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WO 2007/063281PCT/GB2006/004352 Process for producing ethylene

The present invention relates to a process for the production of ethylene
from a feedstock comprising ethanol. 50lefin(s) have traditionally been
protiticee8¢33tdam or catalytic cracking of hydrocarbons. HowevBET/GB2006/004352
inevitably as oil resources decrease thel price of oil will continue to

increase; making light olefin(s) production a costly process. Thus there is
an ever- growing need for non-petroleum routes to produce C2+ olefin(s),
essentially ethylene and propylene. Such oIefln(s) are useful starting
materials for numerous clfaicsl forage o ethydéng polymeric products
such as polyethylene and polypropylene In recent years the search for
alternative materials for C2+ olefin(s) production has led to the use of
alcohdlsesprepeatinvetiimolcletbaioo Bisgasigivethtcondrstivhelly rofiom 2

Mmavhe pggﬂﬂ hyithe fermentation of, for example, sugars and/or
cellulosic materials. Alternatively, alcohols may be produced from

synthé¥efiges have rasitinnally bses prgducpddyhstiagiog saiabfis Sterking of
IRIARIRGIANIOb WydEpaaR AR FaskanQxdRs SMeskeeasiR prwihesisdRsontinue

plant from a carbon source such as natural gas, petroleum |I%§Jlds

183157 R b A QLTI SheRsisiiom & ey BERC S i i pia e ever-

FricinRbwastasneaioy-ar %u%m@t@r(bdh(%m}lﬁ— Slee), asgblat@qwthytene and
derivatives may, proyvide non roleum based routes for the duc A qgucts

RISRES- M%?A%ﬁ%t@%ﬁ %@%@ nfé’FaW“?ﬁ
ﬁwﬂﬂfgaéel%trﬂétﬁnqmdﬁwha&ohstpmstbjaem\aﬁdlptﬁepwpﬂess steps The

three process ste re S nt esis gas prepa n hesi
and m%’tﬁecﬁg Eﬁfﬁ% 5a?|86a Fn S& E*syf'%f‘ne%lslg?’ga{srtl)‘gtepargg%?tosﬁ,) etzs ]Ypéﬁj fodtction has
bddbttthaabs@ém@bmm@mdmylmmmmemm@maf&h eafgl alcohols
the eedstock o} t

AR S BN A L0 D AN, e

stage éétqrabémie caerhndsadearhsrnspAvess premareribasie gpuhlsa keavems
9’55%'9? %‘1 hgtsvgét Pt@&%%%t%ﬂtﬂgﬁeﬁwsg%t%efca%&@emdes produced

ydrogen (synthesis gas) are well known. Each has its

movertheus sascIRbHIOBNAGEROR SAUIGE THbics BHUShe s, paieienay liquids,

HRIRINgAeeRadSACialad iRy BRANRRYC NG SURIBDIRIeRY, BHBARThal wastes, or

30considerations, as well as by the desired mole ratio of H2:CQ in the
% 9&EaRIe Fé%ﬁﬁﬁi?’ig Thus, alcohol and alcohol derivatives may provide non-petroleum

based routes for the production of olefin(s) and other related hydrocarbons.

Generally, the production of oxygenates, primarily methanol, takes place via three
process steps. The three process steps are: synthesis gas preparation, methanol synthesis,
and methanol purification. In the synthesis gas preparation step, an additional stage maybe
employed by where the feedstock is treated, e.g. the feedstock is purified to remove sulfur
and other potential catalyst poisons prior to being converted into synthesis gas. This
additional stage can also be conducted after syngas preparation, e.g. when coal or biomass
is employed.

Processes for producing mixtures of carbon oxide(s) and hydrogen (synthesis gas)
are well kno§»;n. Each has its advantages and disadvantages and the choice of using a
particular reforming process is dictated by economic and available feed stream
considerations, as well as by the desired mole ratio of H2:CO in the feedstock resulting
from the reforming reaction. The synthesis gas may be prepared using any of the processes

known in the art including partial oxidation of hydrocarbons, steam reforming, gas heated
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from the reforming reaction. The synthesis gas may be prepared using
any of the processes known in the art including partial oxidation of
hydrocarbons, steam reforming, gas heated reforming, microchanncl
reforming (as described in, for example, US 6,284,217), plasma reforming,
autothermal reforming and any combingtion thereof. A discussion of these
synthesis gas production technologies 1s provided in "Hydrocarbon
Processing” V78, NA, 87-90, 92-93 (April 1999) and "Petrole et
Techniques”, N. 415, 86-93 (July-August 1998). 5It is also known that the
E’yﬂﬂﬂgstsigﬁ&ﬁnﬁycb&ﬁdﬂtaﬁngddsﬂmamttipafﬂﬁémdﬂﬂ&dﬁ&ﬁ 284,217), plasma
%y%ﬁ% Qprtlg glml %%{m ucture d d reactar. asuexe%pcpllfﬁd na IM%%;I; 3 these
roce e

ngs 0 rnatlo?{a on erence on |croreact|on
syﬂ@em@mgwdaqﬁ@n m@mfemeeesmmgmd%na&m@maqbagé’sorm%vm N4,

g 7YY xtﬁhqww%alsmm@wp&m@%dz@yﬁ@wm&t%a 1998).

catalytlc partial oxidation of hydrocarbonaceous feedstocks as déscribed

It i 490 knopgphashosypibsn] Spnmaxid yasined i fetrbcarighnadation of
hydefanveis BrecessRaersesibedddr fa.yai@ﬁgﬂbﬁéu%mglmmg 200 dMgs of the

T 67-69;."H rbon Processing”, 79/9,.34. (Septe
TR R LB YA S SU Yereld,Springer
VaR02388% aRyp L Kar M&mﬁm@smmammmomm&mmmm short

colbighiihe ! tef% %ﬁd%xﬁ%ﬁ 9&%@%@%&5@8&@%@{@%"% 3! &Y%a24Bed in EP

75 bar and t perature at which the synthesis gas exits ormer

033HGSs f%mca%b igapao el vie pf i mEst B efhree)mnssss as

d&%&@%@@&&%&ﬁ@@gﬂéﬁ@gﬁm csa@?rs@)%ﬁlg‘twgg&b%on Processmg :
e edasioc rarn) rom (0]
Tl e R Do i LABERR AL IS 0254

andOWeENRee02368and 2:1. The applicants believe that the reaction of

prodyging, ﬁ-{l Oﬁlnj e?c?jzig}gg% érgglugg( hesis g aﬁr%’»[e}ﬁvtaﬁl‘%r{hg Dy@thesis

s0:2 --> on swic |om owever, In

gasdsl mmﬁ\medﬂsnms Wam Eppryshiftedy Sldn ¢abal so&émw\pmm whigh the

K Bﬁ,‘ijﬁ;ﬁ@ g
%ﬁ%ﬁ%ﬁ g{r%g%;%%?éagaen Efr%duc ion. CO él Bgﬁﬁgggjx i%@%%(} N

Theesvbesi SiesRstdps hagtaineiinteres Sradesy ‘P’%diIM@tm—ﬂﬁPCﬂdmt

0&%5@@@5@&;&5@@@01@%@3@%111 0.8ne@gldition to this the Water gas shift

react 02 d 1-12 to substitute 0O, So th |red
mola YatiSor a?coﬁm%aﬁﬁﬁ%’fgsc%é%g &/F?ﬁ%‘ﬁr ﬁ't‘é’r ‘3 typically

b(ﬁ&éﬂaom.(@@MOOZ) and in this case the required ratio is 2. AMENDED
SH B applicants believe that the reaction of producing alcohol, such as ethanol, from
synthesis gas can be written as 50:2CO + 4H2 ~> EtOH + H20 reaction stoichiometry 2:1
However, in addition‘to this the water gas shift reaction can also readily occur and thus the
equilibrium under typical alcohol synthesis conditions strongly favours carbon dioxide and
hydrogen production.

CO+H20=C02 +H2
So the overall alcohol synthesis can be written as s0:
3CO + 3 H2 - EtOH + CO2 reaction stoichiometry 1:1

In addition to this the water gas shift reaction allows CO2 and H2 to substitute for
CO. So the required molar syngas ratio for alcohol synthesis can be written in terms of

(H2-COZY:(CO+ COZ) and in this case the required ratio is 2 ,

AMENDED SHEET
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WO 2007/063281PCT/G1321106/004352 3 However, the H2:CO molar
ratio used in practice is typically higher due to by- product formation, such

as alkanes. The synthesis gas preparation, also know than those stated _
abBP24¢ ¥ ing may take place in a single-step wherein all diGh&B2006/004352

energy consuming and generating refogming reactions are accomplished.
For example, in a single 5 tubular steam reformer the reaction is overall
endothermic whereas in autothermal reforming combustion of some of the
feed and product is used to balance the heat duty. The single-step stream
reforriiemeses e EUEOimtier pridwstd inafrectiptlis Wpdraldefighes due to by-

p?cggtflg{ rf%gna#%rrp NG NISHNEHS F35PERRAIAHAP MR AR PIARY Thah those

Wo-Step reforming process wherein’the primary reforming in a tubular
sstednbeafonniiipora B dakenlass ioasRmerfire&stRatl i by

ol Y dndsolation REQEAERR PasY AERISIARSAVIIR ABHGIRNEY A single
Cirﬁ%ﬁ(%%%. %Vith thisgcombingéon it is possible toﬁad'ust the synt{f\qejsis

tefalasstensRformesdhe MeasHSY ERsaill PG theaL s HRsHTaS BANS SRR Yor
sthanal sypihgsisofsak altanaberaueibesmabieiuTimgHestshimeduty.
simplified process scheme with a lower capital cos@?ng}tﬁ{}ema reﬁ};{rging Ina
Toasingle- SR AT E BT JHRHPELP TR T AR BRI R Ry S g R
seficientisthpsisesy ahesthems iaepaveson teastakppitienoh theoedeposforming
dioxide present, in order to obtain the desired molar ratio of.hydrogendto..
AT L R TR S PO S S R e e i
m%&&ﬁ%d&mwmmﬂtﬂymmwwdéammﬁiﬁhﬁr@@mférsmtbé&is gas
Paps RADERANSLIS RUIe A Atk SO RMRRIANIR LR ALRIANAR the synthesis
CHSES B Ry RS AVeTsion must be maintained r economic
gonsidpeatiomsustdaisordenivabighhsrassuraidle connagtsgefas sgbanol
S\%lgllt%@élsst’ R th%lfggﬁl %?a\e{{&%ﬂﬂ%ﬁﬁrﬁlﬁg%\ggﬁk@mmﬁﬁp@%@ REAES scheme

ume. As disclosed in'U.S. Pa No. 3,326 , low-pressure methanol

withthisisisiritdgoh A sofrsrekiabumpoRindarfiiadatanfsomzen-fired

callveperaies-at amennal Riasate Al MParnthabismResalRsa
%Rﬁg%é f#é)cr? appr%imatelygié}éo DEC C.% 4650 EG C. ,overra variet;q/:g{ hydrogen

Pttt e crIBRTYCCURESIRIOTRIG ordssdn 2RI T glss iR ORsI o 631
GRaNLRYides, Pt, and Pd. Catalysts based on ZnO for the production of
methanol and dimethyl ether are preferred. The Iogg-press

re, .. .
CoppeFlisdsaeHivfe RSP IHE SRS (XPIYEPIR R MNEAT AP AVl Froiermic
SHRRiaE ke @S BABM.| Cht ebrabikier friied I ngdetimmmh s Haldex BOlow
Topsoe. Methanol yields from copper-based catalysts. are generally, ave .
OB B VRIS SO LR CE UL ins b e W Leonomic
thasconmessio it afdhecgyithdszh gpas toroxygermbesrdgpagas aatitlzel, as the

;ga%lt?ocr}_l;o\%gﬂrgrcoh u(():!iol%)éti%rn%%gﬁibit a decrease in volume. As disclosed in U.S. Pat.
No. 3,326,956, low-pressure methanol syﬁthesis is based on a copper oxide-zinc oxide-
alumina catalyst that typically operates at a nominal pressure of 5-10 MPa and
temperatures ranging from approximately 150 DEG C. to 450 DEG C. over a variety of
catalysts, including CuO/ZnO/Al2 O3, CuO/Zn0/Cr2 O3, ZnO/Cr2 O3, Fe, Co, Ni, Ru,
Os, Pt, and Pd. Catalysts based on ZnO for the production of methanol and dimethyl ether -
are preferred. The low-pressure, copper-based methanol_synthesis catalyst is commercially
available from suppliers such as BASF, ICI Ltd. of the United Kingdom, and Haldor-
Topsoe. Methanol yields from copper-based catalysts are generally over 99.5% of the
converted CO-+CO2 present. Water is a known by-product of the conversion of the

synthesis gas to oxygenates, A paper entitled, "Selection 'of Technology for Large
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WO 2007/063281PCT/G82006/004352 Methanol Plants," by Helge
Holm-Larsen,*presented at the 1994 World Methanol Conference, Nov.

30-Dec. 1, 1994, in Geneva, Switzerland, and herein incorporated by
refd@AE/1&3Ews the developments in methanol production andP§HGAR2006/004352
how further reduction in costs of methanol production will result in the
construction of very large 5plants with capacities approaching 10,000

metric tonnes per day. U.S. Pat. No. 4,543/135 discloses a process for
converting an oxygenate feedstock comprising methanol, dimethyl ether
IdiethantikBlamtay] byt patéoborversiorpresatod intthtid At iydrbt dMbtasol

EORIAIIONR SASIETRS) AN, CELVEraGARONT, TR (ol AGINEL by

are compresse recover an ethylene-rich gas. The ethylene-rich gas is

refeyerienl EOioviRdhoXiryelnptecsshinersidinnebptoduction mst shpsvuboveirgher
AISRASE S PERGESH dRAONYSHNG R VIR PRLRR 1R @RsBlRGIMIbIBE VEWM Rk ge

of a hydrogen-rich gaseous product to a synthesis gas plant or the

PRpietiae trnoiiss rpTeating b petipiennedPy, 495, 114 discloses a

process foptheneonvessiansafifabiealgas dagasaling aagelidifeenate feedstock
hydrocarbons and/or,olefinés)‘ by converting the natural gas to a

B pHtHRERGRCLAIBEIVE ARG Hidhs AR RIFAY B5 e qaVRtigm sractor info
@ﬁﬂifﬂ@éf}idr@tb%hgfi?ﬁg@mﬁﬁ(@mﬁ&ﬁ@ﬁd@dﬁmwﬁﬂdﬂemm—@
ether to gasoline and, olefin(s). International Patent Application No. .
SS9 KIS o7 FETATAS 8 ST TP O e 0 SR BRI I recyeled
siliod-alesninocphoaphatecaataly $1 iiteh o6 Gl ditoldeaciipatienstir

coking. Theiater%t d{'sclgsso s(tah\gttﬁ\fter% erio q{t'meér?_lylf.g ch c%tuasl SISt ot to a
FINSEN o ES AV THhE in sf éﬂjﬂ ) fose e ac |vegaagﬁ|tyt

VEHThewanol 1o dle
enniiresits et hlmo btalivyoxggarite wsprimanilydaettamgenhe microporous

CrYStASIIBH R St IRl leR MBI Y BIANISABPRAGER ths to
compounds WhIC?'I locK the pore structure. The carbonaceous
gasoipugrddchanbbhedragepny aasheeia nt Meteoueripghgatural gas to a

tion in.aif. icati . .
g e e

evaantheycanventinaibe sBIde medhenridancblistherda dbiore anbeleiyak;
contacfing-HAg she e iR lixatb e selid Anidie wedaidia distllation an improved

structure to form the corresponding dialkyl ether and water, and
gesriberreRiyOT HERS atiHg e BINEP R RRbR T SRRk E WSk Sha s rdatie

ateRalfon by coking. The patent discloses that after a period of time, all such catalysts
used to convert methanol to olefin(s) (MTO) lose the active ability to convert methanol to
hydrocarbons primarily because the microporous crystal structure is coked; that is, filled
up with low volatility carbonaceous compounds which block the pore structure. The
carbonaceous compounds can be removed by conventional methods such as combustion in
air.

EPO publication No. 0 407 038A1 describes a method for producing dialkyl ethers
comprising feeding a stream containing an alkyl alcohol to a distillation column reactor
into a feed zone, contacting the stream with a fixed bed solid acidic catalytic distillation
structure to form the corresponding dialkyl ether and water, and concurrently fractionating
the ether product from the water and unreacted materials.

U.S. Pat. No 5,817,906 describes a process for producing light olefin(s) from a
crude oxygenate feedstock comprising alcohol and water. The process employs two

reaction stages. Firstly, the alcohol is converted using reaction with distillation to an ether.
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30U.S. Pat. No 5,817,906 describes a process for producing light olefin(s)

from a crude oxygenate feedstock comprising alcohol and water. The

process employs two reaction stages. Firstly, the alcohol is converted

usiVg PE&EHSR8Nith distillation to an ether. WO PCT/GB2006/004352
2007/063281PCT/GB2006/004352 5 The ether is then subsequently

passed to an oxygenate conversion zone containing a

metalaluminosilicate catalyst to produce a light olefin stream. There is a

well known chemistry that can be employed to produce olefin(s) from

‘Bhestientdy, then (i o HoP6s BN R RXVERDALH FOBN LS RIs 1988 GPBEINIRE 2

Handhepk o Retrolews: isfinnmey QQ%%@‘M%&QMO” Chapter 15.1
editor R.A. Meyers published by McGraw Hill ) This said MTO

Procesd e 1 WS ERBRE Shetmstaethptiratie égﬂﬁﬂﬁbddﬁ‘) prafnshSggn(s) from
Qlﬁflﬂ@(@é) TBI$H@Mélﬁih§[ﬁdsotbﬁb@ltmoﬁﬁﬁfé§¢l€a§dé@blﬂbéw1ﬁf£§éhdbook of

A S A it

meebxam{agye of the said VITO process is that a range of olefin(s) are

co- pro;il cedt \(/)vclstrésaggr%atlg %nt% Xeﬁ cadat{cts \C/)Vhl hin fumthanol

makeS| very r expenswe Jireedverthe dasired” &e‘fﬂ % e

mgkﬁﬁu@by This nmlmmd;m sidvagblchpasted mmc@popdmg of;@taﬂments

%g Oeg%e@ %%ﬁoéété&p;%@h/ dﬁ%@%‘ﬁﬁl&ﬁéﬁ%ﬁ’ Hggf oxonium
1%\ are known to promote the 15 conversion o oxygenates

mem@dmtroféq@fmmw@wérﬁwwg@ef&emmmmzesevam6@5& arange of

g
G dews oo St s o e gt

reskant ver il cabignrd expsanim rasgver tierdsvise (i ehiigh purity.

4,677, %Al diip etdy & 8deh B8 3 i i dhGR%s T B OB M Al d hh 7Bl
(Hannon et al.); 5,095,163 (Barger); 5, 191 141 20(Barger) 5,126,308

eefahgséf») par@%aﬁyzs&%}gynmlw%it@% (AR Qksgre KnopptRpremetsdhion

Basvardlighoneityatipnans aisRassiv et evreihanahaitsitathi eieon
activation step so in or L(}qu%to achieve reasonable %Ss the{e IS ?gen a

FRSHRST KRJIP e RRERSSRes g 08By RES NE RS e FRIBRGR gy may be used in
ﬂﬁepaﬂmsat;mbﬁae sagl mmesnam@s {eRRS 3PS YT (Ehenguchl.);

de tlva nifi cq ct far
dger’to lilgr%nrﬁ?llze hté ,6465:3( Z edgelaétlo ’sgm%fy %agoéq%%sa gd d?lg\?vIeéy (Inui);
témﬁé’rmtﬂﬁeédbmethis) neéés‘sifﬁtéﬁam@arer@aetcﬁr,@% e I@imgcr)a falge 141
V; t ctant ajor
? % %nstaalrg%c éé%:éga%% wﬁﬁ %28{%3 pr C(%és% 1?sgt 1atQ%tr?ect%q())(lrlnatlc and

alkane By pld§lesectina bessrbtilicadi tebearacvgvhnbesibletin@paneihamrol or
QQH&‘&B’T ICHLr activation step so in order to achieve reasonable rates there is often a need

for high temperatures e.g. 300-450°C. However, unfortunately operating at these said high
temperatures leads to major problems such as catalyst deactivation, coking and significant
by-product formation. In order to minimize these problems the reactions may be operated
at lower temperatures, but this necessitates larger reactors in addition to a large expensive
recycle of intermediates and reactants.

Another major disadvantage associated with the MTO process is that the aromatic
and alkane by-products are co-produced together with the oleﬁn(s) and are both difficult
and expensive to separate from the desired products, e.g. separating ethylene and ethane is

an expensive process.
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30and expensive to separate from the desired products, e.g. separating

ethylene and ethane is an expensive process. WO
2007/063281PCT/GB2006/004352 6 These and other disadvantages of
th&BrfOP #PERdw that there is a need for an improved and/or altdirE{R006/004352
process for the production of C2 and C3 olefins from alcohols. ~ The '
solution to these and other disadvantages is provided by the present

invention, which relates specifically to a new non-MTO process which

proceeds via the dehydration 5of ethanol into olefins. This dehydration
reactiGihdsecharatteridieadvatiegesaiiba paehert tubibasdhrrs kra fepthiog an

by eliminati NSRS INECRIPHNS REGRIRAA alcohols.
1&%@%%%% %Pgr}igl %ﬁ%%%%g%ﬁ%%ﬂgﬁgﬁggy% should be noted thlat for thi: CO, .
dehydFationlotientaribespynskethee iy saiaetismiesileh ResarmEy By eoton,

SRuRlDg:ef alkvl faapenis.evnasitica s lalisngisoresisalion dshgiration
as: 102 propylene ->'T-lexcne = The by-products can aJso be formed b¥b

ol ethiroptiaky alefen dton dehydetioarercionds CHIEERIR ﬁlzt?aﬁ?é {yeigroon
3285 LA Ppi3eriita ¥yMpismadadt kiashbngtandntb & ¥eshielade the coupling of
The state of the hydrogen liberated may not l;e e}és @ﬁ h%sdrogggt}n tt%ut gs

IR SBRBRNESRYAIBE SASSOR PAHICERIMISIE) dh R s BAIREE o the
DHRIERRLOBHERSTI0-8:9dEiRyiR frm bR THeanead Bttfanntd by coupling of alkyl
Acetaldehyde + ethagg'; + water . The.f%rggtis%nhog same carbon number
Epemalsis Rrsihers s S Y RIHE AR IS R BniRfaxity and cost of

pradpding puiifiedmdefins for polymer manufacture. For example 20the

industiaiiy pracied.calalylie gragling 6f Ddigsarinndaedainaislo
produce ol RS for pofymer manufacture is a capltallg intensive process

Withnalsymifictaldginopotidn of Priatiss FRGWAd iR Hlimber olefin
m ﬁlslﬁ%)?ﬁasﬁ&%?ﬁ- Jakis separgyion of ethane from ethylene and
r

propane from propylene (as described in Handbook of Petroleum refinin

A g .
procesEbs thirdoédidry doBapideriedimrrunt hnaydieendrenabyy as chemisorbed
%%%@e\ﬂ Of particular relevance is the transfer hydrogenation reaction e.g.

Ethylene + H2 > ethane
2 Bthanol = Acetaldehyde + ethane + water

The formation of same carbon number alkanes is known to add significantly to the
complexity and cost of producing purified olefins for polymer manufacture. For example
the industrially practiced catalytic cracking of hydrocarbon feedstocks to produce olefins
for polymer manufacture is a capitally intensive process with a significant proportion of
the cost involved in same number olefin and alkane separation. That is separation of
ethane from ethylene and propane from propylene (as described in Handbook of Petroleum
refining processes third edition , Chapter 3 editor R.A. Meyers published by McGraw
Hill). This is also a disadvantage for the MTO process, (Ibid chapter 15.1). Dehydration
of ethanol to ethylene has been commercially practiced in places such as Brazil, and India,
albeit at a small scale. The reported reaction conditidns are such that high conversion per
pass to olefin is achieved at e.g. 1-2 barg, >350C. Itis a high selectivity process but
produces unacceptable levels of alkanes for direct use in the preparation of polyethylene.
Acceptable levels are often quoted as less than 500ppm combined ethane and methane.
Current practice of dehydration leads to olefins which need expensive purification before

use in current polymerization processes, as is also the case with MTO.



10

15

20

25

30

25Hill). This is also a disadvantage for the MTO process, (Ibid chapter

15.1). Dehydration of ethanol to ethylene has been commercially practiced

in places such as Brazil, and India, albeit at a small scale. The reported

reSiaM &8hdtons are such that high conversion per pass to oleffT4B2006/004352
achieved at e.g. 1-2 barg, >350C. It is a-high selectivity process but

produces unacceptable levels of alkanes for direct use in the preparation

of polyethylene. 30 Acceptable levels are often quoted as less than

500ppm combined ethane and methane. Current practice of dehydratiOn

leads 16-2IEhINHIAY P84 esgseihshvienserificdtionrbédsiecdsdimlietinehy

By BSIAAINR PERGARTE B P S USQG CASR VUIaMILRind cataldsPirl8E vapour
No 5,475,183 describes a process for producing light olefins by

BRASG aref AR RIS MEGRTY Bluek irbh aridcs B1g AANIPRCaiBkpst8 Barg

withe yarousiphiaselct heibumisalweacsoaLonditions given in the examples
are 300-400C at 8 to 18 Barg with reported olefin selectivities between 65

and 9798 BERPIINE DGR by b r dtRndnrdussiie privatibtef
ingsbl prakity afivepaurcpbrse wdinhatiorepelafaiwitopadts @fagiguiticonverted

containi ted alcghol bei cled. T tion .
DR e e P A D P LS T e S e i at 400-
pReSsurkalRe3guatg- ThaotiFhpradchheing kepizdtdpastldBhE gporior to
éogﬁ%%ﬁﬁgé%’%ﬁ%afgﬁ%ﬁszﬁgf%%@?m les were %ﬁ%’g%&%&%d"sr&%é‘%%% .US Pat

S0 desEribes now sthanol can be
tory2iiatdd atsadiztozitics bavtotbaiheasxtamdphesiretith isiidie hatinriaaicandThe

%%%,%Wsm@é ;’Qﬁu% g’n &8%@}%%&@1%&7 %Q%’{E%%%QQ %Bt!grh?ﬁmo%% ethylene

000ppm wt on ethylene. This Is unaccepta r polyethylene

prodigtifor aviendit-2000Spanputificatioie Db Hais Nomprsepede seripdsethylene

bR CHShRlEIas GaRPEHAIRGH from syngas- 15derived alcohol
mixtures béé/éﬂ)%%rﬁ%hase freatment with a zeolite catalyst between 300-
?

500C &M &6a daseallzidorihé xamhpleinnawahsohtaigd from syngas-

AGREicaRbEONYSEEIRE: 19, Qe PHaRerOXHRQEATRANSO66H tathl i 8etween 300-
examples describe the dehydration of mixtures of Cl to Q7 alcohols.

EYYnimt 204 d 000kE ¥Ry FEls s sraplrndasshavishehisnLirsnt pqmyersion to
ethambhigha?hetharabhdYedaapioparAxMmaYedpiamcntle dd¥alration of mixtures

isp-butanol, 2% 20 hut , 2.1% Igohol, 0,9% s, 0.2%

RIS 435 SOTEP B EHAES U5 o 4458 S g s methano,
priieriendy] 9.3 batenel 1043 $@Ebphydydaubonsotlesly. stgniticantnol, 2%
Sonvelion of ueL cabon Bpislics o.ighe carbon Iadmenis 9, o penaes

occurringon zeolite capeﬂys’t escr
theisyrite3setidamix8d. 8frplopkstsdarh gbdt@ieplifiisatiOn-tdigivecarbons. Clearly

Xt f | which tly dehydrat t .
T T e Ty -
dfermettisind zpabicteatidysidration, but not the removal of 04 and higher
alcoholsg pyt H§4§@%b‘ﬁ)‘b&%ﬁ%§%@l‘§§ﬁ{ﬂ%§§ %%@g&%@ﬂ%&&?&ﬁﬂr d

vapour phase dehydration of ethanol over a supported phosphoric aci

catiflgstionite sbdiadnirwatef dherahradgraonelyghichdesuhsapieory dehodrated at
Bherrsacton tompesatue s A PIa¥es AL e e eRe3R0:4 090 8Rd RS methanol

experiments were conducted at atmospheric pressure in a glass tube. The
rgt%,tfééehydrmlon,‘bu?: not the removal of C4 and higher alcohols.

US Pat No 4,423,270 describes the atmospheric pressure vapour phase dehydration
of ethanol over a supported phosphoric acid catalyst with additional water and an alkyl
substituted phosphoric acid. The reaction temperatures employed are between 300-400C

and the experiments were conducted at atmospheric pressure in a glass tube. The reported
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8 yields of ethylene ranged from 88-101% , no details of by-product
formation was disclosed. US Pat No 4727214 describes the
dehydration of ethanol over a crystalline aluminosilicate zeolite. The
coMdnRIAE E¥hed are between 1 and 10 bar and 126 and 5526 @ CID&tEA6/004352
of by-product formation are supplied to gne decimal place and a selectivity
to ethylene of 100% is reported. It is, however unclear from the patent if
material suitable for polymer grade ethylene can be made without
additional purification for removal of ethane. Limited experimental
iriRddaeitshvisnevanapieifomni propEnc ndedajeitavbhydoodnel koufatonalysis
16Q1R4475 (1997) G.Larsen et al, J. Phy. Chem B 109/8 3345-3354), we
have found that the dehydration proceeds in a similar manner to that

reporteddYSretahtl! dithdsaeiibebiprshudieiinmeitrshaad) camaierystalline
aldeivlatkeienss. olisoRREIRS IR Qf MOMMREIOTHAMIN RO and

more sipificant, The_ present invention relates to a process for the

pré&uddeiilss SRy g urs Ao wauing 35t sERpli! 1oraps dseimaloriace and a selectivity
@cﬂﬂﬁ@d_d mest e woaHkaepssathemg mﬁiﬁ@iﬁﬁﬁéﬁe&hﬁcﬁﬁ%@d Haldye ARtk Suitable
aid embodiment comprises_.optional and/or preferred process steps

R ARG HHE PRI A GRBACS N HRHEA LA AU o hgantps removal of
edigaspond to those used in the present description and appending
cIaimsL%O;EQg e%r%%netﬂp\f?ﬂ ion I Igltel\s Jg ; d%ﬁo ess for the ?g%u tion of I
ethylend Trom & athanot feedarstiOA R AL PHARIG IS L H TRaR kg Asiep lourma
of rsabtkia 6P fé@ Bt (ERW i Srbarteddnal VaiouCbhasB I0QRGIMMEASA), we have

g%%t paldsgauaEse &@a&rﬁda%ﬁtﬁggrg%ﬁgﬁgg@g ey 81 Eehanol, with

etny ethers, water and unconverted e proauc

streidantB-mabsidarBatin eaidebsied PrctivdessiteiansB dbighsesrgadbe iatcof
SERARAIan AR SNSRI Lsle A freRpPrising ethylene and diethyl

ethers, and a second product stream D comprising water, diethyl ethers
and un&BhyEsted Brrearion relates tehpnsasgssiod the Bredastion effetitlsne from
dewatering unit wherein the water stream F is 30separated from the

diethyl ethers and unconverted ethanol stream E, 5, the said stream
Eis rea}%\’éﬂ }iﬁﬁ?rﬁ’f@rﬁ%ﬂg}ﬁ %Bﬁd;gggfd}f&fg@ﬁsischeme according to the present

invention. This said embodiment comprises optional and/or preferred process steps

according to the present invention. The letter references in Figure 1 correspond to those
used in the present description and appending claims.,
The present invention relates to a process for the production of ethylene from an
ethanol feedstock A characterised by the following steps;
1. the ethanol feedstock A is reacted in a vapour phase reactor wherein the ethanbl is

converted into a product stream B comprising ethylene, diethyl ethers, water and

unconverted ethanol,

2. the said product stream B is cooled,

3. the said cooled product stream B is disengaged in a separation unit to give a first
stream C comprising ethylene and diethyl ethers, and a second product stream D
comprising water, diethyl ethers and unconverted ethanol,

4. the said product stream D is fed to a dewatering unit wherein the water stream F is
separated from the diethyl ethers and unconverted ethanol stream E,

5. the said stream E is recycled into the dehydration reactor of step 1,

6. the said product stream C is cooled,



10

15

25

30

6. the said product stream C is cooled, 9 7. the said cooled product

stream C is fed to a purification unit wherein the diethyl ethers stream G is
separated from the ethylene stream H, and 8. optionally, the ethyl ethers
stt¥EM878488Y cled to either the dewatering unit of step 4 or dird&ill/¢&2006/004352
dehydration reactor of step 1. 5According to a preferred embodiment, the
present invention provides a process for the conversion of hydrocarbon to
ethylene wherein the ethanol feed A of the hereabovc step 1 come from

the separation of a mixed ethanol and propanol oxygenates feedstock.

Acdorditigté sretbrioridiTgaandb dtitatente iruififadentmiarirapin the diethyl
providethéarpsneassie iberasyersiomelideasatkansHy fiylene

comprising the steps_of 10a. converting. hydrocarbons in @ syngas reactor,
o VR B 57 SUTCHS T o BTG BB M N G U of st
mixturd of daebintoxielefd)asind tepdtogeisteprh. step (a) in the presence of

a partiqulate,catalyst in.a reactar under a temperature comprised petween .
200 arfa O0E G & RS A S A B o R AR RO s o
thbethrarodjm afSigdratddast parthyl sadvieedsttcetamprisingletianohasabove
the ethanolfeed,A and proceeding. according to steps 1 to 8 describ

e S OIS B e AT SR IR A OB P O Rtk
ethylerfeccanijnigyid rosdhioopresntedring édadentydbapresent iy basiooprevides a

inte adfesdaiock .20 Gomp IRRLEARAR Henpide @Qﬁ%ﬂ{g%@s@m

preferably a synthesis gas {or "syngas"), is Usefu e processes of the
inventiePryertingay ARsAEbaRD & FSEBE ERAGE dg iR HE: gd rarb@b Axisle(s) and
preferq{gj&r arbonaceous material, for example biomass, plastic,

naphtha, refinery bottoms, smelter off gas, municipal waste, coal, coke

andlor PR FAGARS sH4IARIFRRRSGRE BeifHa b Rdiceep from step (a) in the
25carhgRasreus impitidalanchianst piaffially thedydmgshondepdsiaskd

ycrogB AP AL G T PP o AL GH SR ey Fagmpriin

into anytledridie reaction zones. Synthesis gas purification may be carried

o PSS BN BRI S5 ARG WOERRTELS A0 o

30Extemdect &ogmmpidiag tppep912th. 8 described hereinabove and according to the
present invention to produce the said ethylene. |

Any hydrocarbon-containing feed stream that can be converted into a feedstock
comprising carbon monoxide and hydrogen, most preferably a synthesis gas (or "syngas"),
is useful in the processes of the invention.

The hydrocarbon feedstock used for syngas generation is preferably a carbonaceous
material, for example biomass, plastic, naphtha, refinery bottoms, smelter off gas,
municipal waste, coal, coke and/or natural gas; coal and natural gas being the preferred
carbonaceous material and most preferably the hydrocarbon feedstock is natural gas.

Feedstocks comprising carbon monoxide and hydrogen, e.g. synthesis gas may
undergo purification prior to being fed into any of the reaction zones. Synthesis gas
purification may be carried out by processes known in the art. See, for example,
Weissermel, K. and Arpe H.-J., Industrial Organic Chemistry, Second, Revised and
Extended Edition, 1993, pp. 19-21.

According to the present invention the method for the production of olefins from

alcohols proceeds via the dehydration of the said alcohols. These dehydration reactions are
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According to the present invention the method for the production of olefins

from alcohols proceeds via the dehydration of the said alcohols. These
dehydration reactions are 20 where R is an ethyl group. R' is hydrogen.
THEQRWE¢HMersion of the ether to two moles of olefin and wat8F hE82006/004352
also been reported (Chcm.Eng.Res and@esign 1984 Vol 62 pp81-91). All

of the reactions shown above are typically catalysed by Lewis and/or

Bronsted 25acids. Equation 1 shows the endothermic direct elimination of
alcohol to olefin(s) and water; competing with Equation 1 are Equations 2

diinguitioth EemdhtcHErRtARoIRbNB e TERaRBEopsh e egling of

shsairerpicRinipioe fahats) tepmimcealeliots andrlcebals formed
Equation 3) However the dehP/dratlon reaction of alcohols to olefin(

gibsSHRiPBE Bl Tap 2 resyls B oo her 8RB 96 W&g In general
@@&ﬁm@ﬁ%&ﬁmy@itﬂﬂmmotpm&@ym piatbraiy staes whith &vse employed
é{g&@o“f% edstoc |n ethanol and propanol, for example a
ABPR Ssﬁf‘g’] and/or iso-propanol. Said
oxyge Matedtdsdsiniok oﬁthecﬁenmmchmmmmmﬁhe@mhﬂm@énﬁesés believed

R RS Tel AR ensh £ PIORIL oIS SIVL OB RHIRE)

Sropyl €thér, n- prop |soprop and iso- propy

fibecekpyenthtesife distd clelpréfgiably ocbrfipiisesdwatzohols a mixture of

ethanol and n-propanol only. According to the present invention, the molar
ratio of ethanol to n-propanol in the 10 oxygenates feedstock to be
separeatignidto the ethanol feed A is preferably higher than 1:2 but lower

tha d@;1 and is morespreferably higher than 1:1 but lower than 10:1, most

“preferably higher than 2:1 and [6Wer than S:T.HzoAccording to a preferred

embodiment of the present invention, the oxygenates feedstock and/or the
feedstock A have an iso-propanol content of less than SwWo0,
15preferably less than Iwt%, most preferably less than 0.1wt% and ideally

CONtRUANG: I8@er intermediate;

Equation 2

2ROH © === ROR + H20
Equation 3

ROR e ROH + —\

Rl

wherte R is an ethyl group. R’ is hydrogen.

The direct conversion of the ether to two moles of olefin and water has also been
reported (Chem.Eng.Res and Design 1984 Vol 62 pp81-91).

All of the reactions shown above are typically catalysed by Lewis and/or Bronsted
acids. Equation 1 shows the endothermic direct elimination of alcohol to olefin(s) and
water; competing with Equation 1 are Equations 2 and 3 i.e. the exothermic etherification
reaction (Equation 2), and the endothermic elimination of ether(s) to produce olefin(s) and
alcohol (Equation 3). However the dehydration reaction of alcohols to olefin(s) is overall

said to be endothermic.
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propanol. A preferred characterizing feature according to the present
invention is that the oxygenates feedstock and/or the feedstock A have a

total C3+ alcohol (defined as alcohols having at least 4 carbon atoms e.g.
n-BYEaAgr/te82utanol, pentanol) content of less than 20 5w1%, preieN06/004352
less than | wt%, most preferably less than 0.lwt% and ideally contain no

C3+ alcohols. Conventional distillation can be used.according to the

present invention in order to reduce/eliminate the C3+ from the

corresponding feedstock A.  Indeed the Applicants have unexpectedly
discovésadetitatithé presbnre tle@Braicatiosliogie tetrmsantanienaedpreferably

%@&%@g@ﬁ&gﬁ%ﬁ@@@&%ﬁ%ﬁ o ‘?ls‘?ﬁ%se‘%ﬂéx?cﬁi .c‘?@é@é&n‘él?’f Skample a

e that they are responsible for an inc e In alkane

mikefiitbptied oM prerdoetionl/ arisgHeeprefdrred embodiment
accordﬁrdﬂ{@xit%%ﬂésfé@%mﬁ"b@ 6 RX RN TERESIOEaRd/REhos,

the feedstocK A have a methanol content of less than 5wt%, preferably

lessxtrapldiethy hidkeh irpRihetbas thvh DRIV eihariddahirirprd ¢ber, n-
ﬁg@pmy{:&ﬁmgm Bgiantages may accrue from eliminating
methan

ol, i.e. Prevention of dimethyl ether formation - DME is hard to

sei;ara?@ef@ﬁﬁgﬁ%fﬁﬁ ARRASIAEK APRIRERLY RATBEIRS £S5 efieqholsamuxtyiref ethanol
3@&)3]@%&&;11%@1‘1}/,632006/004352 12 (ii) Prevention of MTQ chemistry (i)
R SIS 3, ORI RIS PSR
etlygtene) Mejkesk wabteseparated into the ethanol feed A is preferably higher than 1:2
but lower than 20:1 and is more preferably higher than 1:1 but lower than 10:1, most
preferably higher than 2:1 and lower than 5:1.

According to a preferred embodiment of the present invention, the oxygenates
feedstock and/or the feedstock A have an iso-propanol content of less than 5wt%,
preferably less than 1wt%, most preferably less than 0.1wt% and ideally contain no iso-
propanol.

A preferred characterizing feature according to the present invention is that the
oxygenates feedstock and/or the feedstock A have a total C3+ alcohol (defined as alcohols
having at least 4 carbon atoms e.g. n-butanol, iso-butanol, pentanol) content of less than
5wi%, preferably less than 1wt%, most preferably less than 0.1wt% and ideally contain no
C3+ aleohols. Conventional distillation can be used.according to the present invention in
order to reduce/eliminate the C3+ from the corresponding feedstock A.

Indeed the Applicants have unexpectedly discovered that the presence of C3+
alcohols to be detrimental towards the olefin(s) production process of the present
invention, e.g. the Applicants believe that they are responsible for an increase in alkane
make during the olefin production.

Another preferred embodiment according to the present invention is that the
oxygenates feedstock and/or the feedstock A have a methanol content of less than Swt%,
preferably less than 2wt%, most preferably less than 0.5wt% and ideally there is no
methanol. Corresponding advantages may accrue from eliminating methanol, i.e.

@) Prevention of dimethyl ether formation — DME is hard to separate from

propylene and ethylene compared to diethyl ether
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(vi) Lower toxicity (vii) Lower vapour pressure -- easier to ship (viii) A

better C:0 ratio in the feedstock for shipping i.e. less water production
Conventional distillation can be used according to the present invention in

ordeP t0T0GEElce/eliminate the methanol and C3+ alcohols fronP€i#GB2006/004352
corresponding feedstock. = When a mixed ethanol and propanol

feedstock is obtained from hereinabove step b), then a separation of the

ethanol and propanol feedstock into an ethanol feedstock A and a

propanol feedstock A2 is preferably performed. Said separation is
prefétablyPpaitstipriMaléd sbemivival distillation column. 15The

SCrERIOR5 REFISKATMRAHAIBAIAMCR.A Wity idiieygsling ethanol

feedstock can tolerate the presence of some propanol. Hence, the
profihol Espentien RISaEREION 96 Branstanlyy b heteadtad g in hatdreto separate

preferablyraileastRdayt% of propanol or at least Iwt% of propanol.
According to a preferred embodiment of the present invention, the
fee&@tocl%ﬁ%o‘?ﬁﬁ?‘?ses less than 10 wt%, more preferably less than 2wt%
of prapandbwé&Taeipngferred reaction conditions of the vapour phase
dehyjd ation according to step 1 of theﬁor ent invention are such that

mo&e‘f’ te CORVerSRMd BietihCocCtvE i hidteactor. The liquid product
stre@iii)aftéetefitrémeiialicome frisisonkokihshippdacied lalsohats, rethlarsion

and w Sévgdéa%%%f&{srn I IESHEE H&Sd”&%%&ﬁ’&”&%(’}h%f Et‘e%e%'&o@%'@g}?% order to
ethers 1o the dehydration reactor after water by-product removal. or

tiedupelmpiossaté the prdsarlinne fforrianbicdpiending compsmndiogdeatstock.
convergian,of éﬁ&%@é@%‘?ﬂoﬁeﬁﬁ%? IHQ iRvene Reans dhal AQInAX%: step

and more preferably 20 to 60%, of the said ethanol introduced into the

deriyenateperatierorishesibuned aserperolprdviock drigeraiethens famirepk A and
ASRPINGI HBGItalIA beiwesn thaunrprberAtMales b INYIEA S RHRALEES . performed

versus, the number of moles of ethanol (and ethanol 30derived fragments
i agrareptinnah astdition tAR'SRd vapour phase dehydration reactor(s).
Accordifhg {edhiae sepiRyastigR fanhe s e aevae ireliRa dRAGHY ethanol

some ethanol and optionally limited amounts of propanol| derived ethergs)

SEtaS FRRAGI SRR ORI SR AL OB BS PIPRETSB 260063 s pancl content of

feedstock A is preferably of at least S0ppm, more preferably at least 0.1wt% of propanol or
at least 1wt% of propanol. According to a preferred embodiment of the present im)ention,
the feedstock A comprises less than 10 wt%, more preferably less than 2wt% of propanol.

The preferred reaction conditions of the vapour phase dehydration according to step
1 of the present invention are such that moderate conversion to olefin occurs in the reactor.
The liquid product stream after olefin removal comprises mostly unreacted alcohols, ethers
and water. It is preferred to recycle the major portion of the alcohols and ethers to the
dehydration reactor after water by-product removal.

For the purpose of the present invention and appending claims, moderate
conversion of the ethanol feedstock A into ethylene means that 10 to 80%, and more
preferabiy 20 to 60%, of the said ethanol introduced into the dehydration reactor is
converted per pass. Where “conversion” is defined as being, the ratio between the number
of moles of ethylene produced, versus, the number of moles of ethanol (and ethanol
derived fragments in ethers) that are fed into the said vapour phase dehydration reactor(s).

According to the present invention, for the ethylene generating reactor some

ethanol and optionally limited amounts of propanol derived ether(s) such as diethyl ether,
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13 n-propyl ether, ethyl n-propyl ether, ethyl isopropyl ether, n-propyl

isopropyl ether and isopropyl ether, are produced during the dehydration

stage. It is preferred according to the present invention to proceed with an
additianar/seizatation stage; thus, preferably at least 80 wt %; moP€T/GB2006/004352
preferably at least 90 wt %; most preferghly at least 99 wt %; even more
5preferably at least 99.9 wt % of the ether(s) are separated from the

olefin(s). At least part - preferably all - of the ether(s) separated are then
preferably recycled into the respective vapour phase dehydration

rearprlsther, cthxtaorenny! Rl hetsgribbailantprapd preweny! other and iso-
inveRiiemat leastRade Preierakhe AbpfdhesRithethar IeAe ISIRIG TR o the

with the fresh ethanol feed (stream_ A) 10prior to entering the vapour

pressatdRYRAdiaRiPraskad ratstaprdditionglserynticnistgss éiﬁargraferably at least 80

e ashiepmicalblfayaahloo Hhisethes iprnation iaglites sepaiaianfe
water from the recgycle s/&B?nol n-propanol andl@f% ropanol are all full
i

AR RO Wi I R R PR TS o ST G G least pt -

thieschibgens the hepdiationsafanater ar heppocieitof teeyrded o, thorastetive
rec cle ?gseea@ﬁg?lﬁ owever %e formation of ethers, such as diethyl ether

1011 rea . T
propy &v%c%qb have a limited water miscibility and a
very IO\Awatémgmtemeﬁm&ﬁr@pbydaﬁmﬁiberpmww@émablpmpamf

e?ergﬁlgaﬂevfecﬂei Qatila %??8&9 8% %&bﬁgg}gg \%&10 Qlﬁ sh e@mfn%r «sgﬁt(%tream A)

& present invention, water is permissible in the ethanol propano
@e@sﬁ@gmmnmthﬁemphl}mhﬁ@@l dethey draicbfersdstookf wiey bomprlse up to up

to 50 il o 20NAIS HLRI(arhlyolle, SAIchReASIask COMRBRR. Pinaion

than 25 wt% water, and most preferably tock comprises less

tRaRipe TRt Res m%ﬁ@%tlm@wﬁﬁégam@wg@g%mgwmpml are
fﬁ?ﬁlﬁgf o2& Hﬁﬁ%ﬁﬁy%@&%ﬁi&%%@?@a‘c&@%ﬁ%&ﬁ%’%&%&d’oﬁepr%ﬁ%@i@ﬂms

erate W|th feedstocks containin % lower levels of water for exam

%ﬁ%ammh%é%ﬁr Ia&y R ERhRb B A GaStion Wpisrhe recycﬁ streams.
Fﬂﬁi@é@@p hrROsAR YIS e RS < R6akAdY e devel AlwalehiBsARiaer Witich both

the catalyst can affect the, ¢ catal st stablllty and activity. For example

3t B polsdidetehB sl AR ad et W&ﬁbﬂﬂ%@%ﬁ@ﬁ%@@aﬂfm@e

(ﬁwa@ anglRedimshed aeéaﬂt}flﬁ%{?&ghﬂ@h@iﬁ@éﬁﬁt@f&ﬁ@ﬁw%hl&ﬁmls
one skilled in,the ar it is a arent l{;at the o timum, Wi)t]] r.leye

o o S e e 3 RPARR S BRSAE i hiol and propnct
faedstarkpAsition dphgdsted; thmmahamtacidrsanmnmm iyeto up t0 50 Wt % of

R T A RSB R B P o
moﬁhmbial(hg fFRistogeratignistsnhesditham Afrwedsiofwaeith. whlew ez alvalto

dpl%g&% sﬁ%ﬁ%@ﬁs%%ﬁgg ﬁ@@&}?&%ﬂ? heat of vaporization and heat capacity of water, it
is preferred to operate with feedstocks containing lower levels of water for example less
than 10wt%, preferably less than Swt% of water, When Heteropolyacids are used as
cafalysts the level of water in contact with the catalyst can affect the catalyst stability and
activity. For example heteroﬁolyacids show a diminished catalyst stability at low levels of
water (<1wt%) and a diminished activity at high levels of water (>50wt%). To one skilled
in the art it is apparent that the optimum water level will depend on the interaction of a
complex set of variables including, alcohol feed composition, pressure, temperature and
nature of the .heteropolyacid employed. That said, this process has a good ability to

separate water out and hence facilitates the use of bioethanol and other bioalcohol(s). The

operation at medium conversion with water removal during recycle has the advantage in
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WO 2007/063281PCT/G82006/004352 14 that it allows convergence

towards the optimum reaction conditions of the process. The presence of

water in the feed can also increase the difficulty of the alcohol separation

dudVd 2e/Mr&Esénce of alcohol water azeotropes which serves to REF6#2006/004352
the boiling point difference for separatiopng 5According to the most

preferred embodiment of the present invention the ethanol and diethyl

ether together with the water represent at least 90 wt % and preferably at

least 99wt% of the feedstock A introduced into vapour phase dehydration
Feaictarlows ponditieprs STl Hicetntnneapreiionsaaditionsividherrocess. The

sleahplsaraationeolerces ditsclvtadhaceantenioesss SicbiRgthantlion due

to stream A. 10The vapour phase reactor used for dehydrating the ethanol
tedbrrserencactalenhg! s FredEmeThvSitioiFrEss lerarEely Bisdratiipearoint
tempetsiuts smpfised between 160 and 270C, preferably betweenl 80

and 270C, more preferably between 190 gnd 260C and most preferably
betweeh S0 A84°356 169 HE"’%MT%%%‘SE‘P@BB(&%B@&efé}rlH}éWa?%ﬁ‘FF‘gefhaml

the atbandtfesdsiedicrvatcordingdortpibe prasent oyentionid preferdlyat least
erated at ressure of abpve 0.1 MPa but less n 4.5 MPa, more
O B Ao e DA T VAP B e R NI e

most predéiabiylabarpressatienodadxmviee bBIdMPa dithietehs dharhd. SepiPaion column
AespinadndbeiessaLipuantion e gperging,candiions are such tha

dration process is alWays operated In‘a vapour phase state. Itisa
preferrétitameirahinte nagiar theddohydhadoripecbe sthepedrfabdstprk dsageording to

i alvavsahieaghod ﬁ#&&aerﬁf@g&%é@a% MERDEIRY (bR SV PO een 160 and

pressure and/or that the dehydration process o%?ratlng temperature is at

RAESCL e farsble heta erad S9ctnd iethBermeierst wiablydwtareestihg ted 260°C and

WBE@?&%@%%@W%@@@@ fg@etay {ghe alcohol feed mixture and/or the
mixture resulfing from addition of the recycle) and the product comgosition

that is preserapsibess seretefersdr il hadiaiong firecthnrsl Vi gpording to

factprsssiaRRedbe infiiefdeet camnesiton sRdthe semrse of CRIMERSIOBss than
in the reactor.  For the purposes of the present invention, the ‘dew point

tern Bt BIRre GEHARR ASPHERRGBeRTELRS I e et 6B R afiler 3o most
P e e st GYBFopEES SWER d hilid sy SkaATtg VeI ature s raised to

bove the dey point t ture, the mixture will exist as a 30 dry gas.
Likewisb BEIOHIIR HE RSB IFC B AR hims e AR the

\ihedintdontainiag sommeayquiperated Rinapyuhshdewtpeiit iprepstfietets

elnes oo Pelng s (Sl Plsssue ol AR 9% SONFNIEMIE vps
preferably 0.2 MPa, below the dew point pressure and/or that the dehydration process
operating temperature is at least 10 °C above the dew point temperature of the feed
entering the vapour phase dehydration reactor (the alcohol feed mixture and/or the mixture
resulting from addition of the recycle) and the product composition that is present inside
the dehydration reactor. The latter will depend on factors such as the initial feed
composition and the degree of conversion in the reactor.

For the purposes of the present invention, the ‘dew point temperature’ is defined as
being a threshold temperature. For example, for a given mixture, at a given pressure, if the
system temperature is raised to above the dew point temperature, the mixture will exist as a
dry gas. Likewise below the dew point temperature; the mixture will exist as a vapour

containing some liquid. And similarly the ‘dew point pressure’, is defined as being a

threshold pressure. For example, for a given mixture, at a given temperature, if the system
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WO 2007/063281PCT/GB2006/004352 15 pressure is below the dew

point pressure, the mixture will exist as a dry gas; above the dew point

pressure, the mixture will exist as a vapour containing some liquid. The
red¥tb?80afe ERbineered to cope with the exothermic ether forma®6A/&%3006/004352
the endothermic dehydration to olefins. T4e reaction temperature is

preferably maintained 5 within a small temperature range, as too low a
temperature reduces the rate of olefin manufacture and can lead to

condensation of reactants_and too hl%lgga temperature can lead to the

BIETIS R TRY Oh R TR QB RiFsTEER Sha BTERYE Wil Byshre duktc@schbgye the dew

patnEpeage:) ﬁiéfﬁhﬂu?éK&HEéx1E{f@°@f9@Mdh@oiﬁﬁiﬁﬁ%@a§blﬁ@e piglile of the
cataly bed IS less than 30C mare prefer bI less than 15C and most

preferably 1S8E LA BRETRSFY Lriyies aﬁfg fiRitectbrs fone Rt and the
enﬁaﬂeemmagdmm alloeédstoge teatdtﬁrmedgmmﬁe egprhﬁftwlmrymwﬂﬁkamed
It in_ at oretlca temperature drop of 18OC bV|o t problem i
one orhea E]ﬁang emenf% ?”eaasc?tor%%%?gr?n@ﬁ Errcegélc Sr egagn f Sefin
maimﬂm:thmw@amalbieddbhamdhn@mabfhmeasmhndstdo(hrglbedetﬁpnim can

t| | ed reactors sta aters.
A0 e S S MU R
paélrmemﬂﬁcé@w@nﬁsh&lfé@@ldv éle&/mpm‘m@ iprofide refabroedbeotstdtadhsdiss than

ROELIOR SARADIREIRCHTICatand ol B?e?ee} b@%gtiﬂ bGP &‘g&a ﬁ&){]e%?ngie bed

overall endotherm. The feed can also e heated further to a
pskrrbis teantositheuracialoradethsiprsvierstapnafialtiorved tognde Getmadypamic

eqail@&lgfnte@dia%glﬁtsﬁaaﬁa&ma%@%@%%;ﬁ&vﬁ%p%tﬁ&mgghe problem

the reactor with additional heating bu referred to add the main

ﬁ@ﬁ%ﬂféﬁmﬁ@g%a%% HRE DAt te sraeier desisnsiiytade those

astbee mkadipenkofitheresent mmnﬂmm%mwakﬁammﬂ%m multiple

ribed by the present invention, is not conducted. in a reactive
%ﬁ’é‘f 58 ﬁeesmﬁ“\?vﬁ%%%a%%%% A RNBRBHP R R PaRaEe gt oan be

m@m@ﬁmﬁn&aﬁmmeh@mmmrraam 2hBurpesirglydihamhbefeiRuited, at
e I| ants at the .mixed ether and aJ hol feed resylts in
el A LA AR A AP GG 280 dte overel

$hdwhbthat mafaﬂh cethelproedssted fhetprasetionyeértieactidi tanigeyutledsin order

S RRRESRUIAIE PO IYRLAA SEEIY 8L e IE TR IO e aace
cess. Ina IthI’] Ot IS t ion con € separate

emevmapmte altmg ahmhm@c)m@mlsddokopablmtmgm natmeﬁemm toragd the main
SRRSHmAn AR Iy esiRns ThA AGRIIIR S 2 preferred embodimen:

e present invention the ethano
According to another embodiment of the present invention, the dehydration

process, described‘by the present invention, is not conducted in a reactive distillation
column. Where a “reactive distillation column” refers to a combined distillation column
and reactor.

Surprisingly it has been found by the applicants that the use of a mixed ether and
alcohol feed results in a higher yield and selectivity to olefins. This surprising discovery
has shown that operating the process of the present invention with a recycle is
advantageous to the productivity and selectivity of the olefin production process. In
addition to this, the option of conducting the separate etherification on the alcohol
feedstock prior to dehydration is also one embodiment of this invention.

Thus, according to a preferred embodiment of the present invention, the ethanol

feedstock A comprises at least 10wt%, preferably at least 15 wt%, preferably at least’
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feedstock A comprises at least |IOwl%, preferably at least 15 wt%,

preferably at least' 16 30wt%, and most preferably at least 50wt% ethers

but less than or equal to 85wt% ethers. Said ethers are preferably ethanol
deWe &hexts) such as diethyl ether for the feedstock A. As prop@fieiR2Aan6/004352
also be tolerated in the ethanol feedstogk A, said ethers can also be

propanol derived ether(s) such as di ri-propyl ether, n-propyl isopropyl

ether, di iso-propyl 5 ether, u-propyl ethyl ether and iso-propyl ethyl ether.

Said ethers can he produced during the dehydration stage, during the

Hedhornd yrekbsisistably, atueasy Hetpathtesdinelifietitiorondgitibted Statfeethers.

0 s kil
e I bk ML & B o Jegdtock

thetpprentplamerlindmioisraisdlia the staneldgedsthslind dsaidagtisaving also be
|nasthengA vy @%@9%&@9&%%9&13@1&11@1ij}§% {i ﬂl%ﬂéﬁmqgt))—propyl

derived ethercontent of less than , preferably less than’lwt%, mos

st PP SIS A G dserir qadathethen - § 416 ashen apsrhe paoduced during

ARIIMBAIRIGISRERSENkng ACERENNY H1ARAtD S SNBREHP ANERLHIE etherification
g@ent invention, th? r%i%‘lce of aldehydes in the oxygenates feedstock

SPihuiaeeasisaR X et it iedtrtitas e 15detrimental to the catalyst

lifetime\. prefareindly:thecsiltah Yeias-canientiiip theigaid-teatnioaksols s that
referably Jess than 1w19/0, more preferably less than 0.1wt%. In order t

%8%%)\% %earse%tté?l?ee }lar eifce" %&l&é‘%@&ﬁ?ﬁr%ﬁ Br&e t%&‘%%%%% (defined
selidaddehjcesdnerm thebaicatoolserdstoaksuiy ety bildratadybyropy! ether)

jecti e sajd hols feedstocks to any one of the followin
AL ot G h Sl Sy ratfss
had bhetvatiod wiealldighitaion tebinedtoThdistilatdorticeaprenttcan be

combineg A e usmeR AR SR SR ERHPHE ARl 5B ﬁ!%&'m of

condensation or horohydrkle treatment to improve its e or

allrdridercidbsovaizamadcadenistasionnféchisiasdsioals & prsdese Srad to be

guaniities efaldeh §1W&i%ﬁb9%&ﬁ‘d?ﬁ§£§@@'XI&&EX@&%B%E@&Y&Qﬁ%aid

treatment. 25According to another embodiment of the present invention,

trrldsslgdnatelreblydoehatol v thenrse pseburyaner Shand ieejeidn order to
st s hapuraretesabloralaubsantialyfresRiMe AR hoasssaad meides

ions hicfh cagsfause catalyst deactivatign. Transition metals ions such as

HBm B A CIbsIar atafs'e . by FaishoveruarasBie e dedhpdidesiocks to
sansfeof actidhswang teathistosstafupiatiyebihne slefRyatisamaifiiedion, a

R d 0 MO By SH RIS S ES iea o PO g be

y removed by t I AufGraE e
cpmathdsba sty pleatlicacidietiomexchangeusiivatalysed Aldol condensation or
borohydride treatment to improve its efficiency for aldehyde removal. The dehydration
reaction may also produce small quantities of aldehydes which can be preferably similarly
removed by treatment.

According to another embodiment of the present invention, the oxygenates
feedstock and/or the feedstock A and/or the recycle streams should preferably be
substantially free of volatile bases and metal ions which can cause catalyst deactivation.
Transition metals ions such as common corrosion metals e.g. Cu, Fe and Ni, can also
catalyze hydrogen transfer reactions and lead to loss of quality of the olefin streams due to
increased aldehyde and alkane make. Volatile amines can be conveniently removed by

treatments such as distillation and/or use of guard beds (typically acidic ion-exchange resin
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WO 2007/063281PCT/GB2006/004352 17 beds). Metal ions can also be
conveniently removed by'the use of guard beds but careful design of the

feed and vaporization unit(s) can afford significant protection. Olefins
sudP28®thsAtie and propylene used in polymer manufacture byR§ii{§BF06/004352
the high activity and turnover numbers ¢f/the catalysts employed for
polymerisation are 5 susceptible to the presence of low amounts of

impurities; these can be removed by well known treatments for the olefin.
Alternatively some of these impurjties such as sulphur co poun%s Wr(gch
by b EHAaRR FLSL ARSI B BRGVED By Breitrel Rt B gt corefl
fredsteckoAsrlingdsoaipreierat erohodifoaniiphificapr esstetifvyention

the alcohals present 10in the oxygenates feedstock are transported from a
oot ISR e R TN ety A JENAREA TPDIRAFL ke of
the laploweaiptcassirasibenpuibase dhthiatilysatanhyddfier pppeneisgtion are
claims.gige tteém ‘remote Ic%(‘}ation' refers tp a l%? 1tf;o' thaétcign r@)%rreeth(:);l\/ne 8180Wen
RHRSFRARIS 1 1% RRS AIRS ROt A TS S R S iR S Dreranad
knolpodireentofsthe tirestafitinddetioni thly catatysf theedifgpurBihesuch as sulphur
dehydration of th t ‘
B g or e
Kafisnckind ion exchange resins, Sulphonated zirconia, Pt sulphonmed

zirconia), NigRia + NSRRI AR ERSHIEAER S SHPRQESHEGER alcohols present

Kieselguhr, clays), zeolites, metal modified zeolites, mordenites and

e Ao BRSO FopratRrkIsy HeRRSEN AQasa AR Abh  eSa U HRra g heing separated

merg.Rieiarably sRhaierepotiasis;anddnasthatey phkyded-SIMBBtRRIEEHoN and
acid, 12-tangstophosphorie acid, 1R-tungstophosphoric acid %nd, han 100
1op ARGRISAARIRAR P D aFtaP alsAtieRe BTiors 9 Adqetiion that is more than

Ihrigeeneirasidhe ascubendapydintanduititoughout the description of the
r alia; alkali, alkali e

present invention, is deemed to jncjude int rth
BmmorGHRRPBE Gelde TR O b LB AELT ARG st vsed For
sadtgdmaidue eitherfulhaiddetalidbisaltasjedidratarapolyacitdy itendeintiedes but is

heteropolyacids used in the present inyention are ¢ lex, high molecular .
8 B L PR AT R BRI LSl SO ey, oo
Sadtphamicrd conopiisdy $8xb8natefgervdinkpdNpdliavabbosphetal atshes. stlireceous
polyvalent. metal. i ’ r
ORISR ot 8 RLPIsia s 40100 A0E L0t
anirriores diersofy erfably 3G eiagetessideanshiomrexsisBignTetintamnere pieferably

e tﬁcﬁ?&%ﬁ}’%&@ﬁefgﬁﬁﬁeE‘i@l@é&ﬂ%ﬁi@f@&E&f@@%@ﬂﬁﬁi&ﬁfhaﬂc acid,
phosphofus, but may alternatively comprise any one of a large
18-tungstophosphoric acid and 18-tungstosilicic acid and partial salts thereof.

The term "heteropolyacid", as used herein and throughout the description of the
present invention, is deemed to include inter alia; alkali, alkali earth, ammonium, free
acids, bulky cation salts, and/or metal salts (where the salts may be either full or partial
salts) of heteropolyacids. Hence, the heteropolyacids used in the present invention are
complex, high molecular weight anions comprising oxygen-linked polyvalent metal atoms.
Typically, each anion comprises 12-18, oxygen-linked polyvalent metal atoms. The
polyvalent metal atoms, known as peripheral atoms, surround one or more central atoms in
a symmetrical manner. The peripheral atoms may be one or more of molybdenum,
tungsten, vanadium, niobium, tantalum, or any other polyvalent metal. The central atoms
are preferably silicon or phosphorus, but may alternatively comprise any one of a large

variety of atoms from Groups I-VIII in the Periodic Table of elements. These include
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variety of atoms from Groupsin the Periodic Table of elements. These

include 18 copper, beryllium, zinc, cobalt, nickel, boron, aluminium,

gallium, iron, cerium, arsenic, antimony, bismuth, chromium, rhodium,
siliBh24edmnEsium, tin, titanium, zirconium, vanadium, sulphur, teflfekiG#r006/004352
manganese nickel, platinum, thorium, hggnium, cerium, arsenic, vanadium,
antimony ions, tellurium and iodine. Suitable heteropolyacirls include

Keggin, Wells-Dawson and Anderson-Evans-Perloff heteropolyacids.

Specific examples of suitable heteropolyacids are as follows: i .
LBReR GStIPRBRTHBFICARIEHB M hareno BopinipmezelinngsespRIERofeenc,
AP WELA0A O nebia fhk? vl ophesRRHE AsieH 3 AP Mk OAonium,
x1-120 1012-tungstosilicic acidH4[SiW 1.2040] .xH20 12-molyhdosilicic,
%}a@lm{g‘fiﬂng bjﬂ&%ﬂz@%‘?&%ﬂfﬁ? nglﬁtmum, thorium, Hafnium, cerium,

éﬁﬁ&ﬁfﬁ%ﬁéﬁﬁdﬁ@&ﬁ&’rﬁ&ﬁ?ﬁﬁ%@&&bthi‘xﬂraﬂddthﬁliﬁﬁeﬁsaﬁb:bIarnwerﬂqi(ﬁﬁitcﬁdzfinclude
the fo ing heteropo ids: Mgonopotassi tu h te .
RO B e e TR BB e cxamples

Sudlitbl enelybsaprasghateasd fothonsum molybdodiphosphate Potassium
Pg?%’d‘)di an%do. hoaphate

tangstophosphoric aci - H6[P,W18062].xH20
12-tungstophosphoric acid - H3[PW12040].xH20
12-molybdophosphoric acid - H3[PMo012040].xH20
12-tungstosilicic acid - H4[SiW12040].xH20
12-molybdosilicic acid - H4[SiMo12040].xH20
Cesium hydrogen tungstosilicate - Cs3H[SiW12040].xH20
and the free acid or partial salts of the following heteropolyacids:
Monopotassium fungstophosphate - KH5[P2W18062].xH20
Monosodium 12-tungstosilicic acid - NaK3[SiW12040].xH20
Potassium tungstophosphate - K6[P2W18062].xH20
Sodium molybdophosphate - Na3[PMo12040].xH20
Ammonium molybdodiphosphate - (NH4)6[P2Mo018062].xH20

Potassium molybdodivanado phosphate K5[PMoV2040]1.xH20

In addition mixtures of different heteropolyacids and salts can be employed The
preferred heteropolyacids for use in the process described by the present invention is any
one Or more hetéropolyacid that is based on the Keggin or Wells-Dawson structures; more
preferably the chosen heteropolyacid for use in the process described by the present
invention is any one or more of the following: silicotungstic acid, phosphotungstic acid,
silicomolybdic acid and phosphomolybdic acid; and most preferably the chosen
heteropolyacid for use in the process described by the present invention is any one or more
silicotungstic acid.

The heteropolyacids employed according to the present invention may have
molecular weights of more than 700 and less than 8500, preferably more than 2800 and
less than 6000. Such heteropolyacids also include dimeric complexes.

The supported catalyst may be conveniently prepared by dissolving the chosen

heteropolyacid in a suitable solvent, where suitable solvents include polar solvents such as
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KI-15[P2W18062].xH20 NaK3[SiWw12040].xi-120 K6 [P2W1 8 062] xI-120

Na3[PMo] 20401.xH20 (N114)6[P2M018062].xH20 K5[PMoV2040].xH20

20In addition mixtures of different heteropolyacids and salts can be

emPAEd oPR8 breferred heteropolyacids for use in the process dSEHIER2H06/004352

by the present invention is any one or mpre heteropolyacid that is based

on the Keggin or Wells-Dawson structures; more preferably the chosen

heteropolyacid for use in the process described by the present invention is

any one or more of the following: silicotungstic acid, phosphotungstic acid,
verelliebaislplglecksierEinx Yiopn kiRRsdiandcadt dvdon sittledevatsh anor
AleRERASIereRabRpidARrIssdn dhr PrecessARRCAEEY byihsPiesgnt

invention is any one or more silicotungstic acid. - The heteropolyackls

hetrioRAIEar it eoRaTE 1M B ESERTSFRAEA (ORI hRRie sRBIEL IR OWtighmore
REIE, TRt TO0ANLIRSH Hiep &5 00 Y iefes 0 ywiera a8 is then

30less than 6000. Such heteropolyacids also include dimeric complexes.
o O SR AL BRI B A R A S B ). The
achaseolhatcodpolyRcidliniansuitel e sed\eenhomie eostitaliiegoivaHisnce may be

. incl(fig poilar solvents uc%naegs 19 Wgter etherts, alc%hqlswgfa.rboxgllic .
“Geit , e%r%géealﬁalg{%]er@ es, istifed™ vs)a{% Fandlor ethans %Pﬁg%ﬁaélon (ie.

pmepstapirefesiifesekenisicidie sastilimgohoitiadatisttan has aolume of support), is
teropolya igh%(a entr fion that vfs r%f%ragjcy c rqjlarised between 10 to

! %p\}:ﬁ?@%{e%réee pre%éra?%?& B%Mt?o %} v&@% and mg}stef)lré)%rably 30 to 60 wt%.

This s&ig¢ mﬁu&ﬂm& Blmeﬁ@mqn@im@tmgéwmmjﬁnd@mndlmmﬂys of

h%l%éb‘&?%fd%ﬂ&?(r)’ﬂ%ﬁéﬁg 08 %R\!ﬂ@%ﬂ)qu@?s%?&ﬂ%h\é‘?ﬂﬂép5rﬁir%8,'%'1°during,

solution”added fo the support is not restricted, and hence may be enough
itppagiieienintiprntidietraadosrais: e srapaskibn swhiestngdhermurpeietdion
Hé@rHEPARIIAN: YeiiondRieskRas AHHIc RN Yalumerie AlYA1ie RAM6: by

volume of support), is the preferred methaod for the purposes of the

agdiienefhaTrbarie o5 ndn Bt dn st ediRsteropolyacid may be

- modifiggheangdinariolstusaimehhRiciRRe awitaay shanhearenned Rithein the

agueous solution either priar to, or during, impregnation of the acidic .
‘E‘éffﬁ?o??’&?ﬁ‘btﬁﬂéoguﬁb%rﬁ?ﬂ}e&fB}é’&ﬁ%dtﬁ%hé‘ﬁ%é%’cfmg%ﬁ Syadefip goak in
theciangedicantatbwiitt a sdtubieniohdsiitapla feetabiesalion by:Rdtititfring or

s%];fgﬁlug,s gilge%riv(\:fh?c idti{rinnedlltalrs H?e%ép hréler{ga lsgﬁg%sl'é means, in order to remove any excess
acid.

When the salt is insoluble it is preferred to impregnate the catalyst with the HPA
and then tritrate with the salt precursor. This method can improve the dispersion of the
HPA salt. Other techniques such as vacuum impregnation may also be employed.

The impregnated support may then be washed and dried. This may be achieved
using any conventional separation technique, including, for example, decantation and/or
filtration. Once recovered, the impregnated support may be dried, preferably by placing the
support in an oven at elevated temperature. Alternatively, or additionally, a desiccator may
be employed. On a commercial scale this drying stage is often achieved by a purge of hot
inert gas such as nitrogen.

The amount of heteropolyacid impregnated on the resulting support is suitably in
the range of 10 wt % to 80 wt % and preferably 20 wt % to 50 wt % based on the total
weight of the heteropolyacid and the support.



15When using a soluble metallic salt to modify the support, the salt is

taken in the desired concentration, with the heteropolyacid solution. The

support is then left to soak in the said acidic solution for a suitable

durarizn e few hours), with periodic stifling or shaking, afterRGATERB2006/004352

time it is filtered, using suitable means;gn order to remove any excess

acid. 20When the salt is insoluble it is preferred to impregnate the catalyst

with the IIPA and then tritrate with the salt precursor. This method can

improve the dispersion of the EPA salt. Other techniques such as vacuum

imprefimatioigmay tisodt shipidyddg andrthe eebypitecssppporspdagiay be
Jagheshed enlatiad. 1hidnae e RENBYRILIGIRA A EARYMOR! former,

separation technique, including, for example, decantation and/or 25

efitiratibn comet loadingrasl ahetsrprbmeides sapinit Ay salirsbipading in'g
h@{&%:& ,Axiami@%%%m@ SHPRSSTHH AR Qe Myalsvatad IemRaratwWeasured bulk
all Il

Alte vely, or additionally, a desiccator may be employed. On a
densitrnefdhe SEmRerthkhamiRGTEd G bRRPAIISEIAF 5P RIAE Bt 600¢
Hpary gggﬂm@s nitrogen. The amount of heteropolyacid

impregnated on the resulting support is suitably in 30 th%@%ge_of 10 wt %

to 80 IOV EEHEIERABR) 96 DR IEAS S0 SO AR 1B PR BT B e
Hherbiisteptlyaskd areibesBup@ar repf@ented in the typical formulae of some
20Q7/063281PCT/6B2006/004352 20 . .The weight.of the catalys
SBFG SRPHB: S S T Al PR B P S e support
aneigptaflhdelvint dritietsenpord by debydtitigniiedattsrchodititns. fEhmédggree of
iying the.catalyst loading as 'g heteropolyaci t '
A SIS B T o
itheckinyvmad sehedisitedibuik Sthensitho bl ofishseppoivrTiof iprefegnetion and
tajytic loading of Iacid is. & et o -
R e e Y e

Iof¢hedizteidp olydbidscsatsatpisiviopestiea Herdsuediedemegar tradinesiven,
%ﬁg@%&& SN S066ific0mBRuRS srepRohediRsl ARl Refera il

gnated onto the support, 10and especially before it is subjected to
merwmﬂmimm&m@ﬂ% therrdorrriblia gy PPt Aty fgdration and
heterapaivasid ey afisctite-agidithobia sappostedreatalionnd hence

Its activity and selectivity. Thus, either or both of these actigns of
impreghaabl¢ SHaIEIRBBITRORR LS R EHRIGE Ml H & S5 RITE Pellets,
gridaliensiaiaatsradmeataladihakeqmpolyackMbaidiieaciyahoatayitionite,

species used, under the process conditions given, 15.may notyield the ..
e e N e e

impreanate, HdcuppaniNatgyallytherafonei idunine, expiicts dithatsdsflame
il s ox el seiesavslo e AUKEY 030 e S
sugpobe granefesepetiats, asplieregebnmrvud ateb sanddricorddpént By éhadtame
ﬂ%}&%‘{g 0 1réil%fr.lir1§rse§3'r9éd@8&%nr%rg!8 Qﬁ%stantially free of extraneous metals or
elements which might adversely affect the catalytic activity of the system. Thus, suitable
silica supports are at least 99% w/w pure. Impurities amount to less than 1% w/w,
preferably less than 0.60% w/w and more preferably less than 0.30% w/w. The pore
yolume of the support is preferably more than 0.50ml/g, preferably more than 0.8 ml/g.
The average pore radius (prior to use) of the support is 10 to 5004, preferably 30 to 1754,
more preferably 50 to 150 A and most preferably 60 to 120A. The BET surface area is
preferably between 50 and 600 m2/g and is most preferably between 150 and 400 m2/g.

The preferred support has an average single particle crush strength of at least 1 kg force,
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20clays, bentonite, diatomous earth, titania, activated carbon, alumina,
silica-alumina, silica- titania cogels, silica-zirconia cogels, carbon coated
alumina, zeolites, zinc oxide, flame pyrolysed oxides. Supports can be
mivar2oxideszaieural or weakly basic oxides. Silica supports are pEa#€Ba6)6/004352
such as silica gel supports and supportgproduced by the flame hydrolysis

of SiC14. Preferred supports are substantially free of extraneous metals or
25elements which might adversely affect the catalytic activity of the

system. Thus, suitable silica supports are at least 99% w/w pure.

imipbiytiedeamaut fortessrifanblyaiastsréefatsy sed snerap e Bogklnaieast 7 kg

f l 2 r afithe: sgppart
B TIENE IR HiaH agf%%%k?;‘aﬁéqg%%%é@@%%%ﬁ%@ milg The D

averagehpeieelaanit dsrishdd s defispBineg vp wsinea A SansHa by gauge
30i19 héadw A0 RIRIGr ARbe A0ckashpPtO ashm gskRiefBeabdybpatellel plates.
120A. The BET surface area is preferably between 50 and 600 g and
isunreroRh B ah 250 KER 00 AT THEBFL B SE g !
gﬁ@é(gg_age single particle crush strength of at least 1 kg force, WO
007/063281PCT/GBZOOG/OO435§121 suitably at least f kg fc()irceé g
preferaby BE e AU RGIHROEN L B B%?@é%é)s ’?I.Eél SE7RG TOFEESHRE A
bieks demsitined thensuppattigat deashBsn igdhereferabiyatetbas? BOsgg 2
eensie AR SR AR CEe AN oY HRNA S MRERIGB e used

‘ e minimum force necessary 1o cru )
pasisieftiveden piFailiitpitedatsiinetnds B Saifyiis bEdt Baatramendations
Byera00 ol Bl Aelemingn 1915, 8810730 CRLaI! oy iBRucity HRHEE Tire

?Jtrigace area, pore volume, pore size distribution and average pore radius

distebaeiternfinedetiolsi tHdetidguieedusipndn BastadierpdeterhimEguting fata were
Yoing.a &é‘#ﬁg‘;ﬁ%@@ﬁ%ﬁt@&f (RBAND R VOIHERLHS -BAROPPO and the Barrett,

ana‘ﬂyser. rocedure used 10 was an application of British Standard

dotrods BSusBd AR mated (fospsrMiameirsmd 19r L0 audsrplhihe surface
?5@1@@%&%%%%&9%5@&@&9_92, 'Porosity and pore size

istribution of materials' - Method of evaluation by gas adsorption. The
resultintpiialie wRlrEeRsER SR ING YhaA e PRI AB PRSI AR é’é‘?@ﬂ?& S, Emmett,

ARG CroRsP-201P/RRdranddie Bl ieil 300y (8738) HaleBsadB W Priethed LG &
Forionda PP A Eherm Soc 1o 151 i Surtace

Samples of the supports were out gassed for 16 hours @120°C under a vacuum of
5%10-3 Torr prior to analysis.

Suitable silica supports include, but are not limited to, GraceDavison G57,
GraceDavison 1252, Grace Davison 1254, Fuji Silysia CariAct Q15, Fuji Silysia CariAct
Q10, Aerolyst 3045 and Aerolyst 3043. ’fhe average diameter of the support particles is 2
to 10 mm, preferably 3 to 6 mm. However, these particles may be crushed and sieved to
smaller sizes of, for example, 0.5-2 mm, if desired.

A further embodiment of the said invention is where the chosen catalyst support is
first treated with a fluorinating agent; the applicants believe that by fulfilling this said
embodiment the catalyst will become more inert and/or acidic thus improving the

selectivity and/or effectiveness of the catalyst during the aforementioned dehydration

process.



15area and pore size distribution respectively. Suitable references for the

above data reduction methods are Brunauer, 5, Emmett, P H, & Teller, E,

J. Amer. Chem. Soc. 60, 309, (1938) and Barrett, E P, Joyner, LG &

HaemaepPop3281t Am Chem. Soc. , 1951 73 373-380. SampREGTEEBe06/004352

supports were out gassed for 16 hours @,120C under a vacuum of

205x10-3 Ton: prior to analysis. Suitable silica supports include, but

are not limited to, GraceDavison G57, GraceDavison 1252, Grace

Davison 1254, Fuji Silysia CariAct Q15, Fuiji Silysia CariAct Q10, Aerolyst

3045 ahigyserolypicsods oThembedimentieinerorof tvhsnpporophnide thispresent
a refer : r

R B B o R RS b s s

gessirdige to therprasertdRTsBEMent of the said invention is where the

choserrgataiyss sePey s st eaise it e ALBHRANRARYERENE correspond to

applicants believe that by fulfilling this said embodiment the catalyst will
s B“PHBF@%H%W%H&?&P%‘&?&R?‘%W% ARpTBdiRG dalselectivity and/or
effectiveness of the catalyst during the aforementioned dehydration
30process. 22 Figure 1 represents one embodiment of a process scheme
according to the present invention. This said embodiment comprises
optional and/or preferred process steps according to the present
invention. The letters used to depict the respective
feedstocks/product streams correspond to 5the definitions given in the
above text and appending claims. M CSt L P 23 Claims 1.Process for the
production of ethylene from an ethanol feedstock A characterised by the
following steps;



10

15

20

25

30

1. the ethanol feedstock A is reacted in a vapour phase reactor wherein
the ethanol is converted at a temperature comprised between 160 and

270C and at a pressure of above 0.1 MiPa but less than 4.5 MiPa, into a MCSLLP

product stream B comprising ethylene, diethyl ethers, water and
unconverted ethanol, 2. the said producigstream B is cooled, 103. the said
cooled product stream B is disengaged in a separation unit to give'a first
stream C comprising ethylene and diethyl ethers, and a second product
stream comprising water, diethyl ethers and unconverted ethanol, 4 the

Clsiaid product stream is fed to a dewatering unit wherein the water stream F

is separated from the diethyl ethers and unconverted ethanol stream E,
155. the said stream E is recycled into the dehydration reactor of step 1,

1. 6. thtreaist feoducpedeaiorColaoaiet foshensaiteaaied peruct BiigaBYised
by %é%ﬁ% (2 a&urlf_lcatmn unit wherein the diethyl ethers stream G is

separa ed fronrthe ethylene stream 1-1., and 8+ optionally, the ethyl
ethethe sthaan {Sistedyslédrtawihar thenpewalerio geurb oy Bieg 0 othanol is
direclyJa-dghydrati r.of . 7. Process f onversion of
hydregcargl?gg to e%%@%o%%%%&ﬁg t Jgeéggisl-o a c?%r)%?/@r W%l Cll‘?\agas%fﬁagége of
reactBr YR/ lotHib Bk pstdlamhalvief tusboprokidetsand wedrpgeingisihylens,
CON\E#IRg m@gwa@wwﬁmm@ and hydrogen from step (a

5in he%ese ce of a pafticulate catalyst in a reactor under a :

tempErSttEOSHID EEH beESR B0 and 400C and a pressure of 5t0 20
ll.\’ﬂPaﬁmuaidmmy@m(rjm& ferdsi msc_zﬂ%agﬁgaelﬂia@epdr%ﬂﬂh ulnfif‘t)tﬂég\%@d?ust
east.par eedstack comprising.ethapol as the ethanol feed A an
proc}’é%%ﬁ g%&fﬁl ggt?%%?ﬁ%%éé%gg;ﬁgf o ?ﬂ“gﬁ ﬁ?:%oﬂge%%ﬁi&m stream D
30etvyimmsing avgarpdisthsketivromlidguomvgrtidktharelceding claims
whepgindhe.yaengles feadstock Q(,g;gg feedst haye a R
iso-prop% conte%?%%‘ﬁlle%ﬁhan 5\%’[/0, pg?%rga y§l\é8§é<r 'ﬁ%ﬁ%v%%?mr‘ns(ﬁm}? a

preféfabRsd Somdbralicthidoctirasgad yreeriaitehetivoqh mrsanoF, 4.

RBrochssAatseedin® i Anyatdhatpresasinaiclaimsauhersinibs pxygenates
];%Std tock qand/ r the feedstock Ai have a C3+ alcohols content of less than
R SPTTRBRFICEETHLST iR

) flost preferably less than 0.1wt% and
idealhy saidtenolad fredalcoheisn C is fed to a purification unit wherein the diethyl

ethers stream G is separated from the ethylene stream H, and

8. optionally, the cthyl cthc;s stream G is recycled to either the dewatering unit of step
4 or directly to dehydration reactor of stepl.
Process for the conversion of hydrocarbon to ethylene comprising the steps of

a)  converting in a syngas reactor hydrocarbons into a mixture of carbon
oxide(s) and hydrogen,

b)  converting the said mixture of carbon oxide(s) and hydrogen from step (a)
in the presence of a particulate catalyst in a reactor under a temperature
'compn'sed between 200 and 400°C and 2 pressure of 5 to 20 MPa into an
oxygenates feedstock comprising ethanol, and

¢) using at least part of said feedstock comprising ethanol as the ethanol feed

A and proceeding according to steps 1 to 8 of claim 1 to produce the said

ethylene.

AMENDED SHEET
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5. Process according to any of the preceding claims wherein the
oxygenates feedstock and/or the feedstock A have a methanol content of

less than 5wt%, preferably less than 2 wt%, most preferably less than 0.5 MCSLL LP

wt% and ideally contain no methanol. 106.Process according to any of the
preceding claims wherein the ethanol, th& di-ethyl ether and the water
represent at least 90 wt %, preferably at least 99wt% of the ethanol feed A
introduced into the vapour phase dehydration reactor. 7.Process
according to any of the preceding claims wherein the ethanol feed A .

3. confpoi:sesatdeaﬁﬁﬂ@m%lypoﬁf@mﬂy@ﬂﬁg%ﬂﬁ&%ﬁ%rﬁ@fﬁé&bdygahw@sﬁaedhmok
(V referab at least 50vvt0/ the b tI
andigua]i Pe E?iaerg said grs %?elnﬁ s cé?he‘?’“a%‘ﬁ% ??gf@?’ jless
tham 1%“@“@2&&1@%)« feqrBpyl (5bpidpyhe tenliy ddorait mmmp;d»mhﬂr
8.P i char cterized in_t

MR S e N
andfpdiefrsrtiiapk At takr 2b denkeds W@@tﬁé&@aﬂmﬁ‘@% peaficaabily less than
Iwitharssep feleBlly IReTear 0. 1004 aRdiae - dadiethRiBeraRigsent. 25

5. Process according to any of the preceding claims -whcrcm the oxygenates feedstock

- and/or the feedstock A have a methanol content of less than Swt%, preferably less than 2

wi%, most preferably less than 0.5 wt% and ideally contain no methanol.

6. Process according to any of the prece:dmg claims wherein the ethanol, the dx—ethyl

ether and the water reprcsent at least 90 wt %, preferably at least 99wt% of the ethanol
feed A introduced into the vapour phase dehydra‘aon reactor,

7. Process accordihg to any of thc preceding claims wherein the ethanol feed A
comprise at least LOwt%, preferably at least 15 wi%, preferably at 1ea$‘g 30wi%, and most
pfcférably at least 50wt% ethers but less than or cqual to Sﬁwt% ethers; said ethers being

.dicthyl ether and optionaﬂy di n—propyl eihet and/or n-propyl 1sopropy1 ether and/or di iso-
“propyl ether. ‘

8  Process according to any of the prcoedmg claims characterized in that the ethano]

feed A comprises less than Swi%, preferably less than Jwt%, most prcferably less than

0.1wt% of C1 ethers and/or C3+ derived ethers and ideally there are no C1 and/or C3+
derivcd ethers present.

AMENDED SHEET



