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One problem encountered with the use of a packed bed of

a

hollow cylinder supported catalyst particles in an ethylene
oxidation reaction zone is the difficulty in having a proper
balance between the pressure drop that occurs across the
catalyst bed during the operation of the ethylene oxide
process and the catalyst bed packing density. Catalyst
performance is generally improved with increased catalyst
packing density in the ethylene oxidation reaction tubes;
however, undesirable increases in pressure drop across fhe
reactor generally accompany an increased catalyst packing
density.

It is desirable in the manufacture of ethylene oxide by

the partial oxidation of ethylene to utilize a reactor system



with a packed catal yst bed having a hi gh packing
density but wth mnimzed pressure drop across the
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when the tube diameter is less than 28 mm, the ratio of
the nominal outside diameter to the nominal inside diameter
exceeds 2.3, and the ratio of the tube diameter to the
outside diameter is in the range of from 1.5 to 7, and

when the tube diameter is at least 28 mm, the ratio of
the nominal outside diameter to the nominal inside diameter
exceeds 2.7, and the ratio of the tube diameter to the
outside diameter is in the range of from 2 to 10.

In another aspect, the invention may be defined as
providing a reactor system comprising:

an elongated tube having a tube length and a tube

diameter which define a reaction zone; wherein contained



within the reaction zone is a packed bed of shaped

support material; and wherein the shaped support
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té%ﬁ%tﬁk@@ﬁ@ﬁ&&@&?bed in a turbulent flow of nitrogen gas at
a pressure of 1.136 MPa (150 psig), relative to a comparison
quotient of numerical values obtained in an identical manner,
except that the hollow cylinder geometric configuration of
the same support material is defined by a nominal outside
diameter of 6 mm and a nominal inside diameter of 2.6 mm,
when the tube diameter is less than 28 mm, and a nominal
outside diameter of 8 mm and a nominal inside diameter of
3.2 mm, when the tube diameter is at least 28 mm, and further
by a ratio of the nominal length to the nominal outside
diameter of 1.

According to another aspect of the invention, a process
for manufacturing ethylene oxide includes introducing into a

reactor system according to this invention a feedstock

comprising ethylene and oxygen and withdrawing from the



reactor systema reaction product conprising ethylene
oxi de and unconverted ethylene, if any, wherein
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FIG. 1 depicts certain aspects of the inventive reactor

system that includes a tube having a length that is packed
with a packed bed comprising the shaped support material of a
catalyst system;

FIG. 2 depicts the shaped support material of the
catalyst system of the invention and which has a hollow
cylinder geometric configuration and the physical dimensions
that characterize the shaped support material;

FIG. 3 is a schematic representation of an ethylene
oxide manufacturing process which includes certain novel
aspects of the invention;

FIG. 4 presents data on the changes (“C (%)”) in
 pressure drop (%% DP”) and tube packing density (“% TPD”;
vy TPD*” represents duplicate data) resulting from the use of

various sizes (outer diameters) of hollow cylinder support
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(a) the shaped support material being
an ideal cylinder, and (b) a cross-section of the shaped
support material being a deviation from an ideal cylinder.

One method of manufacturing ethylene oxide is by the
catalyzed partial oxidation of ethylene with oxygen. The
process is described in general in Kirk-Othmer, Encyclopedia
of Chemical Technology, Volume 9, pages 432 to 471, John
Wiley, London/New York 1980. Conventional ethylene oxidation
reactor systems are suitable for use in the present
invention, and they include a plurality of parallel elongated
tubes that have inside diameters in the range of from 20 mm
to 60 mm and lengths in the range of from 3 m to 15 m.

Larger tubes for use in ethylene oxidation reactor gsystem may

also be possible. The tubes are typically suitable for use



in a shell-and-tube type heat exchangers and are
formed into a bundle for placenent into the shell of
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is deposited or into which is impregnated a catalytic
component and, if desired, a catalyst promoter component or
components.

The inventive reactor system can be used in the oxidation
of ethylene to ethylene oxide and includes a combination of a
reactor tube and a shaped support material that is preferably
a catalyst system. The unique geometry of this combination
provides various unexpected process benefits.

The catalyst system component of the inventive reactor
system can include a shaped support material that supports a
catalytic component. Optionally, the shaped support material
also supports one or more catalyst promoter components or

catalyst copromoter components. The preferred catalytic

component is silver. As for the promoter component, it can



i nclude, for exanple, rare earth netals, magnesium
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components of the catalyst system. The support materials
should be relatively inert under the reaction conditions
prevailing in the oxidation of ethylene, and in the presence
of the chemical compounds used. The support material can
include carbon, carborundum, silicon carbide, silicon
dioxide, aluminum oxide and mixtures based on aluminum oxide
and silicon dioxide. o-alumina is preferred, since it has a
largely uniform pore diameter. The support material has
typically a specific surface area of 0.1 to 10 m?/g,
preferably 0.2 to 5 m?*/g and more preferably from 0.3 to 3
m’/g (measured by the well-known B.E.T. method, see Brunauer,
Emmet and Teller in J. Am. Chem. Soc. 60 (1938) 309-316,

which is incorporated herein by reference) ; typically a
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me\?/%éoéﬂmﬂ percr:ig%tct?{% ﬁ%'he%eenbcgaatlan%%acs,g}fsft?r% %?%Lff:?red
tyfdrealies Isivdever ccorponenitiofn tde idtedy S$r syst-esw tethel in
present at concentration in the range of from nore
I

thehdrnes < thalf 1 A0 RAGIR peitetfl viEhgpercent, or
eviRirefaally, Ad0m:22d10 28 wel oy wél.L%fl'&erB%IécTés}@cvb or up to 50

prormt er or prorrpt ers can be present In-t
weiglhd/ TErentRCHILSR 00 OGS meatcanystbesysy dmatd 2on the

tc&%ﬂpﬁﬁﬁkﬁ&?% ie%é'§%€§T¥¥%‘gyééé%“f%c(ﬁ%ing the weight of
the support material, the weight of the catalyst component,
i.e., silver metal, and the weight of the promoter component
or components. In some embodiments, it is preferred for the
silver component of the catalyst system to be present at a
concentration in the range of from 4 weight percent to 22
weight percent and, most preferably, from 6 to 20 weight
percent. In other embodiments, it is preferred for the
silver component of the catalyst system to be present at a
concentration in the range of from more than 20 to less than
30 weight percent and, more preferably, from 22 to 28 weight

percent. The promoter or promoters can be present in the



wei ght percent to 1.0 wei ght percent, preferably from

0.005 to 0.5 weight percent and, nost preferably,
wWoe@an@LI@l to 0.2 weight percent. The inventiRET/US2004/014087

reactor system provides for an inproved balance of

the tube packing density (TPD), also the bed voidage

and the catal yst hold-up, relative to the pressure
cadabpshcepssethetpackedchairahenn Arusde FagacethyferE 0-003

oxi de manufacturing. pt S 0
weSBheRPFoRr Epstene B AT, BBeratr Bapast ol h fre™ ©-008
tolGvgnhéﬂg?tspbheehecagﬂbtmaattbaéfexabﬁyanfkwpr@véﬁeﬁp 0.2

can be obtained, for exanple, by changing the ratio
wepphthBen6Rivtal outsi de dianmeter to the nonminal inside

dia?ﬁgeﬁngénﬁE§%h9éééW%fU@QéHEﬂ'ﬁ%%%ﬂﬁé@ Gor an improved

confrguration. This 1s truly unéxpected because
batahakysf sthbasee gradioiiowWengiityd PRI ppedeonther Paf s

have been enpl oye i.n.processes f -
VOB gE NoT e e W AR S et A £Oa bk e fure
dr%?fQékoBgstﬁéeﬁaéﬁﬁﬁﬂﬁﬂiRﬂmﬁﬂﬁﬁowkﬁgimhan pehf/denmanceide

such catal yst. However, attenpts to inprove. the
mapefhorruies BFOERRIe %‘a‘at%%@doﬁwnﬁfﬁfﬁﬁ%gw{lﬁé systems.

Angg%gggEgangsﬁggtrg%léﬂ%§¥h§ﬂ§ﬁﬁxﬁ?Qﬂ?%&k@recognition that
confrgurati on do not seemto have received attention.
sughlaﬂCQmﬁaDvemmhthcaMibEi@h&ﬂﬂﬂ&ﬁh fidye exapPdgedby changing
al ance s obtained, for_ exanpl.e, by changi -

gy BeCanl 951 FOPeABTIAL THE o |1 SoHe popraapominal
1Yl de sfibamRt 8F £Re thEl TeW Al indst dedlicardicer of the

hol I'ow cylinder geometric configuration, conpared.to
corfé guapteoof. cBhvVents oFatL RO EATG RESEUST oY Sts

material . -The i.npt £
By UL S0, BRI SR Bl emproved
i privelelsewsc ¥birndae sappbattuet evf adtinerans axisteandgeddy for

hol |l ow cylinder_ support materi al [ t.he . [
mEARIeSHEN S TEs mu@Bn@EE?FB iR 35%% %%‘é%t.n 4 A YoPES the
pTHFRAAIY & £t g3hNgat heys ’B’ﬁt efibdd-Set Y Rl dpt have itpeove

same material density. “OQherwise, a difference in
theatrenifalrrgensi tifeshege cortatyds ONIB i f4p geometry

(ﬁigg%ygég.gﬁg%ﬁ %%QF%gé?oﬁgﬁ%ggtcgﬂﬁﬂgﬁéaﬁﬂm{Qﬁ)HHQESeem to
have received attentiom.

In accordance with this invention, the improved balance
is obtained, for example, by changing, typically increasing,
the ratio of the nominal outside diameter to the nominal
inside diameter of the hollow cylinder geometric
configuration, compared to the ratio of conventional hollow
cylinder support material. The improved balance may be found
by comparative testing, as described hereinbefore, using a
hollow cylinder support material versus a standard hollow
cylinder support material having the employed dimensions as
conventionally employed. In this comparative testing the
materials typically have the same material density.

Otherwise, a difference in material densities is corrected



changes in the catalyst hold-up and the bed voi dage. A
positive test result, as defined hereinbefore, is
Wo padgeieve of an inproved bal ance. Exanpl es BET/UBI04/014087
conparative testing have been provided in Exanpl es
-1V, hereinafter. An inproved bal ance of the tube
packi ng density (TPD) relative to the pressure drop
foRL rsxssimatt_e qresicpes hlexlj trg@yt@bnepar:hivgr fensibypeafwicesruly
or qualities, as W appar ent oL st he-
chReer i Pti'dif He & AT &p‘idfﬁlg’ P \[/}eﬁ %vgggegg%%?g%yst%m
pokdelvdese & packert bed elerithe shapedbetippert imaledicitive
or catal yst system having a_ greater tube packi ng .
of densimyreved haldwtmd iﬁxw\?@nﬂfoﬁg? CPERefpFive testing
systens._ln j %m% [ g kh 0
ha]"%ckr)ee%sep]f%‘éﬁ% eirg;éé [ 3% er%si:[{vf? %ggggggkgfekf he
r espht i mgrobedebal snca cattdley stuljpe teoiringc denBdwgy L FD)

it s generall expected that t t ai i ah
rebREKVR O ACHAT VERSSH P SaTFE Car s GAFGES PR Moy come

inp@8§§9ugegpﬁ@@ﬁaﬁébé“%%\Mﬂdlﬂtﬂ%kﬁa%% wiellabevepparent from
standard reactor systens. The inventive reactor

thisyéEsq}fiphiPHehQImaﬁm-, unexpect edly provides for

ess, of . _an_incre tal i i R Presiy r

acr ]§l§ tlﬁé’_enr%é’l?eg%b%e%%}o% asl%%zrg lvrvll%tlhi n E‘toha: rea]{f:‘etcgrk%ni of
trkURe spkd hepreant aatexyistlennt et aly sx pactited awing w

many cases, a decrease in ressure drop, across the. .
grpatiead theE, Rate o % h_acf’or?\?er#?‘gﬁdall%ycscf%‘}ran%lonal
reddiRQuUty A COrT eSPAN Mg, |ies dritddibel t pias kdagi etasiss tyo

and, in many instances, with an increase in tu

. . : _ be ,
inpackiseg tdengivhe gackingrisredited Festatdre Ghvidht 1RSUITINg
react or ,system-ito . includ ack avyng:
A
xR ional deasdiis sl tulle paaferabdgnsities, the
eéxceedi ng the tube packing densities seen in : .
DREGIRIIT | aEABTEC NS RACKRR PG TRT ekhi pFg Will increase

rd S q:cgr%%démtr : @Soeyé%érﬁbt herad of ev@nt i @Pefeactor
i'ncrease 1 n tube packing density. 10 WD 2004/101141
s REEMS200 A/ HH 4087e T Thrend el ves gleeiky rpeev bdesekpr t hess of

tube di anet n .
an incrementgf fhé&ease in the pressure drop across the

packed bed contained within the reactor tube of the reactor
system than is expected, and, in many cases, a decrease in
pressure drop across the packed bed, when compared to
conventional systems, without a corresponding loss in tube
packing density and, in many instances, with an increase in
tube packing density.

It is preferred for the inventive reactor system to
include a packed bed having a tube packing density at least
as great as is found in conventional reactor gystems, but
preferably exceeding the tube packing densities seen in
conventional systems, that when in use exhibit pressure drops
that decrease with the aforementioned increase in tube

packing density.
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the shaped supports and/or catalyst systems is an

inportant feature of the inventive reactor system
wakdoghoimcl udes the conbination of a reactor PCES2004/014087

packed with a bed of shaped supports which preferably

i nclude catal ytic conponents to provide the catalyst

systens. It is also unexpected that |arger supports,

rel @hbveelattie peavesriesbbctvgarbéhcoidds ddempter and

packed hed within the reactor.tube i -
chBnGhaRes. PRPPAGE FAGK T GURLPEY SVEen T thaly Lrportant
Fe@PSSEVOROtAcl aRgeht iR ISt off @y saengs siitilid packedles the
bed when the reactor system is_in use_ or w

conbierving af PneremEmtaltubrc Peaked ity & : % siraped
su%g% t%swhﬁ%%.EQ%EeQé@ﬁﬁigﬁnﬂ%agid@ﬁéﬂ?ﬂddﬁﬁﬁﬁﬁoﬂﬁhts to

ain engi neering co ations, for exanple the

provdde tGer celafliyen, syeeansl. Beeksard s Muexmatsshlthat
"Transport Phenonmena” . \Wle n td,

lagget] FUPPRFGEr SGppoTTS oo Yot St S g B 1oaded

asP@ Yatledr heq dagivied dir wsddy thbepanketbieith afn thecrease

~inventive reactor systemw th the packed bed havinhg a

1rgrteaév_teeplatqkb@gpai@aaﬂg:y ey WilaRUts BERISHEY f%rlagﬁ%er
articular siz t t I

pr\%’?’lsé’ﬁ”epr g\ﬂpdé—’lscgffoggrs r%?e i'ncr emerﬁ% “g?éergs%?ée %ér/%%% Rfstem

jﬁ%ﬂ@f@ﬁﬁﬁcWh&ﬁﬂhWdhﬁfﬁﬂﬂhg Fr efrenzpigntan imerenent Hh
ecrease in pressure drop relative to.that whi i

PISRE B Yedct'ct %eﬁﬁa%‘?}f??%teeds’ar%artﬁ%@arfy based

orp%%@%rg%?%ﬂ%eﬂh@%ﬁfém%i&%ﬁfﬂdr Cafaiel @nthe Ergun

Increase inthe tube packing density. In order to
Cabtediat itche afes diebcriendd dehdf iN K- tHe-tFmbbnt | Teansport

react or_,syste houl d i t-ad j €S.
PHETERS T dbn Mot i Ked THAC (oot Deonet r1 o6 are

i nf Iiereed dypg@act cind uket ali paret @y st ansl, atdusartheularly
relative geonetries of the r

eactor tube, and the
ey S Smrehe (gaFEat |5Ed 91 er iRt HFBPRGH T FBRECOT
t : reagtgsvishes 4 Pgr apubat gasRl
Sd#%ﬁ%;égﬂgﬁﬂ%iggft<§%:§%§nnfv the r%?%o %? the rgacto?g
ddndoecy ntlermal s diapet eed abor stppapar 1icyWRrP0B4ZEE 02 48he

<00 QLA0EL. 1Yot 80 e 1 4 Fhes oLk
incremental pressure drop increase when in use and,
preferably, an incremental decrease in pressure drop relative
to that which is expected for reactor systems with the same
tube packing density. 2n additional benefit can be an
increase in the tube packing density.

In order to obtain the aforedescribed benefits, the
inventive reactor system should include certain geometries.
It has also been determined that these geometries are
influenced by reactor tube diameters and, thus, the relative
geometries of the reactor tube and the shaped supports are
typically different for different tube diameters. For
reactor tubes having an internal diameter of less than 28 mm,

the ratio of the reactor tube internal diameter and support
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7, preferably, from2 to 6 and, nost preferably, from
2.5 to 5. For reactor tubes having an internal
waelb@ngolanl exceeding 28 nm the ratio of reactPCT/USI9e4/014087
internal dianmeter and catalyst support outside
di ameter should be in the range of from2 to 10,
preferably, from2.5 to 7.5 and, nost preferab
syfstemdautéslae Ihemeatirosbbuddt Hedéndichrerendeo Borgosy 1-5 to
i nsi de he su ort of lyst
'|§rSESFﬁbiyv BPWa%t% fgaF hég.é%gﬁ?ﬁ§§ E%%%%%?% £o
5.SY§beMrcfeEok-e@GheE huhesg laalvumlgemalnﬁaramalteoﬁ am@:t@ding
of less than 28 nm the ratio of outS|de di anet er
28bome 6hej mstde @ifafEPELost tHRe dapFdreloft eand
St [ f
el o o e e R s
fr@ﬁefzetrcabllyoi, %mmeza.@ltyo £200 2R6r tcedotorndub@OHav| ng
an interna i anet er exceedin 28 mm the ratio of
Predesedd Vi dfefer ore or |g3|de di aneter of the
SUPRYL I%ftlbh%fc%h%'s)ﬁie Mshemagan dedde tde insinge chifameter
from2.7 to 1000, preferably, from3 to 500 and,, nosS
ofpﬁélfegrsalkplpprtf cdmt3e3 GEE PG WS e (19 SOFHIKTE a]ﬁ‘ep%*rant
t he bor f:
fealury o 3 elnlclevteh%earctlaﬁ%q}eso% JEHRREI T dEl eFd At 4O tubes

important for the
hdﬂ&igd%rbd.rrﬁe&fnaﬂheimrmjmﬁ dfo mﬁe Htan @fstomsgpee ratio of
di mension. It has g)en found th he v

IR G5t SRR APy T B (T SuPPOTE Of
t}%et'b%{ﬂél S/ dth sytdtenrai acd urd %@fréﬂlﬁe ot af ysh Aan®l £4s1000,

yti'’c properties. Wiile not wanting to be bound
Pﬂef@f&}blpar tﬁrtmtia?r 6 t’théd?rqlo andj gogseh |@V%%er%110évei€rom 2.9 to

h
2qq,]e d?qed%%oalc c]> OI'\llé\./'\\glel’?% Mf rove cﬁjiaﬁﬂ@tt.gf Qﬂzcceedlng

r fflo dep03|t|on of
24 hen catrad ﬁd@l&%@%ﬁldﬁ]t@ldﬂ@teﬁaﬂiG ilevye for euan@die

by |npregnat|on and i d f dl
s W@aﬂw-@%eo%?tvﬁ%pﬁ?ﬁ%t PeFSeTugry BE in che

Lo DO Gl ATPLEL ] Go @ SgrdPatab g, shapds §@p900tand
gher crush strength relative to a 12 WO

m&@@4¢ﬂéﬁé¢ﬂbI¥ﬂ7iﬁﬁ@0&/Elﬂ@8250support materi al havi ng

a 'a&foebféelg'f%5%§¥an%tfé§ the bore diameter of the
shaped support material to be relatively small, 1t is also
important for the inside bore of the support to have at least
some dimension. It has been found that the void space
defined by the bore diameter provides for certain benefits in
the manufacturing of the catalyst and its catalytic
properties. While not wanting to be bound to any particular
theory, it is believed, however, that the void space provided
by the bore diameter of the hollow cylinder allows for
improved deposition of the catalytic component onto the
carrier, for example by impregnation, and improved further
handling, such as drying. An advantage of applying a
relatively small bore diameter is also that the shaped

support material has higher crush strength relative to a

12



preferred to have at at |east one end of the bore,

typically at both ends, a bore dianeter of at | east
w@2d4mmi4nore preferably at |east 0.2 mm Pr eP@r/E81094/014087

the bore diameter is at least 5 mm and preferably up

to 2 m for exanple 1 mmor 1.5 mm A further

inportant feature of the inventive reactor systemis
sYrRROYthensiupport ivike zalatyst systediahethe. packed

i.nventive reactor systemto_have | engt h- .
priteiied dfo R Ay LT GHE' Ploet of UF  BRre: Shvpically
at2.ihth prredef abl yofs ol S &P df Sa@NUea8OSL . Preher ably,

fromQ.9 to 1.1. A summary of the desired ranges for '
P%Gr‘%@ag%]raét% cledftrehst JR- of PYpEeTabeYt Fhe Peretdiameter is
S [ eseny j I n Tabl e
atSYIdLIR 15 hh %&réfbr§§g¥e§plt§ ¢ %ﬂé gﬁ%p%%ample 1 mm or

presents the relative geo ries of
l.supports for reactor tubes having dianeters that are

| 28 Table 2 ts_t | at |
goortet Paater e e o SHERER & £ e E5eut Srapgsacton
syltedm i s of srTedies Ssuhidriofoattheasst 28,81 o Jhecmngk| ehe

reactor tubes can have tube dianeters that range
PABWRIA YOt -1 IRV 16 ere Pt ey SEOR exdnpie 20length-
tdMButdise dhendibe dianeter of Hﬁ%é@%'ff%rﬁeé‘%ogo 2.0,

tubes of the 1 nventive reactor system can e In the
predrgelofy ffoom 20. dmiorl 2 anndl t ondels sptdfer281yym £rdiied . 9 to

|.arger reactor tubes can have tube dianmeters that

l'r]a’nge upwardly to 60 mmor even larger. Thus, the

tuben dhaiRief f tHhed B8] FLAL O £d1bESe Wfedhiiric

inventive reactor systemcan be in the range of from
digenfhans 6tf e Fervenibereli zenters $yster fangeesénted in

f 28 tp 6 [ L.cul.ar wh t he tube .
T A ter s Fo Mt The raTH O Hom Hiare chtargries of
thei aietperd tauddwernonicralreansigle diseetiesvimg dhenefetderhatr

support s preferably; at |east 4.5, when the outside
ard g%ﬁsertf}aé*p 97 (WY r diffete of BYSTRAES 4 ¥l aiee mm

gefmek3- 1\ w%w%&u&w 04408/ » & at t‘?tﬁbéé]aﬁaving
3.4, in particular at |east 3.6, when the
diameters that of at least 28 mm. The smaller reactor tubes

can have tube diameters that range downwardly to 21 mm or
even smaller, for example 20 mm. Thus, the tube diameter of
the smaller reactor tubes of the inventive reactor system can
be in the range of from 20 mm or 21 mm to less than 28 mm.
The larger reactor tubes can have tube diameters that range
upwardly to 60 mm or even larger. Thus, the tube diameter of
the larger reactor tubes of the inventive reactor system can
be in the range of from 28 mm to 60 mm.

For tube diameters in the range of from 28 mm to 60 mm,
in particular when the tube diameter is 39 mm, the ratio of
the nominal outside diameter to the nominal inside diameter
of the of the support is preferably:

at least 4.5, when the outside diameter is in the range

of from 10.4 mm to 11.6 mm; or

13



outside dianeter is in the range of from9.4 mMmmto

10.6 mm or at least 2.6, in particular in the range
woRooknomi2. 6 to 7.3, when the outside di anet ePCT/BS1004/014087

the range of from8.4 mm to 9.6 mm 14 WO 2004/101141

PCT/ US2004/ 014087 F- t -r1 "r1 13 p O04 O0 O WO0O0

pOC OL(L HLn NH1I121 N-r-21 1 I -HI I'I M

| I g€kateM t@a@ 3NN mncp@r):lmu&ar et1148s0 Bnbéw @hjen the

>1 >1 HOUO [ 1 ~
oufpifenatpnenes in AOUFIR TRPEB 08 CIRNKYT AHTE) T 10e T
H- Ea) co>1~Ql I lal ~QI I 41 41 IQco LO4J

coLn 00 MmO m F- 4Jrorl pOOa (dWp fp
at least 2.6, in particular in the range of from 2.6 to

or

7.3, when the outside diameter is in the range of from 8.4 mm

to 9.6 mm.
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preferably, it is in the range of from3 mto 15 m

The full length of the reactor tube can be packed with
w0 b@4aatial yst system or any portion of the | engl/bSmwh4/014087

the reactor tube can be packed with the catal yst

systemto thereby provide a packed bed of the

catal yst system having a bed depth. Thus, the bed

depThe casaexeeeduBm ardgtpr eber abl gnyi Lepgtinn thigé

range of from 3 _neters 15 net , he . Vgt
efEﬁagweéyoprwée?n?%t itcglﬁ, Pﬁ%&?g?’omggﬁh gﬁq‘%%n?}ﬁé:hm the

reBAcked befe BEtiBeni Buenfewa keactantsyshemtheorprtissest
the shaped support material having the geonetrie

: . . as
sydesur Ebeditier ei AesThgs, reppitdarl Profie tpackERFéd o 2
not B8 _obERE! gEhéy%s&w | Jpredoninat ¢k haleds Ff of g,

~’percent, conprise the catalyst system having
preierapeei f ieatiby indehienedngeowdt fires gndy tion 15 m. The full

particular, at |east 8 ercent of .t k
lepgth ¢ét tB@dr\ﬁaFltoEoﬁb’%egé:af’h esg’@é:l :?jga %% % & 1 FeFLYst

sy%%%ﬂll %3t a8YShem: ikt oPhelenabigth df terstradirtrer calie can
and, nost preferably, at |east 90 percent. \Wen
per phekednyitd tike cpsrdemt G HeE Fac kePHrRY tavide a
c rises the.catal Sy [ I th
parC%tr‘Iﬂ%olbgg Pﬁfe%thgt gl%t)r%ﬁﬁ(?etr %}Fetrglmn(g{a\ﬁd al” %I%{tﬁgh' hus,
£ hSY PeBMdpaith caes ekadaty anherpar tdmflearabldi neisiomsin the
descri bed herein, to the total nunber of catalyst

raggst &h paM Ol &8 TSGR diheP T tHE packed bed,
mul tji plihed n@fnha]io%ra!&i%@td'fertﬁ@qm\f@{ﬁioﬂ\ﬁ% major
referring to the percent of the packed bed that
pdmjtaqm s:fefs tﬁime pala:ﬁm@/lshect,ysltfer‘hh& tintRatliversspetrE $Heten
rati,o o e hu ol une af the al : :
c 0;5‘5155(31 6% §H}?a\ﬁql'?é3 etc}\,/] & Lf?azf(ﬁgcc urilata‘{_‘re I&‘?grrle nﬁs/als\%)lnrzé/ Z%kg%nr?%%%e tries
ad&lidhibdd Hdre ihul k maldimecyadi @11y hecloatpd gised sysd enf the
particles contained in the packed bed,, nultiplj eflea?!t 50

reE3ULoN rPYAReTL eV MO PRI POT/ USPo 04T 012087
p%al}]neetr{kggcc%re{@%ﬁ%%%he vhen, 1 8ier i Mded hd-PenperEENEpOEifically

at conprises the catal yst system it
desthialdd npsomettthiads tdved r atn comftidiel awei ght beashe80 percent of

L Lt

aSAt M Y da SYSHOM Pt k] esSuEPNb e NeLab Ny | het least 85 percent
and, most preferably, at least 90 percent. When referring to
the percent of the packed bed that comprises the catalyst
system, it shall mean that the ratio of the total number of
individual catalyst system particles having the particular
dimensions described herein, to the total number of catalyst
system particles contained in the packed bed, multiplied by
100. In another embodiment, when referring to the percent of
the packed bed that comprises the catalyst system, it shall
mean that the ratio of the bulk volume of the catalyst system
particles having the particular dimensions described herein,
to the bulk volume of all the catalyst system particles
contained in the packed bed, multiplied by 100. In yet
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packed bed, multiplied by 100. The tube packing
density of the catal yst system bed of the inventive
WO e@etiari4asyst em can be an inportant feature ofPCT/I82004/014087
i nvention; since, catalyst perfornmance inprovenents
can result fromthe increase in the tube packing
density obtainable fromusing the uni que geonetries of
andidienvemedinenteactiorn sysfenri@ener athy, p¢heetubef the

Ki sity of the packed cafalyst system ped
pagcgﬁeedhg‘gegg%qﬁa‘% HE TS0t t _r%%%%s¥u%%s'%§f it shall mean
thtHtanEierraiib ot tiee propstit | 85, thOr ca €XpiPt ecyv8easi birticles

of the particular. support material used to formthe

haghdpe Rt LCPRT stdneRe i peactercTiprdi heFaen, to the

i anet t ' i d;
haEtor 5. ho 4 SR 16, fls ol L0 o5ked 90:n e
pagtkadchdogric kel thigell iofd |1y ged®0 r eact or  t ube i nside

di anet ers.. Thus,. for exanple, the tube ckin

density to‘fb?_ r%a%k%o‘f%résgﬁo* %%n t?ekh‘?/e?l?l?_ ?’%a%i"%?em bed of
LIy strerandavd N 26t din Sd ke iR agd9bd Uhe ﬁhﬁ@@&@ﬁwfegéure of

mm can be as low as, but exceeding, 550 kg per cubic
Chfetigreemhiean 1 Helngppotatakidferper £ o empres ohfppev¢yents can

alun . N . rreen
re G, 2, AR Pihe MO, adsbeey
oldizaimetleles, f1idm issidesirleblentqudaysomst gieato tiwbeinvent ive

acki ng densit s is achievable and sti]l realize the
S ] %Ysg“fe“%-hg Cfaﬁﬂﬁe‘?ﬁf]éﬁ Sife - b ek A gehsi oy the
pateltl dte ISHRP QS B afd Bl ddsei£darbmantd Y 995 s ga

can exceed 650 kg per cubic neter ‘or can be greater
TSP 00y Ipeide bl amaimeranghdorevidte greenert idan 850

| & et e referabl v, the tube packin
e’%‘%@%’y%s&rﬁt eolFf t%aen%tﬁfjkcgl}/laplérsuﬁ%f% st e Jg?]]d,used to
forosttlye eflensdd wuddwer-d .ube packing 17 WO 2004/ 101141
PCT/ US2004/.014087 density exceeds 920 kg per cubic
met €°T AT thfde 558y tHRhsinSAde 191 %3 | fheetube

palc®Shd k200 &0 PR LG BRI EToa UL IRy be less than
specifically,” less than 1150 kg per cubic net'er.

thReftaeen ca disinsoweansde t ® FltGe pavdiiesh wepiaf sldtmer reactor
el AU TRIGR S R0 APTLEAG &N SLOAE D a ki ng
density of the packed bed of an inventive reactor system
having an inside reactor tube diameter of 21 mm can be as low
as, but exceeding, 550 kg per cubic meters when the support
material is predominantly «-alumina. For reactor tubes
having larger inside tube diameters as well as those having
smaller diameters, it is desirable to have as great a tube
packing density as is achievable and still realize the
benefits of the invention. Such a tube packing density when
the support material is predominantly a-alumina can exceed
650 kg per cubic meter or can be greater than 700 kg per
cubic meter and even greater than 850 kg per cubic meter.
Preferably, the tube packing density is greater than 900 kg

per cubic meter and, most preferably, the tube packing
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and a packed bed 14 contained wi thin el ongated tube
12. Elongated tube 12 has a tube wall 16 with an
w0 p®iderisube surface 18 and inside tube di aneP€r/UM04/014087
that define a reaction zone, wherein is contained
packed bed 14, and a reaction zone dianeter 20.

El ongat ed tube 12 has a tube length 22 and th% achged
dehetlt $4exoatdEn8A0WKEhPATt HELLEaBEFBH - zoRBShAEPE E@& ing

depth 24._ CQutsid .
seSPH D Far RN Lo Petgn bty b0 pusetad b

anﬂpnméﬂéabﬁbbﬁfiﬂaleyLaleéerthhﬁ puspokg per ftobic meter.
exanpl e,

eat exchange with _a feedstoc nd/.or
anoRREFTSHER dEpAPYt B2HEdPoF I?helpﬁ’ﬁiﬁgge%egfl CEEyFhe
n§xarpLe. A xghapgs Wot BoRphkeaghipoRnpradietatstheube 12
lne%ongat eg tgg%ggl%gfurther hgspan inlggt I]Itoube gﬁd e26 oF

anfinbopaktkeld badf aédstockisedprilshig elpyigene dardBxyden
can be .i ntrodyce and out let -tu n fd-
ElQhPercq Eé%@t iligng%rsoaugt%%ecg’%%?i s:,LitE;ngﬂé:t %%ﬁ_gs&%@dé:ube
suefdcet hyl ene caribe wubkdddwmetletr 2i0s tiettedletfhate whereaction
ethyl ene in the reaction product, i ny, js the . .
zogEhy WERESSN tiFe CPEEAITEEK PRIFHER 't r?rnéjugah LHpgtion zone

dira%%%teg 2%9”eéig>%%%\é%fd]t edbel MBI ¢als GOMVBISIIanEf dhend the
e y| ene excee nol e percent, but, I N sone
pachetahess 14t hentedmeer siidmimayHse degsy1orhe Qi kP Feded

14 contained within the yeaction zo S
depthed4of %ﬁ&d{ee&h@atbeﬂ%g?epstﬁlstrbeﬁlm %gqéaselde%l ct eddcl'?agne 2
ma'f_/l Gordaile HAReHRd Heat afy Yaryisilems A hasnan-catalytic

general ly hollow cylinder geonmetric configuratiagn .

makientisd o fdle IRRIPS B2, O RIFTRAR dETh dtEIge With

a %&%ﬁc’g’é}ncg{e ay{/l{@l hO]{ h%ﬁ{soq:ﬁjne\%nsg%kﬁs h%%(eielklj%g fp%{]s%l;]e prEpose

ofWi lHomppienlad € Hdwt dhangw essilore regdtiieeroredest. The
not necessari

|y mean .that the holl [.i nd :
e lzmes ﬁﬁlﬁﬁb@(ﬁ% IS0 0 PRS2 8%% (r:tiy%]éego%ﬂi g%%a%%% which

a %%Hét%a@c %n@%irﬂ?léﬂ}%ﬂ[engr@nd eXPFRSSi @n be introduced
cylinder® is meant to include insignificant
ardb\dratdwrisef romarerekat Fyemn nderch RyrrexahhPe, PYRRUCE

oSy e R R clte bebiowy
i EHIEerc gt St ethylene in the reaction product, if any,
is the ethylene of the feedstock which passes through the
reactor zone unconverted. Typical conversions of the
ethylene exceed 10 mole percent, but, in some instances, the
conversion may be less.

The packed bed 14 contained within the reaction zone is
composed of a bed of supported catalyst system 30 as depicted
in FIG. 2. The supported catalyst system 30 has a generally
hollow cylinder geometric configuration with a nominal length
32, nominal outside diameter 34, and nominal ingide or bore
diameter 36, in accordance with this invention.

The skilled person will appreciate that the expression

veylinder” does not necessarily mean that the hollow cylinder
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not necessarily an exact circle 71, as depicted in
FIG 7. Also, the axis of the hollow cylinder

w@emarorisc configuration may be approxi mat el yPGI/D820g41014087
and/ or the outside dianmeter of the hollow cylinder
geonetric configuration may be approxi mately constant
along the axis. Insignificant deviations include, for

gammaﬁmhe coaﬁéguwbénent¢Qmpnn3ﬂ$kﬁnrﬁﬁQQﬁnqylhﬂdeﬁhe The

i nder can_be positioned | a n
X(pgf S&ﬁ&pg‘&yﬁﬁégrgef? n&e by q_t \N(rZ}L |érr5§%en gLrI%Sl&l L &ftoant
dekadxiians eybhnder sxeét vyl it&ié:y t heo1s asvenndti laye todres cross -

whereby the dianmeter of the |naqg$ary i nner cyk%pder
sectign Pdashe7oufeNoPET RGpFE T it D™

ge%%{ettrglt’:l e n%&gh%gﬁﬁogo}e{%rﬁén&f&léjﬂ“ aetiele QfyitihRler axis is

I nary out and the imaginary " cylinders
ncar ele@jmamrliyc ant hatact heiral¢ o7bf ashelepiditatetier FIGs 7.
t he cl osest, poss

su h cases .t he
gt e g "V oburerL gy rRErSTs R Y2 acton
a@ﬁ@ilﬁfat%ﬁ bheahght oyngydt ntles geosield idiameter of
conflguratlon é. 7 depicts in a cross- sectlona

thﬂ éwlhoak@ylwd@ernaﬁ@mﬁarw oCPREIGUFRL N e be
14 Qn%trth S)’h &'q%%%%ﬂglgﬂg {He éQstUtﬁHQngﬂdBﬂtef

w cyl rnder geonetric configuration,

dé&maUﬂnnylﬁmcﬂud@utébrcgkampke 7Gases wivere neyt rarpsid

inner cylinder 74._ Simlarly, the skille % erson. w|
PeIpE Gl (g WHeNIF5! 6581 D8 HEORF 1 3 yffr‘ nad%rlmaglnary

£ 3RO RO WatineR BRYLRet 11*3! iREeEsSaddi ycoax1a1
exactly cylindrical, the axis of the bore may

cmmdﬁmamfelvrﬁuaéllg'htthet Bampof baEe bREs erWlh%]Sﬁkﬁé the
d [ OXI Qﬂ&aé%%c&gn%%%%%ﬂ_&’ 1%1[1(9,4'0!:3/&91‘:1‘ Q%' Ps ogtt é’@r’ﬁ)/, more

angl €, atlve to the axis
tﬁldiﬂﬂjﬁ)ﬁ’d nderst lsost, henbpaetlduamat et ]:daaa;ﬂgeso%werf the
the length of the bore the bore_ dianeter

diange et I%e"é‘ta%n&ﬁé"t BRCSE Y bbReSEncind ollyp Thaginary
%P%%élloél' PGS QQAL0L4987  nbf L PeobOr eLloes ddmdifers is

ot exactly circular in cross-section, the w dest
tlok nehssast | soskeidned too 1be fhesbohecdsagetls. djpmeter of the

,the void s ace r.avi ded .by .t he Qo y e
SRR SIS ne Fores L3 Grotsamprels THe Sptebatiaperer of
£ Do PR5e Syl ThdMy Jeonedse ct Bendi goetet snof Fnce boréspicts

are such that the total of the
in a cross-sectional view, taken perpendicular to the axis of
the imaginary cylinders 73 and 74, the outside perimeter 72 of
the hollow cylinder geometric configuration, the imaginary
outer cylinder 73 and the imaginary inner cylinder 74.
Similarly, the skilled person will appreciate that the
bore of the hollow cylinder geometric configuration may not be
necessarily exactly cylindrical, the axis of the bore may be
approximately straight, the bore diameter may be approximately
constant, and/or the axis of the bore may be displaced, or may
angle, relative to the axis of the cylinder. If the bore

diameter changes over the length of the bore, the bore

diameter is deemed to be the largest diameter at a bore end.
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cross-sectional areas of the bores is equal to the
cross- sectional area of a single bore having a

welb@ngoan] as specified herein. In preferred PCT/US2004/014087
enbodi ments, the hollow cylinder geonetric
configuration is intended to be a cylinder having a
bore along the axis of the cylinder. It is understood
Ift hae bhee diloenshonsiofndthexesitlow iEplage ingEEREET FeCt ion,
configuration are nom nal and appraxi [
CRePHORSE O RRRAT SRt U | R b oo ore FraE ar, P1oo
thBOLoNECEE8aE 1 b¥oPl8&d S8y dite ibrchenaynibgueigadeet pver two or
combi nation of inside tube dianeter or reaction zone ..
mogealveref  200anagxeRelgednet 1 i Hterfsi Gifs o OFRE: 1 which

ca%%pgggt?93&?&%&¥S&fsyﬁéqagég§tJFg ROVides her tbhal of the

Unexpect et uctron 1 n pressure drop, when in use
crere@-esebat buelt areasvent flonadboryss tismsaualt foutthg cross-

significant d t ub Ki | LV,
Sk ePaRL R AN Br BT BT HDI ST AR LAtk B At San ety

Spg%iEq%diﬂgggghye reaction systemis greater than that
o

conventional systens while still_providing for a .
r eduet o fierr rpde s8HPE1BEBES whehe hl?wllcé)‘%. CW%&%&%%‘%“”
met ri I AENS| t tal yist; ; IS Hore
PG ot Lol al "ToRAE 33 To Mo rAl Gut e de] s HeBe aleng
tHd an@dtebf34heThiydiddeensi on i s described in detai

o R Io0 il ST LA S B e 0P
cf#?ﬁﬂ%#aégéﬁggfﬁcfgbﬁf&gﬁﬁﬁﬂiﬁﬁ aRsi gentharesed 3bproximate,
This dimension is described in detail above. 20 WO
51200/ 10 PCT US200ZAOTH0BT0 TR FRfReFvRI9l ARRERDAS are

bet ween t he. catalyst_system 30 and el ongated tube 12
n%ﬁe?%ﬁ???ﬁ%ﬁf%h?r%éb%%t of the invention; since, these

di nensi pascilet endimne ddemd ttbec pacikbigat lenspfyinatde tube
pressure drop characteristics associate jth reactor
Ayt iR 10 THRGC HPReASHeN +_3MGESEr F bed™ n¥%8t%FPme £1e

dfﬁgﬂgﬁons of the supported catalyst system 30 that provides
for the unexpected reduction in pressure drop, when in use
and relative to conventional systems, without a gsignificant
decrease in tube packing density. In many instances, and
preferably, the tube packing density of the inventive
reaction system is greater than that of conventional systems
while still providing for a reduction in pressure drop when
in use.

An essential geometric dimension of the catalyst system
30 is the ratio of nominal length 32 to nominal outside
diameter 34. This dimension is described in detail above.

Another essential geometric dimension of the catalyst
system 30 is the ratio of the nominal outside diameter 34 to
nominal inside diameter 36. This dimension is described in

detail above.
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Anot her way of defining the catalyst systemis by

reference to its nom nal dinensions. For a standard 8
worpeo4aerial yst havi ng a hol | ow cyl i nder geonet rPCT/US2004/014087

configuration, the outer dianeter of the cylinder is

nom nally 8 mmbut can be in the range from7.4 nn1to

8.6 mm The length of the <cylinder is non1na||¥

but Ben ztmlairmtdnedxmvg%lcm@ri@e?tmeewlﬁ% 252 hiF F%Ystem 30

s i nvent he b t e
al}(iaes]torfgal Fin 5109 JZ? . aar% %{r‘ﬁ? %g? gé%egﬁeo?aﬁg%
i@ferdt i 0. 5i mde | O 13e Se Nl méms Bope edet abhyné r ohe Ot dbempacking
toless than 3 mm For a standard.9 mmc

deraﬁ/mg aafl%d@lr%%wwu HaP CRRbHRtFTESEONFi @ﬁ‘?%ig%%ﬁe‘it path

ig%%] £r10f the; SYhiMEEE:ohSiB08EBELYLOANMMbYELail
T an e range of from8. 4 mmto 9.6 mm The

aﬁq%ender | ength while nominally 9 mmcan be in the

range of. from 8.4 i ' .
et e ber otk Snded, T GRELPER BYERAA i oy
r&AdAdYSd t&alt Hendhihedsdideds honer OFarnH]saaddard 8 mm

preferably in the range of from0.5 mMmto 3.
C&ﬁﬁky%?éﬁ@ygggyafh@ﬁ;qwzgy%ﬁyﬁ%Ingomﬁﬁylgopogf1guratlon,

tﬁéagg? e &Pa catgkyst e ?%l@ﬂdérh95!9$hﬁﬁhﬂm?eé mm but can

FTc con |gurat|on e outer diameter o
b@yimnﬂ@e rasgaof mail §.40mmmbus . ﬁammbe Theth@ngéhg@foﬁhe
from9. 4, nmm

6 mm The [in th_while
bR | 4 OO EaAY B T PERGEFANGS oF FosnT e aontres 74
m0c8 M &Qr Usgri Nsthis thh¥enhi-enribhe bhéebdkéﬁﬂhameter
of the standard 10 mm catal yst can be at least 0.1

cen be2atmicant PréfBmabryOiR The PaRAgBreiewdPly in the range
§n$§5%0&1§1 CE/U§290ﬁ601§gggnﬁ?&fé&%ﬁ%%l%rgﬂﬂbQ54m% to less

nor e’ preferab even nore
tpaeferally from0.5 nmto 2.8 nn1 For a standard 11 nm

catal yst_having a hollow cylinder _geomet ,
conf Fgtr at FbAEREI0dtL BR Sﬁgﬁé ? ngé; %%&SW'%¥1lnder

gQB&g§£L¥ éénﬁggg¥5t9%ﬂ b%hb”ohh%rr@ﬂg&eQ%rfEﬁﬁtb@ 4&yMnder
e cyl i nder l ength while nominally 11 mm
1sanobmaﬂhy Phanr Shgeceh beormlbhe wargs of énem S8Fgr mm to

ggemﬁﬁ t@h cylinder length while nominally 9 mm can be in
the range of from 8.4 mm to 9.6 mm. For use in this
invention, the bore diameter of the standard 9 mm catalyst
can be at least 0.1 mm or 0.2 mm, and preferably in the range
of from 0.5 mm to 3.5 mm, more preferably from 1.25 mm to 3.5
mm.

For a standard 10 mm catalyst having a hollow cylinder
geometric configuration, the outer diameter of the cylinder
is normally 10 mm but can be in the range of from 9.4 mm to
10.6 mm. The cylinder length while nominally 10 mm can be in
the range of from 9.4 mm to 10.6 mm. For use in this
invention, the bore diameter of the standard 10 mm catalyst

can be at least 0.1 mm or 0.2 mm, and preferably in the range
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invention, the bore dianeter of the standard 11 nmm
catalyst can be at least 0.1 mmor 0.2 nm and
wee@haorall y in the range of fromO0.5 mmto 3.BCTII$2004/014087
nore preferably from0.5 nmto 2.5 mm Mich of the
variance in the catal yst systemdinensions is due to
t he manner by which the hollow cylinder support
ofreffeom &0 - 5 stranof 4cf ured. nThe PEREPERPLY | AGOReP REdEM to 3

are___known in_the ar f al yst SUPROst g uf acture
™and™Y Ticl Uaes ﬁ%ﬁeg?%% a%%gﬁeth%d% as exfrggﬁbn

met hiosls ansk fhddrd manufact &t a hgstrehdroilsg &l ol Boivscglinder

schemati c regresentation showi enerally

SRUHyEHe GRAHLOWRRLLEEL LRF ng prbCRLenapt Pf ahe cylinder is

nSBek1 T andr Lubg.heabnexehanoene 42aMkchri sr8aULPPEAmm to
wth a plurality of reactor systens as deﬁlcted in ,
1FlGml, Typeécallyndbe teagtbrwhiystpamonatln 11 gy can be in
rouped together with a plurality of e eact of .
t@?s? 2% R okﬁo?ugé‘%uﬁglégfg#'Enggfti%%?iﬁfg Hhghis
i 5hehtioh, acs8ebbranditubecheaf ekehahgedarA fleedst cekalyst

conprising ethylene and oxygen is charged vja conduit
caia b ThoseaBe. O demBr CEhel B Bd. PUBePREAET B Enaigpe Tange
of2eherEi B I LS soBt agt edowet BrEBErgBE S ¥8brS¥SEeRn to 2.5

contai ned therérn. "The heat of reaction is renoved by
muse of a heat transfer fluid such as oil, kerosene or

wat er ich | charged to_t shel | ;si.de _of , .
shel Yug dQEu%@ehXﬁFngSEahﬁeFﬁﬁzcak?l%ﬁy §¥ SESRaGireRs tons
i1angut hechent heanstepyf i dni sheenpredw troantke shepbrt
of shell-and-tube heat exchanger 42 throygh conduit
mager pal Wos 20earieciurepeT/ URg0Uaroiags v iTRe MeéaCAF0RTS

kR&&guf%egﬂggégﬁigg g%@é%?gg kagsrtuﬁ%ﬁ@%ﬁ%@u@%hﬁhﬁngnclude

unr eac en an I ona ot her "reaction
spehdgctadandhmashodsben dikbxiidecandewhbels, ans pill

wi t hdrawn fromthe reactor systemtubes of
WERBFRCRRYIPEbESEREEE -exchanger 42 t hrough conduit 50

and pagses §Q sepahathhefc S¥p-eBkhZatdepakalwahcsyeiePally
52 provides for the separation of ethylene oxide and
apt Afhehengndxide @a@géﬁppu@éﬂgo@rocess 40 with a shell-and-

tube heat exchanger 42 which is equipped with a plurality of
reactor systems as depicted in FIG. 1. Typically the reactor
system of FIG. 1 is grouped together with a plurality of
other reactor systems into a tube bundle for insertion into
the shell of a shell-and-tube heat exchanger.

A feedstock comprising ethylene and oxygen is charged
via conduit 44 to the tube side of shell-and-tube heat
exchanger 42 wherein it is contacted with the catalyst system
contained therein. The heat of reaction is removed by use of
a heat transfer fluid such as oil, kerosene or water which is
charged to the shell side of shell-and-tube heat exchanger 42
by way of conduit 46 and the heat transfer fluid is removed
from the shell of shell-and-tube heat exchanger 42 through

conduit 48.
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di oxi de and water. An extraction fluid such as water
can be wused to separate these conponents and is
WO niogooged to separation system 52 by way of PCDIS20D4/014087
54. The enriched extraction fluid containing ethylene
oxi de passes from separation system 52 through
conduit 56 while unreacted ethylene and carbon
di oxTlde, réécpieseprodpassesmproaingepbhgipor systiem 52
t hrough.condui t 58. Separated carbon I oXi a
o O PSR b iney s PER P RSl GRGHOCoRAY | SBELoMRLLY, other

r@action ofodhergasushr @anpasshngibiaeghneondukt-, 58 ¢
can_be renoved as a purge streamthrough conduit 60.

wikadraRi hrag thasreerbam pusses Fﬁb@agﬁfcah@&ilraa@—fc@be
hé§GYQk§h§§§@£e§§°£hrgﬂghAbéﬁﬁ stre HAﬁengagg

et hyl ene and oxygen passes roug cond and
SE@h©mn@@ MAShp&hetuenysketemhyﬂepeovuaas fsrpah&edeparation

%hr condui gnd % f conbi rean1|% pas
yCie ¢o ?e§§ SE4Y LpRTy_P cb PESEGH 4Car
atbstharges watercongdi bxddavbesgbyitihe gh@ﬁhéég%ater can be
streamis charged to the inlet of the tube side of
u%% EhePeraRRCe ub]éeSﬁegpm@%ﬁlahgeandzlSAavfaﬁpdg@@ds Ep,
éfgfgéﬁn i§§%ﬁnﬁ§2b DSEaESSdhggsgg ye% %ched
e guantit car bo X|de In e eeds ream
extw&mmﬁpmchﬂwld déntalhmmg ébhybaﬂepbﬁ;dbebam@e% from
referably be] ow 1 % or in the range of
S?P%ﬁﬁt%P§ T65 1T 2.5 r?ﬂ%he?ﬂ9@%hE BQ.HElb?oaGE@aCFﬁd

eﬁ @@@Xéﬁ@uééﬁb@ﬁoﬁféﬁldgaylPep§9§¥§Eteﬁabﬁég from
yl ene glycol, an ethylene glycol ether or an

S%M%ﬁhfbl@m sEstos YO Qb@qwg_ulqmd@o:r/ £52004£02468%8d Thebon

AEOYEL SN Pl oe b NG ALY EOLy Lo DEELOY DR guit 61,

Aqbdwtt:eme oDxi ke g\as hsu\ﬁé@rh p@@esm@l Yhusi§8 abnachidi 68 can be
asic cataly For exanpl e, for making

r?W?fi i #aft I§UE9e %?ﬁ??%n%hr%¥%%0$o%ﬁﬂlFe§§ et Byfperemaining
éﬁ)@%&eéﬁ ssdbec REBYLENEL QX e @?ytob??gg?géegﬁﬁgggssor

segaration

a ten fol mol ar excess of water, Iin a
64 each i rrdst pras epert of nang actldy banal gsdl, oBygenOpbsded

t%?%&éﬂfégﬂéﬁfgig6 gggegsogoégfnégtw1th gﬁéiggcgkféuéthylene
that is passed through conduit 62 and the combined stream is
passed to recycle compressor 64. Recycle compressor 64
discharges into conduit 44 whereby the discharge stream is
charged to the inlet of the tube side of the shell—and-tube
heat exchanger 42. Advantageously, separation system 52 is
operated in such a way that the quantity of carbon dioxide in
the feedstream through conduit 44 is low, for example, below
2 mole-%, preferably below 1 mole-%, or in the range of from
0.5 to 1 mole-%

The ethylene oxide produced in the epoxidation process
may be converted into ethylene glycol, an ethylene glycol

ether or an alkanolamine.
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50-70 C at 100 kPa absolute, or in a gas phase

reaction at 130-240 C and 2000-4000 kPa absol ute,
w@e@haorhl y in the absence of a catal yst. |f PEEUS2004/014087

proportion of water is |owered the proportion of

et hyl ene glycol ethers in the reaction mxture is

i ncreased. The ethyl ene glycol ethers thus produced

may Beeacdhverhepn ﬂntoether@thyﬂeaeegﬁenodroa the ethylene

ther. At ti th th
B S A A L R SIS
oandal eobhl watar, pam&tanﬂgr udifgl BAr ¥cabeehel, asugkias

met hanol or et hanol replacing at |east a portion
cafatkiet nat BPThgxemel ﬁlr c é RE| MakhBICBHGEPEIEANIANO thige ethylene

g?&géfoéﬁﬁ1ﬂ§sga¥tﬁ ﬂ@ﬁbsﬁngEgﬁcgtﬂgretgﬁleg%h e%% gx1de may

an am ne, such as ammoni a al kyl” am
bﬁlaekytaﬂ1wethAnhydnoﬁsldrmadaeoaxcasﬂnniawaway bén a liquid
d to favor

us_anmon y
PR e S B TR ek anb! B e bR RatREua e5. 0.5-
1appéivcabl euri s bBedconusesi A eheethyhenecaxi-der ﬂ1t19£ture, at
t he al kanol am ne, reference my be made to, for

Sexaopie 2US- 1001 S50 9 s i todh, i imcorpos apledsbereactbyn at

reference. Eth Ienggg col and ethyl ene glycol ethers
13ay2he Usénd i @fg KRa iargobite ndeseFenpbly in the

@Q@hagaéfogs %£95g5§a"p&% e g?gﬁékﬁhgﬁagg 1924y {5 lowered

ever ages, acco, cosnetics,
t@@Ign@p@rtrumabfeethyﬂensyglgnsl dEhEEgeththeheébction
transfer systens, kanol2n1nes may_be used, for

MIXOADE el S HEhe2 B R atlﬁ e (et ?@ﬁlﬂ&yfoéfeﬁg?E?thus
pHeGuced MR, 200441811440 FET/ US20Q44,014082: +iN@ther or a

fol l owi ng exanples are intended to iflustrate the
s@evertelgeseoher he M‘égm@twweﬁthmheaadgéyeoﬁxoethers may be

HILERREC oo ORI L ILL LDEResBCcl ke LaVeR Ao, 5

pprocedise MS@ﬂlm@ryeaabdth t Bechr essweehdhep amrdetdB8ol, by
gggki densjty characteristics of the inventive
TeRIRTHIY Y5t AP PRI At PoEL t8acl stAndHRBEFehEt RespieehPl -

;/?;;?Vé EOht oV £¥hi DAEE CRET hekSnbRYhDEe dhb{CEERb i se
reacting ethylene oxide with an amine, such as ammonia, an

alkyl amine or a dialkylamine. Anhydrous or agueous ammonia
may be used. Anhydrous ammonia is typically used to favor
the production of monoalkanolamine. For methods applicable
in the conversion of ethylene oxide into the alkanolamine,
reference may be made to, for example US-A-4845296, which is
incorporated herein by reference.

Ethylene glycol and ethylene glycol ethers may be used
in a large variety of industrial applications, for example in
the fields of food, beverages, tobacco, cosmetics,
thermoplastic polymers, curable resin systems, detergents,
heat transfer systems, etc. Alkanolamines may be used, for

example, in the treating (“sweetening”) of natural gas.
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and geonetries were tested in a comrercial |ength
reactor tube of either a 39 mMmminternal dianeter or a
WQloomtroiimt er nal  di aneter. The reactor tubes WeCBHUSHED4/014087
up to nmeasure differential pressure drop across the
carrier bed. Tube packing density of the carrier bed
was determ ned. The particular carrier to be tested
mas EbadéleQWQHQhexam@éeSOBrEub@t@Qﬁﬂ@.&cshdﬂd&ﬁdate the
unn | gadi_n rocess. . The s me ed
YRR RoRe e ChBLSTERERE LVBERHG™ CR {Hetended o
uheatyol iftibe £ haf kebpkhe fr eaet @hvte%lﬂﬁo\fias char ged with
t he carrler a 0.79 MPa (100 psig) air source was
_ﬁéﬁﬁ_ﬁo_perforn1a 15 second dust bl ow down. The
carr i.ght S d n
donsi Ty wee JRLET i PeRT B e he FReC pns e TRt yeea to
evveddetei hhe phesseaet dropubed thbenpaskna@ d@ﬂgﬂﬂy(ﬁ
B rrLe . bed, g'the in ernal E?neter of the ,
cheLetBr Tt BhectTRE Flibe LBRERT nySdEREFEy Thay o degptive to a
sHBA8apar re¥etBIE sgRdcls defined by the fol | ow ng
formula: 4nf 7cd2h where: mis the mass of the carrier
| cadBariALs hﬁé10We§vﬂéﬂdﬁﬁbéar@legsth@Vdm@wéﬂéﬁe@Ent sizes
e u a s.the h h f.the carrie
A a P ey NP RPRl" 0, S sTogs 1hpEth Eactor
tQBé4biOéiﬁmePC$/USZ&&4A&&4@831 At beetkhe oireactar nhuieiternal
was goaded with the carrjer, it was seal ed and
dhPBEETF e t 8PeHeaF LT3R ORPAVETB0SHSI §P. CPhaCaR¥ASt or
di pber¥Asi gUUpPRadue!l BraB LBKBLsaRHaRaQYLLS! bed. Tube
Ni trogen gas was introduced into the inlet of the
Ppakked devattwr oﬁubéeaﬂaarpsesbadewefs detetrnintss I\/Pa
150, a ut, 11 di rent |tro
g(gas ﬂqgv\}g 1585""% ga{“ﬁ%%m Rt OF| W?sé WES( 8 15 dé’nto the
r@actbzlEuhunbsﬁngnaexeaﬁaa@ﬁ fé0felseeaWidg E@@%e@@d The
K MK Mittzall "Transport Phenonena", J. WIley and
CZ¥HhEcrtYes 1‘9?59h6 EP45eherpipeei At MaR SpPéé@t’H’r &odpgpng

chPFES§UES EhAP)8EEBSSLLBE. CARELEL the reactor tube was
charged with the carrier, a 0.79 MPa (100 psig) air source
was used to perform a 15 second dust blow down. The carrier
bed height was measured.

The tube packing density was determined by using the
mass of carrxier loaded into the reactor tube, the measured
height of the carrier bed, and the internal diameter of the
reactor tube. The tube packing density has units of mass per
volume and is defined by the following formula:

4m/nd*h
where: m is the mass of the carrier loaded into the
reactor tube,
d is the diameter of the reactor tube, and
h is the height of the carrier bed contained within

the reactor tube.
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bed of the reactor tube was determ ned by neasuring

the tube inlet pressure and the tube outlet pressure.
wahb@4iteniet and outlet tenperatures of the nitPOOEM0GEE14087

were al so neasured. The pressure drop was eval uat ed

per unit |ength of packed bed. The tube packing

densities were corrected for small differences in the

i nt rRRERE ﬁhﬁerbabt@@n§theya§f1phéeddwﬁt@r6ME carrier, it

r order to re d f c
o arg LB R e eabEeutEr Ehe Thi retendee | otaRAte - The
rg&OﬁBtrteBe EﬁaﬁabﬁlbbeﬁhWStEXaﬁphﬁlbh PheSem Sudlet .
summary of the results fraom u5|n% t he testlng
Nt bedalr e28eyesi BegTPAVERENPIREC ther 1RdEtont &l mageked
r n 8 and, -
e os Aonontrsl T enoth Foodranster (EFD) Trg peie
Fof eathepfOabout 110dpéckedntnnotaogenmyaseddvor rhike. in a

ng._are th articulars,of .the carrier
B e R
7007 £é® w.0.5BebRr andi anet & 8ufOzAMNE MIL-abkBortl. O,

bore dianmeter 3.20 mm ("standard 8 nnf) 8 mMm L/D =
Plaesomepp e, df anBiéey32a86 AANF AAE. LAB7S, 100, 1Bérea

L e L

deObebhe deageber t2b60wam (estandaed Bynmbhsﬁrﬁmg khe tube
5, bore_ dianet 2,60 mm L/D=1.0

L5} S EP5%H0 AR EhfntUPPOPLCdeh PEGPE aranolBe Srhet and

o@ﬂlé@”ﬁ@mpeﬂatarégrthghéeﬁﬁgﬁbgéﬂaﬁggswb@epbﬁ%%u%%asured
drop across the carrier the percent changes

The) PTBRSUBRACRIAY wéﬁsﬁwluétatiu pert snihelsnghllard ®apmired

rri p d h for

o681 | Bhe X EoePRERRILE abRalt focluctl [370RMEn BOL pnai2

deﬁeseneaéngnanhé/EMtathelofma6e51alhaeﬁée33ééeo@r@he
aﬁEOSS the carrier bed |ncreases The data presented

H T 4°AbEE S Rowi ThBHEVE -ot Raf LPRtad3§LmFFnces in the

catalyst hold-up caused by the differences in carrier
geometries.

Example II

This Example II presents a summary of the results from
using the testing procedure described in Example I for hollow
cylinder carriers of nominal sizes 5 mm, 6 mm, 7 mm, 8 mm and
9 mm having a nominal length-to-diameter (L/D) ratio of
either 0.5 or 1.0 packed into a 39 mm reactor tube. The

following are the particulars of the carrier dimensions:

9 mm: L/D = 1.0, bore diameter 3.85 mm
9 mm: L/D = 0.5, bore diameter 3.90 mm
8 mm: L/D = 1.0, bore diameter 3.20 mm (“standard 8 mm”)
8 mm: L/D = 0.5, bore diameter 3.30 mm
7 mm: L/D = 1.0, bore diameter 2.74 mm
7 mm: L/D = 0.5, bore diameter 2.75 mm
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reactor tube, the larger 9 mmcarrier that has an L/D
ratio of 1.0 provides an inproved pressure drop
WO edoatiomMel t o the standard 8 mm carrier. ExanpP@r/U$1004/014087
This Exanple Il presents the results fromusing the
testing procedure described in Exanple | for cylinder
carriers of nomnal sizes 9 mMmm 10 mm and 11 M w th
6ammnthﬁaF L/.D,r &bire dfiameOeirnRo6a 8& rimsteactord toulen” )
arriers were solid _cylinders, other
carrle(s %hokpgﬁ d&?ﬁ?ﬁﬁgrg ﬁﬁtﬁmﬁlfferent bor e
5dinAEeL.EDS = as 05peeiti adanBrErGe . 45. mpunMary data for
the percent changes in pressure drop across the
cﬁmrl%(Dbedoaﬁd gﬁéepéﬁé@ﬁFeéhand@smﬂh tube packing
density relative to the standard 8 mmcarrier are
presented in FIG 5. The data presented in FIG 5 show
an ufexpetvedateedoct tbr brrpeesschendeep inhatresesitet Sirop

romusing the.uni gu C nati on of reactor tube nd
R T Tl Bt M e SR L NS e T
p@&kbﬂ@edghameye&eibeieét§bdehedg@aﬁﬁa&dg%e%he%a&aagr are

0.138 (ratio_of outside dianeter to bore dianeter
P¥%§§“Fﬁ§nl¥ P¥Gthére PS5 AR EhﬁW@veﬁ@ﬁtCaﬁrl§¢e§9@e§ smaller

<R S0 okeat e EOAT B PG st oo

Ot@stéﬂelﬁransand diopnacaosbethgeoa&kﬁeesbeﬂh&herb&sé@. The

i rovenen r ure elative to the ,
aaf B REEaEa A 1Br I8 £aS578: shiw’t howepaen Rgat in a 39 m
r@£@§bfl@ﬁbeanthgpﬁ§¥§€§nb in® 8§eRieknthhe %agnhﬁa&ébe&atlo
t ube packing densities, relative to the standard
ofat r P ePTOTbFlegeaRei MPESVEA MhEeRUrhedrap sedhtiber 6o the
rgt 9,0 di aneter is equal or |less than
Sg%ﬁ&§£§ 3@m Hgikgggf outsi de dianmeter to bore
EthmréeIIat Ieast 2.6) and, for the 10 mmcarrier, an

i nprovenent is_seen_for the geonetries having a ratlo
o?pﬁg?%sdﬁﬁﬁ@Pé? F5I08¥§?ﬁ%tﬁlBﬁétéﬁsuéFseGEQm yeipgsghe

té@@ﬂn?bﬁﬂ&c@da§e(H@Eb?lﬁédoyﬁsEggmgF@”?t§5rteylgﬂggr
di aneter greater than 3.4, preferably at [eas . 0).
cgpfiers of nominal sizes 9 mm, 10 mm, and 11 mm with a

nominal L/D ratio of 1.0 into a 39 mm reactor tube. Some of
the carriers were solid cylinders, other carriers were hollow
cylinders with different bore diameters, as specified in FIG.
5. Summary data for the percent changes in pressure drop
across the carrier bed and the percent changes in tube
packing density relative to the standard 8 mm carrier are
presented in FIG. 5.

The data presented in FIG. 5 show an unexpected
reduction in pressure drop that results from using the unique
combination of reactor tube and support geometry. For the 9
mm carrier having a ratio of bore diameter -to outside
diameter greater than 0.138 (ratio of outside diameter to
bore diameter less than 7.2) there is an improvement in

pressure drop, relative to the standard 8 mm carrier tested,
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the 11 mmcarrier, inprovenents are seen in both the
pressure drop and tube packing density for all the
w@ewnrorites tested, that is at a ratio of outBCTIES2004/014087
di aneter to bore dianeter of greater than 4.5.
Exanple 1V This Exanple IV presents the results from
using the testing procedure described in Exanple I~
afhdr fnonbhal thar teecedsilgesmbSand 16 mm carfiier8 gevmantdies
nm having.a nomnal L/D ratio of either 0.5 or 1.0
t’g%’éﬁeasi Alo BPSPVRAAFFEatPoPTESEEYS PREPpareiléhiyFs tor the
sthadeanr sermdbARRskenNs have been specified in Exanple
1. Sunmary data for the percent changes in pressure
dr op”S aEPBsEhe heulesarkd Byl rse dlemsd ttiles  pencénpronanges is seen
LN b ' |ty relative to the standard 6_nm
arer MR Pl ME R e 88 AR s et
sBamilaafh 8 Qunmaacaired erf csi e rii Bpr ﬁmefﬁﬁﬁ]bhi the ratio of
ressure drop is qQbserved and for the 7 mmcarrier
b‘ﬁﬁ%i %Jgaf&%t@ﬁ %%fov%.%td%n SRS PEme Rt SR L pPEssaFe Erap about
0138 ODSRE VS ot Wil iSR! @GLER e LIebSreaR i ahBPELVENB L st 2 6)
in pressure drop can be achi eved, wthout decreasing
anfhe febetlpacki ngn desiiey, iem paptovemantwhenseen for the

' ' rati f tside di.aneter to bore. .
SePEEERRI R Tooaaon i Becs De30RhF61 ieT ot Bidrpfiameter
o {dnypbtdetiesd )tHachbofitt be 2gar(t-hens desentbedeidiameter to

Exanples I1-1Vis inpregnated with a sol ution
b%%ﬁ%@r%‘@e%iqwt,ert shedr -4, ereferabavapysteast 3.6). For
tﬁ@nPi'ﬁﬁiﬁhffﬁ%f?“ﬂﬂﬁ?bveﬁeﬁ%%da§%rg@gh EH”PSEE'@ﬂe pressure

et hyl ene and oxygen'is then contacted wth the
deep arydttute adkirie deowditlyi dos Bo1f ohen gébytentes tested,

xi de. _.Exanpl.e VI __Thi anpl.e VI presents .
tkl?% of et i o%?éaotr%coerorﬁ ﬁél%tsﬁéen‘gllgﬁlgl—'??egoaﬁ‘ar%e%ﬁr??‘?%r of
grenfégurtedn on. of the two types of carriers (i.e.,
Carrier_C, and Carrier D) used in the preparation of
D ysts as described in Exanple VII, (cf. Table

3). This Example IV presents the results from using the

{

testing procedure described in Example I for nominal carrier
sizes 5 mm, 6 mm, 7 mm, 8 mm and 9 mm having a nominal L/D
ratio of either 0.5 or 1.0 packed into a 21 mm reactor tube.
The particulars of the carrier dimensions have been specified
in Example II.

Summary data for the percent changes in pressure drop
across the carrier bed and the percent changes in tube
packing density relative to the standard 6 mm carrier are
presented in FIG. 6. As is shown, for the 8 mm and 9 mm
carrier sizes an improvement in pressure drop is observed and
for the 7 mm carrier having an L/D of 1.0 an improvement in
pressure drop is observed. With selected carriers, an
improvement in pressure drop can be achieved, without
decreasing the tube packing density, in particular when

increasing the ratio of outside diameter to bore diameter.
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Table 3. Properties of Carriers Carrier C Carrier D
Properties Water Absorption, % 46.5 50.4 Bul k Packi ng
woengitomgs1 843 (52.7) 788 (49.2) kg/nB (I bs/ftBT/BSOM/014087
Attrition Loss, %14.7 16.5 Average Flat Plate Crush
130 (29.3) 180 (40.4) Strength, N (Ibf) Surface Area,

nm2/g 0.77 0.78 Geonetric Configuration Nom nal Size,
MEBlS_VA\ilwagehEémgﬁh) mn? 7 7 7 Length, Range, nm

6 _Bore.Di aneter, .
i 108571202 U h RS L Bhg! RPEUT PR Brafeaap 600 10 190 12
:LrEpﬁthet&(ﬂl wibhs aExaimt go¥! boﬁl?&@@lﬂ@s stin€epf, eRRY &Eora o
oL catal ysts which can be e oyed in the present
5T 1yeht FoRa L ¥GE WEPBBAP 1091 4 hePCTFES2004/ 614687 Strean
S ed_b
T e e e e s P o D R D0 T6E, the
cahithisUSapasentabie tandipopatedohépeinn ehhyileher endée .

E)IQI% il n@& Catalyst C conposition was 17.8% Ag, 460

catalyst, 1.5 nole Re/g catalyst, 0.75 nole
Wg tThial gsimpBadvil pratedidd [iGhfEHaghvet cokdbahysl Phe
Catal yst D was prepared in two inpregnation steps. In
PJE%GJFH%% InhrIgpnatids creféabrpéionasti kpeegriat eres of
c¥thefs ilyer sghutd,on, %@%@&g%&o NEsbEOSECULE
for catalyst 'C,  "except 'that no S were to
prépasitier sblultd aatalifster adr ylesgrlbhé tesSBkample VII, (cf.

Tgkgiee%)c.at al yst precursor

Table 3. Properties of Carriers
Carrier C Carrier D
Properties
Water Absorption, % 46.5 50.4
Bulk Packing Density, 843 (52.7) 788 (49.2)
kg/m* (lbs/ft?) A
ASTM Attrition Loss, % 14.7 16.5
Average Flat Plate Crush 130 (29.3) 180 (40.4)
Strength, N (1bf)
Surface Area, m?/g 0.77 0.78
Geometric Configuration
Nominal Size, mm 8 8
Average Length, mm 7.7 7.7
Length, Range, mm 6.6-8.6 6.6-8.6
Diameter, mm 8.6 8.6
Bore Diameter, mm 1.02 1.02
Ratio Length/Outside Diameter 0.90 0.90

Example VII

This Example VII describes the preparation of catalysts

which can be employed in the present invention.
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cont ai ned approximately 17 wt % silver. The dried
catal yst precursor was then inpregnated with a
waologtioiam whi ch  contai ned silver and the dopaPCEHUSIN€014087
final Catalyst D conposition was 27.3% Ag, 550 ppm
Cs/g catalyst, 2.4 nole Re/g catalyst, 0.60 nole Wg
catal yst, and 12 nole Li/g catalyst. Catalyst E
Caﬁaﬂ§b§$KhEtmashprepareg in two inpregnation steps,
according to the proc re.applied.f.o : ;
excéft-a it G ﬁ?&%ﬁf&& C §%nc?tm%o;n é&ra%?eélnl?'lllér% {he #119
thl Rt ndBPReRRAl ifans olditn -ary dgistssadviafclt hies secomtt is
~inpregnation solution. The final Catalyst
ln@@lﬂmga}ﬁ%h e 127 I396uRE e Isgtre 'pprﬁ}é’s/%f/rbaa]t g%%?l,yit. £
nol e Re cat al_yst,, Q.60 e t n
CQ(TQO@%H SRDIVEE Wi & TP el e faen ™ HroLe
Cl. [,h ter t r t r r i
R S et T oA P et oo/
cad=2yanassi bl e by those skilled in the art. Such

vari ations and nodifications are within the scope of
Calitel Ysledtti bed i nvention and the appended claim 30 WO

20044 JO01AL REH A4S0 D187, Gvd Auprdbfadion steps. In
reactor system conprising: an el ongat ed tube havi ng. &,
t Ha bl 1 einglhpeemnat 1 e heli eaet beT whie hl Befe@gaged with a

reaction zone: LR i it hin.-th j
SO | ke d e S O e pats et pstapaet ©
el thd benshapeshisuppare addedi ad bhs ailher| palution.

cyli nder geonetri fi i defi .
A e Y o FRl St o HES et ers RUY A= ERERAToOE

m na

c+£§é edd£§€f$§{mégé thatythesiabeo. of Theedroatinaktalyst
ength to e nomnal outside dianmeter is in the

pnfeﬁm@?scgf gwnmeas tmpregnapddf wither S@EHLERABt WhiABN
e tu I anet IS, | 28 : i
AR A T e R

ne “the nom nal insi

c%&@ﬁ%%g§0?5%§§:§$.?%3Ag§n§5@hﬁpﬁatb¢g05at8@ybub62.4 pumole

Re/g catalyst, 0.60 pumole W/g catalyst, and 12 umole Li/g
catalyst.
Catalyst E:

Catalyst E was prepared in two impregnation steps,
according to the procedure applied for Catalyst D, except
that the tungsten compound was present in the first
impregnation solution instead of the second impregnation

solution. The final Catalyst E composiﬁion was 27.3% Ag, 560
ppm Cs/g catalyst, 2.4 umole Re/g catalyst, 0.60 pmole W/g

catalyst, and 12 pmole Li/g catalyst.

While this invention has been described in terms of the
presently preferred embodiment, reasonable variations and
modifications are possible by those skilled in the art. Such
variations and modifications are within the scope of the

described invention and the appended claim.
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outside dianmeter is in the range of from1.5 to 7,

and, when the tube dianeter is at |least 28 nm the
WO 2004001afi1 t he nom nal outside diameter to thePCDIBIV84/014087

i nside dianeter exceeds 2.7, and the ratio of the

tube dianeter to the outside dianeter is in the range

of from2 to 10. 2. A reactor system conprising: an

el ongat ed tube having a CubBeA @ndgt s and a tube

di aneter which define a reaction zone; wherein

contained wthin the reaction zone is a packed bed of
1shapedreuppert sysaeer bahpragdnaherei n the shaped

support paterial has a hollow cylinder geonetric

conf PRUPAPRERTEES FHEE BRVardomi Ribe Lergih a@dhenitadle

dQHﬁétQ% dharetgerand @ B@EEE?BPL% 5%eto tg@% e%aﬁﬁglned

that the ratio of the nomn nom nal
wpbhshdehedirapetépni gonn nbear@agkedfbédomﬁOs&ap@dZSupport

th ratlo f_the I tsi de diane
mRCer haT RRePuBt Ao PBY BRovRteS RBa0y PRbEriad: has a
th$dwtcyamddéﬂrghemet§m©hcbhéh 3+a¥W0o2004510L8 by 2 nominal
PCT/USZOO4/014087 the ratio o? the tube dianeter to
leAetRonPnBPMsURS Aetaidretiépmpsernaniear aaganel finemde

d%aﬁe%@r su@HeBhBEeFB?bfatgbagﬁt?é Iwﬁhgi tﬁ%ﬁg%% @@ the

in the range o rom
ndmaneleput51ée framet28 1 inhehei mahpesbtfi Feotrest. 5 to 2,
is defj neg y a decrease of the quotient of a

aﬂ%ﬁﬁ??Egﬁ vﬁFﬁ he pressure drop per unit length

of theepackedched andmatravnmekLi ¢aksvahye 9k Whe the ratio of
packi ng density, which nunerical values are obt ai ne

thg n@@évahgouﬁéléacﬁéam@éaruhoatharnamenalfnaw1de diameter
oRLLLAGE 935l APLESTU 80 pl. 13RMAA (10, PRLOL, .

refatfve Tb a comparTson  quo AerI-ca
o@bgadaedlameaerlﬂsnincahenaaﬁgé ofexeeft 1t Batot he ang,

hoIIom;cyI nder. geqnetric configuration of the same
suppBPe %%r?%?g glﬂ@?FﬁEdlﬁy hBAPhaP8olisi §Be ratio of

tﬁéaﬂ@&@ﬁano@tgﬂaénglémgggknéb tﬂé'Hgmlﬁhﬁnﬁhgﬁd@fd%aﬁeter
mm when the tube dianeter is | ess
exceeds 2.7, and the ratio of the tube dlameter to the

outside diameter is in the range of from 2 to 10.
2. A reactor system comprising:

an elongated tube having a tube length and a tube
diameter which define a reaction zone; wherein contained
within the reaction zone is a packed bed of shaped support
material; and wherein the shaped support material has a
hollow cylinder geometric configuration defined by a nominal
length, a nominal outside diameter and a nominal inside
diameter such that

the ratio of the nominal length to the nominal outside
diameter is in the range of from 0.5 to 2, and

the ratio of the nominal outside diameter to the nominal
inside diameter provides a positive test result, and further

such that
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28 mm and a nom nal outside dianeter of 8 nmmand a

nom nal inside diameter of 3.2 mm when the tube
welb@ngolnl is at least 28 mm and a ratio of tPET/US2004/014087

nom nal length to the nom nal outside dianeter of 1.

3. Areactor systemas clained in claim2, wherein the

hol | ow cylinder geonetric configuration is defined

suchHehatat ionee tittee tulise dicaredtesr 4o uke%snw}]amalzsowlde

the rati.o of the nom nal S ter
QiR Thortd i T e 3 FELE e e rube
astdake 4 anetielsd SHain |eAsim 28 man it heha aﬁamg@foftﬁl'aom 2 to
nom nal outside djaneter to the nom nal inside
100 aererchexcisisipmeter 18 rdfactessyst diffas cl ai med

in ar eroeflrgl t]]Z e/ggegef@suj@e fuhe 6 20®tiey 4Sdkbrease
rom 28

t he range of mmto 60 mm and the ratio of the
oﬂlmﬁ@aj[udmt@tde)ﬂjlaanelmriml hvea o ol the rigigesure drop per

di anet er 2 WO 20 141 PCT/ US20
R B i e e e L i S

éﬁl ﬂé”ﬁéﬂé W0 dr - BurhieR i @41 v £BLES éh@noBtélnmﬁehy
e outside dianeter is in the range of from9

t&&tﬂmgfihﬁnpaﬁk%d'b%%s%nza6tuﬁh%%e@%ef%%ws?genHFﬁﬁﬁFBr9as at
Lé;&§%ﬁﬁ§(5$n93138fmﬁ£2g%§0 %P%}o PePafeStoPa comparison

systemas cla m 4, wherein the
quidtiént o themeoldabl valhss debdaanmed eint ant héenbm:ﬁél manner,
inside diameter is at t he ogt

sxremet Brat shey ]%%Jel?‘&naﬁlllaﬁ%eﬂ8ﬁ?uf6t£1ﬁmc%‘ Hu’éatlon of
£ é&ﬁét?ég;s rW‘rﬁé‘téP?aPui§|§§fghéﬁeb?r is in the

range .4 mMmto 10.6 mm or in the range of
frona2n6minal. eutah@ﬁ dhaemebesi g6 6dmaneRdr 2 BOANEhe inside

dlggggegfo£ gn% mm,nwkég ghg Mbe diameter is less than

28 mm, and a nominal outside diameter of 8 mm and a nominal
inside diameter of 3.2 mm, when the tube diameter is at least
28 mm, and
a ratio of the nominal length to the nominal outside
diaméter of 1.
3. A reactor system as claimed in claim 2, wherein the
hollow cylinder geometric configuration is defined such that,
when the tube diameter is less than 28 mm, the ratio of
the nominal outside diameter to the nominal inside diameter
exceeds 2.3, and,
when the tube diameter is at least 28 mm, the ratio of
the nominal outside diameter to the nominal inside diameter
exceeds 2.7.
4. A reactor system as claimed in any of claims 1-3, wherein
the tube diameter is in the range of from 28 mm to
60 mm, and
the ratio of the nominal outside diameter to the nominal

inside diameter is
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6. Areactor systemas clained in any of clainms 1-5,
wherein the tube dianmeter is about 39 nm 7. A

WO e@gtiari4asystem as clained in any of clains 1-BCT/US2004/014087
wherein the inside dianmeter of the hollow cylinder
geonetric configuration is at least 0.5 M 8. A
reactor _systemas clained in any of clains 1-7,
wher &itn 1eREtr 4t Po WheRoRimadubsids dbiatistmet ers tim the range

J¥o al 10l psidex n the range of from2.6
torﬂr% when theg ?il]géeer@f"arrejfer is less than 28 mm

and |gnrealt1err ahge ®f4f rehen 3k tauthdie Wiehndthe tiwhan the
i S ag | east 28 nm 9. A reactor system as
f
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out sige1dkapebeg t@h&Qn&l@@I ansigde i h
range of from 2. 9 to 200, V\%en t he tuafk:g(e{&:‘LI ar%egt‘;ilrIf ek %ange

ofed&omnh8n4 28Mnk® Ark Mh- t he range of from3.3 to 250

swhe b r i-s.at Jeast .28 mm

rea%tg%g§§§#e% %g% %%né&alﬁl ﬁnbﬁlgﬁg}#g:ﬁﬁfreln the ratio
ofhehei notheallubetisedgt ikamdtrrt ke rargedfi f10mk tde
dngggters. 33 WD 2004/ 101141 PCT/ US2004/ 014087 11. A
r8AEt6F <¥stemas clainmed in any of clains 1-10,

Wher@knléés§04p§rcﬁ@énoéhéhﬁﬂﬂ§§ﬁ§QHEﬁ%t%QnﬁrlE%Sthgerange

shaped support materi al A reactor systema
O@Iﬁrﬁ’@dlﬁ)n‘ia{m’m ©l 2 men;l- 11 wherein the ratio of

t he b er to t nom nal Sid di,aneter _in

t he tragng%g% fn"ih?rb vﬁ%ﬁ?%%%ﬂ@%ﬁﬁraﬁﬁt &f! thg range
oIEesSOmhan42r&nnm wzgles In{ﬂnthﬁ- range of from2.5 to 7.5,

when the tube dianeter is at least 28 nm 13. A

r eactBr LRy sTRVACE I R E it te & -B/ 1¥hephshei puthéde

i #hb0e i 4 e, tibe ﬂr%rgeo?r 28d e Nl P! oyt g de

dianmeter in the ran V\,henmEnhe t ube
6di abetenrcticr |sssten kan 28 imad dndang blieclange ofsfromerein

t en the tub ianeter is at least 28 mm 14.
tierg%%‘% C\if\h i em S éﬁﬁ'ré& H-any of clains 1-13,
7MheAerébéﬂE%?%E&ﬁﬁﬁl%ﬁpQQ%hn%@I%Eﬁahycgﬁp51§§ﬁs 1-6, wherein

predom nant|y
the inside diameter of the hollow cylinder geometric

configuration is at least 0.5 mm.

8. A reactor system as claimed in any of claims 1-7,
wherein the ratio of nominal outside diameter to nominal
ingide diameter is in the range of from 2.6 to 500, when the
tube diameter is less than 28 mm, and in the range of from
3.0 to 500, when the tube diameter is at least 28 mm.

9. A reactor system as claimed in claim 8, wherein the
ratio of nominal outside diameter to nominal inside diameter
is in the range of from 2.9 to 200, when the tube diameter is
less than 28 mm, and in the range of from 3.3 to 250, when
the tube diameter is at least 28 mm.

10. A reactor system as claimed in any of claims 1-9,
wherein the tube length is in the range of from 3 to

15 meters.
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al pha-al um na, and the packed bed has a tube packing

density greater than 550 kg per cubic neter. 15. A
WO e@gtiari4system as clainmed in any of clains 1-Bd[/US2004/014087

wherei n the shaped support material supports a

catalytic conponent. 16. A reactor systemas clainmed

in claim15, wherein the catalytic conpgnent
1tonp$|§%@CB©rv%YSt§W a@ plotwsd ior 2RMnbfabiaiifgl-10.

h ne_o d o S r S 5N

A e G S
stippoet ongaéetdal ube has an inlet tube end and an

outl et tube end; i ntroduci oth et -t ub
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wibi-bdrawh 0g-f £ ol bhergut Lebet HhEmERdratbeadll @Bminal outside
product conprising ethylene oxide and unconverted
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dQEhata@dlbyatthaé@cessnﬁ@r preparing ethylene oxi de
as claimed in claim17 or _18. 20. A catal wher ein
lfhe BaFgRy5sPTCHMFFFEedSs clgdmeds dppGive @ bflé‘ ped =
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neter suc at the r%} o _of the nom nal length to

9Fﬁ@tﬁ6 Fhar géps JePer cubic mete

15. A reactor system as claimed in any of claims 1-14,
wherein the shaped support material supports a catalytic
component.
16. A reactor system as claimed in claim 15, wherein the
catalytic component comprises silver.
17. A process for manufacturing ethylene oxide, said process
comprises:

providing a reactor system as claimed in claim 15 or 16,
wherein the elongated tube has an inlet tube end and an
outlet tube end;

introducing into the inlet tube end a feedstock
comprising ethylene and oxygen; and

withdrawing from the outlet tube end a reaction product
comprising ethylene oxide and unconverted ethylene, if any.
18. A process as claimed in claim 17, wherein the reaction

zone is maintained under suitable ethylene oxidative reaction

34



dianeter is in the range of fromO0.5 to 2, the ratio

of the nom nal outside dianeter to the nom nal i nsi de
wale@eaaoanl exceeds 2.7, and the ratio of the tub@&r/uS2004/014087

dianeter to the outside dianeter is in the range of

from2 to 10. 35

conditions including a temperature in the range of from 150°C

to 400°C and a pressure is in the range of from 0.15 MPa to 3
MPa.
19. A method of using ethylene oxide for making ethylene
glycol, an ethylene glycol ether or an 1,2-alkanolamine
comprising converting ethylene oxide into ethylene glycol,
the ethylene glycol ether, or the 1,2-alkanolamine, wherein
the ethylene oxide has been obtained by the process for
preparing ethylene oxide as claimed in claim 17 or 18.
20. A catalyst, wherein the catalyst comprises silver
supported by a shaped support material which has a hollow
cylinder geometric configuration defined by a nominal length,
a nominal outside diameter and a nominal inside diameter such
that

the ratio of the nominal length to the nominal outside
diameter is in the range of from 0.5 to 2,

the ratio of the nominal outside diameter to the nominal
ingide diameter exceeds 2.7, and

the ratio of the tube diameter to the outside diameter

is in the range of from 2 to 10.
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