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Process for producing ethyl ene The present invention
relates to a process for the production of ethylene
wo e@moes28eedst ock conpri sing ethanol. d ef n(s)PCEGB2006/004352
traditionally been produced by steam or catal ytic
cracki ng of hydrocarbons. However, inevitably as oi
resources decrease the price of oil wll continue to
i ncrease; making light olefin(s) production a costly
process. Thus there is an ever grow ng need for
non- pet r ol eum r &xpeess for poducing etpvlensy of j n(s)
essentially ethylene and propyl ene. Such olefin(s) are
useful starting materials for numerous chenica
pl"l‘i&piﬁieﬁlt irvehtish retatgab ypesdess for detymbducsion bof ethylene from a

yet hyl ene and pol ypropyl ene. In recent years the
feedst@(‘é(a:,og}prrsmg cthangl-nat i ve materials for C2+ ol efin(s)
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bi omass iIs enployed. Processes for producing m xtur
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| Each h
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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 known 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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fromthe reform ng reaction. The synthesis gas may be
prepared using any of the processes known in the art
WO p@b0ai2ey partial oxi dation of hydrocarbons, BCEGBR006/004352
ref orm ng, gas heatedreformng, mcrochannel reformng
(as described in, for exan%l e, US 6,284,217 which is
herein incorporated by reference), plasnma reformng,
aut ot hermal reform ng and any conbi nation thereof. A

di scussi on of these synthesis gas productjon .
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syn esl| s romsyngas requires a . rml ar rat 1.0
The syiithedis g5 copiinsed inplabettined hydrogemtad-agbon oxitre— wjshiis denegdent

bel i ev éﬁhat t he re;'ﬁ:ti@g og produci ng al cohol, such
on the,syngeshLeRd§tock: : GRELS ALY &0 das can be written as
S 4125¥31 $yrithisis 5@ gasi@ifesatlZ:00 Bolet fkibaviidh iy t@pidally

However, in addition to this the water gas shift
betweepakbd i amd Zhn al so readily occur and thus the

eqyi i briu typi ) i s
R MTEC g Bl SRR ITR e i
synthB$i BakCdan ®R . widRntask3 QCO -€ARI2+> HROED+ H2© maeticnl stoiehiomkiy 2:1
synthesis can _be witten a5 _so: 3CO + 3 H2 - EtOH +
Howeyep, in agditipp o thioihe myatsnges sanf:[ repction can also readily occur and thus the

equﬂibrium 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 so:
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-C02):(CO+ CO2) and in this case the required ratiods 2.
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In addition to this the water gas shift reaction
allows CO2 and H2 to substitute for CO So the

w0 e@aioexsl nol ar syngas rati o for al cohol synt hBGT/6€Be@R/004352
be witten in terms of (H2-CO2):(CO+ C2) and in this
case the required ratio is32 . However, the H2: CO nol ar
ratio used in practice is typically higher due to by
product formation, such as al kanes. The synthesis gas
preparation, also know than those stated above, as
rid6wever,the HRYCO akalaipiatic asqdin prastiegyiseyricdly higberelus tpy-
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stated bl @rreﬁﬁﬁﬁrﬁﬁlﬁﬁ aike®lact hea sigpletstpwherein\edlraflthe energy
endot herm c ereas in autothernal

: . reformn L
consupingiang geagiaiiing wErEIBg rQapoNs é@‘oﬂcﬁﬁlﬁpb&@au ?Pr g’@“ﬂg% do g gingle
bal ance. t he t . ' - mer
o SRS B 0 o 0 0B o 0 eamoghar
refornlifle @oriefien besbme dbethedéddvad prduactsiy midiesitalagas the heat duty.

reparation may take place in a twg-st f '
The sipEletEpSTRRBABIOAIEHESIBHY kP PARRTRAG R Sl pafoeen: Ina
prefer?etdea"latgﬂ LETO rtﬁ$§ ntfesEYIP ke)fé‘ﬁgraﬁbﬁ Hl_a? RAEYURRin hitwEGtep reforming
Seconélary re 3] step

rm.ng which it used in isolation
procegsiviltbiiie thesprivpaty heformingas awitilarateduf iefiraet is dombined with an:

h ., Wth thi i ' it is. ' .
oxyeeR TR DR P B SRS Do i) BRSNS ol fhbesi gas
with <XRERleRcy HehyIRSdenS WithethlsRofOHRESH ItiiQEosfsﬂile reddian dle synthesis

synthesis. "As an alternative, autothermal reformn
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ot ST 2 B AT TR S 108 3 IS s st
with 66 P@pRarefst. A ieothesy téfoshing gasherandtantieioeeoxyges-faed
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reformerdisst rreduses aindioen defisions syntkasigas Anddneh TMAYFL YA Ao
carhon axd das.; L S0 @1&Srati® of hyd

poric 3 IR taPE B xiad BestBPchR © LOTRHOURR LI ARSali of hydrogen
to carBépubtitldy. i um l i m ted reacti on. The conversi on per pass

to methanol is favored by lowte ratures hut a .

bdibg Aesstipe fipgesynihests e4htp CIRARSTO %@Fﬁ’s'éo ok PR PR
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pressures over a heterogeneous catalyst, as the )
tempére@adsibans balhnahbgtwehuets and chavession Rrthe maingpargddgs eeopgmic

vol ure. di scl in US. . , :
consifiyii el eip e P EphieR e eyl Bt ey s e

reactidié HRIcRiph6duR hilfiRdndMbabic@tedryst it ultmeyps diatloyed in U.S. Pat.
operates at a nom nal pressure of 5-10 MPa a

No. 3686 alow-prosyampietigne rypihappisdRpIfeatt WPPSBO’%%EZ@" oKigle-
oS gy ST Gkttt SR Biatfles SIPMER AL,
tempdlaturd3tanddhg fid apgppckiRdtelyEEEDEEIG tb4S@DBsh CZoGrfasmarietyef
catal e g Coo/Zn0/ A 03, BUG/A0TEH 8, Zi0R%2 03, 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
conv;erted 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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are preferred. The | ow pressure, copper-based net hano
synthesis catalyst is comercially available from
waapplosess such as BASF, 1 Cl Ltd. of the UniteRPlCT/GB2006/004352

Ki ngdom and Hal dor - Topsoe Met hanol yields from

copper - based catal ysts 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.

er entitled, "Selection of Technal ogy for
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0ses a process converting
convé?ﬁ%?@@%‘éﬁz&ei 10 gaestitlel wigh thetrbtuinhef arlgidwgenaichggaseous producttoa .
rogen-rich gaseous product to a synthesis gas plant
synthmis gaﬁ@f&t;@g ey SR RN PS IO TEHEION 8R0S one. U, S, Pat .

é't?ﬁ ’f]7 P SEASKS aPride ?ﬁlefc%ﬁvérﬁ%n ©P B¥BFa3 ko

ﬁa ura das’to gaso |n grade [iquid hydrocarbons
gasolﬁncy&me ligjuaf. lnytKrsc)aﬂbI;ns camW)e Dkeﬁn@) bn eomattumhe gatural gagto a

T R e
and fnPHEY %Bﬁx}e?@ngt e cﬁfd@ ‘i’l‘i‘etﬂﬁfob’@ih%tﬁﬂleﬂﬁF fy éas@lh'i@z{ndt Slefin(s).

gasoline and olefin(s). International Patent
Adptemaabnidrl’amt AgpplicesionNa. §3#3DE o Fetislglet plaplatesdo awirgproved

methed R s o RHR TR ARty s fsanogg ighle o

deactflaBBh By tokid@aThé )éﬁblthiWsdlb‘se@ﬂﬂét zﬁﬂar a Padlo@af ik, all ﬁ&h@stalgfsts
that after a period such cat al ysts us

used tapeapyent enethome aﬂ@ﬁn@dl\@m} weest)he st abilgy do epRyestanstanol o
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m Cr opor ous ructure is co
up wttH #dw véSlatifityl caghebnbgeons tdsmbcmmds' ohivhitlodkythe poﬂacmac‘rem,l <The

onpounds whi ch b] ock th ore structure. :
carbenap iR AeEBAdE G%E%W&?V@g BV Benveatigwl raggPds 8H€}Hﬁ Gogtpystion in
air. Methods such as combustion in air. EPO publication No.

0 407 038Al describes a nethod for producing dial .k%/I
et RO 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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conprising feeding a stream containing an al kyl

al cohol to a distillation colum reactor into a feed
waoeme/oexent acting the streamwith a fixed bed BO/G#2006/004352

acidic catalytic distillation structure to formthe

correspondi ng di al kyl ethe? and water, and

concurrently fractionating the ether product fromthe

wat er and unreacted materials. U S. Pat. No 5,817, 906

escrjbes a process for producing light olef . from
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e acid catal ysed o?ehydr ation of nethanol, possibly
olefin(s) aracovptddytaiogstenwitht mometic andalkaeviyvprodudia whithin turn

di sadv age aof the.said MIO . prqocess | at..a, range
makeg i Sap it e esb g i St (o getRd ol il 2k En g’
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difficult and expensive to recover the desired:
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m.cr oporous_crystalli [ - It 1
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VAT sy . af. : V345 - he. RE (Tnud):
449600 SUFyLRE: L0 TOPAFRAFLIY S RS IRAHE, U5SS189 G
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Aot )
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reaction has a,hj tig-vation ener 0ssi bl y i .
for g Aapitug 2 A Ao LT SRR Y o s il e
tempéatuRéd lefdkao nRFGGRGbIEESs bdhes chiaBiseddastivftioaNcokinead sigiificant

hi gh tenperatures e.g.. 300-4500C. However,

by-prodies formaiionl In asgertaminignize thesreryeblems dhavieg¢tions 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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tenperatures | eads to major problens such as catal yst
deactivation, coking and significant by-product
WO eromati2en. I n order to mnimze these probl enBCT/B82006/004352
reacti ons may be operated at | ower tenperatures, but
this necessitates |arger r@actors in addition to a
| arge expensive recycle of internedi ates and
reactants. Another major di sadvantage associated with
the MIO process is that the aromatic _and al kane
by heseaud other disadventageoefifbearieigbhoxy that tareipa need for an

improotlae£ zgr{r ac%r?l?%ﬁv?h@cgﬁ%tfgr L Hdd%%&n & SXPEB DIt Om alcohols.

rom esired products, e.g. separating
etThy bslagorfcthedehat @tlies dandexpgesis\peoyidatmsthe Press® investion,

i s sohSROYETL 20 OF MG PrL01 S04, Shott(Haly RSt rion
of ethh@ 1D S1dHQIHGE AR dRdtiofr2e RBEN XAl RldrR8d [ 1AM AlsRbakton
e solu otﬂ

utron to tHese an er di sadvantages is
doublpbondsdeel fdrnet] fbg efimissinn of maten bikyrandwdept hotrindladesthe coupling of

e eal ' _
carbog FRERES B HVHF S VO Erminer- f G op e LR R BR S
dehydHDAB AP, bFREARR dr forfidll AHeE tALEE fofmédBY coupling of alkyl

car bon-car bon” doubl e bonds are forned by elimnation

- fragmefits wag. ecidoatalyseddlefio obigeroerisation.yeh 8tie coupl i ng of

car bo ragnents as is the case in MO chemistry. It
ZPIO@ﬁ?‘Hﬂ%%%XE%St’ ed that for the dehydration of ethanol,

byrhp b9 ht6diEtaE disrieedimthgsacstm dbigy diegeneibibh ..
coupl ing of alk

p | fragnents e.d. acj tal ysed olefin
Ethang] T%Aﬁ@ﬂl@h!‘i%‘hﬁzédﬁ?%dﬁls 295%%%53/13%1&%‘1-0‘% Hexene The
-Pr.o . -formed by al cohol .
Y‘Mafb:%ﬁ‘g‘ %’gaﬁé%%@?é,aﬁéﬁg‘?&ﬁ%‘{%gno| - Acetal dehyde + H2 ( '
J Thatsalty of the h9@Bgdn Mberatpdhia§ ndtBe as free hydrogen but as chemisorbed

Y. Mat sunmur a, K. Hashi not o an . Yoshida). The state of
hydrogpe: %m?}g'ﬁf qei;%@}catl%@e ﬁféi}gfﬁfiycﬁ%geé@“}r} Bt ®gen but
Ethyl?%ewe'ﬂﬁm)s fhed hydrogen. O particular relevance is

e transter hydrogenation reaction e.g. Ethylene + H2

2 Eth?.ncﬂt—h anetddddiydamethane Avetterl dehyde + et hane + water The
[ i on, of sane carbon | '
S oS 53 Al BB 05 dlud gty o

compB:3SUnt REstRITprd dugFhe Puafiedsletias fi Qo nidmnicast UF e example
For "exanpl e the i ng [

> dustrially practiced catalytic
the indnscislin grosticdheiabgin deki Tt EERDon desiRabL ® Tpeice plefins
e
the Cd')l'sﬁ Zx?}o?/x?d 812 gg?gfliﬁrggwgbﬁin aldeflkane aephratidoa rkhas spapabtiancf
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). Tﬁis 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 conditions 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 5 OOppm 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

et hane from et hyl ene and propane from propyl ene (as
descri bed i n Handbook of Petrol eumrefining processes
wo bioraerdi ti on , Chapter 3 editor R A Meyers pubGBtvemo43s2
by MGaw Hill). This is aL;o a di sadvantage for the
MIO process, (lbid chapter 15.1). Dehydration of
et hanol to ethyl ene has been commercially practiced in
pl aces such as Brazil, and India, albeit at a small

le. e _reported r ctlon condi ti.ons e h t hat
hﬁgﬁ %36&9@ S8 8% é’FS% £ pRogisdes profiwomg figkialefingbye. g.
dehycilratgncﬁbl@(zvgr al%g’l?cquha\hﬁ% PE! &r@n%ﬁ?&? & Elu\’ﬂlﬁé/ cREI9§ER Shedkbour
produces unaccept ab | evel s of kanes for direct use
phase. Thelgpipalepactian |comd1t1t>nqm1/qnemh1w ensplescre POGBNCC b/t 1§ Barg
., are. o ot ed a | ess Oppm conbi ned et hane
with Ié?ﬁﬂmff{e?lﬁﬁﬂ gelieﬁ}’ﬁleeg t‘?ﬁ?egcﬁ% g 929 f-dehydration | eads to

ol 8 PRENYD094B8290RECrED BOW I 1dNe lchi b ptddaBed Bl Opl8ralifeof
in current polynerization processes, as is also the

Vapomaﬁléswdlhbm@ew@s vt parief thedimidi produeis epntaiaimgamconverted
alcohﬁf 058 eslsef% oI L %\%Etnnc% ‘J? gﬁggér) Jﬁgfﬁlepc?lb@f ag %yfg&féﬂap% is at 400-

520Ccat alpysskurent 9t3EbarapThe opied peodudirtingyipdpt at less astbatgmnor to
conditjons given in the exanples are 300-400C at
beingiyamgnisally prrifiedh oie everpples were gayeaafiths Ene%teéé@lﬁ/é%wyeys Pat

No 42881 B%H60 (B Y9, ARRPEh BLORGLARED QMBI LA Cahe
be produced in a plurality of vapour phase a atic
examplacwith siliva fabhorpimaf mdaflurhine shmq thad theretitime icontentin dhaethgene

unconvert ed hol bei ng recycled. The reaction
produSb P o AP BR  tadoiond el dhsrap OBt for Belvefbene
prodMQMGutaada‘itﬁﬁﬁPﬁlﬁlﬂc%ﬂ&? barg. The outlet product
bei ng kept at |east 18 barg prior to being

cr@BQ’ehNoa24%86§ desciribeslhowb 2dx éﬁéml@fmsmmhﬁ@ne%ﬁomﬁﬁnga&
Ct VI

cer B Bl Bt v e Gy th £26AY rtuipasep 300-

5000 RAC0OL 1@00@&3 AXAPR 6the Vkdnlplsd hdsGBowa khabigaificamcbonversion to
al um na show that the ethane cont ent | n the ethyl ene

C5 ang} ahest hydsoeasrns ogowrero Jdheospmplis dessribe Hip dehudratipn of mixtures
|
of CHASEERBIER &l LU DR QAN L3 metn

7.1%eivsnbl alB% %gﬂd)llef)JSﬁ(sllsﬁmpMI ,e3% inArdpdnofB.9% iso-butanol, 2%
syngasderi ved al coho u y vapour

butariolo d By Aok SgiHeRE G {v?lepfee@ﬁé&%?%ﬁe othspepeygenates

to gn?enﬁl’o’%%%glﬂ]j??lgé gﬁtS g?’i’(ﬂ!ve}eﬁt? Isﬁogr)]é bﬁt@ﬁe g4 @%@§+ H?&roa}g&ﬁ Clearly

t hat and
signifiyahit ooravelsporsoftlowrer cartion ﬂibetles@’ripgm cabsn rﬁlagmenﬂses occurring on

ratj.on of mxtures of O to C7 al cohols. Exanple
themf%g%g t@sca Bldehydration of a mxture of 76%

megd @BQN o0 43980%0ede8aRk thedyRtHeal e Rixed1& ol stream and

i sopropanol, 4.3% n-propanol, 3.9%. so-butanol, 2%
purifisatiemisl gve 2 mivgreegf ethane promngbmh@haﬁmwequegﬂz gghydrated at

O.S—l%%?,tﬁﬂgg 00C (eQﬁnSlg Cl? ?BQSﬁmQ@ycgaqu%gtﬁions the removal of methanol

prior to dehydration,‘bu.t 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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to give 143.2g ethyl ene, 96.8g propene, 77.9 g butene,

174.3 g C5+ hydrocarbons. Cearly significant
waeovmesrson of | ower carbon noieties to hi gherPCHGBRIV6/004352

fragments is occurring on the nodified zeolite

catalyst. US Pat No 4398050 descri bes the synthesis of

a m xed al cohol streamand purification to give a

m xture of ethanol and prpanol which is subsequently

. ., de rated at, 0. 5- exa The
yield§ GBS (R S ATE % 1o SRy o oht ABHOB IS
discidsegdehydrati on, but not the renoval of C4 and higher

al cohol s. US Pat No 4,423,270 descri bes the
atWdEpee #2721 édssoribey theolehy drteoicdimpdt ater @mry}sttalline

th I t ed, ph h d
alum PG AR, P SRR R CLPREP R Bbbufoef 0 B b 280
526C2Details Iy Rédiict QiindaB6R BfeupplIRs] 16 GRE BNE@HaPFI8c MR Rctivity
300-400C and the experinments were conducted at

to ethylampg 9 h(%0 ds speredir 1 is, howeyar yaelean fiyum therpatent if material suitable

for plYGARE BEAYLRLER oy £ RUAENR,(RISRHONS S BREARL calRgpof

orna on was

ethanblo 4727214 descrlbes t he dehydrati on of ethanol over a

crystalline alu The condi ti qns

osilicate zeog|ite.
c I ldmied) eéweélw%éfﬁn&a%m’ds tvpilshle fanprprongnalphgdistion (Journal
of Ca(%%s?éna?), 8? 7@x1@§7§@ﬁarséﬁéﬁmtr Phy. AtenSH Firebisem*s%% yig have

ace and a selectivity i to ethylene of 1
found that thp dch;eidatlomtproeqedhmmesmmlaxmaﬂlm to thatrepotied fmbﬁlanoh Wlth

uitable fo de et hyl ene c b
similfyehpee Stmban e slkahc g B e Gnss oliesBRi, dhegtie of
ohgoﬁfehﬁﬁﬁlauéﬂ mlfo%v@%ﬁ@fe'sﬁ'@{"ﬁ tinformation is available

for n-propanol dehydration (Journal of Catalysis 169,

6 7TiRsr¢seatinyentionaekstes tee pedcessfor fkproduntion of atbglege from
tha 3345- 3354), we have found that the dehydration
© 39 ‘'oceeds in a simlar manner to that reported for

etigmell, repveédhtsSor¥l dndtioddie 0P d pedcedsuchBhé Btodifig to the present
al kanes, al dehydes, ketones, oli gomers The rate of

invergiong d Fsrsaklsnhediaenticomipsises,ctions mad/er prefgrradanpcesy Heps
accox‘a{ngﬁg [ﬁ% ﬂr@s}éﬁ 'VQ]EI cf el"ﬂ{quttér?ef@%em&qg %?_%Jgrg ? ggggspond to those

1'on o t ene from et hano
used hethe @ﬁaj@eﬁtslemrptlen‘randi appemtiingfclampr ocess schemne

accordin to the esent 1 nve
r@mr?ﬁéﬁ& InyesHs ¢ E s P&?S?Sr}lahgl)e @FO‘E‘FE‘P%PJ%' ehylspe fregan
ethar®l %@35’[&9{0& cHiAGeti® A AhP FERS g gtgysentl on. The letter

references in Figure”l correspon fo those
1. the ethanol feedstock A is reacted in a vapour phase reactor wherein the ethanol 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 sfream 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,
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used in the present description and appendi ng cl ai ns.

The present invention relates to a process for the
w@e@due28on of ethyl ene from an et hanol feedstPCRGB2006/004352

characterised by the folloggng steps; 1. the ethano

feedstock Ais reacted in & vapour phase reactor

wherein the ethanol is converted into a product stream

B conprising ethylene, diethyl ethers, water and

unconvert ed, et hano 2. .the said oduct .stream B i.s
7 TR eostey baidRhend 6 AR P RtieoBitEipif WhEHH dhe bRemy1
dicgRpganas Gk RpeaRarfadn et dhjlnd Preding, aadf i r St stream
C conprising et Eﬁ)léene and_di ethyl ethers, and a_ second
8.proptioeallys theethvil BfhetsrigenmsiGhip ragcéad to gitberrihe dewatening wmitof step
u h hd product streamDis
f%pqﬁﬁéag%mﬁ%gwﬁ%n ﬂe%f:tt& \?\ﬁ%?@?‘n the water streamF is

s epabaligdtofld srefeiié egibeliiment,@hd presend il chif@Opro@ide €8 process for
. ethanol streamE, 5 said streamE is recycl ed

. _th

the conyersian i hydrogerban !'“b??fh}’]ég% Popredt the etignal fegd Arofighedhgrepbove

step DY fibonthe SpMRafioh S & Btk ctlandl B B8bthf ALY &R} BEHGbok.
di Aedchydingetoreanthes prefarad@nitodaegay the prbséntdmventien pidvideene

streamH, and 8. optiopally, the ethyl ethers stream G
prowf&%f SREAOPEETORB O W@r@fargﬁ%s &M%’Fi%@p&ﬁm&% Sigpsef 4 or
a.di doRGdrtiN B%rg@ﬂ%}fs% 'a%?n%a@ & i ashi&Burd of OFEEH SHilds) and

to a preferred enbodi nent, the present invention
priydiages, a- process for the conversion of hydrocarbon

to et hyl epe erein the ethangl fe of t.he .
by Lt EBE T B b P BRI LA Ben 61 Fstop (i e
etgiesente achapliilag OAtalg¥die Qradcts Undedsteapkratie Conpling

to another preferred enbodi nent, the present invention

prigivesag08 apd 4@ Esandyy presfure e/ rd) MRa gito pyerdstosk pemprising

tq atngyl ene conprising the steps of a. converting \

hydrocadrbons in a syngas reactor into a m xture of

cCarshrut toabtdattsyf saiddedidsthick gompribing ethan@rdsithgethdi®] &&dd\ and

m Xt ure of carbon oxi deﬁqs% and %iydr ogen from st e(gi (a)

i Pro¢redipe aseonding & stapphia § descrbed hezgibaRaye apd ageording fthe

u Ainb SRS G b C BRRL a1t ween 200 and 400C and

aq%§%838re o? gkto %0 NP& iﬁgb a feedstock conprising

et Aayinfdromrbanséontpising feedstireparthat oin bacehvesed stoe keedstock
comp%i%mrclarsblog%oentor)}l e%lnd %?fdrtoggn,%gs Ir;?elfergbels% s?‘nt%re]sqs 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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proceedi ng according to steps 1 to 8 descri bed

her ei nabove and according to the present invention to
w@e@doest he sai d et hyl ene. Any hydr ocar bon- c OPCHGBR0UE/004352

feed streamthat can be coHierted into a feedstock

conpri sing carbon nonoxi de and hydrogen, nost

preferably a synthesis gas (or "syngas"), is useful in

the processes of the invention. The hydrocarbon

eedst ck us for eneration i referably a
disting i 508 o thsriEpiaHe M PR SH B) fheBef np he Bt
carbofl @ﬁginlaﬁts i§ %uﬁ@d i thO B APation PROdeSS a OLE d8@sle bOAs bRk

ste, coal, coke and/or natural gas; coal and natural

durmg the dhisiinaficnaf watesfaod aea resalt Mmﬁé@ugltmanebd aphieypdi Ingeneral
ferabl b
e oy F550 Bt PP RP0, HE RS P gy €Rfoioea

in alc6h&- deﬁydthﬁkﬁsdésc@mmswnunder go purification pri or to
bei ng fed into_any of the reaction zones. Synthe

gdde ;slehyéraf@a% ofdhe faggsteek zegpridingitodhe prsyenh FW@B§%§%EH%‘(SH
(Cheﬂp[%ngrteo@{q : u%%%f\f@é P% Rp2RAG T, Bhar {ASLS B Rka argl gthll s

gani c ry, Secon evi s

proceadhtly Exthernhkedirdst deliydmtioh 39 Bleﬁp(;s) afl@wafer; According to

the present invention the nethod for the production of
ol efins from al cohols proceeds via the dehydration of

Ehbgiosal d al cohol's. These dehydration reactions
re IStIﬂgUIShed fromthe aforenentioned MIO process
ROHt hat==tttradgh no i ng ofpg6arbon fragnents is

required in the dehydratin process a C C doubl e bond
is formed during the elimmati on of water and as a
result high selectivity can be achieved. In genera
the conditions enployed in the MIO process are mnuch

of’faggn%gj\é rﬁeﬁd%ﬁ&té«hose enpl oyed i n al cohol dehydration
d ed

escri erel n. The dehydration of the feedstock
according to the present invention is believed
gChenlEng Comm 1990 vol 95 pp27-39 C. L.Chang, A-L.

& and D.J. M Iler) to proceed by either the direct

o Mdrati_Qn_tﬁ_ﬂ.lﬁflqg@% '1?2 (ater; Equation 1 or via
an et her Tnternedi at €] Equation 2 2 ROH w ROR + H20

Equation 3 where Ris an ethyl group. R is hydrogen.

Equation 3

ROR ——-—‘__'—_;__ ROH + \
R'

where 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 tﬁe dehydration reaction of alcohols to olefin(s) is overall

said to be endothermic.
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The direct conversion of the ether to two nol es of

ol efin and water has al so been reported (Chem Eng. Res
wa@ee7Der8gn 1984 Vol 62 rr81-91). Al of the rPeGBRINS/004352

shown above are typically f]?t al ysed by Lewi s and/or

Bronsted aci ds. Equation 1'shows the endothermc

direct elimnation of alcohol to olefin(s) and water;

conpeting with Equation 1 are Equations 2 and 3 i.e.

th th ' herifi ' i,on (E ' 2
rhd ROTBOBHUB AR QoG PR ACTIRITGHO Liaar od) by P shkfeigbly
starts ggﬁ;agﬁoz%rg%‘f’e@i}egm c@ﬁ%i’il@itnb QfhaRdl andIPAEHRDL, FdtRxample a

on reaction of alcohols to olefin(s) is
mixtuoy/efedlhanob andin-poopasolemdor frerpropands nent i oned her eabove,

:Jggﬁg&%g@ﬁ%%%ﬁ%é(%]a%ﬁ%gwhgig}ﬁéﬁ gﬁcg%qinifg \e/esgeir%)g these alcohols,
for ex%@%di&h??etﬁéx{‘ ApbpydBtheR l%ﬂxgﬁg-%lr@py_fl ethe£ 68D is@Fl@pm othed 1&

of “et hanol and n-propano or i so- propano Sai d
propybisppgepsik ehéreeddsopiopglaathesonpri se honmo and mi xed et hers

of .t hese al cahol for anpl e .di I for 3

P GrRys HsRels e PO Brfi S Ao Agticafis B Aol
and nqR6pRY] onlgopr opyl ether and iso-propyl ether. The

oxygenat es feedstock preferabl %ﬁco,n'pri ses as al cohohs

a Avceidingstoghe BreRer drveatien. shsnglas rdte of sflanolde asprapaig! ogthe
oxyobis BTGP 1] BV bl ot Ml A pLrglighotion 12
but lowek thah 120 ledrtbin aloré prederdbly digherthen dbl juthogérghart Hih, mosp

but l.ower than 20: 1 and js nore preferably higher

prefexaRlyrhigher ﬂEﬂPtf:Il %fg}oquligl??nléoﬁl, nost preferably higher
t Wgﬁhﬂ%%ﬂe%ﬁ chit@BinRint of 6 PRIEhtNAydrion, thE 6k Rich@ss
enbodi nent o

the present invention, the oxygenates
feedstoeke dad/orthe featistek vhiavi ag desr-prokant] hententad lessdhwr dyimol

M T

propd8l.i sopropanol . A preferred characterizing feature
according to the present invention is that the

oxy gfﬁqrealschlraee@a@izmgiem/a@porﬂh@ tp dheoressak INCREapds that the
{ + ' -
oxyeif U o osR R eE g CREREL, Bive GRS dIHLI chhed Bgtobol

anol, 1so-but an
havifgQ last4 @frbdres®misRanN nHutdipl, frochaamib] pentamsl cottant dfldsythan

Swi?gretfab B BB | W BarTue PregARy Ar e 4V 8 BB i mo
co+ ERIEIOR LAHIEBIEREL ) S SR S350 S pn menin i
orderfte ectiice/eliminatd the€i3d frdre thxpyokicspondingtfeedstaghekpect edl y

d 1?1 ge\{iet g %ptpﬂgéntst lg]aeve %Bg)?p%gt%glyoc{iscgggred that the presence of C3+
alcohols to be detrimental towards the olefin(s) production process of the present
invention, €.g. the Applicants believe that they are responsible for an jncrease 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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al cohols to be detrinental towards the ol ef n(s)

production process of the present invention, e.g. the
w@\ppriocRet s bel i eve that they are responsi bl e POT/GBR006/004352

i ncrease in al kane make dui%ng the ol efin production.

Anot her preferred enbodi ne according to the present

invention is that the oxygenates feedstock and/or the

feedstock A have a nethanol content of |ess than 5wt %

.qreferably | n 2wt % nost preferably | ess than
) 5\/\? J%ﬁﬁﬂ%ﬁ@ﬁ@%’?@% is no nethanol . Corresponding
(iafV aPleR8RPonBRA I8 S ATone flol Pty eé.%rpr drRgo Beichanol , i . e.
(1) Prevention of dinmethyl ether formation - DME is
(inar dPrevenspafdomndtionnf treopsthelrihyd ethes { whick irchasdmipasepgrate
to dieth er(ii) Prevention of MIO chem stry (iii)
Pr evgﬁlﬁiiéﬁll lgliegal kyl ation of olefins e.g. propylene to
(Wut eDé&ss(waele Prevention of formation of the methyl
ethyl ether, (which is harder to separate from
(e} hylewentogigity L ess waste (vi) Lower toxicity (vii)
-QWe anpa €.x igr.to ship (viii) A better
( SO fr‘%% 0 :b%u{)ﬁg S?]géédg%sgegzé %? shipping i.e. |ess
(viid} eA tettodd ravio iCoie/eedsiaehdbr higting 1.@atléss watamprdimctised
according to. the present invention in order.to . .
S epttheh s eichy 50 e eaeslRSE TN tee BiFEah br entigngorder to

redudeREnGRE B2RAGHARS ah@ 3 bREKols WRRHE cHirdg@ndihB aabtoand
propanol feedstock is obtained from heréi nabove step

b) Whethe mizedsethanoh endpropinol frsdstotlaiseibtaamead fpemo herssiabove step

f eedst ock into et hanol feedst.oc and ¢
o), e g aGtaiion e W AineEy BREBop Bl ite Sl Rall SRRy A and
a propgnoPfe@f6aAbAY iPprcf@ibl gerdfdtniedC Saidasepiratied israfeiablygier formed
.~ columm. The separation is preferably performed in such
in a cgnygjiont stistillgion ealymm ng et hanol f eedst ock can

t r . he. I .
I Y e AT
feedsteR@ehn ﬁ?@ﬁm theTpll‘eeeImE @lﬁ" @cﬁrﬁ)é)jn%opatoll H&ﬁdl:e, ﬂlelpnbﬁ%ml content of
ropanol or _at |east |w % of propanagl. Accordi 0 a
feed ek o rRaefoEAvBLR Arast SAPPEIGLoBY BSEAROL At SRRt oA fepropeanol or
at leafs{sﬁ?t% Qﬁﬁyﬁ?&ﬁﬂ&{: Ogﬁﬁé \%\cf%ﬁl‘gfe?ﬁﬁ eﬁ%oﬁ‘fn%nt EPfh% rpresent invention,

pretera ess t propanol . The preferred
the feedstotk Arcompnidés essthanl0 wifé, mapquefepHbislessidhy dwtlhiof propanol.

acgor di o step 1 of th resent .i nvention are such

SR LA 0. BhER Bl R e SR OB M o e
1 of the Fs@itinvention 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
preferably 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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The Iiquid product streamafter ol efin renoval
conprises nostly unreacted al cohols, ethers and water.

wo oormeseferred to recycle the major porti on PET/GB2006/004352
al cohol s and ethers to the.,dehydration reactor after
wat er by-product renoval . I'lor t he purpose of the
present invention and appendi ng cl ai ns, noderate
conversion of the ethanol feedstock A into ethyl ene

ne that, 10 to % angd nore preferably .20 to .60% .
nprofy e QB Rk et o9 st Ry T RRPYLRGRPRN B and iso-
propyl@get Qlie pDdeeaVdiingdhd&shydasion sMBEr B is' sreftyiRt Sbedtdink o the

defined as being, the ratio between the nunber of
presegbingention ta prageehwithapaddisignal\sepasgion stags; thupiuelebly at least 80

0 o2l Y { i :
s Bl B ek SR8, R RS M AL Bt
prefeekiiy strledst 99 medé bbthether@y aersdpargted Gotnhibe plefiné)t At least part -

prefeiaflbt OHHE UK PORBRRF e LGPl g g Brpective
vapog,te%ﬁﬁ{ﬁeﬁehg,aﬁ%fﬁg&cﬁélg? as di ethyl ether,n-propyl ether,

- propy et hyl isopropyl ether, n-propyl
i ségoohing toet prefermdmtmdimep pf thetpnesent iaventionat leasicart,

pretibi o € s e Frudlif bRt P T et otgam 4

riord6l etk vaFRRRhicATEh§ERE6n rdabldBof RESf erably at | east
P 80 wt l%] norg(ﬁgrpgferab y at | east 901\?\& % nost

pr Biecfprbationaaf ethessis thgmedynamieslbnfavierebleptlis ethgbformation
~deast 99.9 % of t t ( fr :
i F8Repgagch o 1 0L D3P B SRR b o Bl e
all fullly e Bigaificampanatee thigtiisle bh®reafilyefotmaldtyr dzectyedeedwhioh ¢hus
. the respective vapour phase dehydration reactor(s).
hindesg thsrsepHgfianefaviipie f &y rEedush Bl AraRtion Aronh thegpewéniireams.

! ; 0 N C
How MG K30 B8l s AL TER o g o
have @dinnieanwaAr mpiscibility and atveryi loy waier coapotiazeptrap®, allows the

dehydration regctor of step 1. The forpati on of ethers
rocoYeRY Do M L CE g P LB Prafones o VsPachish ot
fE ?ﬁbéo&&iﬁg ESthe %Meﬁtlt ihPEhtRh, WakEH phin?iRibleen 'ﬂlféf?éﬂ]‘cidnl%ll and propanol

anol , “n-propanol and iso-propanol are a ully or
feedgtdaks iAf fodmriichydratzti pthe whid dedslstock nay cemaptibs/u tor up teltlewt % of

azeotr whi. t.hus, hi nders .the, s ration of
wateh GO0 b P el FRBO PR R SR bR oo e
prefepdbl £ 8RR Fee dSIOR CBpribdidedsAhaBl( WYt vRiidter Hows e ud o

di ethyl ether and di-n-propyl ether (which both have a

procgssincas siphes the waster size. yaeatpd vaparization aid hast eapasiay pbwater, it
. A f
is pr%’élgé;c}n t{ogo?)’%)a’te @fiti'x %&Ft{ggfsp%oglgagﬁégé Yoafefr 1R 1Sr \g%er;fﬁg eo)hoag?@? less

even in unreact
than AGetvo direfgrdbly lebethpn §seXitof waveNWihem Hetvadpmilyackls are used as

cetalfg B ke g vaPB B Cophst snch A GBIy VEGHERT S by and
activit9. ¥Br &xAnmph Mterdplyacids 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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wat er but preferably the said feedstock conprises |ess
than 25 wt % water, and nost preferably the feedstock
w@ompieres | ess than 20 wt % of water.. HowevePCTGB2106/004352
processi ng costs such as tg reactor size, heat of
vapori zation and heat capacity of water, it is
preferred to operate with feedstocks containing | oner
| evel s of water for exanple | ess than 10wt %
preferably | ess than,5wt % of water. n
that iR B e L e S SRR ol ot progpss: The
preseNRtFrwatdt if e fa6d cal 418 inbRasethaiffiéul§aiT thd d1esHol béRration due
catal yst stability and activity. For exanpl

. e TR .
to thepsesenespefi ajesbpbiwatghergotoprsniirk fravesda nargy thasheiling pept

. low | eval s of water (<Iwt% and a di m ni shed
dlffergé: eif\glﬁeyg%?loﬁ'i gh levels of water (>50m % . To one :
SkKidcbgiing 10 thé@iost frefetred 8mdpdiatednd s thé ptesérh énv@ntionth® ethanol
water level wll depend on the interaction gfgg
and digiether tgether wirh theappterteprrseniat fegst Rt hand pesderably at least
Ay . : f the
oomfRIELIAN RIRE plopEIFpI e R el |1
gadiiitiduial sduyces of sthpaclate buatdad toeltharibe dlevlwd separation column
.facilitates the use of bioethgnol and other
or dlrﬁ?tg’atloégfh’i?laftg’j _ee%i%g&ﬂg?tgﬁoﬁ]o %fea ium conversion with’
VetiRlyah&Iphade Ahiibnhel S6tdeh§diaasy thbetrdyilERefk Ahbdkding to
it allows convergence towards the optinmmreaction

the presand irtvientien isfpreferablyrapeeated at premperetienemprisedgetereen 4 60 and

o he fe n_ al [ e th i T4 o
210 Bt GRS Bh  0%5 yd bl ebiindpoosorc and
most PRfEhbIFHREVIARE8 a2 sh°cerves to narrow the boiling

poi nt difference for separation. Accaording to the nos

pridfeciaped riatsogatieiesed for debydratiagthe e_ﬁ}"ﬂ? edstogkr accoréing to
T T

4.5 M \Whiroprefeisbly eredpressuie éf dbove dSdBalbutriess thapdoMPhaskmost
dehydration reactor @%géi}ﬂ ﬁnal sou$ s of ethanol can
prefegblinaidaiessresii@heye 18 Bghes thantat ¥Mh%n col um or
di i At ﬁaﬁd@ rtidg cHARBERARObudhat th
stégcgﬁh%g{ T éB@eg%%ur phlgse r gctlogrgcused for " e
dehydiatigpmcessgs simeyeopeantod irf @ vgmuophas@statec Brisiz prefemed he

ermbclishia gt Et?eéfeilﬁs@f%f}p@ B b eERnY afRSHE S ugts & teast 0.1 MPa,
prefePdbBf GLAIPY, bRRWEE éﬂ%g%oﬁﬂgré%ﬁ@ Gnd/oPhat e dbeydabtion process
an

between 190 and 2 . .nmost preferably between

 operating tempreratse i et leavid 0VGsbaye haaew noind demeperatiesplithe feed

dehydrating th I 0GK 1A .di .
e BB s B SR o
resulthg Ab@vRIdfRioh JfR fetiicld)emd thdyaroddet dolvPasitiortheat is present inside

preferably at_a pressyre of abqve 1.5 MPa but .l es
the delygisatipngeaghey. 51%@%5%%@&@@1 gb faptogs suchgs daesipitial gqe%

compRM6G ahd theMedrddWr cbfntsibi #thé réc - |

For the purposes of the present invention, the ‘dew point temperafure’ 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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According to the present invention the operating
conditions are such that the dehydration process is
w@bwaypes2eper at ed i n a vapour phase state. |t iBCHGB2006/004352

preferred enbodi nent that the dehydrati on process

operating pressure is always at |east 0.1 Mra,

preferably 0.2 MPa, bel ow the dew point pressure

and/or that the dehydration process operating
pesshTEEBL £k 1 bESSEe M AR ARRA S D OE AL e e g
pointGedsyate he arixtueewilDexidttabe vab@m I@ohtaﬁﬁgkomediqm(ﬂa an d/ or

the m xture resul from ﬁ]gtlon of t recycle
a @etrﬁ%ct?fﬁ WI@SWB g% FReomit teXP@e’E’Flé § forpafiga and,the
endotﬂﬁllﬁﬁ gﬁ@ﬁ}; RidrEB ©ldtns, THE réa@ﬁ&r?fe letdturd Esglﬁ@%e faskahs

as t einitial feed corrp05| ion a egree of
withiz eswetl s¢mperaturd faege, @attodow aRemptiagirpradposdbe oite oheefin

resent |nv§ élon dthe g{lgOlnt tgqgﬁé ure' is
i aRd 50 5a¢ iycondetip i el agiany and b RATMRSIAHE &0
lead tBQﬁe Sleh BB g Tortaki e by &ﬁ&é@%l@k@% Bl By ﬂrgdﬁclﬂsesuch as same
systemtenperature is raised to above the dew poi nt

carbonemwpbentlspess. Preferablytthe tenviekdtureyprafile afthe cdtayysyhed is less than

30C p Dbl S T i B e e gt 06 1 G o it Bec

adiabgfididastol shetdveralldtpdoMerintit réicass allowed 50 g’cﬁfol tA€gh Aynamic
being a_threshold pressure. For exa for-a given

equilibrivm gaald gesulying Khéﬁfetléﬁﬁﬁ‘@%ﬁf%ﬁ‘@ drpp o h@% yQbeapylE dhe prablem

s oné St }%3 Hl\ﬁﬁ%é}&e ﬁgé\ He%t@ letrgaectdpd)églgﬁ&nmddle tl%(ﬁeé

exi st ew pol nt essure,

capabie uf hio@ling heatdboxed smh af f xerpbw ﬂumhﬁedlbad ngu]$1011mldriaqdl ihltiple
Qgg reactors .are engi neered to gope with th b

fixed bER EFRERT BB iNEF AT IRARFOrORiTaly diedifeigR RARREnt can be

lmpr&k%ﬁxbg g;%lfm n}ér@hé%llt&lf frddR a)chRS! i‘é&?&tts'e@é}alt&m@ iR rEacket bed, at

intained wthin a small tenperature.
Wthh gougtathe &xolhenmlc cthedfitgimperationcan patualéys caunteracitthe oferall

entosgh BRSSO ARk b GRPSERSEIAAN M fn e

to pré¥i@d daddRiidHal SARéAsTRAL ed pbmoﬁraﬁ%e@éﬁw Rreh RVt Scabe added
by- products such as sanme carbon nunmber al kari es.

at se\mféfperrm)alyng the reasiqyavith additiqnabheatiag bt it seprefrad yeaddybg main

e rabl | ess than 15C and
propdriat SPhid S I RGR RA S Hediaern 5% i ha oo
adh @eadihg td arehed enibbéinene o dht pﬁajs@iﬁtlﬁneahﬂbﬁ theaatydeauohf

al l owed to %o to thernmodynam c equilibrium coul d
procespglgparited by thopisreat InvaRtiqre it seRsustedrin g repctiygdistillation

colu@"\ﬁ/ﬁéﬁ%lay‘r&ﬁﬁv@ﬁlguhﬁ | SIAE Rferd B3 co %%ﬁ?[ fatiB¥ column

reactor desi Itabl e reactor designs inclu e t hose
andraamable of handllng heat fluxes such as fixed bed,

i di.,sed b [ ul ar a d nultiple fixed.b d
S Gy s L oug BY 658 A thigsBe Srep i ming ofsg and
alcoH@SFfé%H @é’ﬁ%ﬁ& 11P§H1 H@r i8R0 §éie@iv(/1t'y@d) 8Lk § 9TRIS @ﬁ%ﬁ%ﬁ discovery
fresh al cohol at sever al poi nts in the reactor

has shessn 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 cbnducting 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%, preférably at least 15 wt%, preferably at least’
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whi ch point the exothermc etherification reaction can

partially counteract the overall endotherm The feed
w@aw7abrel be heated further to above the react PONGB2006/004352

tenperature, in order to pié\/i de an additional source

of heat. A portion of the cycle stream al so can be

added at several points along the reactor with

addi ti onal heating but it is preferred to add the main

ortion of e front end o
sowithoanflmngst PP %Zea%g %8 i8S Bt s o Spael o wi% efhers
Said dHRS SRpréfBMOR} étBihol UGy ARl ARs R0 ey ?&%ﬁé feb&fock

by the present invention, Is hot conducte
A. Asrpsepanpleandilsst be fokeratedinctbé athanolWssistock A, rsad@_thevs_ecan also be
monslyEhA LRSS S, SoFBSPiS et i e
ether, tRAgropylRlthyd @ttes abd &b-pgréi/1 o 21 &herd SAlK&HerS ChEbe Fﬂ)@uced during

al cohol feed results in a gher yield and se tivity
the dehydrgtien stage, dyripg the plephpls Sﬁ@thgﬁil%&té% Ayring seeatn erhn@flcatlon
esent invention with a
add1t1812ag§121 ¢ 819511-@25(/ ggighﬁgg o{a)t%ﬁ@ ‘productivity and
sal mferrmdtcha@étehbﬁg Géanire Acqurdidg ed the preyeciasstiohs that
nduct i

teecs@ilo At U oo Giec s UM GG BPBO PP Bt SRACHF (fined

as havifly AQBKELAL 4 Qﬁ‘rbbﬁ af@®hPth ﬁf@ SHeY SRPLet:, Etﬁx%ga?yl ether)

i nvention. Thus, accor |ng 5o a pretferred e
derivedfethemeorypers 96 ftss thanemit¥e pr;efdrdttﬂy dtsh dnal 1 vitee dais’op:iefeﬁably less

t 10 bl I t 15 wt %
than PR pE Ry e BAce a by baRE f o Ber e s PRy e
|%@§<§rd§%‘%%@ﬂ1@?érﬁb&ﬁﬁwﬁ&ﬁh€t PeRnPinvesisy, r&@ﬁee/sf ’

ethers. Said ethers are j}r eferably ethanol derived
aldehyden ét theoxy gritatesfeesistock pnd/et the feeddstock Rehas beersfovoi todbe As

I h h
deteinpBR RN cSAY L LRGmRC A PO ek esTEARACIn the 9 e
feedstotibyes pﬁa)feﬁblltyhe@shﬁi lxmtﬂ/n mﬁy preériisll lesd tinaR Yivi% Sla i &R Yo

et her, i SO- et her ropyl ethyl ether and
achieyedye Eﬁ%‘H?‘li a’éﬁteﬁyff Ofg%l%wdessaulﬁprég déo saposehe paid aldshydes

from Y alcBHoIS tf@ed%@%éjfogate BydihRd B% aﬁilg tﬂ%tt dEx 5&8{&% Yeedstocks to

synthesis stage, during a se eri lca
any omlfithe toliwisg tg@nentssi bishiphiseteech: h(botdi@dﬁ&eﬁﬁdrogéh(aﬁ()n a

hydroferE e B bl oR e miee | BEASK AR Henens effebe
combfn@d Qﬂth'ﬁlﬁﬂlca@%&ﬁneﬁ% ﬁf%ﬁ as BRIshY Eath?Q&VAld%i Eﬁ{d)en%ﬁgn G+

(defined as having | east one 4 carbon atom chain
borohgdride treatinentito émpyoive ets kfficienby forl alctuhg@sﬁeneivlab r Theddehyydration
han

reatifiy 15 SRS Epup DRy BT or ey oB ShEbtane Rty ity

removeld®yareatigerto C and/ or C3+ deri ved et hers present.
Accordi ng to anot her enbodi ment of the present
i Meprdingto appidepembediment g 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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al dehydes in the oxygenates feedstock and/ or the
feedstock A has been found to be detrinental to the
we anoaloyesl | i feti me. Accordingly the al dehydes PORGBRG06/004352 .
in the said feedstocks is eferably less than |wt%
nore preferably less than 0.1wm% In order to achieve
the required absence of al dehydes, it is preferred to
renove the said al dehydes fromthe al cohols feedstocks

beds); g/(l_:‘egzg 1911%@% ra%%%%yc%ﬁv&%%#t@?%ﬂg&?e&t %\lll\ﬂé ﬁgéj(t) BPIOE but %areful

tocks t0 any one reat nents:
desigh bBthk fEedtadd wapbrizatioh anifsy chn afford yignidigematro@otion
hydr ogen hydrogenation or, a distillation treatnent.,
TIACaiiSspl Faethpiens FRbPIBHEnS 40 B PRISHST MEBUREILRS BY Virtue of

, i cal i .
e GISEME AL B BASI 5 B b Kb
suscepfifle ¢ thapyestnre cflloehydentseffiuplriticshbhestatay deatioved by well

knovw et RFA O e I Bh A B B SpE 0} LEP B s esicisatinByy
compblRRIWIE mafbe PrAbAGn bR -&had 84n SIHRAHVERBY ped-trbdifient of the

present 1 nvention, the oxygenates feedstock and/ or the
feedsfoekdst ock A and/or the recycle streans should

pref erably be substanti.all ee of vol at.i b ‘
PTG e e shtouhicnY el e RS emt il By Aot Ebent
in theldx¥D&riatds Fed¥RICR lafe r@ipotiCiio S reA6RIOCation pRidE Abdiky eharated
e.g. Cu, Fe_and Ni, can also catalyze hydraqgen, i
and dehyshiasedio olefints) viasherheVe eEagesso Hopdis rurpase oF i inyentiqeand

the aﬁipgaﬁéeii.ng \c}%]ﬁlé? ﬁ%‘é{e&y GefnBte 1884&@351%%@{0%91& orfihgk 1@ lnlgg@ an 100

amnes can be conveniently renov y
kilontetse@fromnhs alsoledl deBydtatséd wdi®t i on and/ or use of guard

P Sty SR S TR et
the d@‘glgfa‘éioﬁ of ﬁle%an%?{e%glé’cbclgﬁg@ﬁbté}f)géxﬁ@ué; &RSyaNY. It includes but is

orization unit(s) can afford Significant )
not lipritetl échétemopol@hefls, sslphogdiedsippotty/(ea dafind apd dpydxshange resins,

used . i n pal r nuf acture Qy. vi rtue of .t he ;hi gh.
Sulphigieg gt PO At igbia; piowliprf g on Sicaceous
supp@rmsmg,‘kife@l%tﬂﬁ,l NBRY) | 28kiie8) I ilon Sdif 6@ RId1iddse miogddnktes and

presence of Tow anpunts of inpurities; these can be
mixturesrihored; ipyefoxably haterapolyacids andiern-exahangewesigngnprg, preferably

Al t ti | t ' it .
s
18-t @sTEpHREp Y ichicet AdeEs-rmpsogificit heid addpdrteksaltddmesodi ng

to a pref'erred errbo'pli ment. _of .t he 1g&r‘es nt | nventiqn tthﬁ
al Brsriers "hnteropelyacid’, epusedlpirin aikirquebaul the desgrigtion of the

presenf ﬁ%rﬁ[%rnt %ddegfnga]tﬁgfcﬁﬁg ifter é?i‘éaél.*(é:‘lﬂ ﬁgailicé_rarthoarﬁﬁxio Bim, free
separated an ehydrated to ol efii(s) via the abové
acidspbuik g sstionFsalts,tand/op urepd saltsqfvhetei the saitsemdyi wneithed filher partial

saltsf e e Bt 2l L SR & ASFhE Bltsed: Shvehion Sre
complex, high molecular weight anions comprisirig 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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kil ometers fromthe al cohol dehydration units.
According to a preferred enbodi nent of the present
WO pwe06328n t he cat al yst used for the dehydrat i BOT/GB260©04352

et hanol feedstock A are hetgerogeneous catalyst(s). It

includes but is not limted to heteropol yacids,

sul phonat ed supports (e.g. Nafon and ion exchange

resins, Sul phonated zirconia, Pt sul phonated

zi.rconi a),. Ni opi sphor.ic.acid silicaceous .
coppef et Finghep Pl nickBl BB anT bREpeslyR, o 2B Spsgoic
antim 8B bfshRfh, 28RInit@S rhod ik el dod s getmenitin tid] @@niuR€ ZROSrium,

preferably heteropol yacids and ion-exchange resins,
vanadim,esulphur, selbusiug, reangiusse bigkel lstingpdthadem, kafauay, seym,

12-1 t 0Si | iGi- .. 12- ' i .
e e e
KeggialWeflgDavabn aad Aadébei-Boins-Peip i Ieteropdlgdcidso (Bpeyidiciedimples |

.as_used herein and throughout the description of the
of suifgpledstpropahvasifisiagnas followgemed to include inter alia;

} ' kal:; earth, ammonpium i Ky
18 t“%’t%l?%&rﬂs@g*lgg‘%lhand/ or netal sal tg6zle%é?§(§b(?zﬂg}?gjl ts may
12-tulpstophbdphorié u¢il or partial sal t SH3gFWH20d0dd2y aci ds.

12-mG F0betHORF 6°ionpl cx i on ol ECLTHP AGHGREEIRN ons

12- {H%ﬂicfda[wd oxygen-|inked pol yvalgnsiwei@lo] 3t .
pically, each anion conprises 12-18, oxygen-|inked
12-m@lgbdosdiceracidret al at oms. The pol yidbbiddal kHZOoms,

. kno as .peripheral atons, surr
Ces1ug)glmv$%gen F‘Zﬁ?@%ﬂﬁa% symet r i cal ?gﬁﬁgﬁﬁ lli?jheél Ogg%]lﬁgher al
and t1R! fRdBacliBor JRRi4D BatsQf thdfolloGind Wdtetbstepatids: t ungst en,

vanadi um ni obium tantalum or _any other polyyal ent
Monapetassium TergstophesPiipteat oms are pr [RBWM/ 89653 E%%Smr

h . .payv:qal t tivel ' f
vndBREA0E e hclRGEL1 1 L1 VeheRORY peucptiRge of
PotasBemi tagdstophakitateof el ement s- The¥s[P1WI18062b1p20,

_berylltum zinc, cobalt, nickel an Lnium
SodivgamolybepPhasBhate ceri um ar seni c, fé%h%ﬁj‘(ﬂ%ﬁﬁh
Amm%H{u%H{?bdwgﬂanghes' li con,. ger pRpP2R 1802 L AT M

zirconirdm vanadi um sul phur, telluri'um nanganese
Potassiuakmablybfdditinadophespbateum -haf niKMPModiZQ46] . xEHROeni c,
vanadi.um antinony.J.ons, tellurium and.jodine.

TP edeeh merbre pEiser s betornmeliaaiRag s S0 BF empiged oo
prefeﬁ@@hﬁ?x@ﬁél%@&dﬁf(ﬁ ‘i!lge Pend ?Hceﬁ%@drﬂié@ by e piesendRfehfidiCis any

exanpl es of suitable heteropolyacids are_as follows:
one ot Sroreihgeroppliiacip Hant ischased on theflsizpingr Welkp Pagpgrotructures; more

O
inventidn i4MFIne D hické 6f the ifellowitid] sHidshr@40d acidi3Mosphotungstic acid,
silicomolybdic aci& 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
lesé 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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12-nol ybdosilicic acid , - HA[Si Mol 2040 . xH20 Cesi um

hydr ogen tungstosilicate - Cs3H SiW2M40] . xH20 and t he
wo e@e/oe2B80 or partial salts of the follow ng PCT/GB2006/004352

het er opol yaci ds: anopota§§ um t ungst ophosphat e -

KH5[ P2WL8(62] . xH20O Monosodi'um 12-tungstosilicic acid -

NaK3 [SIW 2040 .xH20 Pot assi um tungstophosphate -

K6[ P2WL8(062] . xH20 Sodi um nol ybdophosphate - Na3 [ PMWol

water, ERga 1OBNIS LBDRAT I 1Bt KBDas LA g e disillod nagpand/or

ethancﬂ 'B@fh@'%ﬁé Riost ﬂféﬁeﬁm\é%{%ﬁls xh@Qshmng@shuw s‘é[htﬁhﬁtaélﬁ es of

di fferent heteropol yaci ds and S can enpl oyed
heteropplyagid spreentrationethetris prﬂfgrablb'd@mp@sedﬂs@vvﬁw t(ht@ &&\@‘rcésmore

t o an ne or
preferfi 2D p a0 it dpdint BRI AN R0 Bl KA Butin FRIGE
added ¢ tHeschBestssBp&it gcm alterhesvelyiieeupp@t ﬁrlﬁllﬁlefseﬁhﬁ t}m@ﬁmn) The

het er opol yaci d use in the process described by the

actual ﬁp&m@f 40#0@ prlutinn added ythe SRt ifwpkresiricted eanddienesynay be

oo OB S50 ORSTRSLUOARH e o i

prepamptied asiap hly exdess aidis ecliluhl@tt eslome rylativedtofpore udeme of support), is

process scrlbed b present inyention is any one
the prfprtsd methad e e QH@@%%S@'}&I& RFesephBVRRES: opol yaci ds

e r t

ot SR St el RpblVAC RS H b R el ARKEY
heteropolyheid anhxabychanbefolrm@ iree @q@mds belgton éither 60000, Suditiing,

het | de di '
impre36,CF ShF AP ST CHOT YO B8 BRIV SHEIeS TR E ATy
heterogbﬁja@ih% BPrd1bRzcaROEEE Wieh 56810861V 8Fd hitaBlean&liit 3kt 6r by
solvent, where suitable solvents include polar
add1t1@,1@pf,1§msgh<§ isceicandéar other srinerakacidsl cohol s, car boxyliic
eH &sh}% J&ﬁ?otl &gtaﬁ cds%ﬁ¥c9' Z)Flh Ltl*?‘t §ulgk>glq tﬁ@geﬁ{rﬁ %{%{1 Pl the

desiretl @8tkdehirdgorg wlﬂhl the Babmpblqaclh asmaoinélttersoppdryﬁcthda left to soak in
oncentrat| on that is preferably conprised between 10

the sald(;lcgbc flutgn Wé A SUiAbls dyratien,(exm atfew houisd oy iEHRFTipgis stirring or
shaklr%rd g&%‘r WRLY i ﬁ fwg £7Qredt 1{§1n%T WiBbRahhns ?h g{rc?e\‘i/’ 2? fe?nc{\lvté @y excess

tot osen suppo or a
acid. support is imersed in the solutlon) The actua

\Y me, of ac:|d| ded to the,support i
Y Seing S SR B B T Bl oAl e R st A 1A
and tHeH &R t€ RfithWad Elﬁtsﬁe&frsd{"ef hib FRERANEH iR ProveRRS cﬁsﬁ/é?stlon of the
i npregnation (i.e. preparation using an excess acidic

HPA sadtl. Qthen techolquesesuck havacnemt imppegnetionmarrelsofbe sapbayetd)
' 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. '
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the preferred nethod for the purposes of the present

i nvention. The resulting supported heteropol yacid may
wheoomodi2Bi ed, and various salts of heteropol yarCTGBaYn6/004352

then be formed in the aqueqQus solution either prior

to, or during, inpregnati of the acidic solution

onto the support, by subjecting the supported

het er opol yacid to a prolonged contact with a sol ution

of, a suitable nmetalli | t by. addi fi f '
hSprisht & e el eran i viellctabs SrSihnest. mev bg

used tGoB@In4RE GrelBk 8f the Gciddnithd SupFBRityXeihRingYRPREE: fréh She former,
salt is taken in the desiréed concentration, with the

givingtibe eatalyet lpadinglas'e haterapolyatidécgsaapadint't The cathlzst loasing inde ,
nterog 8 i g HE GBIl R BMEH g
densitp i hd\Ehppaft! Biie PBfetBd tatABtit loadsngl dfieRi@sblyded 8950 to 600g

sui tabl @ means, in order to renove any excess acid.
HPA Apeateltiet salt is insoluble it is preferred to

[ e e Lt Dtk (g

TERERR By et A L P e
heteroglolyReids staed ptevidisly-na as @élilreseﬁgﬁeﬂi tﬁeﬁgﬁnglqugﬁulsmﬁsoa&

_vacuum i npregnation may al so be enpl oyed. The

specificiorpgHateRnY appy ke thedtpsh A bpore dhigepragigiadanirythe Frprort,
and esBEAaIRPLAGHY IPUIALUSLD S BOUBREUR B8AL CHRRRIA! TRiearee of

i que, 1 ncluding, for exanple, decantation and/or
hydratidd d¢frth¢ heteropGlyaeidmeyaffecetic atidgy ofithesypparted catafysband hence

o 5 5 B0 SRS P B RS ich s

dehydBfidh QR MMy cRands fedBAkAon HRY oRRIa8OP baeA theHetdls in the
commerci al scale this drying stage is often achi eved

heteropglyacigsirigethefactual catahgict spgeiss wiedhungsr fetnreggancongliftons given,

may g PR oS huBlFD G e TS AT B he G SRl iReng
impregitie MleahppabNandllyMhelérére 150 tbe opeaa @had Sudhtgdifioaland
wei ght of the heteropol é\%m d and the support. The

oxidatjgst Fates By el bediffirguitn Bie spenticatglustrlicn &agionyht of the
, t '
S SRS cHES sulBbsiiey BER o Ry Rith Suifa 6 thulE, bl

spherds@i RRfrudyésvindgndlbde, bat aé ystlihibationyloadenitgs e.g. montmorillonite,
v e REge 8  Caty  Tie at AeL LBtk gL

titanisC@pEH! @li&ZiR¥nkSIdB8ls ! AFLINRURdUMuARASHOREs Uhdoxide, flame
deﬁsﬁy, of the support. The preferred catal ytic

pyrolysoddkidgs. Suppertranbe inyiaed ekides, 180ak oy vekly hapik oxidgs. Silica
oo b SRS S AL BT BURLAEY e

hydrolysis of SiCl4. Preferred supports are substantially 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 lesé than 0.60% w/w and more preferably less than 0.30% w/w. The pore
volume 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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het er opol yaci ds stated previously and as represented

in the typical fornmulae of sonme specific conpounds
wondog/oe2pl y to the fresh acid before it is inpPEDORR@®/004352

onto the support, and espe%'ally before it is

subjected to the dehydrati process conditions. The

degree of hydration of the heteropol yacid may affect

the acidity of the supported catalyst and hence its

Ctl.VvI a sel ect | T
sotabf sk d 8 drveS GrS Rt fenel BRE SmEe b R Bt P et 7 e
force.MBNe GUIRABASi YT thy slippbit ¥ atadidt 380 gatplreqeramyadt deadtf 395Nl
netals in the heter opoI yacids, i.e, the actual
c dhasipglepastidde raish geength Wﬁa@temm@e%%e%%&a Msesin dprse gauge
/
i P R 8 9 0 OB RS gl
The chi3B stenHi (st basdhbdnithelavyraphef thfat(xteeemﬁnadsfot o séief 68 peatalysid
t hat such hydration and oxidation states nay al so be
particdfisf f erent in the spent catalysts after reaction.
Sl’t‘h%%@lesﬁﬁtc?gyeﬁt osrli:J Q%Hes 5@&2@%&%\&&%‘9@%@%&@5 IB'BrQ kadius
be ‘granul es % pher es or extrudates and
were dfteﬂlmded frbmtthanﬂrdgem adlsorptioﬁdsdth):nnl\dntdemmetd% 7@K gising a

Mlcrqmqrggg é‘&ilg"gégﬁi}og %é%s&%e?t o%dﬁO%IOgé?l%lg’%guglilelﬁﬁ[){;}C ure used

was aﬁ' gtﬂ?&hbﬁ 3P BAItISR 9BIndard ThdthGR BY4369Past 1C%ﬂ|‘Reccﬁ1ﬂﬁ&ﬁﬁtlons
alum na, zeolites, zinc oxide, flane pyrolysed

for gasmmptloxsmﬁ@rmsthe@m ahd BSV $¥cPask?:d 87, ‘Rexgsiay ansk DagR ke y

dlstn&%}qnco&" ngalé?r%é% pngt{hgﬁq g? € agu&%ég P? §§ p?d;? ?fogegh %ﬁﬁ?gaata were

reducRd €5iag W& BEDincthddl@vertheprisesrange p@StOSZ(aPE’o) and the Barrett,

substantially free of t t I
Joynsats Brieme R Himethod (gt Bt damaitia o 2t 30O R e giriee

areaz}nlae Oié’%%f/gg?;{;ﬂﬂgmeg &@lere silica supports are at

W W pur e ities amount to less than 1%
\N/Slmtabll’e&éiéf@béyfok d&:&tbbh@dnté)rdﬂﬁ%wd methnds are Brunauer, S, Emmett,

p i, . A pee et Rygerfin 04 £ L s) a5 Rt ool apétnl §'€

| Haleﬁﬁ%rlfP,tﬁ%@%@hgm”kécg 195e79yesgge pore radius (prior to

e supporf is 10 to.50qA, preferably 30 to
17$nmplmfeh@stqipertame;e &0 gttssedﬁ@ 1A Tant @d26° Gumskeen sptupm of
q@ e. BET surface area is preferably between
5X1053OT%t'ﬁB“B’b PP§Sand i s nost preferably between 150 and

40§tuf£81e93111c£ ﬁp@resflﬁaﬁw bELRP bt likasd a;n @y@mgﬁons Gag) e
particle crush stren of at | east

Gracelaa\a@nsmseaﬁwe &avtseaé 254 Fajj SﬁlaﬁléeCarw@f(élrSa Es‘w Silysia CariAct
QlO,f,ﬁeF%ltgstGiﬂélg aBQ rlAk%?oc}g{t% o4y r’ﬁjppcl(/g egé aﬁh‘ﬁéte?tof hfe ézgnglgs is2

NSty upport is at
to 100hsh, pefeildy 3hb ¥ min. He%ﬁerﬁtﬁéseqiaiucléﬁtﬁaysbm gduehqdeunﬁlswlved to
crusﬂ strength was detergﬁlépe,d y using a Mecnesin
smalfeg piges ‘gfafﬂjéxﬂ'tﬁp]@h A8 HASBIFEL 1vi ni mum f or ce necessary

Loy f% efhb% fhd Io?tﬂé%h WG HEnReh & VLlﬁ‘ére H{eacth%&n chifdy s Etkifﬂ&rt is
strengt ase e average of that determned :
first fredtecawitr fhfonﬁé)tnc@d@h‘y dlte 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.



particles. The BET surface area, pore volune, pore

size distribution and average pore radi us were
waledoged2Bed from the nitrogen adsorption i sot hB€TGB2006/004352

determ ned at 77K using a gkcroneritics TRI STAR 3000

static volunetric adsorpti anal yser. The procedure

used was an application of British Standard nethods

BS4359: Part 1:1984 ' Reconmendati ons for gas: adsorption

* and BS7591: Part 199 " Porosi t nd
bl T FePHaegts 1B TG TaFi pL¢ A nemq BB e prset

1nver@e$ﬁ| VB isgid eﬁ%oﬁﬁﬁerﬁ@@ﬁbﬁﬁés‘bgtmﬂm Gnd/BSpheFdrR HEtRs
reduced using the BET nethod (over the pressure ra ge

mwmdnm5odwzmmpnpmymanm.the Barrett, Joyner & Halenda

U 0 L R h ront o

5 the dcffﬁﬁtﬁ)cﬁfstgweﬁl i¥ theStbobya bdx@ anehendiag slafis. t he above data
reducti on net hods are Brunauer, S, Emett, P H &

Teller, E, J. Aner. Chem Soc. 60, 309, (1938) and
Barrett, E P, Joyner, LG & Halenda P P, J. Am Chem
Soc. , 1951 73 373-380. Sanples of the supports were
out gassed for 16 hours @20C under a vacuum of 5x10-3
Torr prior to analysis. Suitable silica supports

i nclude, but are not limted to, G aceDavison G57,
GraceDavi son 1252, Grace Davison 1254, Fuji Silysia
Cari Act QL5, Fuji Silysia Cari Act QO Aerol yst 3045
and Aerol yst 3043. The average di aneter of the support
particles is 2 to 10 mm preferably 3 to 6 mm

However, these particles may be crushed and sieved to
smal l er sizes of, for exanple, 0.5-2 mm if desired. A
further enbodi ment of the said invention is where the
chosen catal yst support is first treated with a
fluorinating agent; the applicants believe that by
fulfilling this said enbodi nent the catal yst wll
becone nore inert and/or acidic thus inproving the
selectivity and/or effectiveness of the catal yst
during the aforenenti oned dehydrati on process. Figure 1
represents one enbodi nent of a process schene
according to the present invention. This said

enbodi nent conpri ses optional and/or preferred process
steps according to the present invention. The letters
used to depict the respective feedstocks/ product
streans correspond to the definitions given in the
above text and appending clainms. d ai ns
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1. Process for the production of ethylene from an
et hanol feedstock A characterised by the foll ow ng
wWGeL@p®63281 t he et hanol feedstock A is reacted PET/&B2006/004352
vapour phase reactor wherejyfi the ethanol is converted
into a product stream B conprising ethyl ene, diethyl
ethers, water and unconverted ethanol, 2. the said
product stream B is cooled, 3. the said cool ed product
ClaiEchtream B is disengaged in a separation unit to give a
irst stream C conprising ethylene and diethyl ethers,
1. aﬁcbcasssfen‘dnn ¢retuwtion bf sthyleaeidDncomgans] fegdstatkeA characterised
hers and unconverted ethanol, 4. the said
bythepﬁoﬁ F”eam Dis fed to a dewatering unit wherein

1.t éﬂ%@f Q6™ s fAcRE Eh"‘& %}f‘@% {)ﬁa@érkéa'aﬁ‘)r q‘}h%ffé‘ﬁ{ the ethanol is
et hers and. unconverted et hanol ream E . the said

s convareEinte a pexdpct gbamB comhdsiog hwwhae,lmhyleﬁh@arwmr and
said product stream C is cooled, 7. the

sgp(gon&%%?% eéﬁapﬁo&duct streamCis fed to a purification

2.Uiliel saltRb@hod stréten B i8lcbyled,et hers stream G is separated
fromthe ethylene streamH and 8. optionally, the

e{fhﬂﬂaldéloﬁlﬂdé)r@@% sieam B disengagediinaseppretien upih o give a first
e T
hydhpnsang)watet dliethpldthere amd)mmbnse;]rteg et}taaobgt eps of . a)
n tin n r tor r n Into a
4. ﬁ?@&vsgideﬁre HC'& SrER Do %é%f@%a eéi‘f%EFf % og@wga?hwm%tfw is
t B PO thé Hi%tlﬁzfl efiRfs0R0 uﬁa‘dn%x(téc‘) etﬁ&l%l Birepgen from

p (a) in the presence of a particulate catalyst in

5. athe&n;lt streamritisrreeyclahiptr the delydotiopréasén dfstepeen 200
d40 0C, and ssure,of 5 to 20 MPa into an

6 %uclté‘g%@?gelﬁ °Qlfidr i sing et hanol, and c) using

A a"thel s@ﬁisaoore@rﬁroaﬁct s@édn Cagesite @'@uﬁﬁ%fdnﬁhﬁ%ﬁér&%ﬁﬁé diethyl
the ethanol feed A and proceeding according to

hetherststvend spsparated pm testitileng strgam itk apd es ent
8. Ia‘rg;)\é o?xg?l %: ethgé] et%g s{rtﬁge F()}:' % 'ggcafle{]g al errrbtﬁe V\% a(%er? gtlﬁut of step
04y anaétg&ofd%ﬁ;ﬂ&taﬁ@krewdf of stégie f eedst ock A have an
2. : %gécggso o? Ph%l cog\?enrtm%gtof %;drlos;rgog tlgae?hy?me%)om%rrginegrtﬁg Ist)éps 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
comprised between 200 and 400°C and a 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 hereabove steps 1 to 8 according to the
present invention to produce the said ethylene.

3. Process according to any of the preceding claims wherein the oxygenates feedstock

and/or the feedstock A have an iso-propanol content of less than Swt%, preferably less

than 1wt%, most preferably less than 0.1wt% and ideally contain no iso-propanol.
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than |w% nost preferably | ess than 0. 1wt % and
ideally contain no iso-propanol.4. Process according
woao@mg3si the precedi ng clains wherein the OXPOEe/GBRe®/004352
f eedstock and/or the feedsjpck A have a C3+ al cohols
content of less than 5wt % preferably |less than | w%
nost preferably less than 0. 1w % and. ideally contain
no C3+ al cohols. 5. Process according to any of the

4, p ?F&:‘é‘&' R0l TRnyYRE R p?ecteﬁ'ﬁg %}(rdyeltgﬁ %‘é&?’n ﬁﬁ‘%ﬁ§% #@s feedstock

[or the feedstock A have anol conten | ess
and/ot ﬂlaiﬁeeﬁm% Aplraae @r@ﬁj’r glc¢l©§s:mtmhoﬁlem%n froth, pefetablylebsthan

iR atge %@gﬂ% g B Sl o Shh oy Bl
5. WegicBishckhidi ?'of tHe"iﬁedétlmgtcthYIhs QhBRYin &féd}x&@ﬁla’ﬂé@tf&ﬂstock

represent at 1|eas % preferably at | east 99w %

and/opthe feedstotk Artisive faer@%thmql mrrt@m @& tags than dwithe predgrably lgsh thaa 2

e T

C!l?méiesse@c@ﬁlﬂget@?ah b@%%red@ﬂﬁ@%[aaﬂﬁb yvhaieuh RSthahbl, Me%i-ethyl
preferably at |east 30wt % and npst ef er abl y at

cther Rackibe VERRTOBTEIeb AP0 e e PEiRDat Kepskdowish ish ofhanol
feed %E[{ﬁ%ﬁﬁced%ﬁfodtpgtl%lﬁ Rg e'agh rgidiikagbner and optional Iy

n- propy propyl 1sopropyl ether
7. aiddcess adcordigpiocny lof dterpeascedﬁg cfénms edsredic therethang! feed any

compgpafieiet G o el BLERh e At AL o apd most
prefeﬂaﬁzsclt Ielaﬁnj OIVO'W Yeth&R Bhit BEShA! &k%lqﬁal' 18 3S witamndds; L %iRks Sding

ers and/or C3+ derived ethers and ideally there are
diethyl ether arsheptionallBdi wrprapykethest arsl/er ppropghisopropyl ether and/or di iso-

propyl ether.

8. Process according to any of the preceding claims characterized in that the ethanol
feed A comprises less than Swt%, preferably less than 1wt%, most preferably less than
0.1wt% of C1 ethers and/or C3+ derived ethers and ideally there are no C1 and/or C3+

derived ethers present.



