MODI FI ED CATALYST COMPOSI TI ON FOR CONVERSI ON OF ALCOHOL TO ALEENE
This application clainms the benefit of U S Provisional Patent
Application Serial No. 60/935,442, filed 5 August 13, 2007, which is
i ncorporated herein by reference inits entirety. FIELD

The invention relates to a catal yst conmposition conprising a catalyst
and a nodifying agent. The invention 10 also relates to a catal yst

phosphor o act dOSTT FaAuR pt bolfe BritRt ok, RRBRREROET L2t ve
t hereof. The invention furthearcehat eso tarkENy ocess for preparing an

al kene by dehydration of an al cohol conprising m xing one or 15 nore

al cohol s and optionally ter and the, catal yst caonposition. The
i nvention al so relates & &CBFEJSESET?HFS pﬁé%iﬁrﬁfl& &t 8t yst

conposi t ip@BveOIPiA Si Mg addinp@1PhesPERr$&£r ALl did.0 68 /268 ke, filed
BACKGROUND 20Li ght ol efins or al kenes, including ethylene, propyl ene
and but eABgUSH B usdtl as "EHER d&l 1N Rt e éser@rlnbém 8P ERF I STks i n
a nunber ;jgf s adust i8S, including the petrochenical industry in the
production of clean fuels. For exanple, ethylene is produced in |arge
volumes as a chemcal 25 internmediate, and though there are few
direct applications for ethylene, ifl%< used as a starting.materi al
in the production of various other chem cals, including polyethylene,

et hyl ene oxi de, aceidlidehydeonetbyhbenzene and St¥ke8snposition
Li ght ol efins or al kenes _can be produced by cracki n% of hi gher
hydr ocar BEHETL1$ 019 X &fplee Y S§t 8Bfh et Y I L PaSKitng THf HAPPHL™ | t
has 3@enallf§c9ﬁféﬁg:ésha§o theaphegduet Qb dightcolefikiag0f & kenags by
cracking o | er '
gand a é%difying agent which is phosphoric acid, sulfuric
acid or tungsten trioxide, or a derivative thereof. The
invention further relates to a process for preparing an
alkene by dehydration of an alcohol comprising mixing one or
15 more glcohols and opticnally water and the catalyst
composition. The invention also relates to a process for
preparing a catalyst composition comprising adding

phosphoric acid To a zeolite.

BACKGROUND

20 Light olefins or alkenes, including ethylene,
propylene and butenes, are used as chemical intermediates or
building blocks in a number of industries, including the
petrochemical industry in the preoduction of clean fuels. For
example, ethvylene is produéed in large volumes as a chemical

25 intermediate, and though there are few direct applications
for ethylene, it is used as a starting material in the
production of variocus other chemicals, including
polyethylene, ethylene oxide, acetaldehyde, ethylbenzene and

styrene.



5 hydrocarbons is energy intensive and accounts for approxi mtely
3.0% of the total energy consunption in the United States of America.
For exanple, it has been reported that ethylene can be commercially
produced by thermal catalytic cracking of higher hydrocarbons;
however, due to 10 thernodynam c restrictions, this process operates
at very high tenperatures, including tenperatures above 850C, to

achi eve reasonabl e conversions. Under these conditi ons,%gg%\ever, t he

ethyl ene yield is &394 4664155886 2 FERTGTe/S70r 82 PFORASS report ed

that thecps® i Hafghki-gRyaebebtmsnor by %&lﬁﬁg@@, byt &4mcki ng of
hi gher hydrocarbons accounts for approximtely 180 mllion tons of

car bon drdkd HE {TEPcEHRgsPEnBampE el witd&2sDEEFRaSPRRT SHPpiids WF oi |
and fossplode! fon HF'l&ghE%?éEiﬁQ &P%Jﬁd@ﬂe@' Yy dUea Lo ﬁ&'eo@'rgi*bth%%mnd

for energy, and environnmental concerns have driven efforts 2
devel bp aydeesmtiors mer enenvyr onhemsiald ynkd bepndhytanfiotost - ef fecti ve

t echnol ogi repewab S es. | p e um
Sever al %%%f%ﬁ%\}gqgégﬁ Erz)\%pJ%% etg&{ragjl aeﬂe%g?’t ggﬁggﬁgﬁ%?lﬁe%? (S)Jho | ower
ol ef i ns {skeesd faratexanpl 2BpeRicde Nan Merpds,antd hasthedaoreddS tRgt ent

No. 4.698,452: .and C. B. Phillips and R Datta, Ind. Engl.. Chem Res.
36 (10075 aacur¥arey ofn B8 cohRE- P oBuBRa Y hEa, “OF et hane
has beencaeportied casckangl bernaghae Hetded rbonpr odowev et hydene cat
IowelrL ter erag:tjres;. however, this approach involves the 30 formation
of sife g{)eord‘ii) YRR GG S/ EhCERPBON ‘0K TS RSP hBP T @senicEt ofdkygen.
Oxi dat i viei flehygiegenateen ofcBidane disiggaduies NBb& & xRl ©Xide

catal yst achieving an ethylene vyield of 46% has been reported (see,
for exarﬁﬁbel,evé N9EFRCPROGSCAMEE PO 190s || MERitd60e59 . ceaf ko7 (2006)

162- 174)oweSRlrgCtinke c@Xiydahd opi Ofq efhanall 1usbBaL MBSPPOF@kiShermore,
vanadi um i ncorporated MCM 41 catal ysts to produce ethylene 5 and

acet al deHyd&@sh&SPe&fPPEPBRt BT e Hrduskarpl ef YAokkchigings oF.
Dogu1 @ndth 1xerBal Gy chBEki ERYor ANEPReRESdrdeaBORE) 23496n 3502 It has

been reported that the maxi numyield of et hél ene was about 70% and
t hat t hefRpaCA WS- okds 188ari vided-enmicdl yaahanr daekbde abdi) 10%

ConverSiéﬁlé§lo%@0wéQ1HLQy&§$'Decreasing su 9§E¥Qr§fiQﬂloén&ﬂké§§¥ih0!
has been reported as a route to produce olpefl ns and ethers, including -

t he dehydtedts ot hefl ref RARBE S 1T protiuder igtily BeReto L ght hadlefdemarey
al kenes gan he produgad.Ry: thedehydration of nLowes i ven efforts

20 to develop alternative more environmentally friendly and

. & t
cost-effective technologies based on renewable sources

independent of petroleum.

Several studies have been reported relating to the
synthesis of lower olefins (see, for example, R. Le Van Mao
25 and L. H. Dao, US Patent No. 4.628,452; and C. B. Phillips
and R. Datta, Ind. Engl. Chem. Res. 36 (1997) 4466-4475).

Oxzidative dehydrogenation of ethane has been
reported as an alternative method to produce ethylene at
lower temperatures; however, this approach involves the

30 formation of side products along with carbon oxides in the
presence of oxygen. Oxidative dehydrogenation of ethane

using a Ni-Nb-0O mixed oxide catalyst achieving an ethylene

2



15 al cohol s, including nmethanol, ethanol and others (see, for
exanple, P. A Ruziska, C D. W Jenkins, J. R Lattner, M P.

Ni coletti, M J. Veraa, and C. F. van Egnond, US Patent Application
No. 2006/ 0149109A1). It has been reported that ethanol can be
produced 20 from renewabl e sources, including bionmass feedstocks such
as corn, sugar cane and cellul ose. For exanple, ethanol can be
produced as a eyproduct of the sugar cane industry. - Bi oet hanol
produced?if £ dbfehfat o praadsdofsERes €05 ot ezl wark -be

const derggl 49 b useaguall el eaiac, Wi CBaks 1 2% ndenmagentaof
fossil fuels, iﬁgluging petrol eum Efoefhaﬁo? can ﬂe useg as fuel or
as a fuel74dddiSEileetiine aot bwatiae cgngithesol Thelpy otmircousf

val ue- adde hem.cals from ethanql, is aksg currently attr
considerég%%ﬁﬁh é§§§?90 %Q%ﬁis rgéaFSFapygaﬁc P r%ﬁhﬁﬁ:ﬁ§ﬁgﬁéﬂgron1
et han®l arsd ace3@aprehide Ngadppreoackpolcnegarseeyl 86y pr=oglet | ¥n of

ei t her omat.i ¢ _hydrocarbons, or |ight olefins (ethylen propyl ene)
Chr ough T HEdBE7dr o | GaTor a8 nde ks BEen ERG: schpboresr 100 ©

i nterest(20ig diapgcBsopnversimyy okt hapettts theseHowaakabihns is of
i ndustrial .i npartance since ethanol. can he Eroduced from exi sting

t echnol oS SdcRERELPR? ntdr A5V dAd artlerhati Vot yatedwehi Bidss f eed

st oCcks. deactivated rapi@l{ ddPOWRENLWOa600PELDHHRAGIIIORS igansoCCur
during catal ytic dehydration of ethanol to produce ethylene and

di etHy| THHEES(-DEE) : C2H5OHC2HA+ H20 + 44.9 kJ/nol (1) 2
C2H5OHC2HSOC2HS + H20 - 25.1 kJ/ ol (2) 10 Dehydrati on of

ethanol to producegepyfydensh Usi RG ROLBASHE URh NS &t | Morgalit 850k
tungst ophosphoric acid as the catal yst has been reported (see, for

exanpl e, ZOPteHEBePrORUCPL M hing angneaBRERs ki NCBOMND HFSzenska, and J.
Pol t oW GEshyi2ad@uhNaE @éh&%@%’s%ﬁtoé%e(891@%/1512@5-1?&%@% olBe;ihigbest

yield of ethylene was reported at around 70
alkenes can be produced by the dehydration of lower

15 alcohbls, including methancl, ethancl and cothers {sees, for
example, P. A. Ruziska, C. D. W. Jenkins,.J. R. Lattner, M.
P. Nicoletti, M. J. Veraa, and C. F. van Egmond, U8 Patent
Appilication No. 2006/0149109A1).

It has been reported that ethanol can be produced

20 . from renewable sources, including biomass feedstocks such as
corn, sugar cane and cellulose. For example, ethancl can be
produced as a byproduct of the sugar cane industry.
Bioethanol produced via a fermentation process of these
sources can pe considered as a renewable fesdstock, which is

25 independent of fossil fuels, including petroleum. Biocethancl
can be used as fuel or as a fuel additive in automotive
engines. The production of value-added chemicals from'
ethanol is also currently attracting considerable interest.
In this regard, production of ethylene from ethancl is a

30 pfomising approach. In particular, production of either

arcmatic hydrocarbons or light olefins (ethylene, propylene)

through the dehydration of ethanol has been the subject of
3



The conversion of ethanol to produce ethylene and ( diethyl ether
using HZSM5 based catal ysts has been reported (see, for exanple, J.
Schul z and F. Bandermann, 20 Chem Eng. Technol. 17 (1994) 179-186).
The sel ective formati on of any one of ethylene and DEE has been
reported to depend on the reaction tenperature, space velocity and
Si/Al rati.o of the HZSM5 zeolite. H gher Si/Al ratios were reported

as favouring the formati on of ethylene over DEE. 25 Use of Z5M5
zeol i t e YIATESEd WhenhdZredk %ﬂ%w Pér eEREDY difardtdssn 16 et hyl ene

from et hangl; fhas sheen; reporied (s HEee§§ﬂEﬁE%tﬁ%n&faaﬁ%nb@ho and
Le H Dao, US Patent No. 4,698, 45 ). The maxi mrum yi el d of ethyl ene

pr oducedkicedprradeat s kol ric 8% ogaek osiscle atal fesmentiafdlonding 30

Chiang. a e etong? SPRiga A0k 18 50) mbral oxi des, i xed

oxi des (see, for exanmple, E. A E Katatny, S. A Halaw, M A
Mohaned and M | . THakfol pplriedwCatcaimpst sned\: r@arerals 139 ©2000)

83-92) t | far and
0B S ?EQ&W?S s od s dustudbornaete

It has bseaehdaephmeeltlhénat(mmanol can be selectively converted to

| oner olefins by the addition of phosphorous on HZSM5 catal ysts
(see, for exanmple, S. A 10 Butter and W W Kaedi ng, US Patent No.
3,972, 832; and WCANsOKhedinganteis + H2OBudtSd/mq). (Catal . 61 (1980)
155-164). Generally, the HZSM5 catal yst favours the
producti on of higher hydrocarbons, including benzene, toluene and

xyl enes. Due to the&lgrHaten»of Chgh@rHsISH desdddhabs, ©he cat al yst
deacid vates qui ckly and the product distribution shifts towards :
et hyl ene. However, it has been reported that after 150 hours,

et hyl ene sel ecti Vlt decreased to 40% (see, for exanple, J. Schul z

and F. Bander mannPe tigiy ofTediRerl 17 paobie BAVIGER UStRdnol 20
conver siR aQ¥ehnFehdr LM S- Csaatiaclsy%tfs tbﬁggwawsep&}l@ efdiks sRasnbeen

reporte see, for exanple, M Inaba, K’ Mirata, M Saito, |I.
Takahar #2te&lyeh ThBnbeET yre@qrztm?)(sess é%)exampler J. Haber, K.

Parmin, L. Matachowski, B. Napruszewska,_and J. Poltowicz,
15 Journal of Catalysis 207 (2002} 296-306). The highest yield

of ethyliene was reported at around 70%.

The conversion of ethanol to produce ethylene and «
diethyl ether using H-ZSM-5 based catalysts has been
reported (see, for example, j. Schulz and F. Bandermann,

20 Chem. Eng. Technol. 17 (1984) 179-186}. The selective
formaticn of any one of ethylene'and DEE has been reported
to depend on the reaction temperéture, space velocity and
Si/Al ratio of the H-ZSM-5 zeolite. Higher Si/Al ratios were
reported as favouring the formation of ethylene over DEE.

25 Use of ZSM-5 zeolite modified with Zn or Zn and Mn for the
preparation of ethylene from ethanol has been reported (see,
for example, R. Le Vaﬁ Mac and Le H. Dao, US Patent No.
4,698,452} . The maximum vield of efhylene produced was
reported at arcund 88%. Various catalysts, including

30 zeolites (see, for example, W. R. Moser, R. W. Thompson,
4



Approaches for the selective synthesis of light ol efins or al kene
are desired. Catalysts providing inproved 25 selectivities towards
et hyl ene during ethanol dehydration are al so desired, including

catal ysts that can be easily and cost-effectively prepared w thout

t he use
be used

of costly netals as pronoters. Versatile catalysts that c
for the dehydration of other al cohols, including butanol,

of 30 aqueous al cohol solutions are al so deS|red Catal ysts that
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prOdUCtSméHéiiﬂf%@e@eshﬁﬁgd bocdddi n@ccatalystanyhi chs ane durabl e

exhi bi t

no significant deactlvatlon during reactions. SUMVARY 5In

S

an
and
can

and
one

br oad asﬁﬁﬁaﬁﬁtfb*fr tSheAl nehavevn, M+ Her @Obgmpﬁoapgela al catatiystApplied
conposi tion, t s L
ano@her rogg ngrsd ?éy &K%%q %3ng§ Xh&g%ere|p01 aCldéed

In still

aspect of the |nvent|on S provi

a

proceSs fworeprfepaekagran, al kehe Mpplobdgdehypddati ob. dtmpratsi ny m Xi ng
one or more, Al ¢hql eand, 0pty pahly water and theycatalyst

conposi tion of "th

of the i

i nv ther broad aspe
nvention, there is provided a process for preparing an al

by dehydrati on 15Itohpsibéa@ rﬁpdnuydomhabrmﬁbhenalcm&mﬂbﬁ and

optlonall ter.and a cat al yst conposL tlon feln catalyst
compost Tt feeet e ShEr T (ERTaBbarrs: h S e A Ae) o

ct
kene

n

t he nDdlﬁnusm@oagaatonSHamsm»ﬂchaﬂamy&asnu@gecOﬂ@ﬂU@thplaanSoxw.aC|d.

nvoht| GIFieR] “BE Hr stusKet Wih TPePaFERte Po Pnd' Tl Tawing ol

15

20

25

30

Kaedwng and S. A. Butter, J. Catal. 61 (19B0) 155- 16ﬂ)

Generally, the H-ZSM-5 catalyst favours the
production of higher hydrocarbons, including benzene,
toluene and xylenes. Due to the formation of higher
hydrocarbons, the catalyst.deactivates quickly and the
product distribution shifts towards ethylene. However, it
has been repcrted that after 150 hours, ethylene selectivity
decreased to 40% (see, for example, J. Schulz and F.
Banderpann, Chem. Eng. Technol. 17 (1994) 17%—186}. Ethanol
conversion over Fe/H-ZSM-5 catalysts to produce C; olefins
has been reported (see, for example, M. Inabka, K. Murata, M;

Saito, I. Takahara, Green Chemistry 9 (2007) 638-646).

Approaches for the selective synthesis of light
olefins or alkenes are desired. Catalysts providing improved

selectivities towards ethylene during ethanol dehydration

t he
es:

are ‘also desired, including catalysts that can be easily and

cost-effectively prepared without the use of costly metals
as promoters. Versatile catalysts that can be used for the
dehydration cof other alcohols, including butanol, and of

agqueous alcohol solutions are also desired. Catalysts that

can perform alcohol dehydration with decreased production of



Figure 1 graphically illustrates ethanol dehydration on H ZSM 5
catal yst at 400C and 1 atm of pressure. 25 Figure 2 graphically
illustrates one enbodi nent of the invention for ethanol dehydration
with respect to H3PO4 content on HZSM5 catal yst at 400C and 1 atm
of pressure. Figure 3 graphically illustrates another enbodi nent of
t he invention for ethanol dehydration on 20 wt % H3204 on H ZSM 5
catal yst at 400C and 1 atmof pressure.. Figure 4 graphically
i | | ust r atede apfemudter asrbadbrents bfed he.rg: Lugvaat Faha et etidmdl
dehydrat | L.y e
varous 50830 ARt BR800 S0 CRAY Sk L AP0,
gr aphi cateéyciidrnustrates a further enbodi nent of the invention for
but anol dehydration on 20 w % H3PO4 on H-ZSM5 10 catal yst at 325C
and 1 atm of pressure. Figure 6 , 1y illustrates another
enbodi ment of the invention for bguilm—dl&?ehydr ation on 20 wt % ki 3PO4
on HZSM5 catal yst at 325C and 1 atm of pressure. DETAILED
DESCRPPTI ON 15The Ilinneent bopad eéab@st tqf ah@atlahfystic@np@mnd as for the
conversiornoof an aI %hgl o_an os:L ne. o e sec”bn%' ment
of the ipﬁvenjtl on, s caral y%‘f‘p Jt)Sltl il %’ﬁ NBe (f e&arrﬁ'l e, and
W t hout m{bafﬂz‘tﬁmcpra,geatsol id cat aI yst. In an enbodl rrent t he catal yst
conposition 20 may be, for exanple, and vvithout Iim'tation, a solid
acid catalyst. In.an di the cat al c |t| n
conprise, for exarrI%I e%rTaPtjr?ldaI\]/\ﬁ“fqhoutbﬁoada1 Stpl gn@g etntg%’a
nodi f yi ngheagents pEoeidxpr @sstore $aitf pm@armng"mdﬂkadé' kand t he
i ke 8\Du(_llec£b nderstood by those, of
Y ra ion comprising mixing one or more alcohols and
optionally water and the catalyst composition of the

invention.

In a further broad aspect of the invention, there
1s provided a process for preparing an alkene by dehydration
15 comprising mixing one or more alcohols and optionally water
and a catélyst composition, wherein the catalyst composition
comprises & zeclite and a modifying agent, and wherein the
modifyving agent i1s an oxide cpntaining compoﬁnd or an oxy

acid.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Embodimenits of the invention will be discussed

with reference to the following Figures:

Figure 1 graphically illustrates ethanol dehydration on

H-ZSM-5 catalyst at 400°C and 1 atm of pressure.

25 Figure 2 graphically illustrates one embodiment of the
invention for ethanol dehydration with respect to H3POq

content on H-ZSM-5 catalyst at 400°C and 1 atm of pressure.



25 ordinary skill in the art to include all fornms of physical and
chem cal interactions between the catal yst and the nodifying agent,
and may include, for exanple, and without limtation, "inpregnated",
"incorporated", supported", "loaded", "added", "placed", "anchored"
and the like. The 30 expression "inpregnated" would be understood by
t hose of ordinary skill in the art, and may include the situation
where the, nodi fying agent _is anchored on a support usi ng the pores

and/ or stF9%c 1gqﬂQ?l§ﬁﬁﬁ8rtllt?ﬁ%ﬁFQ§ﬂﬁﬁﬁ Rent SUPARLIARG 134 rfd®agent

may be, {ofc@XPler arehabedatRy@ SUFAGe D00kt he eyt ehyﬁizgmtl or
i npregnated within pores of the catalyst. In an

embodi nePAtHEYStheti APEnti and # hethodl fyief§uagent may be, for exanpl e,
and without limtation, an oxide containing conpound or an oxy acid.

These CQﬁRﬂH&ﬂ%—%&%pk@cQ?h erEhéﬂké%H%a%C%uEE§e§Uéﬁ@%ﬁhﬁ%ﬂﬂ“éﬂ/the
However, sonme oxi des naé so enhance the oligonerization of |ight

ol efi As IWrddc&oBukk aﬁ@ieéﬁmzéieﬁﬂwntﬁﬂszﬂhet§e$éﬁ%|9Pt@“$%ﬁ 2
al kene pé%ié}cfto%l%y lzJ:rQ%chEOE'é'xgﬂﬁ}?sz sp\l\kéove?gﬁ'ﬁ {%é dgs may

be acconpani with s ce oxygen atons Ich in OX|d|2|ng
t he reactmhtl ertiprddpcessnesul ting in non-sel ective product
formation. Moreover, netal or netal oxides may | each fromthe surface

after a perj,Qd 5of rfagﬁﬁcaﬁgsﬁj‘_@scéfﬁrt%f '%O%Jd.tHSrC%Eéécgﬁ{% WieRne

sel ecting an oxi ontal ni ng conpound or oxy aci Sone exanpl es of
the 2ft xnxhdﬁwongfagehut@ﬁOlh@emydﬁaaupm peeldfi on% i mdiOuden plosPhdt e or

sul f ag qngﬁn sygh-as_pho sulfuric acid, or a
derlvatlé% t ere%F 32 Q g g%ngl%ug gsgi?de or a derlvatlve

thereof, including tungsten tr|OX|de Zr02 and Mb03. In one
embodi meRitguIE0 6 e%anbttealmpmlumwtes apsthposeubo@AERT R SOS,

HSO4- %%?entqfonv“@ngBHFQngf rdtlcdNo g”’?@d\%@”égmt h&, B d%gt)"sﬁg

agent may be exanpl e, phosphori ¢ aci a derivative thereof
| n anot hertadiisédiebre AR " Bnamai Limdi mfdrogeruphosphat e coul d be used to
nodi fy the catalyst. 30l n an enbodi nent of the invention, the

catalyst nodified with the @ggggﬁtggbéggggpﬂf@ﬁ be, for exanple, and
without limtation, a bulk al yst.

15 The invention relates to a catalyst composition

for the conversion of an alcohel to an alkene.

In an embodiment of the invention, the catalyst

composition may be, for example, and without limitation, a
solid catalyst. In an embodiment, the catalyst composition

20 may be, for example, and without limitation, a solid acid
catalyst. In an embodiment, the catalyst composition may
comprise, for example; and without limitation, a catalyst
and a mcdifying agent. The expression “modifying” or
*modified” and the like would be understood by those of

25 ordinary skill in the art to include all forms of physical
and chemical interactions between the catalyst and the
modifying agent, and may include, for example, and without
limitation, “impregnated”, “incorporated”, “supported”,
“loaded”, “added”, “placed”, “anchored” and the like. The

30 expression “impregnated” would be understcod by those of
' 7



In an enbodi ment, the catalyst nodified with the nodifying agent may
be, for exanple, and without limtation, a bulk oxide. Suitable bulk
oxi des woul d be understood to and can be determ ned by those of
ordinary skill in the art. 5 In an enbodi nent, the catal yst nay be,
for exanple, and without limtation, a pure bulk oxide. In an

enbodi ment, the bul k oxide may be, for exanple, and w thout
limtation, alumna, zirconia, titania, silica or niobia. In an
embodi meAEdERaFhes iddeAni &he 2 Fer C%R%IW irgligai Fhed Witat iore

modi £yi ngyagentn bty hOT 28X & adih ki BAUL Lighd Al lafineAtne

zeolite. The neaning o expression "zeolite" d be understood
t o t hosepofedraiidvary sgkifhtei of tiee artppoktzedhi ke emlyodiednide thior

exanpl e, 8‘5.'9f%c!; ol H‘ag‘;‘%o"fofﬁ'}é’a‘?{pghel, ; agFHS‘rQQSé% | £ah69 | Set he

al kal i ne™and allne e zeolites wou

under §t oofl tive aretzdastbendéderimmedyiatachesehoh podesnary Sl |1 in the
art. In an._e di ment of the invention, the zeolite may be, for
exanpl e, CARY Y thout limtation, of natural or synthetic origin. In
an enbodi ment, the zeolite may be for exanple, 20 and w t hout
limtation, crystai laﬂEem]b@dHﬁEremhIﬁjltlmtmth81onzeti’n& tneochiefyilng, for

exanpl e, andvmth utllmtatlo il-t eollte In_a
enbodi meRTIE HE Y 851 B By BoL 1 GrRoRAReEE ANEEas CHOUL A1 WTLAF on,
HY, H BEIén: d‘i-rl\jbfgde:ﬂambeuﬁ«ﬁ ZEMD #eplddiel. Thesexpomssindis ardY”,
"H-Blng" ! 25 Mordenite" and "ZSM 5" woul d be understood to those
of o m%ﬁ’jyl%‘fﬁq 159 RPPABCEr E1S | THR G rERt . FREE TR0l i%%8may be,
for exanpkedeanthyatlBouEnhifid ainé)rbll%%hé@@hbﬁ eof They X PI1egshen
"ZSM 5" is used interchangeably with the exgres& on "H ZSM 5"

t hr oughoti® RIARIEnRAEY SPREFFIEER i01 SBOEn AR BRbBTFHentY e

cat al ySta CIMOYHIOBLRBY KPP S cdridfiRxarphe, ANt WMdhQUinetal
limtation, HZSM5 zeolite and a nodifyi ng agent which is phosphori c

aci d or LGRS MPat PPeaCROFRVILCCTHE tHh ZOMESC2eBKY TR At ¢iilEBd in R
J. Algaues) ang, %&1812Eﬁgd9ﬂé1rééé%aﬂga%@nbruauc§s7£%%&¥¥En ich is

incorporated herein by reference in its entirety. The H ZSM 5
zeol i t e, NRHI T 7Y VBePESBEC | of Preaice -t hilosepHesphertal &4 deiddi fi ed

H ZSM 5 &;?:Ltcﬁiél%ayoﬁeébﬁ FRYEN O G e o FRde ande £ aGd &rilged 11
accordance with this reference.
These factors should be considered when selecting an oxide

containing compound or oxy acid. Some examples of the

20 modifying agent of the present invention include phosphate
or sulfate compounds such as phesphoric acid or sulfuric
acid, or a derivative thereof, or a transition metal oxide
or a derivative thereof, including tungsten trioxide, Zr0;
and Mo0Os3;. In one embodiment, for example, H;PQ,, HzPO4,

25 HPO,®, P04, Hz50,, HSO,”, S0.° or WO; could be used. In an
embodiment, the modifying agent may be, for example,
phosphoric acid or a derivative thereof. In another
embodiment, ammconium dihydrogen phosphate could be used to

modify the catalyst.

30 In an embodiment of the invention, the catalyst
modified with the modifying agent may be, for example, and

without limitation, a bulk oxide or zeolite catalyst.

8



I n an "enbodi nent of the invention, the zeolite may have, for exanple,
and without limtation, a silica/alumna 10 (Si/Al) ratio of from

| ess than about 280, fromless than about 40, from greater than about
20 to about 280, fromgreater than about 20 to about 40, and

i ncludi ng any specific value within these ranges, such as, for

exanpl e, about 25 or about 30. 15In an enbodi nent of the invention,
the catal yst conposition may have, for exanple, and w thout

linmitation, an avérage gehadigieats| zheofatabest mafidhcet vS0D pA% | ess
t han abquit;: a t - a ; m
| oas ¢ nanataapiaRa it g (b AR SAERp P, AN
250 pm & rovhkabsute 7051 ot sbloutoud @G0 opirie § riovn abdigt 20Rris¢cabotie 500

pm from_about 200 .to about, 400 from about_ 250 .t.q aho 4 pm
A g L RS sy St At Sl Pt
exanp e, Impd wnbboitheht M irad i@tz 1§BoULa 230 pnio2 Hxangnn eenbodi nent of

the i nvention he. catal yst conposition be, for ex | e d

wi t hout "HhEEkt TR CAERA 1 Vated e PH kOB it e SeBeaF g orhe
conposi tuQn BRYdBEma Ofe £X@Wlc&anpnd, Wahdokt tHduH tiakii®Rciagt i vat ed.
Means for activating the catal yst conposition wuld be understood 30
to and GaNBEAdef LFRPMEY Uyl tHidSe 6£16Fdi MarlidWial in the art. In an
enbodi ment, the catal yst conposition may be activated, for exanple,
and without |imtahion, eddodindll Bg the Lafaltisdn, Camposhtbopsat an

el evated tenperature. In an enbodi nent, for exanple, and_w thout

i ittt ORI TERE BRERI §RE RSHPIYEGi BACHRY D RSredtd¥d S5 WLEr ofeh (N2)

at aboutyithout limitation, a zeolite. The meaning of the expression
“zeolite” would be understood to those of ordinary skill in
the art. A zeolite may include, for example, and without
limitation, a hydrated aluminosilicate of the alkaline and

15 alkaline earth metals. Suitable zeolites would be understood
to and can be determined by those of ordinary skill in the
art. In an embodiment of the invention, the =zeoclite may be,
for example, and without limitation, of natural or synthetic
origin. In an embodiment, the zeollte may be, for example,

20 and without limitation, crystalline. In an embodiment, the
zeolite may be, for example, and without limitation, a
pentasil-type zeolite. In an embodiment, the zeclite may be,
for example, and without limitation, HY, H-BETA, H-Mordenite
or ZSM-5 zeolite. The expressions “HY”, “H-BETA”, “E-

25 Mordenite” and “ZSM-5" would be understcood to those of
ordinary skill in the art. In an embodiment, the zeolite may
be, for example, and without limitation, Z8M-5 zeolite. The
expression “ZSM-5” is used interchangeably with the

expression “H~ZSM-5" throughout this entire specification.

30 In an embodiment, the catalyst compositicn may
comprise, for example, and without limitation, H-ZSM-5

zeolite and a modifying agent which is phosphoric acid or a

g



5 400 to about 500C, and including any specific tenperature within
this range, for about 1 to about 5 hours, and including any specific
value within this range, such as, for exanple, about 2 or about 5
hours. The anount of nodifying agent anchored and/or 10 inpregnated
inthe catalyst is not particularly limted and suitable anounts of
t he nodi fyi ng agent woul d be understood to and can be determ ned by
those of ordinary skill in the art. In an enbodi nent of .the

i nvent i ofeTYTRE ito ke r8P L nobie Y e e e cdAE Rot @ diesel idred ipr gnat ed
in the -catalysh S ARy 6l NR! Uﬂ&ndcf]?cr, RXAMPIE ¢ APy YV tjg,%z,'e'sr@,tat' on,
fromgreater than about 0.1 wt% fromgreater than about 1.0 wt%

f rom gr eeiterh tiFaringbonprated dhefaigmbyr estferenhanimbicis <rd iweRy -f r om

greater _@%9}_1 % fr reater tha bout 20 wt % from
greater %lﬂéggi a ou:5 %gomﬁ%’ f"flg{r%rgrmea&'t g)re tuﬁgﬁ gﬁ BHSR 4G W % and from
gr eat &r , phegphalydut abQdwindai f redari-arodi nant l ysheo Anduntirafentdnf yi ng

agent anchored and/or .inpregnated in.the catal yst may include, for
oxanpl 6. CHh P WIEGUE R ThEETT OTF - 45T S6EOF RANCABBRD SO 9% f r om
| ess t hare®hoice25 W% from |l ess than about 20 w% from |l ess 25
than about 15 wt% from |l ess than about 10 wt% from |l ess than about

5 w% fromabout .1 to about. 50 wt % rom about 1 tqQ about .20 wt %
from about 5 to at;Bu?nSWé/bmqrftorﬁfqaﬁ%‘&t lgv?ﬁgh%utt Zﬁto%l gngdY

i ncl udi ngzwany fepeeikhingiyal ied Witdhoutt hese cEanges, a S cay.al@fna
exan?ée, aj%o t 5 WM% abgut 7 wt % 30 or about 20 wt% _The anounts of
modi Tyi n d\jﬂt TR&f8r Ot o TR YYD S R0 APPYENGE dgelto® & e “EaPal yst .
In an erdaditment gbohhgrégventimm abhaecprocessahoit prapard-Hg t he
catal yst conposition may conprise, for example, and w thout

li mit at i G2 Eddich§Ra2Rodt 134 M Spemt €8 a2edt BP§s49inh &y enbodi nent ,
the procassiffAc RRERArkehide e LAtahyel, CORPRSAS | Ofh MR GRTRY, | S€,
for exanple, and without |limtation, adding phosphoric acid to a

zeol i t e ¥R yst orwWrPRdEt 3bei ng bound by theory, it is believed that
phosphoric acid nmay be used as a pronoter to tailor the acidic

propesties of H ZPM bn dfb@iMROGMNMERAE, ihhendl Ocesshal Gahan ygreparing
the catal yst conposition may conprise, for exanple, and wt Ié,l/out
li mi t at i GHPPABE-EEnERY N T9ve Ao SRR &t aPPSt "k 1 HHISHRGL-E aci d.

In an enhodiReAbe bherPincess d or peeRachAg Lbheucaid Yad, qerRosi tion
may conprise, for exanple, and without |imtation, adding phosggorl C

aci d t o 5% FEOREo PP eV By HFS HE@gARCEEN ARt WBd. 195F dheénBsaifent

the i nprg@nghi, 0NegBt fosh MY Re 3 500N X aBRE e nAN i Citlo hinTi §akkon,
a dry inpregnation nethod. The neani ng of the expréssion "dry
irrpr?ébnéﬁa@n'abﬂﬁﬁl 45 BHermynderst edguto 7Phsseabbubrdithary dibam apauthe

art. DHQdo”%eQB@EiEOE'O@BMnJ rj@dﬁp%’bout 200 to about 400 pm, from
about 250 to about 425 um, and including any specific wvalue
within these ranges, such as, for example, and without

limitation, about 250 pm.

25 In an embodiment of the invention, the catalyst
composition may be, for example, and without limitation,
unactivated. 1In an embodiment, the catalyst compositibn may
be, for example, and without limitation, activated. Means
for activating the catalyst composition would be understood

30 to and can be determined by those of ordinary skill in the

art. In an embodiment, the catalyst composition may be

10



20 for exanple, and without limtation, inpregnation which uses an
amount of water which is less than or equal to that required to fil
the pores of the substrate. In an enbodi nent, for exanple, and
without Iimtation, inpregnation may include using an anount of water
which is 25 greater than that required to fill the pores of the
substrate. I n an enbodi nent, phosphoric acid nay be added, for
exanple, and without limtation, in an anount of about 5.0 to about
20. 0 wt %ctiha teuAbrofxphpspharid vachdutel Bnst 2ol ethe bm frehting
phosphor g, agjd LBt Benaeoli g dinan.38,embodi apNl.odf)e Prgcegs for
preparing the catalys onposf%lon may conprise, Tor exanple, and

W t hout dmbmdiatenon, foreatamgld hendealiitheuat 1L amiedevat,edhieenper at ur e

bef ore addi he phosphoric acid. | n_an enmbodjnment, the rqcess
or “pr eIy TnEBRPaT Yo G rBACREy  Raubr Teien 18P 3B and
Wi t hobit 4g0mticatabens boeat) nghd hevcaealhteany abedif HOGErieraghodt 6
hours in static air before_adding the phosphoric acid. In an

enbodi metSRIhEPPFOERRES £ 07O ARBPari kg ERARUEat AlSiStS cARfosi ti on may
conpri seind1id ieyaBRl espaRds W thawe LikRhiAtivNs SEddi nGANdLOr For
pelletizing the catal yst conposition. I n an enbodi nent of
t he i nveitamed e t RBOR AL 4l §5takvpdshersa- has, for exanpl e, and without
limtation, a pore 10 volune of |ess than about 0.25 cc/g, of |ess

than about 0.22 cehg, afdud€SSt RN r3RAYt aferd £64rLf dn@ysrt han
about 0.15 cc/g, of less than about 0.12 cc/g, from about 0.10 cc/g

to abbutimpregneteg, 1vrohs abvilvetidscepry porabouta 2 igdrgd #Rm

about 0.5) 16818 ERoBROMIH the G/l ryaRd LHChUAOG AL lpaeRsebblcC
value within these ranges. In an engodlnent of the invention, the

cat al ysttcampospti ba Haseriigiedekangheseanl wrdhmny 195titlatrobhea

surf ace 4ea 1af 4 b ASSRADYE ARQUE 350 184 9, 1 £SSudhian pabout 300
n2/ g, | ess than about 250 nR/g, |ess than about 200 20 n2/g, |ess

t han abdedifydrgppgent exschdrmd abddpr100pnegrptedsian tthhen cabalysys
”Q/QH5|%E%’Hﬁ@ﬂué@?ufogwéigﬂﬁle,l%Eﬁ %Eeﬂout limitation, from
greater than abcut 0.1 wt%, from'greater than about 1.0 wt%,
trom greater than about 5 wt%, from greater than about 10
wt%, from greater than about 15 wit%, from greater than about
20 wt%, from greater than about 30 wt%, from greater than
20 about 40 wt% and from greater'than about 50 wt%. In an
embodiment, the amount of modifying agent anchored and/or
impregnated in the catalyst may include, fof example, and
without limitation, from less than about 50 wt%, from less
than about 25 wt%, from less than about 20 wt%, from less
25 than about 15 wt%, from less than about 10 wt%, from less
than about 5 wt%, from about 1 to zbout 50 wt%, from about 1
to about 20 wt%f from about 5 to about 50 wt%, from about 5
fo about 20 wt%, and including any specific value within
these ranges, such as, for example, about 5 wt%, about 7 wi%
30 or about 20 wt%. The amounts of modifying agent refer to the

wt$ of modifying agent in the catalyst.
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about 50 n2/g, fromabout 70 to about 350 nR/g, fromabout 70 to
about 300 n2/g, fromabout 70 to about 250 n2/g, fromabout 70 to
about 200 nR/g, and including any specific value 25 within these
The catal yst conpositions as described anywhere above nay be
catal yze, for exanple, and without limtation, conversion or
dehydration of an al cohol to an al kene. 30l n an enbodi nent of the
I nvention, the process for preparing an al kene may conprise, for

ranges.
used to

exanpl e, and mﬁthdmn ab3 embotiimetat o Orihanixivegtone, otheopeo @ cotiolrs
and OpthPgJé &I %ng ihe catal St Composi ition_as de |ned anywher e
above. b e Ah2&4Bbdr PR %ﬁl%q1 FnV8APTORS tHe al cohol may
be, for emmnlee, a@mnboutlimm&mdmn,ad@ﬂngl Kyhoal £phed .aderftoro
exanpl e, and thout limtation, the alcohol nmay_be a Cl-6 alk%

al cohol . %f s aIIIE’yP“g?‘B]B%dH’Fe‘f‘He Of #TECFRYF SPEO%EFPW% f or
exanpbe, C@lf\edlyV\eH hitoolsh B b At W@, caHyr i, irght cEmpLanched Aldedat for
exanpl e, methyl, ethyl n-propyl, |-proeyl sec-propyl, n-butyl,

i -but yl , LEecEHRiG, 2801pgpRbysohoireraid to- peRtlite eeatyentaf-,

t- penty'Wl{hJH%QHElﬂ B@ﬁ%h b% @hégﬁ?tQMJHr08¥hie@e§t@ﬁg@r0pyl

1-met hyl-2- ethyl propy ,

hyl - 2-ret hyl pr opyl,

1,1, 2-t rehasEcopyid mai e tused A pr opyRoter 1tdi bt e butey|
2, 2-di neé&ydlb&ltﬁﬁope%ﬁggyw%yisw-ls 3~ et BybBYL ¥Lae 2-1FRE Yl eatyl o

10
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20

25

30

for preparing the catalyst composition may comprise, for
example, and without limitation, impregnating the zeolite
catalyst with phosphoric acid. In an embodiment, the process
for preparing the catalyst composition may comprise, for
example, and without limitation, adding phosphoric acid to
the zeolite by an impregnation method. In an embodiment, the
impregnation method may be, for example, and without
limitation, a dry impregnation method. The meaning of the
expression “dry impregnation” would be understood to those
of ordinary skiill in the art. Dry impregnation may include,
for example, and without limitation, impregnation which uses
an amount of éater which is less than or equal to th%t
required to fill the pores of the substrate. In an
embodiment, for example, and without limitation,
impregnation may include using an amount of water which is
greater than that required to fill the pores of the
substrate. In an embodiment, phosphoric acid may be added,
for example, and without limitation, in an amount of about
5.0 to about 20.0 wt&. The amount of phosphoric acid refers
to the wt% of phosphoric acid in the zeolite. In an
embodiment, the process for preparing the catalyst
composition may comprise, for example, and without
limitation, treating the zeolite at an elevated temperature

before adding the phosphoric acid. In an embodiment, the

12



15 3-nethyl pentyl. In an enbodi nent, the al cohol may be, for exanple,
and without limtation, nethanol, ethanol, n-butanol or a conbi nation
t hereof. man enbodi nent, the al cohol may be, for exanple, and w t hout
limtation, ethanol, n-butanol, a conbination of nethanol and et hanol
or 20 a conbination of ethanol and n-butanol. In an enbodi nent, the
al cohol may be, for exanple, ethanol. In an enbodi nent, the al cohol
may be, for exanple, n-butanol. In an enbodi nent, the al cohol may be,
for exanprecess ggﬁbpﬁapﬁéhﬂ%fthﬁn@ﬂ%@iwsénéo@PQEHEAOHImﬁﬁaﬂqﬁﬁﬁééﬁnent
the al co b f ﬁ%gg f t a
ethanol.9€% an éﬁ%bd?ﬁgnﬁit e a co t&O% ng§gg§§$&é¥§?ZEQEle a¢
conbi nat aloruof>t°kadolr anduh-butans lnlﬁtanlenbudlb&ﬁﬂre taldgliabcohol

may be, xture f et hapol nd nbut an
BOSU|tab{e ourgggr?gra?he at'¢chol® %?dﬁﬁgn?hvg ?l%?oces 3%5
under St opckedax iorg ¢cap betdbﬁsxrndmpb§m¢1bhanyotomprﬁ§Hy3ﬁa§k|II in the

art. In an e od| t he cohol be, for ex | e Wi, t hout
Tt SR S EAga v e LR e g alihet St ar Palatar o
an enbodtm@rﬂatauly@tab@@p@hm be, for exanple, and wi thout

limtation, obtained from biomass or a biofuel. 5In an enbodi nent of

t he invention, xa and without |limtation, one or
al kenes may be prgBaﬁﬁggm?% %W?Qﬁﬂ&ngﬁﬁ fnv?ﬂgl%nkéﬂﬁaﬁ§9a6¥ngfor

exarrpl e, cafgbasitibauhakj rrf@ﬁtémplaa 02p6 alkeset 1:rmad‘atemstqularrpatce t he
limtation,

| kene may b for. exa and w t hout 0
st ra%@htvqr;]runl‘fr Qﬁcﬁ@asapk‘%zh n%) Oexanfréd: ePhyt e, tl'kﬂrbﬁﬁoé‘ e% 2z
but -1 - erke:,/g‘:,l $rbuts2- enen 515@\11:6 obtzto- %ceﬁe, o ESDbuE Viene aHkeRrt ol 1ene,
ci s-pent-2-ene, trans-pent-2-ene, 2- | but -1 - ene, |sopentene or

2- met hy|°fﬁ(t%2 Oénéesﬁnt%%neﬁ*ﬁﬂiﬂi ﬁ?erlrtz CFH@IaFR‘éIHeaW e, 10 6/ 8xhfpl e,

and W t haitut19 bembbak] ofroRtdiRRR, 011BULENS, £bSORIYIERR cc/qg,
t rans- 2- but ene, propg@ene or a conbination thereof. In an enbodi nent,
f

the al kef@mh@pons, O XAt AheieRel? cc/g, and irpHed®EUARYOf t he

al cohol i Gh;paY.-Pee Usedh i érhe%eo&%eéé is not particularly |imted.
Sui t abl e 'anmbunts of the 20 al cohol would be understood to and can be

determ ned by those of ordinary skill in the art.

embodi ment of t helPndRrtTRAFIIAE Hocass i RES EbMY i q@ﬁal§§§nple
and Wi t hilpJsii B bAt hes, F6Xi @@, OknADK e RbEONDS @Ad opat er and the

catal yst conposition as

surface area of from less than about 350 nt/g, less than
about 300 m®/g, less than about 250 mw/g, less than abeout 200

20 mw?/g, less than about 150 m’/g, less than about 100 m/g,
less than about 75 m*/g, less than about 70 m?/g, less than
about 50 m®/g, from about 70 to about 350 m?/g, from about 70
to about 300 m?/g, from about'70 to about 250 m?/g, from
about 70 to about 200 m?/g, and including any specific value

25 within these ranges.

The catalyst compositions as described anywhere
above may be used to catalyze, for example, and without
limitation, conversion or dehydration of an alcohol to an

alkene.

30 In an embodiment of the invention, the process for

preparing an alkene may comprise, for example, and without
13 .



25 defined anywhere above. The concentration of alcohol in the
solution is not particularly limted, and suitable concentrations
woul d be understood to and can be determ ned by those of ordinary
skill in the art. In an enbodi ment, the concentration of al cohol in
the solution may be, for 30 exanple, and without limtation, from
about 10 to about 100 vol%- from about 25 to about 100 vol % and
i ncludi ng any specific value within these ranges.

Sui t abl el iandutionef mi hengarrat Y5t meewpesibhohs wiid Potalpnisd tisedt ewoul d
be under 5t 0qd, & 0,208y can-he, daterl ned 0y, o & Nasg,of- Ordiary skill

in the |onte era s not parficularly
limted and suitable reaction terrperatures woul d be understood to and
can be determ ned"byatzh@@@dﬁﬁna}rtdiqfartiaeskhwntipmhé:fa?r talcphoénmay
enbodi e n nat.yr far anpl

wi t hout |mftoat ieé{ﬁf%g%rorﬁ%a oueﬁ}%’é% ﬁé‘mg %/O%'Ooaél Ejfl 3')% %@gﬁpo 50 to
abouts 50C, ckmomiaboahd 35&Hm:tabﬂmﬁt5®ﬁ)&1 fﬂ:lmsma]bm]toﬂ&@yt beabout

450C, fr 0 to ahgut 450C, and includ a ic val ue
Wt n (b Aok kA e Gor SRR EC RO 0k S P4 Kbout ' 3000,
about 328Gonhabotity3b8LC, fcﬂb@ﬁar&ﬂ@c @hdabﬂtllhotﬂ@()l@mltatlon, any The

reaction tinme is not particularly limted and suitahle reaction tines

woul d be& TFRdenst 86db’f%“%ﬁﬁjj Gife dererFPRRIE by HYEe 618l dina; .y

skill i m-tﬁi@p?n_t 120k @n, eodiaRAt, hheueghydraddgn ,r eaet bony IRy
be, for exa and WIthOUt limtation, conducted in the gas or
vapotft &hé’élélehé BRI ath S Yadet P6R-EBUFH al SPBE YdondaBEEMLi n t he

| i qui d phaseyidependlne o, theRlicobabtapto 4 her, reaedingn -gonditions.
25The pressure of the dehydratl on'reaction is not particularly

li m t ed2taydPsapryabl e griedsiwras thodPgoBel unbet st dodmas hanareai! be
det er m ned by thaosg, of - i, na}_rﬁ—%iﬂnlelthﬁz@b&@yel arg .o 1y R ngBadi rent

t he dehydration reaction nay be, for exanple, and without [inmtation,
conduct edeahvabutyl, 1,3- dlmethylbutyl 2-methylpentyl or
15 3-methylpentyl. in an embodiment, the alcohol may be, for
example, and without limitation, methancl, sthanol,
n-butanol or a combination thereof. In an embodiment, the
alcohol may be, for example, and without limitation,
ethanol, n-butancl, a combination of methancol and ethancl or
20 a combination of ethanol and n-butanol. In -an embodiment, a
the alcohel may be, for example, ethancl. In an embodiment,
the alcohol may be, for example, n-butancl. In an
embodiment, the alcohol may be, for example, a combination
of methanol ‘and ethanol. In an embodiment, the alcohol may
23 be, for example, a 1:1 mixture of methanol and ethanol. In
an embodiment, the alcohol may be, for example, a
combination of ethanol and n-butancl. In an embodiment, the

alcohol may be, for example, a 1:1 mixture of ethanol and n-

butanol.

30 Suitable scources for the alcohol of the invention
would be understood to or can be determined by those of

ordinary skill in the art. In an embodiment, the alcchel may

14



30 total pressure of about 1 atm or about atnospheric pressure.

In an enbodi ment, the dehydration reaction nmay be conducted, for
exanple, and without limtation, in a flowreactor. In an enbodi nent,
t he dehydration reaction may be conducted, for exanple, and w thout
limtation, in a fluid 5 or fluidized bed reactor. The fl ow reactor
is not particularly limted, and suitable flow reactors would be
understood to and can be determ ned.by those of ordinary skill in the
art. In ke difbogizrant e, t hrdfyowrdadtiol tatiyobe, of orinsdarpios, aand
without Ligidbioon,sa Lixed bedh reaghone,a 10 Soniiuiptidt!, oppli xed
bed reactor, or a i xed reactor.

wei ght hmlud@plspagfebeel ﬁortgxe(n\@’{-]sv ailﬂi4)J10hoﬂ1helﬁmih:ysdJ’i&t‘l on reaction

is not p rtlcu A mted and s wei ght hourly space
vel oci ti 2% WO dfﬁémuh%ﬁ“%?%o%lr f’S%tlé’% g can be deternined by those

of ordinary skill in the art. The expression "weight hourly space
vel ocht y" woul d b&énuadeesbodidndra tdfO$EeOan0é]ﬁ]‘ﬁ:im‘[,y gk ldxamplehe art,
and may and wi t hout tation, .t he nmas f :
Feact antE o)L Fpuky GiRbEr Pt o PrcPAry S PSS gRY FSUEESEO2R: an
enbodi memt ,art kebdahyidhat i e rEagticohafaye ber eoO kit Walnld, f or
exanple, and without |imitation, a weight hourly kl@f)ace vel ocity of

| ess t haht o0t 118182510 13 driralfdtEg - t 67 abd RTDIF ety thR|C2-6

i ncl udi ng Ry sRECHEL cryal é&@an\/i?!ltel”“ AnHNO$EhE@NUESAi 20 ibraNn aele‘oodl ment
of the invention, for exan&p and without limtation, a diluent may
at

be us®d FRIORE aFcBRBNCRPT A GHG! EBHt BFATREE MU Fhe di | uent i s
not par tp&tﬁgqéhg | battedegnd sitable_dihluept s, ywayld heunder stood to

and can ternined by those of ordi nary 30 skill in the art. In an -
embodi MERCPUEKASHP UBRRE ThETIfe, CiGrPERANBTene A A RARt 12 /hEat i on,

nﬁg (rjeacpm\é%hg@balaeltgﬁ@t a5 AR nEh 8 r CAL AL YiSH1 RAMBOSIH Oy LR an
enbo Inigiodlment, the alkene may be, for example, and without
15 limitation, ethene, l-butene, isobutylene, trans-2-butene,
propylene or a combination thereof. In an embodiment, the

alkene may be, for sxample, ethene.

The amount of the alcohol which may be used in the
process is not particularly limited. Suitablq amounts of the
20 alcohol would be understood to and can be determined by

those of ordinary skill in the art.

In an embodiment of the invention, the process may
comprise, for example, and without limitation, mixing one or
more alcohols and water and the catalyst composition as

25 defined anywhere above. The concentration of alcohol in the
solution is not particularly limited, and suitable '
concentrations would be understood to and can be determined
by those of ordinary skill in the art. In an embodiment, the
concentration of alcohol in the solution may be, for

30 example, and without limitation, from about 10 to about 1C0

15



the diluent may be, for exanple, and without limtation, helium
It has been observed that a catal yst conposition of the invention
exhi bited a high degree of stability during 5 a dehydration reaction,
i ncluding a catal yst conposition where deactivation was not detected
for |longer than about 20 hours, |onger than about 21 hours, |onger
t han about 25 hours, |onger than about .50 hours, |onger than about 60
hours, |onger than about 110 hours, |onger than about 150 10 hours,
| onger thalé afawin ZEGuhoaﬁst&mwdtndDQdeggfoanﬁnyuﬁpebhﬁienyalue
Wi t hin thesei;%p%eﬁ suct £ for exan% | onger than about 110,

o] gerv

about 150 0f about our% tqﬁse 48" ed that a catal yst

conposition of the |nvent|on did not require regeneration during a
dehydrati on react Bontaidbd rermrershodi rbat cefal het | snmatsiionent heich

catal yst_co 05|t|on for exanple, _and w t.hou Ilnltatlon
regeneré?éﬁ%PSufFabV%uﬁ%ﬁﬁ dgmgﬁF%nggﬁgr%P? NGt He é%? flapec b
conpo3i tilarsenedl drienangdesisildod t ahandrean be deternlned by , those
of ordinary skill in the art. 20It has been observed that a catal yst

conp05|t|on of thg |nvent|on xhi bited _a high degree of _al cohol
conversi on. i ncl uBlTig: S o CohSTEEBR0BF 81 DR BT° Greast IPRAR about 25
nol % grieatietedt haga abDtdb S 18 ogr eaﬁpéréh@:ﬁbsﬁ.bﬁuﬂd?ﬁem| % greater
t han about 85 nDIW gre ter an 25 about 90 | % eater t han about
95 nol % GiEEaEEer t antEb o™ é@ M6-6FTgPeAt BY QESP2RB| o

greater sikila.Jl abouhe 98r+DI P G eaberikhban, abealt r Sty e aheat 50
to about 99, nmol % from about 90 to about 99.9 nmol % from about 95

to alo%uﬁ“agfgb@— MbPY, S¥ M Sab AN 96 tRE AL OBt BP0 FRIMEPPEENE ABout
97 to abQuta39:9500t % fram=akeut 288 £ about 500°C, from about

350 to about 500°C, frcm about 250 to about 450°C, from
about 350 to about 450°C, and including any specific value
. within these ranges, such as, for example, about 250°C,
15 about 300°C, about 325°C, about 350°C, about 400°C or about
450°C. |

The reaction time is not particularly limited and
suitable reacticn times would be understood to and can be

determined by those of ordinafy skill in the art.

20 In an embodiment, the dehydration reaction may be,
for example, and without limitation, conducted in the gas or
vapour phase. The dehydration reaction could also be
conducted in the liquid phase, depending on the alcohol and

other reaction conditions.

25 The pressure of the dehydration reaction is notg
particularly limited, and suitable pressures would be
understood to and can be determined by those of ordinary
skill in the art. In an embodiment, the dehydration reaction
may be, for example, and without limitation, conducted at =z

30 total pressure of about 1 atm or about atmospheric pressure.
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" about 99.9 nol % from about 99.0 to about 100 nol % and i ncluding
any specific value wthin these ranges, such as, for exanple, about
90 nol % about 95 nol % or about 99 noil. It has been
observed that a catal yst conposition of the invention exhibited a
hi gh al kene yield, including an 5 al kene yield of greater than about
80 nol % -greater than about 85 nol % greater than about 90 nol %
greater than about 95 nol % greater than about 96 nol % greater than
about 97 nol % grdat en enbpdabeut, Ihaslelydgebarer reqapi bty 98

mol % fr ?Rggt 9 (o) 99 L% fromab 0 out
99.9 rmI(‘C’)}qgg romdéb%ﬁ) Sgglﬁgigbo% dggl.t O%I g/g}n?r“%%r:%%%’ou?ég%%%gabout
99 nol % rédaamabdut a88etbodbment 9%k hwldthydmdtiool velhogi@anynesgpéei fic
val ue within these _ranges uch as, for exanmpl e, K about, 85 | % or
about O TRIYE: “fio THEhGAPIPEEN FERCtiTN rag PhF Eher™ pr B e Hor 15
exanpf e, o:and wiidilzedt bktunttatton, ™dheaiopr eduetsri nslust ng an et her
and aromatics. I n_an_enbodi nent, the ether_produced may be, for

exanpl e, Parid hleRddt LEMmFedt i g HidERYE éitﬁ‘érr%ﬁzEwS?/wo PSeen

observediid@istdceatal ¥ah coAPOS| ddia-AhebhByl ANEBET Oh ©xdiiided
selectivity towards an al kene, 20 incl udi n% an_al kene sel ectivity of
from gr edter! tiRafngbadt - 357 ndh oppEaesr  t A Abott r&EC Y H2YgPeat er

than aboul, TxAph%, gh8aleEndhan apqul 183, MRl %4 . g5 eal gr-dhan -abqut 95
nol % greater than about 97 nol % greater than about 98 nol % greater

t hanl @bsrn g uenisYf Lprofd apdubte DXL G aterabeut 2 28099, Dlew| Dhxaed bed

i ncl udi ng.any,,specific value within these ranges, such as, for
exanpl e, about 97 nol % about 98 nol % or about 99 noil. It has been
observed that a catal yst conposition of the invention exhibited a

hi gh degree of selfBet voighttiomnanls weiep Eréocihel (TG dh bt®ylfe 30
sel ecti idnyQhrgbaatescthan abou: 4 ek 01 ¢af e than,about 98
mol % and i'ncluding any specific value within these ranges. Those of
or di nar ypuskiablLei et BBt aheun ¥ | spasy esilarét ihat wehkd procesie impod
COMPI4 S&o oy XAMBLCac AN ciILt BE 9Pqs ORLY ORL1 Y SERALALI NG,
isolating or purifying the product fromthe reaction m xture.
Sui t abl exgepdingt Penressigol wdormtandupdyi Ebeati oal pettivtsiavddl &debe
;p?erSt%%eE%t%BQ £anchEsdet £rauded Ry Skhose; 9f ¢ QL di par va ki, in the
. include, for example, and without limitation, the mass of
reactants (g) treated per amount of catalyst (g) per hour.
20 In an embodiment, the dehydration reaction may be corducted
with, for example, and without limitation, a weight hourly
space velocity of less than about 19 h™, from about 4 to
about 19 h™', and including any specific value within these

ranges.

25 In an embodiment of the invention, for exampie,
and withcut limitation, a diluent may be used for the
alcohol or alcohol containing medium. The diluent is not
particularly timited and suitable diluents would be
understocd to and can be determined by those of ordinary

30 skill in the art. In an embodiment, the diluent may be, for
example, and withcout limitation, non-reactive to the

reactants and the catalyst composition. In an embodiment,

17



EXAMPLES A) Preparation of Catalyst HZSM5 was obtained by treating
comercial 10 NH4-ZSM 5 (ZeolystTM CBV, Si/Al 30) at 500C for 6
hours in air. 5.0 to 20.0 wt % of H3PO4was added to the

H ZSM5 by an inpregnation nethod. The catal ysts
were m xed thoroughly and pelletized 15 to obtain an average particle
size of 250-425 pm The surface properties of H3IPO4
nodi fi ed and unnodi fied catal ysts are presented in Table 1. Table 1:
Sur f ace propEritices obyuhapdidn exckaZ®Web and WBPOALuhodirfited 128M 5

cat al ystgeIC:ILaUtmal yst Surface area Pore Pore width (n2/g)

It has been observed that a catalyst composition
of the invention exhibited a high degree of stability during
5 a dehydration reaction, including a catalyst composition
where deactivation was not detected for longer than about 20
hours, longer than about 21 hours, longer than about 25
hours, longer than about 50 hours, longer than about 60
hours, longer than about 110 hours, longer than about 150
10 heurs, longer than about 250 hcurs, and including for any
specific value within these ranges, such as, for example,
longer than about 110, about 150 or abcut 250 hours. It was
observed that a catalyst compositicon of the invention did

not require regeneration during a dehydration reaction.

15 In an embodiment of the invention, the catalyst
composition may be, for example, and without limitation,
regenerated. Suitable methods for regenerating the catalyst
composition would be understood to and can be determined by

those of ordinary skill in the art.

20 ' Tt has keen observed that a catalyst composition
of the inventicn exhibited a high degree cof alcohel
conversion, including an alcohol conversion of greater than
about 25 mol%, greater than about 45 mol%, greater than
about 75 mol%, greater than about 85 mol%, greater than

25 about 90 mol%, greater than about 95 mol%, greater than
about Y96 mol%, greater than about 57 mol%, greater than
about 98 mol%, greater than about 99 mol%, from about 50 to
about 99.9 mol%, from about 90 to about 99.9% mol%, from
about 95 to about 99.9 mol%, from about 96 to about 992.9

30 wmel%, from about 97 to about 959.9% mcl%, from about %8 to

about 99.9 mol%, from about 989%.0 to abecut 100 mol%, and

ig



volume’ (A)  (cc/g) H ZSM5 366 0.26 14.5 5HP-ZSM5 276 0.21 14.6
10HP- ZSM 5

10

15

20

25

30

including any specific value within these ranges, such as,

for example, about %0 mol%, about 95 mol% or about 99 mol3.

it has been ocbserved that a catalyst composition
of the invention exhibited a high alkene yield, including an
alkene yield of greater than about 80 mol%, greater than
about 85 mol%, greater than about 90 mol%, greater than
about 95 mol%, greater than about 26 mol%, greater than
about 97 mol%, greater than about 98 moi%, greater than
about 99 mel%, from about 30 to about 99.9 mol%, from about
95 to about 929.9 mcl%, from about 96 to about 29.9 mol%,
from about 97 to about 98 mol%, from about 98 to about 995
mol%, and including any specific value within these ranges,

such as, for example, about 85 mol% or about.98 mols.

The dehydration reaction may further produce, for
example, and without limiﬁation, other products including an
ether and aromatics. In an embodiment, the ether produced
may be, for example, and without limitation, diethyl ether
{({DEE). It has been observed that a catalyst composition of
the invention exhibited selectivity towards an alkene,
including an alkene selectivity of from greater than about
35 mol%, greater than about 65 mol%, greater than about 75
mol%, greater than about 85 mol%, greater than about 95
mol%, greatef than about 97 mol%, greater than about 98
mol%, greater than about 9% mol%, from about 99.0 to about
99.9 mol% and including any specific value within these
ranges, such as, for example, about 97 mol%, about 98 mcl$%
or about 99 mol%. It has been observed that a catalyst
composition of the invention exhibited a high degree of
selectivity towards ethylene, including an ethylene
selectivity of greater than about 97 mol%, greater than
about 98 mol%, and including any specific value within these
ranges.
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199 0.16 14.5 201P-ZSM5 74 0.12 15.5 Note: Surface area and poré
vol une derived from BET and BJH net hods; pore width derived from

Hor vat h- Kawazoe net hod. 5H ZSM5 and 20HP-ZSM 5 catal ysts were

studi ed by NH3 tenperature programed desorption (NH3-TPD) in the
tenperature range of 55-900C. Two peak naxi nuns were observed for
the HZSM5 sample at 227 and 476C. Wthout being bound by theory, it
is believed that this suggests 10 that two types of acidic sites are
present. The decoﬁ\hobatbbmnﬂindxaseslqiéaksnytbéd@nt areals agibre2ds bad

28% res ti One_br oad eak nmu und 203C was
obser ved?‘prf o %—Iérfgﬁfg T ar I%Ffrlsﬁier%&gcgﬁvﬁ)u?l on of" tﬁll sqbr oad
peak CGMIneimo&Q3o@ﬁdoﬂgﬁQ/ rseﬁldrtaltri@gynlpeakslﬂ@ dwaving fariegs of
88% and JhZ% respect.i veI%/. The total peak _ .

the product from the reacticon mixture. Suitable separation,
5 isolation and purification methods would be understood to

and can be determined by those of ordinary skill in the art.
EXAMPLES

A) Preparation of Catalvst

H-Z5M~5 was obtained by treating commercial
10 NH,-ZS8M-5 {Zeolyst™, CBV, Si/Al 30) at 500°C for 6 hours in

air.

5.0 to 20.0 wt% of HzP0s; was added to the H-ZSM-5

by an impregnation method.

The catalysts were mixed thoroughly and pelletized

153 to cbtain an average particle size of 250-425 um.

The surface properties of H3P0O, modified and

unmodified catalysts are presented in Table 1.

20



area of 20HP ZSM5 was reduced by 8% conpared to H'ZSM 5. Wt hout
bei ng bound by theory, it is believed that this suggests that there
is a decrease in the total acidity of ZSM5 with H3PO4 nodification.
B) Preparation of Al kene COVWARATI VE EXAMPLE 1 Dehydrati on of ethanol
over unnodified H ZSM 5 catal yst was conducted. The reaction was
carried out at 5 400C and 1 atm of pressure. About 0.5 g
of the catal yst (average particle size 250 pn) was diluted with an
equal anbainie df: Guarftzegpacpsraraks cfangeddi niaddosm-5 lzom HiRkRed bed
st eel reacé%é.s TEE rgactgr used for the process of ethanol 10

conver si B HELY KrEe °26RE3Y$FF stly, a zone where 3nm size gl ass
beads pre-heat and m x the‘ethanol and hel i um honbogeneously; '
secondly, a cedw@dglr zone ghefa-d heczeact apdir-d eed, | hoge WaRGIH zed
form contacts the catalyst; amghhirdly,vaapest reactiqa)zone. The
reaction tenperatures of 15 the three zongs-yere maintained by
pre-cal i brated—thermat—teaters—anmdthe catatysSt—Tenperature was
nonitored by a_therpocouple inside the react.or. Prior to
t he reaction, gft%gﬁcg{)al ysts vver%ggactivat e_gl&i ér)lési tuin |\i’24 'gSas at 500C
for about 5 hours. 20Catalytic tests were perforned by injecting the
al cohol (i ncl.udi et hanol or diluted ethanal, solution), with an

Agi | ent Tm HPE%QTE%—S%’ on punp ngll]h a fixed 1%]W rate var%/%l\"in% from
0.025 M/mn to 0.5 mM/mn, via a preheater operating at 175C. Helium
was used as il gas and connected in-line with | ow neter.
Product and f%&’cﬁzgﬁqtﬂ%di stri but igﬂs wer e m)(?‘ui?%red by onjréfl GC (HP
6890 Series) using a HP_PONATM colum. The lines were heated to avoid
any condensation. The representative sanpl es condensed at | ow

t enper at ur es* %1 é 58 S0 anal yzed %y using G>WED for pro

Note: Surface area and pore volume derived from BET and BJH

methods; pore widih derived from Horvath-Kawazoe methed.

5 H-ZSM-5 and 20HP-28M-5 catalysts were studled by

NHs: temperature programmed desorption (NH;~TPD} in the
temperature range of 55-900°C, Two peak maximums were

cbserved for. the H-ZSM-5 sample at 227 and 476°C. Without
being bound by theory, it is believed that this suggests

10 that two types of acidic éites are present. The
deceonvolution of these peaks yielded areas of 72% and 28%,
respectively. One broad peak with a peak maximum around 203°C
was observed for 20HP-ZSM-5 catalyst. The deconvolution of
this broad peak centred at 203 and 476°C resulting in peaks

15 having areas of 88% and 12%, respectively. The total peak
area of 20HP ZSM-5 was reduced by 8% compared to H-ZSM-5.
Without being bound by theory, it is believed that this
suggests that there is a decrease in the total acidity of

ZSM-5 with HsPO; modification.
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30 identification. Conversi on of ethanol and
selectivity towards ethylene were cal cul ated according to the
followng 1 equations. N EtOHi N EVI-P |IC EtOH =X100(3) NDOH i 5
Npi  x100(4) E ZN>i XEtai = % nol ar conversion of ethanol, NEtonpi is
t he nunber of noles of ethanol introduced, N - EtOH r is the nunber
of noles of 10 ethanol observed in the products, SE is the
selectivity tovvards ethylene in % noles, NE | is the number of noles
of et hyl al g Adkgroduct s, and ZN,i is the total nunber of
nol es of pr oducts observed during the reaction. Those of ordinary

skil'l incéhendddr oM IdxgppEEEl at e that ‘

.

Dehydration of ethanol over unmodified H-ZSM-5
catalyst was conducted. The reaction was carried cut at

5 400°C and 1 atm of pressure.

Bbout G.5 g of the catalyst (average particle size
250 pm) was diluted with an equal amount of guartz grains

and charged in a down flow fixed bed steel reactor.

The reactor used for the process of ethanol
10 conversion has three zones: firstly, a zone where 3mm size
glass beads pre-heat and mix the ethanol and helium
homogeneously; secondly, a catalyst zone where the reactant
feed, in a vaporized form, contacts the catalyst:; and
thirdly, a post reacticon zone. The reaction temperatures of
15 the three zones were maintained by pre-calibrated thermal
heaters and the catalyst temperature was monitored by a
thermocouple inside the reactor.
¥ ' ¢
Prior to the reaction, the catalysts were

activated in situ in N, gas at 500°C for about 5 hours.

29 Catalytic tests were performed by injecting the
alcohcl (including ethancl or diluted ethanol solution} with
an Agilent™ HPLC infusion pump with a fixed flow rate
varying from 0.025 ml/min to 0.5 ml/min, via a preheater
operating at 175°C. Helium was used as a diluent gas and

25 connected in-line with a flow meter. Product and reactant
distributions were monitored by online GC (HP 6830 Series)
using a HP-PONA™ column. The lines were heated to avoid any
condensation. The representative samples condensed at low
temperatures were also analyzed by using GC-MSD for product

30 identification.
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15 these equations are not limted to cal cul ating conversion of
et hanol and selectivity towards ethyl ene, and that conversions of
ot her al cohols and selectivities towards , other products can al so be
cal cul ated according to these equations. 20Figure 1 shows the
activity results for the reaction at 400C over the HZSM 5 cat al yst
at 1 atmof pressure. There was no ethyl ene observed before 10 hours.
About 150 conpounds were detected by the GC before 10 hours. Ethyl ene
yi el d was observedonyessarh ¢bH ¢Hivmedsendf selethiviPp tdwardsnd reach
a maxi nu 9 n ily. degcrea e hqQurs. After 60
hour s, é?ﬂgﬁ%ﬁgyﬂ%F% %ﬁggggégggéa‘%%§4i€§c%%7géé EP%%#W%i ondi ng
i ncr easeeduridicetshyl ether selectivity was observed. A high ethanol
conversion of up to 99.9% was observed for the catal yst. The et hanol
conversion 30 was observed to renain the sane for 25 hours.
Deactivation thereafter_of th¥ eatat Mto0fer time ywas observed. The
decrease in ethanol corkepsion observed % be( re prom nent
after_50 hours. COVPARATI VE EXAMPLE?Z*Dehydration of ethanol was
condueted over 5 unnodified H ZSM5 catal yst under simlar reaction
conditions as those descri bed iﬂqgghparative Example 1 with varying
reaction tenperatures. The éhsﬂ§zﬁ?0V1@¥hanoK4hehydration on H ZSM 5
catalyst with respect to reacti tlenperature are presented in Table
2. An increase in the 10 activity of the unnodified HZSM5 catal yst
W th redbtion % Mfp@atapnd ewasonbsersigtincdnd Nateghesis ddviv enisgn Rés
obser ved, ate AQQCe 1 AxABET LASELALLLONYELS! PM: Wil & fliethBE fpeLgase in
reaction tenperature was observe

10 ethanol observed in the products, Sz is the seslectivity

towards ethylene in % moles, WNg,j is the number of moles of
ethylene observed in the products, and EN,i is the total
number of moles of products observed during the reaction.
Those of ordinary skill in the art will appreciate that
15 these eguations are not limited to calculating conversion of
ethanol and selectivity towards ethylene, and that
conversions of other alcohols and selectivities towards
other products can also be calculated(according to these

equations.

20 Figure 1 shows the activity results for the
reaction at 400°C over the H~ZSM-5 catalyst at 1 atm of
pressure. There was no ethylene observed before 10 hours.
About 15C compounds were detected by the GC kefore 10 hours.
Ethylene yield was cbserved to start to increase after this

25 time and reach a maximum 6f 90 %, and to steadily decrease
after 50 hours. After 60 hours, ethanol yield was observed
To reach 78%. A correspocnding increase in diethyl ether
selectivity was observed. A high ethanol conversion of up to
99.9% was observed for the catalyst. The ethanol conversion

30 was observed to remain the same for 25 hours. Deactivation

thereafter of the catalyst over time was observed. The
23



Table 2. Results of ethanol dehydrati on act i vi ty with 15 r

eacti on

tenperature over HZSM5 catal ysta Reacti on% Conversion % Sel ectivity

% Sel ectivity tenperature of ethanol of ethyl eneof diethyl

300928012 400 .94894 50088743 aReaction Conditions: 0.5 g catal yst,

atm pressure, WHSV 18.36 ICl. EXAMPLE 1 Dehydration of eth
conducted over H3PO4 20 nodified HZSM5 catal ysts with va

(O et her

anol was
rying

1

anmounts of H3PX4 under simlar reaction conditions to those descri bed
i n ConpatetiegscbEianpteanol H3POE mmdinf wed PISMS] dat dley slogener e

pr epar ed rdi.n t rotocol described above under 24 heading
S e b ot

A. Figur I Vi

H ZSM 5 EatrRgSE Var BXAMELRided in Figure 2 for conparison p
trend was

Dehydration of ethanol was conducted over

5 unmodified H-ZS8M-5 catalyst under similar reaction
conditions as those described in Comparative Example
varying reaction temperatures. The results of ethancl
dehydration on H-Z8M-5 catalyst with respect to react

temperature are presented in Table 2. An increase in

ur poses.

1 with

ion

the

10 activity of the unmodified H-ZSM-5 catalyst with reacticn

temperature was observed, and highest conversion was

observed at 400°C. A decrease in conversion with a further

increase in reaction temperature was observed.

Table 2. Results of ethanol dehydration activity with

15 reaction temperature over H-ZSM-5 catalyst?

Reaction % Conversion % Selectivity % Selectivity
temperature of ethanol of ethylene of diethyl

(°c) ether

300 92 80 12

400 . 94 8o 4

500 88 74 ' 3
"Reaction Conditions: 0.5 g catalyst, 1 atm pressure, WHSV
18.36 h'h.
EXAMFLE 1

Dehydration of ethanol was conducted over HizPO4

20 modified H-ZSM-5 catalysts with varying amounts of H;

under similar reaction conditicons to these described

POy

in

Comparative Example 1. H3PO; modified H-ZSM-5 catalysts were

prepared according to the protocol described above under

249

| y results of the reaction at 400C and 1
atm of pressure. Results for dehydration of ethanol over unnodified

A



5 observed, where at | ow H3PO4 contents, side products including
propyl ene, aromatics and 05+ hydrocarbons were observed. Wth

i ncreasi ng H3PO4 content, the selectivity towards ethyl ene was
observed to increase and reach al nost 98% for 20 w % H3PO4 nodi fi ed
ZSM5 catal yst. 10 EXAMPLE 2 Dehydrati on of ethanol over
H3PO4 (20 9% nodified HZSM5 catal yst was conducted under simlar
reaction conditions to those described in Conparative Exanple 1 with
i ncr easih@dieactﬁi oﬁigen@eZ at hures ftrh@ma%ﬁ)vﬁby45®@lﬂek3lé(ﬁ4 th® nodified

H-ZSM 5 cat sts red acc rdin to t t ocol descri bed
above undét” a}:ﬁ‘é ﬁmﬁhﬁ Q c?esﬁtt“b fpéF ahof- % ?East &(c))n activity on
t he I—BP%H}dZSMlﬁncaEaémsincalr &vﬁfre&ﬁmbedfhadTﬁ-bim-% AnzlRerease of

t he conver si on of ethanol from50%to 99% was observed w th the

i ncr eas e 151 96 Acti BTt ehptat B2 T AR nEFERREE Of “t & *8ChyPEne

sel ecd i Wyger#ebh ARekBCEEaRSs iHIPbEaddemtisgMRekat gf@dﬁ\@@s al so
observed. Ethanol dehydration activity on H3PO4 ow % on H ZSM 5

cat al ystingtluddpe aparIleten Girorédssr énFisCs*hQ\XﬁfPﬁaF‘P@Eﬁ &eFe As can

be seen JHs%er%HQUW§t§ 11@&&%31%' YRbh P RS PRSELVeLl-@ff/ly running
for 110 hours. Table 3. Results of ethanol dehydration act|V|ty wth

r eact i orfowerger athy éeov evay 20XV eH3 P4 inapeegmated d4aZzdVeEmgst
cat al ystyyReact bgnyh CoNVEY, Shofk el A6 svi Ly 1%, 9¢! ectivity

10 EXAMPLE 2

Dehydration of ethanol over HiPO; {20 wi%) modified

H-Z8M-5 catalyst was conducted under similar reaction
conditions to those described in Comparative Example 1 with
increasing reaction temperature from 250 to 450°C. H3POy

15 medified H-ZSM-5 catalysts were prepared according to the
protocol described above under heading A. The results of
ethanol dehydration activity on the HiPC,/H-ZISM-5 catalyst
are presented in Table 3. An increase of the conversion of
ethanol from 50% to 99% was observed with the:increase in

20 reaction temperature. An increase of the ethylene
selectivity with an increase in reaction temperature was
also observed. Ethanol dehydration activity on.H3PO4 (20wt%)
on H-23M-5 catalyst at 400°C and 1 atm of pressure is shown
in Figure 3. As can be seen from Figure 3, no deactivation

25 was cbserved after running for 110 hours.
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tenperature of ethanol of ethyl eneof diethyl (C)ether
25025. 353. 4696. 54 30075. 4435. 4664. 2 35085. 6688. 5311. 26

40099. 7399. 00. 015 45099. 9698. 710. 031 ' Reaction Conditions: 0.5 g
catalyst, 1 atm pressure, WHSV 5 18.36 h-1. EXAVPLE 3

Dehydrati on of ethanol over H3PO4 (20 wt% nodified H ZSM 5 cat al yst
was conducted under simlar reaction conditions to those described in
Conparative Exanple 1 with 1 10 varying WHSV of ethanol from 473 to
18. 9 hl =BE0C. HR3204tsodf féwdndlZ80hHdeat by sd st wertey priepar ed
according tqQ.the protocol describ under headi n r gi nal
or ease A RS EOHUEEER G ot HEMBE E e o SPRER () B S
However ,cathylsehe sel ectivi'ty was observed to increase 15 sharplly,
and subsequently diethyl ether formation was observed to be

suppr essed—\W-the <Y-TH. heg 2 bt this
may. suggesRes Hiatomt hy%é?‘ré”‘f%rsdéinn Bt o hesek Wi i &t Ileétthé%tyand t hat
havi ng meamSFPEBREent Pats GrNef DEEf MRy BT f act ®F $HETINI ng

et hyl ene__: (°C) ether
250 25.35 3.46 . 96.54
300 75.44 35.46 64.2
350 85.66 88.53 11.26
400 95.73 9%9.0 0.015
450 99.96 98.71 0.031

®Reaction Conditions: 0.5 g catalyst, 1 atm pressure, WHSV
5 18.36 h™.

EXAMPLE 3

Dehydration of ethanol over HiPO; (20 wi%) modified
B-ZSM-5 catalyst was conducted under similar reaction
conditions to those described in Comparative Example 1 with
10 varying WHSV of ethanol from 4.73 to 18.9 h™' at 300°C. H3PO,
modified H-ZSM-5 catalysts were prepared according to the
protocol described above under heading A. A marginal
increase in the conversion of ethanol was observed (Figure
4) . However, ethylene selectivity was obéerved to increase
15 sharply, and subsequently diethyl ether formation was
cbserved to be suppressed. Without being bound by theory, it
is believed that this may suggest that ethylene is being
formed via diethyl ether, and that having maximum
concentrations of DEE may be a facter in forming ethyiene

20 with high yields.
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20 with high yields. EXAVMPLE 4 Dehydration of ethanol in
aqueous, et hanol solutions over (20% H3POX inpregnated H ZSM 5
cat al yst was conduct ed under the sane reaction conditions as those 5
described in Conparative Exanple 1. H3PO4 nodified HZSM5 catal ysts
were prepared according to the protocol described above under headi ng
A. The results are presented in Table 4. Except for the .ethanol
concentration of 10 vol% the dilution of ethanol was observed to not
af fect tiwaMzAtEaldytic 10 performance of the catalytic system Table 4.
Results of ethanol dehydration activity of aqueous ethanol solutions

Gh Conver si orl of % SERARBT - Rb Gt rEd Lo Lot AYTers 006 s 00 2 o
solutions over (20%) H3;PO, impregnated H-Z35M-5 catalyst was
conducted under the same reaction conditions as those

5 described in Comparative Example 1. HsPOs medified H-ZSM-5
catalysts were prepared according to the protocol described
above under heading A. The results are presented in Table 4.
Except for the.ethanol concentration of 10 vol%, the

dilution of ethanol was observed to not affect the catalytic

10 performance of the catalytic systen.

Table 4. Results of ethanol dehydration activity of aqueous
ethancl solutions on (20%) H3POy; impregnated H-ZSM-5

catalyst?

Vol% of ethanol in water % Conversion of % Selectivity

ethanol of ethylene
10 99.45 899.2
25 99.79 99.45
50. 89.85 99.97
100 99.73 95.28

“Reaction Conditions: 0.5 g catalyst, 100 % ethanol, 1 atm

15 pressure.

Under the same reactlon conditions as those
described in Comparative Example 1, in comparison with
various H3PO, impregnated ZSM-5 catalysts, it can be observed
that the reaction rate is associlated.with the property of

20 the catalyst material. The comparative results for this
reaction over H3zPOy impregnated_ZSM—S and a conventional ZSM-
5 catalyst are shown in Figures 1, 2, 3 and 4, whereby the

highest conversion of ethanol ({(above 99%) was achieved on a
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25 99.79 99.45 50 99.85 99.07 100 99. 73 99. 28 &React i on
Conditions: 0.5 g catal yst, 100 %ethanol, 1 atm 15 pressure.

Under the sane reaction conditions as those described in Conparative
Exanple 1, in conparison with various H3PO4 inpregnated ZSM 5
catalysts, it can be observed that the reaction rate is associ ated
with the property of 20 the catalyst material. The conparative
results for this reaction over H3PO4 inpregnated ZSM5 and a
convent i kyal, ZGMegattaldy $6Mabecshalyst nrdegurteés $am@, r&aanicnd,

wher eby the,. L%pest C nvers”gn of ethﬁnoh (above 99% was achi eved on
a  H3POF T Hbreghat 88 ZEWe ¥atdl e Wider 't he same reaction

condi tions as Conparative Exanple 1.
EXAMPLE 5

A butanol dehydration reaction over H3PO, (20 wi%)

5 modified H~ZSM~5 catalyst was conducted under the same
reaction conditions as those described in Comparative
Example 1 at 325°C and 1 atm of pressure. H3PO4 modified H-
ZSM-5 catalyst was prepared according to the protocol
described above under heading A. The results are shown in

10 Figures 5 and 6. A conversion of above 90% and a yvield of
butenes above 85% at 325°C were observed. As can be seen from
Figure 5, no deactivation was observed after running for 21

hours.
EXAMPLE 6

15 Dehydration of methanol and ethancl mixtures over

HiPOy4 (20 wt3) modified H-48M-5 catalyst was conducted under

the same reaction conditions as those described in

Comparative Example 1 at 400°C. HsPO, modified H-ZSM-5

catalyst was prepared according to the protocol described

20 above under heading A. Stable conversions of 47% and 75% for
methanol and ethanol, respectively, were observed. An
ethylene selectivity of about 65% was observed. The
formetion of propylene, butylenes and aromatics was also

observed.
25 CONTROL EXAMPLE

Under similar conditions as to those described in
Comparative Example 1, a blank reactor without catalyst was
screened at 400°C and no ethanol conversion was observed

during this study.
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EXAMPLE 5 A butanol dehydration reaction over H3PO4 (20 W% 5

nodi fied HZSM 5 catal yst was conducted under the same reaction
conditions as those described in Conparative Exanple 1 at 325C and 1
atm of pressure. H3PO4 nodified HZSM 5 cat al yst was prepared
according to the protocol described above under heading A The
results are shown in 10 Figures 5 and 6. A conversion of above 90%
and a yield of butenes above 85% at 325C were obserwved. As can be
seen from Fi gure Bheneapeactdnsate ﬁatua§tobs@éhgﬁtaﬂﬂuarofuanhmgoior 21

hours. EXA
H3PO4 (28

LE 6 _15Dehydrati on of nethanol and eth m Xt ures over

OB R T ety HEZ M55 SOEI §8t FWEST T dnd e&eﬁﬁHéPnt‘ﬁaes same

reacti oncagondit baRsaasqddras andescutRedri presdrparsahopveobxagpbe 1 at
400C. H3PO4 Modified HZSM5 catal yst was prepared according to the

pr ot ocolthfeSEERHEAT 20E IR FRadPTREAN ]S AP HEHR% tFeoReaFE| 7%

47% and ofpf/abok: BREDBNOh: ANdh Q1 B3BQ! £ nECEPRLT I MR 3é1el\@%rt§v@9§er ved An
et hyl ene selectivity of about 65% was observed. The fornmation of

propyl ef@vapdeyEbheseamdiar oreergsdwas alse bbs@mased 1n2s igbhrRord
EXANPLEdecrease alon Lgﬁgﬁléﬂ;ﬂlh ﬁ?@g {ﬁg ?ﬁ#%f§305h8§eegﬁ§§51bed

in Conparative Exanp

reactor w thout catalyst was

screene@naev&@OCthﬁd5¢&ﬁqnﬂummm tosavds silontiwps <othser wed dbsenyged hi s

st udy.

to increase steadily at the expense of ethylene formation.

10 Other products, such as lower olefins (propylene and

butylenes) and aromatics (benzene, toluene and xylenes),

were observed to also form during the reaction. These

results suggesi that there is a need to develop a solid

catalyst which is durable or exhibits stability over Time.

15

Catalytic dehydration of ethanol over 20 wt® HiPO,

impregnated H-ZSM-5 catalyst was shown in Figure 3. The

20

25

30

conversion of ethanol was observed to increase with time and
reach a conversion of 100%. Ethylene selectivity was
observed to also follow a similar trend and achieve a yield
of 98%. The-  HsP(Cq4 impre@nate& H-Z3M~5 catalyst was observed
to show no sign of deactivation and remained stable for 130
hours. The H3PO, impregnated H~-ZS5M-5 catalfst has been
observed to show no significant deactivation for over 250
hours. No significant amounts c¢f formation of other products

were observed.

The catalytic dehydration activity with respect to
weight hourly space velocity (WHSV, h™h) at 300°C was shown
in Figure 4. As can be seen from Figure 4, lower space
velocities were observed to favour the formation of diethyl
ether compared to ethylene, and at higher WHSV, the

formaticn of ethylene was observed to be more predominant.
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The vapour phase catal ytic dehydrati on of ethanol on H ZSM 5

catal ysts was shown in Figure 1. The reaction was carried out At 400C
and 1 atm of pressure using 506 ng of the catal yst. Ethanol

conversi on was observed to reach 99% 5 and to steadily decrease over
the tine. The selectivity towards ethyl ene was observed to al so
increase initially and decrease along simlar lines wth the
conversion of ethanol. However, the selectivity towards diethyl ether
was observed to i fteeasecsseadd | yhatpresendxpenset bfn et hytedipged to
formation, 1 r _produc . Su I r. i ns_ (propyl and
but yltenetg-)le acgeJ%éL:% g”r‘rluateg)l itcgkl( %é%\lzéncgef}l%%%la&g\ég 5%35%1? esne‘gr%l,cwv\é:%g%y
observeditio eltsmdlotrhgdranion hien repeicuenctfhese sebut tsnsudgest t hat
there is_a need to develop_a solid catalyst which is durable or

exhi bi t SIS RGGI oV BF 1 RECT IHCAELe CHBRYEN ST T ot dii&fol over
20 wt 9 H3RGM d5miegoat edl #- /S & chiteal, Yy shdwaBe shoyw ¢ 1 fdgwhewd. The
conversion of ethanol was observed to increase with tinme and reach a
conver si‘dh @P1F06% Vet AyPehb @BMe GiMferfRFas hsehv et td HiSo fol | ow

a si mlafcdieng aRdecachseved ty &lid 1 Adnel tR8%t dhg HIRGA: ipisekanat ed
H-ZSM 5 catal yst was observed to show no sign of deactjvation and
r emai ned-stsBla@oker TE50s herk ke verh&hagpohipnpeeghlat byl H ZSWS 284t al yst

has been: 0hsgr wed Lo FROW RO Sianifdcantodeactbyali arhd or Qe 0250
hours. No significant anmounts of formation of other products 25 were

obsel¥ednay tolerate exfhescziraintd cidedydravibhcaetiesing Winvh respect
to wei gzgcﬂ%ﬂcl y space velocity (WHSV, h-1) at 300C was shown in

Fi gure As can be seen from Fi gure 4, |ower space velocities were
observed to favour the formation of diethyl 30 ether conpared to

et hyl ene, and at BRGhRECYREY,CF Herd reeenbninfert gy e WassobSEr ved

to be mng If)&%@@l@t@@ﬂt of ethydlene selectIt}%lgr?f&ﬁsetﬂ{aﬁcth?,a[{r esent

invention is related to the ‘devel opment o ol d dehydration
cat al ystapnaieiceh agar rgaout oret trums radatrgdr atheont ¢rpatptcots eihianol
sol ufd o L. this. r r f e cancentyaid.@n in
wat er SDC?Treom fg tonllg%9v% f%é\}gcsreiltlﬁe |'eg%ra%£§?%ae'r esucft sl aré1 shown in
Tabl e 4.1iNg teitgeinf i babvedl fIEr e 0°f, t hedcanal yding aany \Aregiiere
observed di l,uting the ethanol soqlutions inthis ra ot
el | eved s YELRPLAr BLLE (1% GHOR Gnt TPF PHES o (ihe Fhelo
cat al ystrecerpesi tkapefitbhgs | meandd anok0, neNet £ Biat BHeXCESE c&RPUNL S
of water w thout |o0sing any activity. . ,
ether was observed to be more predominant and at higher
20 temperétures, was observed to resuli in the férmation of

ethylene more selectively.

The present invention is particularly advantageous
because the process for the selective synthesis of ethylene
from agueous ethanol solutions can be achieved on a modified

25 ZSM-5 catalyst. As shown in Table 4, the conversion and/or
selectivities were observed to not vary significantly by the
dilution of ethancel in water at 350 and 400°C (Table 4). It
is believed that these results suggest that the H;PO4
modified H-ZSM-5 catalyst is a water tolerant solid

30 catalyst.
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The process of the present invention provides for the production of
et hyl ene selectively fromethanol at appropriate reaction
tenperatures. The tenperature during 15 the reaction nay be
controlled, for exanple, and without limtation, between 250 to 450C,
and including any specific value within this range, such as, for
exanpl e, 400C. At |ow reaction tenperatures, below 350C, the
formation of diethyl ether was observed to be nore predom nant and at
hi gher ? 20 tenpef4t Usesel vaecbbidertygdet etndsad tsugyastie thetmabfon of
et hyl ene C!‘E%SS%O%CJ[ chéll l’.‘OdUCt on O?EEQEE? Inv%gt Ilf?\pﬂo%ed
parti cul ar?y advant ageous Y) dause The process or the sel &ctive

synt hesiisy afdddnhy keder {1 om agpreeys iethadohgsphosplonsiccamibde achileved
on a m)déé%?{j ;3: %SMS catal yst. As shown in Table 4, the conversion
and/ or s CFi-i-€8 wer e observed to not vary signifi cantly by the
di lution of et hanol in water at 350 and 400C (Table 4). It is

bel i eved that these festdtise aughestobhathbbeaPé imdichisedalil 7St 5
catal yst js.a water toIer nt. sol.id 30 catal yst. It is
bel | eved' 11D tHE SEORP bt SUgEYA TRt ‘PHEM b GR ¥ (GP5selBEL i ve
product i w1 cef: iehhykenessad He- idptewed byppddhngs medid yoegiragents,

i ncludin Bhos:)horlc acid, to | TZSM5 catalyst. 5It is to be

under st KA AP &F HE P os® fea 131 5 ﬂ%ﬁnbﬁhéeg%ﬁblélecﬁ wifdout

cl ai med dergséermtlhenfeaﬂ thaisspihe 3¢l eaki 9Rveht BosRaGidiinC cdavh 688!
apparatus, and sSpecific H3204 inpregnated H ZSM 5 catal ysts can be

dete{@ ned W t hout departing fromthe spirit of the invention herein
di sctbsed. 10The pFBsBRESTHvmtieah1PRcLBBSEIFE oh e SUSHEsaS

geonet I i fdmek $ORBL SisORd F£AlodtSORBI S sbASed BAsAS YdHTRIS inte @ BON,
stereoi soners and tautoners and is not limted by the descrlgtlon of

t he for MATROPY | GEEFRPRECHDFS 1396 §é!&é°@ﬁr§oﬂ0‘én+%rftcét 1igACER0BYh t he
foregoi nghd B¥ERLE PR FRASo PR formula illustrated for the sake of

convenience.

i5 Although the foregoing inwventicn has been
described in some detail by way of illustration and example,
and with regard to one or more embodiments, for the purposes
of clarity of understanding, it is readily apparent to those
off ordinary skill in the art ih light of the teachings of

20 this invéntion that certain changes, wvariations and
modifications may be made therete without departing from the
spirit or scope of the invention as described in the

appended claims.

It must be noted that as used in the specification
25 and the appended claims, the singular forms cf “a”, “an” and
“the” include plural reference unless the context clearly

indicates otherwise.

Unless defined otherwise all technical and

sclientific terms used herein have the same meaning as
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“described in sonme detail by way of illustration and exanple, and with
regard to one or nore enbodi nents, for the purposes of clarity of
understanding, it is readily apparent to those of ordinary skill in
the art in light of the teachings of 20 this invention that certain
changes, variations and nodifications may be nmade thereto w thout
departing fromthe spirit or scope of the invention as described in
t he appended clains. It nust be noted that as used in the .

speci f i catnimem125uaddr s heodppened ofl ardenatheslsi Ngulrarchkorms od "a",
"an” andf;the" i.ncl ude lur%!]yeference unl ess the context clearly

i ndi cat e8It h&fhPsehvention Belonggy 'ass defined ot herwi se all
techni cal and scientific terms used herein have the same neaning as
comonl y under st oadl t pulehie:0ficorsdi pacynski dihd ipattdre applticanheod this

i nvention bel ongs. . Al | publ.ications, patents and patent,_applications
cited | FAs SBnBkH ) o S T eSP o AT EP S 5" Paf er anca. as
i f eagh dgTdirehdbaks publécat 1@ iviahant pobl Ped eidn apRldetat ben wer e
specificalg¥ and indivjdually indicated.to be anq&porag&d by
ref er end&t ﬁeaEP_%aﬂwibfwea%é@&smatﬁm,arpcbtﬂaﬁl_ gruFat Ent
appl i catiir@n chRelihts SPeGidd GRId0Rd $yNOE T &Pl SSiHeN dikatibheor
publication, 10 patent or patent apprlcatlonlls.prlqr art. CLAl Ms:
1. A cat@lytPesnpbeni AR ApAtsPRGSAT calRl YA 1& Wdffying
agent, whereirn-Lhe ol fying Agent skt cRhesphoriL [Ag1dcasybrhuric acid
or tungsten trioxide, or a derivative thereof, and

10 = patent or patent application is pricr art. '
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t he phosphoric acid or derivative thereof, when present, is in an
anount fromgreater than 10 wt % and up to 50 wt, and the tungsten
trioxide, when present, is . in an ambunt fromgreater than 5 wt and
up to 50 wt % “ZAI¥Re catal yst conposition according to claimai,
wherein the nodifying agent is anchored to a surface of the catalyst.

3. The catal yst1 corrpOSI ta eRtap Fﬁsad doRgod a . in the
nodi fyi ng agent al TRY gg,nate t hi go gcrlg)? ES?%F;II?]%['LH Vgld% ? ?1 The

catal yst conposit | SnAccardEnP e aﬁ?e’fﬁé‘ Gf‘edl‘%l%lllgt@@t Wherel n
t he nodi fying é@@qpho&r:pmsphosultphamd afjddodefingdtbd e tNenaef o

The catal yst cqmpsk{ion.a é:gfnga}lg claim4, wherein the phospho-rl C
acid or derivative thereof |s présent in an am)unt ot- up to about'

20.0 wt% 6. The cat alé’lt corrp05|t| on according to any one of clains
1 to 5, wherein the cat ?\‘?s’? TPERTHE| ¥CiGk Pqederivative| thereof 7, wilne

cat al yst conpomrﬁﬁentaacsoﬁdl g etrr@uaayfme g@ba€d AltHBn 118 Q. a}’l‘@‘%{ ein

the catal yst i stoa_.-)gul”g% 0 umina, zirconia, titania,
silica O niobia; or a C)élﬁ’% nﬂ%]ltg'rpfg?ﬁer} S6f-0% %4, VgenTRReSEEtal {Stin

conposi tion acéor arﬂw@nﬁ Framysrnrdesf todminwt? 4 Gp whes®iwst he
catalyst is a zeolite. 9. The catalyst conposition according to
cl ai m 8, whereizn t he zed@hket eaﬂﬂ}etpem;&@lhlbﬂ%c%Qth§ &o c1Qin Hhe

cat al yst conpo%gbgfh%%o g ai.m.8 ein the zeolite
is H ZSM 5. he cata yg{@l%(rgfpgée% 3 53%‘6%#(“ §Otd SRFa6Heof
clains S to 10,“%?%’%33{5{% *a Si/Al ratio of fromabout . 20 to about
280. .12. The catal yst conposition according to any one of clains 1 to

11, which has &- surfaceTaeeaauaflyEtomr@kmuh&O atda:oéb%lﬁ t%o‘élggrﬂgt and a
pore vol ume of Er@mmgno’tgeombal@p% age { & J.%pregnated within

peres of the catalyst.

4. The catalyst composition acaording to any one
of claims 1 to 3, wherein the modifying agent is
phosphoric acid or a derivative thereof.

5. The catalyst composition according to claim 4,
wherein the phosphoric acid or derivative therecof is

present in an amount of up to about 20.0 wtg.

' ¥
6. The catalyst composition according to any one

of claims 1 to 5, wherein the catalyst is a bulk oxide or
a zeollte, |

7, The catalyst composition according to any one
of claims 1 to 6, wherein the catalyst is 2 bulk oxide
which is alumina, zirconia, titania, silica or niobia; or
a combination thereof,
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13. A catal yst conposition conprising a catalyst and a nodifying
agent, wherein the nodifying agent is phosphoric acid,

sul phuric acid’or tungsten trioxide, or a derivative thereof; and
wherein the caBal yst compestiia0fstSc@os3elestddRraonyaiSkap e

et hanol to ethylepe, . . A cat st. cqnposition cqonprising a catalyst
and a nodi fyi né a‘é}garftn'?s,l4l €.\° & %lhgrm\%gql i ﬁaf?ljey.%&ﬁfiri?r‘?ﬁlgﬁ%nt is
phosphoric acid, sulphuric acid or tungsten trioxide, or a derivative
thereof: and °° THA F 213 YERecTmOgH 501 AR ding o dafrors,

sel ective convehsi®in ahebuésniale 1o HYWarhenEs-t @3k zedbitd) Process for
prepari ng an al kene by dehydration conprising mxing one or nore

al cohol s and oppi onal | y myat er t . yst_ conposition, as defined
in any one of claims 1 to 1%‘:5&'%%; éh%‘é)%%%g%é@sacfggg%@? ntg‘f f%aﬂ% m 15,
wherein the al B8hdl WSretRabisl zealbir difoF~88M=5 conbi nati on of

met hanol and ethanol, and the dehydration reaction is conducted at a

t enperature of 1irom aboChe 2&fstlgsabontpobd@i€h ackbrdfuprRcess 4y
preparing ethybeng: by, deghydration, risi i xi_ng et hanol and
optional Iy water, ér%n t he cafotdl 3?%8}2%03 ??6%5! é%?"d%f?*né&"innaal%qlﬁi m
13, and wher ei A%t FR @RMWFdEERi on reaction is conducted at a
tenperature of from about 250 to about 450'C. 35

1z, The cataly;t composition acgording to any one

of ¢laims 1 to 1l, which has a surface area of from about

70 to about 200 m*/g and a pere volume of from about 0.10
to about 0.17 cc/g. '

15. A catalyst composition comprising a catalyst
and a modifying agent, '

wherein the meodifying agent is phosphoric acid,
sulphuric acid or tungsten trioxide, or a derivative

theresf; and

wherein the catalyst composition is for
selective conversion of ethanol to ethylene.

14. A catalyst composition comprising a catalyst
and a modifying agent,

wherein the modifying agent 1s phosphoric acid,
sulphuric acid or tungsten trioxide, or a derivative

theresof; and

wherein the catalyst composition is for

selective conversion of butanol to butylenes.
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15 A process for preparing an alkene by
dehydratien comprising mixing one or more alcohols and
optionally water and the catalyst composition as defined
in any one of claims 1 to 12.

16. The process according to claim 15, wherein the
alcohol is ethanol, n-butanol or a combination of
methanol and ethanol, and the dehydration reaction is

conducted at a temperature of from about 250 to abouk
450°¢c.

17. A process for preparing ethylene by dehydration
comprising mixing ethanol and optisnally water, and the .
catalyst composition as defined in elaim 13, and wherein

the dehydration reaction is conducted at a temperature of
frem about 250 to about 430°C.
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