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Sgeveral alternative approaches to the use of methane as a starting material have

been explored. Firstly, conversion, via steam reforming, of methane to synthesis gas

15  (CO and Hy) followed by formation of methanol or hydrocarbons from catalysed
reaction of synthesis gas (e.g. via the Fischer-Tropsch process). This approach may
be chemically feasible but the energy requirements are considerable and

commercialisation of this technology has not been widespread.

20  Secondly, aromatization of methane in the presence of an oxidising species has
been used to form benzene and other aromatic hydrocarbons. Despite initial
enthusiasm for oxidative dehydroaromatization, limitations in terms of C2 yield and

selectivity have prevented commercial implementation.

25  Thirdly, aromatization of methane has been studied in non-oxidising conditions. Such
non-oxidising conditions make the formation of benzene considerably less
thermodynamically favourable than in the corresponding oxidative process. Thus,
such a process is inherently difficult to perform on a scale that would be attractive for
commercialisation. Molybdenum-containing aluminosilicates, particularly Mo/ZSM-5

30 and Mo/MCM-22, have been shown to be the most promising candidates for
conversion of methane to benzene in a non-oxidative environment, but even these
have significant drawbacks. In particular, reported results (L. Wang, L. Tao, M. Xie,
G. Xu, J. Huang, Y. Xu, Catal. Lett. 21 (1993) 35; Y. Xu, 8. Liu, L. Wang, M.
Xie, X. Guo, Catal. Lett. 30 (1995) 135; F. Solymosi, A. Erdohelyi, A. Szoke,

35 Catal. Lett. 32 (1995) 43; S. Wong, Y. Xu, W. Liu, L. Wang, X. Guo, Appl.
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and in doing so have made a val uable contribution to the devel opnent of

non- oxi dati ve net hane dehydroaromati zation as an alternative to oil -based

pr ocessasys, at present, methane dehydroaromatization represents a potentially useful route

to synthesis of higher hydrocarbons but significant problems exist with the technology

15  such that commercialisation is not envisaged. In particular, the suppression of fast
deactivation of the catalyst due to coke formation is a challenge that must be

addressed before industrial application.

SUMMARY _OF THE INVENTION
20 The present inventors have identified a new process for improving catalyst stability of

catalysts used for non-oxidative methane dehydroaromatization and in doing so have
made a valuable contribution to the development of non-oxidative methane

dehydroaromatization as an alternative to oil-based processes.

25  Atits most general, the present invention proposes that a non-oxidative methane
dehydroaromatization catalyst should be prepared from a catalyst precursor by
heating the catalyst precursor in the presence of propane. This has been found by
the présent inventors to provide a surprising improvement in catalyst stability.
Improved conversion rates of the methane feedstock can also be obtained as a result

30 of the pre-treatment. In embodiments, selectivity for benzene is also improved, as

compared to catalysts prepared without such pre-treatment.

In a first aspect, the present invention provides a process for preparing a methane

dehydroaromatization catalyst comprising the step of heating a catalyst precursor
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15  an untreated catalyst (or pre-treatment using a different treatment gas, such as

helium).

Surprisingly, the present inventors have found that the pre-treatment step provides
the advantages discussed above independently of the nature of the aluminosilicate.
20 Thus, for example, as discussed herein, both molybdenum-containing ZSM-5 and

MCM-22 benefit from the pre-treatment step.

Suitably the catalyst precursor comprises molybdenum supported on an
aluminosilicate. Alternatively, the molybdenum and aluminosilicate may be present

25 as a mixture.

Preferably the aluminosilicate is a zeolite. Preferably the zeolite is selected from
zeolites having a framework type MFI and zeolites having a framework type MWW.
Particularly preferred zeolites are ZSM-5 (framework type MF!) and MCM-22

30 (framework type MWW).

Preferably the catalyst precursor is selected from Mo/ZSM-5 and Mo/MCM-22.

The Si/2Al ratio of the aluminosilicate is suitably in the range 10 to 100, preferably 15
35 o 50.



MCM 22 benefit fromthe pre-treatnent step. Suitably the catalyst precursor
conpri ses nol ybdenum supported on an alumnosilicate. Aternatively, the
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Preferably some or all of the molybdenum in the catalyst precursor is present as
Mo®*. Suitably at least half, based on the total number of molybdenum ions in the
15  catalyst, preferably substantially all, more preferably all, of the molybdenum is

present as Mo®.

In other embodiments, the catalyst precursor is a used catalyst such that the process
is a re-activation process. Suitably, the used catalyst has been used in a methane
20 dehydroaromatization reaction. Typically, such a catalyst will comprise coke deposits,

as discussed herein.

The amount of molybdenum, expressed as a percentage of the total weight of the
catalyst precursor, is suitably at least 1%, preferably at least 2%, more preferably at

" 25 |east 5% and most preferably at least 10%.

Particularly preferred amounts of molybdenum are in the range 1 to 20%, more
preferably 2 to 15%, more preferably 5 to 15%, more preferably 10 to 15%, more
preferably 11 to 13% and most preferably about 12%.
30
It is preferred that the catalyst precursor includes a promoter. Such a promoter
suitably comprises a transition metal, with preferred examples being one or more of
Ga, Zn, Nb, Zr, La, Co, Fe, Ce, Ag, Y, V, Sr, W, Yb, Sm, Ni, Ru, Rh, Pt, Cu, Au, Al,
Ti, Pb, Re, Ir, Si, Sn and Pd. Particularly preferred promoters are Ga, Zn, Zr, Fe, W,
35 Cuand Pd.



I n other enbodinents, the catalyst precursor is a used catalyst such that
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15  The particle size, surface area and other properties of the catalyst precursor can be

selected in the normal way and in accordance with the skilled reader’'s common

general knowledge.

The pre-treatment step suitably causes a change in the structure of the catalyst

20 precursor such that the catalyst produced by the pre-treatment is particularly suitable
for methane dehydroaromatization, especially non-oxidative dehydroaromatization.
Indeed, catalysts produced in embodiments of the pre-treatment process have
different physical / chemical characteristics compared to the respective catalyst
precursor. For example, molybdenum oxide changes as a result of pre-treatment. In

25  particular, molybdenum oxide is preferably reduced by the pre-treatment. The
presence of molybdenum oxide can be detected by XRD. Thus, suitably peaks
attributable to molybdenum oxide in the catalyst precursor are substantially reduced
and preferably not visible after pre-treatment. It is believed that the change in
physical / chemical characteristics is responsible for the improved performance, in

30 the non-oxidative dehydroaromatization of methane, of the catalyst, as compared to
untreated catalysts. In this connection, the present inventors have found propane,
when used in accordance with the present invention, to be reactive enough to

convert molybdenum oxides to molybdenum carbides.



selected in the normal way and in accordance with the skilled reader's
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15  Suitably the duration of the pre-treatment step is at least 10 minutes, preferably at

least 20 minutes.

Preferably, the duration of the pre-treatment step is 200 minutes or less, more
preferably 100 minutes or less, more preferably 70 minutes or less, more preferably
20 60 minutes or less, more preferably 50 minutes or less, and most preferably 40

minutes or less.

A particularly preferred duration of the pre-treatment step is 10 to 100 minutes, more
preferably 20 to 40 minutes and most preferably about 30 minutes.

25
These short pre-treatment times provide considerable economic benefits, particularly

with reference to the reduction in ehergy required to prepare the catalyst. Thus, the
pre-treatment step of the present invention enables a reduced preparation time as
compared to known methods of pre-treating or activating methane

30 dehydroaromatization catalysts, whilst preserving or improving catalyst stability.

Suitably the pre-treatment step occurs at a temperature of at least 300°C, more
preferably at least 400°C, more preferably at least 450°C, more preferably at least
475°C, more preferably at least 490°C and most preferably at least 500°C.

35
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Suitably the treatment gas is supplied to the catalyst precursor so as to provide a
15  flow of freatment gas. The skilled reader is able to select appropriate flow rates for
the treatment gas, based on the reactor design, the amount of catalyst precursor and

the form of the catalyst precursor.

For guidance, in a continuous fixed bed flow reactor with a catalyst precursor charge
20 of 300mg, a flow rate of 8ml/min of treatment gas (100% propane) was found to

provide excellent results.

Suitably, for at least some of the pre-treatment step, the pressure of the treatment
gas is in the range 0.05MPa to 5MPa, preferably in the range 0.1MPa to 1MPa. A

25 préssure of about 0.1MPa (atmospheric pressure) is particularly preferred.

Suitably the pressure of the treatment gas is within the range referred to above, and

suitably the preferred range referred to above, for at least half of the pre-treatment

step, preferably for substantially all, most preferably for all of the pre-treatment step.
30

It is preferred that at the start of the pre-treatment step, the pressure of the treatment

gas is within the above range, and suitably the preferred range referred to above.

The treatment gas may comprise one or more gases in addition to propane.

35



| east 3000C to | ess than 7000C, nore preferably at |east 4000C to | ess than
7000C, nore preferably 4500C to 6500C, nore preferably 475C to 6000C, nore
pr ef er ablwo046m913365500C, nore preferably 4750C to 525Cpemgcrusioognef er abl y
4900C to 510 OC. A tenperature of about 5000C is particularly preferred.
Suitably the treatment gas is suppliged to the catal yst precursor so as to
provide a flow of treatnment gas. The skilled reader is able to sel ect
appropriate flowrates for the treatnment gas, based on the reactor design,
t he anOtier ghsesahal sy b userlinsombination With PeerANeindye N AINAB precur sor .

For gui dance,.in ti u i reactor with a catal yst
precurs%??ecgﬁ%pa@%?&gg'd-lrr%%aéﬁsb\?ﬁ%&?gﬁ %%Acgw./ m n of treatnent gag (100%
propane) was found to provide excellent results. Suitably, for at |east

some of, Q%ﬁé){ffg E21AE Hat R ert@qgﬁtn@a{sec%?rwr@e%t kb SorRMPReangas is in the

range 0. a, prefera he range 0.1MPa to 1MPa., A pressure
of ahouPreferzblyRbe freatmeshbas ¢ampyises shieast 15:qhay Mora Prefargoly Ableast ed. Suitably

the pre?grﬁ{a@/o,t %%?%%’E??Bé%}, §8Rolsad hgié“pﬁelf%am@agléaﬁ@‘gﬂ{dl%d to above,

and sui ge referred to above, for at |east half of
t he pr eptopené.riepartstiagy preferfast ethbgdimentssiig diealpedi9py candists npst  preferabl y

for all é.{lﬁgféﬁ:pk{fﬁgﬁlg‘r%géssi%ges?rlti%u;}éfé?fd%@étrpeﬁeﬁalb@tcoahistsiw start of the

pre-treg nsén of the treatnent gas is within the above
range, progased tably the preferred range referred to above. The treat nent

gas gray conprise one or nore gases in addition to propane. & her gases that
may De used in conbination with propane include one or nore selected from

H2, CH4Unldes stated athpivisecprertieatnignt inrihe Reesepgseh/ibe repiment 93 WPaPY ed t hat t he
treat neﬂ_g];e-gé‘étm%ﬂpﬂthégﬁsé?ﬁtce lg2sy otRENEEs% propane. Preferably the treatnment

gas conprises at least 7/5nmol % nore preferably at |east 85nmol % nore
preferably at |east 95nol % and nore preferably at |east 99nvl % propane. In

par ti culanbyi R AR &IBRBORRE Sts, iHEpleseAt FRBAtIERBrovfis &1 S
15  process for preparing a methane dehydroaromatization catalyst comprising the step
of heating a catalyst precursor comprising Mo/ZSM-5 or Mo/MCM-22 at a
temperature in the range of 450°C to 550°C in the presence of a treatment gas,

wherein the treatment gas comprises propane.

20 In even more preferred embodiments, the present invention provides a process
for preparing a methane dehydroaromatization catalyst comprising the step of
heéting a catalyst precursor comprising Mo/ZSM-5 or Mo/MCM-22 at a
temperature in the range of 450°C to 550°C for about 10 to 50 minutes in the
presence of a treatment gas, wherein the treatment gas comprises propane.

25 .
In even more preferred embodiments, the present invention provides a process

for preparing a methane dehydroaromatization catalyst comprising the step of

heating a catalyst precursor comprising Mo/ZSM-5 or Mo/MCM-22 at a

temperature in the range of 450°C to 550°C for about 10 to 50 minutes in the
30 presence of a treatment gas, wherein the treatment gas consists essentially of

propane.

In even more preferred embodiments, the present invention provides a process

for preparing a methane dehydroaromatization catalyst comprising the step of



substantially of, preferably consists essentially of and nost preferably
consi sts of propane. Unless stated otherw se, pre-treatnent in the presence
of the trwetw®nizas nmeans pre-treatnent in the absencepofi/sgnysobéas gas.
In particularly preferred enbodi nents, the present invention provides a
process for preparing a nmethane dehydroaromati zati on catal yst conprising
the step of heating a catal yst precursor conprising MJ/ZSM5 or M/ MCM 22
at a tenperature in the range of 4500C to 5500C in the presence of a

t r eat mMenéatipgs cottipstqirecurste comerising Mo/ZRN1-% onpla/MEMpAbplehe. I n even nore

preferred enbodinents, th asent invent| QW : cess for

prepar i IR§REraEieg dee E?éﬁ?&fégé gﬁﬁﬁggaéjfééﬁbéﬁa{ﬁa ﬁgjt\b rﬂ@%rgilrgl{h%g the step of
heat i ngf.%ssa&@é%ﬁttreaﬁ@m@a“s?m@mbsd p\gs@ﬁﬁrfzswlaﬁmnt oftat Mgt POt a
tenperature in the range 4500C to 5500 [ t inutes in
the pr eQé?ﬁ,deorbﬁheéotﬁ‘ﬁ%ﬂgﬁre‘?%ttheg%é%yw«g?cé’irwrt%ﬂg?'P? @gﬁ%ﬂfg%éac%ng%% i ses

pr opgne gsddmtigWedt piesemepr ef erred enbodi ments, the present invention provides

a process for preparing a nmethane dehydroaromati zati on catal yst conpri sing
the step of heating a catal yst precursor conprising M/ ZSM5 or M/ MM 22

at a t erpi{ainesepidieirbe ehtigimehtss iptesehbbiention painddes 4Praces$0 mi nut es
in the presence of a treatnment

. _Wher ej he t t i st
eosent | KrIpyRsTIng ApaRENs ARMENRAOBIZah GrEbPLEPEASUN HBMTB Tt ho pr esent

i nvent i ﬂ@atﬂ{%ykﬁﬁﬁstaprg&%&sc%ﬁp%in@WZSNPQ ok MeMeKe22iehy dr oar omat i zat i on
catal yst comprising the step ofheating a catal yst precursor conprising
Mb/ ZSM Feroperbloirdhatzeit 500°8 foealmait 380 mirutesinthe preseges et a HevFENt $9%5500C f or
about 10.to. ' ' r 8oddLat ment gas, wherein M is
pr esent V‘fhﬁreérﬁ%ae%ét}ﬁ%gﬁtfd%tgoﬁggtgtegiﬁﬁ%& g‘fa%re% on the total weight of the
catal yst precursor and the treatnent gas consists

In a further aspect, the present invention provides the use, in a methane
dehydroaromatization reaction, of a catalyst prepared according to any of the aspects

15  of the present invention.

Preferably the pre-treatment step takes place in a continuous flow reactor. However,

the pre-treatment may also occur in a batch or semi-batch reactor.

20  Similarly, subsequent methane dehydroaromatization using the catalyst preferably

takes place in a continuous flow reactor. However, batch and semi-batch reactors

can also be used.

In a further aspect, the present invention provides a process for preparing a methane
25  dehydroaromatization catalyst comprising the step of heating a catalyst precursor
comprising molybdenum oxide and an aluminosilicate in the presence of a treatment

gas so as to reduce at least some of the molybdenum oxide, wherein the treatment

gas comprises propane.

30 Preferably at least half, based on the total number of molybdenum oxide ions in the
precursor catalyst before pre-treatment, more preferably at least 90%, more
preferably substantially all, and most preferably all of the molybdenum oxide is

reduced.



essentially of propane. In the nost preferred enbodi ments, the present
I(:QYeIntI ?n provides a Erocess f](c)r prepari ng a net hane dehydroaronati zati on
al yst worzpesoi3zg t he step of heating a catal yst prececsSG2a3mpsiisi N
Mo/ ZSM5 or M/ MCM 22 at a tenperature of aboutySOOBC for aboutmg%lfﬁ ngt es
in the presence of a treatnent gas,qyherein the treatment gas consists
essentially of propane. In a further aspect, the present invention provides
the use, in a nmethane dehydroaronati zation reaction, of a catalyst prepared
accor di 8gitdbly arl@asm{sombepraamy st lesstihal, hased entthe ipfalmumber oy ef er abl y t he

pre-treat &Eﬁ% ursl;ltégg g% z 6\%% R'Ieaﬁ:rgcdrg'oraca b%?é’éref-ti'ééffnéﬁta%% However, the

pre- tredf occur sem -batch reactor Sl m | arI Y,
subsequprrferaily Iaaleesw‘}’gfdmrarpmefatabb'aiub@hnu@iw?é} @'I*fém@éft%[ﬁf?ﬁb%? E?fer abl y takes

pl ace i eﬂg&ﬁgée _H]Ocﬁﬁd :s%@t{]%a% Mol bhig,\{@ﬁ%pb,@tch and sem -batch reactors

can als _ er asp e present invention provides a
prockss for preparing a nethane dehydroaronatlzatlon catal.yst conprising

e ot Bl ahe RepRYSAR i HaRERis B0 ofOPretrbng i uRBasah 0x! de and an

al um no ein presence o ment. gas’'so_as to reduce at |
sone of czhﬂbeiemmhylbﬂasaemt@ﬂy diaandxmepfef@ﬁb')’tcp@%ﬂﬁé)ﬁ{\”ogﬁs conpri ses pr opaﬁgét
Preferably at |east half, based on the total number of nolybdenum oxide -
ions in the precursor cat al yst before pre-treatnment, npre preferably at

| east 9(%5 imthis pepettefdhe invenlins; thetnreparation of the patalystwithireateeh) v ai | of

the §§§§&HEP%§E6’%8%R? LGE8 WW @.?He%?@%eé%dl%huﬁ@&me@r;ﬁéﬁfaﬁw y at | east

haI denum oxi de ions in the precursor

cat al ysimdidienemmarbide %pmb/ MW)@W%PE?'h‘bﬁ the grducgd SONBYSHU R ¢
pref er al v sUbShHiehahl cbrild andiid,CREy beleésirabliy/fortie Mbthane

dehydroaromatization activity of the catalyst.

15 Preferably the process of the present invention includes the additional step of
carrying out methane dehydroaromatization using the catalyst. The present invention
therefore provides a process of methane dehydroaromatization comprising the step
of preparing the catalyst by heating a catalyst precursor in the presence of a
treatment gas as described herein and then carrying out methane

20 dehydroaromatization using the catalyst.

In a further aspect, the present invention provides a process of methane
dehydroaromatization comprising the use of a catalyst prepared according to the
present invention.

25
The step of carrying out dehydroaromatization using the catalyst is referred to herein

as the “reaction step”.

Thus, preferably, the process includes a reaction step in which a

30 dehydroaromatization reaction is carried out using the catalyst.

Suitably, the reaction step is non-oxidative, i.e. non-oxidative methané

dehydroaromatization.



the nol ybdenum oxi de is reduced to nolybdenum carbide. Preferably the
nol ybdenum car bi de conpri ses M2C. Preferably the nol ybdenum car bi de
consi st s wegemdvadssy of, and nore preferably consists ofchsggosbhess in
this aspect of the invention, the preparation of the catalyst wth
treatment gas conprising propane sujtably produces reduced nolybdenum
speci es, preferably nol ybdenum carbide (especially M2C). Sone or all of
the reduced nol ybdenum speci es, nol ybdenum carbi de and M2C nay be
L rez Pons%hia@{yL fHe rbaaiomtép?naummpbmgma' clionegascsielastad frara {1d¢ G(%e catal yst.
erably e process t he . present 1ny ' dcl udes the additi
step ofhyéé‘anWcﬁﬁ thhe ‘f?é%iﬂﬁgaa%ﬂ%ﬁ@é? Sﬂalﬁ%%feg%rgusi ng the catal ;s?.nall'he
géﬁsgnt |nve?t|o?_therefore provi des a process of nethane
ydroaromatization co rising the s § (!
heat i ngP r&@ﬁ?'&!“}%@%@é@%éﬁFel?%e‘fl ﬁ8%¢§§°e§é3&8$ Q% I\M}g E‘ér}rgrr"fltB thg}gésyzts >
?ﬁg@{: g?&?;ﬁ?{ gb}srboaﬂ:?iséfﬁiétmw Mbrugpreﬁdrabmtﬁearaect@emﬁdrooaﬂ@tﬁat i zation using
.. ln a fur r aspect, the sent | '
of ot B RTACR P BHEEIEY BB A i S R Qe o e
accor di gméPahdle present invention. The step of carrying out -
dehydroaromati zation using the catalyst is referred to herein as the

"reaction step". Thus, preferably, the process includes a reaction step in

\gﬂ: tcgb?m@ haudtioRgamby Frludera mixace bbgases, fonexareples amixyrarf Ghle €t al yst .

, . the reactjon LS non- 0X] e, i.e. non-oxidative nethane
deh%.roéwfﬂ%ﬂrp‘i%ﬁ? °r éﬁ g‘ﬁ?é%y‘i’rﬁga@éggﬁ?gﬁ' step incl udes suppl yi ng
{g?rgtelrgn ?2501‘%;'?0} ed Irgg})gl tg C5 hydlrocar bons to the catalyst at a

east .. 0l r:%ﬁﬁ)tr" ' I
Cl to cgsrﬁ‘é%ﬁ%e@.se%?"ﬁnﬁ?%?'éeg%%’%['ﬁf'e"%g Forbbéss S tB8stebS of) cct ed Trom
supplying propane to a catalyst precursor so as to prepare a catalyst as described

herein, and then (i) supplying methane to the catalyst under methane

15  dehydroaromatization conditions.
In other words, the pre-treatment step is preferably followed by the reaction step.

Suitably the reaction step includes supplying the reaction gas at a pressure of about

20 one atmosphere (approximately 0.1MPa).

Preferably the temperature of the reaction step is at least 650°C, more preferably at
least 675°C, more preferably at least 690°C and most preferably at least about
700°C. The reaction may be carried out at a temperature up to about 850°C,

25  preferably up to about 825°C, and most preferably up to about 800°C. A particularly
preferred range of temperatures is about 675°C to about 825°C, more preferably

about 700°C to about 800°C.

, In embodiments, the reaction step occurs in the same reaction vessel as the pre-

30 treatment step. In this way, there is no need to fransfer the catalyst between vessels.
An additional advantage is that the catalyst can be used in the reaction step only a
éhort time after pre-treatment, thereby taking full advantage of the improved
properties of the pre-treated catalyst. Indeed, it is preferred that the reaction step
occurs after the pre-treatment step without any intervening steps. Preferably the pre-

35 treatment step and the reaction step occur in the same continuous flow reactor.



reaction gas conprises nethane. Mdre preferably the reaction gas consists
substantially of, nore preferably consists essentially of, and nost

pr ef er ablwocoesiosizs of net hane. The reaction gas may i necude2eosmwootisir e of
gases, for exanples a mxture of ClL to C5 hydrocarbons and/or a Cl1 to C5
hydrocarbon and H2. Thus, the presep invention preferably provides a
process conprising the steps of (i) supplying propane to a catal yst
precursor s as to prepare a catal yst as described herein, and then (ii)
suppl ying nethane to the catal yst under nmethane dehydroaronati zation

by the Sugaa By SLPEk of Bt} 9, RPobEIRLIRS: S Ao B BRBIY 1o the

by the a action step i'ncludes supplying the
react i oreagtion gas begine Sseferblyfthabengtiomges eemprigssenaihangdbiRemat el y 0.1 MPa).

Preferably the te [ al M f ) ' gast 6500C, nore
pr ef er aBIF 4 ¥ @‘é‘r%ﬁ[ﬁg%%@&,%afr%yr&egg‘?%ﬁ%g)}b?;{hg%s%edggtog SJSOC and nost

pr ef ®r apteferablyliretietabsboee of POQEBE. The reacti on may be carried out at a
tenperature up to about 8500C, preferably up to about 825C, and nost
preferably up to about 8000C. A particularly preferred range of

t enper aSultatsly the rabetion sttbEoLTs atisoligh 20LSraktse &3y tBe BreakPaMERGIEP-7000C to
about Sgggt%'ﬁoclers]s g{@&g}e@%ﬁablyy iﬁ@lufl@&ﬁk!s@éb SlifRefGRY e tbRpélagiréame reaction

vessel e pretreatnment step. I'n this way, there is no need to transfer
t he cat aftgspredetaiveent. vessel s. An additi onal advantage is that the catal yst
can Qe used in the reaction step only a short tinme after pre-treatnent,
ther'J by taking full advantage of the inproved properties of the pre-treated
cat al ystPreferabiyeitie pracess insludee an edditiral siapdn whighy pRer tae ERRCHLHPR: after the

pre-tr e%legﬁﬁgng ?;ng Qg}ﬁ{hﬁét]ﬁ%brrogab{e isSTUBh o Me SABRSE at R teinperilry of b

pretreatime action step occur in the same continuous flow
react or J&st BariGy In this wap the/catdlystroenbeeractivaied aftaigysed HEFEPE or shortly

after t r<]jeé‘h)slcyrggrlo}‘na(%ifza’tion.

15
The additional step of reactivating the catalyst with propane is referred to herein as

the “re-activation step”.

Suitably the reaction step and the reactivation step are repeated, preferably at least
20 twice. In this way the useful life of the catalyst can be increased. Suitably this means

that the frequency with which the catalyst needs to be changed is reduced.

In a further aspect, the present invention provides a process of maintaining the
activity of a methane dehydroaromatization catalyst, wherein the process includes
25  the step of supplying a treatment gas to the catalyst during methane

dehydroaromatization, wherein the treatment gas comprises propane.

By “maintaining the activity” as used in thié aspect it is meant that the methane
dehydroaromatization activity of the catalyst is higher during at least some, and
30 preferably most, of the methane dehydroaromatization reaction as compared to the

reaction being conducted in the absence of the treatment gas.

In this aspect, the catalyst stability can be improved by supplying propane at the
same time as methane dehydroaromatization is taking place. Thus, “in-situ”

35 f{reatment of the catalyst can be effected. Simultaneous supply of treatment gas and



reaction gas begins. Preferably the reaction gas conprises nethane and the
nmethane is supplied to the catal yst substantially in the absence of
propane, woeb@midzy i n the absence of propane. SuitablypChscresomvensn step
occurs at a higher tenperature than the pre-treatnment step. The process
therefore preferably includes the sigp of increasing the tenperature after
pre-treatnment. Preferably the process includes an additional step in which,
after the reaction step, treatnment gas conprising propane js supplied to
the catgbysin gfs (etlemedran thessfork result ieisprogerottalysiractiiisduing e he cat al yst

can be re-activated after i 0 et hane dehydroaromati zation. The
addi ti oW&Pt'cg‘t%spcchpﬁr%%t rieegtioﬁ%é%ﬁ?y)cat alyst with propane is referred to

herein as the "re-activation step”. Suitably the reaction step and the

reactivation step are re ed.. DF ol 1d Wiused catalysthi s way t he
usef ul ﬁ"i? @'%“Fé Fg%ecézl?%f)'@g%scgﬁh%ﬁgf %%pr%ggéé/aer?e é‘éuii tably “thi g means that the
f r eqBlensy asitd fe-adtivath thdreseclatadalysst Infeal dsped. he calpbishRECHSOr 8RNSEH. 1n a

further aspect, .the pres i nvention provides a process of maintaining the
activitﬁgﬁgsﬁaﬁgFﬁ§% d%@ﬁ&éroaron&tization catal yst, wherein the process
I ncludes the step of supplying a treatnent gas to the catal yst during

met hane de rLoarg | LOM ' BE aldr6isER N tegfiatifg ARIseEeS propane.
By " nmai it %\F“ﬁ%ﬁba?%geg}ﬁ:%%F?ﬁ;"n\)ag@ﬁ%@g@ﬁdn t hdi’ s aspect it i.s peant that the
met hane caltelygt mbivhasset icatalyisbheslosanwisegl ime matkanededygoaronatizpiibr during at
| east sone,. and - i Hingat i on
- 4 4 SuRoERERe dRB YEIcRas PRRIEING
r eai{)l oﬁeaé;g'o'&8%%@%&%%%&@3&@%n el ng conducted in the absence of the
t r eat Mefite g8 of heatihbites asspaetalyst Ata tentrargtsre eftaiitgast 890°CHR e i nproved by
suppl yi ng propane, at, th a I & HRhYisE gl i zation is
ki ny. fressacs g SameqtaRy ThefdiThoteaiedas CrpHesoe
Typically the used catalyst comprises, on some or all of its surface, a coke deposit.
15  As noted above, the formation or build-up of coke on the catalyst occurs after use of
the catalyst in methane dehydroaromatization and so a coke deposit is characteristic
of a used catalyst. Typically a used catalyst has lower catalytic activity than a
catalyst. Specifically, a used catalyst is suitably characterised in having a lower
benzene yield than a catalyst.

20
in a further aspect, the present invention provides a methane dehydroaromatization

catalyst prepared according to the following process: heating a catalyst precursor
comprising molybdenum and an aluminosilicate at a temperature of at least 300°C in
the presence of a treatment gas, wherein the treatment gas Qomprises propane.

25
in a further aspect, the present invention provides a methane dehydroaromatization
catalyst comprising molybdenum and an aluminosilicate, characterised in that the
catalyst has an Activity Preservation Ratio of at least 40%, based on benzene yield
as measured after 15.5 hours of methane dehydroaromatization at 700°C.

30
‘Preferably the catalyst has an Activity Preservation Ratio of at least 50%, more

preferably at least 60%, more preferably at least 70% and most preferably at least

80%.



treatnment of the catalyst can be effected. Sinultaneous supply of treatnent
gas andreaction gas (nethane) can therefore result in inproved catal yst
activity wornmgotize reacti on as conpared to reacti on ga®cursiGgoosiononasr el at ed
aspect, the process of the first aspect can be applied to a used catal yst
so as to re-activate the used catalygt. In that aspect, the catalyst
precursor is a used catalyst, as discussed below. In a further aspect, the
present invention provides a process of reactivating a used catalyst, which
used cafnad fusthehaspebie ée presaht inveationerhvides aarafornsdabirdionsaratzatidact i on and
conprises ol ybdenum a | ymi nosi boi-ca: t jha€ihedi ng the ste
of heat FHEYE "]Pg'g'&gé%‘?gﬁ%g%‘ %a%ma%%%@%g@%% %f%r%‘(’t&{%ggﬁl 3000C in the P
pr esenceatakysprbviesd, ireamegeme dehgdrearonidtizationogastantat §88°G @RISR propane.
Typically the used catal yst conprises, on sone or all of its surface, a
coke depgliqrat 3%5 d above, the formation or build-up of coke on the
catag yst occurs after use of the catalyst in nethane dehydroaromatization

and so a coke deposit is chara | St 2 bywei cally a

used caf’ éﬁf??g'yﬁg‘gc?ta&é"rpr@é{ Eyl ?/g%@{eg%t%e\qﬁ ?{/at?%ﬁﬂg,g\g{rgwez%r? pecifically, a

used catgakysb%, moselptefdrahly aheasici%r meredpriieraiiy b.a% and oaeirrefefbhe yi el d

than a cat al . In a further aspect, the present invention provides a
e

met hane 2HEA romati zation catal yst prepared according to the foll ow ng
process: heating a catal yst precursor conprising nol ybdenum and an

al um nosilicate at te r at. . | ' | d3rigaence of a

t reg&’ mnjﬂ a&g@‘ter ﬁﬂéercgiﬂﬁe %ger?trlré\éeﬁﬁgip ﬁ’}g’l'gg g??n%%?@%gréﬁdgrgggﬁge. Tn a further
aspect, prdvespbbmepariignyeettaon dehydroeregatizationitataly 4y 8F8Fomat i zat i on

catal yst_conpri sing_ n ' idipERAbRbd&diat asd gri sed in

t hat th@o'ﬂf‘g@f‘%i}e 333%01161 e%iﬁglg\?la @%g@g&ggﬁﬁ%ﬁé&ﬂa 'i%o@of at |east 40% based
on benzengnifbglidatest aneamperatareal leadizz09°G duths pogsamee Rhine said

B et R g b B Rl Bkl vt has an Aetivity
15
In a further aspect, the present invention provides the use of a treatment gas in a
process of preparing a methane dehydroaromatization catalyst, the process
comprising the step of heating a catalyst precursor comprising molybdenum and an
aluminosilicate in the presence of the said treatment gas, wherein the treatment gas
20 comprises propane, so that the catalytic methane dehydroaromatization activity of

the catalyst is maintained for longer as compared to a catalyst prepared without the

use of said treatment gas.

In a further aspect, the present invention provides the use of a treatment gas in a
25  process of preparing a methane dehydroaromatization catalyst, the process
comprising the step of heating a catalyst precursor comprising molybdenum and an
aluminosilicate in the presence of the said treatment gas, wherein the treatment gas
comprises propane so as to reduce the rate at which, in a subsequent methane
dehydroaromatization reaction, coking of the catalyst occurs, as compared to a

30 catalyst prepared without the use of said treatment gas.

In a further aspect, the present invention provides the use of a treatment gas in a
process of preparing a methane dehydroaromatization catalyst, the process
comprising the step of heating a catalyst precursor comprising molybdenum and an

35  aluminosilicate in the presence of the said treatment gas, wherein the treatment gas



preferably at |east 60% nore preferably at |east 70% and nost preferably
at least 80%In a further aspect, the present invention provides a nethane
dehydr oarwombisz@i3zen cat al yst conpri si ng nol ybdenum and pem/sahensionedas | i cat e,
characterised in that the catal yst provides, in a nethane

dehydroaromati zation reaction at 70090C, a benzene yield of at least 3.5%
Preferably the catal yst provides a benzene yield of at |east 4% nore
preferably at least 4.5% nore preferably at least 5% nore preferably 5.5%
and nosgorrizke badpaye ato dsctagro\dds thercatalysimithan ApdibctresemnatiqnrRaliont i nvention
provi des. the of atr t i ativa &2 et hane
dehydro%fraéllreﬁsﬁ@]‘f’i%%mga?uisélgﬁ% }%ﬁ%#rgggg%ﬁ%@%p%}@érﬂgﬁomfgt ep of heating a
cat al ysyog@recur sor conprising nol ybdenum and an alum nosilicate at a
tenperature of at |east 3000C in the presence of the said treatnent gas,
wherein the treatnment gas conprises propane. In a further aspect, the

pr esent | HHEIbE Apepl, thel heserit wentian mbvides theaisemie tpatmén 08s it dcess of

preparing a nethane, deh oar ti Lon G cess conpri sing
the st epogPsHFRAPRAING ad'é%h??/es8%&%%%%@%&%@%%%%%“%05 enum and an

al uni noghhpesiigtheBteps heatraeacatalybt preeursali conprisiomaelybdsaym kA n t he
treatnent gas.cConpri,ses propa ) | :
dehydr o@lgTiRasiicaiip eé?f?? CEV?@P %aﬁde{r%%baewg?ﬁwggh%ﬁ {rpt(:é éf&ﬁgﬁ&??ﬁ y onger as
conpar edofprigesqaopngsso haetharcathlyst prwidest e methape deydioareatizlial gas. In a

further aspect,_th esent [nvent.io rQvi des the use of a treatnment gas
in 3 pr (ﬁ?&ggn g 9% ép&’??ﬁ?”g yf?éq/ﬂaﬂée%éﬁyc{%{oar onmati zation catal yst, the
process conprising the step of heating a catal yst precursor conprising
nmol ybdenum_and an m nosi | .i.cat

gas, whét@fHineh @SRq%lé %rﬁPe'lbtégveé’gﬂEbeo&g% S gﬁeg%%%%stgéaéégﬁtog%?gﬂ Sf:rae? thge P;t e
at whi chrodeBs 8f reosing wente orelllbineoke deposit formed on a methane
dehydroaromatization catalyst comprising molybdenum and an aluminosilicate.
15
Any one or more of the aspects of the present invention may be combined with any
one or more of the other aspects of the present invention. Similarly, any one or more
of the features and optional features of any of the aspects may be applied to any one
of the other aspects. Thus, the discussion herein of optional and preferred features
20  may apply to some or all of the aspects. In particular, optional and preferred features
relating to the treatment gas, temperature, pressure, duration and the composition of
the catalyst precursor apply to all of the other aspects. Furthermore, optional and
preferred features associated with a process, method or use may also apply to a
product, in particular a catalyst, and vice versa.
25
Definitions
The term “aluminosilicate” as used herein will be familiar to the skilled reader and

pertains to natural and/or synthetic inorganic structures comprising aluminium, silicon
and oxygen. Similarly, the term “zeolite” as used herein will be familiar to the skilled
30 reader and pertains to aluminosilicates, natural and synthetic, having an “open”

structure that can accommodate a variety of cations.

The terms “zeolite framework type” and “framework type” will be familiar to the skilled
reader and pertain to the classification system applied by The Structure Commission

35 of the International Zeolite Association (1ZA) for identifying zeolite structures, which



dehydr oaromati zation reaction, coking of the catalyst occurs, as conpared
to a catal yst prepared without the use of said treatnent gas. In a further
aspect, twe 2pi%®e33s i nvention provides the use of a treaCIBGR0BABNA a
process of preparing a nethane dehydroaromati zati on catal yst, the process
conprising the step of heating a cajgl yst precursor conprising nolybdenum
and an alumnosilicate in the presence of the said treatnent gas, wherein
the treatnment gasconprises propane, so as to provide the catalyst with an
Act i Vi t MaddifRaeoy ajstan isRaidrovenfbydt PACaJhe 4osifieafionsysiameassiNt& 15.5 hours
of net hane de r oar.omajd I ; ‘ a9fRect, the present
i nventi rﬁ”ﬁﬁ”\fﬂ?‘?g&e {:ﬂ%e {.FST@I(%# 8§Cﬁfe°§/tgﬁe@ﬁét d'gg?ﬁ?%é{{!{%%“éess of preparing a
met hanetogelgdsoar omat i zati on catal yst, the process conprising the step of
heating a catal yst precursor conprising nolybdenum and an al um nosilicate
in the presence of the said treatnent gas, wherein the treatnent gas

CONB i SPstaiedpdormatisn abdidFramewerkiTypg Sodgs 6an e doundpndheddhawed
dehydr ogr onat | £atl o, SAEI N \Ahy EPORC FRarkSINGRSoY LBlick e at | east 3. 5%

In a fuP® invention 8I‘OVI es the use of a treatnent
gas in eeppodieeddn Gh. Baarioeherg\\sMnMeisr agd Dl Olgoriias pa 6628 f or med on a
nmet hane _dehyd

e e R TR 81408 ke byt sias, pebybdenum an, an

y “one or e aspects of the present invention
may be conbined with any one or nore of the other aspects of the present

I nvent | Sl wolk TiiRsMatanaamvandoansi onal features
of i@y %Ie[v%tmgst@éeéﬁégerﬁtg%ve@g%%ﬁ Fif’%g]%to an{/&one of the other aspects. Thus,
t he di sounkhiave kheweinthefskided readal- and preferred features may apply to sone

or all of the aspects. In particular, optional and preferred features

relating to the treatment gas, tenperature, c?r essar e, durati ﬂn and the
conposi Siroiterlyf thetpeefeaed Fyaite pireatures of Zabm ynd YCH- ?8fe lfrP?é“f”otP "¢ aspects.
Furt her npres  OpL] QRale AL $drréSlin BEN E6SIites TRE kethed SM-Ehisa process,
met hod oOr Use may al'so apply to a i

15  interchangeable with “HZSM-5, both of which denote the protonated form of the

zeolite. Similarly, the terms “MCM-22" and “HMCM-22" are interchangeable.

The terms “dehydroaromatization” and “methane dehydroaromatization” as used
herein will be familiar to the skilled reader and pertain to the formation of aromatic
20 compounds, particularly benzene, from a reaction gas comprising C1 to C5
hydrocarbons and/or methane. In particular, the skilled reader will understand that in
the case of methane dehydroaromatization, the reaction gas may comprise one or

more other gases, e.g. C1 to C5 hydrocarbons, in addition to methane.

25  The term “Si/2Al ratio” as used herein will be familiar to the skilled reader and
pertains to the relative number of silicon ions and twice the number of aluminium ions

in the aluminosilicate.

The term “non-oxidative methane dehydroaromatization” as used herein will be

30 familiar to the skilled reader and pertains to the reaction discussed above carried out
in the absence of an oxidising species. Indeed, references herein to methane
dehydroaromatization include non-oxidative methane dehydroaromatization, which is

preferred.

35 DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION




product, in particular a catalyst, and vice versa. Definitions The term
"alum nosilicate" as used herein will be famliar to the skilled reader and
pertai ns wo 20&booumb and/ or synthetic inorganic structur eeTSeGS080018)

alum nium silicon and oxygen. Simlarly, the term"zeolite" as used herein
wil'l ‘be famliar to the skilled reagier and pertains to alumnosilicates,
natural and synthetic, having an open" structure that can acconmodate a
variety of cations. The terns "zeolite framework type" and "framework type"
wi | | beThamsildwiay nisthddseverkiused th the sdenplga of fhermresant tyeRtiRd- cl assi fi cati on
system applied by The Structure Conm ssion of the International Zeolite
Associ ation (1ZA) for identifying zeolite structures, whichclassification
syst em (1§ Caplyst PesbapgtionUPAC. The cl assification system assigns a Framework
Type Code (ETC), to each of o AERYEIK t opol ogi es.
Det ai | egh‘?f(ﬁ gl pr%wrs%sgl ﬁ:e{rghe'%a%%%E;egh%neifq@%?léﬁgw ound. on the | ZA's
web @agezsmes OMMCIVIZ2) Mthmcmwlaie@ﬁmoum@nmommw IyhdaiRsRvioType Codes

are _rep ? ?éa%pwnn%/andl?’caa?érk%%ner WM Meier and D.H Oson, Atlas of

Zeol i te revised edition , Elsevier, Ansterdam 2001.
Rel evant to the present invention are Framework Types MFI and MWW both of

whi ch arééﬁﬁyggmgtegﬁn |fl||ed reader. Simlarly, the preferred zeolite

structu 22 are known to the skilled reader, as are
net hods Pietregimephwas garsiad butis @l fixed bed Terctarat gimgspipse PressyrR . hangeabl e

WI t o er§§ mg ﬁgc%}ﬂgl&&fg t,t}g\%}'e%gt,quﬂé’ttr@aﬁﬁﬁt Ri@lmaak 8 dasdredpret he zeol i te.

HVCM 22" are interchangeable. The terns
"dehydr@aammtameramre and "net hane dehydroaromatizati on" as used herein
will be famliar to the skilled reader and pertain to the formation of

aromati ¢ conpounds, particularly benzene, froma reaction gas conprising Cl
to C5 (3) Catalyst Testing

The test reaction (methane dehydroaromatization) was carried out in a fixed bed
15 reactor at atmospheric pressure with 300mg of catalyst. The reaction products were

analysed and identified using gas chromatography.

Catalyst performance was measured with reference to the Activity Preservation Ratio
(APR) and Benzene yield (BZ-yield).
20

APR was calculated as follows:
APR (%) = BZ-yield at time on stream (TOS)/Maximum BZ-yield

References to APR herein. are taken to be based on measurements made after 15.5

25  hours unless stated otherwise.

Benzene yield was calculated as follows:
BZ-yield = benzene (produced)/methane (fed)/6

30 Examples 1 to 4 and Comparative Examples 1 to 6
The ratio of Si/2Al in the aluminosilicate ZSM-5 support was adjusted in accordance

with techniques known to the skilled reader.



hydr ocar bons and/ or nethane. In particular, the skilled reader wl|
understand that in the case of nethane dehydroaronmati zation, the reaction
gas nmay owopniwei1see or nore ot her gases, e.g. Cl to C5prhydGaamrbens, in
addition to nethane. The term"Si/2Al ratio" as used herein wll be
famliar to the skilled reader and pgrtains to the relative nunber of
silicon ions and twice the nunber of alumniumions in the alumnosilicate.
The term "non-oxi dative net hane dehydroaromati zation" as used herein w ||
be fami Prenurdop MoigSMH§ ¢atelusts asirepreap@diim 4PMeo 80d MOYPABR¥T | on di scussed

above C@éeg:h%%r Vﬁmér@gﬁﬁ%ﬂ%ﬁﬁﬂéﬁrﬁoﬂﬁm%m%é@é §6106orS RS6ves by ldAgesd,

referen erel o net hane dehydroaromati zati on i nclude non-oxidative
met hane adeé bgldinetigromat i zati on, which is preferred. DETAI LED DESCRI PTI ON OF
EVMBODI MENTS OF THE | NVENTI ONThe fol |l owi ng net hods were used in the exanpl es

of the present invention. (1) Catalyst Preparation The g t al s‘t§ precursors
wer e5pr Epemetdrsgy theioragh Edi mapd Geniera Jisemardige ito semp o gtef@%\lﬁﬁ Br MM 22)

with th I emgau%i BrEYR e R/ ZENIa8 Eat8igbtbxcept thétol | owed by
drying gﬁﬁaélg#écﬁgﬁ on. ZSéégg?al ysté'ﬂg?e-treat ment Wr};égct ?Le% nment was

carri ed couesfondingfmetals selisweeseseshin alace oheBpRBIuMEMEREAIGARINIh 300Ny of

cat al yst fof. tagjitee P Hhes ol M BEPhis bhéretharsbnaéntional ehraqied
pretreatnment tenperature. (3) Catalyst Testi ng The t est @et?dg'l(étél on (et hane

dehydr oderdnesrpratinda pramieciaioransuminosilicaty arg Hadng & 48" at mospheri c
presgure with 300ng of catalyst. The reaction products were anal ysed and

i dentified using gas chromatography. Cat a|XSt perF rmance was neasured with
r ef er enddetnsequror Aatalypts yererdesignaied; Galalyslz fde D. as Tollows:

Catalyst A: 12%Mo/ZSM-5(30)

Catalyst B: 12%Mo-3%Ga/ZSM-5(30)
15  Catalyst C: 12%Mo-3%Zn/ZSM-5(30)

Catalyst D: 12%Mo-1%Pd/ZSM-5(30).

The number in parentheses indicates the Si/2Al ratio of the ZSM-5 support.

20 For examples 1 to 4, each of catalysts A to D was then subjected to a pre-treatment
process in accordance with the present invention. The catalyst (300mg) was loaded
into a continuous flow reactor, heated to the pre-treatment temperature of 500°C and
propane was supplied to the catalyst at a flow rate of 8ml/min at a pressure of
0.1MPa. Pre-treatment was carried out for 30 minutes.

25
For comparative examples 1 and 2, catalyst A was subjected to pre-treatment at

500°C for 30 minutes in methane and H, respectively, at a flow rate of 7.5 ml/min.

The same reactor was used as for examples 1 to 5.

30 For comparative examples 3 to 6, each of catalysts A to D was subjected to pre-
treatment in at 700°C for 40 minutes in He, at a flow rate of 10 ml/min. The same

reactor was used as for examples 1 to 5.

Each of the pre-treated catalysts from examples 1 to 4 and comparative examples 1

35 to 6 was then tested for methane dehydroaromatization activity. For each pre-treated



(APR) and Benzene yield (BzZ-yield). APR was cal cul ated as follows: APR (%
= BZ-yield at tine on stream (TOS)/ Maxi mum BZ-yi el d References to APR
her ei n arwotzadvan1ize be based on neasurenents nmade after pt3/iSG2003w0@18Nl ess
stated otherwi se. Benzene yield was cal culated as follows: BZ-yield =
benzene (produced)/nethane (fed)/6 fxanples 1 to 4 and Conparative Exanpl es
1 to 6 The ratio of Si/2Al in the alumnosilicate ZSM5 support was

adj usted in accordance with techni ques known to the

A skill ed
reader . utalgsin(800mybh MEtars veas auppladsto s eeagtiepyassg! "ﬁftraodfﬁ"‘z & GAd ol ybdenum
precursor by i morednal i 4P 2 KRR MRfalRs o0t i Rébctib®! | oned by
drying Qﬁ{@'%ﬁwﬁ%ﬁggﬁrgﬁg&o éar' ;ﬁglgﬂloﬁh%éﬁpgrm of Igd, Zn and Ga were
i ncor popmtiacts iwere dstented @hdtduentifiet alsingtaes ghioneptegrerw vathalerRi¥ed: used to
prepare_t he My ZSM 5 | Aheadifig nmetals salts were
used inprﬁvgb'@n@asﬂﬁ%eﬁl%&haﬁ%fnyﬁggﬁbgﬁg Nb%g%tlrfis@d zeolites in place of
zeoljte ZSM 5. This and ot herconventional techniques for incorporating a

promoter, i nto,an. al ymnosi Lcat ¢ & 5 dobhsusddidd ptapieader . The
precur sipeﬁeas[ug?%ﬁgl{%euﬁé%lcfil{er{gicrg%grteg{g%cata ysts Ato D, as fol |l ows: Catalyst
A 12%wW/ ZSM 5(30) Catal yst B: 12%b- 3%za/ ZSM 5(30) Catal yst C

12%\vb- 3% S| &@Ia atidrt sMReth¥hs béat W8 78R-5 wiR@ngunber in

par ent hﬁ@é%i %ﬁé&&%g hg&%ﬁﬁat%atléﬁ%eo tﬁe ZSM 5 support. For exanples 1
to 4, eadthowfCstlaped-irsatseatto D was then subjected to a pre-treatnent
proggss I n accordance with the present invention. The catalyst (300ng) was

 oadtd Catalyst® [ Treatment ® Benzene yield (%) | APR (%)
Ex.1 | A CaHs (8), 500 °C, 30 min | 5.2 82
Ex2 |B CaHs (8), 500 °C, 30 min | 5.2 | 57
Ex3 |C CaHs (8), 500 °C, 30 min | 5.6 73
Ex4 |D CaHs (8), 500 °C, 30 min | 3.8 51
Cp.1 |A CH, (7.5), 500 °C, 30 min | 3.2 63 @
Cp.2 |A H, (7.5), 500 °C, 30 min 3.6 41
Cp.3 |A He (10), 700 °C, 40 min | 1.1 9@
Cp. 4 B He (10), 700 °C, 40 min 0.8 22
Cp.5 |C He (10), 700 °C, 40 min | 0.7 5
Cp.6 D He (10), 700 °C, 40 min 1.2 37

(a) Catalyst A: 12% Mo/ZSM-5(30), Catalyst B: 12%Mo-3%Ga/ZSM-5(30), Catalyst
C: 12%Mo-3%Zn/ZSM-5(30), Catalyst D: 12%Mo-1%Pd/ZSM-5(30). Note: the
number in the parentheses indicates the Si/2Al ratio of ZSM-5 support.

15  (b) The figures in parentheses are flow rate (mi/min).
(c) APR (Activity Preservation Ratio): after 15.5 h.
(d) APR after 7.5 h. e) APR after 11.5 h.

Examples 5 and 6 and Comparative Examples 7 to 10

20  Precursor Mo/MCM-22 catalysts were prepared from MCM-22 and a molybdenum
precursor by impregnation with ammonium molybdate solution, followed by drying

and calcination.



into a continuous flow reactor, heated to the pre-treatnment tenperature of
5000C and propane was supplied to the catalyst at a flowrate of 8m/mn at
a pressurwoebodleisssPa. Pre-treatnment was carried out forc38caioswbess For
conparative exanples 1 and 2, catalyst A was subjected to pre-treatnent at
5000C for 30 mnutes in nmethane and 292 respectively, at a flowrate of 7.5
m/mn. The sanme reactor was used as for exanples 1 to 5. For conparative

exanples 3 to 6, each of catalysts A to D was subéﬁeﬁ;t ed to pretreatnment in
at 70003 hegrticief $H2A indhe phumigosiligateMEMSE purROTOFasIZAYAPH ™. The sane

react or a\&@érdaﬁ@éiwﬁ?tefcﬁﬁiaﬁé@mmo%hé&i@d reagdr. of the pre-treated catalysts

fromexanples 1 to 4 and conparative exanples 1 to 6 was then tested for
nmet hane dehydroaromati zation activity. For each pre-treatedcatal yst

(300ng) 1TH§EﬁrQ&J?§0rV@’€aIy%Wéﬂe%s%ﬂaieG%aEéB%¢s§ EQnd\ress@lloat: a flow rate of 7.5
m/mn and at a pressure of 0.1MPa. Reaction tenperature was 7000C

Reac®i on products were detected and quantified using gas chronmatography,
with refesapse: houMaVIcMS2 ERsur enent s nade in respect of known reaction
products. The results of the testing of the pre-treated catal ysts are set
out bel dvatplysttfadP@Mo/MEM;PE(25). catal ytic dehydroaromatization of methane
over Mo/ ZSM5 with and without C3H8 pre-treatnment (a) Catalyst A 12%

Mo/ ZSM 5(30), Catal yst B: 12%b- 3%/ ZSM 5( 3 al yst C
12%vb- 39k HONRes (rspgrenthgsey ipdicates t@é@%@)&#%@%m%t e: the number in
t he qpar ent heses indicates the Si/2Al ratio of ZSM5 support. (b) The
figures in parentheses are f]ow rat m/mn). (c PR (Acti vit
Pr eser vdtar6xamaes §)and: £aeh Qgsq%al}‘ls.ts g(ﬂ("dfPﬁe%%stu@ie# °R 'g"s%e %ﬁ?'ﬁf ter 11.5
h. Ei(aﬁpdrgées'é iBELoRdariee m]gﬂthrfn@p@sbman@fﬁanlmal atalgst 1800Riganesdaadddd/ MOV 22
2

cata ystiﬁtova\ecr:o%tiRlzoeupsﬁ‘lrosvdreacr;t%whl\e/gt\gd tg tl'?engregtreg?mgr%qgnqgépature of 500°C and

propane was supplied to the catalyst at a flow rate of 8ml/min at a pressure of

15  0.1MPa. Pre-treatment was carried out for 30 minutes.

For comparative examples 7 and 8, catalyst E was subjected to pre-treatment at
500°C for 30 minutes in methane and H, respectively, at a flow rate of 7.5 ml/min.
The same reactor was used as for examples 5 and 6.

20
For comparative example 9, catalyst E was subjected to pre-treatment at 700°C for
40 minutes in He, at a flow rate of 10 ml/min. The same reactor was used as for

examples 5 and 6.

25  For comparative example 10, catalyst F was subjected to pre-treatment at 700°C for
40 minutes in He, at a flow rate of 10 ml/min. The same reactor was used as for

examples 5 and 6.

Each of the pre-treated catalysts from examples 5 and 6 and comparative examples
30 7 to 10 was then tested for methane dehydroaromatization activity. For each pre-

treated catalyst (300mg), methane was supplied to the reaction vessel at a flow rate

of 7.5 ml/min and at a pressure of 0.1MPa. Reaction temperature was 700°C.

Reaction products were detected and quantified using gas chromatography, with

reference to previous measurements made in respect of known reaction products.
35



precursor by inpregnation with ammoni um nol ybdate sol ution, followed by
drying and calcination. The ratio of Si/2Al in the alumnosilicate MCM 22
support wae 2a@yaesized i n accordance wi th techni ques knowecrscets/oséois ! ed
reader. The precursor catalysts were designated catalysts E and F, as
follows: Catalyst E 12%b/ MM 22 (1) Catalyst F: 12%wW/ MCM 22 (25) The
nunber in parentheses indicates the Si/2Al ratio of MCM 22 support. For
exanples 5 and 6, each of catalysts E and F were sugélecte

O e heatuliss $Edesing o SuDP R FARVE R I S PE A IRl The

cat altyst (300mg) was | oaded into a continuous flow reactor, heated to the
pre-treatnent tenperature of 5000C and propane pplied to the catal yst
at a f| oheblea? eC@gPWﬁﬂﬁhyqfoﬁfP"@t'ﬁt@ﬁ&ﬁF@“?ﬁ”e(?."fr %ﬁﬂéﬁfﬁ‘f"&éa‘?‘ﬂent was Y
carri ed \giouf 8IH. e FeBiti&R- For conparative exanples 7 and 8, catalyst E
was subjected to pre-treatnment at 5000C for 30 mnutes in nethane and H2

respéctively, at a flowrate of 7.5 m/min. The same reactor was used as

for exanpl gs—5af g;[aPa7ly§f°' TREHRER@ Ve exanpl e Qenz‘ea]bayﬁely@(%ﬁ MaPRYEH)ject ed

to p!‘e-treat nent Q00CI for 40 m nutes i.n } | ow rate-of—10
m / mi In IBeEseﬁrre Feact or WesHuSdP0ASG 8P mixa pﬁ@s 5 and 6. F)gzcorrpar ative
exanpl e 10 =catai-gst—Fwas Subjepd et gat ment at_ 700pg for 40
mnutes in |E—é afl a flow gfb@?{??(b?g r%l?(r)n%ﬁ The same reactor|was used as
for exanpl egp57 an& 6. Eachoef, (7.6} 5poect 3emired| &t al ysts from 8%anples % and
6 and conp i §$ 7 to 10 was-thertestedfor—retha

dehydr oar op&Pi &at Fon act i yHe§?-5F5P0 &achP @?rblt r bafed cat al yst IgBOrrg),

met hane wa frged i
CSUpPIiEd 10 TIg T eafvb@Pc VAP ato2 fTow rate of27.5 m/min
and at a preEsure of 0. 1M3a.e(§2e)glct?on’ enmperature was 7000C

Cp.10 |F | He (10),700°C, 40 min | 0.2 7

(a) Catalyst E: 12% Mo/MCM-22 (19), Catalyst F: 12%Mo/MCM-22 (25). Note: the
number in the parentheses indicates the Si/2Al ratio of MCM-22 support.
(b) The figures in parentheses are flow rate (ml/min).

10  (c) APR (Activity Preservation Ratio): after 15.5 h.

The results indicate that propane pre-treatment gives higher benzene yield and better
catalytic stability compared with CH, and H; pre-treatment. This applies for catalysts
either with or without a promdter.

15
The effect from the promoter for MCM-22 supported catalysts shows the same trends

as for the ZSM-5 supported catalysts.

Furthermore, the results show that pre-treatment with propane provides improved
20  activity and catalyst stability for both ZSM-5 and MCM-22 aluminosilicates. This
surprising result suggests that the pre-treatment step of the present invention is

applicable to aluminosilicate catalysts independently of their structure.

Compared with He pre-treatment (700 °C, 40 min), propane pre-treatment can be
25  carried out at a lower temperature and for a shorter duration (500 °C, 30 min) whilst

providing higher benzene yield and good catalytic stability.



Reaction products were detected and quantified using gas chromat ography,
with reference to previous neasurenents made in respect of known reaction
product s.wbeosemudsbs of the testing of the pre-treated earaGyeismoeang set
out belowin table 2. Table 2 - Catalytic dehydroaromatization of nethane
over Mo/ MCM 22 with and w thout C3H®opre-treatnent (a) Catalyst E: 12%
Mo/ MCM 22 (19), Catalyst F. 12%b/ MCM 22 (25) Note the nunber in the
parent heses indicates the Si/2A ratio of The figures

i n par effibesekighyield ofaromatiehydiegamens. an@@OOﬂmtadyA@ﬁtah“t%C?ﬁr [é ervation
Rati0): aidiflq f%ﬁth@ %tal)g(g@uél Bidpanéd PrLFeHt@eht) RlrtRérRoA &nRfdy-Javidgs ment  gi ves

hi gher benzene er cat aI ytic stability conpared with CH4 and
H2 pre- tcande ea%rQﬁUﬁ@ﬁﬁl'%rW'tr@%iﬂﬁn&?@e@ tureedndFNOReBP e t hout a
pronot en,. dheighfeect fromthe pronoter for MCM 22 supported catal ysts shows
t he sane tren&s as for the ZSM5 supported catal ysts. Furthernore, the
resubts show that pre-treatnment with propane provides inproved activity and

cat al ystcghabid MtM nfeharRdry %%%%Bﬁ'edv% Bn2dryyiclashticartys. This

surprising resu ests that the pre-treatnent ste of the present

i nventi cﬁtﬁblléy a@dwqﬂ@awgenpfppanaﬂﬁ H‘ﬁ%’lqt thesamne Biealrsadment soadiiaitient Iy of their
structure. Conpared with He pre-treatnent (700 0OC, 40 m n), propane
pre-treatnent can be carried out at a | ower tenperature and for a shorter
duration (500 0C, 30 mn) whilst providing higher benzene yield and good
catalytic stability. Thus, a high yield of aromatic hydrocarbons and good
catal ytic stability can be obtained for the catal ysts using propane
pre-treatnent. Furthernore, energy savings can be nade as a result of a

| ower pre-treatnment tenperature and shorter pretreatnent time. Conpared
wi th nmethane and H2 pre-treatnent, the benzene yield and catalytic
stability are better when propane is used at the sanme pre-treatnent

condi ti ons. CLAI M5



1. A process for preparing a nethane dehydroaromati zati on catal yst
conprising the step of heating a catal yst precursor conprising nol ybdenum
and an alwoio@sioiieéate at a tenperature of at | east 300@Crisc20d3@ognesence
of a treatnent gas, wherein the treatnent gas conprises propane. 2. A
process according to any one of theopreceding clains, wherein the
pretreatnment step occurs at a tenperature in the range 450C to 6500C. 3. A
process according to any one of the preceding clains, wherein the
pretreaCoRmMS step occurs at a tenperature in the range 475C to 525C. 4. A
process according to any one of the preceding clainms, wherein the treatnent
gas consists essentially of propane. 5. A process according to any one of
the precedi ng Alpaddess fostpeepsiring Bheettiamead¢hydrasromaiizatpe celalygt ment step is 10

to 100 m nutes..6. A i i , iufh ddeadlur ati on of
the preSYPRITILKE Sé?pegﬁhl%%ﬁg%at% %@%pénﬁgﬂ%gggd@rgk%p?%\fggdéé?ugccor ding to any
one ®f bhmifsticar ag tempermtyre wheatleast 30AXC rdthalpyesengs ebalredimesbeds i ses

nol ybdenHm su&ggrt d rﬁn an_al um nosi IIj{cate. 8. A process according to any
one of WRESH} Eﬁaﬁ'ﬂe 98P BTPHRE RIPR™ e al uminosilicate is a zeolite. 9. A
process according to claim8, wherein the zeolite is selected fromzeolites
havi ng framework type MRl and zeol | I : e MW 10. A
process%accord rpéoqegggf:gﬁrmng?o \?\Wé?neél‘ !rjlfttﬁ %gn%\eégﬁgtcga"?é’ se e@'tf%%%%rom ZSM 5
and MCMyrdaindeht s®plticesess aasmperdiung int the aangectid°Gfto 68 Cor ecedi ng cl ai s,
wherein the catal yst precursor is selected from Mo/ ZSM5 and Mo/ MCM 22. 12.
A pﬂ%cess according to any one of the preceding clains, wherein the Si/2Al
ratio of3 the alprbessidcteding to any oné bitthe angreding daimg0@hersin the pre-

treatment step occurs at a temperature in the range 475°C to 525°C.

4, A process according to any one of the preceding claims, wherein the

15 treatment gas consists essentially of propane.

5. A process according to any one of the preceding claims, wherein the

duration of the pre-treatment step is 10 to 100 minutes.

20 6. A process according to claim 5, wherein the duration of the pre-treatment

step is 20 to 40 minutes.

7. A procéss according to any one of the preceding claims, wherein the
- catalyst precursor comprises molybdenum supported on an aluminosilicate.

25 .
8. A process according to any one of the preceding claims, wherein the

aluminosilicate is a zeolite.

9. A process according to claim 8, wherein the zeolite is selected from

30 zéolites having a framework type MFI and zeolites having a framework type MWW.

10. A process according to claim 9, wherein the zeolite is selected from ZSM-5

and MCM-22.



13. A process according to claim 12, wherein the catal yst precursor is
ZSM5 and the Si/2Al ratio is in the range 15 to 50. 14. A process

accor di ngvoao@m@i3rs 12, wherein the catal yst precursor i 2chSkha@zasdst he
Si/2Al ratiois in the range 15 to 50. 15. A process according to any one
of the preceding clains, wherein sogg or all of the nolybdenumis present
in the formof an oxide. 16. A process according to claim 15, wherein at

| east hal f of the nol ybdenum based on the total nunber of nolybdenum ions
in the ¢atal ysA ppaessipsarding & any eneeofftos piesediag cleimeigvhersin e process
accordin o claiml [ j A=Y bdenum oxi de conpri ses
MC3. 1& a&swr%%@%r "?étsz%(e)?tgb%ﬁ%ggﬁygﬁgay&pﬁﬁ%gcedi ng clainms, wherein
the step of heating the catal yst precursor in the presence of the treatnent
gas inclydes reduci . d A3 Iherdig tiseaSimtAl St

precur 53? 19.gRl#%cre%gggg&g'g%?%Jn%%%ﬁtgfgﬁb%@g%%’ei n reduci ng sone or
al | ®f tdte oftheyaidminosilicae lividdlke pnoddfitadORb2C. 20. A process according to
any one of the preceding clains, wherein the nol ybdenumis present in an
amount, expressed as a percentage of the total weight of th al yst
precursdB, of Atproeessiacddrling tq clajm @20’&@@'“&%6@@%@@@@?%‘% > wherein

t he nol ry?ggmug?/é'ﬁ('ﬂﬁ[@q%ﬁ%ﬁié& t of at |east 5% 22. A process

accordi t'o any recedi ng clai ns, wherein the catal yst
precursor includes a pronoter selected fromGa, Zn, Nb, Zr, La, Co, Fe, Ce,

Ag, 1§d \{53& Wprgpessso\%orjalin 1Kz, Mhereffthe Obtalydl predirsofd MAR@-22 r, Si, Sn

and A proocess according to claim 22, wherein the prompter is
sel ect ecnfl tioBIRA! ratip, is Iy theFangeS @Pland Pd.

15. A process according to any one of the preceding claims, wherein some or
all of the molybdenum is present in the form of an oxide.

15
16. A process according to claim 15, wherein at least half of the molybdenum,

based on the total number of molybdenum ions in the catalyst precursor, is in the

form of an oxide.

20 17. A process according to claim 15 or claim 16, wherein the molybdenum

oxide comprises MoOs.

18. A process according to any one of the preceding claims, wherein the step
of heating the catalyst precursor in the presence of the treatment gas includes

25  reducing some or all of the molybdenum in the catalyst precursor.

19. A process according to claim 18, wherein reducing some or all of the

molybdenum includes producing Mo2C.

30 20. A process according to any one of the preceding claims, wherein the
molybdenum is present in an amount, expressed as a percentage of the total weight

of the catalyst precursor, of at least 1%.

21. A process according to claim 20, wherein the molybdenum is present in an

35 amount of at least 5%.



24. A process according to any one of the preceding clains, wherein the
pressure of the treatnment gas is in the range 0.05MPa to 5MPa. 25. A
process awoan@my3so claim 24, wherein the pressure is ipoTiSGeoosangas 0. 1MPa
to 1MPa. 26. A process for preparing a nethane dehydroaromati zation

catal yst conprising the step of heatdsng a catal yst precursor conprising

Mo/ ZSM5 or Mo/ MCM 22 at a tenperature in the range of 4500C to 550C in the
presence of a treatnment gas, wherein the treatnment gas conprises propane.
27. A process for preparing a nethane dehydroaromati zati on catal yst

conpri si;3g the f ' 8t i tor SRR s CRRBEINShaY Mo/ ZSM 5 or
Mo/ MCMt f% at aAtséarrs}g%s(r%datCE@nggﬁgta %Sﬁééncrg‘&] 5 458%C toSBSCDC faor about 10 to

of
50 mi nutcetalyshprelgurspr wskidesa groraoter stleqiethirog 3. 4 Mpefh Lereotiee&Crent gas

conpris D . IRGESS Protu, MR ¥h, RTHL BABA and Pd.
dehydr oa O%tgi gg?},’oﬁg%@ﬁygt’ corrp?(l&gi ng t'he step of heating a catal yst

precérsor conprising Mo/ZSM5 or Mo/ MCM 22 at a tenperature in the range of

4500C t 6,35500C xf @l orkithd! 1B cRiim BoNith&i the pidmatEeB@BREteRfrdn t r eat ment
gas, wheréin the treatnent d(zas consi sts essentially of propane. 29. A

process GarZnpZeFgr Waguanddtthane dehydroaromati zati on catal yst conpri sing
the step of heating a catal yst precursor conprising MJ/ZSM5 or M/ MCM 22
at a tenperature in the range of 4500C to 55Q0C for about 10 to 50m nutes
in the @esencé pPcesstacsatdingie agyonewhiedracading daipiseWBHEN R®an amount of

at |1%ast{>ré%é)/6ﬂﬁ§%a%rﬁeﬁsk%%e%%;QbIOSMPattBQSI\M&I.a' yst precursor and the

treatnent gas consists esSentially of propane. 30. A process for preparing
a et hane dehydroaromati zati on catal yst conprising the step of heating a

cat al ystygdr ecunstiocEQRichintPio i3, @héfein the pressure is in the range
0.1MPa to 1MPa.

15 26. A process for preparing a methane dehydroaromatization catalyst
comprising the step of heating a catalyst precursor comprising Mo/ZSM-5 or
Mo/MCM-22 at a temperature in the range of 450°C to 550°C in the presence of a

treatment gas, wherein the treatment gas comprises propane.

20 27. A process for preparing a methane dehydroaromatization catalyst
comprising the step of heating a catalyst precursor comprising Mo/ZSM-5 or
Mo/MCM-22 at a temperature in the range of 450°C to 550°C for about 10 to 50
minutes in the presence of a treatment gas, wherein the treatment gas comprises

propane.

25
28. A process for preparing a methane dehydroaromatization catalyst

comprising the step of heating a catalyst precursor comprising Mo/ZSM-5 or
Mo/MCM-22 at a temperature in the range of 450°C to 550°C for about 10 to 50
minutes in the presence of a treatment gas, wherein the treatment gas consists

30 essentially of propane.

29. A process for preparing a methane dehydroaromatization catalyst
comprising the step of heating a catalyst precursor comprising Mo/ZSM-5 or
Mo/MCM-22 at a temperature in the range of 450°C to 550°C for about 10 to 50



Mo/ MCM 22 at a tenperature of about 5000C for about 30 minutes in the
presence of a treatnent gas, wherein the treatnent gas consists essentially
of propan®o 28091091336pr ocess of met hane dehydr oar onat i zat iPom/SCamBb@iIfg a
reaction step in which a nethane dehydroaromati zati on reaction is carried
out using a catalyst prepared accordgng to any one of the preceding clains.
32. A process according to claim3 1, wherein the reaction step includes
suppl yi ng nethane to the catalyst at a tenperature in the range 675C to
825C. 3@invepinibe presepcopti ieatmentyas whgrein Mo ig pegsgnign a“\ﬂ%@?ﬂ f dthe process

i ncl udeg,, @460k bAS S GARE QT pef i of fnd S AV 5B &R irdatiMehedad T eat ment

gas corrpr| Si hg ‘propane 1S sup to the cat alyst at a tenperature of at

| east 3000Ists @4sentiafy ofqwregangecor ding to claim 33, wherein the reaction and
re-activation steps are repeated. 35. A process of maintaining the activity
of a met hane dehydroaromati zation cataly wherei n the process includes
the 8tedOof suppprotens fer pre@mr\g@qme@'ageldghyd{@ar@glaarc’g}@p Cﬂf?ﬁ Y$hg met hane

ehy o O TRkg H1d 8o oINSk 2 oy pRRLR LodBRAOMRIZOTSS B cpane, 36. A

process tlva whi ch used catal yst has been used
ina rretl\h@/mmgm(df@wmmmmf abnuerlfmmwd%mmﬂe%@sthwteﬁ@ﬂ@mum and an

al um n05| licate, .the proce ncl udin he used

cat al ystof AfreqIpentgasa laﬁrglngﬁ E{?atﬂ’@a@é}%ﬁf%ﬁ?l %ﬁte ﬁ&al'gﬁogyd%ge&of a treatnent
gas, wherein the treatnment gas corrprl ses propane.37. A nethane

dehy ro romati zati on catalyst pre process:
heat'Png - cat aléay%rf’ e mf‘é% neccg 'i'oé %ﬁ%ﬁ6£W%ﬁ% g]gﬁefﬁﬁgﬁ %m licate
at a termﬁéraé wiethale caihydireasnmﬂﬁamﬁ reactidnds pamied pubusing a cetalyst nent gas,

wh h 38. A h
deﬁ§§? e e B L g A BRaPARERRR s 2 57 wner i n

32. A process according to claim 31, wherein the reaction step includes

15  supplying methane to the catalyst at a temperature in the range 675°C to 825°C.

33. A process according to claim 31 or claim 32, wherein the process includes,
after the reaction step, a re-actiVation step in which treatment gas comprising
propane is supplied to the catalyst at a temperature of at least 300°C.

20
34. A process according to claim 33, wherein the reaction and re-activation

steps are repeated.

35. A process of maintaining the activity of a methane dehydroaromatization
25  catalyst, wherein the process includes the step of supplying a treatment gas to the
catalyst during methane dehydroaromatizafion, wherein the treatment gas comprises

propane.

36. A process of reactivating a used catalyst, which used catalyst has been
30 used in a methane dehydroaromatization reaction and comprises molybdenum and

an aluminosilicate, the process including the step of heating the used catalyst at a

temperature of at least 300°C in the presence of a treatment gas, wherein the

treatment gas comprises propane.



the catal yst precursor is selected from M/ ZSM5 and Mo/ MCM 22 and t he
catal yst precursor is heated at a tenperature in the range 4500C to 6500C
39. A netweneowi®isdr oar omat i zati on cat al yst prepared aceorsicagsiooonse
process of any one of clains 1 to 30. 40. A nmethane dehydroaronati zation
catal yst conprising nol ybdenum and gn al umi nosilicate, characterised in
that the catal yst has an Activity Preservation Ratio of at |east 40% based
on benzene yield as neasured after 15.5 hours of nethane

dehydr oar.omat i & atstemeatehydroaomatizationscaialy st dreraieh9erostird f zat i on cat al yst
conpri sj ol ybd ] L 4 ; { &@Pan n that the
cat al ys{‘)ﬂ%?"ggipﬁécse,ggﬁr?aﬁ%? ﬁtgﬁépﬁgﬁgg%%@nﬁqggg??g%@gﬂacti on at 7000C, a
benzeneapimiiddiliohteat alterapdraBirdsf atdast B8e°Gin the prasgberefta RAMEAt 38Spr ocess of

preparing a. nethane dehydroar ommt j.on catalyst, the process conprising
t he stewﬁgp'ﬁﬁttﬁeﬁgn%[ﬁ@é? 8?'%?5%%rdé(5:€érdgbr conpri si ng mol ybdenum and an
alumg nosilicate at a tenperature of at |east 3000C in the presence of the

said treatnment ,gas, wherej - I(aﬁgéq i rQRaes 43. Use of
a treatHent gaé%i"%h%{1ep%@éfé@é%%%%ﬁ@a@%lgs%t n[e) ¥ et}fg’r oaromati zation
cat al ySthe dddlygtipesessr sovgectes nom tMEZSMepand MeddEMRE andcthe &Pt precur sor

conpri shFe%agé!r%%Pegﬂin%%ﬂ%@%%ag%%m ﬂm%%ﬁ% MRd P ek presence of the said

treat nme ment gas conpri ses propane, so that the
catal yti c net hane dehydroaromati zati on activity of the catalyst is

mai nt ai ned for | onger onpar . I iHehout t he use of
sai 80t r &2t ment Ad%%ﬁ%ﬂﬁ g%é’éro Orggtfl 3 Ea'g? %%‘%@Eggéﬁérﬁaggg?gﬁggwgf preparing a
met hane peiRfaye bbaiyumRid zetmon ted0.al yst, the process conprising the step of
heating a catal yst precursor conprising nolybdenum and an al um nosilicate
in the presence of the said treatnment gas, wherein the treatnent gas

conpri say. pr opAneethanadehydroagatugiizatibe catalyst comprising molybdenum and an

aluminosilicate, characterised in that the catalyst has an Activity Preservation Ratio

15  of at least 40%, based on benzene yield as measured after 15.5 hours of methane

dehydroaromatization at 700°C.

41. A methane dehydroaromatization catalyst comprising molybdenum and an
aluminosilicate, characterised in that the catalyst provides, in a methane

20 dehydroaromatization reaction at 700°C, a benzene yield of at least 3.5%.

42. Use of a treatment gas in a process of preparing a methane

dehydroaromatization catalyst, the process comprising the step of heating a catalyst

precursor comprising molybdenum and an aluminosilicate at a temperature of at least
25  300°C in the presence of the said treatment gas, wherein the treatment gas

comprises propane.

43. Use of a treatment gas in a process of preparing a methane
dehydroaromatization catalyst, the process comprising the step of heating a catalyst
30  precursor comprising molybdenum and an aluminosilicate in the presence of the said
treatment gas, wherein the treatmeht gas comprises propane, so that the catalytic
methane dehydroaromatization activity of the catalyst is maintained for longer as

compared to a catalyst prepared without the use of said treatment gas.



rate at which, in a subsequent nethane dehydroaromatization reaction,
coking of the catalyst occurs, as conpared to a catalyst prepared without
the use oWoseiwbotzseat ment gas. 45. Use of a treatnent gaeTisGespoacess of
preparing a nethane dehydroaromatization catalyst, the process conprising
the step of heating a catalyst precygsor conprising nolybdenum and an
alumnosilicate in the presence of the said treatnent gas, wherein the
treatment gas conprises propane, so as to provide the catalyst with an
Act i vi t W4Pr esetleaif etreBmeént ges irea piosass of4pepariag anpeldared after 15.5 hours

of meth n % réﬂﬁ?%t%ﬁectﬁéﬁtt thE 8&&3599(91%%% thbSfopXdt h@aﬁr‘igeé%%l%t gas in a

process Giid roar omati zatl on catalyst, the process
conpr i sipnepurste comepsiog mm@dengnandanealwmogh@éﬁ;méb@ PEaSAPeS %f th@ saigl ybdenum

and an le‘é@mn?é'gl |G Ein'the ﬁgﬁn{%%?ﬁgéqgcﬁn& seb [ﬂ?op%\ﬁé do %%Q@Féﬂ%@é tgas, wherein

the tre compri ses propane the catal yst prOV|des in a
rret h&ne raieraj dhizhy mrea$uh§aquem meskane @ﬁﬁ!ydrtoammza%prbr@ﬁﬁm cokiag af e at | east

o 5a5a3§§934 STRHARS Sl RO BIAAR tieaal draaid Rlatdenl al yst

prepare y one

45, Use of a treatment gas in a proéess of preparing a methane
.10 dehydroaromatization catalyst, the process comprising the step of heating a catalyst

precursor comprising molybdenum and an aluminosilicate in the presence of the said
treatment gas, wherein the treatment gas comprises propane, so as to provide the
catalyst with an Activity Preservation Ratio of at least 40%, as measured after 15.5
hours of methane dehydroaromatization at 700°C.

15
46. Use of a treatment gas in a process of preparing a methane
dehydroaromatization catalyst, the process comprising the step of heating a catalyst
precursor comprising molybdenum and an aluminosilicate in the presence of the said
treatment gas, wherein the treatment gas comprises propane, so that the catalyst

20 provides, in a methane dehydroaromatization reaction at 700°C, a benzene yield of
at least 3.5%.

47. Use, in a methane dehydroaromatization reaction, of a catalyst prepared
according to any one of claims 1 to 30.
25



