1 CATALYST PREPARATI ON AND METHODS OF USI NG SUCH CATALYSTS FI ELD OF
THE | NVENTI ON The present invention is concerned wth nethane
dehydroaronmati zation catalysts, in 5 particular M/ZSM5 and

Mo/ MCM 22 catal ysts, and net hods of preparing and using such

catal ysts. BACKGROUND TO THE | NVENTI There is considerable
interest in exploiting natural gas (predom-nantly conprising 10
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commerci alisation of this technol ogy has not occurred. Thus, at
present, nethane dehydroaromatization represents a potentially useful
route to synthesis of higher hydrocarbons but significant problens
exist with the technol ogy 15such that commercialisation is not

envi saged. I n particular, the suppression of fast deactivation of the
catal yst due to coke formation is a Zhall enge that must be addressed
before industrial application. SUMVARY OF THE | NVENTI ON 20 The
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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 resuit

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

compared fo 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



The present invention therefore provides a pre-treatnent process, the
product of which is a catalyst that is adapted to catal yse the
non- oxi dati ve dehydroaronati zati on of nmethane. In particular, the
pre-treatnent step changes the catal yst precursor such that the rate
of catalyst deactivation of the catal yst can be reduced, as conpared
to 15an untreated catal yst (or pre-tfeatnent using a different
treatnent gas, such as helium. Surprisingly, the present inventors

rave T ound,biahs hienl; érﬁ%ﬁ‘%Qrtnitnﬁgﬁ‘d&teoét%\&ieﬁ'lPértaida@oﬁéiv@%t FWES in

di scusse ove’ I ndependent he nature of the alum nosilicate.
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ZSM5 and MCM 22 benefit fromthe pre-treatnent step. Suitably the

cat al yst precursor conprises nol ybde_nan su gort d.on an,
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Mo03/ era or a e nol ybdenumin the catalyst
pr ecur sor helemdr esent as Mb6.. Suitably at |east half, based on the
total nunber of nol ybdenumions in the 15catal yst, preferably

substantially all, nore preferabl 1, of the | vbdenum_ i s. present
as Mo6+. Surp?'/isingly, the presengt inventors ha¥.re ound that the pre—%a%nen step pl‘o%nd%g

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 supperted 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 MF! and zeolités having a frameWOrk type MWW.
Particularly preferred zeolites are ZSM-5 (framework type MFI) 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 to 50.



I n ot her enbodi nents, the catalyst precursor is a used catal yst such
that the process is a re-activation process. Suitably, the used

cat al yst has been used in a nethane 20dehydroaromati zati on reacti on.
Typically, such a catalyst will conprise coke deposits, as discussed
her ei n. The amount of nol ybdenum expressed as a percentage of the
total weight of the catal yst precurs‘br, is suitably at | east 1%
preferably at |east 2% nore preferably at. 25l east 5% and npst
preferably at |east 10% Particularly preferred anounts of nol ybdenum

are in the ran?e 1 to 20% nore referablé/ 2 1o 15% .nor EErﬁ)f%gl;rably
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nor e preferably 0.8 to 4% nore preferably 0.8 to 3.5% and 10nost
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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 least 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, 8r, 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.



25particul ar, 'nolybdenum oxide is preferably reduced by the
pre-treatnment. The presence of nol ybdenum oxi de can be detected by
XRD. Thus, suitably peaks attributable to nol ybdenum oxide in the
catal yst precursor are substantially reduced and preferably not
visible after pre-treatnment. It is believed that the change in
physical / chenical characteristics $s responsible for the irhproved
performance, in 30 the non-oxidative dehydroaromatizati on of nethane,
of the catalyst, as conpared to untreated catalysts. In this
connection, the present inventors have found propane, when used in
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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 io

unireated 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.



7 Suitably the pre-treatnment step occurs at a tenperature of |ess
than 700C, nore preferably |l ess than 650C, nore preferably |ess than
600C, nore preferably | ess than 550C, nore preferably | ess than 525C,
and nost preferably | ess than 510C. The present inventors have found
that at higher pre-treatnent tenperatures, fast 6coke formation can
occur. The upper and lower limts reﬁerred to above may be conbi ned
in any conbination to give a range. Particularly preferred ranges for
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and suitably the preferred
range ref @raﬁﬁe@ mtﬁll@ﬁove The treatnent gas nmay conprise-one or nore
gases in addition to propane. 8 O her. gases that may be used in
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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-reatment times provide considerable economic benefits, particularly
with reference to the reduction in eﬁergy 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-freating 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 480°C and most preferably at least 500°C.

35



85nmpl% nore preferably at | east 95nol % and nore preferably at | east
99np1% propane. In particularly preferred enbodi nents, the treatnent
gas consists substantially of, preferably consists essentially of and
nost preferably consists of propane. 10 Unl ess stated otherw se,
pre-treatnent in the presence of the treatnent gas neans
pre-treatment in the absence of any other gas. In particularly
preferred enbodi nents, the present invention provides a 15process for

preparin > QUUBS 4 bRk ra@icAbieds teaMU0S] Mgret he step
of heati %5%@%???%2?&%%@%%0r coa%rr%?irg}?brﬁg Mo/ ZSM5 or Mo/ MCM 22 at a

t enper at preferably tdse traarfFe°@mats 0GTerabip Becthan GORC P SFRfrably legs
treat nen Lher ei a GHEPE PleOPaRR 5184, 1 n
even nor ih%ra%%ﬁ\gfné%[eg?%%gﬁ%ﬁgﬁaﬁf%g %%@gent Hﬁ\%ﬁ%?gn provi des a
process fTow ppesepeinventprahanetoundehale pighernredaeimant iegiperaiirgp et

conpr isin fLcipating a catal yst precursor conprising
Mo/ ZSk/LSGg}r(é%%mgfgogt a tenperature in the range of 450C to 550C

for about 10 to 50 minutes in the presence of a treatnent gas,

wherein the ﬁaénaﬁmermaﬁs EIERId 18 850 R RRRE cordBinédlinave Bombination 1o
preferrejﬁer%g iments, the pre

) sent inveption provj | for
pr epar i n@g FrenaRnRarie AR ERRENgSR b e@é?'ggﬁﬁenggﬁqﬁ%aﬁrgéﬁt e step
of heat i NgasR36@0ab Kk tHNTOUTS Giore pramralsly apledd/ABSIE B less vyl TIORE22 at a
tenperature in the range of 450C to 550C for abaut, jhut es
| DHE a0peseeeblroat: poabikediors Rererae L E B REDIG B S
consi sts £856H 58kt Ymére pREGRBINET5°OtolB28EC BEd Mosiairafierebly 4908 tor $16r
conpri si g%gl\/b/ ZSM 5 or Mo/ 22 at a teg%(?rature in the range of

450C to & tergperaiyin el 2beui R0y IsRaiedY P H6E: presence of a
treatnment gas, wherein Mo is present in an amount of at |east 10w %

based on the total weight of the catal tr eat ment
gas cpnsi%%”@b'gé@es ﬁrﬂlgﬁ_s &?”BPES&?\%@ c?la%)ﬁgé%%ﬁpp?r%kgrpﬁe@%{ _
errt)(r)]msrre (I’jﬂd?]u %ﬂtd@atnwnetg;ﬁafrhg akikieut reader i ahié themslent mmfg@ée flayy fag:éf;ra |t ng a
met hane r.oar [ : r nadk B2 ing
a catalys e%?%%ﬁp g@%’ E%%%r"?‘g?%geta%y %@gmérdnﬁ/db%%%hﬂ ‘Safsg? g 1?) :

t enper at uthe fof difwuatdBdetwiscabout 30 minutes in the presence of a

treatment .gas, wherein the treatnent gas consists essentially of

ropane. )
Prop 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 (atmosphetric 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-freatment 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.
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In a further aspect, the present invention provides the use, in a
met hane dehydroaromati zation reaction, of a catalyst prepared
according to any of the aspects 15of the present invention.
Preferably the pre-treatnent step takes place in a continuous flow
reactor. However, the pre-treatnent may al so occur in a batch or
sem -batch reactor. 20Simlarly, suﬁ%equent nmet hane _
dehydroaromati zati on using the catal yst preferably takes place in a

conti nuou&hﬁlgg%gﬁg%ﬂ%e (RWEY 85mbikatoh i rogeaginchak ehe bemoteor s can

al so be use I'n a er a:{ﬁect the pre ﬁnt i nvention provides a
process FeleciddpaylingHa Heth 5&2‘}3”@9”?‘&!%‘21 dmati zation catal yst
conprising the step of heating a catal yst precursor conprising

nol ybdenum oxi de and_an,alumnosjlicate in the pre 0

t r eat mentioyg¥ers § isrefeged @@h@@ tr&?{“i‘eé'gg?s TOMRES5Y a@?fﬁ rgrgrﬁyg/lt{gérﬁﬁanqeéxi de,
wher esn  tFh€fetabRahaBEAIMGAISy=E ROPIbHSesat rasDEimeI Y 3oy rréferah af leest | east
hal f, based the tatal. n r=0f | I LRed he
precur so%%ggﬁ}g\'l rpgrte pﬁpg?r@blg agggﬁtgpghq%h%{%ﬁ% e egérgeh?%rlg I 39'121?&1 east
90% nor erguaakeingattipulstipseEntd ahibpdirients, BRdreatsant presEER v al | of
the nol y%ggggﬂaggggﬁhegﬁﬁ?&f%gs% esshitia bf Al Mo brdi@aBly cRiMEEs of

preferably a on the total nunber of nolybdenum
oxi de i ormofmanet he precursor catal yst before pre-treatnent, nore
prefefpably at |east 90% nore preferably substantially all, and nost

preferably all of the nolybdenum oxide is red d.to no

Ear bi de. Uit arapnsm e PO IRRR T e Hafipht Saghgaareate’

Pr ef er abl pretrBgtniept e sbeahcashingetieopss.st s essentially of, and nore
preferably consists of Mb2C. Thus, in this aspect of the invention,

the preparation of the catalyst with treatnent 10gas conprising
propane snipzatiduany meteres erbodiswnis, ftybpesant isperionspropides ar abl y

lyb id i all :
o1 3 oo b SR draterind B i in b Sﬁgﬁt'ﬁ}éﬁ%‘%ﬁ%@% ) e
1; glr: tpe nffhha?ﬁ alediylyst peoarsat caraprising MaZBM-b pr do/ W@Etaéﬁys}] .

refer e process o ’ e
aad 1 onaprbpiaTaf B8 S o as0E B FEITIh M Eea B BEAERFadeLC i ng

t he cat al yisdrein Thetrgaimsstiyas icomprigasgmonaner ef or e provi des a process of
met hane dehydroaromati zati on conprising the step of preparing the
catal yst by heating a catal yst precursor in the presence of a

t r eat 22Nt Ingaenasonteefdrisaderhpodimenis dhe hreseobinrgiting ROVIdeSs elpaRress

20dehydroaromatizati on usi Y SEoco LB Anb i BE sRpReCt . the
present i MVBHFPRYHI %Wgﬁ\aﬂ%g&%déorgg%ﬁ%é% i én%afl%sgﬁe E&%ﬁ\ dr oa%gmat i zation
conpri si nigedting austalysf pracwsdraboyptisipg Mot d-eMotNGl-2dathe present
I nventi Onfemperature in the range of 450°C to 550°C for about 10 to 50 minutes in the

presence of a treatment gas, wherein the freatment 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 freatment 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



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

30dehydroaronati zation reaction is carried out using the catal yst.
Suitably, the reaction step is non-oxidative, i.e. non-oxidative

met hane dehydroaromati zation. 11 Sd?tably, the reaction step

i ncl udes supplying reaction gas selected fromd to 05 hydrocarbons
to the c : &ng% faf r MPBpafiarably the
reactionqgggﬁﬁimggygéﬁe# Egﬁﬁ%ﬁwﬁgm%gsgfigngggﬂﬁ%[e preferably the 5
react i on teraperatungpinitsesmnge FEIEC tAVBAGEC feraberiall ig S0nanytesttthen gas
consi St S SURREABIL BldnheRl gas GRS € RRLH 1F GRS IBLA A 8pRBdtiBY Of
and nost prfeferably Consi&ts of met hahe. The reaction q S may

i ncl ude dasekonte tolal weighisf tertawhppswsorandithe tipatmeht g8e SPHIE 10
hydr ogar hQesalfsrofanel t0 C5 hydrocarbon and H2. Thus, the present
i nvention preferably provides a process conprising the steps of (i)
suppl ying propane to -a catal yst precursor so as to prepare a catal yst

as descrijBefs iRSsEbroferad ehitbintdmits, SHP prosenyinvehtiem pravidesteeproadsal yst
under net hane 15dehydr oar onat,i zatlnpg,n cond{ rds, the

> [ ions. ln other
pr e- t r eatfREREPEINGR Pethane Al AIRRIPRYFRIGREE ab@?‘f%‘é"ﬂs@ag?? %ﬁpg ep.
Sui tably {da@ng 8@Stiyobreé@eoricbBbiEREMETENI-BicTMOMCMez4ti:on gas at a-
pressure of about 20 one atnospher eéé_agtgr oxihmatelé O.fll\{Pa .
Pr ef ettbl ipmpprature Aiebost BRIASCHer AW F0LIpHIEs A1 BF BPSPacsel Y é%@?e%gat
mor e pr ef gRabh ¥nbedifasigad otsistBisenigbeprobhne. at | east 690C and nost
preferably at |east about 700C. The reaction may be carried out at a

tenperature up to about 850C, 25 preferably up to about 825C, and
nmost pr ef @raafoktiyereppéd, thb prese@Entioh paviddsdod asé, jn pretieneed range of

tenperatures i s about.675C . iof & Sl oY 1akRHEty 00C
t o about %%Ugoafoﬁnag'%%%) irrgrae%r’%[%"(s?',ozﬁ? %éfap’gﬁ?ﬁ' %ﬁ@étg%ogé@%cuﬁ in thg csama
react ion ofdsspleserd invketigpe e- 30t reatnent step. In this way, there is

no need to transfer the catal yst between vessels. An additional

advantage is that the catal yst can be used ipn the _reaction,step only
a short t Preferagly Be %?i’eﬁtﬁ'@&{ﬁ%?,“eﬁ PateiBy? CLDQRW?@'SF[B‘P’IE%W ?Véed'g of

the i nproygGrdfreneichi My ko bktwr Prabdtctostsedhi-baichkaetar. | ndeed, it is
preferred that the reaction step occurs after the pre-treatnment step
W t hout any intervening steps. Preferably the pre-

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 freatment

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.



35 treatnent step and the reaction step occur in the sanme conti nuous
flowreactor. 12 Suitably the supply of treatnent gas is stopped
before or shortly after the supply of reaction gas begins. Preferably
the reaction gas conprises nethane and the nethane is supplied to the
catal yst substantially in the absence of propane, 5Spreferably in the
absence of propane. Suitably the reaion step occurs at a higher
tenperature than the pre-treatnent step. The process therefore

preferabl ¥ daBflRas it E@Waﬂghat' 186 RaRated diPribesmRiLADar of af ¢ er

pre-treatnen r abl process incl ud ee %n add| t| onal step
i n which, matybctanumr@'deea@tmm @@epsorpﬁeyehﬁ?rega% e fy propane

|3, SUPPl | Sy bl e ?f@’ab@rmﬁf‘l“ﬁ“ta‘?EPaF‘%d:eﬁ"?‘:rW. st hane
dehydr oa’r'@ﬁﬁ’tqw&?“ OX'?L%‘STﬁ& 83‘? @hiya “”Et%aﬁ ¢ reactivating the
catal ysst with propane is referred to herein as the "re-activation
step’ ui_t reacti o Amar e
repeat ed, gﬁifeé? ¥ |’§P%ﬁdet"é‘3§?% tﬁfﬁ@gg% ﬁgﬁﬁé%bwﬁéeﬂggﬁc%& life of
the catal yrbide amnslixts éssenizdy ofl anSoioraprieferatiy @W@MM%& t he frequency

wi th which the catal yst needs to be changed is reduced. In a further

aspect t he present invention provides a process of majntaini r{g t he
acti vi ty Eiﬁuealrrtbtsﬁamt dthg dvenioantaeipreneraian ehihg cp@lyst (i iregtne

procesg pkdpané gaeb@fprmeé b BecBmblyBddrimNsSpegias, prefeltabw
wher, e t ment

cat al st urin rre?hane i zat|
gas cgrrpr F‘@é@d%ﬂﬁb?ﬁﬁ@de B"gﬁpe‘ﬁ%{yﬂﬁ?}%ﬁ@eﬁt@ gﬁt\e\;eglgpeggioqﬁ)géﬁ in this
aspect |ts;bt§:|el§eﬁlt6f§,rbcﬂémh ddisideratdEine ahei e rasapasiele fordibe wathaes i vity of

the catalyst is hlqte,r dur.i. sonme, and 30preferably nost,
of the rre\F/ RV R A B'%gif%%ana%?séactl on as conpared to the

reacti on being conduct ed in the absence of the treatnent gas. In this
aspect, t eéithlaxédamaﬁ&mt @fpropane
e DL 5 s o e R 1 broBid Bt bl pYodeinRennb A G alecd "ol F’g Blage

Thus, "i nosirting oemqth@etd%mrowmeh@ﬂeaﬂaw% c@alyshd heyeseiidgventon

Si mul t ane@iisefeidRPbiidefa fro6at e MetHaAS deéMdroaromatization comprising the step

of preparing the catalyst by heating a catalyst precursor in the presence of a

U

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 fo 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 methane

dehydroaromatization.



13 reaction gas (nmethane) can therefore result in inproved catal yst
activity during the reaction as conpared to reaction gas only. In a
rel ated aspect, the process of the first aspect can be applied to a
used catal yst 5so as to re-activate the used catalyst. In that

aspect, the catalyst precursor .is a used catal yst, as discussed
below. In a further aspect, the predént invention provides a process
of reactivating a used catal yst, which used catal yst has been used in

2 L nan gl HLRLOIR ISR Lol ARG HeRMrAR eRERKRAFGTT) G denum

and an al"um OSI ica 6cess’ | ncl udlgg the step of heating the
used cat hycyscarhmnsaolﬂm’qwma‘r%’fed‘fpeaﬁttwﬁé’é%'ft'e 6e9Ch the presence of a
treatnent gas, wherein the treatnent gas conprises propane. Typically

the used catal yst conprises, on sonme or all of its surf&? %&(@’ coke
deposi t . Pt&fermblyrioe wactansee is sarstadram b 6hCo BN HlogPiEte on the

cat al st QeGH a@éc}n?ﬁnsé@ﬁe@lgné %ré%?@érﬁl? tl‘leﬂ‘eﬁﬁbh@ﬁ@ consists

dehydr oar onat | zatl on and so a coke er |
used cat &Hhsdantialy of Borq Rfefér%ecﬁnﬁ‘a?ﬁs%ﬁ‘alﬁya@ (E’Eﬁ %{?@s’cgns(?sftsf ivity

than a catmeshe. Specifically, a used catalyst is suitably
characterised in having a | ower benzene yield than a catalyst. 20 In
a further aspect, the present invention provides a nethane

dehydr oarteaéactiat gesmapnaluis b mixtarsaf gesese foo pxamRies @ mixterebCf dibAg

proce ﬁosihlyg'%t bgn{a &‘?‘cﬁraa Il c%gg onGRAR,] si ng ol ybdenum and an

al um rca enperature o | east 300C in the presence of
a treatnent gas, wherein the treatnent gas conprises propane. 25 In a

further agpeche Fé%@nt@ﬁ\%ﬁﬁdﬂprbf&\"%ﬁr@ﬂdﬁ aOM‘od@é‘s o@n‘mﬁésh@l’r& steps of (i)
dehydroarorratlzatlon cat al yst co risi g %%/ﬁrb enu?l] Q & eribed.

al uni nosﬁlUPEE&'ﬂ@PFQPﬁﬁ‘PH’CEE%ﬁ’t?'g%cﬂ’rqu SRS 3 KT AR VBV YRS THORE i vity
Preser vatyepdn, I%ﬁdlt@e )atppiymgsﬁet%tohmmmummw eld as
measur_ed fttﬁ' nmet hane dehydroaromati zation at 700C. 30
Prefe abl‘ff’h’é’ 8a'E9

f
’E'cﬂré Yo% Activity Preservation Ratio of at
| east 50% nore pref erably at |east 60% nore preferably at |east 70%

and nost prefe (N%chsyth@tpré £85ineB8p is bkferably 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 ieast about
700°C. The reaction may be carried out at a temperature up fo about 85‘0°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 transfer the catalyst between vessels.
" An additional advantage is that the catalyst can be used in the reaction step only a
' s;hort time after pre-treatment, thereby taking full advantage of the improved
properties of the pre-treated catalyst. Indeed, itis preferred that the reaction step
oceurs after the pre-treatment step without any intervening steps. Preferably the pre-
35  f{reatment step and the reaction step occur in the same continuous flow reactor.



In a further aspect, the present invention provides a nethane
dehydroaromati zati on catal yst conprising nol ybdenum and an

alum nosilicate, characterised in that the catal yst provides, in a
met hane dehydroaromati zation reaction at 700C, a benzene yield of at
| east 3.5% 5 Preferably the catal yst provides a benzene yield of at
| east 4% nore preferably at |east 425% nore preferably at |east 5%
nore preferably 5.5% and nost preferably at | east 6% 10ln a further
aspect, the present invention provides the use of a treatnment gas in
a process of preparing a nethane dehydroaromati zaﬁi on &%t al B/IStf t he
process ciitpply diensyoohiof kealieniosr éusiPPredPiore 8T SRAMATEE eSHPPY ©
COMPI i Si g, igh GBI, PRderally e 8hiidRigeb cakpricds retharnasianair e of at
| east 30 I'n the presence of, the said treatnment gas, wherein the

t r eat mentmefhaneis sppRige & e gpahet ”??}ai’tf?"%'r\‘tﬁ?gﬁﬁerncggggrgfj % he present
i nvents onyrgepblyde shd iRehidaf fopand.r eat ment gas in a process of
preparing a nethane dehydroaromati zati on catal yst, the process
conprising the step of heating a catal yst precursor conprising

nol ybdenusuiably tesreakiion stepsiccirs at @ highet famppratwe e thé preriesalpgry Step-
treat nent.,gas, wherejn t : i: se SO t hat
t he cat al |%b?ree§ts ﬁyﬁ%ﬁ@ﬁ%ﬁ%@?ﬁ%&#ﬁéﬂ%@%Qggg?é%lfd;ﬁggé f‘?}%ﬁgat al yst
i s mai nt affeedretipgatinemfger as conpared to a catal yst prepared wi thout
t he u,ﬁ]e of said treatnment gas. In a further aspect, the present
invention provides the use of a treatnent ,g%‘z_‘,i n ﬁl %SEEr oc%sssef

pr epar i ngPr&farekin g rereRy HEHAeS AR SonpIGHER BEYIhs plier g iea5on Sibs
conpri si Ngsdienid=eRoMbridheAbrbfheds @ipliby &1 thp cetalysisaia teopprius ofgt

| ybd d I ilicate in th Of ]
{7 4t mont SER00n s i mn B er e ey AL srt AnaRed o 1

reduce t hgeHyakRromatishticth, in a subsequent net hane

dehydriaromati zatioh reaction, coking of the catalyst occurs, as
corrpa?1 d to a 30catal yst prepared without the use of said treatnment
gas. |n aTheaddiEmabsigreftreadimiing ties eaialystivitarrrorane iy Glargdde heeNPSe of a
treat nent . ga _é&ivgﬁoplrs ss of preparing a methane

dehydr oaromatizat1on catal yst,.the process conprising the step of
heating a catal yst precursor conprising nol ybdenum and an

35al um Nog|kdrhahs rédttiéNaepaRsmBeeadifatichetepaird répeatsdnpreferatsat ledser ei n

the t t t 15 I, ; t I A
caral a1 e oA 0F LMY ECT AP A et 16 BT ap e SN l? it feons
measur ed &fat fie fEguSndyauithavhith theetdtalpst neetly tr mashanaed iz sedused.at  700C.

5In a further aspect, the present invention provides the use of a

treatnment gas in a , o
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 th_fs 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 fo 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 treatment of the catalyst can be effected. Simultaneous supply of treatment gas and



process of preparing a nethane dehydroaromati zati on catal yst, the
process conprising the step of heating a catal yst precursor

conpri sing nol ybdenum and an alum nosilicate in the presence of the
said treatnent gas, wherein the treatnent gas conprises propane, SO
that the catal yst provides, in a nethane dehydroaromati zati on
10reaction at 700C, a benzene yiel d18f at least 3.5% In a further
aspect, the present invention provides the use of a treatnment gas in
a proces i | i cdleRaGittachiay Mathghe a

met hane 3%%&%’5 g%@négﬁngg@&ﬁérgﬁgfe%ig ﬁ’é@?}g’?i Si ng]§rml y\gtgenur?gnd an
al um nosirédction es carspaser/togaection UaPRY-of t he aspects of the present

i nvention may be conbined with any one or nore of the other aspects

of the present invention. Simlarly, any. one or_ nok tures
and opt i dnarelpiegeepesh th PrapRpsof thteﬁ%s{é’é‘b%’(gf"%n basPREd g’p%{)?eé%%abggny one
of the otfaek i@rPaGiSe tHehuked chi2stisthuassipact, the catalysbfrecyssdrdnabisesnd
preferred f?atures 20”&% 1E‘)Iply to sone or all of the aspects. In
par ti cul &PENsherGiayssy e@ eferred features relating to the treatnent
gas, tenperature, pressure, duration and the conposition of the

oot ronal B L PenPERe kfhrf ke Rlon RRic e B o

opti onal ures assocl a rocess, nethod or
use rmay alatyshpyiigh used satplysidwetosen Hsgskin gireeihane dphy P%rloﬂ)"?f'?at'aﬂq vice
ver sayq 25DabhBhli bRSisEl FadyBEBIR bHALABRITCBAERS, e prosest ihdudiin wi | |
be famliar to the skilled reader and pertai ns ﬁﬁo %aotou al . and/ or

synt het i cthe sispganeaiing theuesed calglyeiAhs PRPREER it Hhy™ s 08 n and
oxygen. %r?%érﬁé bYa trbfiehBddd) whGehitheleametised compases prbpanebe faniliar
to the skilled 30reader and pertains to alum nosilicates, natural and
synthetic, having an "open" structure that can accormobdate a variety
of cati onpypically fB@isb@tatBlystzembiites, bn soraswor &l dfyjip etifapeda tokecdeRaRk k

t "will be f | i t .h Ki. L, | i
i bt ot ot hueLib difridfof B bR e BaRBIEaD sk doger |
| nt er nat i haahtaBetihinathaesiebydivaromaiiating andso a gelitt Jappsihig chagpiptigic

struct ur eg. , yAlGhe L6 T6bia5 af lseaLhaRs s GRricBiRRP BaRfltHaY al UPAC. The
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_ ns a Framework T $e, de‘?éIFTC%%i to each of
over 170 gﬁtalf/@r%mﬁc'ﬁ@@mau&ecmaéﬁmwt?%t%m%é'%@e 7 PR 1 QYT
i nfor mat i gehaRoUbIdkRAEYREkstTYpe Codes can be found on the | ZA's web
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are réproduced in Ch. Baerlocher, WM Meier and D.H. O son, Atlas of
Zeol i t e Froamviekashy@ehe pasbniriesxsntiedprodiies amethage selydsparompizabiordam
2001. 10 Relevant to the opr et J af, Lt revRes M
and M BRERE TR R ol boDe Ty SRR rbubey
the pref esoraprisrecholyieestiment enednfosimesat afemprpiupofat Baghid{rC o t he

SKiL 1 €d I 608keerS ofd FedlRBHALS, IibreRRPRE A4S RomBRldstpRSpandhe term

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

‘Preferab!y 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%.



15 interchangeable with "HZSM 5", both of which denote the protonated
formof the zeolite. Simlarly, the terns "MCM 22" and "HMCM 22" are
I nt erchangeabl e. The terns "dehydroaromati zati on” and "net hane
dehydroaromati zati on" as used herein will be famliar to the skilled
reader and pertain to the formation of aromatic 20 conpounds,

particul arly benzene, froma reacti df gas conprising d to C5

hydr ocar bons and/or nethane. In particular, the skilled reader w |l

under st and, thak, é%e[:p fhe nPhvdBbh BRRIES B YekiRte ARy drédbmatizatibm e
reacti on gas nmy conprise o

Ol ne or nore other gzﬁies, e.%h, %I? &o c5
hydr ocar Isgiatyst ¢ampaigap mchhdeHmanhamalumiosiieate.ahatactgipetin Halihe, 45
used her ebp, 'Egrl%i!?é‘s,irﬁmn@icréﬁe H6hydRRrskatl-besh reacda at 200tCpa bemiens t 0
unber

the relative n of silicon ions and twi ce the nunber of al um nium
i ons i n tyiedd eflafigasosPlei cate. The term "non-oxi dati ve met hane
dehydgoaromati zati on" as used herein will be 30famliar to the

skilled reader and pertains, to the reacti di S rried
out in tWée@f?sbé’rm%c?fﬁly%fﬁr%weaiasqeﬁﬁe@pyé%ﬁ& 8‘2& 1‘?%@%@&%‘3%@ %‘r%}e/a(rg>i eag her ei n
t o met hangagdelmys) s prakdrablpdt least % modepraterabhx®. 8%tdandenaet piefarebly
dehydroak#gat ‘ §°$t ion, which is preferred. 35 DETAI LED DESCRI PTI ON OF
EVMBODI VE HE INVENTION 17 The foll ow ng nethods were used in

t he exanpl es of the present invention. (1) Catal yst Preparation

The al yst i TeslidR¥ thd e RatcaRer@gad hex
appr gﬁii ai %fgré%?%:‘&egcg%i% n?g?érﬁ%ﬁﬂp%%}%t?% h? | cul a?gd anount of
amoni um pro¢aEs ehprepaBIu R Mefhang YERRePRZHopi Al yéﬁg’ec%ﬂ:’%‘?sﬁat ion. (2)

Cat al yst R5@5rikihg #HBE of heating™X Eatélf@ prdtRror vasprdayraybdentmiandanf i xed
bed reactor at atnospheric Pr esfsuE e V\%}OQ 10, 300nm _of qut alie{st for the
sel ect ed Pvminpsiisateastempaaiuamal 3itessh s‘é|"é‘£‘Fé’69%%P%‘%°t %3t rent

t enper at UgdatmbstgaSatrarais the kksitrhdtd gas comprises propane. :

15
In a further aspect, the present invention provides the use of a freatment gas ina

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 treaiment gas.

In a further aspect, the present invention provides the use of a treatment gas ina
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 freatment gas. '

In a further aspect, the present invention provides the use of a treatment gas ina

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



The test reaction (nethane dehydroaromatization) was carried out in a
fixed bed 15 reactor at atnospheric pressure with 300ng of catalyst.
The reaction products were anal ysed and identified using gas

chromat ography. Catal yst performance was neasured with reference to
the Activity Preservation Ratio (APR) and Benzene yield (BzZ-yield).

20 APR was cal cul ated as follows: APR (9% = BZ-yield at time on

stream ( TOS) / Maxi me BZ-yield References to APR herein are taken
to be bas %Bgéét Fﬁﬁﬁ% 1A &Gy dwith a%ﬁmiw rugéremanﬁaabed
ot her wi se%q\ge vvag C y or

ul ated as foll ows: BZ-

benzene (96 Bbb&%té@%ﬁ ﬁ%mﬁ&ﬁéeq pitan)1p & @@r@fé‘?ﬁih@? dfhycgoegogﬁ ﬂza&‘?“rﬁtar ative
Exanpl es 486 The ratio of Si/2Al in the alumnosilicate ZSM5
support was adjusted in accordance with techni ques known to the"
skilled reader. 18 Precursor M/ ZSM5 catal ysts were prepared from

zs:w g dr,atno\ %Q}Jr!ﬁfé#%% @felagﬁé§§1@l’nv@mloh rmi\mame @ene Mllattiasamm:;aslzj)lma

m)y ate sol utlion (0] (0] n ronoters
in the fOMASSE Dmepezwgm% %%%‘wd%ﬁ@%?aﬁagt aEAp o H%egéf t he

cat a: Yy St Scdasrieilg tHisstepdithentrig e catalgst peatirsoo cmmmenmlmewzsﬂ/las

cata yst Xce at .corres n ce of
crron, am STGBHEE M RRSRER Al 04 SRt Bab P el Bar o, O
Thi s and mnmwemmmna, sntiibt the chialygUrrovifies, in age fﬁﬂ? é?h!ﬁ‘&’aéc’rfﬁtiﬁmner
into gn al UMl N0Fhd-Eak Gefefie 5@% ot Rakiesgki Il ed reader. 10

In a further aspect, the present invention provides the use of a treatment gas in a
process of removing some or all of a coke 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. Similariy, any one or more
of the features and optional features of any of the aspecis 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 particula;, 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 comptising aluminium, silicon
and oxygen. Similarly, the term “zeoclite” as used herein will be familiar to the skilled
30 reader and pertains to aluminosilicates, natural and synthetic, having an “apen”

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



The precursor catalysts were designated catalysts Ato D, as foll ows:
Catal yst A: 12%w/ ZSM 5(30) Catal yst B: 12%b- 3%Ga/ ZSM 5(30) 15
Catal yst C. 12%b- 3%n/ ZSM 5(30) Catal yst D. 12%b- 19%°d/ ZSM 5( 30) .
The nunber in parentheses indicates the Si/2Al ratio of the ZSM5
support. 20 For exanples 1 to 4, each of catalysts Ato D was then
subj ected to a pre-treatment process'® n accordance with the present

I nvention. The catal yst (300ng) was | oaded into a continuous flow

reactor, DeghedichQ LB PG HAM, TOFAC! AERERIEGNYEAMSSANgapr opane
was supplie O L RE Gataryst at 'a flow rat e of 8mlr n_at pressure
of 0. INPEramewcikTyae fot (RIES (@ eaci GavRs T OLBieres ZeR IR T ERewosk oy
conpar at iy exapl es 1 and 2, catalyst A was subjected to
pre-treatnent” at 500C for 30 minutes in nethane and H2 respectively,
at a flowrate of 7.5 mM/mn. The sane reactor was used as for

exarf}JlseS JethiRdnfodtatbn BbeaMaah@bdrk FymxGogesasn Detfaing, ondhe AG web

catal ysts Atomiw 0 i for 40

m nut es | ARGt WW.Lazsr i 'M%nﬁghgr%%%ﬁ%%@hg ng%eborg%géﬁeor was used
as for exappdessdlinOh. BaerlotBercdtid! Msier 480Dy Plsopeditpgrné Za@lEe supplied to
the reaction v t . Samtibfdam, aogh.at a pressure of
o Svme AT Shaf oL AT et

n nperature wa Reaction products were
detected and quantified using gas chronat ography, with reference to

previ gys REEwdh RO hRsBRGRehflord SEIREhe ik HROMMFIeARNWIY, otchict s.  The
results of the testing of the pre-treated catalysts are set out bel ow
in tabl e whiclras ksown 1o hgisk¥led 16@%%fehydr oar onat i zati on of net hane over

Mo/ ZSM5 with and without C31-18 pre-treatnent Cat al yst (a)
Treat ment sﬁnl?l%nﬁ; ?I?ezgrg%rr&ij %lecﬂite( g@uc’tbﬁegs (gf%-SEﬁﬂd I\prM-ZZ are known to the
skilled reader, as are methods for preparing such zeolites. The term “ZSM-5" is
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 ofher gases, e.g. C1 to C5 hydrocarbons, in addition to methane.

95  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 inciude non-oxidative methane dehydroaromatization, which is
preferred.

35 DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION




A C3H8 (8), 500 C, 30 min 5.2 82 Ex. 2 B C3H3 (
57 Ex. 3 C C3H8 (8), 500 C, 30 nin 5.6 73 Ex. 4
mn3.851 Cp. 1A

8), 500 C, 30 min 5.2

)
D C3H8 (8), 500 C, 30

17

The following methods were used in the examples of the present invention.

(1) Catalyst Preparation

The catalysts precursors were prepared by impregnation of the appropriate zeolite
5 (ZSM-5 or MCM-22) with the calculated amount of ammonium molybdate solution,

followed by drying and calcination.

(2) Catalyst Pre-treatment

Pre-treatment was carmied out in a fixed bed reactor at atmospheric pressure with
10 300mg of catalyst for the selected pre-freatment time and at the selected pre-

‘treatment temperature.

(3) Catalyst Testing
The test reaction (methane dehydroaromatization) was carried outin a fixed bed
156  reacior at atmospheric pressure with 300mg of catalyst. The reaction producis were

analysed and identified using gas chromatography.

Catalyst performance was measured with reference fo 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 faken to be based on measurements made after 15.5

25  hours uniess stated otherwise.

Benzene yield was calculated as follows:

BZ-yield = benzene (produced)/methane (fed)/6

30 Examples 1 to 4 and Comparative Examples 10 6

The ratio of Si/2Al in the aluminosilicate ZSM-5 support was adjusted in accordance
with techniques known to the skilled reader.



CH4 (7.5), 500 C, 30 nm 3.2 63 (d) Cp. 2 A H2 (7.5), 500 C, 30 min
3.6 41 Cp. 3 A He (10), 700 C 40 nin 1.1 9 (e) Cp. 4 B He (10),
C, 40 min 0.8 22 Cp. 5 C He (10), 700 C, 40 mm

10

15

20

25

30

35
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Precursor Mo/ZSM-5 catalysts were prepared from ZSM-5 and molybdenum
precursor by impregnation with ammonium molybdate solution, followed by drying
and calcination.

Promoters in the form of Pd, Zn and Ga were incorporated into some of the catalysts
using the same method as used to prepare the Mo/ZSM-5 catalyst except that
corresponding metals salts were used in place of ammonium molybdate and Mo-
modified zeolites in place of zeolite ZSM-5. This and otherconventional techniques

for incorporating a promoter into an aluminosilicate are known to the skilled reader.
The precursor catalysts were designated catalysts A to D, as follows:

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).

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

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.
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 o 5.

For comparative examples 3 {o 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 exampies 1
to 6 was then tested for methane dehydroaromatization activity. For each pre-treated

700



0.75 Cp. 6 DHe (10), 700 C, 40 min 1.2 37 (a) Catalyst A 12%

Mo/ ZSM 5(30), Catal yst B: 12%b- 3%/ ZSM 5(30), Catal yst C
12%b- 3%Zn/ ZSM 5(30), Catal yst D. 12%b- 1%°d/ ZSM 5(30). Note: the
nunber in the parentheses indicates the Si/2Al ratio of ZSM5
support. 15(b) The figures in parentheses are flowrate (nil/mj. (c)
APR (Activity Preservation Ratio): dfter 15.5 h. (d) APR after 7.5 h.
e) APR after 11.5 h. Exanples Sand 6 and Conparative Exanples 7 to 10

20 Precugsafyst\Bodkd: Aditraat dhy Slghliv@ioahe Feptivraksbel i KEMraE odhd a
nol ybdenum pr ecur sor [ 1e nation with

) by i npr , a ni u |y bdat

ol St on s peshete pgsaurs, pify e HeaPA R PALTS B LG BPRERBr i/ 2a
in the alumup@Sicr 6abacMEM ddrGianesiy gseshasaisrashy witactoentsrice wit h
t echni ques known to the sklclgl,ed re %f . The prec Ig=TeI A catal ysts were
desi gnat SFVIONE MNSPSHEMENS (P ,'”éefp?%l %“\%!“rﬁa%gﬁé’ﬁysfq’ E: 12%b/ MCM 22
(19) €atalyst F. 12%wb/ MCM 22 (25) :

The results of the testing of the pre-treated catalysts are set out below in table 1.

Table 1 - Catalytic dehydroaromatization of methane over Mo/ZSM-5 with and
without CsHg pre-treaiment

10
Catalyst ™ | Treatment ™ Benzene yield (%) | APR (%)®

Ex 1 |A CaHa (8), 500 °C, 30 min | 5.2 82
Ex.2 |B CaHs (8), 500 °C, 30 min | 5.2 _ 57
Ex.3 |C CaHs (8), 500 °C, 30 min | 5.6 73
Ex 4 |D CaHg (8), 500 °C, 30 min | 3.8 51
Co.1 |A CH,4 (7.5), 500 °C, 30 min | 3.2 63 @
Cp.2 |A Hy (7.5), 500 °C, 30 min | 3.6 1
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 Z8M-5 support.

15  (b) The figures in parentheses are flow rate (ml/min).
(6) 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 fo 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.



The nunber in parentheses indicates the Si/2Al ratio of MCM 22
support. 10 For exanples 5 and 6, each of catalysts E and F were
subjected to a pre-treatnent process in accordance wth the present
i nvention. The catal yst (300ng) was | oaded into a continuous flow
reactor, heated to the pre-treatnent_tenperature of 500C and propane
was supplied to the catalyst at a fldfv rate of 8ml/nin at a pressure
of 15 0.1MPa. Pre-treatnent was carried out for 30 m nutes. For

conpar at i me e¥asIiRal iR taduBinosiidatd MEM-E2 vaposwhisederddto

pre-treatnent, at 500C for 30 m nutes j.n nmethane and H2 respectively,
at a fl ovGPR{eBNGH W IEChRIGYES Kno é@%ﬁlﬂ&d@ﬁ@?%r was used as for

exanples 5 and 6. 20 For conparative exanple 9, catalyst E was

subj ect edpt 0, Rl Ed 88N AR Wer@lod ififed Qo BAFSS: lollode. at a Tl ow

rate of 1 reactor was’ us or exanples 5 and 6.
25 ForS conpar ative exanple 10, catalyst F was subjected to

pre-treat & 120Qfehein-20gi nutes in He, at a flowrate of 10
m/mn. The séma react or V\é/a%)( g}sed as for exanples 5 and 6. Each of

t he pre-tFalaveld: datMo)MEN-228R exanpl es 5 and 6 and conparative

exanples 30 7 to 10 was then tested for nmethane dehydroaronmati zation

activity._For each pretreated,. cat 1. (300 hane was supplied
to the red® ‘P"&F‘?Pe\%b Pt ?Sea'ﬂdrctﬁws(}%%%/%!f%ﬁ' ra;:_ogg? Mg"ﬂ%ﬁ SUMPat a pressure
of 0.1gvWPa. Reaction tenperature was 700C. Reaction products were

or cvi ous. R EAL ReLER, M FAAEE A PRAREcG TR EARRS

previ ous ments nade 1nre nown teacti oh products. 21
The resul process in hecotdaets wih the rrérsnpineentiveatheccataitsh(3Pomg) waeloadad out

below in , i . i i hane
over Mo/ Migor@mnlf%é%ﬁ r%ma%t?{%ﬁé(%t%tq%g%%e%@%g%#&gw dg:g(t)%hlbyés]ﬁ?t (a)
Tr eat nment pt(opqnqa@aﬁzsgmgiiqgii talthe ((a;giysd\prg (lavg rgte pf 8ml/min at a pressure of

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

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 fo 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 mlimin 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



10

15

20

25

R

mna42 13 Cp. 9 .

21

H8 (8), 500 C, 30 min 6.6 42 Ex. 6 F C3H8 (8),
Cp. 7 E CH4 (7.5), 500 C, 30 mm 4.8 33 Cp.

500 C, 30
8 E H2 (7.5),

The results of the testing of the pre-ireated catalysts are set out below in table 2.

Table 2 - Catalytic dehydroaromatization of methane over Mo/MCM-22 with and

without CzHs pre-treatment

Catalyst @ | Treatment Benzene yieid (%) | APR (%) ©
Ex.5 E C;Hg (8), 500 °C, 30 min 6.6 42
Ex.6 |F C;Hg (8), 500 °C, 30 min 6.3 71
Cp.7 |E CH, (7.5), 500 °C, 30 min | 4.8 33
Cp.8 |E H, (7.5), 500 °C, 30 min ;4.2 13
Cp.8 .|E He (10), 700 °C, 40 min 0.2
Cp.10 |F He (10), 700 °C, 40 min 0.2
(a) Catalyst E: 12% Mo/MCM-22 {18), Catalyst F: 12%Mo/MCM-22 (25). Note: the

number in the parentheses indicates the Sif2Al ratic of MCM-22 support.

(b) The figures in parentheses are flow rate (ml/min).
(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.

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

as for the ZSM-6 supported catalysts.

Furthermore, the results show that pre-treatment with propane provides improved
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

carried out at a lower temperature and for a shorter duration (500 °C, 30 min) whilst

providing higher benzene yield and good catalytic stability.




E He (10), 700 C, 40 mn 0.2 2 Cp. 10 F He (10), 700 C, 40 min 0.2 7
(a) Catalyst E 12% Mo/ MCMt 22 (19), Catalyst F: 12%b/ MCM 22 (25).
Note. the nunber in the parentheses indicates the S1/2Al ratio of
MCM 22 support. (b) The figures in parentheses are flowrate
(mM/mn). 10(c) APR (Activity Preser%gtion Ratio): after 15.5 h. The
results indicate that propane pre-tr€atnment gives hi gher benzene
yield and better catalytic stability conpared wwth CH4 and H2
pre-treat fipRt o h-ﬁh'y&Idilé’fmrbr@ét[dc @Hro@aiﬁ)ahslﬁﬁchtﬁjdtdafdlthSHblhqrcam UEhout a

pronoter. 15 Th fe fromthe rorm

cat al yst so@ﬁ‘B%feofﬁ? 13 YRR RIORANS RS fF%t@ezgﬁt‘N%%Wﬁpm%ﬁ Q@{' Al yst s.
Furt her noggh be ede esalkdsalt shalowehpre-tmatment daopeeaitremndshprienaere

provi des {'én%rov d 20 activity and catalyst stability for both ZSM5
and MOM 2%°HERE %% 1 i cates. This surprising result suggests that the
pre-tr&atnent step of the present invention is applicable to

al um ”05' bbﬁﬁﬁér%d %h%é{ﬁér% dridds %f@gséiﬁqu fe sehséﬁe ﬁél& WRd bdtytic

Conpar treat nent éﬂ pane ﬁre t r eat nent
can be 25sf@aahw.aeed Wwa@n Bropangis Uﬁ%dwﬁféP%FW%P *aeaﬂaﬁﬂte?% Ber
duration (500 C, 30 min) whilst providing higher benzene yield and
good catalytic stability. 22



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 made as a result of
a |l ower pre- treat nent t enperature and shorter pretreatnent tinme.
Conmpared with nethane and H2 pre-treatnent, the benzene yield and
catalytic stability are better when propane is used at the sane
pre-treatnment conditions. 23 a AIMS 1. A process for preparing a

net hane dehydroar 6mati zati on Catal yst conpri sing: the- step of heating
a catal yst precursor conprising nol ybdenum and an al um nosilicate-at
a tenperature O at |east 300C In the pr es&nce of a treatnent- gas,
wher ei n thetr'eat ment gas corrprl ses at |east :50nol % propane. ' 2, A -
process accordi ng t@Lamg one of the preceding cial ns, wherein- t he
pre- treatnent step occurs at a terrperature In the range 450C to
85000.. 3. A process accordi @f S one of the precedi n? cl ai s,
wherein the pre- tréatnen séi)f""%%nﬁ?@aé‘i‘"’m&“%W@Fﬁﬁz@ﬂﬂﬁa@ﬁé range
47560 to 525C, 4. ASHPRIiREEe HeQbhadlingg crlalysi piecvtecariridrigenciybdenieniindgn

gl auA ns, wherein.t hg alufBadiomRait ame@@w &h@s@%@@mthédrésxm%f ﬁfegmmﬁas,
- rocess accor cl al ns, wherein-
: i e S0 P 3 oL B

t he durati on- Cf the pre-tmat men 6. A
process according to claim5, wherein the duration of the
pro-treatnent step; Ms 20A9reuaﬂa)acmrﬁmtesnyanaofmnmcwesamacmfemmm

any one of the pr ec&&tm@tab;ﬁcmﬁsatwhefp@htﬂreﬁrhﬂe M&Eo&ﬁ%cur sor
conpri ses nol ybdeni rm supported on an aI um nosilicate. a process’

according to-any ong of tRe é)erSSeE(l:‘:edﬂlj ngq : rrsmvvherel n. t he
al um nosi licat e | S Zeol l cordin ﬂanyﬁn&o Qwecédfng c‘a[ms wheralni‘he pfe"

treatment step oc_curs ata temperaturs in the range 475°C 10 525°C.

4" . Aprocess according to any ane of the preceding claims, whereln the
treatment gas oonsists esssnﬂaljy of prnp:!tne.-

5. - Aprosess according © any ana of the precoding clalms, wherein the
duration of tha pra- tmamem step s 10 to 100 minutas,

8. A process according to afaim 5, wherem the duration of 1he pre-treatment
' step Is 2016 40 minutas

7. A process accord;ng 0 any ene of tha preceding claims, whereln the
eatalyst pracursnr cumprlses molyhdenum suppﬁrted on an aiummcsl!ncate

8, A Process according to any one Of the preceding c!anms. whereln the
. aiumlnosliicate is & zenslte :

8. ‘A_pfopes_s avcording to claim B, wherein the zeolits is salacted fram
zeolitgs h;v‘n_ng a framework typ & MFI anid zeolies havln'g a framework type MWW,

0. A prccess according to clalm & wherein the zeolita is selacted from ZSM—B
and MCM-22, ’
' i A procass accordmg i any one of the preceding ¢laims, wheretn the

catalyst precursor i selected frém Mo/ZSM-5 and MaIMCM-EE



9. A peaces& according to claim8, wherein the zeolite is selaited
fromzeolites having a framework type MFI and zeolil es having a
framework type- M- 10. A process accordirng to claim9, wherein the
zeolite is setected fromZSM5 and MCM22. 11. A process according
to any.one of the preceding clains, wherein the catal yst precursoris
sel ected from Mo/ ZSM 5 and Mo/ MCM 22. 12. A process according to any ..
one of the preceding clains. Werein the Si/2Al ratio O the S
alumnoillicate is in the range 10 to 100: 1$.A process according to
claim 12, wherein the catai yst precursor i$.281\4-5 end the Sii2Al.
ratio-is fn-the ran'ge 15 to 50.' 14.A proggss according to claim 12,
“wherein the catalyst precursor is Maw22 andthe 8112Al ratio lain the
range 1$ to 50. 15, A process accor di ng to any one of the precedi ng

cl ai ms, wherein sonmgzor a'A‘prd&éss%&@rdﬂQ{o)éhﬂ@@%ﬁhéﬁed@&[@@ﬁﬂ‘hs,tvﬁb@hﬂeé&ﬁdm h
of- an oxidd. 18. Ar&&%ﬁﬁ%ﬁurﬁ‘ﬁp‘%ﬁ?&?g ﬂgtf%?aﬂglfﬁfb?%ﬁ wherein at | east

hal f of the nolybdenurn er of nol ybdenumi ons
In the catalyst precursor, Is in the formof an oxide.- 17. A process
accordihg to Taint 18 or élpencvasg&ordmmramw-w?heeeinﬂﬁsﬂmﬁeﬁvm@u@ém-ﬁ

conpri ses 15! - Apt D6 eRAsmencREdirdge 1o anyone of the preceding
cl ai s; Wnerel n the step of heating the catal yst precursor in the

resence of the tre trrent as include
701 ybdenum i n the. catal v EEEAPERS baafgH: %%%*ﬁ%%ﬂ@&@@&?ﬁfﬁ&%ﬂ
.claim 18, wherein r&detike BRALGHRs Phedange Eﬁ’“’ﬁ%e ol ybdenum i ncl udes
produci ng w ck.
) 18, A process acc:ordfng io any one of the precedmg claims, wharem SOms or
- .allofthe molybdanum i8 presant in the form of an axide.

16, - = Aprocess acc;ordlng to claim '!é, whetein at least half of the molybdenum,
baged on the total number of molybdanum ions In the catalyst precursor. is In the

form of an oxide,

i7. A process ast:nrding ta ofalm 15 or clalm 18, wheram the molybdanum

oxide compnses Mok,
8., - A prccess accordmg to any one of the preceding elalms, wherein the step

of heating the atalyst precursor in the presenca of the freaiment gas ncludes .
reducing some or all ofthe molybdenum inthe catalyst placurser,

' _ 19. A process agoording 1o claim 13, whereln feduclng some or all of 1he
molybdenum intludes pmducmg MopG.

20, . A process according te any one of tha preceding claims, whergin 1hé
molybdenum is ;Jresentwn an amount, expressed asd percemage uf the total welght
of the caialyst precursor cf at least 1%

21, A-process aceording ta cla:m %0, wheteln the maiybdenum Is present In an
amount of at lsast 5%.



~20. A process according to-any one of the preceding clains, wherein
t he ‘nol,Ybdenum i s present .in an anount, expressed as a percentage- of
the total weight of the cat al yst precurser, of. at least 1% 21. A
process according to claim20, wherein the mol ybdenum i s present In
an amount of at least 5% 25 22. A process according to any one of
“the preceding claims, wherein the catal yst precursor includes a
pronoter sel ected fromGa Zn, Nb, Zr, La, Co, Fe, Ce, Ag, Y, V, Sr,
W Yb, Sm N, Ru, Rh. Pt, Cu, Au, AI, Ti, Pb, Re, Jr. SI, Sn and Pd.
23."' A process according to-claim22, wherein the pr neter is ' .
selected fromGa, Zn, Zr, -Pe, W Cu and Pdy; 24. A process according
to any one of the precedl ng clainms, wherein t he, pressure of the ‘
treatnment gas is in2khe r&n@ws@a@@ﬂﬁﬁoawcﬁmiﬂmm%gcﬁimrm&gﬂhe

accor di ng t6 dairit cé\éiystm@@lfsehﬁbhﬁé‘bﬂa GRS i ek Hroth Ba, G, ANGECH) FéNRPA
to 1MPa.’ - 26. A prog ? rW egﬁrrdhr[}‘g &h ]gp&p Demq,ep%gr 3{;‘1%'()%& nd{,@tl on

cat al yst conprising step o ting a’ cdtaryst
Conpri sing Mo/ ZSM5 or Me/ MCM 22 at a tenperature in the range of
450C t 0550C | p. t he BResenderes socerdiamto Heint@2gersizintiegraioter b beledted dah ment

gas conprises -at | e@alznoBRY, WoCPsapane, 27. A process for preparing -a
met hane dehydr oaromati zati on catal yst -conpri sing the step of heating
a catal'yst. precursor, conpfis Mar ZSM- . 5 or \Mb/ MCM 22 at a =
tenperature in the Pinge Pm%g%c?rgi"%tgﬁ'@’@“? greRiseHne P sovastEntie Ut es
in the presence of ATPYELT e HeatpbgasiehernoaEVPr edkRent gas
~conprises at |east 50nol % propane. 28. A process for preparing

amet hari e dehydr oar ggmt i ZAbicas §Rbrahy biaim@RWatef tiGrdstIfe 18 IR oo
heating a catal yst BLgeLLSRHE,CONMPrising Mo/ ZSM5. or Mo/ MCM 22 at a

terrperature In the range o 450C to 550C for about-10 to 50 m nutes
in the presence of a treat ment g wherei n-the treatnent gasconslets
essential |y of ‘prop&he. 29PRess? w%ﬂmmwe@wvmwaﬁmﬂmma

dehydroar omat i zat i oncresisiog thisstapcd hgafings tﬁ'@lyﬁtlﬁf&cﬁrﬁﬁﬁmﬁﬁsﬂ@&ﬂ!&k@ﬁ a

catal yst. precur Sor - g@iReiyakiics (Al Bl

tenperature In -the. ra %‘g ggﬂt*o 550(5(51gf or .about &{ﬁ;'}h?prgﬁenﬁ Ofa

in tHe presence of 4P ?E}?E"P‘Hare AR gR ORI eS 3t R SRR PIeRaTR.

anobunt of at |east 10wt % based on the total weight of the -catalyst

precursor and the't Eéat meAvrogasiocmemsimesnaisseddhyddaiynatibdiqorcapipne. . 26

30, A process- for . pr-egmpHbiRghastpas Rt ardaﬁ@é&féra@@w%{ph;@tmmm%a' yst

. MoMGM-22 at a temperature in the range of 450°C to. 550°G for about 10 fo 50
infnutes in the presence of a freatment gas, wherain fhe traatment gaa comprlses at

o leastsemol% propane. :

28, . . Aprodeas for prepaéing a-memane dehyij'roarcmazization catalyst :
comp_rislng the step of.heatiqg a vatalyst preoursor comprising MGIZSM-E or

. MDMCM—EQ at a'temperature In ihe range of 450°C to 550°C for akicut10 to 50
minuies In the presence of & treatment gas, wharsln the traatmem gae consists
essehtizlly of propane.

29. " A process for preparing a methane dehydroaramatization catalyst
. coinprising the étap of heating a catalyst precursor comprising MonQM Sor
Mo/MCM-22 ata terparatura in the rangs of 450°C to 550°C for about 10 to 50
" minutes in the presence of a treatment gas, wheteln Mo is present in an amount of at

least 10wi% based on the tota! welght of the eatalyst precursor and the treatment gas
cunsisis assentiatly of pmpane )



corriprisi-ng the step of heating a eatal ySt precursor conprising

Mot ZSM5 or Ma/ MOM22. M a tenperature O about 500C for about 36

. mnutes in the presence of ‘a treatnent gas, wherein t'he treatnment gas
consists essentially of propane, 31.A process of 'nethane
dehydr oar onati zati on Conpri si ng et reaction step in which a nethane

~dehydnbaremat| zation reaCtion is carded Cut using a Catal yst prepared
according to arty one of the preceding clainms. 32, A process accor di ng
to claim31l, wherein the reacticin step Includes suppl ying ret hane to
t he catal yst at a tenperature Mthe range 675*C 'to'825C. 33. A process

~according to claim3l-or claim32, whereigq the pr ocess incl udes,

after the reaction step, a re-activation step in which . treatnment as

conprising at |east . 5Orol%preparie is supplied to the catalyst at a

tenperature of at hgast dégg s ér%ré%am{g%%ﬁaﬁn@a%wafo%ﬂ&tz&ﬁn Ea{ta?gls{“ 33,

wherein the reacti.on an activation
process of - mai nt ai ﬁqnl'.p&shgg{.;ge%@tnf'\lﬁamgagﬁtagstn@?mw@ma 9 f’%gf’”oqﬁﬁl zat'i on

. catal yst, wherei nmmmaemmpemrmamutmvcsmmMo ngnubslinthagresance
treat ment. gas'to t%t@@ﬁr@ﬁt&% wﬁéﬂélﬁﬁgtr&%dﬂ%ﬁcdﬁﬁl&y&%ﬁﬂét?mﬁdp&@é' on,
- Wherein the dehydroaronatization catal yst -conprises no ybdenum and an
alum nesilicate and the treatnment gas conprises_at |east SOroria, -
propane. SS. A procébs of APeees piathanasiehvdparenatizalionpyretisinageadtipn step in
useacat al yst has bewish a metome detiydromommatizdtienveactietiymriehpud wertoiaxalyar i
reaction. and CONPhicER&s HRIRAS Y aRe SHA prtBadi WBimBOST f i cate,” the
proCess including the step &eating.the used catalyst at a .-
terrperature of at ast 300C in t resence of - a tr

wher ei n-the treat mgf'ﬁ'lt ga P@ﬁﬁ’fﬁ‘i"%’@gg ‘gfia'l@és@e‘g@"ﬁé?aﬁ?°BP§E[$]H%°%S37 A
net hane dehydr oar oR¥RVRATRDMme deifiedalplyst she peaidee Biesnge ﬁ?j‘"ff ® SeHe-
process of any one of claims Ito SO 27 38.A nethane

dehydroaromat i zati @8 cat Ab¥sds AG5AGH: BindA oFdih 82, %regmﬁie&aes héAles,
catal yst. conpri ses EB}E]%%L%H e g@%@ﬁ@&%@gﬁ%&%@ ?a%@agagmgeﬁmeaﬁd

in that the catalys

40% based on benzé%"‘@p@?i‘i‘aﬁuﬂ’gﬁ’é‘ﬁp‘@ﬂa‘ﬁﬁ@Pt%erﬁ‘“ﬁcﬁtﬁ‘éﬁﬁfgg%‘t hane
dehydr Caromati zati on at 700C.. SD, A net hane dehydnmaronmati zation

cat al yst accbrel I ngat a chatomsazecmﬂmg:ioalam 33, wnerein the reaction and re-activation

stops are repaated

J'

g, A process of maintaining the activity of a methana dehydroaromatization
catalyst, whérein the probess Includes the stap of supplying & treatment gas to the
.aataiyst during methans dehydroaromatization, wherein the dahydmaromaﬂzaﬁon
catalyst comprises molybdenurm and an aiumlnosﬂica{e and the treatmant gas
comprises at lsast 50mol%h propang.”

: 85, A prdcass of reactivating a used catalyst, which used catalyst hias bgen' )
used In a methane dehydroaromatization reaction and comprises molybdentifa and. -
an aluminosliicate, the prodess including the step of heating the used catalystata
temperature of at Jsast 300°C In thé presenc:é of a freatment gas, whereinthe
treatment gas comprises &t least 50mal% propane, |

S

- 37. A me:hane dehydroaromatlzahon catalyst praparad acccrdmg to the
prooesa of any one of claams 1 to 80. '



38, wherein the catal yst conprises nol ybdenum-and an '
‘aluntinesilicate, characterised in that the catal yst provides, in a
met hane dehydroaroMati Zation reaction at 700C, a benzene yield of at
least 8,5%"' 40. . . Use of a treatnent gas In a protess of preparing.
a net hane dahyel roanmat.i zati on catal Yst, the prooess conprising the -
step.of heating a catalyst . preoursor conprising nol ybdenum and an
alumnosilicate at a tenperature O at |east 890C in.the presence of
the said treatnment gas, wherein the treatrnént gas conprises. at |east
50mal % propane. 41, Use of a treatnment gas in a ph:loess O preparing
a met hane ‘dehydr eart| mati zatl on catal yst,gst he process conpristna the
.step of heating a catal yst precursor Conprising nolybdenum and ari

al umi nosi | i cat e i nashe pa eshaeeytotiveateaibrlcatdysieatordng to dpis 37, wheeiei n
thte Itrteat rrent . P g dt@o‘?n pRdes rigRRe nM@hﬁ/mmﬁtﬁH@ﬁ@%. cha@cterdsBih bR

cat al yti cnet hane o S
Mai nt ai ned for Ion%%%wsgéa% %%%&”%fs Na“m I%’ %%F#St &’%&gdwaﬁét?lat he
use -of said-treat n@hﬁ"eﬁa@d3@215-5ﬂ9§@°ﬁ\‘9“ﬁn??9@%ﬁ‘ﬁt‘z@@§a¥7ﬁ°§ process
of preparirig a methane. G ehydroarornatizati.on catalyst, the
.process conprisinggshe shepmsde d@ﬁ@ﬁoht@ﬂatﬁat@@&ﬂ?d&éﬁdc@d%ﬁ@%&ﬁﬁ?or claim
a1 0, 0L Y DG Ty B 2y LU DS Bl dho DSt Epade of

t he-sai d- treat ment npil ses a

roast 50mD1% pr opaﬁBar%“@”%?g I tipt e cRtlyshRIoiqe . ‘W%‘P%"‘ag? d%ﬁqrﬁt?maf‘ﬁ“%?
subsequent met hane rmwdrmmmﬂ@ambtaafammsmn coliing of the-

cat al yst: occurs, as.conpared to a cat al yst prepar. ed vmthout the use of

. said treatnent gas, n43: &%g é s of
preparing a net hane gssqﬁof F 5 rera

g n%g zatlon c ro .
conprising the stef®Bf® oHERE %ﬁ@"?‘%ﬁ‘f@z ?esitﬁogg%ngg{siegﬁ&s o1 ERtaher .
-mol ybdenum and an ﬂ%?ﬁ%%ﬁﬂ"ﬁf@%ﬁ@b#%’“@ﬁ@“W@'@‘Sﬁ%@@a?&ﬁ? atieast -
‘treatnent gas, Whersos it theprésssmtonBantaidy@stmentgps; eesn e tidarmstigad 0ol %

propane, ao as 2&0,5}5}15&.,@}&5#@0“;@ B@hal yst with.an Activity
Preservation Ratio of at |east: 400/p as nmeasured after 15. 5 hours of

Met hane. dehydroaromatl zatjon at 70080. 44.Use.of a treatnent gas in a '

process of prepariny. a nﬂf%%{ﬁge?i‘émﬁe}sé%ﬁ%%ﬁ%g?‘fafi??%‘%ﬁ?st t he
process Conpri si ng dehusrogimpsizesion pgiisl. g Prcess eoPang Ursise gt heaing a catalyst
conpri si ng Ml ybdermuwuandsmgisingrhalyiterosiahd areumiiosilicai ¢ oy resseneef o seithe
sai d treatment  gas,ieith@s@hdlwhdiin thé Sl Yas BNGrIeH ENELERACRprpRRS

. $0mol % propane, so {hat . %Ii?ﬁzcﬁqéﬁa?-l 568%; %&r&\é&tg R adtibhy 8 HERLRRA maintamed

dehyd
TR AR e e e e NI R S

cat al yst prepar ed ~ accordirng to any one of ‘clains 1 to 30,
. 42, . Use ofatreatment gas n 2 process of preparing a methane

T dbhydraaramatlzataon catalyst, the process comprising the step of haat!ng a catalyst
precursor somprising molybdenurm and an aluminosilicate [n the.préesence of the-sald
* trsatment gas. wherein the treatment gas samprises at Ieast B0mol% propane so 8 .
to reduce-the rate at Whlch ina subsequaht methane dehydroaromatization reaction,
seking of the putalyst ocours, as comparad to & eatalyst prepared without the use of
sald treatment gas, . ' : '

A43. Use &f a freatment gas in @ process of praparmg a mathana - y
dehyd raaromatfzauon catalyst the procasa comprising the step of heating a catalyst
'prec:ursur uampnsmg molybdenum and an aluminesilicate Inthe presence of the said
treatment gas, wherein the treatment gas comprlsaé at least S0mol%% propane, So as



28

1o provide the oatalyst with an Activity Prasarvation Ratio of at least 40%, as
measured after 15.5 hours of msthane dehydroaramatization at 700°C.

44, ' Useofa treatment gasina pmcass of preparing & methane
dehydraaroma‘uzatmn catalyst the process comprising tha step of heating & catalyst
pracursor compisiig molybzienum and an aluminosiiicate tn tha presence ?f the said
treatnﬁent gas, wharein the treatment gas omprises at least 50Maol% prap'ana, 50
that the catalyst pmwcies, in a methane dahydmaromaﬁzatlan reactlon at 700:0, 8
benzene yield of at lsast 3. 5%, )

a5: Use,ina methane dehydroaramatization reaction, of a cataiyst praparad’
. accnrding o any ene of c]eums 11 50, k



