPressOaIEE erattigrfacilitiey ial NG oppraHonsdl@uiendfiaie redyae Evestmsnt and
returned he_ dehyd L [ or fl from
t he regeﬁ%§§§igﬁlrgéc?@@f3¥E%h§§%$&pd@§§ﬁ*%Jg?£Qggghgkgﬁgﬁ?%g%ﬁgggg&iggéls
of net hangnelated. Mehesbenapid ENEdtrdinorbollusfTt hey (LSE. BAGE o8 WaditigSjcttg boa st pasof
this integration is that the inert content (e.g., N2) of the BOG actually
i ncr eases(??tWeBpﬁ?veps\Kb BYs 1@5%%%@@% pftgr &}evéﬂals%%geof)ft e cicBnee the

condi ti 0%%%2&1%&% ﬁrﬁ%ﬂi RIFIRHE &@\kﬁateenea-lrhhtﬁlo@f)l?éﬂcd‘ﬁesylﬁ@ R bHdubE s near

advant age an opportunity to have higher pressure operation

opt i M0z atatmpsphifrit peesdedeybiquod rsteani afal. Nén progiact end ti0058] ARGr diettyl BOGars

enbodi ment of the in Lon concerns conyerti a, gaseous streamc ri sing

NG BOs dHeftsed Jeiery Sea o s OB Pk st HA AU Maro BFaHats o 2By oY Teat

hydr ocar hgfur§ibh @B EOMRK 0 iin 3ING 8aadod eite ANBAArG o8 BARAP Mk SAHOvapoP eSS

conprising: (a) routln? of gaseous stream LNG BOG and/or Jetty BOG gas to a
ag

react or systedrdande idispraseuienteef teriphledest neptsiaimegawsdois tha raaknst welh as by

pressure sufficient t er reactor syste b).. passi ai Seo

Bt roam ¢+ o hagpT b SThEhat of 5 & Bprib EMhrd Wl TRL LR BOGRTTEME
2010/1504 762RG@k 4953 05GhHI25 AR thadle yd T @& DIbI%% altkapan C ThaBORS idkiieiredso ot Ons
suitable for converting nethane to H2 and said at | east one aromatic

conpound; R JMOSPRAFIS NTATUESHNEPUSR Srigt Pt O eRFIRIGHAEs- t AdHEsy Presswe egs streadk isdual
streamc [.S) . S . i ISt ng,
conpr ess o iRl A PR IRHIENERE R or pET RN LIV SRR RERiu
stream 5 rboted td eratrndi wpnsiot fueh powentohésedstbslpaskt i on. (e) Optional further
conprisin recovgrlng at | east a, portion H2 as a gg rich atream

f th
from sai dggﬂlean{r ¢ IHESTRUMNLORRtUREY Of {hip GEF@’H%]}H&E% COMPESFY tHrng the BO & an
A al ¢ : : e . : 0
I SPoY! t1;Rf3rREdifk Q;@a{%@é&%ﬁﬁﬂr&kﬁﬁ, rdu%)ﬁ Hngggl\}zl@ YdeRdr fafbrﬁaﬁfzaﬁéﬁ sﬁ[é% ahd then

recogni ze, once bei e aware of the a i nfornati on, at the
above pr oteigs thantcegnang otagesoefl BOGr cumptesssomgtoi fcheanta disghsdiondior ihe wapidtal 10

requi renents and dugtion in energy.use. [.0058] | n.enmbadi the . .

| Pvent | oPSTeg Lish B Fe tPBE s S RbionaL MRS AL BLP OHE IO Keaining
regasi fi caéds@yek rhdy hiRb He SHRQHICBERS thet &6 ¥OFEMIas (0,2€10, 3N, 1288/0810,t Nehe
product stream of "a dehydroaromati zati on reactor is cryogenically

separ at edjuantify efr pothent @ddepahald de sohvemew wodhncd NGuaatlsPf ptagasolar re-

25  introduction to the BOG compression train such that the compressors are fully utilized.

[0052] One or more additional compression steps are necessary to provide the desired

inlet pressure so that pre-existing compressors can still produce a sufficiently high pressure

product stream to go to desired disposition. Benzene, toluene, and naphthalene (BTN) will

be recovered from the stream using one or more steps to remove BTN as liquid products.
30  Methods of recovery of BTN from such a stream are per se known, and include adsorption,

absorption, condensation, membrane, and the like.

[0053] The recovery of BTN may also be located downstream of and/or integrate with

compression steps. After BTN recovery, the stream would contain unreacted methane

10



15[ 0059] At | ocations renote from nethane gas needs, nethane containing feed
gas is routed to one or nore liquefaction facilities to produce LNG The
LNG i s trwopovtoew2i n nultiple specialized ships to a | ecattsenonxane t he
LNGis to be regasified for use. LNG cannot be utilized in the liquid form
and nust be converted back to a gas at high pressure for distribution to
consuners. To supply vaporized gas at pipeline pressure, a portion of the
gas 20 i gilhuirheed: %@ n@dml ﬁgbmaauct\mu@@aﬂv% DO @fd1949,] RRfairdBr &th?lfen@bﬁ%b&h&n of
the gas is consuned hi s 'enbodi nent, the cryogenic val ue” of G as a
refri ger anerts §Nadiad ett@) engtre spw@sc@y@@ernnaielfs'r@@b iagrvetli an coftamptahtin@uldmd H2
byproduct from dehydroaronmati zat i at _the, sa tiyme el the eed
or 't educi RO BEERR - B ERSE! ptetfes e trirforh Gl S
vapor i zeditidgtd € SuppH B US| preury fidl REd PoePeBeds iseddiate@ath zfr@fnaﬁ&be
separatlon of H2 25 from nethane. The regasified nethane is split into a
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[0058] In embodiments, the invention also concerns a process for dehydroaromatization
and LNG regasification. In this embodiment, the cryogenic fractionation of the product
stream of a dehydroaromatization reactor is cryogenically separated, the cryogenic separation
combined with LNG regasification.

15 [0059] At locations remote from methane gas needs, methane containing feed gas is
routed to one or more liquefaction facilities to produce LNG. The LNG is transported in
multiple specialized ships to a location where the LNG is to be regasified for use. LNG
cannot be utilized in the liquid form and must be converted back to a gas at high pressure for
distribution to consumers. To supply vaporized gas at pipeline pressure, a portion of the gas

20  is burned to provide heat, which is inefficient in that a portion of the gas is consumed. In this
embodiment, the cryogenic value of LNG as a refrigerant is used to enable the cryogenic
fractionation of methane and H, byproduct from dehydroaromatization at the same time
eliminating the need or reducing the need to burn gas to regasify the LNG. Thus, the LNG is
vaporized while simultaneously providing cryogenic refrigeration for the separation of H,

25  from methane. The regasified methane is split into a methane product stream for use as fuel,
power generation, or feedstock and feed which will be utilized for conversion to aromatics.
Higher hydrocarbons (ethane, propane, etc.), inerts (N2, He, etc.), oxygen containing co-feeds
(O, H,0, CO,, CO) may also be blended with the feed to the dehydroaromatization step. In
embodiments, this has potential advantages of one or more of the following: (1) providing the

30  H; at a location where it has higher value, e.g., an industrialized location (2) an industrialized
location may also have lower cost of construction than remote gas fields; (3) the opportunity
for partial once through with the combined H, + CH4 going to low pressure fuel gas

consumers thereby shrinking the entire separation section; e.g., a portion of the H, + CH4
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stream is not separated but instead used as fuel, therefore with a reduced quantity stream of
H; + CHy, the facilities to do H, / CH4 separation are smaller.

[0060] Accordingly, an embodiment of the invention concerns a process for converting
an LNG stream comprising methane to a gaseous hydrocarbon stream comprising methane,
an aromatic hydrocarbon stream comprising at least one aromatic compound, and a H, rich
stream, said process comprising: (a) passing said LNG to a heating step where heat is
supplied to gasify said LNG, wherein at least a portion of said heat is supplied from
integration with the cryogenic separation of (f); (b) producing a gaseous hydrocarbon stream
comprising methane and potentially higher hydrocarbon (e.g., ethane); (c) sending a first
portion of the said gaseous hydrocarbon stream to one or more pipelines to convey said
stream to one or more consumers of said stream as a fuel or feedstock; (d) sending a second
portion of said gasecous stream to one or more conversion zones containing at least one
dehydroaromatization catalyst under conditions suitable for converting methane to H, and
said at least one aromatic compound; (¢) recovering said aromatic compounds thereby
leaving a residual stream comprising gaseous methane and Hpy; (f) separating said methane
and H, into a H, rich stream and a methane rich stream; wherein said separating is
characterized by cryogenic separation wherein at least a portion of the refrigeration for said
cryogenic separation is provided by integration with said gasification of LNG in (a); (g)
routing said Hj rich stream to a desired disposition with or without further processing; (h)
routing said methane rich stream to fuel disposition or recycling said methane rich stream to
said conversion zone of (d).

[0061] One skilled in the art will recognize, once being made aware of the above
information, that the above process integration would provide significant reduction in capital
requirements and at least some reduction in energy use.

[0062] The invention also concerns use of Associated Gas in a dehydroaromatization
process. Quite often there is not a disposition for this gas and it is flared. In this
embodiment, a gas that is rich in higher hydrocarbons (that is hydrocarbons of higher
molecular weight than methane, such as ethane, propane, butane, etc.; e.g., typically gas
associated with oil reserves) is processed by contact in dehydroaromatization zone with a
dehydroaromatization catalyst under conditions suitable for conversion. Processing this gas
through dehydroaromatization enables a portion of it to be upgraded to higher value product
while at the same time reducing the total quantity of the gas stream and reducing the higher

hydrocarbons so that a methane and H; rich stream is available for dispositions into which the
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higher hydrocarbon containing gas stream may not be suitable. The lower H/C ratio allows

for higher thermodynamic conversion which can be an enabler for lower temperature and/or
higher pressure operation and/or higher conversion at a given set of operating conditions.
Essentially all of the higher hydrocarbons are converted to aromatics, methane and H,. After

5  aromatic recovery the residual gas could be processed by one or more of the following: (1)
separated into H, and CH4 (with CH4 being recycled and/or used as fuel); (2) routed to
liquefaction for H, recovery and production of LNG; (3) utilized to make syngas; (4) used for

fuel or power. The first table (Table 1) below shows an example associated gas composition;

the second table (Table 2) shows the yield vectors (by yield vectors we mean that change

10 between feed and product, so that a negative value is disappearance <reaction> while a
positive value is production; note that the vector is based on adjusting all species for their
carbon content) for this feed at various temperatures and pressures; the third table (Table 3)
provides the BT (Benzene + Toluene) yields, the gas yields, and the gas composition for this

feed at various temperatures and pressures. Table 3 shows that it is possible to remove

15  essentially all the heavy hydrocarbons from the feed and yield a product gas that will have

low content of heavy hydrocarbons after the aromatics have been recovered from it.

Table 1
Example associated
gas composition

Species Mol%
C1H4
(Methane) | 34.46%
C2H6
(Ethane) 19.87%
C3H8
(Propane) | 23.44%
C4H10
(Butanes) 13.08%
C5H12
(Pentanes) | 4.17%
C6H14
(Hexanes) | 2.27%
C7H18
(Heptanes) | 1.37%
cOo2 1.16%
H2S 0.00%
N2 0.18%

14



CYield CYield C Yield METHANE 34. 86% 38. 01% 37. 03% 38. 19% ETHANE - 16. 32%
-16. 31% - 16. 28% - 16. 25% PROPANE - 29. 05% - 29. 05% - 29. 05% - 29. 05% BUTANE
-21.61% WO 2010/104762 PCT/US2010/026402

Table 2
Product yield vectors; Carbon Yield Basis
T, °C 800 750 800 800
P, psia 20 20 35 50
Species C Yield C Yield C Yield C Yield
METHANE 34.86% 38.01% 37.03% 38.19%
ETHANE -16.32% -16.31% -16.28% -16.25%
PROPANE -29.05% -29.05% -29.05% -29.05%
BUTANE -21.61% -21.61% -21.61% -21.61%
PENTANE -8.61% -8.61% -8.61% -8.61%
HEXANE -5.63% -5.63% -5.63% -5.63%
HEPTANE -3.96% -3.96% -3.96% -3.96%
CO2 -0.48% -0.48% -0.48% -0.48%
ETHENE 0.39% 0.25% 0.37% 0.35%
BENZENE 47.14% 44.02% 44.42% 42.84%
TOLUENE 2.32% 2.42% 2.85% 3.25%
CO 0.96% 0.96% 0.96% 0.96%
Table 3
KTA
Feed Rate = 1,000  (kilotons/annum)
BT product rates and gas compositions
T, °C 800 750 800 800
P, psia 20 20 35 50
KTABT
(Benzene +
Toluene) 495 464 473 461
KTA Gas 505 536 527 539
Gas Composition (Mol%
C1H4 73% 80% 78% 81%
C2H6 +
C2H4 0.3% 0.2% 0.3% 0.3%
H2 25% 18% 20% 18%
CO 1.4% 1.5% 1.5% 1.5%
5
[0063] Accordingly, the present invention concerns a process for converting a gascous

feed stream comprising methane and higher hydrocarbons to a gaseous product stream
comprising methane and a reduced quantity of higher hydrocarbons, and an aromatic
hydrocarbon stream comprising at least one aromatic compound, said process comprising: (a)
10  passing said gaseous stream to one or more conversion zones containing at least one
dehydroaromatization catalyst under conditions suitable for converting methane to said at
least one aromatic compound; (b) contacting said gascous stream with said at least one
catalyst so as to produce a product stream comprising at least one aromatic compound, Hy,

and a gaseous hydrocarbon stream comprising methane and a reduced quantity of higher
15
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hydrocarbons other than aromatics; (c) recovering said aromatic compounds thereby leaving
a residual stream comprising Ha, and comprising methane and a reduced quantity of higher
hydrocarbons other than aromatics; (d) Optionally further comprising, compressing said
residual stream of (c) and routing said stream to a fuel disposition; liquefaction to produce

5  LNG, or other disposition. (¢) Optionally further comprising, recovering at least a portion of
the H; as a Hj; rich stream from said stream of methane and H, after compression and prior
to fuel disposition or other disposition; (f) wherein said gaseous feed stream of (a) contains
greater than 10 mol% of higher hydrocarbons and said gaseous product stream of (c¢) contains
less than 5 mol% of higher non-aromatic hydrocarbons.

10 [0064] One skilled in the art will recognize, once being made aware of the above
information, that the above process integration would provide significant reduction in capital
requirements and at least some reduction in energy use.

[0065] A further understanding of the above can be obtained by reference to the specific
embodiments provided by the figures. It will be understood that these are merely

15  representative and that numerous other embodiments would be apparent to one of ordinary
skill in the art in possession of the present disclosure. Furthermore it will be recognized that
not all necessary apparatus are shown but would be readily apparent to the person ordinarily
skill in the art, such as valves, control devices, and the like.

[0066] Figure 1 1is a schematic showing a novel process configuration for

20  dehydroaromatization according to the invention, wherein methane is cryogenically separated
from H, and the methane at least partially recycled back to the process, and furthermore
wherein the H; used at least in part to regenerate the dehydroaromatization catalyst. It may be
combined with processes for taking LNG from the well-head to consumer at numerous
points, as will be pointed out at least in part in the following description. Addition points of

25  combination will be pointed out with specificity elsewhere herein, and it will be understood
that one of skill in the art, in possession of the present specification, would recognize
numerous other opportunities.

[0067] In Figure 1, line 117 is incoming (fresh) feed methane (for illustrative purposes
being fed at 100 kg per hour nominal rate of methane feed); this stream may also contain

30  higher hydrocarbons (ethane, propane, etc.), inerts (N,, He, etc.), oxygen containing co-feeds
(O,, H,0, CO,, CO) as well as contaminants present in natural gas (sulfur compounds,
nitrogen compounds, metal compounds, etc.). Line 118 is recycle methane (for illustrative

purposes recycle rate would be ~240 kg/hr of recycle methane for 100 kg/hr nominal rate of

16
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fresh methane feed); recycle stream would also contain some residual H, and possible inerts

and CO. 116 is the dehydroaromatization reactor containing a dehydroaromatization catalyst

and operating at conditions sufficient to convert methane to benzene or other aromatic
compounds (for illustrative purposes MoZSM-5 catalyst operated at 875°C and 40 psia). The

5  product of the dehydroaromatization reactor is passed to device 115, which may be a cyclone,
wash column, filter, and the like, for removing most or all catalyst fines (which are removed

in stream 119 from the product leaving the reactor). The product stream from 116 may be
cooled before or after the fines are removed in the step denoted by 115, and then compressed

in compressor 114. A stream 113 comprising BTN can be recovered by one or more steps

10 112. The "one or more steps" are desirably selected from steps comprising adsorption,
absorption, condensation, membrane separation, and mixtures of two or more of these steps.

The stream having BTN removed therefrom optionally may be further compressed in
compressor 111 after BTN recovery. Stream 122 would contain unreacted methane
(illustrative: 66 mol%), H, byproduct (illustrative: 29 mol%), ethylene byproduct, inerts (N,

15 He, etc.), oxygen species (predominately CO) as well as contaminants (sulfur compounds,
nitrogen compounds, metal compounds, etc.). 110 is the cryogenic fractionation to produce

an Hj-depleted, methane-enriched stream for recycle 118 and a methane-depleted, Hs-
enriched stream 109 for H, recovery. Stream 109 may be optionally routed to a purification
device 107 (e.g., membrane separation or adsorption device) to produce a higher purity H;

20  stream 106 and a lower H, content stream 108 which may be routed to fuel use or other
dispositions such as feed for methanol synthesis or syngas generation. The H, enriched
stream may be exported directly as a product or may be directed to a catalyst regeneration
reactor 105 which takes catalyst with higher levels of coke 121 from the
dehydroaromatization reactor 116, removes a portion of the coke by reacting the coke with

25  H; at elevated temperatures and pressures in 105 to produce methane; and catalyst with
reduced coke content 120 is returned to the dehydroaromatization reactor 116. The gas
effluent 103 from the regeneration reactor 105 will have lower levels of H, and increased
levels of methane, but is still a very good feed for certain processes, such as methanol
synthesis. CO, and/or CO (stream 101) may be blended with the H, containing stream 103

30  and compressed in compressor 102 to produce a feed stream 104 for methanol synthesis (by
way of example; process not shown but known per se). It has been surprisingly discovered

that in embodiments it is advantageous to blend the COx (x is 1 and/or 2) with the H»-

containing stream prior to compression to increase the gas density and reduce compression
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investment.

[0068] Note that heat exchangers (heating and cooling), valves, furnaces, and the like, are
not shown on these simplified process flow diagrams but would be readily apparent to one of
skill in the art in possession of the present disclosure.

5  10069] Figure 2 illustrates an embodiment of the invention wherein the
dehydroaromatization process is integrated with the production of LNG; a flashing step is
used to separate a stream into LNG BOG and a final LNG product stream.

[0070] In Figure 2, line 217 is incoming (fresh) feed methane (for illustrative purposes
being fed at 340 kg per hour nominal rate of methane feed); this stream may also contain
10 higher hydrocarbons (ethane, propane, etc.), inerts (N2, He, etc.), oxygen containing co-feeds
(02, H,0, CO,, CO) as well as contaminants present in natural gas (sulfur compounds,
nitrogen compounds, metal compounds, etc.). 216 is the dehydroaromatization reactor
containing a dehydroaromatization catalyst and operating at conditions sufficient to convert
methane to benzene or other aromatic compounds (for illustrative purposes MoZSM-5
15  catalyst operated at 875 C and 40 psia). 215 is a device (cyclone, wash column, filter, etc.)
for removing most or all catalyst fines, removed through 219 from the product leaving the
reactor and proceeding to compressor 214. And again, cooling may be done before and/or
after this device 215. After fines removal and cooling, the stream is compressed in
compressor 214. BTN (stream 213) is recovered from the stream using one or more steps
20  conveniently illustrated schematically by device 212 to remove BTN as liquid products.
Again, as in Figure 1, possible means of recovery include at least one of adsorption,
absorption, condensation, membrane. Further compression 211 may be done after BTN
recovery. Stream 222 would contain unreacted methane (illustrative: 66 mol%), H;
byproduct (illustrative: 29 mol%), ethylene byproduct, inerts (N, He, etc.), oxygen species
25  (predominately CO) as well as contaminants (sulfur compounds, nitrogen compounds, metal
compounds, etc.). 210 is the cryogenic fractionation to produce an H, depleted, methane
enriched stream 218 and a methane depleted, H, enriched stream 209 for H, recovery. A
portion of stream 218 may be recycled to the dehydroaromatization reactor 216 and a portion
or all of stream 218 may be routed to a flash drum 223 where a portion of the material is
30  flashed off at near atmospheric pressure to remove H,, CO and N, (line 225) which can be
routed to fuel use or other disposition and a remaining product liquefied methane, stream 224
(for illustrative purposes the rate would be ~240 kg/hr of product LNG for 340 kg/hr nominal
rate of fresh methane feed).

18
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[0071] Stream 209 may be optionally routed to a purification device 207 (e.g., membrane
or adsorption) to produce a higher purity H, stream 206 and a lower H, content stream 208
which may be routed to fuel use or other dispositions such as feed for methanol synthesis or
syngas generation. The H; enriched stream may be exported directly as a product or may be
5  directed to a catalyst regeneration reactor 205 which takes catalyst with higher levels of coke
221 from the dehydroaromatization reactor 216, removes a portion of the coke by reacting the
coke with H; at elevated temperatures and pressures in 205 to produce methane; catalyst with
reduced coke content 220 is returned to the dehydroaromatization reactor 216. The gas
effluent 203 from the regeneration reactor 205 will have lower levels of H, and increased
10  levels of methane, but is still a very good feed for certain processes, such as methanol
synthesis. CO, and/or CO (stream 201) may be blended with the H, containing stream 203
and compressed 202 to produce a feed stream 204 for methanol synthesis (by way of
example). Again, as in the previous embodiment, it was surprisingly discovered to be
advantageous to blend the COy (x = 1 and/or 2) with the H, containing stream prior to
15  compression to increase the gas density and reduce compression investment.
[0072] Figure 3 illustrates an embodiment of the invention, showing base case
compression of BOG streams generated in LNG or ship loading operations.
[0073] With regard to Figure 3, in LNG operations low pressure, near atmospheric
pressure streams are generated. These may be for instance LNG train boil off gas (LNG
20  BOG) or loading jetty boil off gas (Jetty BOG). LNG BOG is produced when, after the final
stage of heat exchange, the refrigerated stream is flashed down to near atmospheric pressure
to produce a near atmospheric pressure liquid stream of LNG product and the LNG BOG.
Jetty BOG is produced when LNG is in storage tanks and some liquid is converted to vapor
by heat incursion into the tank or when LNG is loaded into stationary or on-ship tanks and
25  wvapor is created due to displacement of inert blanket that is previously in the tank as well as
by vaporization caused if the tank is at a temperature greater than the LNG. BOG typically
contains 85 to 95 mol% methane and 10 to 15 mol% nitrogen. Stream 301 is LNG BOG,
Jetty BOG, or a combination of the two. The gas is compressed from near atmospheric

pressure through a series of compressors; four are shown here (units 302, 303, 304, and 305)

30  but more or fewer may be required depending on the compressor type and the ultimate
pressure increase desired. A higher pressure gas stream is produced 307 which can be routed
to uses for fuel or power within the LNG complex or may be routed to external users for fuel,

power, or feedstock uses. In embodiments, integration of this BOG stream with a
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25% 18% 20% 18% CO 1.4% 1.5% 1. 5% 1. 5% 5 [0063] Accordi ngly, the present

I nvention concerns a process for converting a gaseous feed stream

conpri si nyormtommms2and hi gher hydrocarbons to a gaseous pprasaci/ost4nEam
conprising methane and a reduced quantity of higher hydrocarbons, and an
aromati ¢ hydrocarbon stream conprising at | east one aromatic conpound, said
process conprising: (a) 10 passing said gaseous streamto one or nore

conver si %h%&e%nfa@mtﬁinnpmes@tméﬁaééur%eangleduddrq%fmﬁ jigAt 4, ocn Cahald/stan
under conditions suitable for converting nethane to said at |'east one

aromat i ¢ exempteuaidhis thowmnnahﬁwmlgbdslamd idegtratndgn $igusat wi th said at | east
one C31 20 Bk BIRRHSE. SoELRHHCH TRAERRAE TR S0y O B e

and a r e@UHﬁﬂathﬁﬁistrﬁt)és af m’ﬁjaﬁb@rthat may be considered, in embodiments, a retrofit and

5  integration of the compressors shown in Figure 3. That is, compressors 402, 403, 404, and

405 in Figure 4 may correspond to the compressors 302 through 305 in Figure 3. Thus, this

embodiment may use pre-existing equipment with a pre-existing disposition for the gas

product stream (e.g., 307 as detailed on Figure 3) and provide for low cost modifications.

Stream 401 is LNG BOG, Jetty BOG, or a combination of the two. The gas is partially

10 compressed through one or more compressors 402 to produce a stream 411 which is at

sufficient pressure to enter the reactor system 413. Additional methane containing feedstock

412 may also be introduced to the reactor as well as CO,, CO, H,0, and/or O,. In a preferred

embodiment, the quantity of methane added via stream 412 advantageously should be

sufficient to ultimately produce a quantity of gas stream 424 such that the compressors 403,

15 404, and 405 arc fully utilized. 413 is the dehydroaromatization reactor containing a

dehydroaromatization catalyst and operating at conditions sufficient to convert a portion of

the methane to benzene or other aromatic compounds (stream 414) (for illustrative purposes

MoZSM-5 catalyst operated at 875°C and 40 psia). 415 is a device (such as a cyclone, wash

column, filter, etc.) for removing most or all catalyst fines (stream 416) from the product

20  leaving the reactor; cooling may be done before and/or after this device, producing a stream

417 substantially free of solids. After fines removal, compression 418 and cooling (not

shown) will be done to the stream. The order (cooling/compression) may be optimally

determined by one of ordinary skill in the art. Compression step 418 is preferably optimized

to provide the desired inlet pressure so that pre-existing compressors 403, 404, and 405 can

25  still produce a sufficiently high pressure product stream 409 to go to selected disposition.
BTN (stream 421) will be recovered from the stream using one or more steps 420 to remove
BTN as liquid products (similar to what was discussed previously with respect to element 113
in Fig. 1). As discussed previously, recovery steps are preferably selected from steps of
adsorption, absorption, condensation, membrane, and combinations thercof. Note that the
30 recovery of BTN (unit 420) may also be located downstream of and/or integrate with

compression steps 403, 404, and 405. Stream 422 contains unreacted methane (illustrative:

66 mol%), H, byproduct (illustrative: 29 mol%), ethylene byproduct, inerts (N,, He, etc.),

oxygen species (predominately CO) as well as contaminants (sulfur compounds, nitrogen

20



WO 2010/ 104762PCT/ US2010/ 026402 hydr ocar bons ot her than aromatics; (c)
recovering said aromati c conpounds thereby |eaving a residual stream
conpri si nyoHR10/mmms2conpri si ng net hane and a reduced quamrCTtus2@b/obisgher
hydr ocar bons other than aromatics; (d) Optionally further conprising,
conpressing said residual streamof (c) and routing said streamto a fuel
di sposition; liquefaction to produce 5 LNG or other disposition. (e)

Opt i onal | nfpdtihdie et ¥BfbsiME, otk §C OA@?%maagnéa%am Sou@bé LBz Afto iispIEihas a
ne

H2 rich stream from sai d stream of ane and HZ after conpression and

prior to lbwet prdbssipoBict mhpawerotchdy asdpaplod itithathe afdnyatish erasiuatiemfadilgias.e dlis

feed stream of (a), coptai ns qgreater n.10 nol.% of hi gher dr ocar bons and
Lord on o tontflct SE IR MR B8 S Toul i ol fY oo BOR ool ip PRI
non- ar onedsi thréty ¢o@GRIss 4031 Q{0A0 Gl Qs . s kKMih&@d niodifidagomr (Fotwis| |etd. @I OMkse,

once being nade aware of the above information, that the above process
i nt egPat i SOMNRSEVTE Ty kpTs] dun o thatawer dsnuit Mrihe gascwismal Thecumnesyehess and

at |east GONE APAYE 8§ydp@8§%§fe%fut&f§ot%}gﬁﬁﬁlﬁo}]%&?r&% gggjggft &@&%9&82 or we

above can be o i ned nce Specitic e S provi

t he fi guradsorptibn)wol probieccum tigthst podtyt Hatstrédre sid0aind arbovedryH L bortteprseeamt 409 ve
and t hat nunerous other e di ments woul d be apparent to one of ordinar

ski |1 i n YHEN g1y befopisd é%gef ghrewer Wihig ths ENC eanarlpnenmay %F?ﬁi?lftﬁ‘é F%@%t@nﬁﬁ/

wi |l be ngeQapt Ry Oﬁd@ﬁér SOfcedtdek! '%% %%?Péﬁi@r&!o Rl Yo rﬁr%@&ﬂ%obﬁ&ntm&kﬁ be
readily apparent to the person ordinarily skill in the art, such as valves,
cont rlfl desugasesnperanch.t he | i ke. [0066] Figure 1 is a schematic showing a

novel pr confiquration, for 20 dehydroaromati zati on according tq the
ovent o0 7aler o he i RO TEng UDmR s SRRk Abiaty ASrh PO et o

net hane aholRRSE mBRHE bRhbYd Wak Y&l ReraRRO A Gh&nPLST BS/ cldRehti430t MSsTRe
wherein the H2 used at least in part to regenerate the dehydroaromati zati on

cat al yst .injmorgndygtaidcloonisind slireolicd ito prrowprpswes 428y them ke figtheNsifieation 426 such
wel | -head to consuner at .nuner ous 0i nt.s fs wi || bq pohpted %#% at.g st
in part iR Hléenfq%{r"‘?%%pﬁrga 'qRSEPT P ‘g?ﬁe SAAUPHO DRSBTS 19 TEPIUSE @ LUFHST R,
will 1ge pelcirhesh8ouid W btves PBCidntdht tsiteth SRINRhRhNAEEILE, redyited to Whik 14086 the
understood that one of skill in the art, 1 n possession of the present
speci f i caeronarywsth ©r midginingeshoyie fGLoNEEHEICC 9 yErDireRted to fugbdippasition
Figure 1, Li 7 #S s | ' t)

pur poses B2 EvHLg TE HOGATRG phe SRl BER: FRRh WP R RRR 4265 for
st r eam meycalysocoen, ahan B0d fn glearatahys raeacdtns rdaetoh 48@ whixhoakeresatay st with
inerts (N2, , etc,), oxygen containing co-feeds (02, H20, CO2, CO as
vel | as ég%h%jﬁ?wfw%cwgéirfm ﬁh%a%ﬁéﬂar@}agﬂzegaﬁl Feicis o LFY'SS AiROFERTepl
CoMpoyndsye %E@Ibgcr%gaﬁl DS cof Guith, Ehl fie|diied SniReNGs i ARG IIRT430 10

illustrative purposes recycle rate would 40 kg/ hr of recycl e MmeEThane
for 100 kydducenondthale; r astelysf wilD 20d@£d 047162 POMt¢IS2AB0/ G26400rmkd est the

met hane fgeed):; recycle stream wu al so.contajh.so resi dual H2 and

possi bl e SeRuiPaoRizefr ot 4L adns AFBERL I FHR PocRestrer EHSIA ng
a dehydr qameiierhixegtiitnueah a1 $ivila sl OBREALV A 0B H, GAM G dréR8E |cS bk folf Glc@et O
convert nethane to benzene or other aromatic conpounds (for illustrative
pur poses tvbEBWILS pukifiad {astfudpaat.ed at 875C and 40 psia). The 5 product of

t he hy omat.i zat i.on react or,,i. s passed to devi.ce 115  .which be a
cyol one. WERICOFIAR STMbERS! S Pal® RRBobPuh? S hmiilh S TRy e

cat al yst ihicp@siof Wi EIN@I grot&BBY edith Nadhdadiadn ptdductioe nfirdiae niettads CihéreaV ithg
the reactor),_ The product streamfrom 116 may be cool ed before or after the
fines ar dcgasisaten PhLNFdS ysedindehippaiatipy of msthapgend fen conpressed in

conpr ess 4, L S re
ot ops. 10 BN AsSEERTH HbeE STREL AR TGET IR RS ol A ™
conpri si ngnadsng ftddopas stbhsar 524,013, roncnidensat oo mortdigue factors dpaliadsi 325 @nd

m xtyres of  t nore of these steps. The stregm having_ BTN re d
t her o0 oM dRKP (5T : f@\@ﬁ@@t B8 vpriessdipsi u%@%ﬁ&_r@ségrtw&%@%éwBTN
recovery.ihShiGaN LAk R Ow iR '&El?&d?oéfgﬁlrﬁrglfagtf%ﬁ B BAB o (hd 151*&%1‘% AvetBon, 8%,

mol 99, H2 byproduct (illustrative: 2 9, ethyl &ne byproduct, 1nerts
(N2, with regard to BOG generated in these steps, however in the present illustration we will

assume steps 524-526 occur in a remote location not having the necessary integration

21



15 He, etc.), oxygen species (predomnately CO as well as contam nants
(sul fur conpounds, nitrogen conpounds, netal conpounds, etc.). 110 is the
cryogeni cwbnraoviogrsat i on to produce an H2-depl et ed, net haoeAsee0okad2 st ream
for recycle 118 and a net hane-depl eted, H2' enriched stream 109 for H2
recovery. Stream 109 may be optionally routed to a purification device 107
(e.g., nmenbrane separation or adsorption device) to produce a higher purity

H2 20 st riggmtd@Rranglda abieMefantidrebt &t SEI ealp, 188 femaﬁﬁhmfetpﬁeodcewi@% 0

fuel use or other dispositions such as feed for methanol synthesis or
syngas genéystidliged lqdagon2 Ehe ildHeds slansmenteday rdtipleppreeieldzedi shepst $37. adita

Paes catardel Wirntiioner o BedRaRl SR BLEN ERariei & sl SHENSE:  on

reactor Hfe IRGDWETaporPRHt while Gimtifighco@i Mvidﬁ]agcwbgeﬁiberee atidnt for2 sheH2
at elevated tenperatures and pressures in 105 to produce. nethane; and

cat al yst saparationeeiHe drogpristhaspt dive regeoificd methaagtpapps2is split into a methane
dehydr oar i i eact or T .| uent

Fegencr atiionc SEBTSACRT R Afcl, HeERR oL od rfiocl R MG s17, o
of met hanBustiative ipar@ked beigg ¥&f ¥t YIOKg heetodratontiailt atnohmethasseshick ueill &s

nmet hanol synthesis. CO2 and/or CO (stream 101). may be bl ended with the H2
cont ai ni A§Eed EASOIFY S tQridoRsliRyr eXER 231 8%%@@3@/090111%@ he%%ms QEXdAY eed
stream 1Q4h5.Q" n/3BL | R I1$ / f . BXAMRE €o-f sgiotesh but
known pe% sélga’. pT{aF Agg&gégﬁ g r%ri%i(e%’\g@%%@ccc?ver edéﬁﬂa?éd?(g%’nb%icn%%% t

i s adVantragedssbe blehd@ndith kieca@CB K7 . (Kkine $18 isadyabed @thand (fot ihlestkive porfoaeni ng

t i or  t i i th depsity and .red
conpr essi B 1S 010) B 76 3pepNSI oy SR BT e d it ooy R ¢ e
heat _exchangafcsretiedtdyon @tmo0OlINNGD cofdliy Some FYAACES.andNMLiBe ihikeanar o

not shown on these sinplified process flow diagrans but would be readily
appar ent €@ chpavttusklq is the dellregrompiization geastirarongfining e ¢ehgdieatomatization

di scl osure 15%0039 Fi gure t2 iIGH,lstrat §;.8N enbadi nt. of {h% i nvent i otg
wher ei n tHERERr e i, §PTBHOTr DHESEM & iCRP‘éengE\?ee%anﬁ h PEHE HrddUet’ on
of LNG ardhasdédigp&ingd (fos ilUBEEitOpGPORE MEZSMS3 taalst dPetatd\ed BOCECand 4
final LNG product stream [0070]In Figure 2, line 217 is inconmng (fresh)
feed met HaHe S13is 3 fevies (sHeEh g pyglpnss aasheplygns Elcneteor kgngyang pwsfor all

 hal _ . Ak .
e oaar LB D90 497 Qi L5018 ST, P 2Ly S0G: XA gtone
cont ai ni ngf@o-ahéedaft¢iORjs dditec AR, AED) fias revabial asolignamhtomamtssiqr SBEBTN n

natural gas (sulfur. conpounds, _nitrogen conpounds, netal conpounds, etc.).
216 is t étr?fé‘h%ﬁ)o‘&ﬁ“otfﬁf@%‘ﬂ?%oﬁnéé%ﬁté‘?anbﬁﬂ?%%‘? AgmAreFRidledP SRPYZ B Non
cat ahyst gn u?cP?fo%th.g A incopdi érhﬁ’&ﬁm?h’t@ fd!i#h?s@& e‘is‘éwﬁ%"lf‘erréin,”ﬁés%[bes&'\}%’s of
benzene or other aronmatic conpounds (for i1llustrative purposes MZSM5 15
cat al yst ropercet edclade 875 € aodc 40 pisd@m)ion2 absargticn, dewidesaiiay céahejenviastie
colum, filter, etc.) for remvi nost or all catal yst fines, re ed
Chr ough PEBHTE Pl Sk eoRB AL B heineibs el 5 BIREaRAy T Sticam
conpr essa222déhtaif dind@Ricd, meMahé NAIIBMIRE FORARIRSGS oF, ehypnedRt (Afds@htivchiB®)
device 215 After fines renoval and cooling, the streamis conpressed in
conpr essdnolfA), ctByiing bypredwat2ingits (N, Hec oi¢ar @ty gbn opacidsd predpainataly G4 asnecllor

mor € Stens 20nEAEN oLk IhiREIA! e SEheTRIbEARLY B deLES AR A
renove BTN as4%|qU|3 pro ucts.pxgalh, astrh Fhgie [, possiBF@ nmeahs of"
recovery (mogdmile factibtish DHnRvit FdSBr pirf@med abSHHMideOim HsOduheASRH he&hane
menbrane. Further conpression 211 may be done after BTN recovery. Stream

222 woul ¢neighrdapticathferatecrde P8 mdea mathanst dentatede Hopenrighpdgstrequp” 309nkos diec t
illust L\ve: I i :

Spect es FEVEDirei e Bt B GG AIROORHES  pLREL RN diccioBr (B S momifieaen

ni t r ogen aaapaytiols), torpeddice aonploarpasity Bl Gtryam Z06 ang atlbeec Hy egetontcstream 508

fractjonation to produce an H2 depleted, nethane enriched stream 218 and a
met hafle dfé%?%p@a,beﬁsu@ﬁﬁ? SRS oF &L&Fﬁ SIS BTy 2604 ?Of.m Lmﬁ SYRHACY or
stream 2 : : i i

és?n%%?’geﬁ@raﬁ@&y?h@ fili LAritha S%Mqﬁ%gﬁé)g&}ohﬁ@ggﬁag{ aﬁs?nac]%ﬂz%giu& 10 nidhtha

portion or of stream 218 may be routed to a rum where~a
portion dfirected toratcetalyat reigencd@tidnl resdieSAY Whiah takeacatatystosih rgher lovels sliceke o

renove H and | i ne 225) which be routed.to fuel ~use or .other

i Sposi S RN e ¢Bdioh R naCoph SRe Gy hE PRding o kS st
illustrative purposes the rate would be -240 kg/ hr of product LNG for 340
kg/ hr nom nal rate of fresh nethane fred). WO 2010/ 104762PCT/ US2010/ 026402
[0071] Stream 209 may be optionally routed to a purification device 207
(e.g., nenbrane



or adsorption) to produce a higher purity H2 stream 206 and a | ower H2
content stream 208 which nay be routed to fuel use or other dispositions
such as fweaofoorw4teet hanol synthesi s or syngas generati oRCT/Ise01b@2@nz i ched
stream may be exported directly as a product or may be 5 directed to a
catal yst regeneration reactor 205 which takes catal yst with higher |evels
of coke 221 fromthe dehydroaronmatization reactor 216, renoves a portion of
the coke Ryc KeRal) A21ARIGAKFerutdR o pRlss@bEMPE o 1RERRE AldMBS; @yst with
pressures in 205 to produce nethane; catalyst Wth reduced coke content 220
i's returmeduced aoke cdutenti Sa&ind mettinedtto ghe rdshydroaropmgzatibineregetor &6, Ut 2203
fromthe rggen tion reactor 205 w|l ve l.ower |evels of. H2 and

| hor eased 18 022 10078 thd Rl irarp ol 508 G py G Bl REAF 18 Mesesd
pr ocessedev@deNmathaiBtduanostilBy RERESIod. fe€d PoraRRethiar othdy redds&aud® i3 niveanbie

bl ended with the H2 contai ning stream 203 and conpressed 202 to produce a

feed Strexnthogs (&) angion £{dI(steopmy HHginsay( by bigadedofite siaddh epntaingy sircamsSad,
o . ! f > . ' '
toCbrend THRRERSNARE yrolieeBftcd il S04 o ShakHaRALS Byt AR ARkgRS DS

15conpr essivandiscovcngel e asadvitagans tetishd shedi@l, wikl teeH compiriggisotam prior to

i nvestnent. [0072] Fi gure g}illgstrateé an enbodi nent, of the invention,

showi ng HFREWIEHOE 1R YRETES EICHAS 8FnSHHEN f?dé‘a?r%m@%rﬁ%ﬁl%ﬁ BYCSCRING or shi p

| oadi ng gRgRaLLENS. [0073]Wth regard to Figure 3, in LNG operations |ow
pressure, near atnospheric pressure streans are generated. These may be for
i nst dice [DOEB]t r aAmy bmEthand-Eorgasing | fGIREckBEE) boruskdanithg fresfenty plaweds bitf ingas
(Jetty BQOG . G BOG i s produced when, after the fipal 6 stage.o eat
xchange el T by o BUECES oot Aahbti ot bk e iBLihs s co-
pressure grodiRe@WhiR OR8F sl IRIMIBIlcCeoRtRSAY FRAb b ifcIald AR5 StaihbiSfrom
product and the LNG BOG Jetty BOG is produced when LNG is in storage tanks
and sone sobgas duéls ag epMebadedlandfilla pagrichlpuhear niyndaipali waste derorentasion.amd/or
when LNGri§ éoadequnto stationary or on-ship tanks and 25 vapor is created
due to di85?585%%%{ OF inert blanket that is previously in the tank as well
as bysvageo7gat i aetieadsestaiding Fecds@aks,i sichtasanit@iparag! Witcalllyeadrdin t dagdsort he
LNG BOG typically contains 85 to 95 nol % net hane and 10 to 15 nol %

ni t r ogen.di@tideand ghang iy additoptyometivne.y Ethars argt othercdiphatigbhydspcashonsibatiggy.

The gas i Se r near qat I Cy; sur g ri:es of
conpressgﬁgﬁggggf%grgkgﬁg%% %@rg%(gﬁﬁggﬁgogw%ggg,Hé%ﬁ&ﬁ%%% g%@?ﬁ 0! upﬁhnre
or fewer drhydriberonegjuatioadstele p@&ndddigomrastwidl sodipeisscbbeldypearamd didxéleudani beat e
pressure increase desired. A higher pressure gas stream.is produced 307

Whi oh carfoBEeTRguttetaty wemsticnTadists BKTER e MtaReth icﬂn‘telﬁ%OI}_I‘iIGfE‘?}HﬁTee?(n ?T may
be rgmteqm&&e%§5qﬁp@¥mﬂéﬁgépfor fuel, power, or feedstock uses. In

enbodi ments, integration of this BOG streamwith a WD

2010/ 10476080CT/ US2iBdgeh R840 2uldehypuoseometal oy pioallypposes sn methane-comtamingany
one or nore of |ines b, ¢, and d. An_ ex e of this is 0 in.the
enbod mentrerr gt Pl ePiuBE o g 564 BB G SR STl S e d e r
embodi mergroQks toiehd MyRAtibAN: InNH 8mbBaimcnhi the TEOERRUALC dbydiSdréRb@®MtIBn step
situation that may be considered, in enbodinents, a retrofit and 5

i nt egr at icontapts lessetha Al epwofer exhowte licss gyl P@ps, sTeines less theo ippree sehso402,
403,2%04%ﬁn9% 4%3 iﬁmﬁ% u%%né;nay correspond to the conpressors 302 through
305 in Figuﬁ%nfl Thut, I's enbodi nent may use pre-existing equipnent with
a pre-exi[90o8¥g disphbiidd, ot fcod td hR @agdioh@eiitivatiin’ @M e cntaindf) TeadBone of
detailed on Figure 3) and provide for | ow cost nodifications. Stream 401 is
LNG BOG, Hetaicrgoxmgcinreagbondnenaxids and grbonrioige in arder tgassiptsin gake magigajiono
conpress r - I / t 0 r

whioh o DS aHleCom B (RIREPIPLERAL et 8 BIeOL B B By, o
met hane oowriml Buclg akedastaahpld ]l Zhory tiel swtlizaci sitcamd i @drital filoen meacilopasas
well as CO2, .CO, H20, and/or 02. In a preferred epbodi nent he quani j of
met _héﬁe £98EiNTYE 1207 digwider 2 O SALISGRH SHPOR RiAF DY difdc ey NG

ul timatel mR&%Q&Q%mépﬁﬂéﬂ&h&Mnﬁﬁﬂ&%§g%k%?@ﬁhﬂ%ﬂd?HﬁQhéQﬁydhﬁg RIIPr essor s
403, 15 404, 'ahd 405 are fully utilized. 413 is the dehy roargnatlzatlon
react or d0082i ni hyoac dehydineat,ahetfeaatd the ddlydiopsmagmatiap eicptdongimt carbon

diti fficient .t [ f th h t
ot her  ar GBI “EOBBUNS FEUT S AN PeF Mofousiiath b7 o B e Shls
catal yst operated at 875C and 40 psia). 415 is a device (such as a cycl one,

wash columm, filter, etc.) for renovizsg nost or all catalyst fines (stream
416) fromthe product



20 |l eaving the reactor; cooling my be done before and/or after this

devi ce, producing a stream 417 substantially free of solids. After fines
renoval , wonpreewsicen 418 and cooling (not shown) will becuaseoo2dsbre
stream The order (cooling/conpression) nmay be optinmally determ ned by one
of ordinary skill in the art. Conpression step 418 is preferably optim zed
to provide the desired inlet pressure so that pre-existing conpressors 403,
404, and fiQBarkahdZbodt 0.1 ko RERAYOMAYS Yhdh & HBh ¥ it BmeISU O, PR AHGther
stream 409 to go to selected disposition. BTN (stream4)1 will be recovered
f rom t he embodamenisithey fesdetoo thendeley dsoaapmatizz0ion ostere wonteinBTadrban Inapokige and
products (simlar, t at | scussed.preyio i th respgct to el enent
AR R AR e S R AR M e R e
sel ect ed dbben0. $ t@Mou0 L0 AR, Pidhais,abaliSIoRiboN6 nePRAETS ah iadfisthéiMbodifentand
conmbi nations thereof. Note that the 30 recovery of BTN (unit 420) nmay al so

be | ocat €d° tine oHAABEAORAT eneaipy pgam rOSYIGeS 8 3bou04,
Sat dhic desdrtetthe seiuatr BrationtSEQyr eAnéaing stRam ovig o 9040 0
and 405. 4 C i il hve: %o, H2
bypr oduet (] LGt Sk G AbBEST M GAE T tndles, Bt dpd LU0 KF a0 G, Pghs.
etc.), oxygenspect &Io(dhoeddmaldt,edtyantO)Inag:t weturthas cabodiansnnatht Sed td the
conpounds, nitrogen WO 2010/ 104762PCT/ US2010/ 026402 conpounds, neta
conpoundsdchydrearpmapzatias sigheqntaipy Ha#nd samprigas¢bpet ft 1o 3bouH 9.3 f%ﬂ%omwcl%%

| ower pr%yﬁ%wglso@@@rﬁ T BBES 2,25 3%k dt e %&1@2@%01%,%{[@{{ LESbout 1 t
acilities. Al

production or the remal nder of e stream 424 is routed to
t he pgPeexibsti hgpot’ontds.essi on train, shown here as three conpressors 4083,

404, and M nor difjcation (rotors, etc.) of these 5.conpressors nay
e hel pf UPDEHle 00 e b SobiSraRurdine B st oth Sih Y SOLEhoEne
stream 4QKaI{rﬁﬁémlaﬁe,qﬁém@iﬂgIaka{natwmocta%cﬁasptsrubﬁ hfehkt RPArHENDER AADe(Beylod
menbrane or adsorption) to produce a higher purity H2 stream 410 and a

| oner H2 feameeht r@é@qti@ame@ogfdﬁma@ Renaegfc be-feadapeean e Prasdnt oy thp oveshangistrhdm, t he
LNG conpl ex, or y.be routed to external .users for fuel, power r

feodst ook tibay Hr Ssutpey ShER i ls Prafl H3F bR o 1, nHRAET b 8bearbayingas
generiat i Gbeyc|dd0ffoh thel,H2jefion clapdysitdBamchle ofByinbaréxmstad ofipaglihyarls a
product (path not shown) or may be blended with regenerator off gas (stream

433 from¢iemwdryinggucdamiseiayseor iops. matheasdeerlicss. bl Swpplartioicse &iier ol o
conpress qus{%%ontal?cﬁﬂs. t 0 sfo eigﬁ%odﬂﬂéﬂtg,'tﬁ@fe'eg e %%eﬁ%&gg%ﬁaﬂ¥at@r$%%ﬁtains
separation or one or nobre adsorption processes to produce a higher purity
H2 15 st rleanhd28waridsuehlagass thdd 3cwtih,etC;sthydaoarbdds. whi ch may be recycled to
unit 408 (the necessary path for which is not shown, for conveni ence of
view) or ﬂﬂ@%ﬂ?W%quiéfoﬂzgﬁﬁ§ﬂtion (not shown). The higher purity gas

st eam 43084 ARy QRhi @BAIiEHRANARH & Ut Beof it FREREY 1d BERUAEY carf Nen
used in the catalyzt regeneration reactor 430 ich takes catalyst wth

hi gher | éxeelisedofin db& eprd@ht fpraress, haltloelly dgaparabiyathez attilyst medcinoludd 18, metal

renoves a portiagn gﬁ‘éo th? cake b ﬁeactin ]%c coke with H2 at el evated
t enper at (PRWORHH: PHHeYi%a Tapsiep ncg! of 88%‘-8&“ ‘gﬁrﬁﬂ 0N A, IHPIEAYIC FPRPTE efuced
coke contigily ddés ihe éhﬁ{;&ﬂ. AR mgdihhmed&wﬁﬁ@%tﬁmi&a% _ﬁféﬁﬂ R8fipeherft b3 -makhe

gas effluent 433 fromthe regeneration reactor 430 (which m xes wth stream
410) wi | levambavd sower cafadyted actigity pRitaipani Reaferablydthe enesdl somponent sapresenbin anmy
be purified f further,, us 5[ 0076] Fi gur e bl ustrates . still anot her
orbodorer it bl 01 13 20 45" BAGleEh Tk ndy b op I EALER ool BRELETT,
W th aroredss]s paoediits hieml fcomponaihisrehVoshlgbinint lnde calgasi, frhgaktion, BorikdG i s
used in the separation of nethane and H2. [0077] As shown in Figure 5, at a
| ocat i on Y&t danthefHMetcaadENy £8TIHE e HENIHN B RHEN.CRARINM, | igadiaBg ngphéum,

stream 5 i s T iLg i ilitie o)
or odace. C bl (Bl i AR Euleh HER S I B bR G,
t hr ough 5SRédinmy itidiens aickels pabadinie go@icedsiet, lpotte ey, alimoimatni, zalfiuon silicon,

according to the present. invention, e.g., with re ar%'t OG generated in

t hes é(ast ST HBRe uri“n“’tl’hga%r SBHE ?‘Pq? GFEPTAITER R | é)uC% metdl components
may be present in elemental form or as metal compounds, such as oxides, carbides, nitrides,
sulfides and/or phosphides, and may be employed alone or in combination. Platinum and

osmium can also be used as one of the metal component but, in general, are not preferred
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assunme steps 524-526 occur in a renote |ocation not having the necessary
i ntegration WO 2010/ 104762PCT/ US2010/ 026402 i nfrastructure and, after

t ranspor twoiz2ot/ty62e. g., ship, the remaini ng steps 0CCUuPCITUS20M0/026402
industrialized |l ocation). The LNGis transported in nultiple specialized
ships 527. At a location where the LNGis to be regasified for use it is
routed (stream 528) to unit 510 where the LNG is vaporized while

si nul tangQpsd)y PTAY iithrPshi€ kY, ingy f’b%féithgﬁﬁﬁ%‘gmauﬁ of chigiliheSaRRmabdratuiaf H2
from met hane. The regasified nmethane stream 529 is spliit into a nethane
product gnzebmaB3oxiflarcalbide ag rfirale, ofpbaven, glamemun, stheon rphpspdwsousc kitamem,
stream 517 (f.or iJlustrati v%.uourlgloses. bei ngnfed at_100. kg er hour nom nal
rate of nmSCHANE) CHRMEND Y TR0 e S W BT BR o /'S o AT 08U B R P T Sl eam
531 (whi cfitrity, zGesHiainNnidbBIRE mdlySHAGA! BENEn i) 3BEumPraadaien, Rifeiu, cti@h! s
(N2, He, etc.), oxygen containing co-feeds (02, H20, CO2, CO 10 may al so
be bl énddantapfuih tugsiEanethrer tranperamiyg ¢lemends.y b edditiqn, Hieapped may| bewsharads ve

pur poses I a - / . rec ol hr
nom nal rt{é%gﬁ%lf g]fgrhe éﬁ avrr@ték(g)r? 2 eéﬁ%;allﬁrgg %%t%féalsﬁ %g]!rlnees\%gﬁjp Qégﬁl %%9‘1(1:'0 njgg iu%&fs one
resi dual HdZeimnict oasinit®porest sfando Pores Aapmpat dismbtho of $esk filean 2 nanometers,

dehydroaromati zati on reactor g;ogf ai ni ng %gd,ehydroaronnfti zation catal yst and
oper at i ngVRCAESRRICET ORSSARAFPYSCITERES 1 FOCERFEPE AP TP D& 2 ehBargm St her
15 ar Oﬁat[bﬁsﬁo”pgﬂl%iﬁe (thRfopotdudStial e RUIPRARE ShdiRiecSMIiRac@! SliilosARGIA! ed
at 875C and 40 psia). 515 1's a device (such as a cyclone, wash col um,
filtdo, ettanosilicetesr elmmvnoghospisttesormethllogmspliaysst dlicvaBin{isopteaphdt®) drr dmit he

roduct | eavin he reactor 516. ol i ng .npy. be ,done befpre and/or after
P ey itatsly SAth BRaRPRoeT o BRriRynaRe’ ShshE Bind B R fivoe
(stream 5%%)5 NAF[ |(e.§§ Z_%Q_KSV&{@QHMI%), MEL_S(E.VgQGEBMSMB‘,Ql\/HW (@.rg.,rZB’M-@t),e’P@Nﬂz
to renove BTN 20 as |iquid products. As in other enbodi nents di scussed

el sewher deiser€3M;: 220085  bl(@gstZPd-23), FER dearyZ$MciNdMisnée.or 287 MWW

R e e g L R R S R )

cont aisns IWR gagt, aFQUBHh&Fe (Cigl,| ZIstSh aB Eme(e. £,6zaatitcYeta)ATHY(RIQAIT}-13), MOR
(illustrative: 29 nol9 t hyl ene byproduct, inerts (N2, He, etc. oxygen

Speci os (BEodtAIFie FAGH Lagonkir Xob, diraahliar Hemdsdobumriapd ¥oripufi,
it ] . \fof fiackionat | Anpdt
devi ce.5ABoTe T o (AT B GR E, TEESh At ae ShEPH IR LA 2

for recycind AFB(SARIO iveis vartieasdegpbredle dychH? MOM-68.dtMd -1 cEMNGRI I T@123HPT'Q-

.St 5 ti | ted t i fi j deyi. 507
(oo oI5 T TIQERY T e S oS A hisgbeRaBurnd (SRBOS, catibhls and
a | owpr Hee e8I maklHRAM IRASMIOIWAT SfTNIBIR, RECHIOSH, 8Hd 5B ALyl use or ot her

di spositions such as feed for nethanol synthesis or syngas generation. The
H2 enri cHOO88t r eEmamplys lné pesdoned edtadistsemicluge asolabgunodu dungstenpranynchehaiivrect ed
to a catal yst regeperation.reactor 505 ' takes catal yst with higher

| evel o of Y SREPERT AP R RGP ORP ok e o s BUBIS16, |1 emoves. a
portion qgbogdie cuke nfal @asionbst daAELMRSPEILY 3OS RBERMIESAPPOLHAROAR2 nfe@ie
with H2 at elevated tenperatures and pressures in 505 to produce mnethane;
cat al yst Wil kngvarinctdd agtowieh ed pe-errciBROon.gngiptcnt wekcssp cyaperation, impregnation,
dehydy.oar tization acGt or T ef f . romth .
regendy acpoy 46 3P-EI5ThPFrMless "MEUERT, Sl RS TRy Bnd debrisyl: s
of et hangixidgut Ini &ld&tonl theainvgayicgapsbri eadbd aoddRAtB khodtnh@ethpdQcedsas feuuch

as nethanol 5 synthesis. CO2 and/or CO (stream 501) may be bl ended with the
H2 cont ai Mgl slcanings 2aldarphiignprustis apsking. MrdfuEetaciteridh sticernspspningor

net hanol i : ol t j ver

vant aoc By PhiholXafli i ihitmd) jantfBE HRGRH Shpndiof Groups 1.
conpr essini, tand il hof daskertddec Tade dEtiei Elymand. Sediu cedcftrppessinore usedds titent .
Feedst.ock, 10[ Q078] An hane- cont.ai.ni ng feedstock can be used in the

e dhe g e B T o TP B RS R sriRtng apteR b P g ure
natural gashd &ggetock which includes gas co-produced with oil. Qher

sui t abl e net hane-cont ai ni ng feedst ocks include those obtained from sources
such as d8690]beddhe lcatabii miag alsagintludé aunederde premile ihsadatalpss tpertfodasmenth ghd on,

A A R e TN T

met hane. Et hane and ot her aliphatic hydrocarbons that nmay be present in the
feed can be converted directly to arasati cs products in the

dehydroaromati zation step. In addition, as will be di scussed bel ow, carbon
di oxi de can be converted to useful aromatics products indirectly through
conversion to methane and/or 20ethane in a H2 rejection step.

P T o o o oy oy



25 nitrogen and sul fur conpounds. [0081]In addition, the feed to the
dehydroaronati zation step may contain at |east one of H2, water, oxygen,
car bon nowmoxpoeioarsd car bon di oxide in order to assist i RCTalseouviokédgati on.
These additives can be introduced as separate co-feeds or can be present in
t he net hane stream such as, for exanple, where the nethane streamis
derived fromnatural gas 30 containing carbon dioxide. O her sources of

carbon dixd&eintRMe kEredcusie 1ﬁdr%kﬁnaaﬁ@§s suleNGy %ﬁmas silidy. CHnQQ'gﬁbﬁ'sﬁfHasa;lurﬁﬂﬁﬂpni a
a

plants, glycol plants and phthalic anhydride pl ants. I n one '
enbodi merirconipetifapaun oaidehend &bspdr arado ndhe xatalyoh mwequqz omtamnféllarartcb edjust

Cbont g0 TS EA PusEEn SR 55 485y %2%&6%6?3&3@%#%%@2@%&? Bl 4,

about 10 1awla%/ml$}ug15tea§15aﬁqu$1(ﬂbai plfted3 nol % . I'n anot her enbodi nent,
the feed to the dehydroaromati zat| on _step cont ai ns car bon nonoxi de and

conpr Psed08pdut  Bbe felayyBaarogprserspoye gamwlessolayelgired £atalyshprsnrragonsyidy,
geofha”e anduRhgthe %%O dlsollrﬁ{%%‘ggf%lﬁ eﬁ@éeé‘t mt%&ﬁ]as about 1 to about 6 nol %

In a urther e € dehydroaromati zation step
cont ai ns [80$Hm aRdampil] SARSMalSN-P that@iabbeigt prESar@d fied fee Bupfpasngbowtd 97
to about 99 nol % . pethapne and about 0.1 to about 10 np] % such as about 1
to about BahGE pgrtis éarerOQEogétco@nfeﬁW%émaB garademM-3 hyingegilicy tq gamina

dehydr oargimtiFabt 257 %ﬁ@ﬁ’c?ﬁ&‘i t§1‘z@§f !;b%u%% RRER 2E61ARAULIHBP13 88 g%@%@ 9

nmol % such as about ou % nethane and about 0.1 to abou
mol %10s uc(lAldnachaﬁﬁljt%)]fot @ hoOrsabawb ‘tﬁtcﬂnﬁd; Y héiBatch@083k Toembiredhntiaatdieed in a

dehydroaro atl on s can a ntai n hi £ hydroc rbons t han

ot hane. TG s o Bhe Gy di HaAES OB G by Qrachr BITR Tesrobe
recycl ed Ifomﬁin%teHZFHe@hﬁﬁﬁﬂngo%\%@W&l@?f%glr@@tos&@v e @QXqueaﬁlﬁfs can be
present in the nmethane stream such as, for exanple, when ethane is present

in a nat dﬂ&%]gas Emmle i Ghemateyidt ofarabame | 16 nswslolnsepare off a\’t%ZMDéJS%ﬁ/i on

havi ng” proaie it SOELSTFlLE® BLERRLL"T B Y QLsPR S NGRS § O,

typi aal | yitgni@ (Dégh‘s& Rashyi 1etrﬁmates | Ws@easeiiaed iomblsce d 657%e6Hdd @ik MEhe
dehydroaromati zation step contains less than 5 &@%msuch as |l ess than 3

wt % of aBaterglavascaimentsto Inbhyaiivderorauiyiat iTop c g wes gughaslhqaigiged in a
dehydr oaroiaf! £atdc0FoC 8t WS bt $HORE! (U6 CinCARY il alp%lﬁlagqleﬁpuﬁ THTBgH & can
(3°C)/minute. The resulting Mo level was measured to be 4.5 wt% via XRF analysis.
[0094] Example 4. The material of Example 1 was used to prepare a 65 wt% MoZSM-5/
20 35 wt% alumina catalyst particle. 68.4 grams of the Mo/ZSM-5 were mulled with 38.6 g of
alumina (UOP Versal 300) for 10 minutes. Water was added to produce a 53.8% solids mix.
The material was extruded to 1/10" cylinder extrudate. The extrudate was dried and calcined
in a muffle furnace for 6 hours at 1000°F (540°C) in flowing air with a heat up rate of 5°F
(3°C)/minute. The resulting Mo level was measured to be 4.0 wt% via XRF analysis.
25 [0095] Example 6. The material of Example 1 was used to prepare a 65 wt% MoZSM-5/
35 wt% silica catalyst particle. 64.8 grams of the Mo/ZSM-5 were mulled with 43.8 g of
silica (Grace Davison Ludox HS-40), 19.2 g of silica (Degussa, UltraSil VN3-SP) and 1.96 g
of caustic solution at 10 minute intervals. Water was added to produce a 75.2% solids mix.
The material was extruded to 1/10" cylinder extrudate. The extrudate was dried and calcined
30  in a muffle furnace for 6 hours at 1000°F (540°C) in flowing air with a heat up rate of 5°F
(3°C)/minute. The resulting Mo level was measured to be 4.6 wt% via XRF analysis.
[0096] Example 9. The material of Example 1 was used to prepare a 80 wt% MoZSM-5/
20 wt% zirconia catalyst particle. 84.2 grams of the Mo/ZSM-5 were mulled with 20 g of
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be used in the present process, although generally the catalyst wll

i nclude a netal conponent, particularly a transition netal or conpound

t her eof , WO 2arv/iommrgani ¢ support. In many cases the supportuscay/opadl fy t he
catal ytic behavior of the netal conponent or may even have sone catal ytic
activity of its own. Preferably, the netal conponent is present in an 25
anount between 0.1 % and 20 % or between 1 % and 10 % by weight of the
total cat@lcysiuim @O@%%dé@ld@éﬁl 999G trgH 1m&m&e Nvatck Was lale LRI pbisde 4 Arhude
cal cium magnesium barium yttrium |anthanum scandium cerium titanium
zi r coni ursplikafoms. uithe warmaidl was extirwdeid denl/ hOérWhnciﬁmextmdaém Uihg extoldpisdeaudnicd

i chel - BA AT O g TR SEb R e JB T SRt 05 i i

30 ger rrarﬂ°ﬂt@°@)ﬂﬁinufa Thetesul@adMobévutab meaifled oS3 anfoima xmfednal sisuch
met al nBonents may be present in elenmental formor as netal n&@ unds,
such és dW¥ds, Expmipleell. Hhe mpgasl ofsiamnie ve?ﬁdlﬁeﬁftomf@@%ﬁméw Z$Mr be
enpl oyed i d I S

one. of -t hol Sarifton &rbﬁﬁgﬁ?@ﬁ Sftcn, CuhAPHRBT QRS HREBE R SR SIS RS
2010/104EﬁﬂRGthBZGk@bﬂﬁﬁ&ﬂ&h@&@ﬁﬁkﬁh@Lmﬂoxgﬁhmn $U@pﬁhﬁhmm&k@emﬁgUhﬁ6ﬂ
anor phous 0 n particul ar carbide o

yst al | i
nitride oYN%éPéﬁn éﬁlﬁﬁ) uﬁforb?qrblésﬁAld;swé?s 5th au%ute t”iltF]é’ﬁISurWaEeééi‘ﬁé@Gﬁ?
chrom ump xapadj 45, DRADERYMh 9@&?% dxt@Bed Zd REO" lelha&rextﬂaéteranrw

yttrium Z|rcon| um ni obium nol ybdenum indium tin, rium | ant hanum
haf nildm «éeundatmwds daett ahdicplcinedgat @muffe fotnaer forr arisursani UOOEFe(dnNtG). inl n
addition,,the suppgrt be a terigl, such i Cr opor ous
Crystal R RRRERTE * BCAPBeBabbL CHER Bl e A andr s et REerdro
"mcr opor&umwrt%f‘%gmngg,@@s having a dianeter of |ess than 2 nanoneters,
whereas the term "nesoporous” refers to pores having a dianeter of from?2
to 50 nar{ﬁﬂ%&]ersEX{imW}l Sl]lilet@bleelahﬁ)fcliwml@uyva@ﬂly@t ol preprec addertlaMoZSMH ude
silicates nosi o tes um nophos

et ai | opbbEatisen aitFEAER s Halh sARRA! bfRhr i s RR RO were
M CT aBor Qugllglr yith aBl4dne ofMitaald @dgubdac Pum? aﬁat9e9r gaif%ﬂiwwaagnaéﬁwhhammrm
types MFl (e.g., ZSM5 and silicalite), 7(% ZSM11), MIW (e.

ZSM 12) , np@\ute( mitgyvals.zspiagep ) wasrd éetngrodzcelvﬂ 26§) o FoRdg émg Thspwagyal wes

(e.9., Z ¢ P

MCM 36, %@%‘i t%”‘a%‘”%:&v?&%sf g ?ﬁg %X“%%”}ﬁ) QF‘Jf"d( ‘éé[é,%léd 2‘%%@%&
(e.g., zdammatefdretlayurs atTIHOQEE @4Q°(E)T@ﬂh3\)mg MoRViftea Beat uppatdefibtiej3°Ch/Atingte. g.
zeolites X, Y, uItrastal?lllzed Y, ,and fg (um ni zed q LTL (e.g., zeolite
L), |\/\\(N(Tehegresu fimg Mo gvel yiop measyged tos 4. 5 wivongp XRE gpalysisapo. 11) - AFI (e. g.
ALPO-9 l%hgr b Rom 2o Pro@ss Wel | as materials such as MCM 68, EMM 1,
EMVL 2, T 3, 1TQ24, 1TQ 25, I TQ 26, ETS-2, ETS-10, SAPO 17, SAPO 34, and
SAPO- 35. [Sﬂﬂﬁlabl & e dmsdq@@mmizmremblabﬁ thenpﬂeﬁmhe phaciebs4 the mlﬂaﬂ,@ com‘m@,

and SBA- 88] Exa eso preferred catal t |ncIu bden

FUngst en SRR ¥ KRG AR MEORELTIES G BBNET A PO T FRrElr S
silica, Qfon@hwh&aoxm@@g%oﬂaﬁldﬁ@taaa tﬁﬂm«}n@mm@&nlaﬁlc% S&ercﬁe@tooébnwae the

i norgani c support by any nmeans well Known in the art such as

co- pr eci phethaticoty, hignheli by@rm:arhemmee@udlegdwem@u @m'i ngnphpradensat ilba pripsipal net
SPpr ay: dryrleah Ons'S%IVO ed reas xchange chem cal vapor deposition, diffusion,
and physi c¢al m Xi ng PR Yon, the i norgani ¢ support can be nodified by
known net hods, such as, for exarrpl e, steam ng, acid washing, caustic

washi ng, and/or treatment with silicon-containing conpounds

phosphor us- cont ai ni ng @&%6&@@ #Ad/ or el enents or corrpou%cwn@oups 1,
2, 3, and 13 of the Pert@pl L Cc, I@Hof the El enments. Such )|ons can
be used to alter 30 the surface act|V|ty of the support an |n er’ or

enhance access to any ilACeLndl ot @6HLr uct ure of the suppofReacli@030] The
cat al |ncI de .a binder to provide the catalyst particles with
the 1 qw[g&i/(gﬁ arbogetieyidy t gaﬁcrn%harpé ntf o}¢ ﬁl? ’geﬁi Ampppyes catalyst activity and
dehydr oar@mid, 2t hQRiPLPRPscts M iR by allowing competing net reactions, such as;

CO,; + CH4<2CO + 2H, (Reaction 4).
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WO 2010/ 104762PCT/ US2010/ 026402 bi nders include refractory inorganic oxi des
such as alumna, silica, anorphous silica-alumna, zirconia, titanium

oxi de, amsiohworoon4mzi de. The catal yst may al so contai n f PClrarsgomwo2&d? ust
physi cal properties such as density and heat capacity. Preferred fillers
are low surface area, low activity materials with SiC being preferred.
5[0091] The follow ng are representative exanples of preferred catal yst

pr epar at i[9pF013Nd THOQeH oS mBE-atidk Sidp a&Scdnldlittbd BY cOftadth tRE ARERKcOMEMILON.

[ 0092] Exanple 1. A Mo/ZSM5 material was prepared for use in preparing
bound catfa¢dstckpatthi bt gmrticudpo dghpdroarovwraiiani edthlysiminohacirumert AsM Hed,

having a sil.ic 0 um n le ratio of 25:1 and, a.crystal. size of.about
0 necranoviag 6t ardbliTaT oD rGebRt gouf” \ERaaR (af SRR g Bufiedd it 3R
hours in reawioRatomBesr rddigioRatdmbesn WaE easo P MgdpRNEorka) Glithed rhéviag ol b
furnace with flowng air for five hours at 500C with a heat-up ranp rate of
1¢/ mi Aut edehygyeatoastiratigncafytavigreindhe fasdsorketdovpcpmtgomrant 4 (hicingryon of

255" wt oo TRYERRE P TRy frofrontiGadl SR Ih o Solicderl e KaPch PR ©
Mo/ ZSM 5 zvae eomprikeda wettling3be® ragciof, Byp whidhaisi mef{idegusasiaalR- apodedrreddor in

m nutes. Water was added to produce a 65.7% solids m x. The material was
ext r uded Yyoh pagreuiain Gailen BleEY ol e YROB higEpeonaad gPWéd‘ng?{_cgré‘é%ioned
in a mf ff%rpmfaucra C?s‘% He@! whild Bl Re@bnttRORE réa%{lcﬁcc)t or el QWA 8F fhe‘%&%oraarﬂieat
up rate of 5F (3C)/mnute. The resulting M level was neasured to be 4.5
wt % Vila XRFvangiwasily. th@dgd] Exangtdyst. bEHe ndbernalaltefmattxanphbodimeals tised

to preparg, a, 65 W% MoZSM 5/ 20 35 wt % al um na.catal yst particle. .68 4
grams of CRETRBPESFEcratin b Saniiass S50 615Gy ol Srne eeed VBT Bgb)
for 10 mBai&s in WA@Y A8 8a8lysds BAREUREN 3nSAir8onTtdH Sn8tehctof REthIRELY | al
was extruded to 1/10" cylinder éxtrudate. The extrudate was dried and

cal ci ned adscantrraddtorenfthg svaice Wlole tBe fredris passcdl boprh(@sd beywden thd wagtars faithe
with a heat up rate of 5F (3C)/mnute. The resulting M | evel was neasured
to be 4. (PPW%}?GV ge anal ysis. 25 [0095] Exanple 6. The material of
Exanmmise J00#mR] us&flsdrie pnbedien®, hoeiulyod phttllilaBomwlctabinky 68 seEslRU Y6 the
particle. 64.8 grans of the Mo/ZSM5 were nmulled with 43.8 g of silica
(Grace Deighedralomagzatien-rwagtionizpng(sy i pdditipn ¢ thepmiplgtiapartipylptg gpatenials- B

and 1. 96 0 [We i 1 LNt to
roduce. dpRasftia Gl kb Ry b SEPH S RT3l g BRa T e
ext r udat esystéhe aed/or udatfitl wpsedraseebqaindd,cahdi nedvisidng nha dasiréd ehyidwdyaemid or
6 hours at 1000F (540C) in flowiqr}lrg alir with a he?t up rate of ‘;J?F i
(30) / ni nNEITORMRENty ek HAtnGA1q BYBFuls e UPSHTaE RRsticigenpraopts irger

anal yg S-orhﬁ@ﬁ?& B AAP Wethan H3RyaMRE ﬁih%iélj sueh 4 ,lsﬁicé, Wgﬁm&h? ezijrc&]ﬂa,lto Ig&ﬁére a

80 wt % MoZSM'5/ 20 wt % zirconia catal yst particle. 84.2 grans o

Mo/ ZSM 5 mefrleoxndt [wdd wo theli2 agnteih he FG10A1 04IBRPOT/ S0tV G2 B40Rrabiy ¢eni um

| ide (Aldri 99 f 0 .ni.nutes._ Wat . added t .od

63, B9% solBC 4t Srhaithinur e s et et 205 Fomide S P Tiaufee
The ext r ugat8ales 16l k@fh@nteLalicd, AR Rrdiks | Bdfs@icof AMS BY 1dWQBHace
(5400 in flowing air with a heat up rate of 5F (3C)/njnute. The resulting

Mo | evel afgss Weaoerednateride Bitlp swrideeiageaxRPE anaily snoters herpmo grpfembhynpt €2510.
. . i
e s PO AL Bk, U9 ol @i DL ARE P 2R 2 ERNR A B i

car bi ca par g ans o wier e
mul | ed wit hnRberg/@imsi | i ca (Grace Davi son Ludox HS-40), 11 g of silica
(Degussa, U traSil VN3-SP) and 15 of silicon carbide (Al drich) at 10

m nut e i i@ sTypisrlsr thiamasrdada of thepileu e oA tesortalpiiq pytigglate Meristeal ey i al
was extr Lﬁ%?%ohpcagajlgtglpa%édlﬁg Sat&Xh 'NEAhE floh fate of the hydrocarbon feedstock in the
or cach dehydroaromatization reaction zone is from about 1:1 to about 100:1, such as from
30  about 1:1 to about 40:1, preferably from about 5:1 to 20:1.
[00104] The dehydroaromatization reaction is endothermic and hence the temperature in
cach dehydroaromatization reaction zone will tend to decrease from a maximum temperature

to a minimum temperature as the reaction proceeds.  Suitable conditions for the
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10 extrudate was dried and calcined in a muffle furnace for 6 hours at
1000F (540C) in flowing air with a heat up rate of 5F (3C)/mnnute. The
resul ti ngwdtroloewetszwas neasured to be 4.7 wt % vi a XRF aRralryisee0/026402

[ 0098] Exanpl e 11. The nmaterial of Exanple 1 was used to prepare a 65 w %
MbZSM 5/ 15% silicon carbide/20 wt% titania catalyst particle. 44.68 grans
of the Mo/ZSM5 were 15 nmulled with 13.44 g of titania (Degussa, P-25) and
9.9 g of RhldeeRdnkarRdestdneRds AmAimdS Empsthiré BE flovalso° Vidtpoumamoadded
to produce a 65. 7% solids m x. The material was extruded to 1/10" cyli nder
ext r udat euciThe aboutr0QSE do whsutdtSi0ed aadd walioumetniperaqummef fabeutf 40036 ce dbont 6

The T ooulting W67 Lover il bl st vdidh A D Entlyal ped hgh R ©

Dehydr oarsappliddiz &t tHenddhyaeRssmdtRRO8] kenctibe t6lebyide ofE asmpéaaid dfops HePnothd he
present process, the nethane cgontaining feedstock is contacted with the
part i ul deectigerpd heagorgemexonBauraaeny ij st paspibkerto dedie thodidferanse hagwopn the

non- oxi di zj ongi t i ' I ' e 3
Convert - tTbamufip Il AR iRha chchBMPLRg, RRHLLAN N, ShLRTH HEudd
napht hal enaelysThethprdehgdrpabmagiatidbreativn,ans possiblete praiuee as ifvolsk amBperature
2CH4<-*C2H4 _+ Y%.'IHZ( Reaction 1) 6CH4<-*C6H6 + 9142% Reaction 2) 10CH4<-*Cl0H8
+ 16H2( Re%eticothatls Ve B THoneSTasHiH chica i e IRgiat i heiBg ghiabd dhan tha PFFEsY eed

i nproves LatdlyshctRakéipdr¥upnd stability but negatively inpacts equilibrium
by all owihg conpeting net reactions, such as; CO2 + CH4<-*2C0 +

2142 (1Readf0dHIp] 4) In W2 20bOdiHRA{7 SRPEINLSQ T FR64 0L tHeMOdBidck Tind the particulate
dehydr oar i zation step, i.s conducted b ontacting the nethane-.contai ni ng
f eodst oo PRAPHETRI S 51 S ABHYER o HRGEICA I'SHRE APEPYEE RS TP or o
fixed bedjechimshdehalestiod rdabtibiflisg@enbeECcH @Re! Hepitd Me Sond@BRAR! hafurct HE the
feedstock is contacted in the reaction zone, or reaction zones in the case

of nul ti plebygropresatigition scagben. nthebddfeadncs iwgelr dlg apastion atcinparagut adly ghe,
wherein the fee togkt %1' us _count etic%:frreg; (%‘% @[he di rtect.i on otf novenent of
the dehyd?SEPFSmELIZA GR BRAMLTAVS PG ATOTh E ety ORI AT AP IR ™ 4N
reactyison tg@neactioiPcpestire STt thkei MgthBRE coR@BIAT feclYatWihe Cohsi SrdaBARlctato the
verti cal Id%hdi sposed reactor_in which particulate catal yst enters at or near

the top yHeajogrszgiongisectiongystemng af lagstati® . sushiasramlerstiiNCy fer greqpple
while th ber s, it ar, or near the base of the reactor and 10
flows up\%éf}eglgt&@ﬁrg’ugdepﬁ%gﬁlgggél %g?%bed. In an alternative enbodi nent, the
dehydr oar[00Hi6] zain aty ¢veat sinod theslchpdrdarobed zationarcpdtionasd eddptiaimic, the catalytic
series-connected fluidized bed Effi-‘zl(:t ors in which particul ate catal yst .is
cascaded RaHIGHEC dNpisERl GRICTY dRY HEYHIRARMBYIZEPT AEICHERt SR cHNE FERCEH i n

: Ee 99 i Efémg&‘a{ulr@, t%@@alff%uit §0PRS RN 200, SRG REIHRET0° 0G0 BBEL LIOBEN
e opposite direction.
and exits the reaction system at a second lower temperature, typically about 500°C to about
800°C, such as about 600°C to about 700°C. In preferred embodiments, the total temperature
difference of the catalytic particulate material across the reaction zones is at least 100°C.
[00107] Other conditions used in the dehydroaromatization reaction generally include a
25  pressure of about 1 kPa to about 1000 kPa, such as about 10 to about 500 kPa, for example
about 50 kPa to about 200 kPa and a weight hourly space velocity of about 0.01 to about
1000 hr™, such as about 0.1 to about 500 hr', preferably 1 to 20 hr'. In some embodiments,
the dehydroaromatization step is conducted in the absence of O,.
[00108] The major components of the effluent from the dehydroaromatization step are H,,
30 Dbenzene, toluene, naphthalene, carbon monoxide, ecthylene, and unreacted methane.

Typically, the effluent contains at least 5 wt%, such as at least 10 wt%, for example at least

20 wt%, conveniently at least 30 wt%, more aromatic rings than the feed.
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15[ 00102] In sonme enbodi nents, a non-catalytic particulate material nmay be
supplied to the dehydroaromati zati on reaction zone(s) in addition to the
cat al yti cwpanto/wuicat e material. The non-catal ytic parti egiratseonwmeant al nmay
be used as a material to transport energy (heat) into the systemand/or to
fill space, as required, and providing the desired hydrodynam c
environnent. The non-catalytic particulate material nmay formparticul ates
wi t hout gobigujer TRO WhzERY ah& RPHMEINE t dte AkphRRIIIFINE thE NIBY DM MSattdraY
silica, alumna, zirconia, or other netal oxide used to help maintain the
physi cal dffleengrfor gxahplehly palvert ckeactiorrfeflewedby fiahtonasion, aldesndrearcodvesed

subst anti al | heri cal ,sShape. appl es. of suitable non-catal yti .

parti cul i NRdB FaorE oY SR TR ER s Ron R GriifneaS Bk natied oy
silicon cardikdetioBytep, WYY ok ater plodact ré€WBAR0 FRIdRLE 8lgheiWdllic SlakdrRAGE saédheas
of < 50 neters2/gram preferably < 25 25 neters2/gram nore preferably < 10
net er $2/ s aiviengbs Mese@icerthp pPyesentopraegse ugbzesrthen dr Senesred ag a hyrspduet gf ip

[ 00103] Ty.pi . .ratip.of f. alytjcy.:

bar t1 oul ABYEuohrasp M RAGIG AL indhyril LUCHELE 180 b f B Ihiehen
f1 ow r at evatife firbéudaydr ocar bon feedstock in the or each dehydroaronatization

reaction zone is fromabout 1:1 to about 100:1, such .as from 30about 1:1 to
about 40:[90110 ¢ E’P%ﬁﬁfcﬁ@ sh sl Feastoss F%?fédnlﬂ%e prsoa 4nvepfign may be Tound by

dehydr oargf@ticzald op g eP&khO PLFicANAR b@ééﬂb?ﬂ%’?@; hﬁi@%g)otsé‘%ig eQ?@f/@ﬁéWﬁO;i n

each dehydroaromati zati on reacti on zone W tend to decrease froma
maxi mim t200p61 2918 7e(nbw @lomicd); ROAY/ 02875 a2 Ui%E002d 25 he 008 HO6 1 @lrY; 2007/0249880;

Fehyar oar Ha0B50s SOGB4 05 AR e A hL o0 407 oA 0B0R T
about 1206 2¢9ai33398-akRaul0990¢ 1bog@out 950C and a mi ni mum t enper at ur e of
about 400C to about 800C, such as about 500C to about 700C. However, as

will be dP8tUdseBeisels onf, additional sstepspphtedst eataliid wwhbatdgo ap@mst irzganication,
reaction Lo druce,;. tagent enperature drr%}rjr.d%ri ra'lﬁ thtg 1r5 reagti O?I;l‘ %nd h ence in
some conf' gLPFS o) I R %n%ocs I T EHOPEG R e i OUFT AENERC S Yo BTPED
Maxi MM afigha@bmMem MréBaRe hsdute $edofess afd tdodlnkteane lanafbieiitn 8f ithelayomde

suppl ying heated catal yst to the dehydroaronmatization reaction, it is .
possi bl e Fredyst.cueiBet e s¢ theerubicct ehibe PasartanpRrgien exceptpgtothawigicetadrerein,

process i tur ILF r as
ol et eanprornge nbs BE AR o R o A e R o
fl ow of trublitemdstoakhaadalidve. parti cul at e dehydroaromati zati on catal yst is
arranged to produce an. inverse tenperature profile across

dehydr oaréﬂ@iﬁ—%ﬁ?—éﬂi@&cp L BHPERIO0C i on system such that, despite the endothermic
nat ung Of[obbﬁ]deﬂy%HaPQt é)r&:%tbd)nthﬁteaa? th&ib @Bf“och bfoﬁérﬁﬁgealpeﬁ%ﬁé‘&rﬁotﬂ

reaction tenperature o gaseous effluent at the gas streamoutlet from
t he dehydnlbaemhatdntan denteriencnil OIC Bystemtatidt 46 vane ac@ading onthesopee af tiree  of

th t hane-contai njng feed at th t .inlet to t

oty r oar s 4 horodastemsa S neens” el huels aidita dibuieps

+50C, forhaQX 3nPhe tik theAtdurtd 0P feuteiiin @HE M @ln ha&@ﬁnyfoeé%@lg _[ge&ég%] métRarNy
e

event, since the dehydroaronatization reaction is endothermoc,

cat al yt i erpaianifiahty diffeeririrein thopmoyntstd deateygroandmit iz aaihthe pechier dre

system atan?‘an- 5fB¢ iII:ll ingtrl]urally-occurring geologic CO; is significantly different from the amounts
of C in naturally-occurring geologic methane and in naphtha. Thus, analysis of the
distribution of deuterium and “C, can be used to differentiate between aromatic
hydrocarbons produced using the present dehydroaromatization process and aromatic
hydrocarbons produced from naphtha.
30 [00113] Thus, for example, if the measure of isotope abundance for deuterium in a
benzene or xylene sample is defined as:

d(deuterium) = (R’ sample/R "standard -1) x 1000

30



20 tenperature, typically about 800C to about 1200C, such as about 900C to
about 1100C, and exits the reaction systemat a second | ower tenperature,

t ypi cal | ywekowr1058@C t 0 about 800C, such as about 600C troTalsoub/0ZQ0L. | n
preferred enbodi nents, the total tenperature difference of the catalytic
particul ate material across the reaction zones is at |east 100C. [00107]

O her conditions used in the dehydroaromati zati on reaction generally

i ncl ude ayde RPESSUS ﬁw%ﬁ@@puéutémhﬁeo chirag@yﬁl tﬂx@ggnziéﬁ'@or §§»161!fb aad ROQUL &0 to
about 500 kPa, for exanple about 50 to about 200 kPa and a wei ght

hourly sphe etipaifdbe ngtued abslanccoofddeutesivabiouthe 1O butidansuehhyedogandmthidh, 1

b .500 20 hr
enyar oarbadt 5 PgRT D ERAYY i b bca e R ETRRO62E b bl e
maj or core@nents of the effluent fromthe dehydroaromati zati on step are

F125 30 benzene, tol yene, naphthal ene, carbon nonoxide, ethylene, and
unreadted met hane. Sfypical I'y,~t he Bf fhulhtweom 2kA80&t | east 5 wt % such as

at | east % faq 1 e at %
nore ar orr‘é? i ¥cvkr ?a‘ﬂ"&sgtt hog ;ﬁeted éa\%}ﬂgeoti%%ﬁﬁ%g%%{%/ E}% 16102 %4%%%%0%%‘9
The benzeahe I&imdahai}bhﬁdhcﬁberkef aie teefrr aheelf namduie d€hydr oahiohalsi zqidl o
effluent, for vent extraction followed by fractionation, and

can be r&%\)@?é)cpggglhﬂfﬁndbﬁgqﬂoﬁuﬂ%ﬁmy However, at |east part of these
aromatic CogpgRents. ﬁr%ﬁu%gca(zc‘dﬁﬁ‘irf% {r%dt\l}g%aégs@ ﬁ#&xésgtcb&%n§ésh@%ué?&‘h95 d Olc i ter

product recovery, to pro errals, “suc as xyl enes.
Mor edver, the gpicsenduch rtbale%d:euﬂ&ndrm)zfes thcheenzZ2ngsriessahed - 24), @rdfmabhyogiumr of

e oo o R e heh e S b bt B RS by 2 Rl

reactors usef ul.dif} thite- sgraelge&gtﬂa@vgmtl on may be found by reference to U. S
Pat ent Publications 2008/ 0047872; 2008/ 0058564; 2007/0249740; 10
2007/ 012958¥% (Xyene ptoowexsd) accﬁﬁﬁﬁ’g 62 8R1gissen? (w&/e@@ 2ddprises 2ROBHOBHAGEL 7C in

2007/ 0249880; 2007/ 026 098 2009/ 0030253; U. Pate 589, 246, and
7,659, 437: WD H0G} Sowg %9(%66@?15@ yakye 15, 3%%@9%8%@ grcater than -
[001%] Det ai | Sztsgfana(#é’sls&Ha%ﬂfa'sosé&%é(l?@a%l&%s ?e%& ?AaMSM rp%}@ﬁbly”@eate%% V&)

regeneration, catalyst reactivation, and catal yst recarburiZinhg, and other
aspects such asdissdtipged4.15 managenent, aromatic product recovery and

d t t . of th t t
o The pAThER IR Merdic baTeBlfoRaney RPdchniEn Aty dihs BikiRal SPURS
may be negazdm a68RHRAc kit &OgRoldhd t3eh@inkentfAC MhaSedudl RSMBHAGN IYbleMi Or

art publications cited hereinabove. Product Differentiation 20[00112] It
wi |l be appreciated that aromatic hydﬂ@@éﬁr‘bons like all hydrocarbons,

i nherently contain deut r| um and 13C [t ub s—that 0 Vlg:ﬂl agcording to
t he source of the carbo apl%flehydrogen ator% Pl t he fﬂ f n|particul ar,
studi es of isotope distributions havel gt thﬁght 1eLawDunt1$1 ﬁf deut eri um

and 13C in naturally-occurring geolagi r‘ met hane are signilfi mnf ly different
from the anount s| Ethythsazanei um and 13( i P0haphtfa and- 45@at t-ﬁé3 2% amount of
13C in naturall yrpeeurt g—geotogrc G2 5T g Cant ot ent fromthe
amounts of 13C i &Hléﬂfa&? ally-occurring g (S)I ogi cﬂlrlret 1ané0 nd ".125 napht ha.

Thus, anal ysis of Stygedi stribution of dega)te i uppand 1430, [canibe|used to
differentiate befween aromatic hydroclarbhons! produced using the present
dehydr oar omat i zaf Pelsistpreveess and ar onat @ hydrdéar 301‘\4550prodﬁééd from

napht ha. 30[0011W -t heregsutre i 1So abundance
for deuterium in|BOBERYEAR TgeP Fléljf?e saitdl e| i s2def | nalas 'g‘zgeut erium

=(R sanple/R stppgpid -1) X 1000 -59 24 433 225
Cyclohexane -59 -24 -450 -175
Nylon6,6 -52 -19 -400 -138
Toluene -59 -24 -450 -250
20

[00115] It is to be understood the entirety of ranges shown in Table 4 are included in the

scope of this invention that is the polystyrene having any combination of a 3('*C) value of
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WO 2010/ 104762PCT/ US2010/ 026402 where R sanpie is the ratio of deuteriumto
hydrogen in the benzene or xylene; and R standard is the ratio of the

nat ural awordevioeréef deuteriumto the natural abundance pafi/usganogen2 (whi ch
Is equal to 0.00015/0.99985); and the neasure of isotope abundance for 13C
in the sanple is defined as: 56(13C) =(R 'sanple/R 'standard -1) x 1000
Wnere Rthe ratio of 13C to 12C in the benzene or xylene; and Rthe ratio

of ' sanpl oS 6l F0dayd.375 -sd1esNasar.as, abundange.4of 4k3G7 ud, hes nad, uf@' -40),
abundance of 12C (which is equal to 0.01109/0.98891), then the fol |l ow ng
apply: BéBzéhe-3r olfuctl -3&cah.di2Agort @21 hed ﬁé’@gtwmpr)dcab@spf@bmm#é@sMO -

[ ess t han 025a0- g brapBss TGP E hgi%ggi’{ﬁ%ﬁfes@f el 985 P10

for the lbenzers, L§5d €59, 1138N-2284r -p1®f erably greater than -59 and | ess than
-24. Xyl ene roduced according to the present process conprises deuterium
and 13C ilR0 unitgs é@bﬁuﬂ%@w@ theangiscty of rangps vhawrein Sabledare Hgpded gy the

r ef er abl 4 t
Ioess t hansxolgezfgﬂh% er a n th]a?esg& q%étﬁﬁg%ogg%(? ﬂf‘leages h? {%n% %%%%ﬁln%% ﬁﬁ]olf%h
i sotopic a(BGip@sltub |oﬁ|abomyz a5$05b;e 49al48y 4, edo,f-05, dar 14apst0de3q, vad, i- Sﬂe,smf t he
benzene and Xgél enezlégr oduced acco@%l[ n ion. The resul ts ar

shown i n Pamd bte “40-&mdn %@gﬁ‘%@;&%ﬁiﬁgﬁggéﬁ%‘i 400ow 90, -380, 370 -

360, - 350, -340, -330, -320, -310, -300, -290, -280, -270, - 260, -250, -240, -230, -220, or -
10 210, -200, -190, -180, or -175.
[00117] It is to be understood the entirety of ranges shown in Table 4 are included in the
scope of this invention that is the nylon having any combination of a 8(**C) value of about -
57, -56, -55, -54, -53, -52, -51, -50, -49, -48, -47, -46, -45, -44, -42, -40, -38, -36, -34, -32, -
30, -28, -26, -24, or -22; and a d(deuterium) value of about -400, -390, -380, -370, -360, -
15 350, -340, -330, -320, -310, -300, -290, -280, -270, - 260, -250, -240, -230, -220, or -210, -
200, -190, -180, -170, -160, -150, -140, or -138.
[00118] In another embodiment, the measured isotope distribution of an aromatic
hydrocarbon may be used to identify the type of manufacturing process that was used in its
production. Thus, for example, a sample of benzene of unknown origin with a measured
20  &(deuterium) value of less than -250 and a 3(**C) value of less than -32 could be uniquely
identified as originating from a methane dehydroaromatization process as opposed to a
naphtha reforming process. This novel ability to identify the production process of an
aromatic hydrocarbon is based on the realization that the amounts of deuterium and C
present in an aromatic hydrocarbon product can serve to differentiate between an aromatic
25  hydrocarbon produced from naphtha, the same aromatic hydrocarbon produced by
dehydroaromatization of naturally-occurring geologic methane alone and the same aromatic
hydrocarbon produced by dehydroaromatization of naturally-occurring geologic methane and
methane produced from CO,.
[00119] Furthermore more detailed analytical techniques may utilized to determine
30  molecular locations of °C and deuterium i.c., as part of the ring structure or as part of a alkyl
side branch. The analysis of isotope location maybe further utilized to differentiate the

products of the current invention.
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[00120] Additional discussion of isotope distribution can be found in U.S. Published
Patent Application No. 2007/282145.

[00121] In addition, the present invention can result in LNG enriched in BC and
Deuterium when compared with the LNG that would be produced from a given gas reservoir
utilizing conventional gas liquefaction; that is to say gas liquefaction that is not integrated
with the process of methane dehydroaromatization to produce aromatics. This result is due to
a recognition by the inventors that - during the dehydroaromatization reaction — methane
molecules that contain *C and/or Deuterium are less reactive than those methane molecules
that are composed entirely of '>C and 'H; therefore — for a partial conversion process
configuration — the lighter isotopes will preferentially be converted to aromatic products and
heavier isotopes will preferential remain as methane and end up in the LNG product.

[00122] While the illustrative embodiments of the invention have been described with
particularity, it will be understood that various other modifications will be apparent to and
can be readily made by those skilled in the art without departing from the spirit and scope of
the invention. Preferred embodiments include: a process for converting one or more gascous
hydrocarbon streams comprising methane to an aromatic hydrocarbon comprising:

(a) passing at least one gaseous hydrocarbon stream comprising methane to at least
one conversion zone and contacting said stream with at least one
dehydroaromatization catalyst in said zone under conversion conditions to
produce a gaseous product stream comprising at least one aromatic compound and
Ha;

(b) separating said gaseous product stream into a stream comprising said at least one
aromatic compound and a stream comprising methane and Hy;

the improvement comprising combining said process with (i) at least one step and/or at least
one apparatus and/or at least one process stream in the production, transportation, or use of
liquefied natural gas (LNG); and/or (ii) the use of associated gas (which in embodiments may
be characterized as containing >5 mol% higher hydrocarbons, for instance greater than 5
mol% C2-C5 hydrocarbons, still more particularly >5 mol% higher hydrocarbons selected
from ethane, propane, butanes, and mixtures thereof); and more preferred embodiments
including: wherein said at least one step and/or at least one apparatus and or at least one
process stream is selected from the group consisting of cryogenic refrigeration apparatus, at
least one compressor, and/or BOG stream, and at least one process step, said at least one

process step selected from warming or cooling at least one gas selected from the group
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consisting of natural gas, associated gas, and BOG; and/or where said process further
includes a step of separating said stream comprising methane and H; by cryogenic separation
to provide a stream comprising liquid methane (i.e., a stream enriched in liquid methane) and
a stream comprising gaseous Hj (i.c., a stream enriched in H»), (these streams readily
separated by methods per se known in the art) then sending at least a portion of said liquid
methane to disposition as LNG ("disposition" meaning the desired end use or uses of LNG),
optionally including a step of removing at least one impurity selected from CO, CO2, 02, Ny,
and olefins from said liquid methane and/or a step of decompressing said liquid methane;
and/or wherein the process further includes a step of separating said stream comprising
methane and H, by cryogenic separation to provide liquid methane and gaseous H,; wherein
said cryogenic separation is combined with a step of warming a stream of LNG; and/or the
process further characterized by, prior to step (a), said gaseous hydrocarbon stream
comprising methane is split into a first gasecous hydrocarbon stream and a second gaseous
hydrocarbon stream, wherein said first gaseous hydrocarbon stream is processed according to
steps (a) and (b), followed by separation of said gaseous stream of methane and hydrogen by
cryogenic separation into liquid methane and gaseous hydrogen; and passing said second
portion of said gaseous hydrocarbon stream to a liquefaction process to provide a stream of
LNG; the process characterized in that at least one of said cryogenic separation and said
liquefaction shares a common refrigeration utility as at least one step and/or at least one
process stream in the production, transportation, or use of LNG; and/or wherein said gaseous
hydrocarbon stream comprises BOG; and/or wherein said gaseous hydrocarbon stream is
associated gas (which for the purposes of the present invention is gas associated with oil, e.g.,
on top of oil in the oil well, typically comprising higher hydrocarbons as well as methane,
¢.g., cthane, propane, butanes, and the like); and/or wherein said gaseous hydrocarbon stream
comprising methane in step (a) is provided by gasifying LNG and wherein said gasifying is
used to provide refrigeration for cryogenic separation of methane and H,; and/or wherein said
gaseous hydrocarbon feedstream is further characterized as including methane and at least 10
mol%, preferably greater than 50 mol%, of non-aromatic higher hydrocarbons (such as might
be the case with associated gas), based on the total moles of hydrocarbons in said feedstream,
and wherein said gaseous product stream is further characterized as comprising at least one
aromatic compound, H,, and less than 5 mol%, preferably less than 1 mol%, of said non-
aromatic higher hydrocarbons, wherein in certain preferred embodiments the gaseous

hydrocarbon feedstream is still further characterized as comprising higher non-aromatic
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-19 -400 -138 Toluene -59 -24 -450 -250 20 [00115] It is to be understood
the entirety of ranges shown in Table 4 are included in the scope of this
i nvent i orwohato/iog7éehe pol ystyrene havi ng any conbi nati orCofUS2016(01=2® val ue
of 31 WD 2010/104762PCT/ US2010/ 026402 about -60, -59, -58, -57, -56, -55,
-54, -53, -52, -51, -50, -49, -48, -47, -46, -45, -44, -42, -40, -38, -36,
-34, -32, -30, -28, -26, -24, or -22; and a 6(deuterium value of about
-450, - 44Qdrocatbdfs, and 2Gkther ‘ﬂti'e@udil%%@ Qtep 0B Qeg)ara’tiﬁg Qaids@édn coﬁgﬁsing medfine a8d0,
-330, -320, -310, -300, -290, -280, - 270, - 260, -250, -240, -230, -220,
or -213. H{goaryegenic sepsration tsepramide digtiglodethine andtgasesuy Hof thempgpesngstasin i n
Table 4 are.jincluded i.n the sc of .this .invention that is th

ol yet hy s BELERFRAiMheb IR S TR Sagb iR e o Fepd Jek Vlspyengy
about - 5Zmpufily, sctdefed froh® CO, 482, 0L N2; 48 olcfifs frofidaid-1fkid méfhanc S8/ora3fep - 34,
-32, - 30, -28, -26, -24, -22, -20, or, -19; and a 6(deuterium val ue of
about 3- 400 ,deccggm,essn%@,ld lignd) pleihaggmndlorglg, dl,e Qaywherﬁ zagrous B sepg@@,d frogl(go,

T80, or kg 13 T ing A9t a@el b BSOn b rlE ST PRRE 1

i n Tabl e sévigg adsofigloddad!/érmvlidiein Saidpeldadt dnbiasoraticamiiponnd fiatany sf thee nyl on
havi I nat i 6(13C I f about - 57, -56, -55, -54, -53,
'8, ”95‘;‘?@%1@3?&1;23@@'522@@% he?i@rip)( L%@e‘?ectiéaﬁr%%- ﬁ%{zgnegg?alu@n&or}aphﬁg?enﬁsmd MIHUIes 32,

- 30, -28p.re@Band étercl inthleas@Rheft QARYLRE bt BrodlidEorRfordR UbnpridQt 162390,
-380, -370, -360, -

10 one of benzene and toluene, the process of the invention may further including a step of
alkylation to provide xylenes (and still further processing downstream by methods per se
known in the art to make products such as PET, nylon, and the like, based on xylenes); and/or
also the embodiment where said gaseous hydrocarbon stream further comprises at least one
oxygen species selected from the group consisting of water, carbon dioxide, molecular

15  oxygen, carbon monoxide; and/or also the embodiment, wherein methane in said LNG is
characterized by an increase in the natural of C"* and/or deuterium when compared with the
methane contained in said hydrocarbon feed; and/or the embodiment wherein the process
further comprising a step of compressing a product downstream of said conversion zone (the
aromatization conversion zone) and wherein said compressing shares a common compressor

20  with the production, transportation, or use of liquefied natural gas (LNG); and/or the use of
associated gas; and or the use of BOG; and/or also embodiments said stream comprising
methane and Hj is separated so as to provide a stream enriched in H, and a stream enriched in
methane, and wherein at least a portion of the H; in said stream enriched in H; is used to
regenerate said dehydroaromatization catalyst, thereby producing a regenerated

25  dehydroaromatization catalyst and a gas effluent having a reduced level of Ha, and optionally
then blending CO and/or CO; with said gas effluent; and/or also for any of the
aforementioned embodiments or preferred variations thereof, wherein at least a portion of the
H; in said stream enriched in H; is used to produce syngas and/or methanol, and/or wherein
CO and/or CO; is added to the stream, which is particularly beneficial when done prior to

30  compression of the H, to decrease the gas density and/or reduce compression investment. In
addition, a preferred embodiment of the invention is a system comprising apparatus for the
production of a stream comprising aromatic hydrocarbons from a hydrocarbon stream

comprising methane and including a conversion zone for dehydroaromatization of methane
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15350, -340, -330, -320, -310, -300, -290, -280, -270, - 260, -250, -240,
-230, -220, or -210, - 200, -190, -180, -170, -160, -150, -140, or -138.
[00118] Iwoanoiioerézenbodi ment, the neasured isotope di scrhustolon2&h2 an
aromati ¢ hydrocarbon may be used to identify the type of manufacturing
process that was used in its production. Thus, for exanple, a sanple of
benzene of unknown origin with a nmeasured 20 6(deuteriun) value of |ess
than - 25Q,gndeparfidBtone e $pa@iing £88 st@comgri G hdnane Hpdeeabynd iRt fi ed
as originating froma nethane dehydroaromati zati on process as opposed to a
napht ha rlefsotwa stepapsoessariciied i atomatic ysirpdarons and deqearfigrisihgupeadiedkt i on
process of AN a‘rglamati C By{frocar b@n istba%egtéonﬂéh% real i zargiton t hat Ehe
amount s of “dEW EFiEIRCAR AY TSE h FRS AR > &h “HrIBRRY S C nydPBYaH 88 pP68uct can
serve to |jutfied fitlladh® (DGR iRBrACARRE do@nfﬁi fe ﬁﬁ@%m S s@miLse@mf rom
napht ha, the sanme aromatic hydrocarbon produced by dehydroaromati zati on of
nat ur &l | VIQEEA ¢ango e npIgher Ad/iaheoramen cfigeratioesystame  Mraddtioneally

hydr ocar d i.zat.i - I

gvol og; ¢ HEFef CHEEH R, BN RGP OB oh e BBt PRI e,
det ai | ed ldadcyitionatreira chmbrisieg nisehanuf to|[H,z@d aharaeiter iyidreaddnsataaul ar

| ocations of 13C and deuteriumi.e., as part of the ri ng structure or as
part of £OHIMKYINES HastangFEMMAtEHOMNRNY-SPKI RIPCEss RMBPIESING dak PHWINgEdle f urt her

utilized Qediilisﬁl&@o@ﬁho%ﬁgt?eatrﬁﬁ) RIS cQfveldidn Edh(riﬁ @&taihﬂlg%mé.a%ne WO
2010/ 104762PCT/ US2010/ 026402 [ 00120] Additional discussion of 1sotope

di st rli0butdebpdroamenia¢izéteumnmitalyst Un®r cPubtioshadaiafentonipph cethann tdNsaid at

2007/ 282145, [00121]. In addit| t i Lt in LNG
enr 1 ched IPRY QACTARHN LRGSR bn (S GHBSF G0 104 FOTHC EREPPHAE DOERA e

produced |E4v@iB 2rBidENstam dodHRIsM@ dasdul biciiant R8I ERNYEREINAR@Prodas is _
|l i quefaction; that is to say gas |1quefaction that is not integrated with

t he pr ocedstgwtedneitthfasditige hyrdhoprodneitanz tipnspartateony podiscd BNOradias sntegraied
result is 1?19 etu% i%at{o%co%ni étila(l)nne s? at rE:entia{]n\{l? nﬁe%rvserthh 1;[ _rbdllljsr i&lgott ne isa
dehydr oar onat I Zat i o reacty on - e AN e bt dEUI RV TRET P arh lféecl and/ or

Deut a5i urpréfced esbodiarat divetddaantifegatcdpré@peforbeeuigsa §dxabusdydrararipased
entirely of 12C and 1H; therefore - for a partial conversion process
10conf i gufratsAMPrising ngtipmeeto NGt »Hesichpirganyapd ap arpmaicihydipsabgnvieanad t o

aromatic [er.: | j 4 a1 al W t hane
and end (RN PR SRRl RBIET Wil irafbR bERFRAR pal FIENR BalR, No:

of the i mydricarbonBaven bheemn aascrcichadervibh homarcontainiay attlyast ode Wi | | be

under stoorpg t hat various ot her n(?Fdi fications W |l be apparent to and can be
readi |y rishedBgropRygioangaralysyupdercarditions itabis dor Cayeipg mythans i tidats pi ri t
and 360Pqet odarbitit BYBPS AN d S 88 veEn S TR MR S0Pl GherBbPIR¢RS S f OF
converting one or nore gaseous hydrocarbon streans comprising nethane to an
ar omat i ¢ rhyiduad stedno pompnyng gasegus pathapassl Hg, epathesssaidmetlgas endidl; into a

hydrocarbon stream conpri si D imalt hant(?l t 0. t |least one conver siton .Zon and
cont act i g ekbuTEriB TR R AHCNELRE R HyaRE aE e Padrora B Ay i
sai d zonerpdRaic SRMESShTNI O drinddte chy@genic refrigerants; routing said H; rich stream
to a desired disposition with or without further processing; routing said liquid, methane rich
25  stream to an LNG disposition with or without further processing. Moreover, there is a
preferred embodiment directed to an integrated process for converting a gaseous hydrocarbon
stream comprising methane, to LNG, a H; rich stream, and an aromatic hydrocarbon stream
comprising at least one aromatic compound, said process comprising: passing a first portion
of said gaseous hydrocarbon stream to one or more conversion zones containing at least one
30  dehydroaromatization catalyst under conditions suitable for converting methane to said at
least one aromatic compound and Hj; recovering said aromatic compounds thereby leaving a
residual stream comprising gaseous methane and Hy; separating said methane and H, into a

H; rich stream and a methane rich stream; wherein said separating includes cryogenic
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20produce a gaseous product stream conprising at | east one aromatic
conpound and H2, (b) separating said gaseous product streaminto a stream
conpri si Nyoaiodioate2l east one aromati ¢ conpound and a st PearusSec@npLdds: ng

met hane and H2; the inprovement conprising conbining said process with (i)
at | east one step and/or at |east 25one apparatus and/or at |east one
process streamin the production, transportation, or use of |iquefied

natural g@garbbNRiliANISR orlchérk cf}h%eﬂﬁ@ SRR 0ufhe thidas, ioMNtEAmi B a
enbodi nents may be characterized as containing >5 nol % hi gher hydrocarbons,
f or i nst alesiecdydispusgrontwidnoswitiad g @ihed Bravyshings padsones: sesond portrom ef said

particularly >5 nol % hi gher dr r.bon el ect ed f.r.om et hane, propane
bt anes. PPy Pratboh RERa B NG REF B FLrEr R LATk Ghiah P o SeP R no:
wher ei n safribenintd t8Psddues e lighRPmansddonalinih € 8géan®H6utdipPAlPligled akthagt at
| east one process streamis selected fromthe group consisting of cryogenic

ref ri §er FONHNIBDpEGE i9sn ING|dipesition & ibeipyidwybfurthanproetssiBecvBerewdhs atand at
| east on e i . p r

i St R e e E T R
2010/ 104 7o2RcinUsSRE)/ 2tahdthee prisersdd entbadimo@ttcun @drgasintegasatprated fgas, and
BOG and/or where said process further includes a step of separating said

st r eam cdRBYSENAG SAESCHRME2AMENBE( 1d{ng dethi BOSgacampening sethangityiat o
stream copphisd Lo B, (. [N =*=Ta) I I8l d-Quid

met hane) andh%d lgsgirr J()adaailgn‘jyﬂéli)isrtrpri 2“‘.3 %né%lg%ghegﬁl-%%(ai : e.t,ﬁrhighﬁarﬁg%r%&grﬁrﬁgﬁgd in
H2) , 10t heseypsismeamsiting aflgdsgotssepamdid BHYG aed/hodstyd 30 Gers knowactonsyshen ar t )

t hen sendi at least a portion of said |iquid nethane.to disposition as
LNG (i 384T EBHed CRmmPRaie il Shen P OCHR P 62 oS HUBSIEBF o & T8 Tonal | y
i ncl udi ngygtemt BRsRlz ShRMAYENNG sibarh &RSEe QMork RBINdriidn 8618 ebREink MR 0rfeO2,
02, N25 and ol efins fromsaid liquid methane and/or a step of deconpressing

sai d | i quiclydresieanézatzmdyataly shhedasicandiienypiugeldls Soif apnyereing imethand és te agtlep  of

separat i ngidlsaqi d ,[stream ctongri S| ng, 10 net hane and tH2 by cryo en't)clse aration
to provi &9 T {T IR HAAL STPYLL TS TBE 5 gFOéPanlcsC&”ﬁ’OgP%}gotggﬁl T e & at i on
i s canbi negddwl khrean 56@pridhg Vet @ethasd dreial, AptiohKE fudhd/@mptibiagpr ocess
further characterized % prior to step (a), said gaseous hydrocarbon

st r eam coWPITeSG sadirpH el methanp and jHyt sreamigf(ehand deeingssakdicaedp Bdclst r eam
and a sec - car b ' | [ -

nydr ocar Bospa o oo ARERFANZARY ! SRR MRELAARIE kb TR RAR | | e
by separ glortion effths dil,chsgable oidb sstane &onodaidetdaans rsthartyad o aftdrycompyageni ¢
separation into |]quid net hane and. gaseous_hydrogen; and passing. sai d
second poeiPERT BX #uglaqhépoga@@&a othey g}saesaﬁl% nY StSHdARPHET &fe?qrﬁagf%beg%wt B ocess

to prgvi dgredtedkd 82 MtQrated process for converting an LNG stream comprising methane to a
gaseous hydrocarbon stream comprising methane, an aromatic hydrocarbon stream
comprising at least one aromatic compound, and a H; rich stream, said process comprising:
passing said LNG to a heating step where heat is supplied to gasify said LNG, wherein at
least a portion of said heat is supplied from integration with the cryogenic separation set forth

25  below; producing a gaseous hydrocarbon stream comprising methane and potentially higher
hydrocarbon (e.g., ethane); sending a first portion of the said gaseous hydrocarbon stream to
one or more pipelines to convey said stream to one or more consumers of said stream as a
fuel or feedstock; sending a second portion of said gaseous stream to one or more conversion
zones containing at least one dehydroaromatization catalyst under conditions suitable for

30  converting methane to H, and said at least one aromatic compound; recovering said aromatic
compounds thereby leaving a residual stream comprising gaseous methane and Hy;
separating said methane and H,into a H, rich stream and a methane rich stream; wherein

said separating is characterized by cryogenic separation wherein at least a portion of the
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LNG the process characterized in that at | east one of said cryogenic
separation and said |liquefaction shares a common refrigeration utility as
at | east woeosvwpreand/ or at | east one 20 process streampCm/usk@opeadrcti on,
transportation, or use of LNG and/or wherein said gaseous hydrocarbon
stream conpri ses BOG and/or wherein said gaseous hydrocarbon streamis
associ ated gas (which for the purposes of the present invention is gas
associ at ggfrifetRioRifdn saft Gyog@it dePRralbn Qi proviBed BRin®ddrati¥dl With sAPb&ddidaYion of
conpri si ng hi gher hydrocar%ons as well ‘as nethane,” e.g., ethane, propane,
but anes, [aNg in He firstetyp; ranmioridwhe rieh sirga th gdesoodidishgsdiiacarthonwsthpetam
25conpri si nethane in step.(a).is provided si fyving LNG .and erein
oo " gas: ORGSR Sy Bl Pl S PR YR e e B ocY pB de o Bl on o
met hane angthii?; richNivein tWORE 64 Mofedd fha@anaedsiol Yo aC MBevdr eRA siill @adthérS
further characterized as including nethane and at |east 10 nol % preferably
great &r tmaisrsd cmbpdignest is dgRctad éhelt inkcertethriocesy deiowar Bibing aasrons £8dni ght be
the case i in
sai d 1 codber L sBRDGi R TER Iy nUABER AR i oL TR gl ARG RRRRNE
char act errhasheamdaaniudediquantay of Bightr lIonleocart@ms,tand ag aneativthydhiRart@ndtreaas
than 5 nol % preferably less than 1 | % of said non-aromatic . higher

hydr ocar FORPTISgE Lt R a&%?i% GPUHOER ﬁﬁléicpr%?%%ﬂ?rﬁ%rh%l%gtpﬁ%“% SRS
hydrocar hgR, f,ee g5t 6EAM Sngliioh zt)ﬁ%stéaﬁ{anﬁﬁgme&s@ Bh@&&ga&ag&ﬁmz'aﬁweatmpaher
non-aromati ¢ WD 2010/ 104762PCT/ US2010/ 026402 hydr ocar bons, and furthe

i ncl U@ ngimdestomditohs swphicafor ngnvseaing eé¢thamntocentprt leastme medrhamecoanwuht?, by

cryogeni c separati.on to provide. |i qui t hane and gaseous H2; then sending
a6 F T queatRR el et e eREon o s Biae iy T HeRuh hgod g op o
removi Ng sakahm@BakpriMe at MR Ik ¥rot@tRCoRHolA® M Cend ¥8scold hydBearBiiflstRlasf | NS
fromsaid |iquid nethane and/or a step 5 of deconpressing said |iquid

met hane; candtismgimethine and sacduved quapirofibighir ydrasephmnapiéigr thap arameagigs:d

met hane, a step of. .purifying sai 2 stream by use.of a nenbrane and/or

or esour & 'SRE RO AU OeeBRd ifeRt Tk S SREPITERAE B
conpaynd dohfpridimg rdthideang rredlice® qhisntide sEhighathydesaitdhs bthes gl afodshtics,om
benzene, toluene, naphthal ene, and m xtures_ thereof, and wherein in the
case whereptignslly rthpreeosmprisiie, soapigpsieg wedissidnal wisapraf éeendrovtgspidigreame of
benzene | 4 - 1 : GAV. Welp't el ' ing a
stop of Py idiERSich IRBRERGTE Boabdt NG EUARUFBHLH bRk RGLHS

downst r edimthytr cortphicg, Resvesaglanimast a portilreofaht H.casraake righ etterah Srosueid as PET,
nylon, and the like, based on xyl enes); and/or al so.the enbodimept where
sai d gaseUEEMRY MGRAFBBH HadlarPPOreHeR %ﬁwwi tg disT disppatiey Ordﬁ_her Rspgation
speci®s Seh&Ghadid £:20us TEeDERUM SORShS Gt (B Rl F&RALRAM) HoRbifiSreater

nol ecul ar 15 oxygeh, carbon nonoxi de; and/or al so the enbodi nent, erein
met hane ithars 80 chol NG 1isgleh &y dmtebbredhdosaidgascoey gadect istreathof izt third | stapf (t1&1 3
and/ or deuter.i en conpared with the nmethane contained in said

nydr ocar BT KLU aHE) SIFE L COnRtP AT SHURB oL RE B B U otp e more
conpri si NgefRrrsd eMbONinkAIS ARG oTdh@a R Rskitibn AP WAS 48R B EssSaliifl tIORNE udlcRN
zone (the aromatization conversion zone) and wherein said conpressing

shar es a Romebnstecemprae sppdegdwin htitized, prodsotion are fatlspopurdtadontilizng wse
of li,quefied natural gas (LNG); and/or the use of associhated s: and or
the 9. P SRR SomeSute Mok iR IS oS SoRnPRESELR S0 a5 RERTonc

H2 is sedans pedceB tagatify pirbvh O of tht deldreirbmetietioh RatdR sapdcia asid elanient
enriched in nethane, and wherein at |least a portion of the H2 in said

st ream erddScafdigins H205sn figuie 2o 438 de hidguae & aad 80 Vigusar brigiog ailiged to

catal yst, re i ge 5 o) Lzatdi C lyst
o s e R, QA6 RkRnbEISOES 3 Sflog AMERYL BRI LAS (W B! b
bl endi ng cobaned/with QG2r pictdrreslaintbodancres §dt denlt heraimd/ the pedcssses arayamgludd orche
af or nti oned enbodi nts or Qfeferred vari ati.ons .t her eof ﬂ&ere' n.at

2

| east’Va BrEPEIHEr AhEOHEMOY2k dlod BV dai dAmPEed of iR TRPOYY: T t4liiiodfuce
syngas andlih nELRABGs todficlh ENABRIIEL R ADALEaidProl Sorfilfitnt vl fnd/or

stream which is particularly benhefici one prior
heating value. It is yet still anther more preferred embodiment of any of the embodiments set

forth herein that the recovered aromatic compound is at least one selected from benzene,
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30 conpression of the H2 to decrease the gas density and/or reduce
conpression investnent. In addition, a preferred enbodi nent of the

i nvent i orwO0B/®yBR2em conpri si ng apparatus for the prodecriuseoiofn2&ost r eam
conprising aromatic hydrocarbons froma hydrocarbon stream conpri sing

met hane and including a conversion zone for dehydroaromati zati on of nethane
WO 2010/ 104762PCT/ US2010/ 026402 and a separation zone for separating said
stream CQpREhs iaRd n@FIRRBAENS oPHEHANG MMDRRSYdr& Srodfatit 8GR podniLonbik@RRentiANEof
enriched in aromatic hydrocarbonS and one conpri sing unreacted nethare and
gaseous opdly agenor amdly apparétthesef efor¢mhentpmoduBT Nospecigsarespentingt bogvoidableuse
of liquef.i ed .patur gas .(LNG ., the.inprov nt _coppri si the. integratjon
of sard dySafts aRbandt 4 coribh REErR SRR e oRhaht r BpiPsHaRn
system |gmdahédton@dt! e Predess iedud e didaridh Sstef BE alkVAMNG OB EANGRY BiEd/EN

i ntegrated process for converting a gaseous hydrocarbon stream conpri sing
met hade, '0leRR PEYceh tmpiies yioper: adaicibly selpeiilyc alplering rig nieduceameateine
aromat | ¢ tﬁé}mgﬁﬁﬁgﬂu@%‘éldp 69?@%&% ERAPT 1SN0 63 Zﬁ%feﬁ%d ?&ﬁﬁ%d%?&%ﬁt the
hydr ocar bon streamio’ one 0 more conversion zon containing at |east one
10dehydr cdundamtce oat i®and dtabyah iuneteprodactdB TN Q08 dewhitahepbdicte oy efytdnag
net hane toQ said at |east one aromati c conpound and ;. (b) recoveri sai d
aromatic P&&Tﬂagﬁ%eslﬂfﬁépefw theealYPrigyed dpwarierzs b tls _ re@ntgﬁ @aémf*gn@eaggfgla%e
met hane asgéci&%fn &Sy MBRriRY OKRHSr ?I%férf&%@;dﬁﬁeﬁwfan; d¢ild §bRSdnAbndd®
production, transportation, or use of LNG and/or Integrated wth the

ut i | ilfat iembodfment e tianen st rdditos dottia gaseguhbpdrberrbdry diraoardnomsygehlspeciesher e
is a 15 pre%grred enbodiqgnt direéted to an inte%rated T OLess fo

conver t i rfg"&YAs SBEAT Hy dv gEQaFll?oﬁ’“ P&t BBIPFISFRE e an® TE NGO ST
rich stregmicaRdeRite@OfBdCoriste ¢ &LO000S O £aRy COWIth 8B nloSaStIcaRe.
aromati ¢ conpound, said process conprising: passing said gaseous ‘
hydr ocar domvsiselyatheteois ghve aqrelivpeé cavadigrcst wherzones of oraraidhiag oaygdneasticsone

dehydr oariorgatli ég(;i oy %ait al estr unoder cquiOti ans szlgta g{te f8r cgrﬁéertii Qig o
met hane t0 SHIrd-hi08b SHdadlS BhIOY SREYS U0 SMBBund” £48108: OPSOOVAY PRGURY o
ar omasi C GO ey inve@vdnnig titat iesé ual oppbHEdEn ©QYP kkiStifNgcd e a8
nmet hane and H2; separating said nethane and H2 into a gaseous, H2 rich
stream ari@l ‘ategfafuivith pee RArBore @fhthst steptnprowified didicigapartiselaly atithgespaed des
cryogeni ¢ r [ g.Qn e cr e nefri ; i ng
calare T oEng; SRSl R IROnAP JoR) 00" oF NI BN el B ARd [l

pr ocessi rggoméatiatiom precisd ab isgutadth heathaqehich oy bguire aninbo nardifiddGons to the

di sposition with or. without further processing. Moreover, there is a

pr ef er r eFOBRETAPFRAN R Hcektlb t1h€>_r%“ier?flé’@r@%rb-eglﬁ?r%&ég’sprﬁfﬁmg&_ Anetgs of
gaseogys g;&qﬁé bR SR EABRAhRhRI HIEIRANE fedPsthddf oPritde fdd ©Nhs HrRRD
and an arofati c hydrocarbon stream conprising at Teast one aromat |
conpound,costi greacedsn ¢ mwitos preferalgz gsdatgy thanf 3¢ sibl%poofthigher bfy dwaitiogasebus
hydr ocar bon strean1t§ ?nﬁ or nore c&nvq%sion zones containing at | east one
30dehydr o*é’rdo%ﬁéf)‘?‘%ﬁrl) e F%IW%%“%_ PHCBRANT iC6ASTS GPTEDY'R™ FBF-ScORvEHY sy
net hane tRaSfinthI At plE@ably Q08 tRIOIMB01% JTRIRRH AEh-BRnAIR hytREANBAE NEittS &hydof
aromati c conpounds theregy | eavi ng a residual stream conprising gaseous
met hane dhehigher rgagrsrcanichylaied withenhahée domerangosto a H2 rich stream and a
nmet hane ry tream. wherein sai d sepak.aft.i i hekudes cryogeni,c, VAO,.
201077041885 LSBTk aBS o3 Bt SERBIRHT Ry A ng “BRBo G AT S ilicatine
refri ger ahdtsthe matick mehysed Prateidd b ceitdigarademark Agivky €., dhSp@sy theoRgiickdd or
wi t hout further processing; passing a second portion of said gaseous

hydr ocar BECerks Ay tigouswisistiongu Slapatanénans Rt apRlitqatipns, Ryt reecdwresfsnd
cryogeni ¢, r { c i Gquid i i .

Fout ing 51 VIREABLE (1F rREGHKT Enfule ) ELMAD G GARRE QleBmstiih ARkl
or w t houhcdrporhtedrbypefecassitmdic oxmit gudh dikdosate 1sems incondstofit witle thasievornitionor e

cryogenic refrigerant.s.of (c) .and (e) are supplied fromthe sane.

et r Pher 4 %9 algH o bovs Wihf b PoarERBarRaRE e GonkBrh SURAricallRYfat ed

process fiQfits and numerical upper limits are listed herein, ranges from any lower limit to any upper
limit are contemplated. The meanings of terms used herein that have not been defined shall

take their ordinary meaning in the art; and if necessary reference shall be taken, in the first
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converting a gaseous stream LNG BOG and/ or Jetty BOG gas conprisi ng net hane
to an aromatic hydrocarbon stream conprising at |east one aromatic
conpound,weant)/psweess 10 conpri sing: routing of gaseouPCItuse@niokiN@ BOG
and/or Jetty BOG gas to a reactor systemand if required conpressing said
gaseous streamto a pressure sufficient to enter a reactor system passing
sai d gaseous streamto one or nore conversion zones containing at |east one
dehydr oarigiRideZ & HaRdBoRk & Yikdroliee R RG] Hrb&iSesS Uhird Hatid O R SbRAVAT MchErs,

nmet hane to H2 and said at | east one aromatic conmpound; recovering said
aromat i ¢ Ebiopddadmvi-Helt 6904), élzoni ta gatgntsHind peicdiariplisatiomamectiodpeticsi. ng gaseous
nmet hane and H2. optional further conprising, conpressing said residual

nmet hane and H2 stream of (c) and routing said streamto a fuel disposition
or other disposition; and/or optional further conprising, recovering at

| east a portion of the H2 as a H2 rich streamfrom said stream of nethane
and H2 after conpression and prior to fuel disposition or other

di sposition. Yet still another preferred enbodinent is 20 directed to an

i ntegrated process for converting an LNG stream conprising nmethane to a
gaseous hydrocarbon stream conprising nethane, an aromatic hydrocarbon
stream conprising at |east one aromati c conpound, and a H2 rich stream
sai d process conprising: passing said LNGto a heating step where heat is
supplied to gasify said LNG wherein at | east a portion of said heat is
supplied fromintegration with the cryogenic separation set forth 25 bel ow,
produci ng a gaseous hydrocarbon stream conprising nethane and potentially
hi gher hydrocarbon (e.g., ethane); sending a first portion of the said
gaseous hydrocarbon streamto one or nore pipelines to convey said stream
to one or nore consuners of said streamas a fuel or feedstock; sending a
second portion of said gaseous streamto one or nore conversion zones
containing at | east one dehydroaronatization catal yst under conditions
suitable for 30 converting nethane to H2 and said at | east one aromatic
conpound; recovering said aromati c conpounds thereby |eaving a residual
stream conpri si ng gaseous nethane and H2; separating said nmethane and H2
into a H2 rich streamand a nethane rich stream wherein said separating is
characterized by cryogeni c separation wherein at |east a portion of the WD
2010/ 104762PCT/ US2010/ 026402 refrigerati on for said cryogenic separation is
provided by integration with said gasification of LNGin the first step;
routing said H2 rich streamto a desired disposition with or w thout
further processing; routing said nethane rich streamto fuel disposition or
recycling said nethane rich streamto one or nore of said conversion zones.
Moreover, yet still another 5Spreferred enbodinent is directed to an

i ntegrated process for converting a gaseous feed stream conprising nethane
and hi gher hydrocarbons to a gaseous product stream conprising nethane and
a reduced quantity of higher hydrocarbons, and an aromatic hydrocarbon
stream conprising at |east one aromati c conpound, said process conpri sing:
passi ng said gaseous streamto one or nobre conversion zones containing at

| east one dehydroaromatization catal yst 10 under conditions suitable for
converting nmethane to said at | east one aromatic conmpound; contacting said
gaseous streamw th said at | east one catalyst so as to produce a product
stream conprising at | east one aronmatic compound, H2, and a gaseous

hydr ocar bon stream conpri sing net hane and a reduced quantity of higher

hydr ocar bons other than aromatics; recovering said aronmatic conpounds
thereby | eaving a residual stream conprising H2, and 15conpri si ng net hane
and a reduced quantity of higher hydrocarbons other than aronmatics;
optionally further conprising, conpressing said residual streamof (c) and
routing said stream
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to a fuel disposition; liquefaction to produce LNG or other disposition;
and/ or optionally further conprising, recovering at |east a portion of the
H2 as a HRorhmmosteeeam from sai d stream of met hane and PRTAfSR@0/0z@npr essi on
and prior to fuel disposition or other disposition 20 wherein said gaseous
feed streamof in the first step (the initial feedstream contains greater
than 10 nol % of hi gher hydrocarbons and sai d gaseous product stream of the
third stqoLAi:treated feedstrean) contains |ess than 5 nol % of hi gher
non- aromati1 ¢ _hydrocarbons. In nore preferred enbodi nents of any of the

af orenenti oned i ntegrated processes, in the case where H2 rich streans are
produced or utilized, such streans are further purified utilizing a 25
menbrane and/ or pressure swing adsorption; it is also contenplated that
such str eanukecugrs isn t he process to gasify carbon off of the

dehydr oaromati zation catal yst (such as in elenent 105 of Figure 1, 205 in
Figuré 2, 430 in Figure 4, and 505 in Figure 5), and/or utilized to produce
syngas and/ or ] i i s be
conbi ned i £ ‘oPrardosedha iy dral iont ELSRI AR TR o P LRI 00
may i ncl udehateeo 30 amatiertgdsdicepenebmp@ngenoval , H2 renoval, N2 renoval

ol efin renoval , and/or addition of Higher hygraéarbons to. meet LNG product
qual ity speci fRLRISSES af GRS ERMROHAAY TPearek fesptircam soamyisHig Rethans topf s
yet still anther nre RbRIELi0E oA ARBlinOLai Re2Af with §: RERQME Ment s set
forth herein that the recovered aromatic cohpound 1s at |east one selected
fromlBenzene, WOI@QUEGaitOANERARGT LAISR6(10/50id 6002 undslr yemersianchmdapins hal ene;
optionally the recgyered aronmat i c conmpound consiﬁts essentiﬁlléaof onI% one
or only two of tRERECHE BIEHERIPIL S TACUPRILT RS 2t Igdst ORT FRE2HASUBPYLY) 4y
inmpurities. Alsop,it is a very preferred enbodi nent of any of the

af orement i oned en%odinents that the process include an addition step of

al kyl ati ng t hdbhespaeatiaganid/gescoss pridyetrérepmaniogedcrn qompdisinig skidl aé frast one
preferably selectively alkylafi to _produce. greater t .equilibriumyield
b “par axyl ene. 1 ot BBl BLID p B SRR el IR “he abundante o
13C and dﬁ@lirﬁ‘}?r"otdéﬁlérﬂ cbm@ripih @ doiebinBlbal dprodessmath @canl s OsheGlicp @ddr at kybtene,
PET, and the |like) and/or the LNG used downstream be alteres‘fron1the
abundancengfappadis as@ecitdeast ana pracesp srequm i tha Perduglion, Mgnnertaliens 08 ppeef
enbodi ne 0 &ﬂaq?' | A o 1]
additionq%%gﬁﬁg&éggggﬁggﬁﬁgf%carb]ga%ﬁggéﬁ?&g%@gigggﬁmggégﬁﬁég%gR#%?%ing

st ream i shylestatbont.he sai d one or nore conversion zones; wherein said oxygen
species is selected fromone or nore of H20, CO2, 02, and CO wth CO being
nost preferred. Conversely, there is also a preferred enbodi nent wherein
one of Moy e of1R4irHcR¥YHERIRACHhERiN SidENALAIEE FEPMBRH A 1A0R apPREGs
conversion zones. In addition, one of the principle 15 advantages of the
present iandenti loastioge promtsststrears 1§ seleatedoipgro thaigroty compisting ofxiysgémg
conpressors.to integrate th one or nore of t steps provided herein

bar 1 cur detiectiieR e pRtRut et e Se M R le s o AR, FY et Sistts o
LNG BOG hedpngaill Bt REt 3he Frodbdsitad e RERIE T MR R 06815T AScaS€dncl Ak kéledted € n
(which may require mnor nodifications to the conpressors within the skil

of the rdiam e @ag prsisiing af Byuiahgase pypopipief @ps, agd di nents of 20 any of

t he §forenentioned enbodi nents, the gaseous feed streamof first fed to the
proceésSs contains greater than 10 nol % preferably greater than 50 nol % of
hi gher hyxr ocarieaiisc3ndf Caiil 1g@iseia snddiditll e isteptof sapurat@pald sigtafo ompriséhgone
or nore conversion_zones contains less than 5 nol % preferably less than 1
nol % of HNYREK wdldnotrEesRinsFaratan KoprevidgiasHeanyFomprising ligpighHasthaneyds

cont enpl i 0 ) 0 rader: d
herci n argeim e bl OHER CAMAES 1ogPL AR of SRR HER o
may be prdispesitied asyl @y dptiamatly addading ardtghdBreneving att ey amayinperityegilster ed

trad r i . vari Jjurisdictiops. Al| .patents and patent plications,

t est %ﬁf oﬁsé% %&ﬁéﬁﬁ?ﬁz A@gﬁeﬁﬁ% ﬂB’&‘sﬁal‘{Jﬁ‘?‘HéP}%@é‘? aanar f‘ﬁTé’PIOE ﬁé‘jo,mlgﬁ%fnlﬁ her
docunent s, fRed Refghs are fully incorporated by reference to the extent
such disclosure is not inconsistent with this invention 30 and for al
jurisdictions in which such incorporation is permtted. When nuneri cal

lower limts and numerical upper limts are |isted herein, ranges from any
lower Iimt to any upper limt are contenplated. The neanings of terns used
herein that have not been defined shall take their ordinary nmeaning in the
art; and if necessary reference shal l4ibe taken, in the first instance, to
Handbook of Petrol eum Refining Processes, Third Edition, Robert A Myers,
Editor, MG awH Il (2004), then to patents and patent applications recited
herein. WD 2010/ 104762PCT/ US2010/ 026402 CLAIMS: What is clainmed is: 5



1. A process for converting one or nore gaseous hydrocarbon feedstreans
conprising nethane to an aronmati c hydrocarbon conprising: (a) passing at

| east onewQaswows7ckydr ocar bon feedstream conpri si ng net ramast@oatedhrast one
conversion zone and contacting said streamwi th at | east one

10dehydr oaromati zati on catal yst in said zone under conversion conditions to
produce a gaseous product stream conprising at |east one aromatic conpound

and H2; (4) Seﬂ@&%éé@ﬁoﬁ@léﬂm@%ﬁ%&% IRQARE L s&HIoFABPrMH RiBitFaRRHHPRISI NY
said at | east one aromatic conpound and a stream conprisi ng nethane and H2,

15t he i rrpn@thmwd Hobpeiysierge sepatritionrig psaide hqwd esthanetand (@ayeoas Hopabereone
t d/ st d/ | t t '
The. pr odutd GroefRnaRaRo ERREREHER UG S6o Pl udfika R BREEBE " NG

and/or (ii) the use of natural gas containing > 5 nol % hi gher hydrocarbons.
202. The process of Claim1l, wherein said at Ieast one step and/or at | east
one appariat us HifdP©ecst of elam bnwhgicst e deast romgnefi Bieswid Ope PrFMein E1HE0Er oup

cons! St | 194plafloh 9GNSl e BRLAd AL AR (uPind BRSBTS BITRERARA!

and/ or ream an one proc rocess
step sel aedtsed daseninswaedm ngmathaﬁe ahd hgdragenl lgaatyogmﬁac gparasioh &ad éidu]fdl‘rﬁﬁhhﬂ’te
group conS| sting aof natural associ at ed and BC@ 25 3. The process
of d aj mand %WUH&Y r%nua@%ga%mgt%ﬁecgfl w&%% kit aie PTF S8l Qg MeTng

met hane ﬁedﬂ% hg%{ﬁ)%ﬁ%% SOl rSHRAA hﬁlgbf&d%loﬁ &R&eg?toa "vfa%aar@tﬁa%ﬁpéf E‘NGSJ the

i qui d net hane a stream conpri si gaseous H2 hen sending at least a
portilon gfroxas dhdrhmwiizzbdrmttharm least dins pbHsdit icoypgasiclshi@iratpt amhsdidl Yighefettioi ng

a step of rem)V| east . on urit sel cted, 30 from CQ 02, . N2,
and olpef i Sharep F‘& Jﬁi&ﬂﬂ tign lﬂfn% té?%? %%%Oroaﬁfl?j‘étc‘?ﬂ?ﬁ’rr%eé? ﬁtﬁeaé‘b}nd
liquid nqhg?ﬂ,guctwg #APoAMOIE P 3432030/ 026402 4. The process of Caim 1,

further including a step of separatl ng said stream conprising nethane and
H2 by cryogenic separ atl on to provide liquid methane and gaseous H2;

wherein said eni c aratl IS nbined with. a

st eam oft LG Sarne” pFaBaLE st S E M RRE: Shiveity el of B HiPhora o

one ds Wﬁﬁ@regg?e%@@léishydrocarbon feedstreams comprises natural gas, associated gas, regasified
LNG and/or BOG.

7. The process of Claim 1, wherein at least one of the said one or more gaseous
hydrocarbon feedstreams comprising methane in step (a) is provided by gasifying LNG and
20  wherein said gasifying is used to provide refrigeration for cryogenic separation of methane

and H,.

8. The process of Claim 1, wherein at least one of the said one or more gaseous
hydrocarbon feedstreams is further characterized as including methane and at least 10 mol%,
25  preferably greater than 50 mol%, of non-aromatic higher hydrocarbons, based on the total
moles of hydrocarbons in said feedstream, and wherein said gaseous product stream is further
characterized as comprising at least one aromatic compound, Hy, and less than 5 mol%,

preferably less than 1 mol%, of said non-aromatic higher hydrocarbons.

30 9. The process of Claim 8, wherein at least one of the said one or more gascous
hydrocarbon feedstreams is still further characterized as comprising higher non-aromatic
hydrocarbons, and further including a step of separating said stream comprising methane and

H; by cryogenic separation to provide liquid methane and gaseous Hy; then sending said
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hydr ocarbon feedstreans is processed according to steps (a) and (b),

foll owed by separation of said gaseous stream of nethane and hydrogen by
cryogeni cweepavi@mtison i nto |iquid nmet hane and gaseous hy@cogsogioaeciopassi ng
a second portion at | east one of the said one or nore gaseous hydrocarbon
feedstreans to a |iquefaction process to provide a streamof LNG the 10
process characterized in that at | east one of said cryogenic separation and
sai d | i qUefudfik@anSRATi§RsRiIoR ATTNG, loplibhdEr At @R g Utstdp dr¥e@dviah al RAGnONE
step and/or at |east one process streamin the production, transportation,
or use ofimpNdy seBctcifeom C6k €432, 612, Ay amshelcHifis frova sprdduriet mgthehaipmdor atierr ei n
at | east (%Rie of the sai.(ﬂong or, 15nore gaseous hydrocarbon feedstreans
conpri sed S?W%{FSS&}%S,M lé%% in}ﬂlba&e'gas, regasi fied LNG and/or BOG 7. The
process of Claim1, wherein at |east one of the said one or nore gaseous
hydr ocar bon feedstreans conprising nethane in step (a) is provided by

gasi f ¥i ng 0 NG Biscpro@snpetwi anediClaigedi oy wetiee wﬁﬁ lgast pproyrpapatic compound
refrigeration fo I e i 0 : . pr.ocess
of Q@ ai mepper L 1 RS ind R BRg Forep Sl R

hydr ocar hpovifleedshé¢seans is further characterized as including methane and
at least 10 nol % 25 preferably greater than 50 nol % of non-aronatic

hi gher hydrocarbons, based on the total noles of hydrocarbons in said
feedstream ang,MGLSE Br @rﬁ' &e%%@écem SitnsSWhERI dt Feab e ithe said one or
characterized as ‘conprising at | east one aronmatic conpound, H2, and Iess

t han 19 nohéfe gpseie hpdbyarbes et steami fumthcomprisaiad leastrona papedn peticgher

hydr ocar bo&s. 09 Theﬂfrocess of . C ai mg, \gher in at | east one 1‘())f the said
one or moreciades e ORFBENe PuRSE AR djoXids, mofecplgf PRGN FAPULt er i zed
as conprigbiidd gher non-aromati c hydrocarbons, and further including a
step of separating said stream conprising nethane and H2 by cryogenic
separation to provide liquid nmethane and gaseous H2; then sending said WO
2010/ 10471§2P hUS%OlO/ 0t26n402n I if ui d "ﬁtnha e 1o ilrspon[slit iﬁ)nmagid;%ﬁg.
optional 'y inc Il %essaos% é’po 51" F e bgact R R ?h%frl tsy &ed from
CO, @82, dhdsacl¥dized@hdawingfdahsinfthonataai of ¢l qutidr qeitbiang vaed/compared twh @t
deconpressing said_|iquid nmethane. 510. The process of any one of Clains 1
to 9, wherethaneswnipingd i sadthydiosarkppftedi ¢ compound conprises at |east one of
benzene and toluene, and further including a step of alkylation to provide
xyl enes. 11. The process of any one of the preceding clains, wherein at

| east onel3of tTe watds ofunyanebd thoprecagasadaimshfndthocamaisifeeedst o ans
further conprises at | east one oxygen species selected fromthe group

consi st i fGTBFCSNELEProdue BeNnRHcaR Qﬁ%?ldd;@mé‘?fﬁ@%FO%V@e‘ﬁl}er@&rSB@rPoﬁﬁ’ﬁ%“ﬁ‘in&e. 12.

iTge PHOCERS O BRI ANDniprestOlnRl R tEfioBAiGh & i WHRGREIodTBIINRENBrtRId LNG

or use of liquefied natural gas (LNG); and/or the use of associated gas; and or the use of

BOG.

14.  The process of any one of the preceding claims, wherein said stream comprising

25  methane and H; is separated so as to provide a stream enriched in H; and a stream enriched in
methane, and wherein at least a portion of the H; in said stream enriched in H; is used to
regenerate said dehydroaromatization catalyst, thereby producing a regenerated
dehydroaromatization catalyst and a gas effluent having a reduced level of H,, and optionally
then blending CO and/or CO; with said gas effluent.

30
15. A system comprising apparatus for the production of a stream comprising aromatic
hydrocarbons from a hydrocarbon stream comprising methane and including a conversion

zone for dehydroaromatization of methane and a separation zone for separating said stream
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15characteri zed by an increase in the natural of Cl3 and/or deuterium when
conpared with the nethane contained in said hydrocarbon feed. 13. The
process oVoanw/oms20f the preceding clains, further compciraise@ome&vep of
conpressing a product downstream of said conversion zone and wherein said
conpressing 20 shares a comon conpressor and/or refrigeration systemwth
the production, transportation, or use of liquefied natural gas (LNG;

and/ or t henipsRin@farGasRaHh J@ﬁ@d&ﬂﬂﬁ§ mt@@fjlegsft B 8trstess, 8hc Behed dftarotfc Pr ocess
of any one of the preceding clains, wherein said stream conprising 25

met hane diydrdd2rbiogs gmb@tr@&toe@mmgamma@tqdrrm/th@t@ a@ldgasse@asrhredmg@h eund apparuand a
streame hed met hane nd mhere a rti of the H2 in
sai -t r QRRE T R BT L4 6 Publng Pk BaPANGR it at i on
cat al yst ,coh{pefsﬁilgxh@ﬁwmdﬂgaf@alﬁ%?gsﬁra@ém aﬁ&‘ﬁ*ﬁ&ﬂd&rﬂ@drﬁﬁ%&sjoi at 4 eém@ahal yst and
a gas effluent having a reduced [evel of H2, and optionally then bl ending
CO and/ orreltEprafjoniyseind gas ef fluent. 30 15. A system conprising apparatus
for the production of a stream conprising aronmatic hydrocarbons from a
hydr ocar bon stream conpri si ng nmet hane and i ncluding a conversion zone for
dehydroaromati zati on of nethane and a separation zone for separating said
stream WO 2010/ 104762PCT/ US2010/ 026402 conpri sing aromati ¢ hydrocar bons
into at |least two streans, one enriched in aromati c hydrocarbons and one
conpri sing unreacted nethane and gaseous hydrogen, and apparatus for the
production, transportation, or use of liquefied natural gas (LNG, the

i nprovenent conprising the integration of said system around a comon
conpressor or a common 5refrigeration system
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