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of the Invention The present invention discloses
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be useful as protein kinase inhibitors with potentia

utility to treat di seases such as, for exanple,

cancer, inflammation, arthritis, viral diseases,

neur odegenerati ve di seases such as Al zhei mer's

di sease, cardiovascul ar di segses, and fungal diseases.

Background of the Invention Protein kinase inhibitors

i ncl ude ki nases such as, for exanple the inhibitors
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i nhi bitors are described, for exanple, by M Hale et

al in W02/22610 A 1 and‘by Y. Mettey et al in J. Med.
Ghaiip (2003) 46 222-236. The cyclin-dependent ki nases
are serine/threonine protein kinases, which are the
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[0005] A number of altemative processes have been proposed for directly

converting methane to higher hydrocarbons. One such process involves catalytic

oxidative coupling of methane to olefins followed by the catalytic conversion of



clinical trials, A M Sanderowicz etal, J. din
Oncol . (1998) 16, 2986-2999. Fl avopiridol O her known
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Sept ember 3, 2003 (published as WX004/ 022561 on March
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of at least 5:1, said aluminosilicate being loaded with (i) gallium or a compound
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thereof and (ii) a metal or a compound thereof from Group VIIB of the Periodic
Table.

[0009] In addition, U.S. Patent No. 5,026,937 discloses a process for the
aromatization of methane which comprises the steps of passing a feed stream,
which comprises over 0.5 mole% hydrogen and 50 mole% methane, into a
reaction zone having at least one bed of solid catalyst comprising ZSM-5, gallium

and phosphorus-containing alumina at conversion conditions which include a



wherei n each of said al kyl, al kenyl, alkynyl, aryl,
cycl oal kyl, heterocyclyl, and heteroaryl can be
war®abhssss ut ed or optionally substituted w th PEEUS2007/012419

nore noi eties which can be the same or different, each
noi ety bei ng i ndependently selected fromthe group

consi sting of hal ogen, alkyl, aryl, cycloal kyl,

het er ocycl yl al kyl, CF3, OCF3, CN, -OR5, -NR5R10,

-C(R4AR5) P-R9, -N(R5)Boc, -(CR4R5)pOR5, -C(2)R5,

-C(ORD5, -CONRB5RIO0O , -SBH, -SR 10, -S(X)R7, -S(O
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H halo or alkyl; R5 is H alkyl, aryl or
Cxw%ﬂg{g{ocarbons such as methane, by contacting the latter with a catalyst

comprising a porous support, such as ZSM-5, which has dispersed thereon
rhenium and a promoter metal such as iron, cobalt, vanadium, manganese,

molybdenum, tungsten or a mixture thereof. After impregnation of the support



R6 is selected fromthe group consisting of H alkyl,

al kenyl, aryl, arylal kyl, arylal kenyl, cycl oal kyl,
whedenasyel yl , heterocyclyl al kyl, heteroaryl, PemUS2007/012419

het eroaryl al kyl , wherein each of said al kyl, aryl,

aryl al kyl, cycl oal kyl, heterocyclyl,

het erocycl yl al kyl, heteroaryl, and heteroaryl al kyl can

be unsubstituted or optionally substituted with one or

nore noi eties which can be tlge same or different, each

noi ety being i ndependently selected fromthe group

consi sting of hal ogen, alkyl, aryl, cycloalkyl
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[0016] Further, in our co-pending U.S. Patent Application Serial No.
60/638,605, filed December 22, 2004, we have described a process for converting
methane to alkylated aromatic hydrocarbons, the process comprising contacting a

feed containing methane with a dehydrocyclization catalyst under conditions



mis OGo 4, nis 1to 4; and pis 1to 4, wth the

provi so that when R2 is phenyl, R3 is not alkyl,
wa@bkdynyiseor hal ogen, and that when R2 is aryl, PEI/US2000012419

n, and with the further proviso that when Ris

aryl al kyl , then any heteroaryl substituent on the aryl

of said arylal kyl contains at |east three heteroatons.

Furthernore, the applications 10/ 654, 546 and

10/ 776, 988 specifically disclsose severa

pyrazol opyri m di ne conpounds. The Present |nvention

I n an enbodi nent, the present invention discloses
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het egasteal A@éht (HdeP rdtteonef efrddttleh %em@wé )said aromatic
-(CHRS) n-aryl, -(CHR5)n-heteroaryl, -(CHR5 NR5R8

Vitydrasarbosaand prodyes an alkuated ardreatiel hydspsayban ha\ang/ imore alkyl
Y& H‘s%an %?& GfoRTary l%ﬂcgﬂgn%ﬁ{o? fPde %‘l%&ﬁ.
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i ndependently selected fromthe |ist of
trahoservarty | didfepantiatey betvent #n Frcamatmylhydrochézoer pmdyped from
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Wi an ary het.er ear yl. grou het er oar
b8 L Hen e RGR dor il RGP B R ogic spripgpe and
aa¢thine: prbéucdrfeond GO, di fferent and are independently
sel ected from phenyl, pyridyl, thiophenyl, furanyl and

t hi azol o groups, heteroaryl fused with an aryl or
ISsUMMARM group, f-(CHz) 1n- N N-R8 V-(CH2 n NR 8

N N-R 8 wherein r h r n
3h€1§!r r‘rg PE pl(frﬁgéeﬁé?fgtﬁgglpyﬁﬁ{q% the nt1ea%urae th 1sgto%{3% undance
for deuterium in a benzene or xylene sample is defined as:
6(deuterium) = (R’sa[np]e/R’smdard ‘l) X 1000

where R’g;mpic is the ratio of deuterium to hydrogen in the benzene or xylene; and

R’standarg 18 the ratio of the natural abundance of deuterium to the natural
abundance of hydrogen (which is equal to 0.00015/0.99985); and
and the measure of isotope abundance for '*C in the sample is defined as:

8(*C) = (Rampie/R7suandard -1) X 1000

where R”samplc is the ratio of 13C to '2C in the benzene or xylene; and



t he above-noted definitions for R2 can be

unsubstituted or optionally substituted with one or
worerog/1msset i es whi ch can be the sanme or differpelt/Smavbn2419

noi ety bei ng i ndependently sel ected fromthe group

consi sting of halogen, -CN, -OR 5, -SR5, -S(0O 2)R6,

-S(O 2) NR5R6, -NR5R6, -C(O NR 5R6, CF3, al kyl, aryl

and OCF 3; R3 is selected fromthe group consisting of

the heterocyclyl noieties:whggein: X is selected from

the group consisting of -(CHRVa-NH 2; -(CHa)1- 3- NHRS;

-(CH2)1.3-N(R8)2; -(CH2 1-3-OP(O(OH) 2. 2NM5
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Céeéult aw 9.?(('1 Y‘ C\.%ﬁ WX tlhaé?hee%/ g e&t%w’ug?&érae 1S sy tlhhn -250 or
h&nbeﬁ(é"“&l)y{/aluarid bt thana2y| ahdk Penzenbebetng) peaditedfbysail process
al k aryl, arylal kyl, cycloalkyl, heterocyclyl,
%‘{‘é?rbsd%l yI al kyl, heteroaryl, and heteroarylal kyl can

be unsghst i Eéﬁt@cﬂm@ra dBdd e&ahinmgs Hiegiank Uikl a\HERY eSS cREation

nmore noi eties which can be the sane or different, each

nEAtEYSE ety Gondiions deHEstVes dP c CPRYET (tHE Mfthageotp aromatic

CIRRRbSbAHE atluaﬁigogaﬁen@bm rocﬁEé’laa fn%)/ ehﬁﬁhkxiremn comprising
het erocg\cl yl al kyl,

feemanR yﬁtfmrbonwew Byg@een VW(‘@F&IRES*R)@RS efﬂ og;ml comprises

Re 95?? NR ng;e%gaa{;g?,%%s fh Hd Ef’%?%eosi o g)( g 5) gd

- N(R 50b@( O) NRetbrel & Ia) pag oiéh@by@qg¢n fromx the figstoaffuent stream
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hisstdeo gear opinteink yihd an enhanced hydrocarbon content as compared with the first

effluent stream; and

(©) recycling at least part of the second effluent stream to said
contacting (a).
[0022] In yet another aspect, the present invention resides in Xylene
comprising deuterium and '*C in amounts such that the 8(deuterium) value for the
xylene is less than —250 and the 5('>C) value for the xylene is less than -24.
[0023] In a further aspect, the present invention resides in xylene comprising
deuterium and '>C in amounts such that the 8(deuterium) value for the xylene is
less than —250 or the 8('*C) value for the xylene is less than -32.
[0024] In still yet a further aspect, the present invention resides in xylene

comprising deuterium and '*C in amounts such that the §(deuterium) value is less



wherei n each of said al kyl, aryl, arylalkyl,
cycl oal kyl, heterocyclyl, heterocyclylal kyl,
whedoenessyl , and heteroaryl al kyl can be unsubseC¢T/usmd7/012419
or optionally substituted with one or nore noieties
whi ch can be the sane or different, each noiety being
i ndependently selected fromthe group consisting of
hal ogen, al kyl. q/l. cycloal kyl. heterocyclyl al kyl,
CF3, OCF3 , CN, -OR 5, -NR4R5 -C(R 4R5Jp-R9,
- N( R5) Boc, -(CRARSJpORS, -C(O 2)R5, -C(O NR 4RS5,
C(ORD5, -SO3H -SR5, -S(X2)R7, -S(R)NRAR5, -NR

S‘M SHa Py B PURE kel i 538 A de Ky TeD Rkl rogpeed by a

(protesseomipeising: i N the noiety -NR 5R6, may be j oi ned
together to forma cycloal kyl or heterocycl yI noj e

with e@h oforéastmecy deuhreytringe methans yith A ?hﬁdéqcycﬁzatwn

b@dtzn?stu RUPS  ddnilftRAhs OerRRive0 rl@' c¥nirdemendemidnt k&1 Rdmatic
substituted wth one or nore groups; R7 is selected

f hysitpeankongr ivalydingnbenzena gncbprqaiuky |a, figsy effhenk ylreany cpmprising
[ | kyl, heteroarylal kyl,
he%@?ggﬁgygﬁéﬁ%e@r%ﬁ%ﬁé%%ycI yI wherei n each of

sai d a(Wyl, cm;tadtimldztyéast hebﬁmaw@nhabkgde,ne afroph said first effluent
gs ; Ieggar )z/mlaﬁ(d lag.m%l(i%lnrtl W dérﬁ cgo& olil{gse dtb Stl\'{e.tnUt le(l)te sai benzene
nmdqirbénscevdikydbemne be the sane or different, each

[ bei ng in ent | Iectedfromthe Loup.
ORZeY, "t MG Hhechy iR bRt (pRTioR.sfideERin xylene
g%l?%&si@gxg% an&lP&'(RilxDO amc(,)lﬁk&% ma%?EJ&KItReSr%SgQaMé is less
“RpRs3Y 3(%)\,%15)1 %7 ity g Sﬂmnéket"@ Riegrecd; by a
Fﬁ—ot;@s%ehggrgﬁg fromthe group consisti ng of haI ogen
-CN, -NRb5 C(R2)R6, -C(ONR 5R10 -OR6 )
_S(o2) Y, - prtpotmesRieed cegtmininpsmopaRg, WU}N@R@?‘Q’@@QX"‘”‘“’”
7@a@ﬁys_tN(LBd§1J AohEAR1 QerectFE3 tb S cbhvedi! fle Omethdh¥! to 'Thlloﬂlanc

4 which can be the sane or different and

ah)éirﬁaajmrmghﬂm besizens antl pmd@lpe 2 firsg effhieph siceam lsemprising
t are independently sel ected,
Sﬂ?@%ﬁ?ﬁy@ocﬁ%ﬁ&?ﬂﬂd?%?he provi so that when R2 is

ar yI ®)i s reatting at leasnlpdrtwfttlne hYdIogcxr frbmrthp fosti effueti atream

i S ar k en an te subtltuent
A, G0l Sy KRV prl 1R 2K SHRRRY Ly R b rgtuces
He;tcbomtm&nt hand nrhenhiasm hyrirocarbdrecantent adlbbinpared mdtht the first
'\%‘ﬁﬁt r}yhgl ucam ne. I n another enbodi nent, R3
[ & MM is selected fromthe group consisting of

- ( CHRA{c) - i\ll—EE:cy&lﬁfg afriledst neat ,of Rthel setdond eéfflugnt Stream to said
“docthiz (35, bt

(d) contacting at least a portion of the benzene from said first effluent
stream with an alkylating agent under conditions effective to alkylate said benzene
and produce alkylbenzene. |
[0026] In yet an additional aspect, the present invention resides in the use of
measured amounts of deuterium and ’C present in an aromatic hydrocarbon
product as a means to identify the type of feedstock and/or production process

used in its manufacture.



I n anot her enbodi nent, R3 iswherein X is

-(CH2)i-3-NHR8. In another enbodinent, R3 is wherein X
WO 200700883 i - 3- N(R8) 2. I n anot her enbodi ment, RBCT/US2007/012419

i swherein Xis -(CH2)I-3-O-P(O (OH)2. 2NMS or

-P(O(OH) 2. 2NMa I n another enbodinent, RL 1 is H 1In

anot her enbodi nent, R11 is al kyl. In another
enbodi nent, R12 is H In another enbodinent, R12 is
al kyl . I'n another enbodi nent,g R8 is H In another

enbodi nent, R8 is alkyl. In another enbodinment, R3 is
wherein: Xis selected fromthe group consisting of
C}E 1- andR11 is H and R12 |s H I n anot her
e Y. 10T kD D .:_‘...'AJ“ ‘ TH :18 & omthe
(o@ coniéséxt.bagh&&n(a@wé)z%né mlNH?eylené %Eéd,er&mm defiRgtives
3-N(R8)2; R11 is alkyl; and H.
honah rehreinphe benzene gnéxylnR phye Raov@mnbwpr»@f the isotopes

N féﬁ_ﬂi\%ﬁj Saanl\llglng Bgn‘ghfllz' %_fé?ﬁ%ﬁ" ﬁlto' H&scgf baslpﬁ?éaéss ?inN'l'amg the
Hiehydiosydljzation ©f meghang; I%Wllbb§éiS€§S€Ulﬁ morn détal belowpin the
85 bnd{nd bl o5 o 20l b e

lé)@r&)uct -G&F Iﬂéd?&eﬁydlﬁit)’tclizaticbi) sRq? with HCOnandfod ; C@z,l preferably

R8.1S. ect fr qroup eon i Sti
a‘f?y duce(é éﬂﬂg)ﬂm %r the ame, naI ur g'?am to 'produce
eaﬂmaebmhymoaﬂbom Which aéd reaiydlyd to the dehydrocychzatlon step. In the

case of xylene, the process further involves contacting at least a portion of the

benzene from the dehydrocyclization step with a alkylating agent, preferably a
mixture or reaction product of the hydrogen byproduct of the dehydrocyclization
step and CO and/or CO;, coproduced with the methane. Depending on the
alkylating agent employed, the alkylbenzene produced in the alkylation step can
be one or more xylenes or can be converted to xylenes by processes well known in
the art, such as isomerization, transalkylation, and disproportionation.

[0028] Also described herein is a method of using the measured amounts of
deuterium and '’C present in an aromatic hydrocarbon product as a means to
identify the type of feedstock and production process used in its manufacture.
Specifically.the amounts of deuterium and '>C can serve to differentiate between
an aromatic hydrocarbon produced from naphtha, the same aromatic hydrocarbon
produced by dehydrocyclization of naturally-occurring geologic methane alone
and the same aromatic hydrocarbon produced by dehydrocyclization of naturally-

occurring geologic methane and methane and/or methanol produced from CO..

Feedstock

[0029] Any methane-conté.ining feedstock can be used to produce the benzene
and xylene of the invention but in general the present process is intended for use
with a natural gas feedstock. Methane-containing feedstocks, such as natural gas,
typically contain carbon dioxide and ethane in addition to methane. Ethane and
other aliphatic hydrocarbons that may be present in the feed can of course be

converted to desired aromatics products in the dehydrocyclization step. In



R3 iswherein Xis -(CHR4)1-3-NH2; R11 is H Rl2 is H,

nis 1l pis 1lor 2; RBis selected fromthe group
wa@omgitgssng of H, al kyl, -(CH2)i-3NH2, and R13P¢EHUBR00T/012419

anot her enbodi ment, R2 is halo or alkyl; R3 iswherein

Xis -(CH2)i-3-NHR8; R11 is H Rl2is H nis 1, pis

1 or 2, RBis selected fromthe group consisting of H,

al kyl, -(CH2)i-3NH2,and R13 is H In yet another

enbodi ment, the present invertion discloses the

pyrazol opyri m di nes shown in Table 1. Table 1USE OF

| SOTOPI C ANALYSI S FOR DETERM NATI C]\I CJ: ARQOVATI C

?f@gtn‘oﬂ% 0\@ g‘f gsiscf‘ efihtée ?J‘§’e°*H ‘? ?"d ‘?Lga‘iﬁgsf’lé? g‘r’]‘:“'(fped to

tiefifl eh@fihBAt produddé athereditectlpy i Qﬁar&ﬁp&oay&l&uﬁ@d step or
from nethane and, in particular, fromnatural gas.

BRARESOUNE Yot ersjamtor hydragatbenscinghe §1yd&aetnrswwa9rr §tep or

b®RA ARGk IRl eI he SoldtiRs ProalEeRdn& YRR yc RS Aion step.
i nportant” coomodity chemcals in the petrochem cal

i 9836k r y Nitggereand/gr, sulfup irapurities arealae Hividallyquesent ip methane-
o%géi&‘ﬁg s RS Fr&g%‘éme%%acf Jr‘%@&i?c‘e? ) ?oxWeV%lsV Bﬁbﬁ&’use of

rocesses, Inc cat ticre
c&t: eshyams i rtlmiaurongss mﬂmuavmtms tllneammnbddlmmppltheieaﬂf to the
Ieu eds ocks .decreas re |s
BB pBER RO £ B 188 Fem AP0 AR BB 3en 10
[ B0, Juckasiesothan i pprakdchrofaii tropenand ISGEuIO(fomp‘(mﬁdi iC

AT 2R dgutn B e e Gikd B IacadtohBiexptizasion,sigp may

gemtaih t LaBssRnét ydiegdig wie] aﬁﬁdn afhoidecandadadball digakle in
is currentlﬁbbiignrg.di SCoV ed t oi | Beca (jfe 8f t he
pYORT erassisk oeqkg BHISRPH ‘f‘é?ﬁlcaﬂ bgrinjragysed as separate
VéH-fb@B§010<Eanrlﬁi presdnt Gthe xﬁaﬁsneOJtrehﬂxe st 48] 8dr Gample, where the
produced along with ail, part|cularly at renote

phgihaae stream 588 Veth drofih SARR] BASABIAIOE SRR diagifcof Other
A JGARE Df ot diSH dE TdiAnkiual fRRSzadls] §Nd pldrts, HydRsgen plants,

hydr ocar bons, such as aromatics, IS an attractive

mmgmawﬂmgimi nl@ntsamdrphthagagxﬂlmupdmﬁg t he
a@ggﬁd aRtI? oRE LI m i Elecfé' tS’Sthé’ ﬁE‘h &‘éﬁ&&ti’o’iﬁefte contains

argemaorlty ses “current
pranposdidxide rand com@ris¢sn®) to 99 9 mol%, such as 97 to 99 mol%, methane

and 0.1 to 10 mol%, such as 1 to 3 mol%, CO,. In another embodiment, the feed

to the dehydrocyclization step contains carbon monoxide and comprises 80 to 99.9
mol%, such as 94 to 99 moil%, methane and 0.1 to 20 mol%, such as 1 to 6 mol%,
CO. In a further embodiment, the feed to the dehydrocyclization step contains
steam and comprises 90 to 99.9 mol%, such as 97 to 99 mol%, methane and 0.1 to
10 mol%, such as 1 to 5 mol%, steam. In yet a further embodiment, the feed to
the dehydrocyclization step contains hydrogen and comprises 80 to 99.9 mol%,
such as 95 to 99 mol%, methane and 0.1 to 20 mol%, such as 1 to 5 mol%,
hydrogen. .

[0033] The feed to the dehydrocyclization step can also contain higher
hydrocarbons than methane, including aromatic hydrocarbons. Such higher
hydrocarbons can be recycled from the hydrogen rejection step, added as separate
co-feeds or can be present in the methane stream, such as, for example, when

ethane is present in a natural gas feed. Higher hydrocarbons recycled from the



nmet hane to |iquid hydrocarbons involve initia

conversion of the nethane to synthesis gas, a blend of
wo200ane2860. However, production of synthesis gBST/US2007/012419

capital and energy intensive and hence routes that do

not require synthesis gas generation are preferred.

[ 0005] A nunber of alternative processes have been

proposed for directly converting nethane to higher

hydr ocarbons. One such procegg involves catalytic

oxi dative coupling of nethane to ol efins followed by

the catalytic conversion ofthe olefins to quuid

hydr ocar bons, i ncl udi ?rl\g’ aromati ¢ hydrocarbons,
diipgee, reigetson pigpdrpically, Insluggng xngpromagics and/or  paraffins and

toRhRd RRiRE PrRAMMiAAELYIA16r R ARlch 8 F8NKSE, SfoPBx&hple 4 or less,
met hane to gasol i ne fange hydrocarbons conpri si ng

diypically 3 ¢ryi¢spearboatoms. nln generaly the foed o thaedehydeogyslization
G g%’&!nttﬁﬂs feQs a1 %! 38 sﬂ@l&’?é‘]fe‘;&{haﬁ%%‘t“},,%f‘é;+(ﬁ§dﬁﬁ9:b%s.
s In ihe presence o ree oxygen using’a rare
eart h metal pronoted al kaline earth netal oxide
enper ature between 5000C and 10000C.
'Crﬁéﬂé%‘%%cg{ﬁgﬁg%d hi gher olefins fornmed in the first
sioepdlar e Inhthe dahymtacy@rianm gtepobf fiee peasgmt progiessq the methane

R SRPE. PR e SR i 4 ARl ALY e
oconditiong enaitiaflly i |nbg dmhhng sonditibey arfd preferdtdy pedubingrenditions,

HABHUE 0 oHNGTITE BERGRL I DR BrPeBonh deiHpe betzene and

aeipathaleel amg@nﬂu@at et r@Stiohs DRNYived ﬁfmttailb\ys sensitive

car bon oxides.ﬁ%%OO?] A potentl%%bg ractive route

for upgrading Hane dire&tly i ]'gih (Reaction 1)
hydr ocar bons, H‘Lcul arly.ethylegng + erne armteactlon 2)
napht hal ene, is dehydrocyclization or reductiv

coupling. This H&Ress typital | Ewlhwbl6Hs cont e(&eaﬁ@n 3)
#0838t NAELM hibridx Rt Md/St dRAIR! s Haf BEEpRkentSHC the feed
as rhenium tungsten or nolybdenum supported on a
Ziawirpyas catalysh aetrvitySmdstabality iy fhcilitatips reactiors such@y: as
6000C to 1OOOOQ:OFr %gggnt ly, thggpntalytically (%%B#t}’o% 4).
speci es of the mefal 1s the zerd val ent el enent orm
drut acgativel yienmactsequiddorivimdey all OQ0E competingnetptastions, Such as;
Pat ent No. 4, 7 i scl gses s for prgd

liquids rich in Q? %%I?‘? ¢ hydr ocgrdgfonggéy cont ac |e%§l°%gs)
ne0BGIne Snitableerpadiabns efdmettheedel@{a&ﬁi)‘chmBO&@@ iinclude a

BBrRRr AT AR0E AR b RGO/ o3 Rigrpfibie sooc 1o

a@amﬁCna m&ism’e o¢fat kPa o6 1600 kPasduch:at, IOStaI 5.00 kPa, for example 50

i cate bein aded wi [l rpa
T aIR WPhaPagm e honry Seeastelgtityiob g B HMGE " Juch as 0.1
1B S0OMr ' f fop Bk 4npien tgHD Kaf!. tduhveaichoylithe aakydeoc){c!i%&h step is
In addition, U'S. Patent No. 5,026,937 discloses a
pﬁ°6‘elé%‘§df‘bﬁhetaﬁéﬁnﬁi’8 i zation of methane which

C[OU]W]' Se Ay ARy @RSy Iizathets Yatilyst Ef&AMivet foedhverhi Bbthane to
onpri.ses over 0.5 nol e% hydrogen and 50 nol e%

rﬁmams canrpe,used ia 4be p@ﬁe@aﬁ@%\ﬂlm@u& genesally thecatabypt will
Cﬂwﬁ@é latn&@l 8bripénen® %&il&gy £$Mnsitiod3hdthiUgR &dfpound thereof,

P osphor us-contal ni n al um na at conversion condl tl ons
Vit ah inergpidesuppeip ceenvsnienty, 850metal sompopant ig present in an
RIS Bwe%ﬁ%) {J)aﬁld% Al gqm@ Pefrecdsg) a‘ﬁhq o(c%ogpw%@ﬂ@zfme

and a gas hourly space Vel ocity of 400 t
total catalyst. Generally, the metal will be present in the catalyst in elemental

form or as a carbide species.



[001Q) Moreover, U. S. Patent No. 5,936,135 discloses a
| ow t enperature, nonoxi dative process for the
waeonvassson of a | ower al kane, such as met hanePOF/US2007/012419

et hane, to aromatic hydrocarbons. In this process, the

| ower al kane is m xed wth a higher olefin or

paraffin, such as propyl ene or butene, and the m xture

is contacted with a pretreated bifunctional pentasil
zeolite catal yst, such as GagpM 5, at a tenperature of
3000C to 6000C, a gas hourly space velocity of 1000 to
100000 cnBg 'hr 1 and a pressure of 1tob at rmsphere

( 5 et r eat ment e catal
ﬁl%gﬁf/ §Bﬁ§§cmﬁ tﬁ%me%%'ﬁ/s{%r ithe, gatalys ’F’é‘“é‘F calcium,
hﬁﬂgmﬁﬁn mlﬁﬁ B, ﬁnmmerﬁaﬁmnﬂ@@ﬂﬁ}nt Gt Girédnium,

pressure of to 5 atnosphere (100 to 500 kPa) and a
ghafniyey I"?n%db‘éi@e Rigbiya, t urgs  ghseratuns,omelyadenypy,  tungsten,

fﬁ’lﬁné’axﬁ% irRchigth, #bn lr‘ﬁﬁéhxugl %obﬁy rrh@cﬂgmt h‘ﬁﬁuxﬁomcﬁglt Pﬂ&dium,

the catal’'yst wth air or oXygen’at a ténperature o ]
| 400Pper,t BIveo0Bd], aingaslumianrh,y galhuwme silisonc gerynapfurat indium, tin,

53R Mo AR S50 oo S SR

[ élemtiltahfqzrar or asiheetal ciofripounds; yu¢nasiexides, wathides! ngadesaznd/or

he f h .
BB 68 B BUREABRR S5 bBSind O] g and osmiam
qeendlsd beaﬁsedsae nsaé bffthe mhétalcongnent bud,dkogenéral; ardxeot preferred.

d i'S carbon |oxdeatret of ) )
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rocess that._ requires se tion and .di sposal
piqa el S, SOmgiiny AT P A Ui GRASRSS Py g agnese
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| Bgmme, He, byiye. lapthagum, \pafing,; qeriws. &avaum, dumgsien, or other

URAREPNEIR Rl éthentO OthZdditiha! helsippdiehal 8k ;ﬁ‘)r&?sErQattaﬂﬁl &ith as

i nproved process for converting methane to aronmatic
hy treropetou sTystalling mateaial gr imaseparhus mtemheA;ssased herein the

p eqt. | I

P8 ik BoRpE R RN A AU 402 pomeres
owBRgeathe tm“ﬁem;mz refesab poeeschayingce d mnfetar of from 2 to 50
pﬂa%%% ker}g hi gher carbon nunber hydrocarbons, e.g.,
benzene fromlow carbon nunber hydrocarbons, such as

niPDHane, Swytablent adtropgroubie drgdtaléine wi mhtesialsat dchale  silicates,
rlsm a po rt, .such SM 5, V\,h
BB LR REHRE o A RSt B -Upfitpbates,
i siichalibinaphosphatea dot nﬂl;lﬁﬁﬁﬁﬂﬂilﬁi? Sutly baidtdporous crystalline
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AR aPlaf e TalS PreURe fr e Sy Rlate £y 78M-s ana
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W7 (b saM 335 FER T 28NS, SIES P 2 METa: MW (e
hmcMbe, pgms iSyz-2§, ER®-9! 116694, lmIiWMd':ﬁﬁ% IMcMiud ah@ MCM-

i ncrease the sel ect|V|ty to benzene and the stabil H‘ir(
eg,

o0t HWRcéﬁ & YyEQ-20n KFl {eige 2O 5InBESy (@ eeplite thstmel
VI 18, MORPRUY. &op&htgp Fe@ﬁ 0 22014 XD @ef\ﬁﬁés*eéamzeaowand

about 0.01 to about O "Russi an’ Pat ent
ZdQB@lMQd dsdTdsésea anltse é—é,sIWSV (egnVdX-2dyg \ﬁ"dt(h@eVPI-S)

| RE oA PARCTESARPIS: A0S PGS0 4D, T Xt o
bemtzenle suginds MEM-6% EMM- édEMMé iQt23, $TQeRM, 1EQ2ATQ-26,

systemwi th a catal yst conprising netallic platinum
havi ng a degree of




oxi dation greater than zero at a nethane parti al
pressure of at least 0.05 MPa and a tenperature of at

WO e@3t1428¢00C. Hydr ogen generated in the procesBCTH$200B012419
contacted with oxides of carbon to generate additional
nmet hane that, after renoval of the co-produced water,
can be added to the nethane feed. The products of the
nmet hane conversion are a C2-C4 gaseous phase and a C5+
l'iquid phase but, according f{he Exanples, there is
little (less than 5wt% or no net increase in aromatic
rings as conpared with the feed. [0015] In our

o7 95, 1569107 RARBT sABRHl 509 "SaRBiA% . Shighte mesoporous
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n [ ydr o e
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e A P e e PRl WPgued
ymeibined rh@y@lhyz thei efflugrit containsat llgastoi: witYos surh ageasllengt €0 wt%,

T61 gmﬁalé‘hpﬁgst%%{”ﬂepréﬁ%lﬁﬁ% i3 v@t%j, rlﬁ&%rap&ﬁatic' rings than




produced by dehydrocyclization of naturally-occurring

geol ogi ¢ net hane and net hane produced from CO .
wokMvARE64 0018] For the purposes of this i nvene¢DOS100E012419

nmeasur e of isotope abundance for deuteriumin a

benzene or xylene sanple is defined as: d(deuterium =

(R sanple/R standard -1) X 1000 where R"' npie is

the ratio of deuteriumto hydrogen in the benzene or

xylene; and R standard is thesratio of the natura

abundance of deuteriumto the natural abundance of

hydr ogen (mhich is equal to O. 00015/0 99985); and and

tg sur i sot ope agund ce f 13C in the sanp

2 gBeiined T4S: means AL ke ). GROEE HgA iy SRERodH
ViR BrddySigdalbe dffluédiesticatn ilf ndrdfalllyOexlodéd ithe 1tH@1 number of
benzene or xylene; andR'standard is the ratio of the

reEemats riasy HHthsdechby abloastes Mi%. Ear sxamply i feed emtains 1
1»8'@ ()wgf'o‘fljfhtfc%xfgg Uik d%&&o@}cl&%rpcﬁl%gﬂ]stl)emn WidhRtaid B least

one aspect, t he present 1 nvention resi des I n enzene
compo af aargmd@qanegs uhanges iB ubstituenisen enysyomatip gings between

e faiail ) el g RRAREDE obPink S AR cudBlhicn

enzene 1's grea
doa4esit er ilnohe ambodihBo) oﬁthe ineentiioh) the dhenzent iereooeared! fmgm the

RS Eeav izalion etlipcter i Hahole 5 SoleRt Sktriloy' Kiowea vy
t fesctiofaticiC) Hootevéas bah zbertﬁsmﬁseglrlaﬂds\er att leasy paftGofahe benzene

Ies th In an er ect,. the present
RO BHeiEdh ab A Tigh it Bero T PH b e BT PP drefiuce

nﬁglerWaaimﬁﬂEﬁals,wahwﬂyleﬁése d(deut erium value is

| ess than -250 or the 6(13C) value is |ess than -24,

the benzene bei ng produced by a process conprising:

(ﬂ dFd¥eh MhhAgknfenteed containing nethane with a
%drocycllzatlon cat al yst, under condltlons ef fective

04@Inv erSingen Bydregemris 2 dnalPh rRAMRONEY 06 cile béghydrocyclization
' é}ﬁhé&ﬁ' A¥er REEABRFO PRE aRnfitGRodudtd, TR efluEAUBAbeShbREMY to a

conpr|5|ng aromati ¢ hydrocarbons and hydrogen, wherein
th}@mgmstejecftfomu etep tx Icenyart arpleastepardtof badrogsn vipY@dditional

t a eg! j
G ARSUR! Whidh BAF ieh6e TBpRIcoRith ) ulrBilied BtuBhe o the
sdahgénmw:ltzhtnﬁl@ stapdfco magitnize tfeep nbidieatora  Jopwally the hydrogen
erf felc ent stream rqs%vu ng, .k educleglsth¥dr 0 gn cont t angJIn th
antc ﬁfﬂ?ocgrbon Bnth wg gﬁ WV ogfﬁe ©
fdehsﬂroej/élizaeum efflueatimitha®d a@d&or mzy cpkefa:gbb/t cdpeadiiced auith the
nd effl nt streamto said contacting (a).

q%aihetsec
(e thaRe fom 4 iy ﬁm%§5@81 the present invention
r[094‘tles I(]bnxlyrhexﬁtby ctheTHydsogen @wtﬁﬁi ﬂ? aﬁi}iude%cg} finethanation
nts, suc t ut e ue for the
s hanaigns (o anF Foise TARRenH BBE1 469 DRMSER 8F Gl Co
)@écﬂfé& iparti gyt fitthandl. ar{do&ﬁ&] okyigehales) b 6r ﬁS’D@?ﬁtbesm of

the present invention resides in xylen
bt Qistins, B !Eléé"ﬂzf’ra’\mm%s ey, Y19 ehgndl or dimethyl ether

dhéerbdibict Mrh¥el stepd alayt e eXipIGRA dequentially to gain the greatest
benefit; for example Fischer-Tropsch may first be employed to yield a Cy+
enriched stream followed by methanation to achieve high conversion of the H,.
[0048] Typically, as described below, the hydrogen rejection step will
generate paraffins and olefins, in which case, after separation of the co-produced
water, the portion recycled to the dehydrocyclization step conveniently comprises,

paraffins or olefins with 6 or less carbon atoms, such as 5 or less carbon atoms, for



| ess than -250 or the 6(13C) value for the xylene is
| ess than -32. [0024] In still yet a further aspect,

wWo b@7psxsent i nvention resides in xylene conprPGI/N§007/012419
deuterium and 13C in anmounts such that the
d(deuterium value is |lessthan -250 or the (13C) val ue
is less than -24, the xylene being produced by a
process conprising: (a) contacting a feed containing
nmet hane with a dehydrocycllz§£|on cat al yst under
conditions effective to convert the nethane to
aromati ¢ hydrocarbons incl udi ng benzene and produce a
first effluent stream conprising aromatic hydrocarbons
afiemmlelrb g¥nlesa rrarkay) atospi #6t3 el eSS | akan Atgipy-t | Yrhess, the
t f ffd
P PSR e e MEbe IS Tp 3l PRbl? Srdifhtics, the
apdqabm@ys!@ddo thendebydrogydizationl step cahveplidptly zonprisfOH2EE ring
I . onal aspect, the present invention resides
i%ogi%flgg'gécgégnprl sing deuteriumand 13C in anounts such
that the d(deuterium value is |less than -250 or the

C yal is.less than -24, the xyl ene being
g&éﬁ@%@&xggﬁgggg%%ess.conprising: (a) contacting a
fEBOd9p0ntIﬁidhb regnbodimentahsvhi/drogenl edjyetioncstep bdraphwa reaction of
cat st un er conditions effect

e ORI M 5 R Gt Cbiepk ity cgrbon

pdxeﬁiideetoa prodife fifetHad€Nindsdr’ @BAhE OXGRbIdINE Qo tHIMESliving net
hydrocarbons and hydrogen; (b) reacting at |east part
ofe2¢tH®Shydr ogen fromthe first effluent streamw th CO

and/or CO, to gpodugs a sesondcgifl yand StreanrRaMidE)
a reduced hydr gen content and an_enhanced hydrocar bon

content as co Qutvitkh t ke fi GHeaf4HaGNnt st r@gagtion 7)
@56]ecyeﬂ~ﬁen Bon ldfAdde %Hog@& i I'I: n§§'§}8ﬁ§/ ?qut | d#8  hatural gas

eamto sa contactlng acting at
| sheegm m@mfe@ﬁblbfthe rsenbeneztené gaasostre@m aséd ragtthe feed to the
e th I
SRRRLRAERATI. VPRl 90 SRR IR op 0 e
promthigiag atrkgchkma iKMzeCH{; Gﬂﬂﬁ]strbamyetormtmmdd'yhmmﬁained between

' h of ,
“H5Ely 00,2 GRER) QLB b by it 0
aidhljfatolcyclimdbﬁcmfﬂh@n iprooflugiieraly achi®adsby euppleingi thy gaseous

& gedstock and/ or production process used
e‘?st SL2IFEITEFAI LED DESCRI PTI ON OF THE

EWBQI)I I\/ENT;S hydaEh fpetoh Bep RepodicahRiiaas 2i NdhaiRthormally

x ene %ﬁgxéger w th the derivatives thereof, wherejn

I8¥h3 ROl FRCIRSR A9 the SIGbIomPEC Prepprfieps fsauired for
tth@ deSifdaR&Stiehe b 1R Ricldtich ™ altBougdhysn¥dll Vatfatidhs EAEhE made in the
production by a process |nvoIV|ng

t he
deighiemeg raigif é)‘n‘sd’FSIH“é’t 19-predugesa \mzrcoaaalws O doeontaining
NREShd@Natht speh@W THe mty%%eﬁ 26 Ectidn sbe?ﬁéqﬂsddcla@namfe%%mm

further .involves reacfing at "| east part of
Hy seayemenhpeldented inther presepen pdraobifendtienel %alyftecppmmsmg a

Qﬁh%ﬂ dbRbohdR; mfeﬁgf@bi ¥rahSRHRAHEGH o Jogﬂiggﬁd RERE  %n an

fromthe sanme atur gas stream to pro
inorganic support. Suitable metal components comprise copper, iron, vanadium,

chromium, zinc, gallium, nickel, cobalt, molybdenum, ruthenium, rhodium,
palladium, silver, rhenium, tungsten, iridium, platinum, gold, gallium and
combinations and compounds thereof. The inorganic support may be an
amorphous material, such as silica, alumina or silica-alumina, or like those listed

for the dehydroaromatization catalyst. In addition, the inorganic support may be a



addi ti onal hydrocarbons which are recycled to the

dehydrocyclization step. In the case of xylene, the
w@e@cassef urt her i nvol ves contacting at | east BCPUR100T0M2419

of the benzene fromthe dehydrocyclization step with a

al kyl ati ng agent, preferably a m xture or reaction

product of the hydrogen byproduct of the

dehydrocycli zati on step and CO and/ or CO coproduced

with the methane. Depending p§ the alkylating agent

enpl oyed, the al kyl benzene produced in the al kyl ati on

step can be one or nore xylenes or can be converted to

xyl enes by proces es wel| known in the art, such. as
i< ing é{lqtstﬁa $1¢Hh 8%, PICEROZAUS %Blesoporous crystalline material.

B HRALRPOIPIraRAt | @Pstallil®28hattra® dasslaidediier Qiluinindsificates,
nmet hod of using the neasured anounts of deuterium and

1%@moeb@$maieﬁ adndar sihigpalumigaphesnhatasn Bsteducaboxye afor  the

&roE9cli S‘ﬁbzit)(ltyghe type of feedstock and production
process use In i manuf acture. Specifically the

d0052]t s dhedwdragenugjeatieh tSTCte arod@ee wethane and/or ethane can be

CUBHELETELA £ JREL ESR SLARAAL AL SERAMREAUTRAC o

arona
thOCJ@hsiﬁ:hcnsyl(SIOF@ as |500°(0,ffor1 axample IZQO?E #0090, gpndsagt ©f 200

TR0 o St 5 R 450 2507 KRR A e PBGt B vty of

(e lte giogo0Eirt a sechasyl 1 rtetlt(mmehrdn dCo)a coRvdrsion| leydlo ditcgpically

AEBRPoR e OB S0 aE PR, BTAIEEE SOl RO R than 99%

XPHi& RRotBEmiib GeadtioBthay Be RufriddNowd aA ehdtiplehéatily@ At with heat
process i s intended far use with a natural

f@@&gelo'awe% fdie I aHLILPRY thy leadbhed( may %grﬁrs@d at higher

Nefpédturéfto ma%Rhiza!KiNetfeORtR! dhdCie e uéuﬁm Haydoperated at
ethane in addition to nethane. Ethane and ot hér

dpwsh@mp@rweﬁ caaKnse heanodMAMRCHIVEEOR: in t he feed

f c I [ o) [ .
0058 - 186 Sp prBARE o e kEhcklB o€ iR, fiBending on the
add2:GOr Imblar datm;umsélanheﬂbme et highediabsands, togathet sattheome

i CS s either. directly,.

%g%/tﬁéattegp%/ g’r“gg%‘% lzngc!r%ﬁﬁﬁ% e pIRo:ag:ﬁnér ?oené‘% P§mta ﬂb%‘%ﬁﬁet&tmn
cnfmhe rcarbmn ﬂloxfdpduoowbdm msonoridens preftrredenAfies eexhovah of the

r throu |l ation of the aromatics praduced..
0, e AR AP miaRidey ey SisBHEY SheEp Bt ARG gieher
siydfacarbionp Waint be fedr diraztiyOtot tHei detlyldyoddchisftivn ktep to generate

t.hanecont ai.ni ng streans and nmay be renoved, or

E@ﬂﬁ%@ﬁl?BH?B&PTgygs , prior to use of the streans in

the process of the invention. In an enbodi nent, the

f e% tQ the gehydrocycl i zation step contains |ess than
éﬁ—ﬁ%ﬁ#ﬁ@?—@%ﬁpl e less than 10 ppm such as |ess
t{basu] L ppm estherdimbyidimenalic &Parogtn fdf;éctmm@aimﬁpnses reaction
[0031] In addition to nethane, the feed to

b1 drast part; ofathe drydsesss Wa‘yedifhwwﬁyﬁtzatl%ﬂﬂl&mé with carbon
Y SHAM R accbRESY to 62 rﬂ%memfmerdsme@& t6 PrdtRize €,Q8 I El&pard¥fins

order to assist in coke mtigation. These additives
@ad obfinsnt r oduced as separate co-feeds or can be

t ;
TREEN", |, Ihe ERENETIIPOS, SOEAIR wEl 0B in Y o KBF R Srample,
doBt BatilNg. SIBSIB2danuix 5,043,604 merorzwated derofn byareference. The
Fﬂrgcﬁféj ?ypnwl m“"/oijvegt{x lilgacﬁg S'h ldrorﬁeﬁ a'&t cdﬁh?%dr 2%ie in a

Ahd
arndsi;tﬂtamde)f . 2 tts 4 I Qﬁéﬁﬂablynl Srleto@nﬁmdatrmrempetdnﬁefoe‘adST to

L0t OIS 18YL 1E FhdR o £Br &AM A 1St0 100 bar (100 to 10,000



carbon di oxi de and conprises 90 to 99.9 nol % such as
97 to 99 nol % nethane and 0.1 to 10 nol % such as 1

wo e003/1msbd9 CO . I n another enbodi ment, the ferdr/us200e12419
dehydrocycli zati on step contains carbon nonoxi de and
conprises 80 to 99.9 nol % such as 94 to 99 nol %
nmet hane and 0.1 to 20 nol % such as 1 to 6 nol% CO.
In a further enbodinment, the feed to the
dehydrocyclization step contggns steam and conprises
90 to 99.9 mol % such as 97 to 99 nol % net hane and
0.1 to 10 nol% such as 1 to 5 nol% steam In yet a

further enhodi men the feed to t dehydrocycli zation
s ’%Fﬁr;f[iﬁsloh@a‘{%%rﬁm(é te i KB, mothe pressmier fpp fjscher-
S’P&)Eséhs c8alyk0 RHerdl % sippobed SranfduPpoktedOGESpWIITS non-noble
such as 1 to mol % hydrogen. [003 The feed to the

deRiplccyEe: iNiaRuBnCe . wih eRIVItPYA PoMCieT o itgnium, rhenium,
MY QGAT ARBAIUN 2ftalRI 2NSuppoRs! UHER %s8d,08H! bE refractory metal
hydr ocarbons. Such higher hydrocarbons can be recycled
f exidest puchhyad Cooem IVB;, ast.i anigt eppcomigdernd sitisa,salpang, eor silica-
CQ: dsy ol C e [10ct € . h
e e g e g R e K e
geabaltee duthehigin ipréferbhreatianwithgbew hmdorf zigenium as a promoter,
t LhLogen.rej.ecti. ' LNncl u
ZI R LS SRR, FhRB S B Gt AR PR, G
pi0d86) ndh ahythér enbddissnt, shediydascatbomrsyhthesis chtalyst comprises a

exanpl e 4 or. | typigal ly..3 ss,car bon at.ons,
D el G Cozn b B2 o s 5055 50 5L 1888 Berated o
E%Hmbﬁitgﬁghﬂﬁgntt Mtiﬁzé%?@ingaﬁhhgaﬁqﬁleﬁ&%%dgaﬁﬂ | nst %An ekample
+ rocarbons. D rocyclization [Q t he

o‘éﬁﬁ’&g GRFEPTSS At F‘Eﬁ‘?%{%b“ gf'}/d{" H’é%’ gwg "B’(’&% &k &’Zélh'ez"o and
NesArasn @a&@f}?ﬁfoﬂ!tﬂé THORAShREEn 0 .S?)@éHsatﬁ?oe.giqmat By@ocarbons by
dehydrocycli zati on catal yst under conditions, normally
ntase Serss AndgERSndhem dies: dR38.p3 of Wl Ani2) Oy tgatoRRjed herein by

cRRdiideons, effective to convert the nethane to higher

h%dr ocar bons, including benzene and napht hal ene. The
pl00AE palThedtischerrdronsal lignids! vedCarte agesrerovarediand hightgases,

M R0 S50 R e A B
;ﬂmaawr deydzonattnsdi @hiedeeavirat hydrgcaseonsr e:ggenlgin hetieeovered as
| BSTRE L8 A KPR b AR Sl aromase
(Predwdts.on 4) but negatively inpacts equilibrium by

i Ng -0 ting net.reactiopps,., such as; + ;
oS 5P 7 HE R o aresgad fafied R g Histhe Tyneneh rbaebon gpm be
t previded wettoblyya partly ibyrnthe tearbonnabhisiéda ptesefteihadridofed vith the
4000C to 12000 uch as 5000C to 975C, .for anple .. .
B0 orsaane fost b eStaen oo o tarsrogust ib dts dabaSReyekpation
agtepl OIftrequifed, kddtiodad car®¥A Mdrdxhi dahdetgene@fdiyafeadifig @arbon
GoRidh cSoEH, B SRR AhpAUrel 825 198 it fatalyst whereby carbon
GRBNORE ERtPryduckd By A I EQE Watdr 2as SRt rédc@Bn! S conduct ed
in the absence X O . [0037] Any dehydrocyclization .
catal yst effect¢Qetth convért nﬁ%éﬁ‘éq 0 (Reaction 8)

and by the following reaction:
CH,; + H,O L CO + 3H;



aromatics can be used in the present process, although

generally the catalyst will include a netal conponent,
w@arwiteasbarly a transition netal or conpound tPer/E81007/012419

on an inorgani c support. Conveniently, the netal

conmponent is present in an anmount between 0.1 % and 20

% such as between 1% and 10 % by weight of the total

catalyst. Cenerally, the netal will be present in the

catalyst in elenmental form OP as a carbide

speci es. [ 0038] Suitable netal conponents- for the

catal yst include cal cium magnesium barium yttrium

| ant hanum_ scandi um cerium titanium zirconium
h%k—ﬂm%ﬂ@ﬁédi um ni obium tantalum chromni um

nebssdenym a t gt RhbdARNERNARE hytRpeh U l](ec'tﬁ)ii'lnstep comprises
rut heni um cobalt, rhodium iri d| um nic

panqtioni efngt léwm@rt ofsthe\hydroggn|in the ﬂﬁbyqrammzﬁm effluent with
%}ﬂd o ondki il §9 Brodigt ran,L Y al}c%l%ur%q%lt%ti L}lﬁ?}d methanol. The

bi smu tra sur ani Um rreta Cor‘rponents
rmydlkmwprdsmethannl aid othet allxygcnamsofromlssyldtesis gas is also well-
OIRRUSS dSYFHeT, UL ARl D SN 6584 396 54,497

al‘one or
COT,03%; | 51045, E’B(at s,amsa@;dsmmzom a4a6668450 4b4§51,&%d 45565,803;

oot Phahel BeRopiate o nBPisinMe SUEPOTECTa)eE BV fidrencs

ansqgm@usw yithysi$ gas Ieﬁ?l@’éfd lgﬁ. @aﬁbllalf: Whte oﬂat,ydhfgear(ﬂz) to -
oxl de I or.nitride o al um num si
3 (&5. S0 theanes A °8hP<§n1 ng}aﬁgfa?rahl.y in the

rmﬂgbeaftﬁmn PN GRNGSE with @itbok |di6xid€ dptibhdlly BEhERRES in an
yttri un} zi rconium niqgbium _ noly bdenum | nd| u tin,

ti’é'?‘?‘l!:‘ﬁqo nefrareaie than ARYeRYUNFiEkle Pristhonitadl weighy of the syngas.
{9068t €N The rcafa&ﬁ%sédrﬁrtﬁy hrifHanBl a}mmﬁmcése géﬁ’é}hl‘l}'r Bleiudes

the support may be a porous material, such
rAncexige of s leasy one leldmant seleeted from rthe mp@ﬁw@g of copper,

RVEL, | A, lﬁﬁoHsﬁEgg&fl{ﬁh”aHi‘rﬁPﬁfnr 'Uan’t{?EL 8: nanmiﬁﬁﬁéﬁese

to pores having a di aneter of [é&ss ers
vgalinea,palladiuire osmiume sug sireungim éifoelvsmemil)p dleesatdiw n:ng c@pper

f from.2 t0.50 na noneters 0040
B Thatl, suShCR 8P o, STEGHER B iy B bl e of
ainumlde) oif lat dedse sne telenseno Stletted tfiem s&lllvdﬂ)’lzﬁm:p h;o&ph aha|mesium,

| ophosphates, silicoal um nophosphat e t thei
SPEE VR ey i R e e Sy ARl up Somhium and
lmbmdm mM@bavéritlyh divd SfallyfrecontafEvepger loxRSarldHin oxide of at

Elgésg:o:ne %g%taggq%él C?xlglztm%gmwl e ZSug/LnI Ll)lrom'}{llrrxv and
Zldbdiam. FEhd embodiménlyhBS inetidnd] bghtBesis Zaﬂrbﬁﬁ); ,selMﬁW from
( MCM 22, PSH—3 SSz.25 ERB-1, 1TQ I,

m/%w qonRisting gf Foppsy 0Xdss, Zingpexides and qlw% OXIRFSI More
(pﬁeﬁrablyzﬁ'l@aatal%oﬁﬁuﬁ oxide8 @ tbspp@hdlinc! TH (€. 9., '

g ., nordenite), FAU (e.g., zeolites X
100 lt r adhamg haz’easwt%ﬁw RIBEASE F7h Pe é@iﬂdiﬂftedLGWEr a avide range of

Zt@rﬂbéx{aﬁééipa&dl Ms(xi?esg SultLl;iQta‘g%eraMﬁg AFO % cgf) Ofrczr%i'SWC

de 475@1"(13 alschras efrqnalls75§mdh %ﬁﬂ@/cmresxarmm&omlzmwg to 300°C.
SHEEE présslfel s dn e Fage of Ho® 1300 (5120 1cp Yigh b srom

i27000uicRa 1oCNG,AQ0 kKRA OIS amidih/R 500 kEPSNb ﬂGS(HIﬂCPaSEEaS'LEourly space

[ Exammql es .of ref ed cat al s i.ncl ud

TS5 les VAR Berig e on 116 VPR T rptaks Wiy o oo vt remapaly the
cmahbmay spes velveitg of flow of Pk throsgh theaatilysdbedrisiia the range of
from 50 hr'! to 50,000 hr”', such as from 250 hr! to 25,000 hr', more preferably



[0042] The netal conponent can be dispersed on the
i norgani ¢ support by any neans well known in the art
W@ o@i/1&86£0- preci pitation, incipient wetness, PCT/US2007/012419

evaporation, inpregnation, spray-drying, sol-gel,

I on- exchange, chem cal vapor deposition, diffusion and

physical m xing. In addition, the inorganic support

can be nodi fied by known net hods, such as, for

exanpl e, steam ng, acid washjgg, caustic mashlng

and/or treatnent with silicon-containing conpounds,

phosphor uscont ai ni ng conpounds and/ or el enents or
npaunds, of . G ou 3,and 13 qof the Periodic

THER S0 R HRAPL B sJE*HS rEiheTRG Feastian migy beagried Pyt dn either
aioledl of MidiYed afels, afchidigy militiplRe cHHRBO bedARANIHREE Femoval

or enhance access to any 1 nternal pore structure of

t*?'FéW%m%‘Ft In ?%'4‘3} thhlsad) éh‘}‘é} way bF iopefeledpt Sighgt femperatures

t I t o) I
f eegﬁ&m{% hrgﬁ%l e‘ﬂ‘gjdr ocygﬁ?l g@tglgg n&tggt Eﬁ )I}%Eerﬁt%d oartl e10Wer
dempenabirés tx:erla)bmlze thqugnbew anvérsigndi zed bed
ion , d '

8040 TE8 18 uaEE Aol anllBF e SLREHLS caE ARk dn the
crdkylakior \stdp 2kebéredc htlalwy 30, covhverteitine tHeazéree c@n@atcd in the
f eg\/\%roc 01nzta O Wt rert]ct) )E(ieg heogl ra%c I Ofked f m)v%gr%stoc for the
158’ eﬁ¥ rocycll?ﬁt €isalys‘f ¥ n"She*eifoo
tpreductieatdf dowerosiefing miwmwaetbﬁbmd ampiopglene.adhe rcpnhqrsmn

nmeant. a .verti di sposed, react or i
ik roruatol s cisfin iy 6w kRapdn BroBEs febis: FicB epibed in
Ne.&C PakntNg. 4,499)82 7 Milokpdhted heiéid By felérghee. cat al yst
bed, while the feed enters the reactor at or near the
base of the reactor and flows upwardly through the
itign Ded. In an alternative enbodi nent, the
reactl on_zone conprises a plurality of

J8063s - c &naBe ewhodimant Pt the nresent RERCEHy 8t leastartcef the benzene
R2bducel! @l theCalBYRYcliAtioASEaH ¢ shibjeOBE 8 z{rPQI]dy@.ﬂloBr a8 to

one reactor to the next adj acent reéactor in
sonvers thaperizeng disedtlyeet indirgribystedonetprongte @derl%ew}étahtwn of

tﬂ%ﬁzén%al%t WEY léngwrngﬁl {t?lﬁe L fa#m?g t 158& krwalme[sqgaélon-rgpan olefin,

or conponents omt
c@mhol ocr 3lklyl lzdtdlemdsﬂsr.beazcmehy dhe)g:emr lispid phase in the presence

AR SRS S AR Y S P YPRRT E° tose

Wa¥ingsa o(homsamt Ihdaexs bf ]ZC-)IZWta% ddfmed énads. ePa¢nt| Nas#,026,218),

el e fnbhe HERemPral Ohe POEEan ers prd Fhcaio),

aviBlatd &, ZSM:}S]) MThe (elgmzsmcmoj iroaN i(@p., asmen MTT (e.g.,

D Mes, G- AU e} (e 4By 5zt os well s

aﬁga*gﬂoee ébcﬁht&shlﬁ . dlaste q&mﬁgn N Cohstrdifib nfde;ardlilr!assl thah i2)Gach as
t he r.oc zation e nt streamw nt ain
|"Raten ﬁ?e ?Pﬁ?ﬁkéyl’?sr%‘%e (B8 7G0tejbgt aédﬁg .werfsﬁw 3,
%smrm a&reenml X, 'Y,NgRrab@bited Yhﬁlcf Qeslumiiizdd a)f IMOR (e.g.,
effl uent stream are not included in this calcul'ation.

[roerdshitg)nMeie (@b S§MrBh MEF (a:81eZ8My b and MW We( Y22,
IESH 8COYLPSIERBAMITHE, FeOVIINENLEE qubwm%}‘ﬁ henf-s6) or

exanpl e, by solvént “extraction foll
f[Pee4li ondn Pom embpdisest of g miesdnt Procdss banzrad it edconered from

gﬁié%lgg?%ch'cﬁiaﬁtog% H\?M GhE tHed Al fated! Qléﬁ%ecﬂeﬁﬁ’ s4bh as %thylene

ste ore or after product reccvery
prodhsced Hisgher bygireductrator iaal Bydrogerh agjestidnensisp ‘employing

'y%gggﬂ}’nmgﬁémmTypical conditions for carrying out the vapor phase



[ 0046] Since hydrogen is a major conponent of the
dehydrocyclization effluent, after recovery of the

wW@e@nadises products, the effluent can be subj ecPerUSZHOA012419
hydrogen rejection step to convert at |east part of
hydrogen to additi onal hydrocarbons, which can then be
recycled with the unreacted nethane to the
dehydrocyclization step to naxim ze feed utilization.
Typically the hydrogen rejeci{g¢on step conprises

. reacting at |least part of the hydrogen in the
dehydrocyclization effluent with CO and/or CO ,
referablégcoproduced with the feed methane froma

rrdieiatian ghbenzepe xith ethyang He&ﬁ’veﬁnfeéfrﬂer%rmetqfeﬁwyﬁQg@n900°F
(?m?% 148D}, (| | yﬂe%kQG?%nﬁbQFh% RARBHO DB aﬂ@b% 2)0 ,800 kPa), a

nati on, I scher-Tropsch rocess

sWiESHe basedain @hylene 6F froine B5010s2.0 gar tand (@ mplfwattetqf depzene to

aﬁﬁlg)flg eho“atjr ﬁ'o(}éx LS H%/p%rase( Al{(%lat?(yrg&hfe%&e%ltﬁ étgpltene may
ns, par af I As an or arona

rt&atctmmi owtratGi tmpbryiturebétWeem BD@mdsm(lsmhesoom)epspressure

perbest J S e W Hees srgibilne pf Bm 0.1 t0 20

emlaaa 8nd18 ratioVfYefzend to &ﬂ%meﬁél@ﬂfr&hneﬁm 31| oved by
net hanati on to achi eve high conversion of the H2.

[[906%] TFpelerably the derpene hydafiogeisspnduied fpdeTopfelgast partial

NEjuRE Hhd SdrfiRtios! dsiffeRh@iyRt ea,h?ﬁ&hg St 36t BheoFBoeliteeta,
whi ch case, after separation of the Co-produced water

taelitso s | MIEM-22y BISER3+ §SZ138, FRBrds JTR:Li VEQRi2od TR th Z8M-5
Cﬂmgbepfdm_@omrﬁdm_%par affins or olefins with 6 or

| ess carbon atons, such as 5 or |ess carbon atons,
fl8Pealanp Thes benzenes sthylationn can obe egndacied Rebsthecasithonl the

ﬁ(%/eg rocytfZatio P&o@éy? E’é}jg%g)?lng&ﬁc&g %q Y& %eﬁién&l?: be shipped to

oge reje Ise aronatl Cs
paiottieo hogagion d‘bxecbrtvgersxdretodethylbemel rﬁmtmmmast eqhylbenzene can
RO BB et fed RURiehiOFS vty Arimin ¥ 2 BB SR oo
T B e e hikplating abnt is
P bhariil or dmerhulasine (DM 46 By oGt Sls e EaitBieatiy £ Gected

eih n@&ép&dﬂ & GOglﬁrﬁﬁlgf Hrddhité, RYcHIBE ZERRS! ie@ﬁﬁ: beEIJZTQ 13,
actl on

(M@awzoww 4[9@5§ I#WM%%N&P%%W %Ségfréé ?%d 28M-48,

GRS BheBldnymBdikd 8f sﬁeaﬁﬁ‘ﬂ%&cﬁbs ©Basave ta' BARIsfOParameter for 2,2
preferably the sanme natural gas stream used as the

fdedthytbutire @fe(hydﬁosty whert mmswbds |at a\t¥reperatune of 420f¢hand a

art of ane strea
8 S5 miebubpe nu STRDRRCGRPS” LM< PirsE ST shlEve to the
Iprddutidn Oofl para-Rlanengndfist dEScnﬁ:lﬂsl’(bﬁm fibir Oeotatiepl€, 0Sa Patenig No.
S nd the d drocycli zation effluent is
éﬁi@@ﬁ%ﬂﬂﬁwﬁa‘ﬁ?% refYrSRISi ng t he gaseous feeds
t[o0é81e | Wrére Gﬁetl@aﬂo@br BIME li©tised 4811k yIBGn g 4 En® &€ the process
g}#éectl on _step tq produyce nethane qr ethane normally

heby)é'cxéthum 13 lwd:frgyl £d 23 3 s¢parate fged te the process or can at least
?a?t'lﬁbé Qéfﬁtrz{tb@ iP$iRPSY iddi&'igsa EQHbN Hﬁﬂﬂeoéonhhﬁmg% @ag such as

eacti on or Reaction 7, although small variatiaons
capatyal gwepﬁl, {chart or all of the effluent from the dehydrocyclization step.

In particular, the dehydrocyclization effluent, prior to any separation of the
aromatic components, can be fed to a reverse shift reactor and reacted with the
carbon dioxide-containing feed under conditions to increase the carbon monoxide

content of the effluent by reactions, such as Reactions 5 and 8 above.



stoichionetric ratio if it is desired to produce a
CQ2-cont ai ning or H2-containi ng second effl uent
wa@togamsedhe hydrogen rejection step to produckCTEsivane 2419
or ethane is conveniently effected in the presence of
a bifunctiorial catalyst conprising a netal conponent,
particularly a transition nmetal or conpound thereof,
on an inorgani c support. Suitable netal conponents
conprise copper, iron, vanadygm chrom um zinc,
gallium nickel, cobalt, nolybdenum ruthenium
rhodi um paIIadiun1 silver, rhenium tungsten, indium
pl ati nu li um and_conbi nat i ons an coggounds

t[§80Yof m'-‘Tﬁédll“ﬁBf petiage snd fdPr 2RYYT pEamnma Q a reverse

rmfe kéaddtor 18 Lgelﬁeﬁ& $irldaS Ihiéll Ui ARnObe méd:amﬁl #Pbidn of the
or like those listed Tor the dehydroaromati zati on

cdehydrpsyclization ¢éfluany o adist itheo Hg&r(P/E Qoursbios tas rigquifsd for the
%ﬁ}i&tﬁcﬁiété e material, such as a m croporous or

mesoporous crystalline material. Suitable porous

dP9Zalal | Mypicaly,etheateyerisa shifti ecachs ointavisna siatdlysteosprising a

SLATLABISER SRS L b BRI ATIopR SR Lo i,

rwxdrnsgcmerataj eoadérocomsiitgmstiocipdimgue eenmﬂrm ofi300%} to 1200°C,
et hane uct ed ovier, d of

CHREAT SR BBl ot BN 0B S e P hressuag g LiPa to
sm;oooa@al QMQstZJO(}HDBEﬁo rmomkmmxeexaﬁ@mmaﬂ KRB0 G,000ekPa.

S of 200, kPa to 20,0 kP, such ,as, 500 t o 5000

o B gt JRIOCHES ey A AEPORhe BPGH SfE DS of grocess tsed,
Tout g@&rlﬂlny thesdas hoady }%dce vE1de offi flow: of(EaR t&@ﬁgﬁ?ﬂﬁd datalyst bed
levels are ty yPl cally between 20 and 100% a

g dn dhagmpediica B 10200000k s Sugh 8523 B8 85 25099 wygmore

THeRrBIPSRERN to 10680OIHON My be carried out in
nmul ti pl'e catal yst beds with heat renoval between beds.

|IHO'éHd| t iTha, ctflent| Bam Hhedreyprseashificeagior samdhen bsi flelo an
t t
b@g@gg@ Yedetor Qpé}%ﬁg;nug&e% bﬁ?&m&nsf & Cau@) iﬂeatc{isné 2hdh as the

may be opera ower tenperatures t
rfalowingdooheurnodynanmi ¢ conversi on. (0053] The ITB.I n

producé%(ﬁth he reactjgn apﬁlgwﬁ er and, dggg%ﬁgﬁg on .

bl ar rati o, et hane a
al kane@H@ngC&éer Wit sontolusmsat2H A ed C(Bmi:tihhgﬂ)ar
hydr o addltlon Qne I on
of the%c on 06><| deto ca);71 5on ?r%ngdgde |s°aﬁr qt‘i

ADOE2] r eSnitable cdontitionyefoersuch laa iﬂiej(lhﬁme reacasroeould mclude a
onoxi de n ne ed carbon e.and  hi
poetrs sh 0 in TBEG. aprmeert § i dof auRosnired 1o o 30,000
dﬂ’la)’,CHnﬂca/W}iISVItfbﬂﬂleSdremaﬁ@ hg@oeirbbe o8 Oailt ooyt hr'. A suitable
o tic oduct.s. r Tr ch Process {1 34)1 }_

Yrd v odith S RETR at”iﬁ ﬂﬁﬂr%@ PRg A Copsiraitgindex of 1 to 12,
CsQBIP lab FSMIK aAgpitAlly @gettfer MaBSbndaf meddls tohenétmdéﬂaw suéh as
t he dehydrocycli zatjon effl uent with carbon nonoxi de

OB PTGy @R/OEZWEIIAeT opsch process to produce C2
r_[OOﬁé paP?JféﬂaBE' WHErO RS hR§latibA Latlysl fcludes a molecular sieve,

i scher-Tropsch process is well known in the art, see
fthe lattermpy anodifiegl tpaghangss its gliffagion sohassrieristiss ssugh 4that  the

ﬂ?@cﬂfnﬂﬂ&ﬁt fﬂeﬁhe §Qnfer ﬁ*ofh?d‘eﬁr@)n RRactidie 1 Pri¢ gﬁ?é(ﬁ'lene Suitable

typically i'nvolves the reaction of hydrog car bon
rmoean jofl diffusion modidication ingluge sasting msi ax-ditu o infstugdspgsition

]dfé'ililcoh%o?np%il&ds, %Bké rhgtgpg:[lﬁésu SchoIls ﬂ?l %Fa'ﬁa/or P on the surface

or in the pore mouths of the molecular sieve. Also preferred is that an active

o il |

metal be incorporated into the molecular sieve so as to saturate more highly



4000C, preferably 1800C to 2400C and a pressure of 1
to 100 bar (100 to 10, 000kPa), preferably 10 to 40 bar

w@¢ 20000@860 4, 000 kPa), in the presence of a FiBCHE82007/012419
Tropsch catal yst, generally a supported or unsupported
G oup VIII, non-noble netal, e.g., Fe, N, Run, Co,
wWth or wiwthout a pronoter, e.g. ruthenium rhenium
haf nium zirconium titanium Supports, when used, can
be refractory netal oxides sygh as Goup IVB, i.e.,
titania, zirconia, or silica, alumna, or .
silicaal um' na. In one enbodi nent, the catal yst
conpri ses non-shifting c I e.g., balt or
(TGRS %Hﬁ"‘eﬁf gy %Piﬁ @&byﬁtc% 5’9 e ﬁ%fﬁf%}ﬁﬁ? @8 by-products and
Ziwhief Rb Ul Giferdide AURS Qkalyfldeh&ivaliby. cobalt and rheni um
supEorted on silica or titania, preferably titania.

[9938] | Thenefflvent drase dherealkylation mgdecarldothen be fed to a
mﬁﬁh %e&?&nﬁkry ShiGOR" ér%ﬁx%tle &lﬁzlts V\%’ﬁﬁh uﬁﬁal@rJ be separated

Zn or on the ZSM5 and the process Is
o@@nanhe dl)tdoog}ermdaotéaes lgniridlealar weight imdtersalsfconveniently by
S 0 | S I .
S A, O Tl frofUilEe TS col BEFTR! fpdionitlffinco o
Cﬁerﬂﬂﬁfractﬂm& aoldentSivhchiofas &ls\fsdcsionh and tatheavy fraction containing

Tra r mat i,0 n into Liquid arbons

TR e DRl ThSEs frotisic h PR A uBY then be
| fied otop® rcayadhharcm br ksyrpluehepxeaese to[ Ekﬁﬁ]dte The valuable p-xy]ene
Fi scher recoy ered

R el B remathin Bixed SykudE eitisn S Pcunten ¢ fopo an

OisoraériAdtidn\Wabge to gé&rae mrrat;ﬁfdylfeﬁ@ nThé Qolh&&,\/frﬁcftlon could either
can then be

dr ocar hons Vi er rocarbon
BRPRY %sssad?a&% @uss’ P dot‘t e a'i‘w&?a%cry%qt?rza{ feghto a
Stbﬁfénéo disprepaidnailst t vaital AAONPiefrablly0dUCt SeledtiVES Bloluene
The carbon nonoxi de requi red for the Fischer-Tr opsch

risRrepRHoRg P ios therreparpinn 9f additipaat pyylspet he
carbon nonoxi de present in or cofed with the
nmet hane- cont ai ni ng feed and generated as a by-product
iFﬂ!ttheerﬁfshiwycl i zation step. |If required, o
i on .

97 RSP0 S GaRH S SFOFIALT Bl AL e
treceveséd ffor saleaby somahahb ghemichlsn onmian xbel subjcted to further
DBEHRE PpridiRc LRURT AEIURLEL 838, S0 RN o hampie,
rtehehe,o nethgiiénzenkel? Osene, Shﬂﬂrstyrbmé Syh‘dnbESI and 0658']3thylene

cBrepindlale 35 A8 el Atiet PE wBYE P BEvgont Rk i3 Bfhen puch
tdse:ydbhyxhuamyldlnym ilo lembfe Iappmbnamdt thatg aemﬂmgxnmhle @eocesses

roduc ohoI S art.icul a .
1R afoProdfe st NeDs e HaADE HAGE offefetsin the novel
mewmm asd Pccimts}ymlbmuﬁo@ afthebetarR ane ixlylenevh tirrifvédrion.
described in, for exanple, in US. Patent Nos. 6,1
14, 279; 6,054, 497; 5,767,039; 5,045,520; 5,254, 520;
F;s edMstrivucfomd, 945; 4, 455, 394; 4,565, 803; 5, 385, 949,
escr i ptl ons of which are incorporated herein by

rleﬂzzﬂencé“ eTdipribution, of tthe isgtapefedewerig andp| Gy Y apsasnple of
Bngéne’ &t kPehd x@M&H@Qﬁﬂtlf( 'd%}in&? ify @érﬁgrbfofﬁ'e dfive Qge"'fr&Q the

in the range of fromO0.5:1 to 20: pref erab

y
tradurala pljindgncet ph #ﬁlzmumpm_lhydzogm tﬁﬁd%mw and)thel @lwergence
Hdrh MAtMrap%d?ﬁaPJee&e% il nC?@(” C), according to the equations:

6(deuterium) = (R’ sample/R’standard 1) x 1000

where R’gmpre is the ratio of deuterium to hydrogen in the benzene or xylene; and



wO poorhesset hanol

anmount of not greater than 50% by wei ght, based on

total weight of the syngas. [0060] The catal yst used

synt hesi s process generally ipPCT/us®e7/012419
an oxide of at |east one element selected fromthe

group consisting of copper, silver, zinc, boron,
magnesi um al um num vanadi um chrom um manganese,
gallium palladium osmumand zirconi um

Conveniently, the catalyst is,a copper based catalyst,
such as in the form of copper oxide, optionally in the
presence of an oxide of at |east one el enent sel ected
fromsilver, zinc, boron, nmagnesium al um num

VBnadirung therrete uph i Mghidls abundanes @ dgteriumj ignthe natural
O EnHINCRIME helifo R (Which @é&ﬁ%ﬂieﬂéédﬁﬁ/&.%@?&t&wﬁ

contal ns copperr oxi de and an oxide of at [east one

el enent sel &C1@d fronrzi nc Rimge@iumma -4) 1APHUm

C ' L. i kA . Igﬂglsi t
n&bﬁanof“@%t eé}sﬁrng%gataoys u:Pgh%se eég%e oM the group
cCRN&iesd isnthe ofitio of tirenaturel demdaacanef BC wethe anatirall abwndanve of
oxjdes. .More pref.er cat al yst contai ns oxi des
ofbg‘é‘%“:&lsﬁﬂ %?ﬁ?lﬁ?%é“gﬁ he net hanol synthesis
PIOOTASS anspreadsherduaiodel ovar davelbpkal rtandeteafiine the isotopic

SRELA ST SRR IHAGE ok LETRRGE bRt s

t ongifdftionsf ah afﬂXcaﬁEﬂh B vﬁefscﬂi}slﬁ?&?ﬁ‘aat ﬂg 3%88&& piﬂiti@%@g%cgrred
pressures.are {n the range o rom1, ato , 3
biinecisertions. 1Al meEswmeRBAoleddodER fﬁé,'ﬁr drutestung °C
20n0éhtd S enkéhe/and08/1¢R%ure fRAAe AHE | High RABRitIOR IRAsk kpRErometer
vary dependi ng upon the type of process that is used,
bigehri@iss gl knovsm Ygartthour |y space velocity of flow of
9%%78]hlr oyga %ﬁn%aléﬁtiﬁﬂwt’s?'tareb% Etdgic [ddghpgodftdRs AUf heOMturally
50 hr' 1 to 50,000 hr. 1, such as from250 hr 1 to
2epobpically opcurrpgrspegieedsdistast ipfabla 500 hr 1 to 10, 000
hr 1. This exothermc reactliagfbfray be carried out in
either fixed or fluidized beds, including nultiple
cat al yst beCompanlenbheat re belPeuterium)
addition, the | ead bed(s) t—at—hirgher
tenperatures to maximze Kk n tgﬁ@

e
beds({ Geolvgic Metaper at ed at 0-250

tugss |
maxi p—ze—thernmpdvnamec—con ] The
resu

ize—t-hernpdy-hant
GeptesttHanol  and/ or es “tan
in t NRaphfeyT ati on step descriPed|beligw o 5omVy
benzene generated in the dehydroayclizatlion st
xyl enes, or can be used as a feedstock for the
Plogsct i Qﬁuﬁgng BRE BhipbiiBSnalPARELCH P e s;ﬁ%méhgé"@m@@g the
propyl ene. The conversion of nmethanol to olefins is a
wedtopienepmpasitieme sfor hanizeng, and xyleresyrreducgd dur ki iprocesses

. | mcor por at ed herein by
Hg%grcg%ggagdﬁ@yﬁrg?ﬁ%ﬁn%%agﬁ B’I n one enbodi nent of the
present process, at |east part of the benzene produced
in the dehydrocyclization ﬁ%ﬁﬁi‘os subj ected to an

€ ‘benzene directly or

al kyl ation step to convert

hoval 6(G&)ween

aoanar-at

; bha

netVc|r g
| ogeer |t ergoer g

rer si-ofh—-0064

[ oo

ot heY ()kyg%nat

be~use

PTL1607€

Ep tQ

ibndi rectly Colmlpi?eﬁt nor e >P<\yl eﬁ(e‘éC)ﬁl ky _aﬁ'(]ﬁntafium)
enzene i s we nown in tHre—artapd-typrealbr——:

i nvol ves reaction of an ol e;[i"ﬁ’, al bl | ofow, ﬁylngh
hal i JeBenzEde frHia Nehagne 11 the das -p3 T| quisd phaseol 1
the dresence of an acid catalvst Suitahble acild

cat al|\BangeneEomddethars um por€0zelol i-3@s (i 450, |t hBs@
havi )ﬁgﬁé)ﬂgﬁlr@;ﬁ%aj mdex [of 33- 12 ag3 def T ngg (M Yo
Pat ent . 4,016,218),




including materials having the framework types M

(e.g., ZSM5 and silicalite), MEL (e.qg., ZSMI1l), MW
W@ e00g/142886M 12), TON (e.g., ZSM 22), MIT (e.g.PCT/US2007/012419

ZSM 23), MFS (e.g., ZSM57) and FER (e.g., ZSM 35) and

ZSM 48, as well as large pore zeolites (i.e, those

havi ng a Constraint Index of |less than 2) such as

mat eri al s having the franework types BEA (e.g.,

zeolite beta), FAU (e.g., ZSpA3, ZSM 20, zeolites X

Y, ultrastabilized Y and deal um nized Y), MOR (e.g.,

nordenite), MAZ (e.qg., ZSM4), MEl (e.qg. ZSM18) and

RS vt ooy St e AR e

abotbPR dohfsitionP Weee 8 culRRA 28N &hé Enﬁﬁﬁ@%ﬂb@&d 60 thé Nsrocess
dehégr ocyclization effluent and then alkylated with an

otfetednvention apd arshowaie Tablsduced as a by- product of a
hydrogen rejection step empagy N9

et hanati on/ met hanation. Typical conditions for

carryi ng ou€Compenenbor phaseal IWI’GH on pf 6@Reutexivm)i t{h
et hyl ene include a terrpercrt-?j—e—oaf TSP Lo 19GR0F
(343 to 482C), a pressure|lo Ot nosJJ rit F%‘VBOOBHI i g
(100 [tBen2éne800 kPa), a WH$V 4sased op4et hyldsoe |of-260o0m
O_Stn’)ﬂhriandan\'\l‘rafio Of hen ana t o
et hyl FdeRs from1:1 to 30: 90 L qu’?‘g pha’s4§0aI ky1230i dn
of berHRFEgeM Th et hyl ene nay_be fcartt ed| oufspat| a250
t enperature het ween 300 and R'—'»()Qﬁ: (1'—'\0 0340 (‘)’ a
pressure up to about 3000 psig (20 800 kPa), a VWHSV
bassH on 1eLEY e0le 8fit i raQéHand]thEtothg gexliE'ené- 1s‘3t§}gd1§:eHQJyea process

rati o of benzene to ethylene of from 1:

[iI00¥9E¢h metifane @ﬁoqle}wdmeclwdze produce ¢ Ifigst e@ﬂuemé s%em gemprising

I . .

e 2in B o opl e RS B e P RO scam
zneo’carite;i wmﬂvcm Zﬂd/oPS}GDz?,to BRidups a $eRBnd efflupf) IstrearipaRing a
TR ARGR st s et b e eR chd8aP Rleolpeq witn
kb Yialst eEfhadnit zaéarmrddd)aﬂ legepart of &etslecrmdmfﬂaeﬁ st:emntih eecycled

en n be.shi pped tq anot her t.ion for
3B 8 SO Rrca AR o o BETEPHE FrRLE it et BoRoEes 2
CsfedtEr@iin Pealu e 6fRES &AM -P50, FeéhagiRsyhah 2600 Y6t éx@mipleless than
art to m xed xylenes. [0067] In anéxt her enbodi nent of

t RE0pTus &stless Bar s280: cRRvemylyess ran g&M of gverkiais g -300
OdndCHad®E 5P VaRie offeiteP ifhnt-B9, silck Vas Bréadér tatne PS7,Sor example

conveni ent Ié effected in presence of cataly
c%" ﬁﬁ?ﬁ drap g5 %Blaﬁt%eat%rdé‘ﬂn a3 Z’SWG““%B’O&‘F?‘@T H@E‘a 31 or even

Gtdr3thatid. ZﬁorWéﬁa @Mbl‘,ﬁzenZ§% 43?;3 M@e’zof greater than -
M 23, ZSM 35, and ZSM48, which has been nodified b

Y6 anethes grsates than R4y Por expmple greaiit MianaAdt Bichagereater than -

HaTRb VNG e dr tHarl -3h0orSReR gréﬁtlﬁ%z{ﬁe :39UFSHically Athe benzene

tenperature of 1200C and a di met hyl but ane pressure

afrod@ed s a(ﬁmsenunsmeaofpgrea}es@an s4 sech as\greater thae -44

I S
b EREhiIE drchler IELE4YY S%Eﬁgg%%slfi AR %Eﬁa%déﬁ“ifés?tﬁf than
b¥10 ef evargreatef Oﬁﬁ%owl@sm&( Fenoklugrof MdEth® -4oeichss less
.Fana'i‘s‘/ i Ahpfefess Ll 58Sl as fese %a % copVer end (85 than -
i1 can’be pro T a8t Separ a T €8 H ess
cﬂ8meaﬂeshﬁmt 293rt I y be gener ated in situ by addi ng

bon_di o g % such as a
BB’ " 1" PEARSEoRLPE ety Bt ganBHS e Gy favle 3 are
finclmiédhand etey db@féy @f i thid iiGvergioAp.that is the benzene having any
combination of a 6('*C) value of about -59, -58, -57, -56, -55, -54, -53, -52, -51, -




In particular, the dehydrocyclization effluent, prior
to any separation of the aromati c conponents, can be
wo ea7i1e2884 r ever se shift reactor and reacted w PET/UR®07/012419
car bon di oxi de-contai ning feed under conditions to
I ncrease the carbon nonoxi de content of the effl uent
by reactions, such as Reactions 5 and 8 above.[0069]
In addition, nethane and CO2 and/or steam may be fed
to a reverse shift reactor tgggenerate syngas which .
can then be mxed with a portion of the
dehydrocyclization effluent to adjust the H2/ CO CO2
ratios as required for the alkélation ste éOO? ]
iA

TYhi-82 1%, -4het®eder 98, W 140, 88ct6r ~Hond 48, -26, or -24;

Caaad a«%&u&ﬁﬁm 'v§lu@9>f§b$1[ta@§0 Lirg0) -8%0,ah20N4 Fo, SHGR QBS0, -380, -
such as Fe Zn on alumna, silica or titania,

ahtd, r@%péﬁ@»t ééIO,uﬁél‘ér-32:(bnéﬂQ 3005 -2995 289, a7 0a - 260, or -250.
OAREE" Kl RS S 30 ARl % SABAC froaged by o

kiracess i Ovifich) m@hanesuoiehaérozycﬂr?@d K@eproductoa 660 effbaent stream

for exa 0 5,.0 e .
VPt rgtemgge {Q/%Ar( Ey%r%gen cp 8 IE%g Ra@% tFé) Hérl%?é gl;%gncseaslg first

usf@dentisticameis eeamkddywtth engmejlzttmg égens map:edu&l gdkylbynaghe. It is

fl.ow of s, thrqu t he .cat st b it range
A e Ty S deih e o1 T RytREer B Sy e st dubl HEym can
htlie ﬂeaﬂélﬂr\ﬁxtﬂ r(?(b %GME)CGQQO Wrodudﬁo? %éboﬂGOefﬂﬁerik stre[aﬁOHal/]ing a
e ent fromthe rever ift reactor cant
s By, %ﬁ‘?“&PRS‘FP%\%‘}do‘H‘ ?’Z‘&E‘E"G y anFQ“ [y compared with
Cme Chir&d SfffuchO seHns Swith A€ IERD part ltﬁ'hhésse&hﬂ éﬂ’iuk:ﬁ’t%ﬂ‘&lﬂ Being
occur: CO + 2H2 < CH3OH (Reaction
trepxré?fbtm@ﬂzdehm@a&hzaﬂoqw 2d1§mtques mss(mﬂ%@e#ydrogen
ZIHZPb(a@%R&Ed Hithled L:Qggrzﬂ:log% tﬁ&ﬁ&c%&ﬂhﬂdl%ﬁ the Gn&h‘aﬁl&l be

an al kylation reactor would include a tenperature of
190ized 2y an ot ylatingageriip erashicg xylsngoiomthenzmse Pedenepyoduced
r -
D ok ERnag AetePuthiglh g o JeBNAUIF IS0, such go g than
wWeall, dorcewaprple desa tiasl €70 suchsisdess thaw |-2ﬁp Fopvmsentlyi lpss than -

:Mﬂ?ﬁx g\fen]less%% i 30%l'I £ %Md? entyﬁllegcs'ken% htag %eét h%s value of

one of ne S or e as cop
Classothian) Pazarsdéloas hss thanxRflefor kﬂﬂﬂfﬂl}s 1eysathan 4, yucm\kselless than -

Ik t d I
L BRI 00 S B ZPL HsBo i,
chaérRCliard sa‘%ct)s/aasuecdsf lessathait F32, Bu&dmneeaﬂianxya efoe example less

i soner_produc Reaction 1 rax ene.

éiﬂ“& 3 e*“ﬁ‘é&ﬁi CSHIW PruSTHRTIFS Yf'?séég ?fc‘?"t?&e‘ess than -42.
STHAGIIRG tlﬁﬁd/lﬁ?é‘]ﬁb&dbeﬂ has Qﬁﬁieﬁténdﬁﬂ@&ldeldi’@r@fter&h&ﬂ @80, such
conmpounds cokg nmet al oxi des, such as O and/or P

o BREIE thanarddOo o sxapmiple gsater (iR n&3prsutthas garater thap 420,

SdoRVEnieriilyp Srelief Hfin 860 b ed B%rezﬂsr fhah LAED 4L s a67'>C) value of
incorporated into the nol ecular sieve so as to

sgeyenthan rhPesuch sl greatercthpy e 5% pfoE example grpatersthgn e $6.riaich as
m@’e&t@r Ry -56 cgﬁ%ﬁéﬁ?%r@a‘ierq}iarp 59U ven Bredtei &236 ould

her w se cause cat t deacti vati on. 0074
emﬂwent If iotn bhemdletsmdathpo?ntnr@tacqforang% shpwmdm Table 3 are

glalhgd th &1%%?%}?4 6%551?%&@% {hg.t mh@ '}&/fepg hg{'lgg%& Combination

pro ucts wou ese arate romt
hofr &4€D vahu aftabeut -I6OW590+5éctﬂ7aF56A/eﬁigh54 rF&BesRatsd, -50, -49, -

CRNVER &L XYs DYy 4n 40, -38, -36, -34, -32, -30, -28, -26, or -24; and a
d(deuterium) value of about -450, -440, -430, -420, -410, -400, -390, -380, -370, -
360, - 350, -340, -330, -320, -310, -300, -290, -280, -270, - 260, or -250.




sol vent extraction. The aromatics products could then
be fractionated into a benzene fraction, a tol uene

woe@ctiszsy a C fraction and a heavy fracti on chCI/aBIWOTI2419

napht hal ene and al kyl at ed napht hal enes. The C aromatic
fraction could then be fed to a crystallization or
sorption process to separate the val uabl e p-xyl ene
conmponent and the remai ni ng m xed xyl enes either sold
as product or fed to an isonmgkization |oop to generate
nore p-xylene. The toluene fraction could either be
renoved as sal eabl e product, recycled to the

a tiqn.reactor or .fed to a | yene .
85 portf e Ghodimi4ed i bRl oy beicecupgured with
t Bdrzemeanti SRl ARG EqBRatntdBotopicicofPositidBalihefs eddubstivei) and
addj tional p-xylene. Further Processing [0075] The
b’_Z(ngs)rYéh‘&ﬁ’cPS%W Berzepg-oduced by the pr esent process can
ejdoBE] LUKISARY BleSdnieUonidkRioAs! aREERAL e §i164HshEE Snddel the
can be subjected to further procesSing to produce

uisetopic eampasiidng axere Salshlatrey fop yariQussdérivativieseof thgrbenzene and

SEAER] frochd SRl BAhERRERRN, PRl ard Mok} i Fibte o
derivatives in which the bdmbbné ring is not retained,

such as cyclgohexane, and nyi—m.—}—hg—!—f—tze—?ﬁgﬁe&-at—ed
t hat, depen%d-‘f‘))ﬁbpo&?nfhe processé ed t( 8 ﬁ@é‘Wese

derivatives, any benzene r| rigsvW | Higlet qi mothe| nevgl

deut cium and 13C i sotohe retrihution of the hanzene
¥ A S-S0 -0Ppe } HHH-OR—04 1e

and xﬁ‘éﬁl@e‘&"“?he i nventi on. -9%of op@2Di $t rfHut [ o213

[ 0074]Ckh&nedl STrTbuitTon of| thegy 1 $0TBRES [degger [ umANd
13C ijn_a sanmple of benzenel or xylene is!convenlently
defi rlédyienet erms of the dijer@ente £2om|t h&Sthaj urdl3

- abung: —deuterturmm i Yz oger,;>d(ieu TP 5 7 zad
t he diqibg Erce fromthe nal uréae\J abur% ange % 13C%1r?
12C, ((Po3thylemcDerdphtyakate the-Squat i-A2s: |dc4@ut pr it F
(R Skt e/ R-stantdar-a—1)—p%+e00—phere—R 3&‘4-“' etH-she
rati d of"®eut eri umto hydrjogel i tﬁé benzétre pr 22>
Xyl ereCycisHtRane st andard i s| thyy ratig4o 1 thspy npt ural
abungqapnce—of deuteriumto fthe natural abundance of

hydr qd®AoR&Ai ch i s equal tlo 200p15/18. 9998430 hnol38
wher § RIgGREPT € 1S the ratijo gfg 1pC Hg 12C idh T€ 250

benzg andard is the ratiolof the
nat ural abundance of 13C to the natural abundance of
1 whi Ny ) 7
slf%J)rGgg(]dshggtl4 ?r%ggﬁﬁ.l\f\l/gés‘?o (eéve o%ig%é& Oc?tgga?.é%%s%g\%ﬁ]é Thble 4 are
i moluded aonctieps®ipti of) thus f ingentiver yvhadirisnthiei polystyctnet Bavmgl any
deri.vat,ives. b on f C osd t 1 gns_Ahi | l..cases.. t
SRR LR e SR BN LS5 5B lsso A, o, -
dii, i-5Q) -42ad8] GiTs -460-45, 84S YR cAONL IR, 3, eB4,6d2 1 -G0NBei26, -24,

of e deuterium and 13C_conte b ene. an

- efeend A bAEMERED YaR s APUSAIG P, AT S350, o, 400, -390,

ipeo,tmqet;eo,_ 43500 349, e$30r4]ve32_0, k3ow-300, t2v0, 2RO, J:A)Q?S%eo, -250,
pr. Ly inp are the isotopic conpositions o

t%goﬂ'g[ég’?’g¥?’)f)rgggogi cal |y occurring species as |isted

| foodsp! e 1lis bk Ainlefstddb@Ihe Lritirbty 6¥JranBes 8hown in Table 4 are

c_oniposi tional ranges and the spreadsheet nodel the
included in the scope of this invention that is the polyethylene terephthalate

having any combination of a 6(13C) value of about -52, -51, -50, -49, -48, -47, -46,
-45, -44, -42, -40, -38, -36, -34, -32, -30, -28, -26, -24, -22, -20, or, -19; and a
6(deuterium) value of about -400, -390, -380, -370, -360, - 350, -340, -330, -320, -



I sotopi c conpositions for benzene, and xyl enes,
produced by known processes were cal cul ated and are
W@ b@wn4isd Tabl e 2. Tabl e 2{0080] Utili zing thePGHIE2007/012419
conposi tional ranges and the spreadsheet nodel the
I sotopi c conpositions were calculated for the primary
products of the process of the invention and are shown
in Table 3. Table 3 [0081] Thus in Table 3 it is
assumed that the benzene is gsoduced by a process in
whi ch net hane i s dehydrocyclized to produce a first
ef fl uent stream conprising benzene and hydrogen, at
| east_part of the hydrogen fromthe first effluent
sHe a0 s290% 223 ¢ 2t 12 @D-23l/-6#0-c2301 B2Pr Hadd&: 2200, -190, -
seopA.165f | uent strean1haV|ng a reduced hydrogen
confent and an enhanced drocar bon content as

dORSHr ed Linist to bhemfimrsglode | endinety sofr eaages alipvmin (Tahle 4 are
' |

R O pRER Il B LB [ RE ) R BRMB P sbolion of

X@srahawfabdmdéw,t-éﬁl-@ﬁ) -5#aliBe -5, - hs80,t-A9N-48240, -46, -45,

sych e t OLo € s _t
s%%h GPEER. 4 380 0.8 R s 2aSand Fllgedtidamy yalue
mfmbohte—sl@OI 1380, -3800-370¢ 3@5 350,138, \B301320f -3 0208 -290, -

gi@at% f @ﬁc@s@ %{?c 253?; egﬁr ;e'?Z?’héﬁ&- %?,”3'88, -170, -160, -

CIB0y diogort 1138 gr eat er than -51 or even greater t han

- Mor r ef.er abl t he benzene ha 13 val.ue
JP0amco: I Pl CmBsditadar, he. BIRGSIE) AaRe AIMrbREAR of an
X SHBE hPdreadrBon ik be #d 16 Uddnti®p 1@ Pt OF mMaddfcturihg, process

convenient|y greater than -31 or even greater than
by, g, pﬁsedawv yis PIREUGiony efbupr fod RX@MPifase §ample of benzene of
AARENA kg with la YReaRfired BeRlurivnA i ludt P esstHE-239 and a 6('3C)
greater than -440, for exanple dgreater than -430, suc
dealugr efgless tham a3 capld beawiane mml?ecga%awnatmaﬁom@lmethane
d S 3
ﬁfehgal%ﬁécgfzg@&ﬁ g}% a3 Aq%gggaat J‘% n ﬁ1]af g%fo%gh%&rgéelss This
tdoa(nl alzlmy smadf:nagy lthes pradiuetion 27qces§o nﬁem@mlhtyc Iheémcarbon is
Sa.th 0] -

ag%rs od rF ?}lza i tﬁ%tt)l/lteo% rue{lﬁsgé)g[d% %\?nlml n ab é’r%c‘gm & an

mmhamlce dhyclmmﬂ’men spmpmct ofant kirge ito\diffefentiatet bratveers ah haomatlc

Q'B’g[ﬁe nq?gap\% 63 r2%351'(1: n;g%ﬁ] osnarr?eg%%mg g’ﬁC&qgﬁarlbo% Eroduced by

-deflydrod{X;lizatién of fiturallBoccufting géalogic dnetharkDalond8nd k6 same

FaphEi fvdsatbon sBisducey sy daisiogbption pb natigglly becurring
-g20dgic m8Mane arﬁﬂﬂeﬂmﬁ@ﬂsoducéﬁﬁ@om-@@@ - 330, -320,

-310, -300, -280, -270, - 260, or -250. {10083
4POgilar | ;Wli"FP %Bft%th his been foadebareim i disgloss, pll smbadiments

RInAGPpREhtdYs Bf HeQERISsell BubiBitihattd® thaR8ulde reasonably foreseen.
dehydrocyclized to produce a first effluent stream

dERBPYESi thgrepmny &f andergsasyblie o sHbsirntiah mqdifieatiops, whicdy remain
R RARIGRE fM&'Eb@é}' Wifile’ b grbdent GNcICHFELRIN béen' Hésehﬁé’d in
with an alkg ating agent to produce al kyl benzene.
iconpngidom with ispercifie axempldre gmbogimantptherens lhymvxsigehthat many
f I am t
APEHE 0 Lo LS S BP S RRnk SRR, B
akilkeduoable hn;tdn dx;hn of thet femgomgjd@nnpmﬂmwdihduﬁwanmrm the
U L e e T
rmteydédedot embi'aee dalhysirchc yhtératians, omodifieptiond tmmhsicyxs and

avtanlat?gnssto fe tbo(\)/fe dtepa‘ia‘lecri] ngrc?i%ggn and examples.



may be reacted with CO and/or CO to produce nethano

and the nethanol be utilized as an al kylating agent to
w@e@daexsexyl enes from benzene. Xyl ene producedrP@lyus2001012419

a process has a d(deuterium value of |ess than -250,

such as less than - 260, for exanple less than -270,

such as | ess than -280, conveniently less than - 290

or even less than -300. In one enbodi nent, the xyl ene

has a d(13C) val ue of |ess tg an -24, such as less than

-25, for exanple less than -26, such as less than -

27, conveniently less than -28 or even |l ess than -29.

anot her enbodi nent, the xylene has a d(n C) val ue of

l ess than -32, such as less than -34, for exanple |ess

t Ofims36, such as | ess than -38, conveniently | ess

than -40 or even less than -42. Typically, the xylene

produced has a d(deuteriun) value of greater than

-We(laich as greater than -440, for exanple greater

than -430, such as greater than -420, conveniently

gf eate r &,

o130 Dehtal cofibsfly BERRM R TC b BRou dn AbulAtod tha

¢5(8¢uténumk>fmnhled>egzammrle$hhm -5B), pmfetabbsgg:aeattm -450 and

t ny ater than
JPeniran “prl R Db TPl IoPBuet hal b duarernly srater
etthtm r-86 yandflessathga s-28 haareim a(a%bieem&)m s(rd)uste chsi defined as
tﬂ@ scope of this invention; that is the xylene having
¥Snbi nation of a d(13C) val ue of about -60, -59,

PRI gy - UV R wi il - T VG
-vyb?resz’sme- i5 ghe 13p10 08 ﬁ?utswan &° b(‘g‘ea%m %ﬁ%e%ﬂna;ean&f
aRQsard 49 Qhe -A48, of #R0 nandxlOaburflihfice ofOdbuterifif), to- &R0 natural
-370, - 360, - 350, -340, -330, -320, -310, -300,
_ahypdancegd hydeoggn; andpgo  or - 250. [0085] It is also
recogni zed phyty napht hal engg#a '% " dpquqg@@ Wi th
benzene and mnll hav¢ eq U|val I SO
cohgre K timpniglthasratiptod| (b(Odthl@thethﬂlZmam 13C) val ues,

ag»t he 8 B

R et P aftf or aCit phfiafide 86,08 Wie payal, ghyndance of
|36top|c conpositions were cal cul at ed for vari ous
derivatives of the benzene and xyl ene produced
according to the invention. The results are shown in
T2abl e BenzEabkcemgrifif déntetiomi &dt'éCbneaundeﬂsshdodxat Beicutenum)

b Uieshahs SRR ahm A piSTEreN e seter e 0y e han 250,
hand(H @) dorythe boeiienats ess thhn 224, p2&iirabBl greatef tahos9 andRss than

:-38,’ wilgrrgin éé;\ite‘filgxg) ar:lig(”(i)iaié as agﬁne}lzslig’cléiglgﬁ’tbéggﬁngqlbeing
-pr8ducedby a ptBcess 26mprisiig: Or -22; and a d(deuteri urr)

val ue 8& about - 450, -440 -430, -420, -410 - 40

-390, (3380, comiaring_dfeed confgping. maghane Joth a %eé’()’dmf/zi‘ezamn
-catllyst- 288er o%ﬁ@mon37@ffectlv36% carlrt tB40mettddP, to 24Bmatic
or -213 [ 0088] is to be understood the entirety of
rlaﬁg&ar%q%vmclpﬁmdzﬂném adeprodues ddirsy pfftugnt steesiye comprising
t Bomati@ KMot BBohNAld hﬁir&%@l RAleyesh e BREefrRlcAPRIG] @&{;pnses
havi ng any conbi nati on a d(13C) val ue of about ,

-@ Jeast Fy/t”% more argpgatic fygs thaussald i@d, -44, -42, -40, -38,

- 36, - leenaadl9:
and’ a O deutacig §h leasf Ban of the Bittogepfrom girdl offch? strcam
-wifly , CO38@/or- CQRN to phetilice -3 8€cond 3tpent3dtesam 3@0Ying- 2 36duced

-280, -270, - 260, -250, -240, -230, -220, or -210,
-200, -190, - 180, or -175.



[0089] It is to be understood the entirety of ranges
shown in Table 4 are included in the scope of this

WO pwen#isen that is the nylon having any conbi nBCT/082007/012419
a (13C) val ue 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 val ue of about -400, -390, -380, -370,
-360, - 350, -340, -330, -32§g -310, -300, -290, -
280, -270, - 260, -250, -240, -230, -220, or -210,
-200, -190, -180 -170, -160, - 150, -140, or -138.

[.L0090] In anoth t he nmeasured i sotope

oS BOP T GRS RGP o gm0 Sath the fist
|§{gﬁ§mfsﬁeslheaﬁ¢/pe of manufacturing process that was

used in its production. Thus, for exanple, a sanple of
benzen®) of TRSKGIEEN abrlpast Papt 1of Hensecond eeffluerfe stream (tg) said
V&Jn%ng% yess than -250 and a (13C) value of Iess than

- cou c(i be uniquely identified as originating froma
nmet hane dehydrocyclizati on process as opposed to a

n3apht er{z%ﬁg ad' 1 trféﬁoﬁeg‘lﬁrm y%v%ep-: V‘la’lLe ﬂ'@ﬂlalngyls p(}oduced from
ident.i. the pro uctlon process of an aronm

h}aﬂurabgaSbon is based on the realization that the

anounts of deuteriumand 13C present in an aronatic

hydr ocar bon product can serve to differentiate between

ah ar oBaizene hy claooat inartaipr 2 duclesn Brvawareiapl imathahéend the CO

aaéﬁ&d%g(g’yn%tﬁpg%‘{?ﬁ%ﬁ Car?\bag{‘]rﬁf%?%rdycggcm/rl ng geol ogic

net hane al one and the sane aromati c hydrocarbon

oduced b deh ro cI izatio of n tur aI I -.octﬁurri n
b0l 0GBl A5 A TAHIT RO sgp and
Wit 0O aiti/at CORie praduded %nﬂﬁfé%aﬁx@ﬁﬁhﬁal@és Gtr@zﬁh ose all

enbodi ments and applications of the disclosed subject
matter that could be reasonably foreseen. However,

ther e hphthfett ERpRatealfh tHebenbaicAdtian ? one of claims 2 to 5 and

nodi fi cations which remain as equil vaI en Mor eover,

Wraving 3 Hdegteaumhvalye of less thas -Pasonred(y Qeine dfdessithan -2
conjunction with specific, exenplary enbodiments

thereof, it is evident that many aI terations,

rbdi leultBnonsqmmmg ndeitemsm  and {6r iiat iaoosntsi Ishchoethat the
]?nggftgé]unrrdf ‘éaé]ég ?(?r tth% eln%q hdl sts ttganpgfrio tJFrag{r%t ogte}' 'El? -450
sqmdrleis than s25p eand)fthd 8(é’q) rvahxerfor mesgtlmus dess than -24 preferab]y

GRREERAR: 0 il EhBR 2 b GRS ol e

cxsrfbilmﬁ:i ons and vari ations of the above detail ed

descriptio nd exappl e [ Benzene
conpri si ng ‘E@ﬁ‘t Q?'inﬂgtpand 1@%"@ slgxnlozg unt s
Swlitdte RNl 4§ HRUAES bPadutértm t&ﬁy&sg&ﬁmhé fylef§anihan
-250, preferably greater than -450 and | ess. than -

250,
dheangie 1538ye [1alio (Hothsopatural stundance; of degigriumpdo the natural

RIbeh&IMRE LY hgdr8géBanihan - 36 and | ess than -24, wherein

d(deuterium and d( 13C) are as defined as follows:

(deuteri umo( EQR sanpFe/ R R amdelRifsandiy - X XL OUY where R
RRER"E |esl tHRErafid b b "4 Hi By iBnkCarfdydr0gen in the

bvénzene e a alst an dqlgs t he ra%l%xhgf t he nat ural

213 Imdaanr@eth@fratwwf thei n;lmrtabahlméam@mfr '€ to the natural abundance of

IZC



abundance of hydrogen; and ( 13C) = (R' sanple/R’
s"andard I ) X 1000 where R'sanpie is the ratio of 13C
wo 200220860 t he benzene; and R'standard i s the PEr/Us2007/012419
t he natural abundance of 13C to the natural abundance
of 12C. 2 . Benzene conprising deuteriumand 13C in
anounts such that d(deuteriun) for the benzene is |ess
than -250, preferably greater than -450 and | ess than
-250, or d( | 3C) for the bepgene is |ess than -24,
preferably greater than -59 and | ess than -24, wherein
d(deuteriunm) and d(13C) are as defined in claim1, the
benze beln pr oducedq by .a proce conpri si ng:
¢ont ackYsg g?#g%‘as‘ﬁ%na%ﬂt%“ ﬁﬁ‘?ha e Yl @fpoynts subf that the

dﬂb&ﬂéxﬂﬁﬁﬁ bamatfdnomecs@ua.Iaﬁ lless MRS —250) Sﬂréfbﬁﬁﬁy gichRe tane 450
to convert the net haag to aromati ¢ hydrocarbons

i %€l lgefi thap 12p%.cehe At @) wrlue forthe xylone ds jasy dhn S92+ eigfarably

C%‘HEREI‘ b G PARITRES thal L85 QAREERBFaG RO PC )‘%@isedéiined
e first effluent stream conprises at least 5 'w%

nockimromatic rings than said feed; (b) reacting at

| east part of the hydrogen fromthe first effluent

streamw th CO and/or CO2, to produce a second

él.f | ueXylen¢ r eampiising ndewenwu uard hii’d} cige larrmtuntse rsuctanthat the
enhanc d .h dr bon nt e S th the

|rs fert fﬁ%lﬁ {%rsséglm %%(8 e e’;érab? |ng 4}9% e|osz§1rt an -

a#50¢ beﬂmsesc'aﬁd value lislesd thah r2g msréferably g:keaxemhant 601gnc( 3s than -

0, SEBEOH S e il A Qe B aehiE] 51 el 9. SRS 1B beine

|p“ro@.loadmy%p}6cdshabmpﬁsm@er ein the net hane and the CO

and/ or CO a roduc d from.natural ene as
c'ai ndd) | n SRR Biowd) CATRE, Bethalipfitt 4 Sepdrotyelisation
rgatdivt € uAdét tobﬁd@@n@nsif&ﬁwgot@r EotVed Ug€ drfefafe t BE aromatic
same natural gas stream 6. Naphthal ene_co-produced

viivdrpcarhons dpsladias drenzene %PW“{":‘F ai fifst offfjugnisstggagn comprising
r@yﬁlg@cﬁy‘%g&%@srdnqrﬂydy@eﬁeaﬁ | ess than -250 or a d(

13C) value of less than - Xyl ene conprisin
deut er®im mt@aeguahlmm@ogmfn ¢ henzens from said first effluent

t
SSFANGE MTMYBNHE o uhg HRRRGG e ER 0 IRy Gaid henzene
tand pagducg @kyixingend. or t he xyl ene is less than -24,
preferably greater than -60 and | ess than -24, wherein
d(deuterium and d( 13C) are as defined as follows:
d(():i eutXylenerjas <lgiReds aplagn P stleneiapthe - mgthand 0O Produeed from
r%le is the ratio of deuteriumto hydrogen in
tnﬁ1 and R standard is the ratio of the natural
abundance of deuteriumto the natural abundance of

dr o%??lﬁnand 0% gﬁ\gﬂ% zﬁHlR9 Soar zlai?n | vtvtlge%em t&xle oallgl;latmg agent

comprises or is produced from hydrogen and CO and/or CO,.

12. Xylene as claimed in any one of claims 9 to 11 wherein the methane and

the CO and/or CO; are produced from natural gas.

13. Xylene as claimed in any one of claims 9 to 12 wherein the methane the

CO and/or CO; are produced from the same natural gas stream.



R'standard is the ratio of the natural abundance of
13C to the natural abundance of 12C8. Xyl ene

wa@orpnizssyg deut erium and 13C in amounts such PEEUS100E012419
d(deuterium value for the xylene is |less than -250,
preferably greater than -450 and | ess than -250, or
the (13C) value for the xylene is less than -32,
preferably greater than -60 and | ess than -32, wherein
d(deuteriunm and (13C) are aggdefined in claim7. 9.
Xyl ene conprising deuteriumand 13C in anmounts such
that the d(deuterium value is less than -250,

ef er gb reater. than -450 and hkess. than - 250, or,
PIE (138hoSbombRang cduman 209 57 ainermiptsy Rath ofhat the

t §ladute®mPRalut @S fesé AR 256 %reRAdI R igreatt A4 ¥50WNHH 1863Cthan —
6(13C) are,as defined in claim7, the xylene bein
pé%)@l QEEY Ay Qi vplugcelsss barpi4. prefgrabhagreaghthan - ot gndless than -
26 Ay IeRGth F @ REITR) ARNE( %) dte s HehYed 96 ¥halth Z81th®Rylene being
catal yst under conditions ‘effective to convert the
nirpfaged bys preessacP@PH§i@Eocar bons i ncl udi ng benzene and
producgya f]j f t : LSi0g.a ' o
Py dr ool bongiicyBl 4, 16 cHERAD FRRREE M AR Golization
acapdysti eandef cohditioas z effectiveorto saomiverti rthe efethanento aromatic
5 | o M N
S Bl Vet P BRAbebd e SBHERY B comprising
adrbmiatie hydmoearbdis andyHydnegeas cl ainmed in claim9 wherein

s cl ahoq TGt gp ol B idiofim, PR o st SOEER strcam
awitly | @i agl/@g e, e Ppédsesa Gécond fflneinic stgeant Aaving a reduced

rogen and and/ or ., 12. Xyl ene as clained.in
IFRE oPieat S et RAEh T TR G FFGMER Qv first
Gnaad/saearkO are produced from natural gas. 13. Xyl ene
as clajped in any one of clains 9 to 12 wherein the

met harl® t heteexsHigd Abrleash Rare ofr bgusesand r efffuee segam to said

N@ntdchhg @HSaki r eam 14. Xyl ene conprising deuterium and
C in anmbunts such that the d(deuteriun) value is |ess

t han -@30, ¢amedcsing|sr Jeagh @ pewiontafthe berggne figm said firstpffluent
Syl oh Uy R et Il dohal B Bl & iy said benzene
vindrpeoducd @llelbeszenar) and d(13C) are as defined in
claim?7, the xylene being produced by a process
conprising: (a) contacting a feed containing nethane
wix h aXylehy s adaioled ziat ¢laim d4t whersin thedeethmoads tpradheed from
erta ergfia\ée to convert the nethane to aromatic

hy rocErbons i ncl udi ng benzene and produce a first

ef fl uent stream conprising aromati c hydrocarbons and

ro . (b eacting at |east par f t.he hydrogen
ot Chent 74 ¢laGRFY i fete TS E 15 Boast toF Megdahersgd the
COdudRr EGReeopddatdd fieftnatirilgas having a reduced
hydr ogen content and an enhanced hydrocar bon content

as conpared with the first effluent stream (c)

recycl Xfgnéhs tRARd Reddy dife dMBaifRCANG B WhetelH the triétRdhe the

to said
CO and/or CO; are produced from the same natural gas stream.

18. A hydrocarbon product produced from the benzene of any one of claims 1
to claim 5 and selected from toluene, cumene, ethylbenzene, styrene, polystyrene,

phenol, polyethylene terephthalate, cyclohexane, and nylon.



contacting (a); and (d) contacting at |east a portion

of the benzene fromsaid first effluent streamw th an
wa@bkdyhatsssrg agent under conditions effective tBCT/US2007/012419

al kyl ate sai d benzene and produce al kyl benzene. 15.

Xyl ene as clainmed in claim14 wherein the nmethane is

produced fromnatural gas. 16. Xylene as clained in

claim 14 or claim 15 wherein the nmethane and the CO

and/ or CO are produced fromgptural gas. 17. Xylene as

claimed in any one of clains 14 to 16 wherein the

nmet hane the CO and/or CO are produced fronmthe sane

natural gas stream  18. A hyd oca bon uct rod ced
fFbm t AdYHET2ERE PoP %9‘%&9 oty Fehe phany Slaifrg 7 to
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pol ystyrene, phenol, yethylene t er epht hal at e,

Bheneh eseh/ﬁtél,vle&ﬁderﬁylptbhlatfgcyc,hpwa% @ad Bylonpr oduct

produced fromthe xylene of any one of clainms 7 to
claim 17 and selected fromtoluene, cunene,

e3thy| bAnhydrecarbery rprpduct psslegtady frone tolykhas ofumene, ethylbenzene,

h n
zsg;aég\é %Jéf Ogrg{ag O:ﬁ:%ﬁ&l %h@feﬁigeﬁg%%gﬁ?@ﬁ?e Qh@%ln% and nylon
camlﬂmem@&(hwtm)gm 8(5'0) velues wpthiryeneym@ee Jlspldem Fhble 4.
pol yet hyl ene terephthal ate, cycl ohexane, and nyl on and
havi ng d(deuterium and d(13C) values within the

rangesAlmeahedliof ialeﬂ'ta@hfg the ugdof dparatiiatimahufackfihg ktepagd/or a
the.use of a partic nuf act uri ng step, and/ or a
e S PaBribinahe rodiRig 8F b Bt N aon product, the
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gﬁﬁg}n amount of deuteriumand 13C in the
A %HWB Ylarbon product. 22. The nethod of claim
2 1 wherein the nethod is used to differentiate
bet ween an aromati c hydrocarbon product produced from

mpht hkhe methed; of daighgtli wherghy Secamsdbrdyiodsed to differentiate
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i NREHER YeREAU BlNthIZRhO Ut B SHAR AR B rbon product

produced by dehydrocyclization of naturally-occurring geologic methane and

methane produced from CO,.



