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A REACTOR SYSTEM AND PROCESS FOR THE MANUFACTURE OF

ETHYLENE OXIDE Field of the Invention The invention
woeb@i1es1sh o a reactor system The invention al BOT/US2006/009929

relates to the use of the reactor systemin the

manuf acture of ethyl ene oxide, and chem cal s derivabl e

from et hyl ene oxi de. Background of the Invention

Ethyl ene o HEACTGRSYSIEN AND PRENSEII FORCIEMI cal
used as a feedstock for nmaking such chem cals as

et hyl ene gl ycMANEFAUTARE QRIEBHYEFRE @XIBEhanol

am nes and detergents. One nethod for manufacturing

et hyl ene oxide is by epoxidation of ethylene, that is
Fielidhoef tiealnabntioad parti al oxi dati on of ethylene wth

oxygen yi el ding ethyl ene oxi de. The ethyl ene oxi de so

rrarﬁ'f"'&BY‘ﬂW@H relaips [ Teagler axstemp.t Bhevayventionglsoxelegasde theruse of
tho AAe@E Ao h AERARER Y ARQoM, 18} 20l B Ghidll Wlivable from
ethydgmaoxidd. i on, a feedstream contai ni ng ethyl ene and

xyge assed over a bed of catal yst contained
Bac %‘—Eﬂgiﬁg%%t—l% zone that is maintained at certain
r egghiiefe £90881stdnaRPortddt SndiRlrBl biGhi¥al \REPSs Qﬁ%g?tgék for making

reaction makes adiabatic operation at reasona
sucloghemicils as ethylese glypasethyllene giyhol ethers @ttenol amines and detergents.

ener at.ed heat may l.eave the reactian zone. as,sensi bl e
OnefFAROA ki dpetifacr e i 59 oD ser W St et fsdhe

o

catalized phrtial @t of effyfonk SARESBlebh ﬁeﬁin% BRiyleAt 8kM8! The ethylene
needs to be controlled carefully as the relative rates

oxidgrsogpawifasirpdmay e resstedusith water, angdgobohoringtiite taapraduce
' t. Th
ety o Ve LR EHBE B BRI el ot vel y

| algethykmt epdxidstint & Grdgpsaneaditdifing @a5/1dne ahd Bx PdeRYis passed
reactions, A commercial ethylene epoxidation reactor
over & Eéiéq{%oﬁagqus& cq)rﬁal.ppéw]tt @pctg)nsqqu Fhaémp@g@.lrwg@{ certain
[ : .
RS g e MR R L Bl BRS AEA Hperop
reasoable eperatiopsatep impossibbs Whilftaomeaf leecgemdrabeicheatundy ieave the

ich the shell cont ai cpolant. Irres tiv f
react By Vo B o Rt Yo (s ooy o DA P pse ofa
cool@ite MAeit@ipérifrd ot e BahlybteedsioaRlbottroll& {ar&aIe B th¥ rélBtive
the range of from20 to 40 mm and the nunber” of tubes

rategyefreppridation anfagontarben forcarben dierdde amdiwatef ane higtdyrpineperpsure
2 ' Patent 4,921 681, .
LT TN TERUNE ) R

can esilpllepdito badawageractionsn narrow tubes, axi al

tenperature_gradi ents over the catal yst bed and hot

spét CHPEroR g lepa ppxidationirrreterds eensrally iy thfprmed eshelj-and-
tubeFRR XBhafter o SRR S Ml At AT LR b TofL biliRery
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 internal tube diameter is frequently in the range of from 20 to 40 mm, and
the number of tubes per reactor may range 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, careful control of the
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substantially avoi ded. The | arge nunber of the tubes
and the narrowness of the tubes represent several
wdi20deionisd i es. The commerci al reactors are expedasiUsennsnn09929

their manufacture. Also, the filling of the tubes with

catal yst particles is time consum ng and the catal yst

| oad shoul d be distributed over the many tubes such
temped@tire?dflthd edE§stRs SoHisled bhe c&ﬁimoﬂsq&(ﬁﬁgbw rud-aWag esactib@Vire

conditions. It would be of a considerable advantage if
substapdialpevgiged | oad coul d be distributed over a smaller

nu | rom si eat

et phBE g K o ARE A DIBI LS iR B ne several

difficelaies. oThe oumrercial fdactobeart Bxmbive in thel nidreiganire. Also, the filling
i nvention provides a reactor systemfor

. t he
of thejahesyeith etalyst patticlasdnime gapIming akd G catpbiskipad should be
i R 509y A 800 o) ORAL OBy s o
conditiorisai ned is a catal yst bed of catalyst particles

on e BR oF » ciffciihls SBPBES LihmCHRRH! looh pId be digbuted

over®] $AAMRE nSBb&SI2ehds R@fﬁoﬁh@di’ﬁrlﬁﬂhlistiﬁg‘%th%ﬁb m@éﬁiﬁ%@tﬂi’%ontrol of

and chromum Mre preferably, the internal tube
the cafadyst beds ingheeattenst 45 nm  The invention al so

g gr QVi Egg ¥avéoi.ocess for the epoxidation of ethylene
ting ethylene with oxygen in the

pr a8e peseritfintdh€ion ptovides b rbRtbre9stbmi foLtheiePoibigtidrestekiB/lene,

.systemof this invention. Further, the invention
whighrsgteresysiEnheammiscnit Lprst pag ¢largated-iybe having g biternalfube

: | et r . ' 5]

S0 L MR R 1R R AR GRS E e
comprising sitster and @ preendtyl @npoactalefodigdion atdairser] whieh pranoter

and convertin he et hyl ene oxi de into ethylene
comppreat fomprisss & RiFMERESHEiRAdToma FhFm gngsH, Brospum and
chroffFhA© MR timblyOthe HhtetndPrubk AWMRES iEhiGeast 49GRhCE S an

el ongat ed 't ube V\,hi_ch conprises a catalyst bed in
ac $be taewnelsoprevides aipnvces foothe epixBlation déethylese eomprising

e AR AL SR o B b b B
systepPof thigivahiie). FIG 3 is a schematic representation of

an_et hyl ene oxi de manufacturing process which includes
c eFurthds, thejsientianppiovides p mateod ofinsenariag etholeniel gbyrol, an ethylene

glycaee?}?erriop bh Qhafll g? L%@%ﬁ%&l&%ﬁeﬁ%@%@éﬁ%ﬁ% {glet %c%ss for

Inventlon a reac rises
the epoxidation of ethylene according to this invention, and converting the ethylene oxide

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

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.

FIG. 3 is a schematic representation of an ethylene oxide manufacturing process

which includes certain novel aspects of the invention.
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el ongated tubes of nore than 40 mm preferably at
|l east 45 mm and typically up to 80 mminternal tube
wdizeosazis9 whi ch is | arger than the conventi onaCIgS2006/009929
practi ced el ongated tubes having typically a 20 - 40
mminternal tube dianeter. Increasing the interna
tube dianeter from for exanple, 39 nmto, for
Det£S158 MR &intioR o Uinause that the nunber of tubes is
"_TRRWUYTﬁ%TTrﬂggg ed when the sane catalyst load is to
be Indacsbrdabes with thieinvehigon asestongystoit wgvr@ﬁéedswh@hk@empnses

o 5B e BEAFFARES ST CAFAEL 08 sl oy go o

lntex‘ﬁﬁlt tahd/ @lhmeRe, WHILE [k laer thaieie ddﬁeerﬂfoﬁaﬁﬂjd pﬁcmeapelmgafed tubes
the catal yst bed. Epoxidation catal ysts which conprlse

havigg tmqallyra 2(9ua4'ﬁ o interpal| teg fh@@e@r khicreasing fhayinterppl tube
dlan}eﬁ% ﬁ u < g Stlé) rB,Q%n%l%é’bfgp 55u ple, 3 S?ﬁgﬁ%ﬁlﬁcﬁé}u ég\f}g@t e number of

tubed ?@%ﬁﬁﬁ@fﬁ%@l ladlved Witsh thesaymey/ easlgst 16ud is IIKpbaf ﬂlamibum;:m'et the
of t

is invention is the recogniti fter S
tubepraplyipg shessagte bedfionthe i Lgng legger H&?mf‘ﬂ%g Eﬂfifélf%ﬁ‘&’{ﬁ for
the :é é)?' ger c\%ﬁﬁls ;ﬂﬁ& 9% lrntg t’g? @ztltﬁlgnﬂ B;:ég rﬁgﬁ% F‘%ﬁlgl{i]%t/ thsgrgéassure drop
overvhé bansitystdadpr om SI ng the tenperature and heat control

o Eppridgt it daich samessar st 1 ARpRRG SRy 15 Bk Myt
and Q&@F&ﬂaﬁl& ?r&fnoﬁﬁf c&ﬁﬁéﬂen@@e&éd(ﬂoﬁﬁh@fhw&t untéd) ewdlybdenum and

W shing~t bound by theory, an inportant factor my

chrdnuumﬂmtve berasised sommpwallysfor mapy years k Anymperte aseechof this
th

1nvegH %e:cg%alﬁh%lgﬁlélp{t %nﬁ\g%é %a?ﬁ?fb% \g'r?)lfg?rgg%rdqﬁtusg ﬂﬁﬂﬂé&?

cata%@@%h@ﬂid @8d @0 eHatio fithe haliap ahSntbthal fube ﬁf&ﬁa@&i@ﬂndﬁ isdarger
organic halide reaction nodifier, catalysts

thancesmpenitiopally psednwithout compEWRISIS ﬁbeof&a@érqﬂgg @%gh%ﬁt cpygrol of the
et
[ Ry 0RO RER B S
SilVér&ﬂnﬁE[rmﬂtlHS of aldemsntifhg/kg Bhtalyst.a di fference nmay exist in
t he_cat aI ysts

N RO AT OR R ORT N

catalé@ FE‘H lildly I\ @RYES hEPiwdy eh@R8hATcAARNE WAl d® 1B ¥omprise
ause |l ess increase in reaction rate than woul d be

a prempm: t@opgnest. Waroety; drsler empmaépm@datmm@aéléon% itfept isnin the

se of .t cat al.yst s c ' ‘
PresERRISABAPEAF R et Pt R AR s SRR Ebyorer
conpBh® Pfﬂélh@e IeBERQRBHE héle reﬂ@@éﬂe@ﬂnﬁéﬁeﬂ iﬂlﬂﬁw‘é@&dtﬂ'aﬁ@l energles
expected just fromthe tenperature increase. Thus,

mayceanisd e pueral seastion gate tp heressdpyasmETn 6‘1’936@6%?*1%9 élftgﬂrence
may c?)(g.ﬁg n{hlg %at% sfe® E‘est)gnste ttl(? afy %%%fhtaﬁaé Eﬂl Yl S%M)‘il' ¢ s thlch

er ‘conmponent, as op 0 an anp ng e
comipfisé HProdafer d@inpbﬁélwaylsﬁaivmént Ifim)rea%g imteptperabire may cause less

conmponent. Theresponse of the, cat sts to an organ
inorpasp AR ICTRanBaRK) t@reXP%cf@émﬁ?l%m fepPRatIg E%é??se and in
the Y3k GPink SataBERRPEALFTsiNE R BloIndt¥r doRiFMERCHA inadvertent increase in

temperature may cause more increase in reaction rate than would be expected just 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 catalysts not having a promoter component. The
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Reference is nade to FIG 1, which depicts the

i nventive reactor system 10 conprising the el ongated
woubw/1d21sand t he catal yst bed 14, typically a pathsenos/009929

catal yst bed, contained within the el ongated tube 12.

El ongated tube 12 has a tube wall 16 with an inside

tube surface 18 and internal tube dianmeter 20 that
resgaﬁéé 51%@@&99&5 bPkh &30 MRS %h&ldrﬁn&ﬁﬁ&laﬂs B6wh Ho KBIA-

4, and a reaction zone dianeter 20. Elongated

352851(1216*/111011isamoa)qratbéhblengbﬁref@emmd the catal yst bed 14

e Stieaie isph Bk OF I S GoidFhE R forie! Shich 1o
conﬂfri%fr@rtﬁcbéwng’a’ﬁedmb@ 12 BROUR caftlifdt batP] 4 @YpivalBla plRREd Sialyst bed,

I'n particular, the internal tube dianeter 20 is at

contamétwmsn thﬁelcmga@dutwbqola?r tFlongaied abe 12 48t 2 Bdenyall 16 with an
1n515>5 ﬁ.lfbg ﬁk?elc% 1t8 er a F:I%r rﬁ té%leteq bz@'lﬁét%r B{IJ% Leecl%@?ﬁ Eo%{éhleﬁerem 1s

era

contaﬁm@tcbtalz)at lmefd 14 Qnd?h UG Eibie Borielthigmetsr 20. Eleﬁg:ited%tdnsb 10B&€a tube
ferably at least 5 m, Preferably the tube length 22

lenglly 2%@%@@@%6% eonipaidey Hlinfhe feapting zopg has a bed depth 24.
P
" LN OB SR i, PR,
typieally atmqsa 8@ mmul hrpaaticulaatic 1ﬂmma1 fbe denedn20 it bieleas U8 mm,

hi ck f th | 10
mork 1 PP R A ES TS, hererahi Tl tat agmeler s g 70
mmRord ety fBeihbf g0 HaRt E’re%é‘mbﬁrhﬁle%@ﬂgﬁi SPIthte WRgdidd tube is

may contain a separate bed of particles of
at leasir3 wamatepreferably atrleast 5Smat Brerfexablfv@ne mhelepgﬂpz%ue abfost 25 m,

| f eed / :
mork Rk PR U, FHERBRAT A B RS BE AP e s
leas€8.3MhEmoRaRt feflNANEMt VISt Aed mGAHduRR aPleastUChm. Preferably,

Preferably, the bed d(]elgtph 24 is at least 3 m nore
the wald thilensps ofhe plopgatedtupe isptanast 4% mym.ipercipsefebpt 4t nyost 8 mm,

ng% g]jmgore preferably at nost 20 m The
and1 %]Sgt eda&t further has an inlet tube end 26
i ntQutsitie the bad deptt 2ty tha riagated intherl@ mahydrtaia asaphrate pgé of
can he introduced.and an .ou t ube end. 28 from which
pariefS ol Grogire YK S N ompterial fqgﬁ@tmw%ﬁ@ G gl et oxChange
withed REHEREMCRR/ R Gndth ENJLR Wpardth bed fo? %@ﬂlrb&%toft foe ex eple heat

ethylene in the reaction product, if ‘any, is ethyl
exclpinge wathfthertgetramarroduit.c Hrqj@rsb]efsthﬁ bed degith 2Has atdeast am, more

0 con erted i cal r,si ons t he eth
profE B T8 ST Fielerabh e B AR 3 fiReh s indne Merbiy a
mos€ 20 %e f”ﬂhe%l'or?tédhﬁbé Pﬁﬁnh@hﬁasraﬁaﬁrepﬁlbé ¥Ad 26itd $hikhasteddstream

catal yst bed of particles of a catalyst conprisin

compripipg ﬁtlvéme angpryasnean be fppedaeed adpagivtlebiube erd 28 Hom which a

LT N e

that ¢ied chyledie inakid teaétim prBfuctAf amy, O ethPehd Ofthe ifdedbideaffe@hich passes
that the ratio of the weight of the catalyst partlcl es

thropgh the geagiqr gare wicogyertadn el }fwfai pvEEsions of Hherrdlylpne gxeeed 10
moléﬁ%r@&%ﬁl%upt,kﬁﬁgom% s@%cla?@ﬁé co%vgxggg'rﬂ??pﬁé fhgul ar at | east

erabl'y at 'I'east nost preferabl y
at The asttoDsydtenHacldes aamtalint bbd ofyartielecofd edtaigst comprising

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
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in the catal yst bed other than the catal yst particles

are, for exanple, inert particles. However, it is
wonrefeanzisg t hat such other particles are not pPESRISEA06/009929

The carrier for use in this invention nmay be based on

a wide range of materials. Such materials may be

natural or artificial inorganic materials and they nay

prefefsbly S edse D133 ahe rrMosHB&ﬁ‘éﬂa@iysat 168kt 0.9 Opaﬁereb M'li‘oh BhP¥S contained
zeolites, charcoal and al kaline earth netal

in thewatalisitbed othepthan fheestalyss aamctqmam foysample, Pedfparticies.
| h _as al um magnesi a,
Ho Qb R AR Eh ol B oo B e o7 a1 &
a- al“hﬁflam’?er nylmemtms/mvtaﬁtﬁ)rpraay bE&based bR hivAas radie b€ asterials.

5 %, nore typically at. |least 90 %v,_ in particul ar at

Sue é%aé?mé%m@mban [ﬂiPhém eEgAnIq matstipls 20 thyygpay include

reﬁ@ct L1Bdals, sﬁic@h'cﬁl%lcieo cfa § P@%ggtchﬁfcoéllaﬁd ﬁﬂ(raflhe,eéarth metal

conponent's of Ha car
carhnmaws,l fergxange estcinpl CBIb(Bllatel Pacfembdk adelreﬁmit@iy materlals such as
conponents, for,exghple sodi um and/ or, potassi um

alupz HAGIEIR, ZIEGogiadm %aﬂ hea The meost prefomdanateritiveraigina.
Typiily SHB Ry Chfiidstnerel a5 mﬁ,ﬂ%&% e glgg)m@a%vgé %l 16

surtace area carrier 'ea:

partfcularat ast®Sehercabluyning, ﬂeqaattlymp&o@/%%vmraﬁmﬂh@f@raﬁbé 16 the
at least 0.5 n2/g, and in particular at least 0.6
weight/of the eapmagr; \%hfercyompenqm the of-alpminacearmisrenay comeprishefor

f
exaiicf 8 36T 7T MY BEcmeP Sl afPhloopessipn, 5

con‘ljbﬁh@lts rafdl/at hikelineCeatthenatgll (@hipoﬁént*s rfBr SaRipl&éalcinmbndAsz e
area" as used herein is understood to relate to the

maghgs PR CGOTROBENRS det er ni ned by the B.E. T. (Brunauer,

F%@%a% Cé] the Céfﬁ%é‘fﬁq%r Qgita%gfﬁ{ iitggg b n‘}z?gg)ggﬂgrfg y at least

muz/ghmsmlfra&eabay stdeasapiSim?/ g,, anidrin pantlt:ulauhtat%asv\b Gmilg,eyla‘uve to

the §EnT6Th B 304 e podiseamay sty b Raprad0ap preforably
at miSBE S’ /OO PAftFuldp HOMbSS PRI RUEe REME W B 68 pferquer

stablllty of "operation. The wat er absorption o
"Surfagerares’ af ysedlisireinliy ynderstaddgo rrdntgeo tife surfoen @re@as deten@ned by

e 55, (B P BB oS5yl g

Chenﬁxrae Setitiyaogmnd3 I eposid-3 0a) Hfgthlufﬁi@d ar8d6hrfieks! MQJarticular when
elements, if any, on the carrie |npregnat|on
they|asqevalymingcagiers @i@nauua@@npmnmdﬁﬁwn silive, alkalk inetal and/or

made t heref.ro ve | ower, cr.u
atkali o ALt Conf RN A P HibrolPY R g St g
opmh@nmave been nmeasured in accordance wth ASTM C20, and
wat er absor ptl on i s expressed as the weight of the

watl8¢ Watezabsosptioneofihe earperis |tyn1@)a1}yhe theyenge of fre@.2 to 0.8 g/g,
preférdbl li£the. %eac;t* iy tBIbe7 h%lgﬁér \;/i]cgr %@éx@hg | m-lz-lr}eoe in favor

carrier i's typ lca a Ca
in viewrafiaanore pffadiar abﬂ;genidm dﬂ%ﬂvétﬁihmf@xfther elements, if any, on the carrier

by impregnation. However, at a higher water absorption, 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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formed bodies, the size of which is in genera

determ ned by the internal dianmeter of the el ongated
woubws/onisshi ch the catal yst particles are incl BAeaS206/009929

the catal yst bed. hi general, the skilled person wll

be able to determ ne an appropriate size of the forned

bodies. It is found very convenient to use forned

bo dflfé%atﬁbrtl@@pfc‘ﬁflﬁh QhlcinkaPeZ Ginflald, BAYiee %rrefElyatbgf‘EQQﬁéform of

saddl es, spheéres, doughnuts, and the |i'ke
forrn@d lmd}@; theastzeiof Nekscmg\mag@wﬂ detzbhined by dhrecinteirhal diemhdtenof the

clorba 55 ip HRETE il el R e e s tudgm sealiFt g h general,
the ﬁﬂllé@%ér@dﬂ wnpkw aw@@r@termﬁnmﬂpﬁgamtd e &Qhaﬁﬂnﬁa%edlas Tt is
| engt caIIy from4 to 2 nor e t{plca

found vty Somvsmiey dormediberdies iny Fh&rf@m@ pt apezpigpl basligsy cylinders,

0 [
sl ﬁ%&ﬂﬁ* s 0. L a0
gengrally aokdl yylindemgeonzettio cénfighrationl tWith yefeleacstotiGy 31 the catalyst
partic|les have_a_length_ and an i nner dianeter as

partiglesdiavgch SrorRilxBRloY SYLRIFT SFOTBSHIE camii graan 2 may haye a length
r

32, Jg;?&l%ggs?,rtoagh tcpMjan d “at r¥ n@ﬁ cdllggﬁ}m 51 tor al m’rr%l s@jt%ég{lrquhmeyer 34,

typidally framhiddto @0 mmsmlomtgplhalikszﬁbm 5 toel Soutrs ankdindidedédneeter3b,

s typi nth of fromO0.5 to, 2, nor i
typibaipt LG it peTerGEy Toor 0 o gk SHERbBae Fesee partcles
hav®8 WhGtH shdamyinia didrkdtbrads deS@Meld heteintlefor® 8hd &Y 8@side diameter of

however, that the void space provided by the inside

at lqastﬁrmm preferablyeat kbt Somny yidre raferably aiksastihiem, pnépampsigo
or Cat %s?{lé’ ?rnil Oi‘ﬁ%re@hg’é:fr | e?ng‘%ﬁ g? %o hg(rzqglltsoéeoélametexa 53 Lsytyplcally in

the taﬁpé effieihi0091to 2 More BgpicA§drdm otsherl zh awiile Agt wantig t8He bound
dryi ng,  and, when usi n(g t he catata%l ,. 1t provides for
§W9

to agy pﬁwlarpﬂié@wt & Relispeds hiaweyaiethy ighsppescproyided by the inside

GafENEROR R SR 00,3, LA Bk SR 05 e
depaesitisghofshe eatgiytic cethpdrientonto tlee @arier] for exahpleibylimipeagnaigorg and

1mp:§93/|[38 ?mhbgina%ﬂj e ﬁgs A song nbO(‘jSiqus é éqtal:ygt it provides for a
lowﬁ"'ﬁiéééﬁl%‘iirolb Bvéﬁﬂe Ofalys k! Ah%vﬁrﬁﬁgepdif 9%% relatlvely small

i mproving the selectivity of the catal yst coat
borecfaamc@r isqigofthatdheshaped camgrr matetipkhas dighsuemish smrxgdbta}the toa
in the range of fromO0.1 to

camff) %pr%?\;éy%ﬁﬁatr%%lbgr? 8%36 5to5 %v in particular

1 gisdmé emBodentsOi pRxtadidrSviven U o-SRhiitd Bdsedl casier is employed,
netallic tin relative to the wei ght of the carrier.

it maubhusshtfonge MOB@ofalpmro‘GUg thersebpwty ofghetatalyst;, fregoapthe

he carrier wll sed. rin cat
car e e TG OhE oAb rreBott Suises, BeBRfD g BosyBe e
rang@/of floROOVD t 10 M SAore4hdbié From D5 Ao 9%\8% padidlar from 1 to 3 %w,
US- A- 3819537, which are I ncor por at ed herein b

for qxamplech v, carkela&@aas aeptallie Hnselstiveilp theiweight 9f the carrier. Such
coa’uql{g“:r{:f%r dg)Y ﬂ?%sﬁgcf:f%ten%g Svlll%ﬁl%r &Adt tl% ca\%érr{v be(ﬂs?& h}qg)rrepanng

I'nan organic i1 Gen
a cataksineprishhg ihe ramotBicoonnsound. Such coated carriers are known from US-

A-4701347, US-A-4548921 and US-A-3819537, which are incorporated herein by

reference. The coated carriers may suitably be prepared by impregnating the carrier with a
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
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A suitable organic tin conmpound may be for exanple a

tin alkoxide or a tin al kanoate. Apreferred tin
wabkbwnozse i s for exanple tin neodecanoate or PCIW/US2006/009929

hexadecanoate. The tin inpregnated carrier may be

dried in air at a tenperature between 400 and 1200 0OC,

for exanple at 600 OC. The preparation of the catal yst

prefesreld Big\lk anBatt AefoR bk arAiie tih Mo ddeaNEhid B (PR a86@noate. The tin
applicable to the preparation of the catal yst

impsegnaed| cegiapmaytberfiiedde aiy kel tamperdterehebvaen@0and 1 RPG °C, for
exahﬁy‘{ezﬂt .OB!BC. Met hods of depositing silver on the carrier
I'nclude i mpregnating the carrier with a silver

Cc onPispreparatidreo fithe gatalgbt i9Rh@wis i the artand tikatdodmhetBlods are
to formnetallic silver particles. Reference

apPiiggPlito thaBEPaIgPn o) BAsFislySt BArUEPWB EBUR tet e practice of
thishivertién: MethdasoP8 itir%:}ﬁvéll%nEihQ g%%? i iirgpregﬁaeting the carrier

patents are I ncor por at herein by reference.
with e diliedricompofindtednitaining cstidni@silviep amepatdrininga tedactiorpty foen

conpl i shed duri a step in ich the ¢ | yst i
e iferairidien HHBRRHIEN PoRods 1O B HorABaSURHe US-A-
5738038 BPLAIRB6D1 9G8A TS BB 680N, HIBYUR St a?@ﬁﬁox?%r&t&?herein by
silver containing inpregnation solution conprises a

reforgngaci ng agent, for exanple, an oxalate, a |lactate or
f oral dehyde. reci.able catalytic actjvity i .
obt DHEdbn o SRBTe g et G Poafhesgianty by aqclwoBshed dyaipe o
stepOih vtlich @R@<htalydt B/deRd, doethatthy Rdh@idn ¥ sieh 8bds ot rdgiRe a separate
catal yst. Preferably, the catalyst conprises silver in

progesg sfait 1Ry nay terthertag if e sihrer goRiginingineprpgnatien spiuijon
. ek P
comsF AR ¢ Rng A0 u ok Prart e 3R RURRE b g gl ooy
corAmpreciatite edtelydiblagtivitynie obtalned by eaipl@rihg ofilvdi€ontent of the
cutf 564 36567 B el v thepratthob e iR o RrpBl) G Ryl
condpBis@ diNBr 0 R LNEIfHIm 96 td 5 ?ﬁ%,%&%&ﬂ' fEraBl ek mg 0
th ySt ma % 60

e silver content of the cata e at” nost
400@/kgy, nore preferably at nost 450 g/ kg, and nost

referab at nost 400 relative to th i ght of

Phdh h B Plenfabis et lise o iuish el ool s
Prefefib®y}, Yigd silver ¢dhtdhof fh@rhaﬁg@f maz B8nilRAst!180 204, fHokdprefRily at

referably from 200 to 400 %/ , relative to the
leasgé@(bﬁkgwdtm@t prefermblytat lepgf2 Qﬁ%ﬁﬁa redativetie theaweightef thegatalyst.

. o . : ’ 1
ProfS R, URESif9 bt ffor B the RIVSLinty B a0l gt Rrefrably at
mosy AkQ) g/kgﬁd_uﬁltlhm? ptefeﬂablryl aNak;gﬂlO(pg/kg,frelaﬁlﬁé ?i 4o Fueigﬁl!ﬂ oif] the catalyst.
reparation of a catalys aving a relative i
Profgrap e fhechiypgantent oF th@)?éﬁ%ﬁsblsi%ﬂl%ﬁéng%fg@%ﬁg fogy# £, more
t . < 1 t age

o 0 094l g s B SRR
catalystmajs@nipris¢ kilver imv@rantitynf ¢ Shpkg,oed 8@ gfgoordve /kg, or 200 g/kg,

or zﬁﬂ&ﬁ o,gﬁ?%? g&g&g@ﬁggﬁ{}héﬁgﬁ%ﬁeﬂe o .fﬂtﬁeg]};rggar;tgo%rgf a catalyst

having a relatively high silver content, for example in the range of from 150 to 500 g/kg, on

total catalyst, it may be advantageous to apply multiple depositions of silver.
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, thenium.
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m xtures thereof. Preferably the pronoter conponent
conprises, as an elenent, rhenium The pronoter

woanpaozish may typically be present in a quant PCY/US2008009929
| east 0.01 nmol e/ kg, nore typically at least 0.1
mol e/ kg, and preferably at |east 0.5 mol e/ kg,
calculated as the total quantity of the el enent (that

| s Thefrotitter com@she mayayibs R BEpradtat f a %bé]ﬁ 9 441k least

relatlvetothe wei ght o the cat al yst. r onot er

0.0t grpelpkasmeasyfypisalby @é@'s}ﬂ 0,1 rimaolqatsntmd Brefably ahbsst 50

05 APk el AL ERORe Yol BBy ot R i e b, pgen

moly\bdﬁtum gndaér cﬁlh‘@nmhﬁrrelatlvé wlthe W‘éght Of ﬁhb @ataBjisg MThedirombeer
The formin which the onot er conponent may

cata 9
COHB@"G%%B%X eRpessnt ;1 3 agantity of 4t mast Sy pymalelke praferably gtmost
10 inﬂib@é)ﬁ% Pore pRIferAN %’%’ hfost § Hﬁntﬂé/gg%%la?m ﬂ)ttalrzgl)éntlty of the

sui tab be” provi as an oxli or as an oxyani
elerherrt relaiavmﬂoéhe wesight ofthaattelysp él?helfemﬁrewhm:h theimgaioddreomponent

o B S S B o
proﬁl)éﬁ'lr eahpondALmRY 8ieHly bé‘pﬁ)vgiéﬁ 35 b ¥xiAE ofths éﬁ@%‘snﬁmlgnr example,

mol e/ kg, nore typically at least 0.5
as aﬁh@ﬂf’é‘%@m’fbﬂme Déa@gstiteolrrﬁahloeﬂugfomm particul ar at

cul ated as. t he ti
eI emsnlélth% @Is\s e Q%rl%eﬁ ar 11.81;'?016 1nfr}gepg Eﬁrﬁg%ponentt rﬁemum
mayRypitallybé prebatiniin algliantidy esatlkast 0. lamﬂUﬁVligl h%r@fypﬁiallﬂrﬁﬁfeast
5.0 mol e/ kg, preferably at nost 3. e/ kg, nore
0.5 pyRqle/kgisng pig ewbbt atjeagt i;ﬁﬁlﬂfépl%f& mrpaptmlarca@ least la§ mmele/ke,
t
b T K O 0 om0, BT o BTTEASFrr

typinally presheinabduanttynglidt asosas. 0 henolefkgrcprefe@ably at moftB.@mmole/kg,
|ted on_the carrl er. Suitably,

f t d
motge %réé Frﬁé% ag %@E%B e &nﬁyp%'éc“éaé |15 mostl-p myReletkgponent s
C O th&l, RheR ’Ehe%a@d’l?s@ Eoﬁﬁh%%@ﬁeﬂlﬁrﬁ'@ohﬁﬂﬂﬁé Ef&rx%ort]er component,

chrom um nol ybdenum sul fur, phosphorus,
the eatalysimeay nraferabdy cormprsecy tabliym copmmdtenasiaficther comparent

t nt en
ek B i, SR BBl e o
comipSndiiy édnﬁ:}u'lsﬁ{é ah cﬂéxﬁélﬁrsé%ateﬂ |ﬁ%§n fulBstér) @RFdhMuf0 BIoPyBatRim,
rises, as an el enent, sten. Tthe rheni um

sulfo pResboR. HoEgn ap. YU Uhaweqft Feeiiiablys the onit copromoter s

ey Mo 550l A T30, o

mlxtumzsl thérkof, It:mlpattioalwljr pisfeh’e@ that ﬂﬁ&l‘iémﬁm copronitert @hibris€d, as an
1 %ﬂ}“tren chrom um nol ybdenum sul fur, phosphorus
een};ﬁ%/ &%Bron), relative to the weight of the catalyst.

Th

quans PR ORBHOR hily (BB OBRRARIn 4 Bl ety of ot Iggs
0-01rmmbblkgg monetypigatly fitleads|Oyl mmotarkg, aﬁ% pmibmblyga,t least : he
r heni umk‘i‘*r r onot er

0.5 TR Gefieren B e emEnthr helot of oSt 0 the

molybdenum, sulfur, phosphorus and/or boron), relative to the weight of the catalyst. The

thenium 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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i nvention. For exanple, it may suitably be provided as

an oxi de or as an oxyanion, for exanple, as a sulfate,
woanwt1e2189 nol ybdate, in salt or acid form ThePcatakopsn09929

preferably conprises silver, the pronoter conponent,

and a conponent conprising a further el enent,

deposited on the carrier. Eligible further elenents

nayhe @ed1es P%ferﬁlﬁlgrébfrﬁbﬁs&r&lk*&, e pRbhbRYBBmMpbidi® A e,
alkali netals, alkaline earth netals, titanium

conppeheptpempzising @rfiuihsr elemend deppsited ainl theiegrrieh dligible further

I 1.Qbi | i umsand gersmani um.and nj xtuype
ot B Be sPsel B P o B B fouEy AR R il 4l cart
methlspiitahiubd) hafiliunmoti@eiut]vaddiiral thalliamd thosig ntd&} niobium,

preferably the alkali nmetal is Iithium potassium
gallypg ppd seratanivm ansh @pdurgs therqofe Preferably e alkali metals e selected
h . | r - i i i . .
froff R, POpEn AORLRAL S AR SRS MR oot oo
lithipug potassivmfantlfoo nesurd.1l Prederably)y theraik alidegsarthraetalt v sehdeted from

fromQ, 05 to_100 | elkg, calculated as the e] enent
calGgH AR bR TV A B By emEntiapiechet o r@hehing: totel
qu JProR 061 48500 MnfYkE ke ¢ Ealﬁzxi?dﬂi’:oﬁ)s t§%b§m9@]e§g,

al kali nmetal or an al [<a ine earth netal are suita
calciudatedsasdhé elemient, ot the wpight of the cafalyst. KEhe funthendlements ety be

i.n the catalyst is dee to be t.he quanti i nsof ar
proyfed (o5 ToR” Ein odPls S ainep Alkelidieh i e S8t et ae
suitélslel oni zed water at 100 OC. The extraction nethod

i nvol ves extracting a 10-gram sanple of the catal yst
t hriseuserl hereits jhagantitypfiafkalimetel presepbintthe pafalyst is deemed to be
- |- 0 .

e TS AP B OB B M PR g
100t alhe emtadjﬁ)hﬂ@thod(imwmemtfwﬁn% & ﬁO-Mﬁ ﬁﬂhﬁleaifﬁiﬁ' @talyst three
. absarption.spectroscopy. ,As use erein, .the quantity
timGby kR far 25 RoTHOn T d-taweasd waterae> tnipuipy a1 005C and
deTR L e ARAUELLLY. A050LAE Btuldn BRI A1, o
examplestomic ab8@ptiah spEhwoserpy.act i on nmet hod i nvol ves

extracti a 10-gram s | e of the catalyst boi | | ng

A B e B isfing e Al peeilin (e caialush®
deeriibdtd @18 qhdntRY Msofak afit cAPbe Sxtiddted Fdif t&&iaﬁdl%gt Withd1 0 Bw nitric

. the combined extracts the rel evant netals by using a
aciddndariomisechwater #tdi00eka rfieextadionanethebinyplvenextracting a 10-gram
0 ; r [ US-- A 0801259, . whi ch

RS RAN y FET  aht T S R RRc
30 mimyites (i hiab) iye. 01.8%Pd) arfdl deérmininy @nthe @8mbihed eg@thads Hstrelevant

desi gnated S- 882, as has been narketed by CRI
metals BUSRE iaéqqgwn(x%w, gqf GXWPIW)HC abperptian ppeciyoscopy. Reference
: ic At | I t hyl ene
T s e BY B Ene € &7 e

heat caaigstarigelt mag suitdbiybeé ssed du tlppimdentidonis arcatabyrst desighated S-

ss2l S0 B D10 b Tl on WA 1Y 2

FIG. 3 is a schematic representation showing a typical ethylene oxide

manufacturing system 40 with a shell-and-tube heat exchanger 42 which 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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of this invention is grouped together into a tube
bundl e for insertion into the shell of a
wehels1ozusd- t ube heat exchanger. The skill ed pepreDuSH06/009929
understand that the catalyst particles nmay be packed
into the individual elongated tubes such that the
el ongat ed tubesand their contents provide the sanme

andrtBéit Sritdmits yro\evf&ﬂhéis&@éireﬁlls@%‘t}p@ﬁéﬁ§ g&srﬂd%' PikstdWirough the
elongated t ubes. The nunber el ongat ed” t ubes present

clongqtadiubeash dihe nimder ofisdongated t@lmsrmsget inghe $h§11t2y1§rt§b¢ hqat

exch b2 S0 il 0P 0 B3 00 Br L e rnee
of fedno AHA0 eel 10 Ob@szattGEallyJ sachsdlbgdatad!tubdsl dre o @lbk@htially parallel
each ot her. Ethylene oxide

sition rel ati
POS‘R’&HJF%EYW g3gh 8 1E Yeneayide sippfaserigs sysem d9eay comprise
one%@ Sldra AN AndRLO Rk %ﬁ 985 Sroft %&ani;?é tw G L &r fo\%’

hree or four. In partlc ar for purposes,

S :ﬁdhlpaztwdlar lﬁb'eted’nmgmuﬁ)osbﬁi ﬂgﬂheﬂ—ﬁgmlgbled&ﬁpﬂchﬁﬁer 4% may
C I I VI dua re va e
comae SRuEried hes whih Al B unONe RSB Rar gt tabe het
excR@RENEd e@dcﬁﬂ%@&lﬁ@' a%dil@# Slopkatld ivkt 8F EHfffe'r&g Lﬂ dlameter As

di anet er. an alternative, the elongate
an alfernatiyie \ﬂemlenami t@h@ﬂmabgbetﬁnmvable@né emhangeablcbasrtdiem more

t he rfor f t he c
bunfles, BYeHRRE < AP SRE ol et iag Pl naube
heaﬁéx@h@%%ﬁﬂa\tm@aSngh‘tedjtluf)ésedeﬂffeﬂeﬂtt1ﬁfeﬁ?dl dehnsigbers. A
feedstream conpri sing et hyl ene and oxygen is charged
vi o &sfRftRam comprisingahylenseand; cryger isshaiged aisccondiie 4 ecathe tube

mde‘?ﬁ“‘éﬁép 1961 nibe C}jl\%}%s(gﬁaﬁllﬁéxt 42”%17 &Qfﬁ]tl?ﬁtc% ta gf %lvg hht%i ﬁgtt fyst%/

ont al ned therel onga
contamed thdrein withi tlongagdstubes12 dithe stvehtie@actbtHtdn@atThe shell-

and G RO Gdrtaes o S p G e ied Fismann ”eg%@u”?”? AL
dowavaid HSW oPgas thidkeh maug{,st hERCThOReak 8 FSE0R ﬁﬂ&'ved and

control of "the reaction tenperature, 'S
contredph &mmt@nvwmpmmm; @ha:t it the yespeauce Wﬁlnmﬂiu atabgkt byd, is

achif 26 18/nsB o Bl ERR i o s eomprB gl G8eng o ey whichs
chargéd b khellnddd @melm@ﬁa-tweqﬁaﬂmnm@%r m’by\%é%r%ff c&%ﬁMé and the

46 and the heat transfer fluid is renpved fromt
heat drappier Bpiddseqoavad domuthe shelhef elifeanddehe heat mh@m 2 through

con&ﬁ’ﬂ%‘.“t 48. The reaction product conprising ethyl ene
oxl de, unreacted ethyl ene, unreacted oxygen and,

optlhe naictiyn pidhércompaising @thybie duides uﬁa*éﬁd’tedi&h?l@ﬁ@ Q@ireacted
di oxi,de and_water, is wthdrawn fromthe reactor

OXYEe) And-ARigRalLy, ofhes F@Filodeﬂ%@qh@éPa@Qéﬁmi@@ angwater, is
withH WU SRk thr ﬁ?teﬁ{‘ﬂbmgll ?HeQE SMarebF hs m:a%gh

Separation system 52 pr e separation o
cond@tttﬁ)(l)l asd gasses thesebamtivesysydne 62, ﬁe‘;ﬂu‘atl(ﬁl_ sgsteﬁﬁﬁ pro¢idedfon the

dvvater action fluid such as water
sepafaf of Sip3lie PRieE @ﬁ&?A%%%fé%@%‘fa' 5ri5h Ao dixideand water. An
extracfibh Be1CREh bOwaRPadAEd 1R S %ﬁﬂé&e@co‘?@bn@ﬁts GRA 4hfroduced

54. The enriched extraction fluid containin
to separation system 52 by way of conduit 54. The enriched extractlon fluid 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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et hyl ene oxi de passes from separation system 52

t hrough conduit 56 while unreacted ethyl ene and carbon
wdizaoei1dzis9i f present, passes from separati on sSPeTRISRBR/009929

t hrough conduit 58. Separated carbon di oxi de passes

from separation system 52 through conduit 6 1. A

portion of the gas stream passing through conduit 58

thréi@i cBRIYIESMVEEE Rfnathift/E GRSk §a8Hes Etﬁy@%l Sonadibh t@l%c%/cle

The remai ni ng gas stream passes th conduit 62

compaesper @4- cAﬁﬁﬁ@@s;ema@mg @Sh:é@memﬁ @@g@rapaﬁsmhway cemdit 66 and
is c\;\ﬁaﬂpw%%i ﬁgﬁ{}gg {% ﬁlﬂ'ﬁﬁ%g ik %‘édt thPou ﬁ #urﬁ, %gﬁf tﬂe combined

streamris padsedid laﬂjzblé bkmlpmfsbr ﬁf&dRSéyclﬁ?dﬁmIﬁ‘e@aﬁG&dls&}&rges into conduit
cycl cl e conpressor

ressor 64. Recg
44 herthn hgeiochines sEemmas drarged o thodgt oo Bibsideragéhe shell-and-
R T lg%xi*ﬂ&n%@?&%s%%’ Porebifehifl il ertfed
extqactwuﬂlad fmyxdmplebgztdw&ﬂetmbxfmrmntmbtmrenrl ched extr acti on

ot st nt SBRBH G0N it 1R foods®anm Buingirapas comgit 44 Tay be
seleEféElQ#iﬁHin a Mdsiang é4Tg;§ei¥aIE)et}ﬁeét 1BAERLAbEdM B oA i¥hd ?eedstream will

range. Typicall et'hyl ene concentration in
be gt MEW ola-%. ¢1atb\(§3 tattherm@i fegd. Rodferably, rtevlﬂtbﬁvmtheaamgemf from
t he rang

0:5 P ingleEFie i Rt 1. 6 Bt 2P fa A0 s erein

the feéﬂﬂre%n B Rohidi€ers@IFLIBS bEmpd¥itidtERHich §Y @infactdd@ith the catalyst
feedstreamis considered to be the conposition which
particdese ont act ed wit h the cat al yst particles. The present

Seoriegricn e hREROEp e Al PR b Jpoialed 88 in

Othfl’scEno{]odxm;dm oﬁ"mgﬁﬂctai(lj II‘ed:hnoldyyUJ'@ &iitidif) 3blump 9, 1;:9@3)—  PD- 4;]15-
447, I h the, air-base roce or air enriched wt
447, ) S, Bl E TS iobsh Cih GRYacHdS RpIOySH Ryhe source of

the é‘ﬁ&fﬂngv@ehﬁvhﬁb fnﬁﬁe Wﬁ%amgcﬁﬁ&% S BSrity( %tle]ea%‘t' b5 1ible-%)

(at | east 95 nole-% "oxygen i's enployed as~t source
oxygsn is lgepdoviediag thepoutye of theRrédisimglagento ?reseqmty(mdsttapomdatlon

B e —
RETHRH s
selebﬂ@&\w&ﬁn a bvﬁﬂeofaagé | GSwe A4S %Fbc'tlée %‘(9551?1% ¥né?’5’lw mﬁﬁleaﬁt &

concentration ich avoids the f annab
concepi RN Wblchtanelde thecllammehle agime. Dypigally, alpmenemtmtlbh obexygen

f
app e 3 5B of i o0 ole b T ayPipBifromado 12
mol&-e4 ufthe mﬁlereecp eTkd adhehl B OperaifPRides dpehd Al vii e
f eedstream conposition, also on the reaction

feedstggam Wren@sﬂs% ﬁlsagnﬁhperea@w@tqoedmpew@haas theereagtignttéraperature
andp{jg . An organic halide my be present in the
eegdstream passi ng through conduit 44 as a reaction
rm Airf drgsani¢ halidenasgbspregent eths @badetréanh h¥ssingURDLEE Sdrtkit 44 as

he undetsl rabl e oxi dation of.
a reactlon modifier for increasing the selectivity, 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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et hyl ene or ethyl ene oxide to carbon di oxi de and

water, relative to the desired formati on of ethyl ene
wOoxd@a02189 esh organic halide is suitably fed t®8CThs2006/009929

process through conduit 66. Organic halides are in

particular organic bronmides, and nore in particul ar

organi c chl ori des. Preferred organi c halides are
ethﬁgﬂeq{lah%ﬁ%é)% RABAitREmRe gly 155 cﬁgﬂﬁlxﬁ% lifkereof. I\%ost

prefera y are se ecte romthe group of et
me&hb@mwdﬂndehhmwcamﬂdhy&aeémhbhdne di chl ori de, ethylene

di hrom de, vi.n e th

or ohgrargi aidks ats eeBaly ek inds Sl OGHTRE ihsh R in low

con&iﬁaﬁ&g fhe Al iR egaBpIe ugeHo roalnllaaes/f, freitivy & @8 total feed. Itis
reaction nodifier when used in | ow concentration in

prefetred thabthe orgmmeb@hdgllepmﬁm tn the Geedatipam ot eancentrajion pfat most

t ot t.hat the arganic
oy 17 migde- P, i it i 2O EEGE0le PAinat 18 pRBRER Fmetton
15><‘?f)“1 ﬂol@?@ el 0 the 1501 Secld aﬂdbr@ﬁfatﬂlﬁh'ﬂ 1@£st @tZX‘T@g Enom )
-% nmore In particular ‘at nost mol e- %

part[cmllatat leestt005>tll®é rheltdh, theedn patidulpr a‘atflearsa h):k W ‘hmolee%stelatlve to

0.2x1 0"4 nole-% in particular at least 0.5x1 0 4
the fofaldeesl, nore in particular at least IxIO' 4 ol e-%

rel 2 t . i

(e ahtEioh® {FIchE Rbe REfind B0 fOLEURKLARay conten
one®ontoaé optinmal compramestspfor exanaple cabpo d@xide, nfertrgasaesamp Isgturated

car bon dj d ert s and, sat
by aRbgEs bonen dlen et R R SRERE FFE s frtalyaetsity.
AdwbfagedusRn séﬂ%ﬁatfbﬂts%t}éﬁtﬂ% bpathied in Afbhanh AoSatHE )juantlty of

separ ati'on ‘syst is operated in such a way 't

carboneliepidain thy f@ﬂstmnbfdimtmh@smmt 44istlone, foeemple,d:mlow 2 mole-%,

pretfgglﬁ)grl}l%lo%ﬁqgo IF;‘VB,IL% ulg)?l?e ran@ r@fc %ll mof%t ﬁe\f{lert ases F‘or
exafpRMifogento? aﬂgdﬁphﬁy%a pfd%ér[ttm gﬁsﬁédstféﬁh pﬁi!s@fg)ﬂhﬁ)ugh condult 44 in
nitrogen or resent in the feedstre

a C%a%ra gn ohiren f@(?iQdH?lP-‘VMYPIﬁalbY omAOP BaImelfYf Switabie
alilp(; 0
gur tg}éﬁg satngragér e ﬁ’ﬁ%%%%dc%}rl%{)n? %?‘55%3%%%%5@0? are present,
the}ehh'ﬁh@mebént sm gnattityiofiysltoctemblerts, mhativpietenstal febde,yn

ma ntlt of up to 80 mol e
partigla o /8 78 Bt . EyRatoun g ey e Prsen i Aoy of ¢ lsast 30 mole-
%, ﬂ@ﬂe@t‘e@eﬁ'_t zﬁllr?dﬁ by mtoil'be% ayaﬁlr%& H9MocArBofs HNRDE éﬁﬁzﬂo%d in
| east 30 nole- % nore frequently at |east

ordemb¢ mcmasesénemg@dﬂmblb&r lroits Qie@nsrseh@rﬂpﬂnm}eyiemmay be
t

presf AR Rob R R Sn RSP RS} el b dn patcutar

1essftmﬂlsﬁlbeam rdl @lved dERniith of ethydnk] Howalerl, @98 piefafed that
e-% in particular less than 1 nole-% relative to

ethYlkW@ lﬁqﬁ@ﬁtfl&l%/obﬁn@qu}wtéﬁéhe fepdEio®R, it is preferred
%)Q)Yld r%césg fha b%%laﬁieﬁloﬁt h§n£ fe%t?&g‘f teh@e}aﬂﬁ selected

fee eam € epoxli dat’ion proce & Bt

fromus wide fagget Pm&rilﬂyrﬂ&l’mhdﬁoﬁ?nerﬁpérmteﬁl@ i ﬂ@rfa@ge/mf(fﬁ)m 150 to

range. Preferably the reactign tenperature is in_the
340rgfg§@red}reﬁe];a@m ge tagnge 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.
In 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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340 OC, nore preferably in the range of from180 to
325 0C. Typically, the shell-side heat transfer liquid
woaasocaotsaperat ure which is typically 1 to 15 8CI/usz06/009929
typically 2 to 10 OC | ower than the reaction
tenperature. In order to reduce the effects of
deactivation of the catalyst, the reaction tenperature
: [ o
inc rn?ﬁler esgz&%&@g@ o tnt unfe BS gB%J 1% 126 & ke

typiB@ly} fr6H |26 to Q0@ °C.OThOrddCtionMeietafurp atdlyi bédhﬁéas(éd bypicully from a
C. The totalincrease in the reaction tenperature nay

levehén tha rartge of &ietel ¥ tof300/FC1moratypiralliCiropp?® to 2806} wyen a fresh
20t 0, C..Th t t

catal 5L aREb PSP G B AT SOTDItS PHO ¢ e iP BB P70 o

325 Elé O\Vltl RO LatAst HID ﬁgcrééé@ %Jt%lt§ rdﬁm@%n{%) h 280 0C, when

catafyst Is use to a’ level e range of
f r OIhekﬁﬁxﬁimcﬁﬂlﬁo&@s 1smeﬁretby§pcambd gutfat anpré&éﬂeﬁm tHedble; tube end

26 e WSS oA S0 tng08 KRy CBey | Gt iipog Yeeinys the
unitQiuf ofgaR AERSHE tén[beh’&&re'aﬂh gk&ﬁ%@@o @dl &ﬁl .8, 1td'193 kPa)
range of- from 1000 to 3500 Gas

|y
passSpmoer Vet uuit bfjthie sotakreolume of vatalwﬂé)edmelglaslraﬁ’refcmhh’t the GHSV

s iny B BRG ob o D0 DGOt R B RS prot S o oue a

a w&‘kaaﬂé@ﬁ tHeGHige JIRINE03bY0 Kikife EiPNé 6xidB prdtRicEBHGE I the
from 1500 to 10000 N8B/ (n8.h). Preferably, the process

tota] eatelsstbed gehaur.dn partigslak 0r74e 8 kmpole piyleag géld@fprq* uspd peran’ of
r

the {o z%l]c?tabgflgei% )pge%ﬂ il egﬁhgﬁrﬂlﬁgnw %g&%é{ﬁ%u 1k pg&]}}clag Pgr m® of the
totakmélﬁst%mysbﬁmmm de produced per rTB of the total

catal yst bed per hour, for exanple knmol e et hyl ene

oxi e chpisag exde petusad 1BFheteH%X1E‘%§’c°§IPr‘?,‘§§S&P§/3§]?e ‘I‘:S’é‘%i“ffg for

S8 dati on

exar cﬂé?sé“ﬁyﬁ%é"?‘(%%&éﬂé%l@ﬁ o e iy ene
gl ykhel cpnmmen fnytd eﬁnslegb gb@bl atthe athglena glyephether magnéameprise, for

e SRBURE B S i S5 lind PSS
catawsh YE& R af LSled ﬁ)r\fﬁdldihg’ﬁ%@émmﬁhﬂﬂi ﬁlelemyq@ergmy@m aCietd @&h@ene
basi c ca f For exanpl e, for

maki
le‘}@ﬂ é’th@lmthﬁeﬂﬁh)ﬂ?nq Q?@dfemhy be n@c‘@ﬂy@m atgn d’o]ﬂ@g@la@qmyq;seﬁé}vater ina

hqu?ie%hag l }‘eggtp&?r{ in prg's%C c.Qbar falaﬁl %ﬂl}qs? {:E)b :fj §.0 ‘fgﬁsﬁjﬁiﬁn@"a&ﬁ Bhsed

on the &1 ir@dtibA niikiafs BES0-90 °@at 8O0 KPLabisahuyes br irfa gas phaSe réadlion at
%v sul furic acid, based on the total reaction m xture,

13092405’@@@ 20004000 &Pa k‘rrsahu@wfanably iprthe absan@azf amﬁié)@t If the
ction at. 130- 23&}? 20 O 000 kP % teacti
propsFRrLP LRS5OV HET DEGERREIR onetbUPa gerol gl Jhe reaction

mixRir® %ﬁéﬂe%do&h@@t‘h?fené $15/cOMRh&S tHRPretiueB@ifaly ®8 aQfi-ether, tri-
et hyl ene gl ycol hers’in the reaction mxture is

etherteireathenior arswhsesuall aiter. g‘il‘semﬂtlve ethglene ghige! gherd maydbe
her, trief. t t
T e ——

sucH@Ymbanol or ethanol, by replacing at least a portion of the water by the alcohol.

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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prepared by converting the ethylene oxide with an
al cohol, in particular a primary al cohol, such as
worbdsanzisy or et hanol, by replacing at | east a pOTAISZIN6/009929
of the water by the alcohol. The ethyl ene oxide may be
converted into ethylene glycol by first converting the
et hyI ene oxide into ethylene carbonate by reacting it
e%ﬁpé?ﬁoﬁ i 'tﬁieeeth ‘flarﬁiﬁé %ﬁ“%?ﬁeﬂriée 'F%Qﬁﬁé ¥ﬁ1'yféﬁe bRRle with
ethy ene carbonate to orn1et | ene gl ycol
an aayipd,isoctbdseanmeotieds alkydfaarienoea dislkyhatgineo An@ydtow 808PiEouUS

whi.ch | I ncor ted herei.n.b e e.lThe .
s B DG T ST BRAGT A S RES Ry B SO e production of
morF&@Rdrol Smfdeh Fo?ﬁﬁ-:tﬂbﬁb d6p1WablR iR fhedBniésiof WE Bth¥ene oxide into the

amoni a, an al kyl am ne or a dial kyl am ne. hydr ous

etha@pl anjiveseEranvammAybermydede, fos exemplablFaAdRSS29movhieh iss
mco rﬁ%@h%}nugng%ﬁérgnfavor t he productl on of nopno et hanol

appllcable in the conversion of
et Ithgese @yéslend eflgldnbglrbhetheds ntyi beaused &f £laggec@ariziyof
be made to, for exanple US-A-4845296, which is
indysiriad epplications. fscpmpleyin the %ﬁléﬁ%%foo‘{’l_;tw?réa@a tabaeco, cagkRptics,

A0 PHLES LB 55 B s Lot pcht e

Ethaﬁol bmicks nm\benmgdgsfor émh@d:e; i thedseating ¢ swetthming)pifastural gas.

ITETS e r.esin St ens, det er heat
P@ﬁp%ﬁ?cﬁﬂémf% theqriaiyip POERPCS H?Fay%eéi heey, for gyample
the Sféﬁﬁple%ylén@ iRl Eﬂ)@@t éthshol aRRE LR b@nﬁc }ﬁild&ahﬁ‘\‘eﬁlyplcally at
. Unl"ess speC| [ ed ot herw Se, t he or ganl C COﬂ"pOUI’] S
mos’réﬁtcalimm dtoes; miong typizalle aunpdite?()tdaﬂooul agdms ¢n patipylaegtgnost 10

carf it g e R mRh® ERPBRACa o SHBFE b Kaneps for

nuniferd BXchrbdd abRPQR. erestbrumberPRuciude ltliea{unﬂiermblﬁkﬂ for the limits
carbon atons, nore in particular at nost 6 carbon

of thg wnESs. As def i ned herei n, ranges for nunbers of carbon
at o]
2 OFFR bl g SRRy BUTHERdcd s B8 BUBRELS o e presen
inventioah@ sreaioeintétided teandudy lillitithe savipe of the iavhndiohages of
the present jnvention_and are not, i ptended to unduly
_aumésf ((HP BRI RCENENEAQ BNV anpl e |
€l WifcH Bcfulle apruEitE RIbktiEGRAER For th
S{O\E};\I}teﬂro}éi eve%g%ng?gl ch i ngl udgblgp%r@oprl atle orthe
use Iof snhter comtaidinigsafaysts ine preeess forsndnnfactirmgtethylénegpxide from

t ts i f nuf
ethsiiechtpigairo by RERES I er S5 RISy PRpFY B P gatapysts
nﬁ??igﬁig H@Furd 4E haReEn hAd asdthdGippfopriatereiciorGAsI iwsks @eveloped
r heni'um and tungsten and anot her appropriate reactor

for ﬁb@r‘é patalasts g@ax@mmgew rheniugy 4ndaio rHeRIEMCOPEOTRARE: ai ni ng no
?snaé‘g g%seae g g&&r?ﬁ%t?o’ﬁo T Tuaﬂl}?alpgg,ghﬁn%%e data

bas rrelation o

gatheedd i@d&rﬁﬁﬁﬁﬁrdﬂlatsmed dieh asl nﬁcrrerrexvmercﬁuﬁy datbypiles patdata and

as mcro-reactor activity data, pilot plant data and
other sources of catalyst performance data.

3..

Using the appropriate reactor model a process was modeled, as performed in a
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, thenium,
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
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ot her sources of catal yst performance data. Using the
appropriate reactor nodel a process was nodel ed, as
woendooozmg i n a reactor tube of 11.8 m | ength 2a@USS106/009929
mm internal diameter containing a packed bed of
standard cylindrical catalyst particles having about 8
mm out si de di aneter 34, about 8 mmlength 32 and about
mo&le[% \}sfaeéswaftea GHRVELEI329 /1] ﬁu&ﬁ)&@swr%fofq O;Imé I dWork rate of
er, rhenium and t ungst en, he reactor tub
3.3 hmntegetlrsdmieefmdapw nbmﬂpadgpd\mwcr haucangra cofiposiiparat |t1n€yfeed

sneheRob St 5 e A L RO b2 i Ml 11t

mtr@ge‘ﬁCE 9 NBE arofsHSMoR- Y63t aheNbe Ibalancd BYigE mRtHRAE.UTRe Sdlectivity

75 MPa, a work rate of 3.3 knole et hyl ene oxi de per
ofthmcabﬁlyqsas:%@matﬁédom|89r9@mle-énd a corrp05|t| on of the

eﬂ16 Sﬁ‘lg}??@?%on% Ongrat{Yrgwg};ﬁ&@g I' ogen, (;/ ’gﬁ(éllgﬁgel%

prediétg@ that in Abe ofthey Mdseal dﬁdm@etaqt& &Beﬁmpﬂiercgoniat faaiperaturb €an be
sel ecti vi of the cataly is estimated to bg %9.9
inctgsied to24 7T {ebefpis the miteal IETGG‘P%{WP of é‘??ﬁté?fé’fl%ﬂt EX¢qds the rate of heat

a
remfi G R fho ARG ool il CROElorle f £ hREmi e oactnf Thus,
accdrdingeo sheunedet aredictionandeathese ¢canditibhs G roefgor ® mhewagtiel 7 °C.

of ﬁoducti on of reaction heat exceeds the rate of
—aﬂf@é&rem)val through the wall of the tube, which is

Chat ettt 1 whi ep&ted Wit tha WaTer&R2 Hhdt b intEitkd dizdst&iwisnd

to the nodel predlctlon under these conditions the
54.4venyiimstead of 38 9ammy is 17 OC. Exanple Il Exanple | was

ated with the dlffer e Lha ern
Thedgﬁgli‘g b%ggt tglﬁlpiraﬁlﬁ,? wag ¢3 ‘éuglateg #0 @eg;_%e” lghni’%mgdel predicted that
in a&ﬁlﬁ:l df—tﬁﬂs deemandiambtel EIEMA) RS cdBidnt CthSathtBieod@nbR ibGeased to
0C. The nodel predicted that in a tube of this

240. ﬁtt@fm Fheda@rﬁéﬂ)&dues@.n af yeagtionheatgepedsithe mig el hpatiyemoval
f
RS NG RPRBY, g RS ST PSR sy
condlarcmymle nidbgiaug hurt-iveayisl 12 °6f t he tube. Thus, according
to th -del PredICtI ungder. these conditions the
PQRALILIVEy ] gihe pre | 11 (Conparati ve,
n OtEﬁﬁ‘g)‘Pé Ijévé’é?’ref)&ltéch Syitt¥ne Gﬁfe?éﬁce e AR &tdl%/édﬁ@&n%msed silver in a

repeated, wth the difference that the ca
quanttypf 132eaks irdlative th theaveighi of the yatelyst] Ihe gﬁllegtwltyeofam cagalyst is
the catalyst. The selectivity of the

esu@ﬁ?hl@?%@?%@?l frated to be 89.1 nole-% The

shette-shélilside @%laﬁltteﬁ@&ﬁﬁfr@wg Eal¥veigted &) B2 W Tie M6 del
234 0C. The nodel predicted that in a tube of this
predigied ﬂwam iuberef Byis ingand diggeter{38.8 spmithe coplaptierpgragure can be
4
AR SR B B RBH 9550 54 Bty ot v
removal through the wall of the tube. Thus, according to the model prediction, under

these conditions the margin to run-away is 13 °C.

Example IV
Example III was repeated, with the difference that the internal diameter was

54.4 mm, instead of 38.9 mm.
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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renoval through the wall of the tube. Thus, according

to the nodel prediction, under these conditions the
woro@im21se run-away is 13 0C. Exanpl e |1V ExanpPeTius006/009929

was repeated, with the difference that the internal

di aneter was 54.4 nmm instead of 38.9 nm The

shel | -si de cool ant tenperature was cal cul ated to be

1k I ' f

throfigf e ot RLERRE, TRES L REHle o el plodREio el fese
condiﬁnnmemarglaasam-a\waﬁéa °0C before the rate of

pr ‘El on of. reaction.heat, K exceeds.the rate of heat
——%E@g%#E ACPmpHatKe-mREaskarding P the AVEER®) Thus, accordi ng
t 0 HAGpIPRhs RpEALL! Wl@ﬁhe Hﬁ‘ﬂ‘:@énc&i"ﬁﬁﬁh@ Qﬂtﬁlfs‘[ &igpriesilver in a

rrarglntorun away i s C. Exanple V (Conparative,
quanmtly 0&&&5) ghtgnwglatioe tm&awmglmorf M)camw@hﬁmmsand no rhenium

conl A5 Bt A AT <51 85 B om o

no rthéhitiri @opiBinetet was udell Gan@&h:ﬁ'tﬂéinterﬁtﬂ didm&ﬂeﬂmm fifn, instead of
rheni um copronoter, that the_ appropriate reactor ‘nmodel

38. 9 wm. alhs SelﬁéFlVléﬁét)%ﬂh9 setalysiis sstimated s Hehmols-gnd no
rh
SR IR P g L B TR
precﬁ&b@tﬁat iﬂ 4 tnbebf ﬂﬁﬁn\‘mﬁzﬂ IdMet¢1€(3&§trhm)1ﬂIectoblanbtenﬁaﬂra?ure can be
-% The shel | -side_ cogl ant terrperaéure

incrgped if S0, PRI U6 SEORNAIOH YL BT FXRPoR e TR of beat
remBV;ﬁ ‘%hfaﬁ%ﬁ ﬁl'e%vdlquﬁ@ﬁ!be dirgfe ta@éorélﬁ% teth¥ R odel preafPibANinder

tenperature can be Increaséd to 2 OC before the rate
thesefcopmt)dma:themarglhtwHmeawmsﬂeé’l(l exceeds the rate of

fz val throw%g tlc“i ga of tthe tube. Thus,
——%i%ﬂix RV NOfSHEP e lﬁetlpg?‘p ofihder these
c orEilaIﬂpqw wdiGepaated] WithPhd diffeRNBY thatths Antefial E4ARTr a¥h5 mm,

arative, not accor di ng to the invention) Exanple
mS’tQﬁ S8Sement ed, with the difference that the i nt er nal

S U o 5 0 P A B e

thatrfﬁ? d@thbeﬂff&lﬁits ditedlal diameten (53 rhmnlp éheafootdnt Eem;retafllmea:hn be increased to
t he cool ant .t enperature. can

197.%&@5%@@@ A Bt pretsEoB of HREi Sesot thp 1@ aEbsas erpvel
throruﬁfil vﬁil &?ﬁﬁé Hﬁ?ét EEH§ a[':ﬁﬁdﬁl@tt@ tHf &%"I‘bré'dmﬁailmdep freLgh

accor ing to the nodel
condmtleds mblnmg1nmdm-aw1r5ese1s¢®md$3|6ns t he margl nto

| o s 30 esecalc at ed
oA e EXTES Shom b N G e AU A R g ing 2
prorBBﬁBF@&ﬁﬁotféﬁf‘B PR&BAt iha r@i&@l&ﬁﬁe \bvﬁlcﬁ if ®Wafkt Blanicelenidrally
I's wider than conven-tionally applied, under

apphgb xmdmtepomd@tmmomdﬁms theamargingo rur-ewey max\bg\as Aaige pethe

margm tlo?'urg away W&llc% is applicable for an epoxidation catalyst not containing the

promoter component when present in a reactor tube of conventional diameter. This means
that the epoxidation catalyst containing a promoter component can be applied in a reactor
tube which is wider than conventionally 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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margin to run-away which is applicable for an

epoxi dation catal yst not containing the pronoter
woanpaonzish when present in a reactor tube of PCT/US2006/009929

conventional dianeter. This nmeans that the epoxidation

catal yst containing a pronoter conponent can be

applied in a reactor tube which is w der than

conventional ly applied w t&qy% lc%r om sing the

tenperature and heat contr cat al yst bed.

These cal cul ated Exanpl es al so show t hat when an

epoxi| datl on ca st ., cont i a pronoter ¢
1. A FRRCRT PSR 171 REon ey e epeiGh affiem cormprses at
Jeast bAES Eéd"tﬁb@fmﬁﬁ@aﬂ ﬁ‘ft&ﬁeﬂ ibd BBt @fﬁﬁbfér than'ﬂ‘4(b %] 8vherein
margin To run-away can be observed than for an
con‘apwdusjacatdgstdwdaif yatnlysiopartadles ergnprisgrgovityesin Wﬁlpb‘iye}ftat least

1503k BrArio i b e PR I hgpeller oo R EiRsipd on

carrfet SWEIGh Fﬁﬁ%tbﬁ@?n;ﬂheﬁt%&gm@éﬁrﬁélaﬁaﬁtseﬁcfe& ﬁ@nhﬂ;‘éhiﬂgl, an
i nternal tube di aneter of nore than 40 mm wherein

tung,s@mmcbéwdemynan@ahranwn bed of catal yst particles

0
2. flie?%{or %gst%n ?1% ﬁl\éﬁﬁweeq ﬂh?’anqlfula?\{wﬂg}%% ?‘gel lﬂ{gﬁa?gr:t]) d?%?t%/ r%lgj G least
451ﬁﬁnponent deposited on a carrier, which pronoter

nponent conprises, an el enent sel.ect ed fr eni u
3. MW@&OF ¥sterpap Glaunedim chaim Lon % whersin the internal Gibs 1@9@%‘% the
rag@éf 1£dr145%8 86 B! 1ﬁ§%&ula¥“ﬁ%ﬁﬁ4§‘tot e ) W OB paktiar from 50 to
ameter 1s at l1east 45 mm 3. A readtor systemas
6Omh1a| med in claiml or 2, wherein the internal tube
is in the 45.1 0.

4. K 5P Grsas o5 SIS PG00 Rp T e MERE b e LTt b sppasted

tube’SQ ih fheﬁgngjsmf ffom A t6 2861, ¥ pAKELIAITESH ToB0Rhndthewyll @fickness
cl ai ms wher ei n t he Iength of the el ongated t ube

of th@elomgatqdetubgmge thf rangeowﬁ fporp 8.8 w] myg ineartiewdan fgem 1 e fmm.
20 h
5. gac%agtorr 8ys gla AR %r ?Q aﬁﬁ W%Erfme% o?lggt@& ﬁﬂ)e 1S

e range (0] rom

confhiiediif 4 |sH¢’ll—f:nid3’fﬁbé heat excliamger; ancﬁtlfe&ﬁﬂtbaf ofsgish elongsted tubes
claimed in any of clains _1-4, wherein th elon

Contatlﬂfé 1 theshail-andrdbeheakexchanger isin fhqmamenhelion)l 3&@3? 000, in
it ed tubes contained in
ﬂﬁeq%?fﬂ{)e ’rl?ggtt&(hegg anger is in the range of
6. Alremrtoi s 9ém tas cIhim@Did, aniyrof phirhs t44), wheiem thheatalysigeartéles have a
fr 000 to, 10, 00Q.. 6. act.or em as.cla
gen?ﬁﬁghg Q)Y Ciflehgéopnstiic gpmfirsop A %yailﬁ gh' i&f’m ﬁéffé’o mm, in
partt@Y£ RndS i1 Sidny; AYukIAE GihnbRASE frgﬁof'i@tzrollﬁm in partlcular from 5
configuration havi ng a length of from4 to 20

to 1§ ammnj guinside fiapratd of drons0.Arie 6alwnommméﬂ?dlfm@98rt0 6fmm and a
ratu? ﬂ§ rlrl]a ée“&ﬁhﬁgt‘@t&de 1‘1? 3l tt%‘%% ltl?egrafgéeo (B f?om 9. 5]1:% j”H aax"chlar from

in partlc
0.8fdpm 0.2 to 4 mm and a

7. A reactor system as claimed in any of claims 1-6, wherein the catalyst comprises silver,
a rhenium containing promoter component, a rhenium copromoter selected from
components comprising an element selected from tungsten, chromium, molybdenum,
sulfur, phosphorus, boron, and mixtures thereof, deposited on a carrier comprising o-

alumina.

8. A reactor system as claimed 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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ratio of the length to the outside dianeter in the

range of fromO0.5 to 2, in particular fromO0.8 to 1. 2.
W@ 2006/0zi@et or system as clainmed in any of clai FETAS8006/009929

wherein the catal yst conprises silver, a rhenium

cont ai ni ng pronoter conmponent, a rhenium copronoter

sel ected from conponents conprising an el enent

selg ' f :
0. o hdSEREEy R b RAEn oL OILE 1 B DCR Tl Opries
silvéer in arguingtity o6 frprd 200ng 480 gétgurdlative 18 theAwveighioifdhe sapalystm

s claiped in any.of clajnms 1-7, wherein the catal yst .
10. Aoprirens B the PoLlic of il gprisintipactioB el Bag i g} een n the
preseifle @ N atalyst 18 ORBBE irP] rehdi6r sG@EM|aY Slainfed i ahP8EHI&lNs 1-9.
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