WO 2011/ 104494PCT/ GB2011/ 000184 1 PROCESS FOR PREPARI NG AN ALKENE The
present invention relates to the preparation of al kenes from oxygenates
usi ng supworbadio®ter opol yaci d catal yst. 5The present i peemdB20n/m@bso
relates to a process for treating suppqrted heteropol yacid catal ysts useful
in the preparation of al kenes from oxygenates. Et hyl ene and ot her

al kenes are inportant commodity chem cals and are useful starting materials
for nunerous chem cal products, including polyneric products, such as

pol yethyl ene. Tradi ti onpkb RS FORSPREPARING AN RVk@eE have been produced
by steam or 1OCataIyti6‘Eﬁmgd7Rrégf%%ﬁTﬁﬁﬁTﬁﬁﬁ§‘H§TTV§d from crude oil
However, as crude oil is a finite resource, there is interest in finding
alternative, gconom cally viable, t hods. f or. produgi ng al kenes, . in

ar 1 cul ar - eTfs PERE o telitesioa T Rt MPOLEP RS e Pl iiete o 1
I n recengmMQQE§hagﬁmggabﬁnmﬁ%htalternative materials for al kene production
has led to 15 the production of al kenes by the dehydration of al cohols,

such &s met hahopresand inventiomilso whtestoaanodsss for dwadrgsupportechateppeiiad i on of
for exang&gggggggﬁfﬂ“ﬁéﬁ%ﬁg%ﬁogggég&wg%%hékgékgggpterlals, or alternatively

may be pro rom-sy esi’s , 114 di scl oses a process

for the convEthgleas and othet slkédes @asSimporig@sohimeligrddaidalcpnddrdygfidcar bons
and/or olefjn(s) by converting the natural ,gas to alﬁsyn,t hesciﬁls gas, and 20
convert i pigrtinganastialy ginumerausichensicghirodysth dnrdnding nelymiers pEAdNgts, wchas and

further LDg . J t | d

ol ef i n( o1 e Tl R 3 s R0 haC0Eh pluEREY P B

ol ef 1&( s}atilytercmacking @€ hpdrpgabarisal etieedifbmaiudecoib r Hewengr adscolde! oibind fimiteer .

The process enp|loys two reagtion stages. Firstly, t al cohol_is converted,
USi g 1 GHCEVEN IFTE RS HHSIE R HediBh aBAR: geRemica s, mﬁﬁs ¥ then
subseque Eddﬁciﬁ?ﬁﬁ(%ﬁlest, fh S QAANARRAL e, GRARKLER LS8 @AECKS P8t @drlVel $rofh crude

nmet al al um nosificate catalyst to produce a light olefin stream EP
1792885 dilscl oses a process for the production of ethylene froma feedstock

conprisin hanol . Catal ysts_.based on het eropol yacids are disclosed as
e ho sul abltd oot TSR MRS R 2% AL B ve MaeBrR AR Resaiedis et haTkETS
200814 38#héprddluctlbss 6f SkETes By RROERTaratioh of B0l ¥dERds Rétheiol ahdetBAndIDr €

al cohol s, which process conprises contacting one or nore alcohols In the

pr esencewbichsae be produeed byt the fernigintation of dpyampde, kegass, sppsthgaandioc at al yst .
VO 2011/ A044Q4FCT GBROTH00ARY, By e V4,908 O lEREE) Do (e syniesi

of a m xéd alco eam an i on e a m>xture of ethanol and

propanol , whijh,1i79, 134 s tpsesd procets iydhat @tremioofBat@allgayRagasdhifle HAOE
(exanmpl e 1). US 4, 398,050 specifically discloses Al 203, Si02, Ti02, AlPOM
and Ca3( ey hydrgcarhansandior olefy($byfoaverang the safusd gaaton surkesisgagiind| kal i zed

al umqi U8Bnverting the synthesis gas to crude methanol and/or dimethyl ether and further
converting the crude methanol/dimethyl ether to gasoline and olefin(s).

US 5,817,906 discloses a process for producing light olefin(s) from a crude
oxygenate feedstock comprising alcohol and water. The process employs two reactiqn
stages. Firstly, the alcohol is converted, using reaction with distillation, to an ether. The

25  ether is then subsequently passed to an oxygenate conversion zone containing a
metalaluminosilicate catalyst to produce a light olefin stream.

EP 1792885 discloses a process for the production of ethylene from a feedstock
comprising ethanol. Catalysts based on heteropolyacids are disclosed as being suitable for
the dehydration of the ethanol feedstock.

30 WO 2008/138775 Al discloses a process for the dehydration of one or more
alcohols, which process comprises contacting one or more alcohols in the presence of one

or more ethers with a supported heteropolyacid catalyst.



50xi de or cal ci um phosphate being di sclosed as preferred catal ysts. It
has been observed that dehydrating al cohols to produce al kenes, in

parti cul avothe/edydrati on of ethanol to ethyl ene, can atcswmGB20sulodisun t he
formation of al kanes. Al kenes of high purity are required for use in nmany
chem cal processes, such as in the production of polynmers; therefore it my
be necessary to renove al kanes from product al kene 10 conpositions prior to
use. Renoval of al kanes from al kenes, for exanple renoval of ethane from

product et hyi8Nesouah der Y%@%Eig%fhmiﬁéggly of ka0 MorifldFich 32, 179

descri bes how ethanol can be ated in adiabatic reactors. T
exanpl es giwsid hixsireiof athaaélanil pagpanoid whichis nbseqpilently télgidratedatdd ¢and MBat ent

o unacedstainE tesrnBls Dot A2k Osd Rohal witiass At Sidw it 1 1S
puri fi cabh@la;(POy), a¥EXN& Hadkatie &ti(ﬂiaifan%ﬁﬁys?s, SkBROeE] Hematienol yaci d

catal yst; a process for producing al Kenes from oxygenates in the presence
of sabd oaidaloysalcivanphosphrte being disclosgdrsqutfatryd catalysts. process for produci ng

al kenes from oxygenates at.a, hi,gher. productivity whilst r.educin he

f or mati on o?}tiﬂigﬁe&s‘? S%ﬁ@ab?ﬁgﬁlngﬁggﬁ@%%p ﬁg({ﬁ %ié?lesdr%nip lfglgﬁglepr ocess
for the pedyaidnQT effanslto@tHyidR, EdnRABsIMIBN RirRatith b@kfeeSAlleAeHIf a
het er opol yacid catal yst; in particular, an inproved process for the

pr oduct i dighgturighargirk@iied ferore am mary ghamicel nrpcestesniichps Hl thapeodvetiene vity.
The Pr S BBtulc BILIGR | B9 LRLeH S (oIt Byl ioh BodtcPRRLRL o Of an
al kene from an’oxygenate conprising contacting a reactan eedstream

conpild si egmpdsiti@BPrio® teused Rexvgelnsftatkanesafrbanikensy] fovadxampld fefhoaalsafpport ed
het er opoléaci d catal yst atf a tenperature of, at |east 170 C, wherein the
process F@angiromgredictethylsneg cap B perygesnusedaispave aiprasdyng the fol | owi ng

st eps: (i b . r | ! : a
femporaturs O aer oGS ARV cHlolh e RRIHAEA T SR StaclPs TThe,
suppor t eedxdngiles, opthl sylaai/alumdtiaa hyd sluofina slapwv (Ha) thatetlmnd Oontemps thet eihydersf  at

| east 220 far.a,tinme suffici nmove. bound water .fro h
her or opoPYPARFGS irbth sangs ot fom 009 ta, 181 PAY RistoMBGINES P oaDEIVERE ang
(11115 Ybjchle i VA LADLIE p3HRBRRREA het er opol yacid catal yst of "step (ii)

at a 2011/ 104494PCT/ GB2011/ 000184 3 tenperature of at |east 220 C,
contacting tW& 2180264 Alelisslaspei yanpioded hetatopslyagidichtatyst armsecssaifor

feedstreamhaving a t erature of ,at | east .22 ! . su rt.ed

ot er oporuh e Aike ke G Hdrthits o8 prestBRlorsid chtatysk and Ife FIRIRHEN may be
a fresh eailpstiish pBcess f%p?fﬁdu@iﬂglaHJen&rf@Mh@b{?édﬁat@Qﬂa kRighéd préductivfty Whelst

catal yst is a spent 5and/or previously used catalyst, prior to step (i) of

t he proceedycing the ferpginntadaliaaeser opol yaci d catalyst is preferably treated by

heatig L he HRReLhPH DRI QBxﬁhée(saeﬁ{'eig}pg@e?%% oot fehd SURSIARUE . Bl | €351

and passi‘ng steam over er opol yaci d cat al yst,
f ol | owedfrbiy daexlypérgtd inahs pregenct bEahewropulacidicend]lyRe ie papiollysah dmpmlvad yst to
A e B s £ the prodacion e alkent Hom o oy Botale 1 erras OFalkahe selectivity.
The present invention thus provides a process for the preparation of an alkene from
an oxygenate comprising contacting a reactant feedstream comprising at least one
25  oxygenate reactant and water with a supported heteropolyacid catalyst at a temperature of
at least 170 °C, wherein the process is initiated using a start-up procedure comprising the
following steps:
@) heating the supported heteropolyacid catalyst to a temperature of at least 220 °C;
(i)  maintaining the heat-treated supported heteropolyacid catalyst of step (i) at a
30  temperature of at least 220 °C for a time sufficient to remove bound water from the
heteropolyacid component of the supported heteropolyacid catalyst; and

(i)  whilst maintaining the supported heteropolyacid catalyst of step (ii) at a



10The present invention further provides a process for treating a supported
het er opol yaci d catal yst conprising the steps: (a) heating the supported
het er opolwecbt/waival yst to a tenperature of at |east 22@cT/GBrd11p@EBUNY

steam over said supported heteropol yaci,d catal yst; and (b) heating the
supported heteropolyacid catalyst treated in accordance with step (a) to 15
at least 220 C in an anhydrous atnosphere. The supported

het er opol yacid catal yst used in the process of the present invention
. h id . . . _
CoTPT LS 5SRO PR RooH A0 8T SR

conpoundseacfant feeddtRan leiing o ee@eRire opat least 22e°¢.orm of a salt of the
het er opol yaci d, such as alkali netal salts, 20alkali_ earth nmetal salts,
ammoni um sal TBe supppitsd beteropplyaeid catalyshigged in theipagcessofithe PipRt dNEREOR g t s may

be eithe || J . I : ani of the
het er opanfta/t:ﬁ iecii %BP@%MS@!’%%%W%“SE rﬂ%@%ﬁ%&é%ﬂ%ﬁkg h%g?%/-l\?gﬁ lg%tsﬁ ér?ét al
at ons5 kandior previohdy peed qaitdys) privdr dorstep $i)of thepdodess, dresuppomml e of t he

central atomin a synmetric nner.. The peripheral atons are suitably
sel ect edﬁ?‘F@ﬁPB‘ﬁF‘?ﬁ&%ﬁisPﬁ efﬁgﬁ’gté‘iaé‘ﬁi, bX/h]?fr?gHg SURPYRHA e_f?%ﬂ%?faaﬂctim and
combi nat baa@sttta%rtaﬁ{)?rgleafe SERUER] 2R B PERsiRE Skah LY the hbdt6@Supbrted

phosphorus; "al terna , the central atonms nmay conprise any one of a
| ar ge vahétetopolyfcidicatabysf, folhov@doplecating/thel stéam-treatedsuppodédhereropel yadid

el enments, such as copper rylliym zinc, cghbalt, nickel,  boron,
al uni ni ufftaly ﬁthf’ iaﬁ?ﬁlp‘gg%‘ﬁé, Otlc)ag rl‘%/aa{ézlba &'é?f{éf: an aﬂiy%ﬁ%ﬁffm%ﬁpgﬂft h, chrom um
rhodjgm si ITﬁ@ﬂeseaemaﬂdi&munhwmmw@Fw&sszﬂ)f@@ﬁhgmsuﬁlsbrteanadi um

sul phur, tellurium nmanganese nickel, platinum thorium hafnium tellurium
and i odi heterogolyaeid|catalyst eqropresingibe dtepsncl ude Keggin, Wel | s- Dawson and

d 5 rloff h I i ds. /
pref or ool o Reneths sBbGRERRec iy crelib Badedbadii A RERLRE G Vad o

cat al yst andpasiigbRamtky §did ggipotte@hiétdropblyatidicatalystiahér opol yaci d wherein the
peri pheral atons are tungsten atons. Preferred heteropol ytungstic acids for
use in t@ prbeatiag th suppartest keterppolyarid patalyst tegateddn poqordanise %‘glé&eﬁ)(ﬁ)‘cone
Keggisn o anpl es of suitabl e heteropol ytungstic
aords | néﬁ%ﬁi?%@ﬁ%‘gaﬁ %8@%&%&%‘?%8% d (H6[ P2WL8 062] .X1120);

12- t ungst ophDissppotedltstetopdipadi®PitaY4t0ised irilthe proct &-dfulhgsiesst inventtoraci d

(H4[ SiWL2040] . xH20) ; cesi um hydrogen tuyngstosilicate (Cs3H Si WL2044x1-120);
monopot aSEPRIFA%E Gﬁ‘@{efﬁﬁﬁ@élﬁﬁp@rﬁﬁ(@aﬁ{@gfﬁfﬁ@bﬁ} SUpRot) ; monosodi um
12-t ungst osi Tlﬁecﬂeﬁ'? ﬁ%ﬁ'ﬁ%ﬁ) Ng@ﬁ’s'ay\ﬁ%eiﬁ,%ﬁ}é toHRfbrofN RRBéINBounds in the

t ungst ophosphat e 062]. xH20). 10 M xtures of two or nore different
het er opofoymunfadtdieacakords thnfvrpaif asalt afithalhsterdplyasil such as alkabimaetplrsaitar abl vy,

t he t er,popol yaci d conpponent of the.s orted het eropol yacid, catalyst is
gl g e R R S N U

t her eof , sfiQmaXRMEHLEr fulldr ipdAGS tA8) bf Kdtéro 'g@ti&wsi WL20401. xH20) ,
12-tungst ophosphoric acid (H3] P\2040] . xH20), and m xtures thereof; even

nore pref er abieyanidreofitbe beteropplyaeiddynieally comprises 12-18 oxygen-linked polyvalent

metal atoms, known as the peripheral atoms, surrounding one or more of the central atom
in a symmetrical manner. The peripheral atoms are suitably selected from molybdenum,

25  tungsten, vanadium, niobium, tantalum, and combinations thereof. The central atoms are
preferably silicon or phosphorus; alternatively, the central atoms may comprise any one of
a large variety of atoms from Groups I-VIII in the Periodic Table of elements, such as
copper, beryllium, zinc, cobalt, nickel, boron,'aluminium, gallium, iron, cerium, arsenic,
antimony, bismuth, chromium, rhodium, silicon, germanium, tin, titanium, zirconium,

30  vanadium, sulphur, tellurium, manganese nickel, platinum, thorium, hafnium, tellurium
and iodine. Suitable heteropolyacids include Keggin, Wells-Dawson and Anderson-Evans-

Perloff heteropolyacids.



15silicotungstic acid; nost preferably the heteropolyacid is
12-tungstosilicic acid. Preferably, the heteropol yacid enployed in the
present iwopentiomodas nol ecul ar wei ght of nore than 700pemd;B20es800013an 8500,
preferably nore than 2800 and | ess thamp 6000. Such heteropol yacids al so

I nclude dimeric conpl exes thereof. The hydration state of heteropol yacids
can vary depending on various factors, such as 20 tenperature, and vari ous
hydration states for heteropolyacids are known. Typically, the hydration

state of het?fe?é?%l afk §te 6l &o toge t%ﬂh%%ﬁ ORI cdtd) tlés the
S aERoHirlober) 3P IR SRpRAUHIRAL Y

nunber of water ecu eterop eases
i ncr easi a@etemmg{tm’tgsneacﬂhuhst is laﬂletaeo;mmmidt\ehbrelhahe pdviphbgad p@tiscGme st at e of

t he heteropol yacid co t of fhe suppo d het er opol yaci.gq cat al st used
- the. priesed Ams, HETRREE BrieopnbBmesunicdpor gk PRt BE e ReBLot d to
the star iRy QE%HWIR)S&: b%e&bn'tﬁé‘ﬁ%%é?ﬂ%r WdadDadwion ket er opol yaci d

conponent of the supported heteropolfyacid catal yst has at | east one water
mol eclil e bouBxkniples eftswitable hetemPe)l)etuupgsUc edds nelude-olfotupgeipphaspberioasid used in

Formng_ GWBEGsaPHEY Lk sE PRt B ROl -Broteld BRI,

sui t abl eacnama[smzmﬂqdmm u\&eﬂydrogémuﬁgmlucmr(e:@nﬂtsuw@ommbI e
catal yst support wt het erongégm d sol ution. anpl es of sujtable

sol vent smonepaiersiugmtuagstoplasehafe ( %@sz]@ﬁz@x@pn@wém@ twestondisic

B o N b T A

anoung OMlhﬁt@rocfmb yagiote diffeidn€heratopblysingstitgvidstand Saltyncadd be usedt he range
of from1l0 w.%to 80 wt_.% based on the wei gg’% of the supg rRtifd .
het er opol yacMarecrieteraply, thehterepalypgidicampprenf ahthe supporied Aeteronplyasid o 60

. % m){:ﬁal%]ﬁ% ?Jl@c%c?’f;%x@l sglh']% Jr30§EaRd ,Pfhéﬁiﬂ?g%’gswa"%’ d?ﬂxﬂes tﬁér@&egﬁbl Yy

the aver age er opo |ng pe area o e supporteé
het er opotyemaplel 1Qatuagsyesilidic acid (II-IE[SsW 12Q4d. mzﬁb,dmaﬂmgdtG@OSM1michl yst support

used in o] het er ppo id_catal st a Sui tabl cat al yst
support &E’iﬂ)ﬁf&% i’ﬂgﬁg de@?%ﬁﬁ%/a?r?ﬂf eé’ﬁ? n?%f@?’ F}éﬂnlgﬁt?rBPOI bsaﬂ al ygt
SUPPP§ t élﬂ%tﬂ&%tlgﬁ&qeﬂbh%ﬁef(eﬁabgy tHEPRle ol;lal:faﬂkfl@%ung%o%ﬂﬁlc &%‘J‘t onite,

di at onous ea tania, activated carbon, alumna, silica,
silica-alum li’raferahly,|thah¢tcltoanlwacld@ge>l1@edsn1hﬁcpacszmtrlnmntlan¢x@gm0$ecubar bon

coat o0, 2| U 3kt 2 w155 R P G R R AP SR B2
suppor t sSahakuGesbIPacidshiesd inahile BMAErR) dosiptex@t thekdok 4
The hydration state of heteropolyacids can vary depending on various factors, such as
20 temperature, and various hydration states for heteropolyacids are known. Typically, the
hydration state of heteropolyacids decrease with increasing temperature; that is, the
number of water molecules bound to the heteropolyacid decreases with increasing
temperature. Thus, it is expected that the hydration state of the heteropolyacid component
of the supported heteropolyacid catalyst used in the process of the present invention, before
25 it has been subjected to the start-up procedure, is at least one; that is, the heteropolyacid
component of the supported heteropolyacid catalyst has at least one water molecule bound
thereto.
The supported heteropolyacid catalyst used in the process of the present invention
may conveniently be prepared by first forming a heteropolyacid solution by dissolving a
30  heteropolyacid in a suitable, typically polar, solvent, and then impregnating a suitable
catalyst support with the heteropolyacid solution. Examples of suitable solvents include

water, ethers, alcohols, carboxylic acids, ketones, aldehydes and mixtures thereof, with



The shape of the catal yst support is not critical to the present invention,
for exanple 15 the catal yst support may be in a powder form a granul ar
form a pwbletimedsf orm a spherical form or in the fororafBan/meatsaudat e.
Exanpl es of suitable catalysts and catal yst support materials that may be
used in the supported heteropolyacid catalysts, as well as the preparations
of said catalysts and supports, are described in WO 2008/ 062157 Al . 20The
reactant feedstreamused in the process of the present invention conprises
at | east : t referably, the oxygenate
react ant “%%ﬁp%ﬁ%‘%ﬁ%ﬁ%@@éﬁ%%ﬁ? giP g@?ﬁﬁg%rgeéiasr%lvegg'so referred to herein as

t he oxygenat €he aacimof hetpropobmdidian théeatglysteapsorofs typiealfyrieslentangavefomon i s

an al cohal. and/or an_al cohol derivative. Preferred alcohol derivatives that
may be ud@: f<h§9w&°§b%§e ou therweight of tassupport rppRiyag caéglﬁétrs; thus the

oxygenat F‘)reff%ﬁl 3R gt drdh IB%%E&G@%V&?R&@E&&?&?@AtHe'} dfFfbnh S
preferably an al cohol and/or an ether derivative theréof. Preferably, the
al cohdl (2P vadlit50.der Prefirable(thy avdragedwterppolydved loagine pat surfacasteamt (e) of t he
process of the

i i hydric ald phatic al cohols havi
Fr om ¢ wo StRpoded hmpalyac salhsh iy ISt LRieiarobafe oo ther cof . More
preferably, ThecANydenaict iash BRIsuFPortddetetdiRRCRICRSTy?nalyHR dpyesent

invention are sel ected from et hanol, propanol, ‘i sopropanol, n- butanol,
t - but anokvitalpleeqatalyst sappert kngiwgriophe arbt g)earm plet ofsujsablpyatesiaksefor theicatalystit y |
et her, di

ot hoxy - ¢ SRS P basn -1 BlsBRANRles Bt Pk PRRCRRE BRI o™

propoxy- ftdid adtRatedrcaronyaltiming, sifiea, silkaphopny)ysilicaktithwia @ogels, silica-zirconia
i sopropoxy-t-butane, n-butoxy-t-butane and m xtures thereof Even nore
pr ef er abF9gels; rerbex gepierhalaminga geadies; smc sxideanddlamedysolyped; qyddasy Lagayst

! ti . / . . N . . |
and or  arRys PERHER AR e BRSNS P pndk SRS PO BERPY
process dfe flane yrdesedis of Sidnt i on are et hanol and diethyl ether, i.e. the

reactant feedstream used in the process .of the present invenfion canprises
et hanol , di eﬂfﬁ/ﬁlha%"’t e&ﬁaf;’ﬁhst“@f’.rtllsrfmé cHufal F%@F&Fesé%anﬁlﬁﬂtft%Fx ®present

| NveRs | Ofhe hRPHIPEAMS USAG BN RIBORSAUAL I a pEAGLEN Forke @St r eam used

in the process o present ‘invention i's an 10 oxygenate conposition
conpri si sphedtallferas tor @bthatfosnh ef mmerdtudated/ or di et hyl ether, based on the

total anmount_of ox nat.es, .nore preferably at | eas wt .,.% et hangl and/ or
di ethyl et heFr’fa“?ngsjt/‘%ﬁPﬁ?bj? STJFWQPR? 8%%5‘??’9‘@%%0%@ Sal bl e eied His, hyl
et her. nggipeﬁ@d)heferob&?a@arewty_sgf asNRé1B4s the pidparatiBdrdfald daaeksd sam of the
process of ‘'the present invention is at nost 50 w.% nore preferably at

nmost 20 suppYsts, messdespiileddan O 0B/068157041.- 10 wt. % or even at nost 5 wt. %
b t het ot al i gh f . i
sesy o0 Pkl i S PR S B SIHEIL, o

f eedstream e 'y, unt reactan
at | easlea§l.ohe Vkydénateaeftdnt ahdivakky at | east 0.5 wt.% and nost preferably

at least 1 w.% based on the total weight of water and oxygenate in the
react ant f edysferablymthe oxygenate reactant component of the reactant feedstream, also
referred to herein as the oxygenate reactant(s), used in the process of the present invention
is an alcohol and/or an alcohol derivative. Preferred alcohol derivatives that may be used
25  inthe process of the present invention are ethers; thus the oxygenate reactant(s) used in the
process of the present invention is preferably an alcohol and/or an ether derivative thereof.
Preferably, the alcohol(s) and/or derivative(s) thereof in the oxygenate reactant(s) of the
process of the present invention are monohydric aliphatic alcohols having from two to six
carbon atoms and/or ether derivatives thereof. More preferably, the oxygenate reactant(s)
30  of the process of the present invention are selected from ethanol, propanol, isopropanol, n-

butanol, t-butanol, diethyl ether, dipropyl ether, diisopropy! ether, di-n-butyl ether, di-t-

butyl ether, ethoxypropane, ethoxyisopropane, ethoxy-n-butane, ethoxy-t-butane,



According to a preferred enbodi nent of the present invention, the operating
20condi tions under which the dehydration process is conducted are such that
t he dehydwetzonmopoacess i s al ways operated in a vapour poasss2eiaielss

The tenperature at which the dehydrati gn process according to the present
invention (the process for the preparation of an al kene from an oxygenate)
is conducted is at least 170 C, preferably in the range of from 180 to 270
C, nore preferably in the range of from 25190 to 260 C and nost preferably
in the rapgRx@SofrbpRe2Bpbey-Altae, propoxyliSutieC RS pHoBoRF-nMutAR, t he
dehydration process accordl ng to the présent Invention (the process for the
pr epar at isopropbxydrbalake rreblitpnjrft hntanx atterps thereob nBuet l@drq megraéﬁ)e ﬁ@bl y a

th bI :
P essur cokFerAE FaREHsEt bt Bedsspipprefrbigenysd is SRASHBH SABRAE | "at &
pressur e tiefedf it paitdRr ethahs1GMURR dietit] Midr.t Mlost fRefibly, the oxhiaendié Retahts

conposition of the process of the present invention typically conprises
al kenes, ofithe @seaeasd k@/Q@ﬁ%ﬂten‘feea@m anstethanol andiethyleshrs) | lsf) thegep@ad,  wat er and

al kanes. dﬁ We%ﬂi 6&9114 @E(Bccgéseﬁgﬁt eggnan%%azlgrhcom 1¥§%'s %fﬁﬁnéél dleﬁlgll 9&1 enes are

Separate € pro on an ireac oxygena
react ant asj water.g. al cohol s) and et hers are preferably recycled back to the
process of the present i_nvention. pically, at |east part of the water of

the product Wdnpssasul ?Fd’ﬁlh(’éﬂﬁ‘%@fﬂ@@fﬁeéﬁlnﬁ%{m@nt BeorrePrisdeadast t he present
| nventi OQ?If}gneBP@F tg%e%&ahme&w?e%%gﬂmqﬂé %ngags%to‘? tﬁe\?ﬁ'@ é’iﬁ]?}n(v%?xt@ﬂg thers.

Because a S an elr correspondi ng alkanes ativ ose
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(the process for the preparation of an alkene from an oxygenate) is conducted is at least
170 °C, preferably in the range of from 180 to 270 °C, more preferably in the range of from
25 190 to 260 °C and most preferably in the range of from 200 to 250 °C.
The pressure at which the dehydration process according to the present invention (the
process for the preparation of an alkene from an oxygenate) is conducted is preferably a
pressure in the range of from 0.1 MPa to 4.5 MPa, more preferably at a pressure in the
range of from 1.0 MPa to 3.5 Mpa, and most preferably at a pressure in the range of from
30 1.0 MPato 2.8 MPa.
The product composition of the process of the present invention typically comprises

alkenes, unreacted oxygenate reactant(s) (e.g. alcohols), ethers, water and alkanes.



(1i1) maintaining the heat-treated supported heteropol yacid catal yst of step
(i) at a tenperature of at least 220 C for a tinme sufficient to renove
bound watwo 2h1iomuiohe het er opol yaci d conponent of the supperds2di1/000184

het er opol yaci d catal yst; and (iii)-whilst maintaining the supported

het er opol yacid catal yst of step (ii) at a 30 tenperature of at |east 220 C
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feedstream having a tenperature of at least 220 C WD
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25 () heating the supported heteropolyacid catalyst to a temperature of at least 220 °C;
(i)  maintaining the heat-treated supported heteropolyacid catalyst of step (i) at a
temperature of at least 220 °C for a time sufficient to remove bound water from the
heteropolyacid component of the supported heteropolyacid catalyst; and
(iii)  whilst maintaining the supported heteropolyacid catalyst of step (ii) at a
30 temperature of at least 220 °C, contacting the supported heteropolyacid catalyst with the

reactant feedstream having a temperature of at least 220 °C.
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that the rengyad: 18f préBds§to prepare alkenes from oxygenates using a supported
heteropolyacid catalyst can be performed under conditions which would lead to/maintain a
hydration state of the heteropolyacid component of one or more (i.e. the heteropolyacid
component having at least one bound water molecule), it is believed that the propensity for
30  the process to produce alkanes is increased with the increasing amount of the
heteropolyacid component that is not in the zero hydration state during the initiation of the

process.



fromthe heteropol yaci d conponent can no | onger be detected. I n one
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term"” anh%g%gﬁs at.nospher.e"” ittgegimsotrqlel%nt an at nosphere whi ch woul d be
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consi der 8 Yﬁ%rfgli?il lg’gelb%F TR ng essentially no water in

respect of thie t@fnﬁ@ﬁ&ﬁeﬂfwhi&ﬁ thy appoited iet@opolPacid patelysyiabbated fystéph@ 10 term
"anhydrous atnosphere”, as used herein, it 1s neant an atnosphere which
cont ai nsatbmaigtasnadtedin sep ot ikr shove gpsaribed slertrp mgerdytesis at Iraphlrer it is
meany, an}igéh%pfeﬂlrb%{:a%ur\é@ hﬁlg b%gé(fj:%sbtﬁisccgﬁ' fleke et}étetaltﬂ' Shith ol wakE §ON as
contai ni ngowater 1n respect o he "process of the present Invention;

pr ef er abteynovy filohethe dereropojdc i ngionestpif elicesuppasedisecopaymiid catalysti s meant
an at nos ﬂere_vx/nich copntajns nore than 5 ppnmv wate 15The use of an
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present jnR¥RiHnl 88 terfip&Btutd tb valich e@Rpfdrie Heferdftyfidedtalyst is heated in step
(i) and maintained at in step (ii) of the start-up procedure is at least 240 °C. Preferably, the
temperature to which the supported heteropolyacid catalyst is heated in step (i) and
maintained at in step (ii) of the start-up procedure is at most 450 °C, more preferably at
30 most 400 °C, even more preferably at most 350 °C.
The amount of time the supported heteropolyacid catalyst is maintained at a

temperature of at least 220 °C in step (ii) of the start-up procedure is sufficient to remove



up procedure are perfornmed under an anhydrous atnosphere. However,
since it is believed that water will not becone bound to the heteropol yacid
conponentwetoienpeaat ures of at | east 220 C, in an alt ergatgBzergbrdi nent
of the present invention, in particulajgwhen a fresh supported

het er opol yacid catal yst is used, step (i) 25 and/or step (ii) of the
start-up procedure are perforned in the presence of water; for exanple step
(i) may be performed under anhydrous conditions and step (ii) nay be
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the process of the present "invention is |ower than desired which has WO
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sel ecti vi i Sl [0 the process of the present invention; and, a
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invention, step (i) and step (ii) of the start-up, procedure are initially
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supported heteropo catal'yst wth the reactant stream’in step
(iii) of hetlwepslyacit catplyst Bordutamed aha epipecatak lof atleagy @26 6€ e step fii)aofshep- wi se
manner, for instance, by initially coptactin he water ¢ nent of the
Feact ant RSB B i<t Mol i RR R T here SATEPRET 1B bued by
addi {4 onpQfrs, tRen BRYIFRALSHIY 8ARAAND hdrst Mobt}RefRbBY atIORPIMRM st O form the
reactant feedstream or vice versa. 15in a preferred enbodi ment of the

present i nvdpedanse highesperppdraturasican rereaseaithe-rate appbisbdonnd watepisemored i n t wo
steps: (kLI i|lst, mai,ntainin e su r.ted heteropol yacid. catal yst of
step (ii Olgt%ﬁ%wgwglrygfl&rcgm@f’n%}q OF SHP d&ege(t,?ﬁ?{l%?ffqo%m?ﬁ’elgésuppor ted
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and 20(itib) whilst maintaining the supi)orted het er opol yaci d cat al yst of
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embodiment of the present invention, in step (ii), the heat-treated supported heteropolyacid
catalyst of step (i) is preferably maintained at a temperature of at least 220 °C for at least
10 hours, more preferably at least 20 hours. In another specific embodiment of the present
invention, in step (ii), the heat-treated supported heteropolyacid catalyst of step (i) is
25  preferably maintained at a temperature of at least 230 °C for at least 5 hours, more
preferably at least 10 hours. In yet another specific embodiment of the present invention,
in step (ii), the heat-treated supported heteropolyacid catalyst of step (i) is preferably
maintained at a temperature of at least 240 °C for at least 2 hours, more preferably at least
5 hours. In yet another specific embodiment of the present invention, in step (ii), the heat-
30 treated supported heteropolyacid catalyst of step (i) is preferably maintained at a

temperature of at least 250 °C for at least 1 hour, more preferably at least 2 hours.



Prior to enploying the supported heteropolyacid catalyst in the process for
the preparation of an al kene from an oxygenate of the present invention,
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bxygenat SHidndd Be bR REAFR Re oRllch BEr0h SEARANAP uler B, BRUART G O 20, o
t he supperdcest digiegsrogeat waentibn] predtrably sby peitern thydsovplaoyosphersd) 64 wead al yst in
the process,. of .the present invention is particul grl beneficial when the
suppor t eBCTREs B iHHEr AN LUEaIPAFLFvhich coptaing ggrs than REPERVIYAEs of the present

| nvens i on hagnR Sy PSR ABIIRNEY rbllReriaP 5P R ten KARARRARRE 2t on of

an al kene from an oxyge ; In particular, by using this optional
t r eat menpresence of wpo deng thetabovgdesenbsl tat-ap petcedure dhesvag signéfidaotig| y been

enpl oyed . th 0 ti f | k f
oxygena: SngpuaimLos ks roftsl HRREn Do abtiary fof Preger ShEket R hen ¢ hi s
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optional treatnent of the Supported opol yacid catal yst prior to
enpl oyi ndessabadl gart-ap pacedureihperformed yadéran anhedroysegimosphices of an al kene
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selectivity of the catalyst _prior to the above-described optional
treat ment . However, since it is believed that water will not become bound to the heteropolyacid

component at temperatures of at least 220 °C, in an alternative embodiment of the present
invention, in particular when a fresh supported heteropolyacid catalyst is used, step (i)

25  and/or step (ii) of the start-up procedure are performed in the presence of water; for
example step (i) may be performed under anhydrous conditions and step (ii) may be
performed in the presence of water, or vice versa.

By the term “fresh supported heteropolyacid catalyst”, it is meant a supported
heteropolyacid catalyst that has not previously been employed as a catalyst in any reaction,

30 i.e. not aspent or regenerated catalyst. By the term “regenerated” when used in relation to
a supported heteropolyacid catalyst, it is meant that a supported heteropolyacid catalyst

whose efficiency in the process of the present invention is lower than desired which has



Wi | st not wishing to be bound by theory, it is believed that this optional
treatnent of the supported heteropol yacid catal yst renpbves nore

cont am nanbefwomothe supported 30 heteropol yaci d cat al petr/dBran/oooissd be
renmoved by passing nitrogen gas over tpe catalyst only or by passing steam
over the catalyst only. WD 2011/104494PCT/ GB2011/000184 14 Ther ef or e,
the present invention further provides a process for treating a supported
het er opol yaci d catal yst conprising the steps: (a) heating the supported

het er opol | . si ng
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step (a) shisctRRYT HdZpehdentie a ph é&twgka%ﬁt)ﬁfsmeﬁ%% B thEpRIcEdsaTkhe prédeap (b)

of this process for treati'ng a supported 'heteropolyacid catalyst is

10per § or msentin; edighalkéneaselestiaty i alpsivdbid intthapiopgsaiofithegreseat iouerdiopsandat a
tenperature of at least 220 C.throughout t entire.process. Therefore, the
process plew alkang ?eieﬁ%é{’tl%lfp%éﬁbéﬁll tg‘?é’Foc?ﬁiﬁ {}313? e eé‘f V%tfonpref erably
T T i b i R v R 14 A
whi | st nef the starupreersdussigrp dritielly mf@méanw@nmgdramwmowhesé,@“@llﬁd@d)at ure

cat al yst B ey P SpRe RO APV BBl BB . ool voci U catalyst a

a tepper at ureheddontictihgafthe 3dfbotied heRsdpolyprisatalgt sithahe Rdenntfacditrsarppor t ed
het er opol yaci d_cat al yst; and (d’ 359 mai nt ai ni ng the supported

het er opoln/gen @ieftthy Stagt upprecedugsan aplignallybe performiediin astepevise magney

anhydr ou .. ' r Ss is
per  or o APEE 5 Sially gontst Flehe Waler ik ol hBtedifiy RUMRf 0P

Pr ef er abthe,supjicefed hdtejopolydctiecatdhyst dolfveddysaddiiopef tlar orydedave reactantédsé 30

m nutes, nore preferably_at |east 1 hour, even .nore preferably for at |east
2 hours. thFH‘éat%rtFBWé’OB?‘Eé%M?r%mﬁE gﬁtﬁ?@@ PrYeT Vetrﬁjfst ep (i) of the
starfsup progediERrred embodiment of the present invention, step (iii) of the start-up
procedure is performed in two steps:
(ilia) whilst maintaining the supported heteropolyacid catalyst of step (i1) at a
temperature of at least 220 °C, contacting the supported heteropolyacid catalyst with water
having a temperature of at least 220 °C; and
20  (iiib) whilst maintaining the supported heteropolyacid catalyst of step (iiia) at a
temperature of at least 220 °C, introducing the oxygenate reactant to the water of step (iiia)
to form the reactant feedstream
Prior to employing the supported heteropolyacid catalyst in the process for the
preparation of an alkene from an oxygenate of the present invention, the supported
25  heteropolyacid catalyst can optionally be treated by heating to a temperature of at least
220 °C and passing steam over the heated supported heteropolyacid catalyst, followed by
heating the steam-treated supported heteropolyacid catalyst to a temperature of at Jeast
220 °C under an anhydrous atmosphere. Preferably, the initial heating of the supported
heteropolyacid catalyst to a temperature of at least 220 °C in this optional treatment is
30  performed under an anhydrous atmosphere.
This optional treatment of the supported heteropolyacid catalyst can conveniently be

performed prior to step (i) of the start-up procedure. Alternatively, the optional treatment



25descri bed herein, or may alternatively be perfornmed during steps (i) and
(ii) of the start-up procedure. Thus, in a preferred enbodi nent, the above
process fwo 201e@i49ag a supported heteropol yaci d cat al ystrcrmrewizesisheat i ng
the supported heteropolyacid catalyst 9 a tenperature of at |east 220 C
under a nitrogen atnosphere, whilst naintaining the catalyst 30at a
tenperature of at |east 220 C, passing steam over the catalyst, preferably
for at |east one hour, followed by passing a stream of nitrogen gas over

t he cat al . 4 . orted
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treat nent of _the ort.ed heteropol id catal yst by the.proces. escri bed
above may be’ E?E‘?IF@?EFBG %X%?“%WP%&%E%H%%@%O%%W P'i)#??éhero if?f’%r San:JI/ or
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process for the preparation of arn al kene from an oxygenate conprising

cont act i mepre preferablaatstrean @f incstgas copisalls ithrenky dious simaspkere i agreameofr eact ant
and water.with a supported heteropolyacid catalyst at a tenperature of at

| east 173"EENE_Yein the supported heteropolyacid catalyst is treated in

accongance Wrhid opfiéndd tregafent bOthe biighited detropulyacid cadlysepesapepsing
catal yst conprising steps (a) and (b) 15described herein, preferably in

accor danédidvptalyst dhpprseessor the praparetivn gt an alkpnsdrera an Reyesrsisafiyhei d
cat al yst Fe%mriﬁ\?ebggn ?%12!9%?&%&13 ﬁ)g Ie}tlé?r(acflrésh%gfgla/es}fjér)a &?ﬁisrt R dadilef! Nabove,

and the Br ocess epar agl on an al rom an oxygenate is

i nitiat egrevioudly Bed iratht ptieesy fof @ pirepacnivardf ah alkesd fpm =ni gxygénatd. land (i)
descri bed herei nabove. Therefore, the Pr esent inventi onqd?/et furthe

provi des Partighlge diskaspgen foyad ghat Hus aptiond! Bratmentof the Rt l&f'ﬁ?r%olkﬁéi%enat e

conpf s si e&alggﬁrg%{té g&%gl%%g%gﬁfda&bﬁ{rs@ GOHE PPARCATR prebddd ienfiGst one

oxygenate r r- wth a supported heteropolyacid catal yst at a
t enper at paticalrlpbenefmed Wheo the, suppategi hetdrbgensoyspatal st thlest waed pothg pedagss

o kene 1 PORF At ey Bumbe Ranerek sty ber R BRET B uiosy® fordbe PERBatS oy "
treati ngaRakeRPREhed oﬁ?ﬁéﬁ%@ﬂi yatblat 8y @éiyg Ehiggﬁ)tﬂﬁﬁpﬁéa@ﬁ@nthﬂfﬂdﬂ@&%de, and

wherein the process fof the gr eparation of "an kene from an oxygenate is
i ni ti at ebetbspgennous catalystuphiph beseptavieude bean aneployrdriniapagrsyefor the  The present

B e B AL 15 088 SORURNSHSAELLBRLAPARN bl

suppor t echahi@iHRh @S by@sHall tréan@hlsds not BeenRefughély t he anount of al kanes
produced relative to a 30 correspondi ng process which was initjated using a

start-up protesubruseidhis @paonfreaBiept ﬁ’fstge peparted beseropylyacid catpst priqr) |
to employing said catalyst in the process for the preparation of an alkene from an
oxygenate of the present invention, a previously used supported heteropolyacid catalyst
25  may be regenerated; in particular, the alkane selectivity of the catalyst can be reduced
compared to the alkane selectivity of the catalyst prior to the above-described optional
treatment.
Whilst not wishing to be bound by theory, it is believed that this optional treatment of
the supported heteropolyacid catalyst removes more contaminants from the supported
30  heteropolyacid catalyst than would be removed by passing nitrogen gas over the catalyst

only or by passing steam over the catalyst only.
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performed directly after step (a) whilst maintaining the catalyst at a temperature of at least
220 °C throughout the entire process. Therefore, the process for treating a supported
heteropolyacid catalyst preferably comprises the steps:

(@) heating the supported heteropolyacid catalyst to a temperature of at least 220 °C
under an anhydrous atmosphere;

(b’) whilst maintaining the supported heteropolyacid catalyst at a temperature of at least
220 °C, passing steam over said supported heteropolyacid catalyst;

(c’) whilst maintaining the supported heteropolyacid catalyst at a temperature of at least
220 °C, ceasing passing steam over said supported heteropolyacid catalyst; and

(d’) maintaining the supported heteropolyacid catalyst at a temperature of at least 220 °C
in an anhydrous atmosphere.

Preferably, step (b’) of the above process is performed for at least 30 minutes, more
preferably at least 1 hour. Preferably, step (d’) of the above process is performed for at
least 30 minutes, more preferably at least 1 hour, even more preferably for at least 2 hours.

The above process may be performed prior to step (i) of the start-up procedure
described herein, or may alternatively be performed during steps (i) and (ii) of the start-up
procedure.

Thus, in a preferred embodiment, the above process for treating a supported
heteropolyacid catalyst comprises heating the supported heteropolyacid catalyst to a
temperature of at least 220 °C under a nitrogen atmosphere, whilst maintaining the catalyst
at a temperature of at least 220 °C, passing steam over the catalyst, preferably for at least

one hour, followed by passing a stream of nitrogen gas over the catalyst.



Liquid Feed Rate (g/mn) 0.377 Nitrogen (g/mn) 0.1150 In Exanple 1,
a fresh catal yst was heated to a tenperature of 250 C under a fl ow of

ni t rogen wd8Qobamgs940. 115 g/ m n) and mai ntai ned at 250 CpgmdmB20iin®orsist r ogen
stream for 2 25 hours. The tenperature;yas then reduced to 220 C. Once the
tenperature of the catalyst was at 220 C, the reactant feedstream detail ed
in Table 1 was introduced to the reactor at a 17 pressure of 20 barg and
t hese conditions were maintained for 90 m nutes. The tenperature was then

i ncreased togq ea i en

it oo and PRE R sAr BoREGRINCR BTy RARRR AT a7 Hr et B
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react ant feedstream detail ed |n Table 1 provi ded bé 5 the roduct
conposi t H&F%JXS&FO FEMPSTAtEe of beloves) Feebm&@rﬁtrbevawp topa Ef&lnmmreo I'n
Exanpl e Zelof Spegh catalyst was heated to a tenperature of 180 C under a
flow of nitrogen (20 barg: 0.115 g/nmin) and maintai ned at 180 C under the
ni trofen st rEamechientlOvmdnthe espporied heteambbnatldfcatal;&t whirhnisiat s treatedi by aTabl e 1
was then_introd ced. t(gﬁt he .react or ure of 20 bar nd these

condi t i oR¥HEAS Fﬁff‘ﬁ? bRyg 15 g spent ﬁ?}af'yét 0 %at? ¥ﬁ}5’é"fté‘?§1P@VW R hen
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m nutes and the reactor was i ntai ned under these conditions he
per f or maptée siprored beterdppbiacidreatalest py éipmra@elsmdesoﬁb@i dhpive meayfheqrerfotmeed
e e AR R LA o TR BRI 00 o
Exanpd e Et hyllengeseasi@@edtidityeYifigtiér piivided a)prddeSRfe tHeRREMrAoned v lagRge
product) frocrérll*an(ory)(r))fgrgrc\e,}lla(t)encoelrrtq?r%lsllnegnceon?arcscjlglgJ gtre):actant feedstream comprising at least one
oxygenate reactant and water with a supported heteropolyacid catalyst at a temperature of
at least 170 °C, wherein the supported heteropolyacid catalyst is treated in accordance with
the process for treating a supported heteropolyacid catalyst comprising steps (a) and (b)

15 described herein, preferably in accordance with the process for treating a supported
heteropolyacid catalyst comprising steps (a’), (b*), (¢”) and (d”) described hereinabove, and
the process for the preparation of an alkene from an oxygenate is initiated using a start-up
procedure comprising steps (i), (it) and (iii) described hereinabove.

Therefore, the present invention yet further provides a process for the preparation of

20  an alkene from an oxygenate comprising contacting a reactant feedstream comprising at
least one oxygenate reactant and water with a supported heteropolyacid catalyst at a
temperature of at least 170 °C, wherein the supported heteropolyacid catalyst has
previously been used in a process for the preparation of an alkene from an oxygenate and
has been regenerated by the process for treating a supported heteropolyacid catalyst

25 described hereinabove, and wherein the process for the preparation of an alkene from an
oxygenate is initiated by the start-up procedure described hereinabove.

The present invention further provides the use of the above described start-up
procedure for a process for producing alkenes from oxygenates using a supported
heteropolyacid catalyst, for reducing the amount of alkanes produced relative to a

30  corresponding process which was initiated using a start-up procedure which did not

comprise both step (i) and step (ii).



Acet al dehyde (ppmw on et hyl ene product) 1 863 318 1063 552 2" 877 600 3384
1912 * - Hydrocarbons containing four carbon atons, primarily butenes. A -
Not of thwoi2omentden. As can be seen fromthe results presass2et/donsiabl e 2,
t he concentration of ethane 20 pr esentlén t he product conposition when the
process was started using the process of the present invention is
significantly | ower than when the process was started up using a | ower
tenperature. Exanples 3 and 4 The catal yst used in Exanples 3
and 4 wa Xsi I ilecsot ungstic acid (12-tungstosilicic acid) 25(ex. N ppon

| nor gani al s) supported on Cari Act (trademark) QL5 silica pellets
(ex. WO 201Thd folé Sdmiaaaipléslidoan b8fforh&dﬁnjaim18'rd -yacta)y hatingarcowerealt r at i on

Ol Calunget LG seld, pall Vel ent Loy P2, ot LAl o0 pralele)
e Sl a1 ARG e s vl
| nducs i vebtaifed filue theRnasompldSprittcthk first being placed in a pre-heat zone where the
liquid feed is vapourised, and the other three being placed in the catalyst bed. The pressure
of the process was controlled by a pressure control valve (PCV) with all vapours exiting
the reactor passing to the low pressure side of the PCV. A portion of the exit gas was
directed to a GC for on-line analysis of the products.
10 In all the examples, approximately 2.7g of the catalyst, which is equivalent to a bulk
volume of 5cm’, was loaded into the reactor. The catalyst was also mixed with an inert
diluent of Davicat (trademark) A372 (also known as G57) silica (2.7g, which was of 0.25
to 0.Smm diameter). The diluent was used to fill the voids between the catalyst particles
allowing good interaction of the reactants with the catalyst (i.e. no channelling).
15 Examples 1 and 2
The catalyst used in Examples 1 and 2 was silicotungstic acid (12-tungstosilicic acid)

(ex. Nippon Inorganic Chemicals) supported on CariAct (trademark) Q15 silica pellets (ex.
Fuji Silysia) at a concentration of 275g/kg silicotungstic acid.

In Examples 1 and 2, the reactant feedstream detailed in Table 1 was used.

20
Table 1.

Liquid Feed
Ethanol (Yowt) 33.00
Diethyl ether (%wt) 65.50
Water (%owt) 1.50
Feed Rate
Liquid Feed Rate (g/min) 0.377
Nitrogen (g/min) 0.1150

In Exarﬁple 1, a fresh catalyst was heated to a temperature of 250 °C under a flow of
nitrogen (20 barg: 0.115 g/min) and maintained at 250 °C under the nitrogen stream for 2
25  hours. The temperature was then reduced to 220 °C. Once the temperature of the catalyst

was at 220 °C, the reactant feedstream detailed in Table 1 was introduced to the reactor at a



Em ssion Spectroscopy (ICP); iii) taking the remaining residue, ashing at
550 C, treating the remaining solid with hydrofluoric acid foll owed by

fusi on wiwb 2bitvfodem borate flux, dissolution in an aci dircTasB20t1/0msand
determ ning the tungsten in the acidi Cﬁol ution by ICP. The sum of the

I ndi vi dual tungsten -analyses from (ii) and (iii) gave the total tungsten in
the 10catal yst. For Exanples 3 and 4, the reactant feedstreamdetailed in
Tabl e 3 was used. Table 3. Liquid Feed Et hanol (%M ) 47.6 Diethyl ether

(Nm Z) ggﬁ p%eé;/l\ﬁ% ﬁ? 2@0 'gg)z'lgﬁ 'tﬁq’esg %oergidiggxgsewere mlﬁiirﬂgiingd E)er%(a mF\;%;[.l es.( %é%%e%t%@
was then increased to 240 °C and the pressure was increased to 30 barg over ten minutes
and the reactor was maintained under these conditions. The performance of the catalyst in
the preparation of ethylene from the reactant feedstream detailed in Table 1 is provided by

5  the product composition after 66 hours on stream recorded in Table 2 below.
In Example 2, a fresh catalyst was heated to a temperature of 180 °C under a flow of
nitrogen (20 barg: 0.115 g/min) and maintained at 180 °C under the nitrogen stream for 30
minutes. The reactant feedstream detailed in Table 1 was then introduced to the reactor at
a pressure of 20 barg and these conditions were maintained for 2 hours. The temperature
10 was then increased to 240 °C and the pressure was increased to 30 barg over ten minutes
and the reactor was maintained under these conditions. The performance of the catalyst in

the preparation of ethylene from the reactant feedstream detailed in Table 1 is provided by

the product composition after 85 hours on stream recorded in Table 2 below.

15 Table 2
Example | Ethylene Space Ethane (ppmw on | C4 (ppmw on | Acetaldehyde
Time Yield ethylene product) | ethylene (ppmw on
(g/l/hr) product) ethylene
product)
1 863 318 1063 552
20 877 600 3384 1912

* - Hydrocarbons containing four carbon atoms, primarily butenes.

A - Not of the invention.

As can be seen from the results presented in Table 2, the concentration of ethane
20  present in the product composition when the process was started using the process of the
present invention is significantly lower than when the process was started up using a lower
temperature.

Examples 3 and 4
The catalyst used in Examples 3 and 4 was silicotungstic acid (12-tungstosilicic acid)

25  (ex. Nippon Inorganic Chemicals) supported on CariAct (trademark) Q15 silica pellets (ex.



151 n Exanple 3, a fresh catal yst was heated to a tenperature of 220C under
a flow of nitrogen (20 barg: 0.115 g/mn) and nai ntai ned at 220 C under the
ni t rogen woneamoior 24 hours. The reactant feedstream detaidpdiimoiBabl e 3
was introduced to the reactor at a pr egpure of 20 barg and these conditions
were mai ntai ned for approximtely 10 m nutes. The tenperature was then
increased to 240 C and the pressure was increased to 30 barg 20 over
approximately 10 m nutes. The tenperature was subsequently increased to 250
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produgt eampasition after 115 10 hours on streamrecorded in Table 4 bel ow
Tabl e 4. Exanpl e Ethylene Space Tine Yield (g/l/hr) Ethane (ppnw on

et hyl ene pr dourdixpmples 3 andriwtherreaatan feadstreany defatled indebkel Wehg/wsed( ppnw on

et hyl ene product) 3 991 353

Table 3.

Liquid Feed
Ethanol (%owt) 47.6
Diethyl ether (%wt) 48.1
Water (Yowt) 43
Feed Rate
Liquid Feed Rate (g/min) 0.387
Nitrogen (g/min) 0.0925

15 In Example 3, a fresh catalyst was heated to a temperature of 220°C under a flow of

nitrogen (20 barg: 0.115 g/min) and maintained at 220 °C under the nitrogen stream for 24
hours. The reactant feedstream detailed in Table 3 was introduced to the reactor at a
pressure of 20 barg and these conditions were maintained for approximately 10 minutes.
The temperature was then increased to 240 °C and the pressure was increased to 30 barg

20  over approximately 10 minutes. The temperature was subsequently increased to 250 °C and
the flow of nitrogen reduced to 0.0925g/min and the reactor was maintained under these
conditions. The performance of the catalyst in the preparation of ethylene from the
reactant feedstream detailed in Table 3 is provided by the product composition after 115

hours on stream recorded in Table 4 below.



1415 686 4 927 525 2430 897 * - Hydrocarbons containing four carbon atons,
primarily butenes 15As can be seen fromthe results presented in Table 4,

t he concewbratiiomeaf ethane, and ot her by-products, pregemGB201tdoeispr oduct
conposition is reduced when the catal y$4 is maintained at the tenperature

of at least 220 C for a longer duration. 20 WO

2011/ 104494PCT/ GB2011/000184 20 Cains 1. A process for the preparation of
an al kene from an oxygenate conprising contacting a reactant feedstream

conprising at_ Jleast gne.oxygenate reactant and ter .y rted
het er opol yactrhé’éaé?pa{? g’saf frg)h %Fatlzs&rﬁvgﬁ at %?‘g{aoaf t%g\lpeﬁ\g@gg pf %88% déﬁ%ﬁg\?] r? ?t he
process itfoge{(20 l@dr%d). LS @6hi) diidandintdthel a0ZFIRE endepthRMmitsoged stb@mffed 2 owi ng

steps: (i)heating the supported heteropolyacid catalyst to a tenperature of
at | east hopw. @he reaciapbiend dieamyistalisd imdable 8 wag driepduggrbiorthe Eraper rdpol yaci d

cat al yst i g@ﬁ{- r : i »

suffici eﬁ?&;%&ﬁﬁ%(éb%g%%ﬂ%lﬁ%ﬁﬂ e#@#%ﬁ’@ﬁ%bi@%ﬁ%ﬁ@%& datt%%rlrggt#g%&of t he
suppos t ed’hbeinesepqrole)odsi therciat@hyesitty 240 6C A0 theipretbure siasimiredsad to 3@bdrpe
supported heteropolyacid catalyst of step (ii) at a ure qf at | east

[ t enpera
220 C, cONETPPIOFIAtERY Lupipyies elnisrpesioe yat ribseatently G0 190 Yl ant
Feedst r e fAY bfhtded ERELA LY 08995 g/Min hPak r&RRr Was maintained under these

conditions. The performance of the catalyst in the preparation of ethylene from the
reactant feedstream detailed in Table 3 is provided by the product composition after 115

10  hours on stream recorded in Table 4 below.

Table 4.
Example | Ethylene Space Ethane (ppmw on | C4 (ppmw on | Acetaldehyde
Time Yield ethylene product) | ethylene (ppmw on
(g/l/hr) product) ethylene
product)
3 991 353 1415 686
4 927 525 2430 897

* - Hydrocarbons containing four carbon atoms, primarily butenes

15 As can be seen from the results presented in Table 4, the concentration of ethane, and
other by-products, present in the product composition is reduced when the catalyst is

maintained at the temperature of at least 220 °C for a longer duration.

20

25



2. Process according to claim1, wherein in step (ii), the heat-treated
supported heteropol yacid catal yst of step (i) is nmaintained at a

t enper at we 20fr/@t4oheast 220 C for at 15l east one hour. P8IT/IB20CIEHE184
according to claim1l or claim2, wherebp step (iii)is perforned in two
steps: (iiia) whilst maintaining the supported heteropol yacid catal yst of
step (ii) at a tenperature of at |least 220 C, contacting the supported
het er opol yacid catalyst with water having a tenperature of at |east 220 C
and 20(i idqh whi | st mai ntai ning the supported heteropolyacid catal yst of
step (iitf a tenperature of at |east 220 C, introducing the oxygenate
react ant 1t o Aheoceas for thd prspapti¢n of @) alkeneffonii beygeaate camprifiagdshtaiy 4.
Process according.to an%q one, of (fl aims 1 to 3, wherein the oxygenate

r eact ant @d§actagt 5‘?‘??%6@811 MRIREA 'St R vaRRats asion and sig s accor di ng
to clai mséppov(e@;l@eefbp}a)n@cigw%m@a@a fRRERAN: At 1batt 7@@,%h€\ﬂqltﬁ’é prdcess

derivative of ethanol. . Process according to claim’s, erel
oxygehat é indmtadarsing asstat-np podcedurg cofpusiag sheafotlowitigrstepso any one of clains 1

to 6, wherein the su rited heteropolyacid catal yst i.s ) rted
silicotu é}gegf}gg Q]éisﬂp@z?\%‘ail}vgef‘?p !CE’F%%&I@ ggeg%ﬂ;ea%{wﬁ of gt @F‘%{%%p; wherein the
suppor t edihriR4iaR@! ek teadedkiisiorted hdtefdBBBALIIR D talyAt bEfIgStipaid i cic acid

catal yst. = WO 2011/ 104494PCT/ 011/000184 "21 9. "Process according to any
one of clemnperaturerod agleastiRap CHor Hdmagsoifisiendfo iemowe bpwidysatedfrom thhe support ed

het er opo o alyst 1s kp the r e of froml - %.to 50 wt. % based on
the tot akl&\%gpg]ﬁ%&gfc o@gn %ﬁﬁbﬁﬁ%&%ﬁ%@?&%ﬂ%&@aﬂa@%ﬂ%. 10. Process
accot@i ngiijwhiknshaiii€inidg thd s’:u;pﬁﬁrtéd heleBpolyhi@d eathlysthsT sRpqaRata tefipefalife of
preparation 5 of an al kene from an ox%/genate is perforned at a tenperature

in the railgst 820 f¢.aentegtngthe suprgted hetergpolyacisastaly s wédythe rrgctant any one of
claims 1lebgo O M@gﬁ@@@&égg&ﬁga&%o ;(Iiae preparation of an al kene from

an oxygenate 1s pe ressure in the range of from0.1 MPa to 4.5
MPa. 1012. Hrocsssacaediog w cigint 0, whyreiarig sep (i), dietratltréaedlsuppohied ei n prior to

step (i), of the process, the supported heteropol yacid catalyst is

pref er abp‘i}erf)?&é{?‘ggl Cﬂﬁg’ﬁ'e‘?ﬁsferl’g(l)tlﬁglaé‘i}ﬁ‘%‘y ?‘édteW@FréﬁB%BP‘}‘dﬁsazz%t%f‘ifsaf to a
t enpey at Bh8 off nadr. | east 220 C and passing steam over the heated supported
het er opol yacid catal yst, followed by heating the steamtreated supported
het er opoB.yadirdcasatedoyding taoclaint tiopelaah Oy ehatinatep (@)t pe2dOmE imishar steps:

anhydr ous.. 15at phere. .13, Process,according to claim 12, wherein the
suppor t ediHet P Sraainipgthe é‘lllipé’ftea Qgtef?%g‘la@gsc??lyﬁ%%flr?t%é‘l)&ﬁ/%d in a process
for the RrpBALAE 0OR 184t 300 ot k@Rkiclih®MeBlpBrtd fBRESholyacid catalyst with water
having a temperature of at least 220 °C; and
20 (iiib) whilst maintaining the supported heteropolyacid catalyst of step (iiia) at a
temperature of at least 220 °C, introducing the oxygenate reactant to the water of step (iiia)
to form the reactant feedstream
4. Process according to any one of claims 1 to 3, wherein the oxygenate reactant(s) is an
alcohol and/or alcohol derivative.
25 5. Process according to claim 4, wherein the oxygenate reactant(s) is ethanol and/or a
derivative of ethanol.
6.  Process according to claim 5, wherein the oxygenate reactant is ethanol.
7. Process according to any one of claims 1 to 6, wherein the supported heteropolyacid
catalyst is a supported silicotungstic acid catalyst.
30 8. Process according to claim 7, wherein the supported heteropolyacid catalyst is a

supported 12-tungstosilicic acid catalyst.



14. A process for treating a supported heteropol yacid catal yst conprising
the steps: (a) heating the supported heteropolyacid catalyst to a

t enper at we 20f/migoheast 20220 C and passi ng st eam over sarGERIpROItsed

het eropol yaci d catalyst; and (b) heathbpg the supported heteropol yacid
catal yst treated in accordance with step (a) to at least 220 Cin an
anhydrous at nosphere. 15. A process according to claim 14, wherein step (b)
is perforned directly after step (a) whi | st mai ntaining the catal yst

at a tenper ai’fbrcgss%fcccﬁ'ﬁinlg‘?@%y 83901(;:15&{5%&3%?%&1&16&@ g}niohﬁt gfﬁ@(e?&foﬁ?acid

in the supported heteropolyacid catalyst is in the range of from 10 wt.% to 50 wt.% based

on the total weight of the supported heteropolyacid catalyst.

10.  Process according to any one of claims 1 to 9, wherein the process for the preparation
5 of an alkene from an oxygenate is performed at a temperature in the range of from 180 °C

to 270 °C.

11.  Process according to any one of claims 1 to 10, wherein the process for the

preparation of an alkene from an oxygenate is performed at a pressure in the range of from

0.1 MPa to 4.5 MPa.

10 12. Process according to any one of claims 1 to 11, wherein prior to step (i) of the
process, the supported heteropolyacid catalyst is preferably treated by heating the
supported heteropolyacid catalyst to a temperature of at least 220 °C and passing steam
over the heated supported heteropolyacid catalyst, followed by heating the steam-treated
supported heteropolyacid catalyst to a temperature of at least 220 °C under an anhydrous

15  atmosphere.

13.  Process according to claim 12, wherein the supported heteropolyacid catalyst has
previously been erhployed in a process for the preparation of an alkene from an oxygenate.
14. A process for treating a supported heteropolyacid catalyst comprising the steps:
(a) heating the supported heteropolyacid catalyst to a temperature of at least
20 220 °C and passing steam over said supported heteropolyacid catalyst; and
(b)  heating the supported heteropolyacid catalyst treated in accordance with
step (a) to at least 220 °C in an anhydrous atmosphere.
15. A process according to claim 14, wherein step (b) is perform)ed directly after step (a)
whilst maintaining the catalyst at a temperature of at least 220 °C throughout the entire

25  process.
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