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WD 2006/ 102189 PCT/ US2006/ 009929 A REACTOR SYSTEM AND

PROCESS FOR THE MANUFACTURE OF ETHYLENE OXIDE Field
wohodén@z21saventi on 5 The invention rel ates to a FEEUS06/009929

system The invention also relates to the use of the

reactor systemin the manufacture of ethylene oxide,

and chem cal s derivabl e from et hyl ene oxi de.

Backgr ound pREAReroR s I&BQES ¥R n

i mportant industri al chem ca as a feedstock for

maki ng 10 SUWM@UREQFBW@W et hyl ene

gl ycol ethers, ethanol am nes and detergents. One -

nmet hod for nmanufacturing ethyl ene oxide is by
FieRPthdiRivemiorof et hyl ene, that is the catalyzed

partial oxidation of ethylene with oxygen yielding

et hi memmdelﬁamamemeemOmgawhmnf;mdms tojthe use of

e @#&%ﬁé@%ﬁ%ﬁfﬁ%&a"% from
eth;&mda&:&iamol am ne. 15 I n et hyl ene epoxi dati on,

feedstream cont ai ni ng et hyl ene and oxygen is passed
Background of the In '"e!;!'. contained within a reaction

co@% ons*ﬁ??ﬁr]ﬁe]ﬁiat i ve’ﬁhuﬁqxgr gebﬁ"ca? Wdf%ggﬂsgoﬁk for making

suchrelensicald ias bihylene glwnhbﬂxylenatglydbb a&eﬂaéthmoi famindsi and detergents.

R A Sy A
catamedtwﬁial BeRdSot Qféiﬁyl&?é‘@i{ﬁ@x éﬁe &&d@ ?%emyxene

cool ant. The tenperature of t e cat aI st needs to
oxidecaetmantfectured magy e rpacied with watéraan aleoholar es amiine to produce

d d d
et B 1 e EVRH 3R B b oRol SiER L e atur e
defardsia dpogidalicd, aieddarbin cbﬂaﬁﬁﬁg/ﬁhylehéﬁﬁlﬁoi}%%h iPpassed

reaction can easily lead to run-away reactions.

OV%%h?ﬁbﬁafﬁa&ﬂlysétcﬁmamé“el s 2 seactiom zenedhatds maintgiagd atatrqrt}ln
reackin opeiBhel B BleR0RY 1530 Hoat oF fadHB Bk AJHAIHELBErariof a

reasppdtde operhi;ton rerlmposslﬁle.s Whilst forh¢ efftheigeficrateti hbatahay leave the
d.bed, and.in which the shell

ticles t
reacfih i & sonsll et B §bertinpedsio hefgmpyethiqugh the use of a
cooRROXTKAeinpBraGat dF ﬁl%tcatéfy%@neétﬁ t&BE‘H&{thlﬂi caﬁBﬂL | A8 relative

the internal tube diangter is frequently in the range
rateppf mnﬂaaontaod gombustioa o catbbe diexidscandoraten dve hxgbbr temperature

depdeBf, oFndfBimRAlS g e HEEE iR el G Bt Bt o reaction

caneﬁuﬂghemolrﬂﬁ.qmgﬁ-@tcﬁsn&erel n by reference. Wth the
catal yst bed present in narrow tubes, axial

t erfpemmgraalpthidenerapoxidotion regetor isgeapiplly it farma of s shell-and-

rub<Rat SxcBhfedt Ay Pl BESTRE el il oottty

narrow tubes are filled with catalyst particles to form a packed bed, and in which the shell

contains a coolant. Irrespective of the type of epoxidation catalyst used, in commercial
operation the intemal tube diameter is frequently in the range of from 20 to 40 mm, and
the number of tubes per reactor may renge in the thousands, for example up to 12,000,
Reference is made to US Patent 4,921,681, which is incorporated herein by reference.
With the catalyst bed present in narrow tubes, axial temperature gradients over the
catalyst bed and hot spots are practically eliminated. In this way, carefui control of the



tenperature of the catalyst is achieved and conditions

| eading to run-away reactions are substantially

way giockeeb189The | ar ge nunber of the tubes and t hePCT/US2006/009929

narrowness of the tubes represent several

difficulties. The comercial reactors are expensive in

their manufacture. Also, the filling 5 of the tubes
teripletabure JF lechtal PR id dchleved hid LddMBtiGRNS4HRMGS raf Awah@eactions are
catal yst | oad shoul d be distributed over the many
subst@béd{)samiﬂqdhat all tubes provide the same resistivity

un Low condiet,i Qn | t, woul d be of nsi.dera )
i S Lo e ke apl e hectoptifes® b B RS it overat
diffisudtiesa TheRbohetercidlRestomfaré sbRasiveE i hdir reGRIBicRiteS AN, the filling
t he heat and _tenperature control of 10 the catal yst
5 of the fbes withieatalysh pagicles & e eonsyming and the ataiyshlopd should be
- r .
cisbR0 et X iy 3o 858 B2 BloRiqe e bl hRlsit under flow
condfiigns) ses at | east one el ongated tube having an

i nterna ub di a r of nore than 40 ei.n
co amichﬁ? gt_e noxsaras sdFantage tishe artplaet 158 ol Es disibuted
over Q3Bfal1Sr Mfntrlo¥ Qﬂth@uﬂo%}i%@g' Pﬁ%e%dciaag&hﬁ@éconm of

on a carrier, which pronoter onent conprises an
10  the estalystivedsdb thetreattén om r heni um tungst en, nol ybdenum

g and chyom um. More preferably, the internal tube
—gﬁﬁgﬂﬂ@éﬁ—% €HE B east 45 nun. The invention al so
Pr O¥héigreseht RiveARSSplofides B PeRRPSsiyélal fBfthefepSkiditi i \6F ethylene,

conprising reacting ethylene wth oxyg;n in the
whigh seaster sysiemicemprisesatyeast oneelongated thbe having pe internak tybe

gl £ i 4 U A Sl NGB i
15 congirlsitigrsilver @ld/x plonsitéradomponént depduitedlonaanterswhithipsdmeoter
obtai ning eth e by the process for

c°“§§’6‘?’i“cfé’ﬂﬁ§ﬁ§%¥fll IRy Ry NS tpAgsien, R L ——
chréRfhnt ONR féh?&ﬁﬁlp,ethsm& bQHﬁﬂféter'iEBﬂefstt by hﬁﬁ.e
et hy et her, anol

€
glycol, th ene glyco or the et
am The inp&itibe siso ppivides apfocedsdfohe eporadatibh Gf ethyldepcamprising
n _el,ongat ed tube .whi ch conprj.ses t al yst. d,.n
readilg S{HTHE B e e TR Ot cat Do et i Teactor
20  systedioTithis invedtidn Cl € which nay be used in this invention
and_which has a holl ow cylinder geonetric

confurther.dbe tnventin prowdesa methodsfipsenaring cthsienesalyrodtangthylene
oy o L Y LR A RO A e, B0 D a B B st

the 29HGdaRA TR IeHe dCCRAHIZA6 AT thvelitr iahé dorestiig Dieietiylak oxide

.. the Invention
into ethylene glycol, the ethylene glycol ether, or the ethanol amine.

25  Description of the Drawings
FIG. 1 depicts an elongated tube which comprises a catalyst bed in accordance

with this invention.
FIG. 2 depicts a catalyst particle which may be used in this invention and which
has a hollow cylinder geometric configuration.
30 FIG. 3 is a schematic representation of an ethylene oxide manufacturing process

which includes certain novel aspects of the invention,
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In accordance with this invention a reactor systemis

provi ded which conprises elongated tubes of nore than
wiD200omopsef erably at | east 45 mm and typi cal | pCUUSE@6/009929
80 mm internal tube dianeter, which is larger than

the conventionally practiced el ongated tubes 5 having
typically a 20 - 40 mminternal tube dianeter.

De&ﬁgﬂﬁ%'-ﬂg%ﬁ 3%%&&6{1 tube dianmeter from for

, , exanple, 55 mmw || cause that |
t helnracodrdancefwith tienventicpeastonsysteny isqupvided whick comprises

sane, catalyst load is to he distrib 0\ ]
cloRgpR LR ALYRATG "L Briab iy St A e 46 ity up o 80
interidl BiHRAHiarhthe Wi RUSEEr b thedohVMitionally piabicddsstomifated tubes
'arger catalyst particCles in the catal yst bed which

havimgtypicaity 2 e 40 egsigtemal tdhe diarpetey cincreasing theiniespal ke

. E dat i t al t [ i i
G P, 68 aRpH 43 i A SRR o5 S il pued Wt hp puimber of
tubBy B ABhRkirk Ay NABRE wiRhahd Shd daalystihead isno bé distyiued over the
mol ybdenum and  chrom um have been gf}(ﬁg aiomnterci al lﬂﬁ &
tubesapphying theesame bed depthy dfsing-laress prernal ube diameters lso atlows for
. A ¢
thelyfe b el FART B B Ot B Ui tTB o 6P i prepsure drop
ovqaﬂimﬁlystbbdlge havi ng an inltlernal :jube. dihameter whi ch
I t han conyvepti on [, Use 1.
oo SIS WHSCOTRES S RuRHERR oipw 50 g catalyst
ancfsﬁidgiuc dgg& IQgPomS’t%f st Sl LR ATRMIEm] finkiten, 486lyBdenum and

ation catalysts having silver in )
chrgoinh havesiseenfused comamsteialytfoymiagy years Hpaximpoytantagpect of this

. W shi.,ng to be.bound by theor n_|i :
inviuioh i fhe o Gily Altptheh mny ety O lipheiar b i ke
catAlyEts 4G beuBElin HftattBRibe Abviby Sh intéfialube dianedtercwiiiph islerger
a prondter conponent. Nanely, under practical
thap gonveationally usefhdwithaw somprestising the-tepiperatyye aud heat cgpiro) pf the
r gani,Cc phal | j i : Wi ;
ooty RS Each ity PO T RALE L of 5B BbdiaaRiolalllsts having
silvep irequeintiflbofat ¢easy B30 gRlg catalysi. oner activation energi es
may_cause the overall reaction rate to he |ess )
o BV weshina o Raciund Ry Sisory an sperta SRRy be et Liese
cat{alﬁ/stg Bf lﬁét@&éiﬁéauéé?ﬁﬂjﬁaf Ra@ibnhaRitaly§ts Whikh dd ot comprise
e case of the catalysts which conprise a pronoter,
a prandten@miponent. Natelys wnder practicwh epoxidationrmeoditons,dhaidyin the

cause .l ess increase j.n re ion,nate N
presigs Of 88 orasuie TR RLOR BRRIeR, QLA o iR botibiied s Blomoter
cothPénehtpiddide lebChdaphber nisle ety dineGofPérted] Al Iower actiation energies
conponent an | naqlvert ent I ncrease I n tenper at ure F&la%
mayzeuss the oeeralh reactiereratotorhedess temperatuze deppadolty Alsq, @ difference

ted | { LA | .
ma§ 3 E iy bidRlysts! S GHe 1 o bEABIE LA o S o (At which
comprispemiond cofdpefiéntian ibdiRerandnaéasedd mperaumstimhcause less

have a pronoter conponent,

. . as ppo&ed tgo an . di
caense i spagiipnaptedhan wauidrhe expecdediustiom) the temnsmuny gerRgpe, and m
. . ti .
el BE36 Bl BGHT EStprif e ol YRR inadvertent increase in
terfpe@tiicanidpédude niop@iticrease imdadtionrraieshdmnwomldfbe enpéedyust from the
temperature increase. Thus, the catalysts’ response to the organic halide may have a

dampening effect in the case of catalysts which have a promoter component, as opposed to

an amplifying effect in the case of catalysis not having a promoter component. The
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352850, which is incorporated herein by reference.
Reference is made to FIG 1, which depicts the
WOomete2se react or system 10 conprising the el pogASeeds/009929
tube 12 and the catal yst bed 14, typically a packed
catal yst bed, 5 contained within the elongated tube
12. Elongated tube 12 has a tube wall 16 with an
e _ g I :
rosp i UF e (A1, Lo i BRI RO rbiBEr SRR Hont P
352880 ivhich ibimorpbratedbersin loaeférercezone di anet er 20.

El ted tube_,12 | th 22.and th
BBk et e S bl st i B FbE sem 40
cm%gﬂﬁﬂg ﬂﬁ&ﬂ&hrgélr%g 13 MEMER gge@gﬁﬁimy?@pdc&e&%mw bed,

) nun, pre bly 45 nm or above, 10"typically
containgd wi erelongateqd biei 124 | Elopgatédbtube § 2 hagia tubelyeall 16 with an

. di t 20, t | t, 48 ' ti.cul . .

insids e S ts Bndnusntel yos shamifer 20 T Selife R et e, Bhercinis

cort&ingd Eqayst Hed 1dind Pfelciitreidieditiictt€2® E10A5ated 1ube12 has a tube
Preferably, the length 22 of the elongated tube is at

lengthed? angl the catalystdeg idfaontained within dhgsteagiiangonphas a bedgpth 24.

ot e b a0y prof PR b irie, ana
typidatingbinost 80ube. i1a pattichlar] the Sitefabtubdiaffeter 20 ig htleak 48 mm,
at. least 0.8 . nmm_and in Fartl cular at | east

mofs TR UG 2 BRSO3, Feteedbihs i infemah e Araelet less feam 70

s e RGP Ao 60 gl BleRe @122 O (B clorigfyd ube s

at ledsé 3ah,angratpecletablyeat 1@astri yn. cPrefenably thestabaleagth 2804 abfost 25 m,

articl.es of on-catalyric or inpert material for.ihe.
moffbestetasty s g 2000, ipedrably, e ot iicpest osfhc Aopestia ibS s
leabt@eS! fiinh, QAT Préteablyd WaBLH. 8 1e NarRPiRPaRichlR @f1ch' 1 b Preferably,
t}mpurgose of , "for exanple, heat exchange with the

thicknessof thecslongateask tubeisl ap mash &0 |, mienspiiefezablysatapost 8 mm,
. 3] f referably at least 5 in. Preferably
m‘iﬁ?%g%%l%gf){nﬁgﬁnﬁ@ at nost 25 in, nore preferably at
mos Ouididd the bddéepth 0haBe eldniateé tibé 1RUhiheIntdinS saparhte/bed of
t.ube end 26 into which a feedstream conprisi

parfigles pEBonsRatalytis ge MeRanatsdal fR thepumage ahdonstagiple. deat exchange
with 438e3fart Gn P?ﬂdﬁ@r%ﬂcﬂsgpgﬁaéget {?? g}]dggﬁfgg%ﬁbog, for example, heat

conprising ethylene oxide
exohangedwrinthe rédaction praduet! Prefxably)the beddépeh 24 isattlbast 3 m, more

eagt i roduct .. if @& |5 ethyl.ene of the
ol of Bt EretpablyaBe ved el isyl et 25 g greferably at
mobIE0RY Gt @fbngdik® hibd! 12CRANKE! Ris 3 Inief tubb Bnd 26 1S Which 2 feedstream
exceed 10 nole percent, but, in sone instances, the

conaprising ethylanarandrexyigen san btitroducadandspontiet tuhe budi28 fram which a
Sl 66k RhiR B i o Bl o S i ot
thatthe eillene lif tHelt@adtioh PRddult, Af ddy; & @hylbfd &f the foedBréad whith passes

maj or portion of the catal yst bed conprises the
ﬂwﬂlath?mﬂctgame&n@gmwdv d ypigpbeonvgrsions of the ethylenaexsaed 10

oo 5§ i e i S T 1
c at The/ehcitiaystemdncliddsaatalyst bed of puricled bfa b RalysticohPaising

.. 0.8, but 4 WD 2006/ 102189 PCT/ US2006/ 009929 . i
silver and a promoter component deposited on a carrier. In the normal practice of this

invention, a major portion of the catalyst bed comprises the catalyst particles. By “a major
portion” it is meant that the ratio of the weight of the catalyst particles to the weight of all
the particles contained in the catalyst bed, is at least 0.50, in particular at least 0.8, but



10

15

20

25

30

preferably at |east 0.85 and, nost preferably at | east

0.9. Particles which may be contained in the catalyst
weethogidrege t han the catal yst particles are, forPCTAS2006/009929
exanpl e, inert particles. However, it is preferred

that such other particles are not present. The carrier

for use in this invention may be based on a wi de range

9.b
p’&ﬁ@f £lea $85 am, AP proRiras g%& fa Parﬁ@fek‘ﬁ%'ict&ﬁa be contained

I norganic materials an they may i nclu
in thefoatatysbbed othersthamthe catalyst panticles atw, fier, exaiples inert partlcles

zeolites, char I d,.al kal.ine earth netal :

oAV Bl 35 BieTetfe) o A PRI BRLE SRS pref err ed
ar e Thechiier %r)ﬁsé'ﬁi this ﬁbéunoaqﬁiy Bébased dfiaWide FRgB OF krfhterials.
zirconja and silica. The nost ‘preferred material is

Sugh miatemalsamay te/materal ogﬂrtlﬁml inorganis materipls iand theytmayinciude

t | east... 90 4w | ar
reitiprof st S B a0t RERER ehioo) pd Sl o Abta
carboRdtes] foteexaimpleadalci@mtcariongte, Weéffibd SYe rhfisctGhaterials, such as

O her conponents of the a-alumna carrier may

aluging mhageesis,girconieang Bé:cas iThe eost prefesred majerdal is a-alumina.

R e e e

parftiefilaf ¥R 95 %Jv%i— mn%i&”ﬁ‘éﬁuexﬂﬁrﬁ&ﬁ%‘%@ RO RANAAIDY, reladive to the
The surface area of the carriér may suitably be at

weighhof th(a cimdi/ Otherceipondity ofihe Ioeaiuinmzﬂ:a&mﬁﬂy camyprise, for

5 nR/ and ar Iar at,
ex gl s ik et epmppents o PRI Mliin apd gotassium
co ﬁén&r an&ﬁfjalkilﬁle%d&ﬁ HretalohipoliBiits, ot é:@aBi;Me Qﬁm@:}n ARBdr
g, preferably at nost 5 nQ/g, and i n partlcul ar

masnemwompnm reI ative to the weight of the carrier.

o ThBS Gt Ren g 5ot sy b5 ot Bilcm LB FriteBieRy at least
0. 3(‘ﬁ?/ Bace preferdbb ﬁ 1@@0 Bah?/ rahd'iﬁ?ﬂ@!&um aﬂeﬁsﬁ Olfhﬁa’ t&laﬁve to

Journal_ of the American em cal Soci ety (19
edbelglwf the earriey; gud thesprface aepmay spitably be aﬁ anﬁalfOtm a!a,| nyeferably

at WB&S m E%d%‘ﬁa@gﬁi{a&* o ﬁlﬁst%% @%ﬁy@?% ﬁ%tadé#;ﬁht of the carrier.

conpristhg in-a lon silica’™a
"Swrfdcelarea? agasddrherait id undersiadaotraiateto dhe siefacamreaas determmed by

3o PRt Bimpaetfand Tl el ot drscbid i odripL AES American

Ch&ﬁ]ﬁ!&l @eeae ;%g/fté @3%:%; 30925 £ CHAN Strfabe AlRE cArBiRie npﬁarﬁéﬂm when

. i gher wat er absorption may be in
theyam-almmna icermiers optiomalhy caahpms_mgm addfltponsdiki¢ap alkaki metal and/or

1L I! | ver an%g{ %%%r el erere egpm'gf"ﬁ&gﬁlg’?on tggmf tr)ﬁlgof

op @Q@&{ptlon the carrier, or the catal yst nmade
therefrom may have Iovver crush strength. As used

her &he waignabsorptinnoefithe carriesisdppinally indh@tnge vf fromeh2 to 0.8 g/g,

ore RV T ran e G R D e /e A Ml B bR pay be n favor
in #bwlof ﬁaﬁbrb ffediéi Hbﬁihltlldﬂ @f silver 4@ faghe el&ﬁé]\?\%ﬁf &nyg on the carrier
relative to the ht of the carrier

by impregnaiiong glm@vmgm gtzpabsorption, the carrier, or the catalyst made
therefrom, may have lower crush strength. As used herein, water absorption is deemed to

have been measured in accordance with ASTM C20, and water absorption is expressed as
the weight of the water that can be absorbed into the pores of the carrier, relative to the

weight of the carrier.
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The carrier is typically a calcined, i.e. sintered,
carrier, preferably in the formof forned bodies, the

W Zove@b21wdi ch 1s in general determ ned by the potrRISA®I6/009929
di anmeter of the elongated tube in which the catalyst
particles are included in the catal yst bed. In
general, the skilled person will be able to determne

A t M | £5.
fouﬁgev%?{/&%o eni en?&?&g% of %%%Jggi@g N f’h'gq; formOf
fortfedtbodies Ahe gizk of atiiohds ircgéneryd Gé’@rmm%d wlﬂeesmtem&lelﬁmer of the
doughnuts, and the |jke. The catalyst  particles_have

eloggaipd fubsiiy which be eatalyst pastislenare dgqlidrddn theeatalystibed. In general,

ST e P SR i e e S0l s
foundnferycorerenient tBGiseformed bedies irethgtform Bﬂtrapepp1dahb¢¢ze§ cyimders,

4to§0 %%etﬁﬁkﬁgmﬂomaﬁw‘%ﬁ utgi
geﬁe)‘ﬂlfﬁ’éﬂo\év Hlﬁﬂbf’géo%ﬁc Eﬂﬁﬁgﬁﬁﬂidn SVHE réfbre B8 rFI@ﬁZ the catalyst

typiccally fromQ71 to preferalyfromOZ

pantigles Baving biggnerally bollow 931unq@a geomeiris configuration %Otgun hamja length

3235?@&3%&8%%# as deaipé‘gl@p’% heﬁeo efore a g?&maer34,

@y ifroin B9 200iR, MoRftppickll fraﬁxdﬁatstm& @mécﬁsmateﬁsﬁ
W srm’n or at npost 15t?l?1n’n 3)"/I'he rati o of the | ength 32

typtqallv Heomg Qtlstp @cmmn, preferably from 9.2;tp 4 rom. | Spitablythe mtelyst particles

f
AR5l o Tl Sl o LY RSt WDl dgmeter o
at ledne Groym, pltefersblyet leestGBChmb ey preferhblgtat Idast Y/ming) afd acmost 20
row ded the i nsi.de_ _di_anet gr of the_.holl ow

;ﬂfuah’aleﬁt Thefigtin of the Jepgth 42 o the outside digmeter, 34 is typically in
the'r éli'ﬁfbm@ 3 m&a:wy%fcahg%rﬁb%' 8HE WASIE 26 RAntfHY 18 be bound

carrier, or’ exa y 1 npregnation,

to mymﬂcedlarfthwnet isrtwlicvady bowewnhatsthel wwdrsgacmdyldm by the inside

sl B TG s o, P St BnaiGhivsimrores

dep’bﬁﬁio)il df@heacamwé bdiﬁlbdbeﬁ(ﬂtb theangertfor BRAuBpleiby 1ﬂipségnauon, and
that_the shaped carrier material has t;égher Crush

improved fprther kandling.suel andrying, andwhentusingthe patelysly ltaprowd% fora

S B oA v

bo:e mlgﬂmt;taﬁs alsbithatalye ilﬁpet‘sefrﬂbr haterialteas highep sfsk btrength relative to a
rovi.n the sel ec %/qlfily of the catalyst, to coat the
’E‘é‘ieF TEeHr a tin conpound.

f’ Con g ?%W nphealie el ol BBca 0P mployed,

it npyriel usefud forfthe purhoseofdnditdving the seleaﬁﬁbeoﬂh%atalyst to coat the
cal cu] ated. as metal lic tin relative to the weight _of

CarfiffSUEiars Pk DN AHIn cosapquRg- Sayay e gramiy of e apedeiip dhe
ranBf oFREMIET 110 %Qi, rh&}E shitduid fbmV0.5 lt(h§ G/E)xyiiﬁn%fatetﬁﬂar from 1 to 3 %w,

reparing a catalyst conprising t
for exampple 2dwSoalbuletzdtas dhetallic tin ralativesiokhoweight ofthe/Sai®izr. Such

A-4701347, S- A- 4548921 _and  US- A- 3819537, whi.ch ar .
coafing atayﬁtﬁaﬂpe E}e%reémhﬁ of WBEUEE pHst the Grgra¥Id Pediseq for ayeparing

a cﬂﬁ{{st%h{;isi‘fgi%t | % F{Wan i rﬂb\ﬁn&”ﬁﬁ&ﬂ%&éd%nﬁ afé"’l&fohﬁf from US-

anic tin compoun
A—-47D(Ij i, UHA-418021 od USxAri\tSIl B53% lemi'eare nnquxnated hemn by

S R i S BBl B o) U LS nd cel with o

solution of an organic tin compound in an organic diluent, for example toluene or hexane.

A suitable organic tin compound may be for example a tin alkoxide or a tin alkanoate. A



preferred tin al kanoate is for exanple tin

neodecanoate or tin hexadecanoate. The tin

i npregnated carrier nay be dried in air at a
erature between 400 and 1200 C, for _exanp

t | t
p@%&p@ tirigtkappatp ay St xample tin@cedacangate of §n Mém%agp% elhe tin
gl LRk TS0 3 8 o ABAAPRUG P10 Byg 1200 °C o

extagpleian60h®C.practice of this invention. Methods of
depositing si]ver_on the carrier include inpregnati

) K In
the Thgmrensratignof the sptplyst isdappaundhe av@ad the, grown methods are
e for on! .
SBEAP ) i P L6 Rl SRl Ay b0l Pl pracie
of irsTipiventisro MShéd SEBAGpOTifing Sibved-or5ihs @aiter ifPade DEHOIEting the
and US: B- 6368998, ich US patents .are incorporated .
CHErFR MR sIver exmbpugd SpRtainiad et sifer end PORAENIGE fyuction t

firth ARlAld difeP bArtiSles TBfelRBo@maf BB mhatiRSfbr Wik, R USIAB380697,
in which the catalyst is dried, so that the reduction
Uits As 621906 cEP 1702 66@G, andUS-B-63 8398 evhinhdd8 patestsaype incorporated
hThi rr%i be the case if the silver containing
PP BOIFAT P sol ution conprises a reduci ng agent, for
exanqhe rediidtiow of adtRnidsilveEtorhetalic silQErmbBBYe®mplished during a
Appreci able catal ytic activity is obtained bg i
steppnoyhigh the satalyst iscdmedyisp that thearedudiion) assuchfdogs not require a
rel-atiye i ght _.of t c [ .

SHBES Pt K. PR St N B 8l AR b
sélugbn sdthinfides a@ediRivig agdeht, fhreexapipbs el bxalategnlactite ot foemaldehyde.
silver content of the catalyst is at |east 15Q g/kg,

mor e ARPECEblL FafalyHE apdwst 1sekdaiged by camioyiag ¢ silver content of the

: el atil v t he wei ght
BESLEARIASCH0 RETElaf0 e I oF laludibe 0 O O
t he thivedvgstit i prelfaredt tomos:t cdidlPstg /hisgingnohigh filvef epatohty In the

oot B i el RS R b b Ror ety
aPlabteIobhkg, Alemdid ;}l(r‘éferﬂﬁj?ta? Mast0350 BRoCANAIMSDH thé weight of the
the range of from 150 to 500 g/ kg, nore preferabl

chitakyst. Poeferablyy olie gilveg contshtiof the atalysianagebeht most SQtﬁg/kg, more

t t,. F I th tal yst ' .
pitrpRly pmasttofh BIRE, ¢ mist 1rRipoTn ! st YD GRE gplagiyp to the
Wi of Qhe 2BIYHY. Plefebly? Wk SilVed coblenBo0H@/ dagalyst 64 @i théerange of

to the V\Eloght of the catalyst. Intheg&féeparatlon of

frgrit 430y 800 wkei mgreapieEarahly Fesiny 200 g 440 ptkey redaivednithe weight of

o) ] I
o sy R S I 8oy B3 3 0 190 s o
180Igkgp loe 18@ pagy, bt Q08 gife, 8t RI® p/kgTbe 3 Shpkigy edlatfvarto ube weight of
[ IS [nvention conprises a pronoter co }(I)iggn [

int t. which
theosAnly el e nEFRaRRION o et tavng 2 FRIAING Yj¥gterpntent, for
e%%ﬂlg Sg %@6%&@5 034 @0?]%23#, B Fotal AR it may be advantageous

Prefe e pronoter co ent conprises, an
tehppie niultiple depositinns 6f ¥il¥e2006/ 102189 PCT/ US2006/ 009929

The catalyst for use in this invention comprises a promoter component which

comprises an element selected from rhenium, tungsten, molybdenum, chromium, and
mixtures thereof. Preferably the promoter component comprises, as an element,

rhenium.
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The pronoter conponent may typically be present in a
guantity of at least 0.01 mmol e/kg, nore typically at
woezms/162199 nmol e/ kg, and preferably at | east 0. BCT/US2006/009929
nmol e/ kg, calculated as the total quantity of the

el ement (that is rhenium tungsten, nolybdenum and/ or
chromun) relative to the wei ght of the catal yst. The

pr oNie§rorao B3k t BRY gﬂ@ﬁ éf/at Mast
0. at m)st 50 mmol e%ugmpreft@?ably at m)st nmt)l{e

obs/ks, EROEB typi deast0 ﬂrmelpﬂsg, anchpretarahly gt EQStt he

0.4 B Al R B SR 5 gt e Bl Bngsc,

melgbdeaneyind/orelirdmiug) Relative théli‘avexghhef tharcaiaByst.| Théromoter

material to the inventiagn. For exanpl e the ronot er
wwmwhw&@et inaquangty of 4 mogb 30 Bumo) s,xnre Y gigmost

L0Z PN Wit proRir Y BRI 5 RehPE ol o E TG BhfTy of the

clenmenpral&be ta themmghmﬁtha tatelysto JTherform ﬁmwhmhlthmpmmmter component
rhenj um, typically be es in a an|t at
mﬁ&f&%ﬂ@% é‘F@m%@ ofaigria 19 thed? oplE the

partl cuI ar at |ieast T 5 Q’Td‘*?%sna’é%%?ég aagﬁd}hf"fexmle
asqmwetperdienamoeﬂmgﬂm meslahmaedtfum he wei ght of the

sl P e o R il 5Pl o, henion
m@t?pﬁﬂl}lfl@é#ﬁfent P4 Qu:ﬁ{tﬂj‘/efﬁllbéét 811 hmd Pnd28 B Gt least

in particu at_nost 1.5 mmol e/ kg, Further, when

e/kg, apd mfcebbr # ltraﬁéhp @ml@bﬂseamaﬁ@mﬂmaét 1.5 mmole/kg,
c ﬁlgﬁaﬂ%ﬁ 'E]ie %@E%ﬁm{%ﬁ b &4 BleAPL £ Q‘WJ éa%ﬁg&t Rhenium is

um co ter, as '4a er conpo it deposi
typmllylpeesenirm s&[uanﬁqn dfald inost 5.0enmble/kg, prefarableoimst 0 mmole/kg,

be selected fro C onents orrprisi ng an el enent
m‘E%P’é% Yt Brost eIﬁHP Hgﬁ@ﬁ‘f"’ﬂ%lfur
pho%’ﬁﬂﬁéruﬁhe@ﬂfe%tal 2 ﬁgﬁﬁééraerﬁe& rc%ﬁfmmﬁ%ﬁp Qll&’omponent,

the rheni um copr ono selected fromc onent
thecaatadyst mawgarcfara@ht enmpriseraiieninm coprorhaoten m fignilhefr Lwompamht

f rt | ar | f
derirtbd i el Suitethe De RS Softombr i cie
cotpOgtsidmpHing i dlEifoht 58] cCRA TP Fsteﬁ)bhi-diﬂilﬁﬁ Idxdiymnum
present_in a total quantity of at [east

phaspiprusoRon, g gHKiges cxpefa Jcibreblmits ey eaptomotr s

w55l 5 R S o, s

mixtotesithisrenfinlt s whafticularhyprefehed tat &mi-hahubm@rdmotbﬁéah]bﬂses, as an
to the weight of the catalyst. The rhenium copronoter
elepiept, fingsteBsent in a total quantity of at nost 40

pre;[ﬁ %‘%%@%%@gf %?Bcé&%am e S at least

0.0 gamoleiksg, xmre:typidaﬂyrahbastu}ﬁ osmmlekgtand prefgrably atdms i t ed

05on tEﬁ carr | Sﬁ‘?“?‘aﬁgg}lﬁil %%iﬂ?ﬂégngésnve&won For

moffhderifa) @uﬁﬂr X%QEpho?ﬂ‘sam/ (})o?énl) 3re§agi|vg & fhe VAGEIRICE 1Y catalyst. The

nol ybdat e, salt or aci
rthenium copromoter may be present in a total quantity of at most 40 mmole/kg, preferably

at most 10 mmole/kg, more preferably at most 5 mmole/kg, on the same basis. The form
in which the rhenium copromoter may be deposited on the carrier is not material to the
invention. For example, it may suitably be provided as an oxide or as an oxyanion, for

example, as a sulfate, borate or molybdate, in salt or acid form.
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WD 2006/ 102189 PCT/ US2006/ 009929 The cat al yst

preferably conprises silver, the pronoter conponent,
wayshogrigagponent conprising a further el enent, PCT/US2006/009929

deposited on the carrier. Eligible further elenments

may be selected fromthe group of nitrogen, fluorine,

al kali nmetals, alkaline earth netals, titanium

haf m . . . . .
i datatyst GRRray Utk e, N prbtiBler EOApbAEH, and a

compshent esmpiising affurttier eleament| depodited ainkthe canet. A ligiblecfurther

elseI eslc}m;g%glgc:sn | Ft hi Hén?oglgégg}sl um E5ub1 d: Mﬁ%'&mﬁmm

mebAlk, ARt RAHIR, ZHeshitm, vinlAahih aRAui) thofiuka tidiSu@2hioBium,

metals are s_e' ected from cal cium and barium
galtippi anad gepmaninm dndrmixduresthernofit Preferpbly dmalkalintetads are selected

foheihoporhofe Vit R Stafn o Mok BP0 sht Rl et
litlfigdnC pbitaéshen afd/bb Sesfing "PRiferably thealkatirthdarthimdthI8 are selected from

catalyst. The further elements may be provided in_ any
calcipnand-barivay. o Fypieallys the fyrther elementligpresent iy thepatalyst in a total

el ok B! S BhpeP, cigte ey S Y o 10 Bl

calcGlatbderie élembt onfthe weight of the catabt aThéafuriher elamets may be
extracted fromthe caial yst with de-ionized water at

o apy fome  Korrexapaples salisofin alkahyastalar ag.alkcaling eprth metal are

suilabig’ am sanpl e of the catalyst three tinmes by heating
't 1Tn 20 mM portions of de-ionized water for 5 m nutes

at  ABse herdin, thetquantityi ofglliali métal present incitie eatalyatisslettned to be
R ol Bl s L R
100 2@NTThé ¥xtdctidh kRlthdPinfsived exiRicBhg RN 05@#Mh shitpldUT the catalyst three

_catalyst is 20 deened to the quantity insofar as it
times by beating it i-2@ml pordions nbde-ionigeg syater fonS nunytes at 100 € and

acidoin de-ioni. . . .

ocBEbl SR ET B 1 el B 509yt

exiaplalajonhic Absdaplidd sp@cirdscopy.h a 100 m portion of 10 %wv
nitric acid for 30 m_ nutes atm, i.e. 101.3 kPa)

| , . .
and /¥fetsed RPTRiny theiquaniiy of gligline eartiameal prosenidn the catalyRt is
deSRSPlOND iy hodal BOH ', B actccor KTy wA £0 96w nitric
acidth de-5@022b9atendti 10D °Cs Theeatractioamethbdimyblved gxiracting a 10-gram
sarpfle S i et Y bertiads b po 0B atsRicn SR SR i for
30 hafMes P 48l 9¢. Py1.8RPa) mdede?ahﬁﬁﬁ? lin {HeQUfbRied ekitacts/8d relevant

FIG 3 is a schematic representati on showi ng a typi cal

metalyhy using 8 known meshad, donaxemple atlgmicabsaptinh speciroscopy. Reference

. |J - - . h which i [ d
is i fo B a2 I i YR Blaichel G S el £6°7
FI GA datalystiwtiet ity suipdbly Bé ided ifthis @Rehtién B)adabilfst dbsignated S-
this invention is grouped together into a tube bundle
887,66 bembesmmisheted by Gildntsmeationgh (HeustoneTK, USAM ube heat

exc : ? ahd' . Hgﬁ- o t he

cat g?(sgf{s aps:all:'ir] I'C ells?b%y eag%g ‘Iéééﬁoé § %’g&? Eée@l{é%glto\g I dual
maahRogeing dyéten el witlcd slidibind-fube begrgelisdder 4which is equipped with
one or more reactor systems as depicted in FIG. 1. Typically a plurality of reactor systems

of this invention is grouped together into a tube bundle for insertion into the shell of a
shell-and-tube heat exchanger. The skilled person will understand that the catalyst
particles may be packed into the individual elongated tubes such that the elongated tubes
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9 WO 2006/ 102189 PCTI US2006/ 009929 and their contents
provi de the sane resistivity when a gas fl ow passes
wozosgézishe el ongated tubes. The nunber of el pogaSeads/009929
tubes present in the shell-and-tube heat exchanger 42

is typically in the range of from1,000 to 15, 000,

nore typically in the range of from 2,000 to 10, 000.
ci‘:Jn'teths provide BleRfRlBHAHBAR hﬁ@ﬁés'}]cﬁ»é ?h&%ﬁé hidughl thy

paral |l e osition relative'to eac Ethlene

clopgated ttﬂm\u The numbﬁgofmtndmmemtnprths élelleand-mbe heat

oxipEen s el e sB of ¥ 11D 5000, Fiop S PISAL in the range
of BYfD00G to 10)60(: NGderAld siichModafdd tak& RO R subdtaiiEiilly parallel

conpri se el ongated tubes which are individuall
po:il@ﬁ%m‘@tp other. Jithyleneoxide menufactiring sysem ¥ermprise

] éfe?ﬁhg@% Ta E erﬁkseﬂfgﬂ% g?,tié*'%gaﬁ@%tw?,ﬁgegﬁgﬁ%t ed

tu bmpmyulaefdremg plupossy] iRchbliagé dkbecheatexthangti 4m

forrmnce of the catal

bundl s | f_desir the
copigs g ﬁﬁé i forvidHmly Ferevabip:omdhe fisleid ube heat
ex%ﬁii é}%ﬁleﬁ hgbgtgsrt]?fongét&fl RibeEbr b ff mmlmte%n diameter. As

ters. npri si ng Nyl ene
an augrgmve, ﬂleoeﬂmgm tubas mqnhlmremodlréblemnﬂ lerchangeables asieneadr more

b BT FheBreioEE e AU S Tofy Referte i thg shylrand-tube
heawlek&kdﬂ &Wﬁ%éa%ﬁﬁbé%ﬂﬁﬁéﬁﬁt mwﬁmmafﬁeté@act or

systerrB The shel and-t ube heat exchanger 42 is

t y piActerdsireaperompeiging ethylensandroxypercis chargodaiacondpitaddo the tube

sidRr PG fe b 4 ClapBACA AR e Bl it spd Satatyled

cortsined ilereih KMo elbtigaed fubad 12 6f thB envieRTPEFALISF Systérhd)i The shell-

fiF'-‘iﬁglgt al yst be . achi eved by use of a heat
an alrexchanggr 4 @r%ﬁ%‘q‘ﬁpmp‘ﬂ in y myapBervehigh allesvean upward or

doWifid i 6P e REH tleabdlfur DO ThohEf of feaction ie removed and

corirod of tlm resution temperaties, thiat o8 tﬂie ltanpeutureewhthmdm tdralystited| is

actigyed hiisp BEe Btk Ganuics S AsRTRle 5 kPHo9TARE TaIqB hich is
chd# thé shell did SNfell dRd-Ritfel it 2&% 4 gg w@mﬂ eeﬁa.hk ¥6 and the

er reaction products such a i oxi'd
eanmfer fleid igsoygved droavwthetshellof shellrandgnbe heap sxdmgweahrough
con%fm Igell and-tube heat exchanger 42 through conduit 50
of passes to separation system 52. Separation system

52 Theydattén produdtitempsisigletiylaR dxlide; uhieastog etyicie, ir8ibted

ethylene and, if present, carbon dioxide and water. An

oxygieR B QRERnAly othe C&ﬂﬁh@sPWétl@fﬁ sechrassarhpaatioxide sadywater.ds

e e

congluitiSacnt passes to stpaatiomsysterg 530 Sepdraticineystent ﬂ@pﬂﬂm%r the
t| on, system5 conduit 56 whil

sepah g ot Bavicoe ﬁgﬂdsﬁ@naﬁfay@atﬁ B i hrss@r@ecarbml Howde fud water. An
exti%‘ﬁ&?ﬁufdr Bh %%H“Eéx?ﬁb 33345 Rpatard megy%halga{eﬂ fidnd légmduced

Separ at e on di oxi de passes from sep
to sBparaficrosigient 52 by way@f covduit 54. The enriched extraction ﬂllld containing

ethylene oxide passes from separation system 52 through conduit 56 while unreacted

ethylene and carbon dioxide, if present, passes from separation system 52 through conduit
58. Separated carbon dioxide passes from separation system 52 through conduit 61. A
portion of the gas stream passing through conduit 58 can be removed as a purge stream

10
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portion of the gas stream passing through conduit 58

can be renoved as a purge stream 10 WO 2006/ 102189
WCH062@186/ 009929 t hrough conduit 60. The renmeCwiUSg006/009929
gas stream passes through conduit 62 to recycle

conpressor 64. A stream containing ethyl ene and oxygen
passes through conduit 66 and |s conbi ned with the

? 6t | BlGenaming gas W&%ﬁt%2@3@ﬂe
conbined streamis passe to recycl e conpressor
coam:resmcgﬁlg | A stream mgomg@hsdermmen pasgesctbromghtcogduit66 and

is SRR i ing R GH1E PRS0 LTS pelnc! BilBR Bl aftf gpmbined

l.éE% é@me@eu@l@xﬁsreﬁuﬁed RBoWc W 64 dfstlipddifto conduit
enri c

extraction fluid, for exanple

44<Wlmr¢byr tat: diseharee sixeannischatged 1 thednkey pkihe hwmfrtb@ sheli-and-

heal et r MRRRYE frBE s obyetes Y i porched

ex&mﬁllﬁ@,tfoﬂéxanﬁplé be disciatidn @esxtmation. 10 be at rmst 80
nmole-% relative to the total feed. Preferably,

will h@@thsﬂeqqf@nﬁ@#@aow the Segdstream aspuasmm,wmmmmay be

selggé% her el Hﬁ%é fe Qalg;gam | conS| geedrigagiﬁ? Sfte%u?ﬁeamwﬂl

beabmpsis8( molte-Yhialdtivieto thertbtat feed. \Brafbrabl)e itorilldeyin the range of from

0.5 5efEebecin Rarg A e 146 60 gipl-th L1 St W As used herein,

thdfREdstleRPTE bansiderf 'R BedRt chBESNIbPHYIch if cifthdtéPRith the catalyst
Vol une 9, 1980 pp. 445- 447. In the air-based process

pagiclesor air enriched with oxygen is enployed as the

oy et A ikt Blobihe R s 4P yeibaot okl tagea, soo ik

OthkEEAGyclopeHRIT Ghentiead Tenadlas ] 31 edifith, Ofoliine9) €980, pp. 445-
gent. Presently npst oxi dation _plants

OXI d| zing a e

44%y In grasg&mw&ﬁér qrigirenriched mtgpéws%smmeﬁeﬁthecﬁome of
{ 3 ' o

th%‘f}&dﬁﬁ%}??ﬁe bR e oy ol KRGS B RR GIcaR 95 huolo )
oxggancis eaghloyiet] las thecsourcd @ threnpedizingvagest Presently amist qm_,mdatmn
IR Exrara e %saﬁéér#“ém&%m&m%e”ﬁrh%%ﬁ%‘nt inveiton.
congentration of oxygen plied wll be within_the
ran aﬁe SRYESRAneenteation mHhe e%strﬁ%m@a%sm theoush copdit 14 may be

selécted Withfi e faﬂge t9b@bvek Qﬁgjmc-ﬁjﬁg cﬁﬁrgﬁgis %lglelgs ?hed ata

operating ranges depend, eam
comeniratson which asbils thenflanimaable af,gzmen Typiedily, the eorcantration of oxygen

N7 TR TR K
m&@%&ﬂﬁe SAROMEA. THe Astual 3afeRPEtatiAp rﬂ%@k Hé}f‘eﬁldf #1bng with the

i ncreasing the selectivity, "suppfessin
feedsferase cethpesition, dlsoionrthareactinrisonditions su asythe reaction iggperature

n di oxide and water, relative to the desired
am#‘glr (r:?g?sglgrﬁ of 30 ethylene oxide. Fresh organic halide

| S il drginiy hhRdk tly bo prepém G e fotisGuain pﬁﬂdih%gﬂb}o@ conduit 44 as
rom

Organic halides are in particul ar organic
a repeliomprodifiey forineregsing thegelgativity, suppressing the undesirable 'oxidation of

ethylene or ethylene oxide to carbon dioxide and water, relative to the desired formation of

ethylene oxide. Fresh organic halide is suitably fed to the process through conduit 66.
Organic halides are in particular organic bromides, and more in particular organic
chlorides. Preferred organic halides are chlorohydrocarbons or bromohydrocarbons.
More preferably they are selected from the group of methyl chloride, ethyl chloride,
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chl orides. Preferred organic halides are
chl or ohydr ocar bons or bronohydrocarbons. More
WU tdoenedigy they are selected fromthe group of POwIUSRE06/009929
chloride, ethyl chloride, 11 WO 2006/102189
PCT/ US2006/ 009929 et hyl ene dichloride, ethylene
di brom de, vinyl chloride or a m xture t hereof . Most

ot e iR RuFef viotofts, Al Moot R Bleintle dost

prdf@?&iareeﬁﬁpdhlﬁnﬁéaﬂwahykﬁedichhnﬂew concentration in
the feed, for exarrple up.to_0.01 nol e-% reL%rlve to

t he The pﬁsam@z?@ deg qrejgsnenslly pffective g reagtpn podifi gien ased in low

oAt
oo 5 e Gla s 501 DR AOOIS B G0 1
preféiTed thl the Yrganixr lelide ippresentin the ferdstrean at 4 Sontentration-ofat most

rel tlveotothetotal feed, gnd pr ferahly at | east
5010, mole- Yy impasficnisr ot M?‘M% Aate IBPQ;&@&%F Bosh

15FRE b eafye 18 ineotal FAR, e ool P e ek 0.3 0% Fndis, i

m&feﬁlap EORA 0,530 %le-%ﬁn&% @ﬂlﬁhheﬂm afF¥ast 0R1 G Moleo%e réditive to
nore optional conponents, for exanple carbon dioxide,

the total feedases and sat urat ed hydrocarbons Car bon

di oxj d h { heg .
ot 1 S0 Fhpind oot BB e e 2 Feftroom may contain
on®ér irﬁreﬂgﬁioah.ﬁﬁ nhpbnehie fol exiyplé barbodh Bivoxire; Riert gased and saturated

carbon ioxide in the feed3| ream through conduit_44 is

Garhom flioxideay eawaﬂyim . agversy mrf&ls cotalyst aRpvity.
A ﬁ%@%&aé o Spafalioh STtbIs Sherbdollh uch d g 4P qthutity of
canbbﬁﬂmxﬁdemthélﬁeﬂmmglf : mandms N4y istHowfon en;amplle; beldx;tl?. mole-%,
t rom to 0 ca
PraftTahY A | GEpIanTbadhdi the FER R Erore Qi fonk Tgen T g for
ex&thfle ‘ﬁﬁi‘&h’éﬁ or %fgi!m,efnag B8 rés@nﬁﬂmérﬁ&&‘ﬁ'eﬁﬁﬁ%aﬁﬁﬁg ﬂﬁdet 44 in

present, resent In a quantity of u
2 ca@cmahoﬂ/@f frainaau toéotmolﬂ% typically fromdt0 tor80agole-%. Smtable

s PR R BB i s 3 Bl g e presen,
thd‘yrrﬁ@kwﬁﬂeyen@h h gagitity 6f oPtosPmoleadoy reditiva th&idiftﬁfa& fdednin

be enployed in order to increase the oxy

partichlerup {9 13 pole-94. t Frequeatly theyoare Bresetdn aaﬂlmtwé ahmst 3@ mole-

53 B T BRI R0 LGl et

ordep t@nﬁﬁeasefethatoxggen ﬂalhimbﬂllt{ﬁhfntt ﬂ)leﬁnﬂﬁh@ﬂ thamethyle?g ;nay be

t t 25 et [ t

prespusd e fopscay [l espumleh & AHERS SE1488 B0 O ol i gpionlar
lesp ﬁm‘ﬁ"’lr ﬁbﬁg%ofétlatiﬁ't@ ¢he ARGLiItYYT IR FoWser, 361 PrdfBifed that

froma wde range. Preferably the reaction tenperature
ethyknﬂmﬂlhsmﬁﬁ@eﬁnprdsMnnﬂfﬁcfemam C, nmore preferably

in eraneoffrom18 tQ 5 th

ShelThe spARTRISh prop Friort el R loeffures selected
Ma Gv'ildd 1m ev pP&PérhM 1116 ﬁa@tﬁm@emﬂ%ﬁn‘é iéﬂh@lﬁ’é tartg@of Rorh(150 to

| ower Than the reactlon teng)era ur
340 °C more preferably in the range of from 180 to 325 °C Typically, the shell-side heat
transfer liquid has a temperature which is typically 1 to 15 °C, more typically 2 to 10 °C
lower than the reaction temperature.
Tn order to reduce the effects of deactivation of the catalyst, the reaction

temperature may be increased gradually or in a plurality of steps, for example in steps of

from 0.1 to 20 °C, in particular 0.2 to 10 °C, more in particular 0.5 to 5 °C. The total
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In order to reduce the effects of deactivation of the

catal yst, the reaction tenperature may be i ncreased
WO aderad2izp or in a plurality of steps, for exanmpCE/USR006/609929
steps of fromO0.1 to 20 C, in particular 0.2 to 10 C,

nore in particular 0.5 to 5 C The total 12 WD

2006/ 102189 PCTI US2006/ 009929 increase in the

. reaction tenpperature na e . r
inciopes i BRsPGE0R RSy Bonie ghd BebBE Bbuito o/ OO L ridk
o glﬁﬁaﬁﬁﬁémgw iday Velifiéreased tgpicdlly from
Mﬁﬁﬂ?%%ﬁe@ Cfof%']rln 150 to 300 C, rma?,e t ypi cal It?lfrgm :
leveDial thorangeof from 150 ta 300 &€ hmorsatypicaly fiom 2¥kte 2805Cawhen a fresh
| evel in the range of from 230 _to

catelyph is nsady tr 2 Iswelanghq nge abBerm 23Qdp 3R Comty icaliy fom 240 10
1 70 =os v o
3256 008 St Co B bt efeeff i 087 00 BIRED Y O LT
i nl ghe g@gdﬂgg prédst 1t préRrabby@eried olitran apteSiretin tRGARt tube end

kPa. Gas Hourly Space Vel ocity i he nig .
26 irotemengsfof Groen 100(er 3580 KPan GRS rar GatcHloprDeSpacs Viepeity is the

1 atme. | <P ' A1t 1.6
undf Pt L g S BRG0P Bl Bl 113 kRO
paﬁ%%ﬁvgoﬂrl]@uﬂigoﬂ tfhe td’tglﬁgﬂmtﬁﬁ of canalyédted peohafrD Q’@:lferabiy, t]::e GHSV

. ; rerera CesSsS || carriea out at.
i i raees ot rom 30R6 £ B/ B) Trerely.dhe prsess 1s caried out a

| 3

o R HIEIRURAAR R0 Lol S el priBytba) por e
totabdathbysp bediperdsupdn padicolar 0f7He Stlanelk ethwlaepxidesddyred per m” of

o s S o R L o ot

tot&l YA RE BePpérdpupr oduced in the epoxidation process may
pe converted, for exanple, into ethylene g]ycol, a

et h{lhe athylghe oxstie produseddn theepexifation progepsi@ay i eonv for

conversi on. i nt I eﬁ?ﬁu gl ycol
emé?ﬂg,lmtﬁggxy% xcgggy%%?ﬁngé‘ign% leng%{: ?lfa%lc | ngyt e

et hyihe genwxiioe intd ethylnt elycobou the bthylensigiyrobetharmdy comprise, for

a basic _ catal npl e, for maki

exgppleieastingth e%ﬁ@eiﬁ@péﬁ% Yrigh shitahiy ulfﬁgnét"ﬁw Fifebasts
cattgiékéﬁ ?ﬂ(rﬁr%& e f&%&@%@&%@fwﬁﬁé A9641 Qﬁd Ydst Bih9lene

nmot af ~ exces wat er, i qui d phase ]
glycehethem thei athyleresexidemay bareastedaviting timyfold melay exagsgofiwaer, in a
. 9 ul furic acid, bas oh, t he t ot al o] P
tigpid i teatgfonti ppeRSEt ek s uiset B & TAE o fhlfri, i, based
| il @as phase reaction at
o R B T8 A 8 Lk Lo phasy oection 2
1304240 °Qrand 2000-d000 kPaalisolute, préferabiiein théebsencpefl 1 casalysst If the
et hyl ene glycol ethers in the reacfion 25 nxture is .
propeEReLEoH erif dowsrrg fheRIoBpHeR oF eilons slsabelprrs e g gSection
. e 2 sredltRd i-ether, tri-
o Hindlelod PrHE binylefle P el Tl SQNSH ity B 2 diccther,
etien,tetiom ethpr epesubdeduenicethere rA llemptiveetloddnel gyesl ethersamay bé

SEETE MRS TR e
sul ad MEmWH1 OF eﬁ’lﬁn&gﬁ géﬁ%lﬂ% at liﬂ?’?a BoiHoh VT eheOWhtdEbYHE aldhol.

converted into et e glycol by first converting the
The ethylene oxide may be converted into ethylene glycol by first converting the

ethylene oxide into ethylene carbonate by reacting it with carbon dioxide, and
subsequently hydrolyzing the ethylene carbonate to form ethylene glycol. For applicable
methods, reference is made to US-A-6080897, which is incorporated herein by reference.
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30 ethyl ene oxide into ethyl ene carbonate by reacting
it wth carbon dioxide, and subsequently hydrolyzing

wdeooshitmakene carbonate to form et hyl ene gl ycol pclrars2006/009929
appl i cable nethods, reference is nade to

US- A- 6080897, which is incorporated herein by
reference. 13 WD 2006/ 102189 PCTI US2006/ 009929 The

?gg e I o%ﬁ%&f %.%é H%f%ifgogflp}p%?ﬁ%g i :S%gél}lf:&hihg?thylene oxide with
anﬁﬂﬁfw‘m@sh a%mmhdﬁh, aanillog aglindork dialikyt ammf:nmwﬂfmmuqmus

or .aqueous ammoni a nmay be used. Anhydrous ammpn

ammposiamay he nisde Athydsans rﬂlﬂwwm@ﬂﬂbﬂﬁe&@ fmﬁ&he productlon of

B R Rof B Bl AR Gein e oxid ot
ethanolraining, eéference mambp malertadfer txammile USLA4845296, which is

o RS 5 sh 5 ! o1 ych ot
T Bt 1 B A iy L g vy o

indvetvial sppdisatidanspfor emampbsnﬂta foedds oﬁﬁ)ed,rhypbmgd:s, tobacco, cosmetics,
det e eat

bl
R bl eEnfuatle i St Al egrr 8 AP, ot
Eﬂ{aﬁbl ﬁﬁﬁ@ﬂnﬁy bk 'ﬁséd',] ?ortd'xﬁﬁ?ldq th ﬁe%ﬁﬁﬁ@(“‘sﬁﬁe&mﬁé”)@ﬂdﬁﬁﬂ gas.

gas. Unless specified hérw se, the organic

c onrblmless spacifind dharwises thsiargamio commlmds elentlnreecbhe@elnn@r example

N SN R T

mokst/40 Eabor/atoins, Mbie typically fGfion R0ArbonatdhA, in fattidiilapit most 10
nost 10 carbon atons, nore in particul ar at m)st 6

carban BOMSaIGFRIn PAKticuLaTiah mpsHa parben alomey dis defined Berginysangss for

ol 28 QA0 MO (b ro e AL Mt oG for theLimits

of theirtigges.ng exanpl es are intended to illustrate the
resent nve

d f th t
"ot i SeioRune st mntondnd 0 dlistrat BF RAHHIRRRR pf thg present
invenBePAR! dre hbiORRARAL toithd Qﬁé’ﬁd& BOf iR ihviition.

i nvention) 20 Reactor nodels were devel oped whi ch

_mnhmgompmwpe,mt ecdordmg .tccthmmxhonbr the use of

si |l yer cont n rocess.fo .
an SR CPORT B FkbokE Whictrip Syt t3Pissglingc models fo the
usdmss@e& coﬁﬂmﬁﬁ@ caRlysBtiga fpﬁﬁﬁk@for mmiafacmﬁxgmmrtﬁddé ﬂém
silver catalysts conprising rhenium and tungsten an

cthylcae rad oxyEsno M apPEONIalR teastormede] wisdeyeloped) éllvercﬁatalysts

cortprife 1 ahil Y3 GnEAl A uliind SpbiRpRMAT AR 0 35 d¥fRloped

foragilvaratatahystscantdiying npehénimmmd modhtmumg:aphm:&ek from
NUNEL OUS ,SOUr CES CJ O- reac ct|v dat

pi | dhe Brodels agehas g‘%‘i"ﬁ’? atiog of. é‘%‘%‘ &%ti’F giance data
gath&ed ‘ﬁroﬁiiﬁ\ﬁﬁergﬁé ?our&%'sﬁéh Emc%@—l?éééﬁfr'a_@ﬁﬁtf &44, ot ﬁﬁﬁ?bata and
a process was el ed, as perfornmed in a redactor
othef sm_ofnathb'ag!dnfm@dm.mn i nternal diameter
co nfﬁs%n%'tﬂeqap%rggr%g 9eagt%9 n'%fdel a process was modeled, as performedina
reactor tube of 11.8 m length and 38.9 mm internal diameter containing a packed bed of

standard cylindrical catalyst particles having about 8 mm outside diameter 34, about 8 mm

length 32 and about 3.2 mm inside diameter 36, the catalyst comprising silver, rhenium,
and tungsten, and the reactor tube being cooled in a boiling water reactor. The quantity of
silver was 275 g/kg, relative to the weight of the catalyst, The operating conditions of the

14



30 standard cylindrical catalyst particles having
about 8 mm outside dianeter 34, about 8 mmlength 32
and about 3.2 nminside dianeter 36, the catalyst
conprising silve rheni u and tungsten, and th

modgled grocess peron ﬁH&thfo%éa lr*?lfhh,anlsbwpsswg ofidi78MPa ad’t’%\‘ rate of 3.3
KRR diAHeiokite Pbr mSbit ,sﬁekedma pér/out)/ 268 a cbﬁb@stﬁo\ﬁeoft& felifstream of

meiqht of the catal¥ The operatlng condi ti ons of
e-Yucthilens 83 Prleteowaspslemalecfisuben dipyise, Nmofe-$ nitrogen, 2.7
nidl@ Ol arfie $ SU1EYPLthahe, /fBe Whlance Beli nietafl. erheseletR ity |6f‘91|e Ratalyst is
et hyl ene oxi de per n8 of packed bed per hour, and
cptmAisiep b 8h9 Blae feed streamof 25 nnle@bethylene

8.5 rmb %he%s‘?d%y&%l}nt t%m e WasSlaRARd 19 BE 980 °d. TH! kel predicted
ni trogen, 2. | e-% argon, 1 nol e-% ethane, the

tha ingp Bibe B@ﬂ\*ﬁgmt?ﬁtah digmete(38.9smm thej opplant tegnperafire san by jnsreased to
247 °C 8fot e Rtk $PritRicBSh &F RS flbat HBed Iifé llat'e%f ‘ﬁ@at _1I'_emoval through

cool ant tenperature was cal cul ated to be
theotiell obthe dhless ahicht i gharpgteristic 9he rat-a vy @eattwpeifhw according to the
nf¥daiERddidtioh, 3§1d¢9: (e LorldRBnE @O hARlin LGIREVALY I go€an be
i ncreased to C before the rate of “production of
n heat exceeds the rate of heat renoval through

t he Wahihple | whilRplatlaewithe Giterehod ha tRE Infiiiab afaﬁleet wik

n-away reaction. Thus, according to the node
56Fé@?ﬁ@$%ﬁ° #hEm.t hese conditions the nargin to

"Ihé' Qieﬁlléﬁhé cb@lmi‘t?enﬁ:era@%@%ﬁi &idulatdPt8 BPL R dC. YRSmb&R Sn%&i%{id that
he difference that the internal dianeter was

ﬂsatmhe ﬂ@ﬁns iHerpd dipmster 63 omppythe Tpelans temperatyre| ganche dncagpsed to

2SO BB W SatRS plodhctibh 8f ﬁﬁjctﬁ)ﬁ’ h@@ exef&isthe ri of MRERMoval
predicted that in _a tube of this internal dianeter

ﬂvswhzthwﬂ phthedehst hys, P‘"éﬁfslétgdp (theemedah prediction; rupdar dhese gonditions
tARhrfin B&fuRS ) Re2eat e of production of reaction heat
exceeds the rate of heat rennval through the wal |l of

aple parative. aptaseording t pentieBtel predicti on,

unde IEXEIHPS q \%%nt@ tegnﬁnth tihe dt@ﬁfegé@mhpthé LéQtaE’Wonip?médzsﬂver in a
C. Exa nparatlve not accordi ng

qPWB’n?ﬁng’@)g’]B«a#ﬁt‘e tp thi geighipelthe gatalyt; Fhe Wéecatlfsf ot eqialyst is

etthaeditb 8e 801 aloyesd,. conprised silver in a quantlty of
132 ggkgkarelatlve to the weight of the catal The
P

sel e lysidgicoelpt tempegatyre pay Galculataditprre 2 Co T msqlf:l 1

praRlcBd%hat The whebt th?s' SR nfaf alafiater (P ﬁ\rngttHé @od’l‘ﬁfﬁ temperature can be
calcul ated to be 234 C. The nodel predicted that in a

inctpgeeddp 444i°¢ batere @Patatedpfawe#wwt 98 r@cm heah exceeds| thin fate of heat
rdn®VRBhAUEH e %1 oPfe tibBCTHRS $6&brdify BHe FHodt® hreli'tidn) ﬁncfe@t e

of production of reaction heat exceeds the rate of
tondtletﬁdb%\mtgmtea@hawawes {aiG- of the tube. Thus,

ERSHSIE OV | @rﬁ@%’iﬂb@, nBP48brdRE 8SHnE tvettiony NAeEr t hese
condltlons ntorun-away 1s 13 Example 1V
( Compbarmaple Gk Waﬁmeagf@cmﬂathﬁ iffegenes hat thwmﬂrﬂé APMERETES o

shhimiassid8pedd em W th the difference that the

internal di ameter was )
The shell-side coolant temperature was calculated to be 232 °C. The model predicted that

in a tube of this internal diameter (54.4 mm) the coolant temperature can be increased to

240 °C before the rate of production of reaction heat exceeds the rate of heat removal
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54.4 mm instead of 38.9 nm The shell-side cool ant
tenperature was cal cul ated to be 232 C. The nodel

WO 2absa0xeo t hat in a tube of this internal di aPerars2006/009929
(54.4 mm) the cool ant tenperature can be increased to

240 C before the rate of production of reaction heat
exceeds the rate of heat renoval 15 WO 2006/ 102189

Gl S 0, TS o U sl gl Ml el B

comiitishstthenargih e romrpray is8 °Cun-away is 8 C. Exanple V
x(Corrpar ative, .not according to,the, invention) Exanple

ExamplecV (epraparative, fpt apcordingorthe AR hat the catal yst
CO . . - -
;o BhBEfe KiaaEheatdd, Smpiifftials Bt thé dadlyPeomprises sfverina
quantity b 5ugkg,celativetd the welghd of theacatabyst,apr thetrieny swimorhenivm
node| for sil ver catal yst nt ai,ni n 0, r heni.um and .
coRB e e e PO R eriotel B s er Ayt FoBEARE P eim and
no HHeAfiRt &protasieriRasusEil antl Bdt BROinRimal 3nSet i Was385 g:lzm,7instead of

selectivity of the catalyst is estinmated to be

38.8ommw. The Felectivity of the catalystds estimatedriodyeidiY molexdo.
cal cuyl at Lo b 9 T. The nodel .10.predi at |
o8 The Mo oot demasratire Y Eeyiaga S FE159 &S ThiEmonh
iHaqub@of thi infeRfal digfteri(98.3 @8y tHeabolaet tchpefire can be
of production of reaction heat exceeds the rate of

incrreged tor20f0 Cchefomn thn ighe Qfirrodustion of reastion heat exqaeds the rate of heat
r e
ren%%ﬁfh?&g%&ﬁ?#gﬂﬁ:gr gin giﬁ‘%h%d\f\)%}n?gw %8 W&%ﬁgﬂlp gn,\)f.nder
thegd conditionss ithemarydi toamaawtiyrig 108Ct he i nvention) 15
Ex le V was repeated, wth the difference that the
E_X%ﬁﬂe(@m@fn%@@nmmwma) of 38.5 mm The
sh eh&@bﬂw %Qﬁ-ﬁig%teh,eﬂﬁﬁ HR diFrereiBSthaihe %téﬁﬁljdfaﬁleﬁ-ﬂ was 55 mm,

194.5 The no predicted that In a tube of this

instead of B85 matnanet er (55 nMm) the cool ant tenperature can

be Lhcreased.to 197 .5 C befaore e oQf -Rroduct i on.
g S BSEE Poniant Srrdatises oty 10 IFLEC, ThE fiodebiyiotea
that B D888 of ihis M@drhal Wiarhéter (55 0Em) Heledoladt RBipdidigkeican bb encreased to
Predlctlon, under these, conditions the margin

|
1975 %6 befiathe hts o pradhation obreastion haBbexsndh ibe fe OF het Removal

estioneges !
D FRIDTONE AP, T e SR ST ool fnger thee

conditimisdhe malkyin véuunkavay inasitow ad®mIC.conven-tional |y
appl.j ed, under oxi dation conditions the margin to, .,
run mwaﬁaﬁtﬂeﬁ%@mﬁ% Fowabat whemap ¢ sFiof Galalyt cqpigjning »
proyt&lbohipoReitib HRBER ifh Qe br BRLWHIRH iR deRiRh ¥ohvdifionally

cont al ni'ng t.ﬁe. pronoter component when present in a
applied curmler ¢pdxédationconditions the abargindowureawai iay bemadarge as the

e ARG ER L HEEHE  FRRBA SR s
proﬁngﬁ{ cg%%ﬁig%tﬁfﬁﬁrﬁrés&ﬁﬁhl reddtot tuBd ofbdrveifiond HREEYErS IThis means
that the epoxidation catalyst containing a promoter component can be applied in a reactor
tube which is wider than conventionaily applied without compromising the temperature
and heat control of the catalyst bed.

These calculated Examples also show that when an epoxidation catalyst containing
a promoter component and a relatively high silver content is used, irrespective of the
internal tube diameter, a larger margin to run-away can be observed than for an

epoxidation catalyst containing a promoter component and a lower silver content.
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and heat control of the catalyst bed. 30 These

cal cul at ed Exanpl es al so show that when an epoxi dati on
wt@mbyefiseont ai ning a pronoter conponent and &CT/US2006/009929
relatively high silver content is used, irrespective

of the internal tube dianeter, a larger margin to
run-away can be observed than for an epoxidation

catal yst containing a prom@mqent and a | ower

silver content. 16 WD 2006/ / US2006/ 009929

CLAIMS 1. A reactor systemfor the epoxidation of

et hyl ene, which reactor. system conpr.ises at |east one

1. & rsagier watem.fs thespoxiiation phetByleae. Whigh rgeiensystim gpmprises at
lea ﬁcgl% g}&ggtteé %@ﬂa&ﬁﬁiﬁ?&mé nHiahPRf of @ofb thad 26 ¥rith, wherein

Icles conprising siltver In a

comfuiaa:] istsycauﬂjlrsiﬂ:eﬂ eﬂe%talirﬂ@agidlg comqirfsing/slvemgtdmmm}gdﬂat least
t he catal yst, .an ronoter conponent deposi.ted on
1508 g/kgerelati o {s veiehaf oA el Ve R RHOTIU soBRuSy eposited on a
carfief %ﬂéh o%_%hﬁﬁér%@ Héﬁtchﬁn?HHéBan disHaR s8Reted HorkDAR AN
and chr um 2.

reactof systemas clained in clai m
tunpstenjmolybdennineandehromiimt ube di aneter is at |least 10
5 3. A reactor, .systemas clajned in.claim1l1 or. 2
2. ArEPePTESHE P BT R E TS To s o atepipl bR i B gt east
45%kAmM 45 to 80 mm in particular from48 to 70 nm nore
in particular from50 to 60 mm_ 4. A reactor system

3. dsreastar sytent ps elpimeskin slaimnsor 2, Whergi the internal tybedametsy is in the

8 539 gy 0,41 T e s

60khckness of the elongated tube is in the range of
fromO0.5 to 10 nm jn particular froml to. 5 5 A
4. Petcactor sysiet afslaimed @i%&gpmy%wﬁm _ tonetf of the elongated
I -
tuﬁs@ﬁgﬁet'._ljg rﬁ%ﬁt‘g Sggi%ﬁgé“c&fs %ﬂﬁ' gﬁ%dérrﬁculﬁogé:ﬁ 9%%0 1, £hd the wall thickness

at ex , and the nunber of such
of thecinyznted tuhetie $n theaatge ofdcbn 0.5t thd Oghm), in particularifiorhdp 5 mm.

changer is in the .range.of.fr 1,000 to 15 00 i n
5. Roreppr Pt es flatopmn A gt e P2 Foogayhg slopsadd pubels
cofafnBd@ i PEheHyAidoibe Redt eRtHiBPer, Bndihé miifnbel of fileh kldngated tubes
wherein the catal yst particles have a generall

containedin tby Eholliand-trberheat sxchanger isdn iha 1enge ebomd.UP0 to 15,000, in
r j particular from5 to 15
pmﬁﬁ%ﬁ@%@gﬁ@%&?ﬁ%ﬁ@?@& rom4 to 20 nm in

6. ?ﬁfeﬁtﬁgﬂ&lﬁf&rﬁ g@dﬁlhﬁmedlﬁ ahp o_tfﬁlhfml-i?nwﬂadtghgﬂha eatabyst pdrticles have a
rom0.1 to 6 mm in particular fromO0.2 t mj . an .

generally holloweeylmdengeamstie ﬁonﬁgqq?@nd@wg&eleeﬁﬁ 966 4 §p 20 1, in
| . o -

parfi8faF O @15 o oBtskdh damifr PP fo 0 shinp i petiltTrom 5

to 15 fiym;windnsiderdintreter af foys. 1 ¢o Gpum siapastidularifiom 8.2rth drmuogrand a

bR [0 R1NRt e, SOIPOnenty, & L MR UM SO PTDL Eicutar from

0.8t01.2, 1

7. A reactor system as claimed in any of claims 1-6, wherein the catalyst comprises silver,

oS

a thenium containing promoter component, a rhenium copromoter selected from
components comprising an element selected from tungsten, chromivm, molybdenum,
sulfur, phosphorus, boron, and mixtures thereof, deposited on a carrier comprising o.-
alumina.

8. A reactor system as claiméd in any of claims 1-7, wherein the catalyst comprises

silver in a quantity of at least 200 g/kg, relative to the weight of the catalyst.
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conmponents conprising an el enment selected from

tungsten, chrom um nolybdenum 30 sulfur, phosphorus,
Wip2006/102a8d ni xt ures thereof, deposited on a caPCTaIS2006/009929
conprising a- alumna. 8 A reactor system as cl ai ned

in any of clains 1-7, wherein the catal yst conprises
silver in a quantity of at |least 200 g/kg, relative to

% L%ﬁ@gﬁﬁ%ﬁ%ﬁkx?ﬁ%cﬁr sys?em as gtﬁal negstcompnses

sihaf jh Dfuantiey oFfrdmS00ub 40 pfkg] fetativatiathesweightufithseatalyst.
silver |naquant|ty gf fromZOOto 4OQ8/ relative th
10.t & pracessfer b E‘&@‘GP thfeyEen in the

eﬁbﬂﬁé b&ay&fbe&}@&:gaf rSyHen" emnhéaﬂn%wfﬁﬁﬁm 1-9.

oxygen resence of t he cat al yst bed
11 cArprmeasaah ¢laingedrin abaimr105 wherein ethylenaxsrre@tMWuhpxmen in the

sadiglprrsmsn gl agor SR HERRR MG oxygen in Lhe

12.20JirbdeR0 3 cIRinRUGH ehifl1100fekin KR biic OF AR SrghmichdRdes are
12" A process as cl ai med in claimai1l, wherein the one

selostod o chlagadzocasbansamd Sramohydrasattsss  om

I;;g?)%# ocar bon ggﬁmm%hﬁéﬁ%%neﬁ%w%%ﬁer

coifipri etnﬁbﬁeoma@bﬂﬁmdesd fog {ledpaiidation of étiiVleneas
oxi de by a process for_ t pOXI dation of et hyl as
clagmed gy R claims §6-13 #dponYerting theotaylens oide Toig etiien glycol, the

eth{eﬂ gﬁ,@q érdgrogpgtﬁmgg{%ﬁge glmycrz]gl the et hyI ene
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