A REACTOR SYSTEM AND PROCESS FOR THE MANUFACTURE OF
ETHYLENE OXI DE The invention relates to reactor
systens. Anot her aspect of the invention relates to
the use of reactor systens in the manufacture of
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One problem encountered with the use of a packed bed of
hollow cylinder supported catalyst particles in an ethylene
oxidation reaction zone ig 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
packed catal yst bed. It is, thus, an object of this
invention to provide a reactor systemsuitable for
use. in the catalytic partial oxidation of ethylene
oxi de, which has a packed catal yst bed having a high
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diameter such that the ratio of the nominal length to the
nominal outside diameter is in the range cof from 0.5 to 2,
and further 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 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 ig 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



2 wthin the reaction zone is a packed bed of shaped
support material; and wherein the shaped support
material has a hollow cylinder geonetric
configuration defined by a nomnal |ength, a nom nal
out si de dianeter and a nom nal inside dianmeter such
that the ratio of the nomnal length to the nom nal
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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 game 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 ratic 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

compriging ethylene and oxygen and withdrawing from the



conprising ethyl ene and oxygen and w t hdrawi ng from
the 3 reactor systema reaction product conprising
et hyl ene oxi de and unconverted ethyl ene, if any,
wherein within the reaction zone is the supported
catal yst systemthat conprises a catalytic conmponent
supported on the shaped support mat eri al having a
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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 sghaped 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 representaticon 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 dengity (“% TPD”;
wg TPD*" represents duplicate data) resulting from the use of

various sizes (outer diameters) of hollow cylinder support



"~ TPD*" represents duplicate data) resulting fromthe
use of wvarious sizes (outer dianmeters) of hollow
cylinder support 4 material with different

| engt h-to-dianmeter ratios ("L/D') in a 39 nmmdi aneter
reactor tube relative to the use of a standard 8 mm
hoIIOM/cyIinder support naterial FIG 5 presents data
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i nvention ey include a plurality of paralle
grghgated tubes that have inside dianeters in the

rangeF%ELfﬁo%E%Qng]drawings of the cross-sections of the
outaide perimeters of (a) the shaped support material being
an ideal cylinder, and (b) a cross-section of the shaped
support material being a deviaticn 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 1580. Conventional ethylene oxidation
reactor systems are suitable for use in the present
invention, and they include a plurality of paralleli 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 system may

also be possible. The tubes are typically suitable for use



to 60 mmand lengths in the range of from3 mto 15 m
Larger tubes for use in ethyl ene oxidation reactor
systemnmay al so be possible. The tubes are typically
suitable for use 5 in a shell-and-tube type heat
exchangers and are fornmed into a bundle for placenent
into the shell of the heat exchanger. The tubes are
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Wy guerpgeonetry of this conbination provides various
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systems that include a support or carrier material upon which
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 inciude a shaped support material that supports a
catalytic component. Optionally, the shaped support material
also supports one or more catalyst promoter compcnents or
catalyst copromoter compenents. The preferred catalytic

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



catal ytic conponent. Optionally, the shaped support
material al so supports one or nore catal yst pronoter
conponents or catal yst copronoter conponents. The
preferred catalytic conponent is silver. As for the
pronoter conponent, it can 6 include, for exanple,
rare earth netals, magnesium rhenium and al kal
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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. «a-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



typically a specific surface area of 0.1 to 10 n¥/ g,
preferably 0.2 to 5 n2/g and nore preferably fromO. 3
to 3 ne/g (nmeasured by the well-known B.E T. nethod,
see Brunauer, Emmet and Teller in J, Am Chem Soc.

60 (1938) 309-316, which is incorporated herein by
reference); typically a 7 specific pore volunme of from
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WRliglt percent, with the weight percent being based on the
total weight of the catalyst system including 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



percent. In other enbodinments, it is preferred for the
silver conponent of the catalyst systemto be present
at a concentration in the range of fromnore than 20
to less than 30 weight percent and, nore preferably,
from22 to 28 weight percent. The pronoter or
pronpbters can be present in the 8 catal yst systemat a
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erce cent, preferably from 0.005
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masubatt eni kY [HIREESSy e BFEEPTRAT e HT g’GPXFFBhOI‘ar .%’%t?ms
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er suppo mat eri al s have been enpl oyed
ﬁucbeaseSmpmeQmﬁﬁunwﬁufh@t@#hﬁxﬁedﬂIﬁFFeﬁéa@Rl%kabY changing
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nproving ornmance of such
dabaaysﬁlaﬂﬁmmavesﬁ thEthaﬁlewtqylrnﬂamveeomhbrlc

per for mance of ese . catal ysts [
SEORETSRC 57t e 148 EYT P g prgtub eatalysta
eRrEGRgBhahbDIow aoyldindeee aupporm auee:amé»svhdvatbm iegployed

In accordance_with this invention, the

H& RREESSPES offhi et MAPHE SR ARDI ¥, SYIRRRGP 183 already for

_ gbb¥s'Qﬁaeﬁﬁ&ﬁ“bffo&ﬁehégtbééﬁﬁdéﬂmteﬂoanamprov1ng the
out Si de di aneter to the nom nal i nsi de di aneter of

wier fpsmeaae cyt | st CGESREEE ¢ HRUANSTgURAEPERTS cbfpHiRkve
(B B8sphinel conten epelajoul g eiindi euonudnocry
of the hollow cylinder geometric cggflguratlon do not seem to
have received attention.

In accordance with this invention, the improved balance
is obtained, for example, by changing, typically increasing,
the ratio of the nominal ocutside 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



by conparative testing, as descri bed herei nbefore,
using a hollow cylinder support nmaterial versus a
standard hollow cylinder support naterial having the
enpl oyed di nensions as conventionally enployed. In
this conparative testing the materials typically have
the sane materi al density Clhermﬁse a difference in

terial nsities is corr c S
FRE RS (R FeRERg Bnald o Pacl opy fghe (Y, aEARpRscry
thangad aiz?/aihéw@agagaysagudoldmﬂoem?vohdalged ’sﬂ?jldﬁﬂﬁ' i Be
test result, as defined herei ore i cat
BPS AR Yo astfe oML Ences %éﬁa%g 6?1{‘18%?%%%)61@; Poative
beShh NEmp AR BRAANBEOVI Bednd IR exEnphescbmbatative testing
herei nafter. An inproved bal ance_of the tugﬁagacklng

Hensi pser TP)vided Api GraTRlehd &WbsgﬁFglﬂ? Tr oss

the pﬂﬁkﬁqpp&%&%m@ of NcHArdaies pARREALANGRSLYY (TPD)
qualities,”as wll be apparent from the descr.i

hreilat ke t e . LHEh @ TieRPERe| GEOR s $P6t BATFL Ay come
¢ a f e st £
E@S?é%%€§V|%§fe££%%é%§tg?q?§ggﬂgg%krﬁg gg%&lty than is =R

tmandesurrptmanﬂhamaahafteactor systens. In many

I nsta L Ls. de e LURRed bed of
packlﬁé d%ﬁge? ecgééégé) §%§E?233F??h§ e%e |?s |% °
Q&babﬁapeﬁesﬁppaaﬁcmatét&uiunr qataLySGeﬁ@ﬁ&BmyhaVlng a

ected obt ain hl ar, Luhe d 1

atﬁFeE&BFepaFﬁbn%c Rt elﬁgﬁked %gdhge 8?§h£h€§ona
WelalctioRCEgasemst el ahi Menyg ol redtatiarsg mtamsodesyxabars to
The i nventive reactor eg 4en] on.t he othe

IReRsBsEolP  5HO9| BRGkHE eI DeRruds: FEAEaresuLting

IHeg8%8 iR EB%a@?ﬁéSﬂéﬁfé‘iﬁ%c’i&fO%M@r,pa(tked pederally
contai ned with he reactor tube of the reactor

@me@t\etdhahats texpbbaién, REGRET | fihfmMpCELEs degsities, the
% 'dQ‘opp LessHEeLHE %’a@!@é@sﬁed RheRaGkedsRetilDheficrease
onpar e conventi onal” systens, w thout a
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an incremental increase 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 systems, 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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It is preferred for the inventive reactor systemto

i ncl ude a packed bed having a tube packing density at
| east as great as is found in conventional reactor
systens, but preferably exceeding the tube packing
densities seen in conventional systens, that when in
use exhibit pressure drops that decrease with the

af orenenti oned increase int ng ns

The r@%ﬁ%a@ew%%%tnd@%%éﬁw Fhset‘g’?%n%’r%me%%’a and

the shaped SUPROLL AW Brbalpst sPystasBis Samnimportant
fe
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ggg Egg e%Q é%ﬁ?#fgﬁ;égsgéﬁgg G3h jReshg8UdBHexpScRed that

eactor tube to obtain an
lacyeaseupbort sbergkatkivey e kdiet yeaictRer tibehogen be lcoaded

%ggggﬁégﬁ?ﬁe %gﬁrthﬁheéft”fééQEﬂ% %EkgsﬁotgﬁtﬁﬁﬁKQQ increase

I'S TN USE OF Wt
thtnméngaanln@cdéﬁﬁiﬂgueiﬁhameaaahpnt pbessuuegdaobarger

that is less than exp cted, ul rIy

BECERIRe eFEPRERFTIRE Cort S o yep A8 Bpr80r vstem
B0yp uGersel alt@rbbé@ﬁvi&«(gl arBei.eiﬁr&ﬁ'fénKaM Knciv"ahseaih,
"Transport Phenonena” . Wley and Sans_Lt

, 1975
PrezERTel dFgBr C38hpbt tkodh IR S Ee: BRECAFEISRLY based

Eb%ﬂh@hl¥nggﬁ§éffﬁgfé&rféﬁhﬁﬂbﬁkhef@&CbQﬁmbﬁd ﬁhethfgun
|nvent|ve reactor systemwth the acked gﬁg g
d fOFatAROTt

Foxaredptiobe paeking: Beekiand thih sl"’é%é
&ﬁa{e(&j?%%a‘f shze Qiegh&dwfﬂt@r 1633l %St 13%st em but

prOV|des i ncr ement al pressure drop
|ncrea@egaMeauppouse and, camlafsdy sy engn axgc perEAFRLaTlY

Qperease i BLESTH! End’ OREE Adybe L MaeliiCh Esaceor

react or e sane tube
m@deﬁg wdehsthy. pAnkad dbecﬁ dnmhm;a refdreatsr fabgnpacking

éﬂgi 54 thgntgg E%BSc838k£89 g?”%&f%lcular size of the
support or catalyst system but which provides for no
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. An additicnal 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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In order to obtain the aforedescribed benefits, the

i nventive reactor system should include certain
geonetries. It has al so been determ ned that these
geonetries are influenced by reactor tube dianeters
and, thus, the relative geonetries of the reactor
tube and the shaped supports are typically di fferent
for different tube di aneters. ctor t ub

RAGERT SHEF IR SRAT SIREIG PPedl ERE,SoRYErSE FFem -5 to
hat [Re@ErhBey I CARIPI2 & igHBr E’r@stdpaﬁfﬁ‘eeabapd from 2.5 to

support 11 systen1out3|de di aneter sho
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V|n an internal dianmeter exceeding 28
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to bore or g£§h$$§9%€ne erd1é§et qgt%PE%&Etogfl Pgdﬁ diameter

catal? er |npor ant eature o
|dEVka!%@pbeﬂﬁt6f syetcﬁmafﬁntrsxnnam'uanasthhavumgoahant

internal dianeter of |ess th t he t
é@ﬁ&u&@ &FaﬁBFanY%nBBY% %ﬁa? IﬁggghetF%% #g?ggor tubes
HEA aaf1n§B§n§ﬁtaiaﬁét§ﬁ86ﬁﬂmé§ﬁ1dhan 28t imen, rahgeraﬁlo of

fromZ.3 to 1000, preferably, fro 6. to 5Q0
RS FUARBEST FPOMPIS OOt Rty HAARER r CToBePPOTE of

hawd REean et gBBLmdLARELET 1 @ XEee didie 2 Fiom Re3 to 1000,
rati o of outside dianeter to bore or inside |an%ter
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A0P° Hox! “GBol LR A00e, Ris 8 BB 0 Rncending
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While it is important for the bore diameter of the
shaped support material to be relatively small, it is also
important for the inside bore of the support to have at least
gome dimension. It has been found that the wvoid 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, howevexr, 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



the manufacturing of the catalyst and ite catal ytic
properties. Wiile not wanting to be bound to any
particular theory, it is believed, however, that the
voi d space provided by the bore dianmeter of the

hol Il ow cylinder allows for inproved deposition of the
catalytic conponent onto the carrier, for exanple by

cﬁ fp natl E\f}ﬁﬁt 5@ rovegquf1 urt hekéPrer §1dl [ n%rysu hI ?_.g

llmeefedlxaﬂete:r ha$eaksoat hBéaéthebﬂ?ehaéiﬁﬂ ofSEPRObbore, typically
6F$’ﬁﬁ% hlgher crush strength relative to a 12

%pg’ 8ri 8 PRSI fpmet ey Porkeaditafete ™, | MOFE

preffereedyt athakgsat oo &@astpﬁ&ﬁmwfmteh%ob@r Biameter ig

typlcally at both ends, a bore dianeter of at | east

Ft e thdr @mrpﬁéﬂepa%f?r%ﬁly e tt® 2 Win fprep¥AABiLy 1 mm or
tthe hgre diameter is at least 5 mm and preferably up

to 2 nm_for exanple 1 nmor 1.5 nm A further

i npor Paktrtligruitpertane fentatne vaf ridwctiovensyyeenehstor

f u r f taly, S f pagk

S h tPe P avEnt SEIRRll & Yile RELIPaR, saEerlEE Fe
reckedsbegd dfahbeeinventtove rretdtﬁ:m:am;&t@in ﬂ:poha@eSat bength-

i e 0 8 to 5 _and a
Feons RS e RO 4 e B, B s B gt Far2 0.
tphcefgeabéyr f comdD 0@ nisd 0NS5 (ﬁnd,headgtvgﬂfsf\é&'abﬁy(,‘t gfom 0.9 to

yé emis presented in Tables 1 and 2. Table 1
é‘ sents the relative geonetries of the shaped

SUPPORL gufdkriyeast Bie tdbeSrdR Wil TRt €he Lhaheti &
Tabl e 2 presents the relative

| ess than 28
GeBREELPRE Bfmq%% %%‘éw‘%ﬁﬁﬁq%orf sstegcigr prapested in

havied 1dhageber spild OfpaladRast B ALt 10 SEBhELLies of
reactor tubes can have tube dianeters that range

FOENREABEG PBPRIT B BT Wcarrrﬂqub@s, heyingxdipnetess that
s Thus, chhs babg,di apmier of retéé%t%”%leeEgiS?%gL

tubes of the inventive reactorEJ system can
gergetsictr ofm e nehape@ Isuppansd dog tkact28 hubes having

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
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The | arger reactor tubes can have tube dianeters that
range upwardly to 60 nmor even |larger. Thus, the

tube dianeter of the larger reactor tubes of the

i nventive reactor systemcan be in the range of from

28 mMmmto 60 mm For tube dianmeters in the range of
from28 mmto 60 nn1 in particular when the tube

di anmet er the ratio.qof _the_nonina ut.s

i ameEEFaET RBSRGH fal 1 RARFE HLaRerl oGRS Rebor YRR the
SMBReBE HSapeeber abl in e leagrie 415 frohen . themotbsides mm;
dianeter is in the range of from10.4 mmto 11.6 mm

&F 13 greater than 3.4, in particular at |east 3.6,

when pheieqHtstde, di@r?aﬂldﬂam ithe heangagef otr ﬂﬁbﬁ ﬂ 6 to

nmto 10.6 nm or at ast 2.6, in particular

afige vBETf FBfh oubside Jiaetfren & HE Shes a8 ﬁifreFﬁ?m 8.4 mm

%% iongt hg . range of from8.4 nm to 9.6 nm 14 ~ ~ A ~
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effectively provides for the proper contact tines
within the reaction zone between the feed reactants
and the catal yst systemto give a desired reaction
product. Cenerally, as noted above, the reactor tube
length will exceed 3 mand, preferably, it is in the
range of from3 mto 15 m The full |length of the

reactor tube can be packed with the cata tem
rﬂhepéietﬁc&?rof:upﬁeﬁﬁ‘é‘%?hc%’? be g %ﬁo/ffél} ube can

fo@aﬁ:i&eéiwﬁﬂwﬂa%sc Foal Yak BySpem dontdrer eimynepzr owlitden the
a packed 'béd of the catalyst systen1haV|qg §bé)cata1YSt

dephiomanne hetwesed thepfRetaRcRsERY

g{%%{grﬁ% Ygivd d s rlehe reh@B88nOprodort 3 nedmsmally 1as
. I the normal practice of this |nvent?é)%“? and,

noted alwve, drheofraassoyasbs beRItBiWiie FHR
reafé?él%ﬁ%sheé“lsc%’Hﬁ”t'h%ehgxgs 6EaE§9mS3lm0tEé Rter i athe full

V|ng geonetries scribed herein. Thus
Lypgtial bF thdne:q:mﬁmrd tydne @ant he Pﬁéb@@o‘f’”é‘%s’%%?n Grtalyst

redoni nat el t .50
BuRher et e el 3 EneliafPR oPpenErteRRer fybe can

691‘ bacKeg e riles cmmhlyat ;aarstemutartharebxéa@{ow a

percent. o cked catal yst Db | L CcRORT he 1,
BeLEeR! bl of "G A A LR LRI UL ACRER §S5CA NS Thus,
Rhef Beabdyptiat cdieantcdi pﬁrr e, paatﬁerabi?: pief &s abh ythe
at | east 90 percent. Wen referrlng to the percent of

FREIBaBke OB P tTRteTH R iSeIREScat al yst system it

shal | tpeghe t hetmd NepoF At ixeDioft h@in.boh.ﬁkreﬂuﬁrbﬂ; af major
i ndi vi dual catal yst system particles haying

p@rtcneul of thenecrehdets&Gh i&¢ Héﬁ’@?ﬁlv?or?ﬁst?’ét gystem

Iegligs eaRtiagneHei edhiet
H;E%% %L Eﬁé%%ﬂé%? ﬁdgbggfogteﬁlﬁ anot hergerrbidig?re ries

mhedesetebedn@erﬁlmhe xhu%eﬁnmﬁﬁalﬂwe bhekeached ?ﬁﬁtOf the

t |
PR od S REEL kv e i Mot byt yotom oo ©°

paridenkes chapirhge t tiee p:aatammrsmtmm ﬁ@gdél’sl@r ppegifically
herei n

|k t
€§FFF€ﬁe§e°@8EFé?%e%n h %?m?%gﬁ: &abéd %aﬁg%§% ngﬁéﬁabnt of

R parkgat cdfalyst bed will comprise the spec1flcally
defined catalyst system, but, preferably, at least 85 percent
and, most preferably, at least 90 percent. When referring to
the percent of the packed bed that comprises the catalyst
gystem, it shall mean that the ratic of the total number of
individual catalyst system particles having the particular
dimeneions described herein, to the total number of catalyst
gystem particles contained in the packed bed, multiplied by
100. TIn another embodiment, when referring to the percent of
the packed bed that comprises the catalyst system, it shall
mean that the ratioc 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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anot her enbodi nrent, when referring to the percent of
the packed bed that conprises the catal yst system it
shall nean that the ratio of the weight of the

catal yst systemparticles having the particul ar

di mensi ons described herein, to the weight of all the
catal yst system particles contained in the packed

b tiplied by 100. The _tube packing density of
Rttt [ LBhd et Wiiens FE e trllv ey Fie BeSEAR of the
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olbtad mepbd 16e fprBiesilng WikeHBiBHS 8EQ8RIBE O il to the

i nventive  reactor system Generally, the tube packing
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é%%%% Fhf&sgg 'kgESE?re e ﬂﬂ%e? SWRACKING Seggdity of the
Ecsidalcata lpsedeybnant byd ad@baaN ipdiP it Hee 3Elic 1hyRas

iyag Q gk%gr.lnslde tube dianeters as well as those
HEATY™ EHPE dRSaRG,GtaPeteT (and qrdineBIoPes thase dor
gieddpla,t db@siﬁﬁgkbﬁgtﬂ@n?ﬁwiaﬂahs_&ﬁﬁo%%ama%gg’gglaused to

il ealize t benefits of the invéntion.
& FRekPRGPEENSHPRO%hen the support material is

pr edomioraRinky 1 s+ al-y4i ' , er, cubi
neter or can_bgrg%gg%ggrﬁﬁgﬁ§§%§ggge6@%9E§%5g0£ﬁ§tgFge
BRG*Enen dgneat¥r of hblne 358ckey ferd culn genetrelly be less than

S8 858 ek MR N AL TR Befl 821 Sttt paceo
pabki Agside diameters. Thus, for example, the tube packing
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 a-alumina. For reactor tubes
having larger ingide 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 o-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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Z7 density exceeds 920 kg per cubic neter. The tube
packing density will generally be |l ess than 1200 kg
per cubic nmeter and, nore specifically, less than
1150 kg per cubic neter. Reference is now nade to FIG
1 which depicts the inventive reactor system 10
conprising an elongated tube 12 and a packed bed 14

ontained wt e ated t be 12 El o t
RERSSEYCRuthars 18 HPFE bR Tereps CRfg! ol [Bkciing
gaskdeyt whel dg@ﬂ@fﬂlﬂ(bet h.&ﬁssjeﬂ'ﬂame 1a00eBgt pen cubie meter
wherein is contaln%)ga ked b a react

#5fe THFSnEPRFISECA ié% g@ ReF ub% +%ng%“ﬁer

22 anfetBeenbackstndipe dnakie Q'.Q:ﬂtF@lG’]ed. whiiBhndepects the
reacti on zone has a bed depth 24. Qutside_the

dBpeRtd¥e rRECEPHNHR I tifhEorPr 18d{9c Bt Siﬁnaateg tube 12

%aaaabscﬁsé BEa P téshiasi mfa diteAncatahyhied ﬁraberml
for the purpose of, for exanple, heat exchan

EdonsebeR HREPO}2 dPRA et WAk fvaddpdifatié the @0 gflsiﬂ% tube
RUL-RIZE 1§faaéoin§ he MmN aR0e nMAt Be@ine a reaction

reaction pro el ongated tube 12 further has
aonen| wherabs eadcqmtaxneﬂwmﬁqﬁed-@eﬁbéésté@ﬁ a reaction zone

h
SO BL 90 PELSRE DD, Sl et 0o 520 o
pachedsbed ethgbateinved deltnih ety lrepetdon Bone has a bed
ith .t t thI
Hetrs Ao Bittiet de ] Phg bad Yepelh £ EL 81 CRphPRg tube 22

medsbatkinhbcBepasses bdd mrpstﬂtaweea@tﬁoa ponecatalytic
unconvert ed. Tﬁgical conve si ns of t

t hyl .
BRCE54a10 TE| EDBCPRERPSE (i, T ST Pe; BRgEs SAPRange with

%Q&%%H%t@@kﬂﬁﬁdp§r|@ﬁ@thé}mbdﬁﬁﬂgﬁbdﬁﬂielﬁeaoﬁb&lﬁhd purpose
within the reaction zone is ~ conposed of a bed

Qfppdrre 8¥eaPaPy sheal stashaa Iiddbiac F@@Ct|lﬁnFPé°89Ct The

Eh] RRY 8 eCabAEYSinSY NN 30 HA%tA t9@ReLAll ¥6 into which
hol | MIcy er geonetric configuration with a nom nal

Iaerfgelqist@zk nempnaﬂltm%¢1%ﬁél%n%rﬁ§‘fder°xa’$enaﬁénn8ﬁl agFroduced
S d %‘ht'i ‘i:etggé a{gﬁ% €4 g 3o WJ AP 03RG8 Wichh ﬁ&Baﬁct

|nven person mn appreci ate that the
&xmmasﬂmug ethylene oxide and ethylene can be withdrawn. It

ig noted that the 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 inside or bore
diameter 36, in accordance with this inventiomn.

The skilled person will appreciate that the expression

“cylinder” does not necessarily mean that the hollow cylinder
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"cylinder" does not necessarily nean that the holl ow
cylinder 18 geonetric configuration conprises an
exact cylinder. The expression "cylinder" is meant to
include insignificant deviations froman exact
cylinder. For exanple, the cross- aection of the outer
perineter of the hollow cylinder geonetric
confl uration_perpendi cular_to the cylinder
gEé%s%??fEB%ﬁ?R%?ch OEPT I 7L gep?cﬁﬁ%gl

@x@reZsz.o:/N 5@¥1£J&1&X iig fbatbecdaldcawdeybinpiignificant
geonmetric configuration may be apprOX|natei stra”gpt
SeyiericRe Hrerafe aXeghefBEIACT 1 hd' WoFFRETP ér i Hofer

%%%‘E%ﬁ' SeCORL i QWA iR i ABYe Pt HY MiNBivebyl Cafet ant
ong the axis. Insignificant_ deviations include, for

@eamelsiccaentiguratd orhseReBLRIL Feomeher C¥l Lifryr axis is
%Qb %ggésggglii ﬁ??)ﬁd&ngggbﬂe%' RYidRi¥ted in FIG. 7.
t e- ce

shape I ne two | magi nary exact
@dm,an:hecymad@ﬁ schsf h@ﬂapuacyl,/md:ﬁér gaeregrafetapkiguration
wher eby the | yhi fear £
i"eYy B§F°§ h&ﬁ%@?th% glca I%3§#£§%§§ ?% o e

e muuaw aylima@ar Metmﬁcthmfmmaé:tm oRyt he
' [ t de th '
T 2 o SR op Pl "B 0L A5 By b <

tderiGl-asast 1pe5SdEd) Edr0 ekample S UcdBan sderich eheh anesiste
of the inaglnary outer cylinder is, dee e.the,

RATEEENBE eFIBT CY 1 TToFPBUPT YR T Fitfetoty 38 PRoihaSinary

CtQIHé-%lH E)EBO Bpa&éd (aeﬂméfao ot Bwol {imalg 155 es@eti onakial
Vi ew, en perpendicular to the axis of

he
|<m‘lgm¢@ry% ef| vihgeralin thed sane @h%m%’iﬁ’%&i'dé"ﬁ"ﬁéfep}fe?%‘?
%ﬂete@%fhehéomggiﬂ&@e&naeensﬁiﬁ&prﬂg GYr akhen, 70%, more

I'magi nary outer cylinder 73 and the inmaginary
i tryrsircadylyi mueﬂeazat i liar pprtielakiat deasér §64, wpf | the

ac?ﬂ %'e%l S Eﬁg J.Mye oﬁfcegrhé%fﬂkéi&” GHd ‘Eﬂ@r imaginary

ST c cont T gur aton ma necessari |
emg&mﬂdg:eybmadchoaen suu$.ahas thet et boraf Rppipediameters is

B SioRen PoRbiRle e T anaropieh SRS R tidfigter of che
nﬁmbéhha&wsnbmeedcybindﬁn/lsaﬂgbaedrebabevmha(mutbe diamgeter of

of the ¢ylind If the hore . . :
the hol(ELow cy J.nder geometg:rlc configuration. FIG. 7 depicts

in a cross-secticnal 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.
Ssimilarly, the skilled perscn will appreciate that the
bore of the holliow 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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di anet er changes over the length of the bore, the bore
di aneter is deened to be the |largest dianeter at a
bore end. 19 If the bore does not is not exactly
circular in cross-section, the w dest dinension is
deened to be the bore dianeter. Also, the void space
provi ded by the bore nay be divided over two or nore

\?\E{gﬁe B e %{é%e@glstzi %o@r?é\é%ﬁy‘lciﬁéuﬁaﬁ)oirﬁ%rdﬁé—section,

case aneters of the bores are such ‘that
the widedt afirtemmionr dssdewutd dwabeaFbasbore thinesess Also,

s equal to the cross- sect.io a Y Qor e

he T00a A seviaed Bpaud IRy fEEg, Bt LPIAME Bveg Bwo ox
epbedbobes S, fdhexableve gyl | ngerevgaodet orcs bores, in which
configuration is intended to be _a cylinder, havi

5oPE i HaRea AE. BPe, heres sy grch] PRk B Ay of the
thak st Sci0i JFRNS xRS s0bEt Hige Nedreaivisc phiatleto getteretmcise -
configuration are noni and r.oxi mat.e éince

|
rechdgRabiavRh A& &?ngetlﬁ%res 389§ AR 5Tes 4 e

%%gcggggésgéﬂ%_preci se. It is the unique geonetric
conbi nati on of inside tube dianeter. or éggction zone

di amefar prefereed [RERRSEFERER ¢ ThE MSISiUh SYLANERE geometric
Sc%?l@‘ié{lggt £ giél Siln 28N 3 Ond r@tcgﬁlri‘?lﬂieg'eﬁaviﬁé 4 >re along

unexpected reduction I n pressure op, when in use
are esbiatofecheo qdrinderi.onal systens, without a

S 0N (ANt ARELEASE Lilad Ul RAGHNA SRNSH Yhel AoNEBY
I nstances,” an prefera ?y, the tube packing density |
afy tibgleirnyenieveicr canfiomratitremis rpdaeds angaaPpRarimate,

of, convent ional syste whi | (1 Qv digg fieh-aRes are
i Hﬁ’%:hﬁaﬁr gisﬁ?ggg?%%u%&%ﬂén USE, Angggsent I al
aRABlddemsdiriBpSbeBcabet he catal yst system 30 is the
ratio of nomi nal |l ength 32 to, nomnal qutside . __.
df ametdr i34 £1en 5 1RACAEPBRCT S° GBIk T GerREfde tube
APt AN N 22338t Eahe 0@DAREtSE TH NANBItIE gfecmeeric
catal yst system 30 is the _ratio of the non1QFI .
ARETHRS. Qfisa 9it she3supgorted catalyst system 30 that provides
for the unexpected reduction in pressure drop, when in use
and relative to conventional systems, without a significant
decrease in tube packing demnsity. 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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nom nal inside dianeter 36. Thie dinension is
described in detail above. 20 The relative di mensions
bet ween the catal yst system 30 and el ongated tube 12
are an inportant aspect of the invention; since,
t hese di nensi ons determ ne the tube packing density
and pressure drop characteristics associated with
reactor system 10. This dinmension is .descrihb

ea%@@ Pb v

i.n

det ai TR BLiXRoARBPRFAND OIS 15T & CarAty System 30
Séﬁﬁ% %I‘gn@ggl@)gd rabear ?fgrf O%ﬁtﬁnﬁmam: la:ﬁrrm:tls !dfgs:heFor
a standar mm catalys avi a ow cyl i nder .
GBS ¢ GARCGur Shest dineRey %r‘ilegieaﬁ%‘i@f’e% the fige packing
QA4S ahnd ?)9@5%%&"53’ d§$g%pé&a@@éméﬁdm ddwoiangd with
from7.4 mfmt{o 8.6 nm e length of the cylinder jis .
MRARGTAY PYStem Bt cIhlBedineRpion m@%&%ﬁ%ﬁ% i fiefgil

For use in this invention, the bore dianeter

can be at least 0.1 mmor 0.2 mm and preferably in

the r dmgdhesf wayomfodBLaning Bhe eafakitite §yasest 4§ pY

ff of'%xoe 2d o Qtlseﬁas '?’ngnd' 0N 5i9d . @ ARdpndalhridaP 8 mm
cata yg} avi ng a or ow cylinder geonetric _ .
ceafa ltertatizoning ke holflew didhmder sfomnetaricy|danfaiguradion,

nor mal | 9 but ca in the.ran f .

LS SR B 2Rl BybIaLETPE p AR & b con
CI5d) ihae e ddieye a&@mhof.gf mméa. a.mwmmOf Or'ite rﬂmngctgr :Ldfse.he

in this inventian, e bore djaneter of the standar %

N cHRAgY it n@&ﬁn@éﬁé& 8 ERsPup. iaﬂﬁl?%rl%. SR 2T £rom 744
PeRfes abley vl t o fiR@e inOothi s0imPeht ton | oc1de JooBy diameter

nore preferably from1.25 mmto 3.5 _.nm For
seamdes PUdapfitc&t-d F& Fadi AgME- hw@osaﬁ%#

g@?nﬂéﬁ G SPRt By l@;lt.iso‘ﬁm,t heraubgerdi- ey efrdth ¢/ mm to less
cy

in the range

inder 1s normally 10 nm but can be in the range of
fromp B 4 to 10.6 mm The cylinder length while

gg.r%nan#éﬁl '%?sﬂl?ﬁéﬁ?ﬁ ?ﬁlﬁgp catBeyvERNESy Phg f 4 0B P dlv P li%ider
geometric configuration, the outer diameter of the cylinder
is normally 9 mm but can be in the range of from 8.4 mm to
9.6 mm. The 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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i nvention, the bore dianeter of the standard 10 nmm
catalyst can be at least 0.1 mmor 0.2 nm and
preferably in the range 21 ' of fromO0.5 mMmto 4.0 nm
nore preferably from0.5 mfmmto 3 mm even nore
preferably from0.5 nmto 2.8 mm For a standard 11 mm
catal yst having a hollow cylinder geonetric

conf | e o di anet er cy e

o8 00 0k o OHIE el RRERCbrBEkIBLIV AR £ S ko 3

t om, 1événmmré"r;er@5/ézrartﬂqr ﬂrengnhsmhml tonprdn@akly it nmm

can be_in the r from 10. 4 to 11. For ..

Con Trrehia AT Y i A utn Brkled arnohlov Sylinder

sgaeﬂatﬂldlccsm :?AWfdn t@l@nob.@eﬁt dhemngted. 3f MRSOIcPl hder is
and. prefera in the ran of fromO0.5 mmto 3.5

nﬁ?r%}%yp%feﬁawy 43hRep i taalzgs OfnFrfmcho of mm to

the . Yafhancend rbﬁfn&@} qld@ﬁhsma&em gdbABASI PPS11 i fim dkkh be in
to the manner which th ol | ow cyl i nder support

nhber Fande soﬁa?mracﬂewednm Tive Lhaf umct uFPrRguAet Hadshis
ak BveKOPYA, | thd NG AL ta QfnetabalbySt haURPQREAPANY] afh W alyst

and 1 nclude such standard met hods as extrusion
neiihoh% apdlerst O et gt @r-2ngpesh8dprefemabyy | tn the range

E ?%an r?g;ﬁ:ﬁs@é‘tfté Qi S RN r%@?éﬁh%yt&ﬁ&g 0.5 mm to 2.5

ene OXi manut dct ur'i ng pr ocess
smmll-and t ube heat exchanger 42 which is equipped
with pl react qr ste e n
Flo iR o arl Rl 2 B8, EERTRpCFPESLER, alhensions
gieuged t@gtemehenamém B pihdichl Ith)é hblloi;heyli.:e@@f (Hupport
insertion into

nt t b d f
SHRHETEaL DI Bt IS ® 1BE BRBREREEITiRS Cuetiitan jare

CRAPWHhSiAOtIed haatense mctaqwee RuppoeBangsdra¥tars ol include
44 to the tube side of shell-and-tube heat exchanger

489GR PR ¥ | Bt A% XA 1PReTe Rhafy sand R

cgghgfg@gufﬂﬁéeﬂghhg@gq heat of reaction is renoved by
use of heat transfer fluid such as oil, kerosene or

wat er BREchd i s zRehpmetis reprerentatiga showing generally
sbal Le APHat & De MRl SIS i ndPprocess 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
gystem 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 gide 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 =ide 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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by way of conduit 46 and the heat transfer fluid is
removed fromthe shell of shell-and-tube heat
exchanger 42 through conduit 48. 22 The reaction
product conprising ethyl ene oxide, unreacted

et hyl ene, unreacted oxygen and, optionally, other
reacti on products such as carbon di oxi de and water, is

W t hdr the._r tor _syste b f ,

Shel | T4 7diPIE drRREER, cBNSEERI AL Eonlene, eifidesg
awmlregses sthydepay, alinoeacsgdt exyden Heparast vh=Sylst,edther
52 pr.ovides for the separatio of ., et hyl ene. oxi de and

s B e BB 36 e Phon e vk ey L

A erd et ifaidnd ciled redeRoassyat &h t@fedef USRA T-Gind-tube
égggrate t hese conponents and_is introduced to

r STORTGRS ém 53TEYIRaFoBUED Ml AnE PasgRs to separation
ey e d2 .exigepatizen ohl vid:eansAi '&gi&ééwcﬁﬁecwis%garation

passes from separation system 52 through conduit
V\%‘?S |eé=$*t¥r3rre@§c9é¢&deetaﬁ§| ehbyaame carboni HirRpaapnt i fcarbon

MESEHe A5 $aT ek OManSBRALALE PO SYBI RN R-H réffsaol&ﬂs!%er can be
conduit 58. Separated carbon dioxide passes trom

segndk 419 GePeystentbesehrouppnentrlind 68 1ink qesiuciesh tof

t 18,025 ; Sgkng. .t u i 8 c b .
rée]ﬁ%ved l?gr %%fgg]eggt rgga?ngg h(?% u%%&n% u5|54t' 68&&'_%(191 riched
resftatitign §asidt coabrprssesetlyangh cunbuigast@s drom

; : ya}Qaec i%?x%&%%%%r 52 6 f:'hrc’é\géﬁ te%c?%ci}.gﬁ:m 536?] gﬁ-ﬁi(lr% gggﬁ&citg d

ené and-oxygen~pass C
cxithilese wingh celrbonedyokide) hif qieesdrtat dasgeas Fedm
t Irou h.conduit 62 gnd t he conbiped streamis passed
{TREACPE BERHPES 86r ERECUER SR o bt es StsPagated carbon

diizadiale] @3.sbBkO0 feondbbafdt Wher S drh & 2 ILIGRRAGHE conduit 61.
stream.is charged to the inlet of the tube side of

th@Ererp. aﬁdthgbaa%e’a%ewo%ﬁf’gfé}g ANroNGPa PRGBS PP, can be
Sopsrats 8, S/ SLOI Lo obialal Al ) 1o iuk Bansioing
7% FoF ceéBnBarEed4thgoughy, comuidk £H|te, Usstyowe Zompressor
Eﬁgﬁ;ﬁgfgﬁﬁgﬁgéﬁglg?gsgfﬁﬁﬂgrgﬁﬁ?f@nénéﬂdj&Hy%eﬁagggsgg
through conduit 66 and is combined with the recycle ethylene
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 tc the inlet of the tube side of the shell—and-tube
heat exchanger 42. BAdvantageously, 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 alkanclamine.
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The et hyl ene oxi de produced in the epoxidation process
may be converted into ethylene glycol, an ethyl ene

gl ycol ether or an al kanol am ne. 23 The conversi on
into the ethylene glycol or the ethylene glycol ether
may conprise, for exanple, reacting the ethylene

oxide wth water, suitably using an acidic or a basic

cat al yghe g?ﬁv8?§£§%e+né@”%?%5%é %%%%Sggiga Lé¥’EF%eethY1ene

et hyl ene yco ess
eWRYreheebieédemanycotyer Iemc et widaimpd ef, erehiekdngDtAg ethylene
.phase reaction in

e t in_a liquid .

SEEEsE Gheh™dter) fodurditis feiBd 38056301 5°0, 3 brsite
ackdalpased Bortdeamsle) frAciakifgTioxedbRinaht1$0eHE &hylene
at 1%% kPa aﬁgolut or in_a gas phase reaction_at ,
1907590 S qnteSH 0t % BH- Y50 T/ pFBfefhbyiens oxide may
tbe rabseedewhin da Codml 36l mdlakhexReBROBE! QBLE: WAL & 1iquid
is. lowered  the fr%ggrtlon of ethylene glycol ethers

i REERE FRaTEHT M §fenGss ofnareasdd. chaleehyl enz. 0.5-

ghyoohweéﬁEfﬁriéuﬁti@UQﬂﬁﬁﬁﬂcﬁﬁﬁh@etétgh'f%QSEion mixture, at
tri-ether, tetra-ether or a subsequent ether.

ABPeV fald & ditidy kdPae ahlptoteet bersn naygde phidspafedthyn at

c erting the ethylene oxide with an alcohol, in

partT €40 ot 2% 2480y 48000hBR, aBeetiEe, mrafauAbll in the
ehbaante O ar@MAGY, atrd east §o§8£&igﬂ §£ F2C YOI LT hyered
by the al cohol. The conversion PAtO t he al Kanol am ne

rrg’?e CRRPRI S o e tetiy leriey bdwecdxetbevi t tn avhantemstion

SHE gy al kyl ' L& kyl.am ne,

Aﬁhﬁ%ﬁ%s or aﬁjeeﬁésd 'amk“%l i %Ehpfgf}ﬁ% eg:lLJ éé%i %’ﬁ%ﬁﬁ gtd'éus
apnediced gnay dic @ AL -etdert, otkavether het groalustliean of a

”Q&QQ%%&EHH j Fqr, .net hods a icable _in Lﬁe
conver si on gghg%ﬁyl%%ge%%ﬁgévﬁnEELYﬁ%n%Iﬁ%ﬁﬁﬁ fThers may be
refepanst hpycdwamded ehel ethgxand! 6xilfe Av8453PGlconhol, in

éfﬁﬁé&ialncorjprated hepeén b ﬁeference. Et hyl ene

Yol A et MAEREYgRFEGROke nBRSR 2y BRERARRL 9% efhanol, by
| eepfniarg atty lefasithdugbitabnappl tkaty@ier HPreIRX a0l .
in t fields of, foqd, beverages, tobacco, cosnetics,

€ conversion into the alkanclamine may comprise

reacting ethylene oxide with an amine, such as ammonia, an
alkyl amine or a dialkylamine. Anhydrous or aqueous 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 alkanclamine,
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, ete. Alkanolamines may be used, for

example, in the treating (“sweetening”) of natural gas.
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t her nopl astic polyners, curable resin systens,
detergents, heat transfer systens, etc. Al kanol am nes
may be used, for exanple, in the treating
(~~sweet eni ng") of natural gas. 24 The foll ow ng
exanpl es are intended to illustrate the advantages of
the present invention and are not intended to unduly

l[imt the i ventlon

Exanpl &0F BRLEHT Lo, APt mr % ioEatRe ticed tpstrate the
ewdlvaategebeopremup:eeshrw avrrube packkake #8BSii¥ended to
charaﬁ |stgc§§of the inventive reactor system

?éﬁﬁﬁ?ﬂ?%&ngﬂn§?§FéﬁP Various hol | ow

cg@gmﬁ&e tarriers having different sizes and
geonetrhes were tested in a comrercial |ength reactor
tube oftFt¥ERMBl 8ol RrgTREEh sheditgstiog progediremsed to

i Bbalaate Qhélr@fé’ésuﬂ_@edxrcﬁsa%hﬂr hBQe abklfig>g LnyPe

measure differential pressure rop Ecross the car$ ier
bERBTFTBRL 1 §atkd ref deisiltnyest ivhe reartper spetemaselative to a

dgt ghBL RE - ;ggbf) ar carrier to be tested was
| oaded |ntoathe 5%%%# tube using a standard funne

Ioad|n@arﬁ@%%éﬁolhdwacxiﬂndeercwarlaesghedlﬁ@ dfifﬂfﬁﬂuéslzes
[ t ei harged to the tor tub
e LR SR LR i S N T e I L
atBbg o fVred {1180 g ag)mrraumtsauac;edlmetaﬁeart@ PEM®IAternal
ay] nd ust bI The carrijier bed height
\/\%%grpr%géﬁr eolc11 03;6)5 gm@ﬁisnﬁeﬁ'éﬁﬁyuﬂ/a%o dBR2F R hed
bei ferent tecl p?fmur‘e mbpl eerboadeHe | fhPridie BEAC Gype

hei of the carrler bed, and the

t t he nea ure
ﬁ%@? YerPTofhen arFéﬁEt Bedt vpe, detrrmingd.

packi nlfhéi HNeU1aS Wairks <of AR
defi ned bsﬁ?%e foll ow ng ?ornu Be 9%%%%%ﬁ&é%$%§%§édfinto the

t FRATRRS t3bs ps i @ @Fanéayédfumdth@dxmmmcaMe The

carrier was weighed to determine its mass prior to being
charged to the reactor tube. After 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 carrier 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:

am/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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dis the dianeter of the reactor tube, and h is the

hei ght of the carrier bed contained within the

reactor tube. 25 After the reactor tube was | oaded

with the carrier, it was sealed and pressure tested

at 1.342 MPa (180 peig). The reactor tube was

equi pped with an inlet and an outlet. N trogen gas was

i ntrodueed, into e f e d .reactor tube .
at a pres%r%ﬁ%fég]a cotlﬁqJ %%%6‘*%’/&1?%@%36&1% étch%o?arera]teﬁ:' it
ofagboraldd ahd fprerdurm tteqged gaslibon MP4es180 Bsig) . The

turbul ent._ f.l ow regi ne (Reynolds particle nynber in
e oo (e RS ER AR kMK SRR a5 it Let

" N1 ensgan tgaPhenpneia'odudedhey oRe Sen6t Ldf, tHO Facked
p. 11437 g . differenti al ug’ressure drog {fressure drop).
aEFHSECT e ard & PUsEFUSE PheaPeidbt briifiePaablso peig) .

dedereadiebbyayiras Wil kg siBeehbfit 1848t PASLSER Atta in a
the tupbe outlet pressure. The _inlet and ~outl et

t BRI L W HaPTS ({REYBALGBSPAER ECHE SRUMRRIS Uit X cess of

Theo prass W & R ese vabuat efupeia i twdanu
packed bed. The tube packi ng dléns??i es were cé}:r'%ct ed

f Prengrgna” ik f dideyesrdnSeone Lhdri hET%. mt eridl a
St ot t . " |
(eI itedind GLBR' (BRLEREES Gidhl (ol the carrier

thed b f frdreemeestior ¢abei ers devernined . bFxesgdweridg the tube
Thi | pr nt su ry of the resylts from
u{syll%% t'he SZJSI{? natg]L dg?%‘gegﬁgg 8@@?‘?. b ?%u%('an#kée ¥l and
holtloat teppadenres pifetheofii tongear| g5 2685rd dMBo MaB@Bured.
7..0m_ 8 nm. an 9 mm havi a nom nal

R s R, Vo By Jef oot i kengty of packed
peeked THe @ ube3daihgagbfsit e wdh® ol AMNE R Bmall
t_é],e f%artl culgrs of the carrier dinensions: 9 mm_L/D

LU IPTHGEE ditafdei NET88HMm DR HAF 13} pengltslespgfe the

CH PRI t3 A0 1T, Mh bb8ar o Ore P& UARIAMELAn the
mm ("standard 8 mmi'}
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 2.8% mm
9 mm: L/D = 0.5, bore diameter 3.90 mm
8 mm: L/D = 1.0, bore diameter 3.20 mm (*atandard 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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8 mm L/D=0.5, bore dianeter 3.3Dmm7 mm L/D =
1.0, bore dianeter 2.74 mm 7 mm L/D = 0.5, bore
dianeter 2.75 m 26 6 nm L/D = 1.0, bore dianeter
2.60 mm ("standard 6 ') 6 mm L/D = 0.5, bore
diameter 2.60 mm5 mm L/D = 1.0, bore dianeter 2.40
mm 5 mm L/D = 0.5 bore dianmeter 2.70 nmm Sunmary

d .0 e perce h i.n.pr ssure Jaro acr oss
AR AN S L e A BT 2
pdc kMg Ld@nsi Dy 5; ebate véi dmetdre 2stsand[ﬁ\{ d 8 mmcarrier
ar r nt e is shown, for carrier
S|S§g§ps§2ﬁl er('JIL Pha °§en%%ad'?%:€fro|2 -89 ”E“clrrl er sizes
h&vimmg &dDLEDOr AL | bopé dithrmtdhe [Moessur e drop across
the carrier bed increases. The data presented in FIG
4 does show, however, that in a 39 nm reactor tube,

the | aSgamaﬁyrmagarfdnertﬂélag;ezf&%ta%hh/ngeﬁa&hogrg%%&ré’ drop

provi des g npr oved pressure drop relative
Sz ikt enﬁ?wﬁ’é%%e? Bhghpihe percents chragpbein| tube

ppasrihg Béﬁsi@§uféfhéf4¥nﬂgﬂﬂﬂé g%gndggatbn%mprgggggéeare

descri bed_in Exanpl e for cylin carri
nBRFRENESRA 28 BIGm4 10 Asmisaméiovh, nfowi t:hralenoaiz\@é smaller

LERzraki @O0 or _tube.
t he %a?rﬁgrén%/e?%f gg :F'L %ag)%l'lrg?der 3geb E‘ﬁgfm%a??l gf% Ttrie of
h8F P owFhe yprerruse witdp dicroeme thebonerdeanBaer Sncidases. The
S f ta for the percent,

3595 e%P?%éIg?é;%?br}e &o%m&g%oggofvhegeg?'i’?ﬁr HRRL oy & 39 mm

t T—i@a‘p@l‘: etmlb*'ch armslan’getru e mmpaakirngrdengt t ¥as Q‘u@tﬁ.M‘ﬁ ratio
}g m’ncarr|(35 are gresentedln FI G
da? presen? eadlﬁrlnﬁflo(‘ie PERBRNAR GHeR pertakive tO the

refdamdatm 8 mpreesstired.drop that results fromusing the
ug;icaq_hj i nation of reactor tube and support

_ : r the 9 mmcarrier having a ratio of bore
di anet®iis tBxaH1d da 1 bresents the results from using the

tegting procedure described in Example I for cylinder

carriers 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. BSummary 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 ghow an unexpected
reduction in presasure drop that results from using the unique
combination of reactor tube and support geometry. For the ¢
mm carrier having a ratio of bore diameter -to outside
diameter greater than 0.138 (ratioc 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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di ameter greater than 0.138 (ratio of outside dianeter
to bore dianeter less than 7.2) there is an

i nprovenent in pressure drop, relative to the
standard a mmcarrier tested, 27 and for all the
tested 10 nmand it mmcarrier geonetries there is an
i nprovenent in pressure drop, relative to the

staRdg e he tube packing -

1S F’gﬁlm L‘S\%‘E‘ﬁ% %ﬁs@“s”éﬁm I i e sing, BapreEFies
tm@erpaakrag depso#ementrfﬁéﬁﬁéﬁ%dﬁ% E&%p,SEQQQQEQGStgﬂkhe
C%Erhgard gr ﬁeonetrles in which the ratio of bore i
di-arme t 6 Bt SPEE T ameter is equal or leas than

about A8. 88r (&1 itupef pauksheegsh B!

drangé%n%at | east, 2. 6) andg for th Eﬁ%ogﬁngﬂgf?Y%ﬂent {8 seen

i | QR FHPetPﬁﬁkxﬂﬂnﬁﬁnﬂlesehavr$@ﬁtnvennoothe
Ofstbﬁﬁﬁrd“ Eﬁrfﬁﬁ HarrQePut 8hd egtgcﬁr@ég’il %sa i8f wﬁﬂ%’l‘?l tl'bé r:Jg% 1% of

an about 0. 28 (ratro of out net er
d Shet SHamptal do ouialde 4iiggedfent dsl pamell eastess &h.an about

Foragt peadils AR %rtrsgﬁé ?i%ﬁgtoe\éeq_% %a‘::]g%%rge}ee#%% na§| ﬁ.east 2.6)

the pressure drop packi ng
t fedgebrmettiheed 0 oot edq:rle:h,atan dmptroremaht oi Ofsedii Fodethe

e reater . th
ChadRier & PRgIAIELEL O podl BRLELLIAL G cs oianaten
usF neaudle oxt dstsienghpn oateslur e) d:es qrrabed cbfl cEMMee d'.lameter to

f
(Sord N AL LB e IS D 4 brfoEhblis ot 1556F 3.8) . For

pabkerﬂ|mm(mairiérnﬂimgiﬁﬁéMéﬂﬂébare g@éhFEHth¥ﬂ @EéngFessure
e carrr di nensi ons_ have been sEec

| T PR ity §aPacring (densgidec érr @ %n@l@. Qerpﬁrﬁt@,fgsar pested,

dtlw: ACEASS Kheisass il
i n_tybe §$@Fk gldenslt;:rSEE??gggggrt e stanggggggér ot
s

HT TR ented in FIG 6. As is shown, for the
S ramsingd ﬁbrnn carrier sizes an inprovenent in
pressure rop is observed and for the 7 mmcarrier

havi ngFTH [Er@mglel 1Y apepaptovenentesults from using the

testing procedure described in Example I for nominal carrier

gizes 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 cbserved 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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I npr ovenent

when
di aneter.

OXI %rg&ﬁ%&%‘p‘f]e = UI

Packi ngn{ensd

(Iba/ft3) ASTM Attrition Losa

uration hbn1na | ze

mm 1. 02

%&ﬁghmmﬂjwma,

Table 3.

carriers described in Exanples Il1-1Vis

u 0 |n silver,
%a'ramgsfé—ckg 3 % MO&he%tclhé Cgl‘l‘l er.
conprlEaQ@ efhwhewuanrméraxﬁge&ruﬁeﬁhEﬁ EREGPLéSdI M IV is
Ie conditigns to f
SFAr BRa PRI VR ipPest

|aibvaatcma1:3®§mefdmptgat1h@ theopakt-ies . ang ﬂ@@dreétm-é‘am
carriers

conflguratloqagf t he tg% X§pes of [

PRYSER LA Fhen ﬁ%w%ﬂ gfitdt the
t het shyet Yot Sods: AAKC Idobad tiBnEXaBPES Y| éth}(rféne HeRle
3). le 3. Properties of Carriers Carrier
aﬁﬁﬁﬂggiﬁﬁies Wat er Absor ption,

128¢3 ﬁéé%é@té7§%f6%§ %li%k

to form a
A feed stream

pressure drop is observed. Wth selected carriers, an
in pressure drop can be achi eved, w thout
decreasi ng the tube packi ng density,
increasing the ratio of outside dianeter to bore
28 Exanple V (hypothetical) Each of the

i npr egnat ed
silver

in particular

ﬁrn1ethlene
Y’%I‘ ’ form a

C Carrier

~ 46.5 50.4 Bulk

£ies

1.02

Properties of Carriers

Ave
FPERPETtHes @nds Heometyixn configorasfon)of StheetgohEyples of

(dbf)iesyr face., Arggrrf@f% Oazlé gv

lnaéthe

o e

RIEPIRaTGl, cRahie, caﬁaﬂ?&t&Sa& GebeBilbed QirnmBaapleNVIT,

Carrier C

Carrier D

Properties

Water Absorption, % 46.5 50.4

Bulk Packlng Dens;ty, B43 (52.7) 788 (49.2)
kg/m® (lbs/ft?)

ASTM Attrition Loss, % 14.7‘ 16.5

Average Flat Plate Crush 130 (29.3) 180 (40.4)
Strength, N (lbf)

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-B.6

Diameter, mm 8.6 8.6

Bore Diameter, mm 1.02 1.02

Ratio Length/Outside Diameter 0.90 0.50

Example VII

This Example VII describes the preparation of catalysts

which can be employed in the present invention.
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Rati o Length/Qutside D aneter 0.90 0.90 Exanple VII

This Exanple VII describes the preparation of

catal ysts which can be enployed in the present

i nvention. 29 Catalyst C. Catalyst C prepared by

I mpregnation of Carrier C using the nethods known

fromUS- A-4766105, which US patent is incorporated
y~teference. The final Catalyst C conposition

EQEQ%Q g Sg, 460 ppm Cs/g catalyst, 1.5 mle Re/g

cat al gstalPsF5C mptepares dat amgpytegnéﬁélOEtsc’ﬁoFérﬁ?@ C using

¢aL a!nzééh?dgaﬁ&w&tf%m T8l Uole 2043 wRLERAGE dph Bkl

|npregna ron’s he Tirst impregnation the

&abbrpbrmasdlh@regmanedﬂmaﬁenwe si Mher £doplt Fahalyst C

according to the procedure for catalyst

Fﬁa'POﬁétéI@Baﬁ?% r&% Astredt &% PEFE &/ Bvsf"‘t%?’ﬁ[ér ofﬁ)' 5 pmole

fter t he t r al e r
SSABLoRER MBbr ol Teuryte o CeEATRE" ¥pa BorameserLa/s
catallyst. precursor was then inpregnated with a
sol u |on whi ch contained silver and the dopanta. The

' Qlyst D conposition was 27.3 Ag, 550 ppm

Cs/g c:atahyst D2wés rmb@pam gmamd Vetoregnéfinol etépyg. In
catal yst, and 12 np|e LJ/% cata St. Catalgst E; with a
CRealfysetEIMRESERRPIPR 1N 3T 5D Magh ATPERISRERT,

aGaQkd RY1ueibAe Qééﬁiﬁﬁﬁgfﬁﬁﬂﬂhéf ﬁdﬁédﬁ&éaﬁpxtcﬁtalyst C,
except that t he tungst en conpoun present in

fexcept thsiregRalrBAntd | YR DRIGR Jébl vga:saaugwn

| u i@ic‘éﬁﬁaﬁiﬂté
gg%bOSI gﬁgﬁagﬁg £%Q@itxa%é%F pp n1ca/§%§é55f§§fsor

4
roind aavegl @ppapysmat@lzﬁolwié% \Wig vesat alTjer drafd gatalyst
rn%é%df %% cakak¥sk- %B%%ééiggé $IMEN 1N RABDERR ch

dESETS terns
contained 511ver and the dopanta. The final Catalyst D

composition was 27.3% Ag, 550 ppm Cs/g catalyst, 2.4 umole

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

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

While thig 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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" presently preferred enbodi nent, reasonable variations
and nodifications are possible by those skilled in
the art. Such wvariations and nodifications are within
the scope of the described invention and the appended
claim 30 CL Al MS 1. Areactor system conprising:
an el ongated tube havithd: & rTedctd on zone defined by a
tube length and a tube dianeter, the tube dianeter
being at | east 28 mm wherein contained within the

1reamimm systampaopedibefigef shaped support
mat eri al ; iv\,herel n hge haged suggort mat eri al has
a holl O\ﬁrt igacedel Fr Bt RghrAFFHR &P Red by

définadimiala |tﬁ.ﬂ:@t hengthoBhAak eubei deaflef8E} efhantulve
nom nal _ inside dianeter such that the ratjo of the

Ay Jeing Rt legstneensmy nihesain; dentraned ayitiin g

tﬁé‘erééé&forpfch:{eoms Q Pakfed bRAUcFULhABEA SHGHpLbAt the
ratio of the nom nal “outside dianmeter to the nom nal

mater il diaif tdiereite bhs shapedagurpastr aeaverial thre a
t t
nbihey U AR, (ol dL! Sollfs ol-aER0R abfundy 0F 4 R10C
n‘é‘?#ﬁ#ﬂdé‘rengtél:d@emiﬂél pn@lsmde émaneﬁemamloﬂsn@mml
G affarftl d Rt B étt RRe QUESLASEPERENE rﬁ‘:[n th

chfln der 1s p03|t|one N an |rrag|narytu ape
tepeke mRekinedd dytside dncagtpnarylsexactheoaa(nI% of from

| .
oY (0 il Rl Sy GHOTRRE thl, EifLo! R RS o Y
ocuteideradfianater tcethey h‘pmdaa;t itheidendiametyer csadertls s

2% € %&P?FHES%“%@ Qethﬂ algﬁe{:ﬁﬁ' %o thé“&iﬁ?éf o

st est possi b an anet er
diwmqmaris gt erhecwamgeepfl Erdmefretiot $0beon Hehaut er

é’{@é té}&d“%ﬁo‘é’e%' '“EQEEI@SWEEL' semed to

onf i guratl react Systemas ' c In
md:lmtdﬁ Bugtucletilzdtionse A rphe apuesade dyhlmdesr tlsat rthehe
oﬁéﬁ%ﬁ%‘ﬂegfﬁgger of the cylinder is positioned in an

imaginary tube-shaped space defined by two imaginary

exact coaxial cylinders whereby the diameter of the
imaginary inner cylinder is at least 70 percent of the
diameter of the imaginary outer cylinder, the imaginary
cylinders are chosen such that the ratioc of their
diameters is the closest possible tc 1, and the diametexr
of the imaginary outer cylinder is deemed to be the outer
diameter of the hollow cylinder geometric configuration.
2. A reactor system as claimed in claim 1, such that

when the outside diameter is in the range of from
7.4 mm to 8.6 mm, the inside diameter is in the range of
from 0.1 mm to less than 3 mm, in particular from 0.5 mm
to less than 3 mm;

when the outside diameter is in the range of from

8.4 mm to 8.6 mm, the inside diameter is in the range of
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7.4 mmto 8.6 nmm the inside dianmeter is in the range
of from0.1 mmto less than 3 nm in particular from
0.5 nmm to less than 3 nm when the outside dianmeter

isin the range of from 8.4 mmto 9.6 nmm the inside
diameter is in the range of 31 AMENDED SHEET from 0.1

£700 ©013mm B8 21 8 Ral LS WAt {600 5-diNd.& b to™. 5

when the outside dianmeter is in the range of from 9.4
mmym to 10.6 mm the inside dianeter is in the range of

7Ol I L8448 ) sl AA1{d Gl And AL BBl
4.0 nim "and mﬁen The out 81 de diameter isn the range
9.aff mhr co 10064mmn the linSidendidmetiarsiide idi &het ance of

the range _of fromO.1 mmdto. 3. i ' r
EHPO ARG B 4- D i Rt Gtk B (P e s 0
me;ORA Si ng: an el ongated tube having a reaction zone

defined b a tube lepgth and, a tu di_ anet er

t ub é"’T’G’F‘a ﬁé‘Fe Pugﬁéﬁﬁgg%\%m?'é%’é t+% 8“h%%?/\hxéafr§en %o :ﬁ}%mn ed
10M4 ffﬂnﬂtbhﬁl.ﬁ_e‘ﬁﬁti aneéﬂﬂmgide_@im@dh d i:mgliroftksdqamxge

support material; _an erein t S ed s Qrt
°frr£ré1"} R-1hEQ 5°h31- Potim- CWiﬂﬂ’é'fl‘a-gJo%?%%“ ¢ m to

3 0PRir.guration defined by a nonminal |ength, a nom nal

outside dianeter and a nofm pal inside dianeter such
3t hat® MFESERE §YSFSMMECTBRT ALt engt h to the noni na

oat Srd @ 1dingyaRk ; bﬁr tibel Ha}rhﬁgfﬂfléﬁa@iiéﬂ oo HdMinsd dyd
the ratio the no na,outS| e I amet.er 0 the

a ke denBE aBoAnGEPE, GLABeTHeS the ures Alaaler
pe@ildt 1eaRd D@ W’ whdeBihhadntdendd@twicinin tite t ube

di aneter to the nom nal_ outside diﬂgeter is in.the
rQ%ﬁﬁﬁgqﬂchpoﬁgzat@acfed 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
outgide diameter is in the range of from €.5 to 2, and

the ratio of the nominal ocutside diameter to the
nominal inside diameter provides a positive test result,
and further such that the ratic of the tube diameter to
the nominal outside diameter is in the range of from 2 to
10;

wherein “positive test result” is defined by a
decrease of the quotient of a numerical value of the
pressure drop per unit length of the packed bed and a
numerical value of the packing density, which numerical
values are obtained by testing the packed bed in a
turbulent flow of nitrogen gas at a pressure of 1.136 MPa
(150 psig), relative to a comparison guotient of

numerical values obtained in an identical manner, except
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wherein "positive test result” is defined by a
decrease of the quotient of a nunerical value of the
pressure drop per unit length of the packed bed and a
nunerical value of the packing density, which
nunerical val ues are obtained by testing the packed

t ?t é}%?’glo&éur byl ngndfelro egme Itro el%r!fl Sra%tlo% prfe%%lére

o psig re conparison
s o t sigpioraf mal&lem‘&b.llc ak dafuﬂeddbz.t & nevhiralaputesinds cal

T RO I o AR R B

aﬂ@taerraahd sfdehenadmbyiad Dengtial toulte deonididineharside
: om nal inside dianmeter of 3.2 mm and a
d%%ﬁ?%??ﬂ° Hé nominal Iength to the noninal outside

di agy etrheofunaer@&ahagngnaﬁaﬁt edli fent hady tiieidrer ms
"cyl i nder" |s deened to . in¢lude_ such deV|at|on%_from

degimed #Q idAlugge Fuchn dEVERBLIGNE SF TR F8 i8S

tBt | 1L loutB1BRS bRt er BF afhé NBEl fvalal tih q:c&fi&ﬁ.%i:ed
space, defined by two_ inmaginary exact coaxial

iR\AR A DRRYr EbperrbagrdanBreee Aefingd iBadiWoary i nner
ilﬁé(éirﬂﬂ:%f dracd! dbgadb17ByRehaer: Rlerdie iHaBlflet®r of

he imagi nary outer cylinder, the imaginary cylinders
tla% L AHRRTYs damerh Sy 1ERESF al f Rbf leasie| 1O RSFRAT ©F s

choCatdies! d0tsieblifabinkry 0k iRy it ererd the

I magi nary outer cylin i'S deened to be the outer
impgiRagr ol ingergo BrenwcEpPERdencly doalt rfhe ratio of

c RO | BRI % tﬁer %%!agét dfxééaefmaé 3 ai eghd ey ai m

3, wherein the hollow cylin ﬁﬁgnetrlc
diprigfucd ithe iinagdpprydouset ey hirdends dearad thbe

thO By QliletederdictTRher nbP1ok NGy THaNAlgdimdtds o
di aneter exceeds 2.7. 5. A reactor systen1as cl ai ned

CPREEGHFRFLB-ai ms 1-4, wher ei

4. A reactor system as claimed in claim 3, wherein
the hollow cylinder geometric configuration is definéd
such that the ratio of the nominal outside diameter to
the nominal inaside diameter exceeds 2.7.

5. A reactor system as claimed in any of claims 1-4,
wherein

the tube diameter is in the range of from 28 mm to
60 mm, and . : |

the ratio of the nominal cutside diameter to the
nominal inside diameter is

at least 4.5, when the outside diameter is in the
range of from 10.4 mm to 11.6 rrim; or

greater than 3.4, when the outside diameter is in the
range of from 9.4 mm to 10.6 mm; or

at least 2.6, when the outside diameter is in the

range of from 8.4 mm to 9.6 mm.

33
AMENDED SHEET




the tube dianeter is in the range of from28 nmto .
60 nm and the ratio of the nom nal outside dianeter
to the nomnal inside dianeter is at |east 4.5, when
the outside dianeter is in the range of from 10.4 mm
to 11.6 nm or greater than 3.4, vvhenthe out si de

diameter isinthe range of_ from.9. mmto 10.6
6 or PafFeRELeY SYBLEMNRA ‘Efl%i"&ﬁﬁ sllndé’léllﬁ‘nrét eP’hF%”er‘Lﬁ Fﬂm

rd3W O hEl 8h8nd) NBuEfi & QiRetd tOMVENPERoRLEET 6. A
reactor systemas clained in claim5, wherein the

ingide, ddeMERBT Nd&i nal outsi de di ameter to the noninal
I nsige 1@h§fre4 & 'vﬁ'lé'H theashrdide ddhsRebheiguisi dse

diameter is in the range of from10.4 mmto 11.6 nmm
rance efsEromelo vham theldubsMie di aneter is in the

rangg QEaEEOg‘eg %\/&?Hn %hlgu@s:[ﬁg AlareletNesl 2A0EROT

from2.6 to e outside diameter is in the
rarmg@fofr@mo?néem P 1@.9. 8 nAY 7. A reactor system as

cl aigednk e aile e oA"S & Bo 710U e biibide

di aneter is out A react or syst em as
dx:amtmdlanirargha)fra;igm e frgm 8. thowetn Ph€ TRAsi de

7d' ;}:?‘I%SE e8F 4 I?'FB‘ESJEP'A Wlﬁﬂ\%&‘?( arfFQFeLiLEme 1-

uratio east 9. "Areactor system
Wia%remlﬁathedtmbe athamsfter] dengbaute 39 wiverein the ratio of

g hory naly 9&&8 n%sgt%* ad;gE éﬁmgd ofl BeheRe i apet er

|S|nt era 10 A react or
wheraisnthe en%\ida%dha;m@em nfgthw\ﬁ‘@rlém eéindey o of

gdBRak 88hBi et £ Q?P 01@&5& g;g|5 ipsi de di aneter

I's 1n the range of 3t02 11" A reactor
9systpeme@§t@hi‘aﬁﬁ‘§§emnaan91®$m%d dinmgny- p§ claims 1-8,

wherein the ratio of nominal outside diameter to nominal
inside diameter ies in the range of from 3.0 to 500.

10. A reactor system as claimed in claim 9, wherein the
ratic of nominal ocutside diameter to nominal inside
diameter is in the range of from 3.3 to 250.

11. A reactor system as claimed in any of c¢laims 1-10,
wherein the tube length is in the range of from 3 to

15 meters. .
12. A reactor system as claimed in any of claims 1-11,
wherein at least 50 percent of the packed bed comprises
the ghaped support material.

13. A reactor system as claimed in any of claims 1-12,
wherein the ratio of the tube diameter to the nominal
outside diameter in the range of from 2.5 to 7.5.

14. A reactor system as claimed in claim 13, wherein the
ratio of the tube diameter to the nominal ocutside
diameter in the range of from 3 to 7.

15. A reactor system as claimed in any of claims 1-14,

wherein the shaped support material comprises
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wherein the tube length is in the range of from3 to
15 neters. 12. A reactor systemas clainmed in any of
claims 1-11, . wherein at |east 50 percent of the
packed bed conprises the shaped support material. 13.
A reactor systemas clained in any of,clains 1-12,

IRl RahBey! 81 pRa 081 ikend Unfdli e tiicked Hed By gal
outsi de dianeter in the range of from2.5 to 7.5. 14.
ke peckingyderaity greatrm Ghare | dnkes pexherbiie mhter.

At @ ebabbert BPe-dhagBt &fa {id Ng, Qgﬂ} ']3_3? c%gu'.ﬁ\isdﬁ—ls,

dianmeter in the range of from3 to react or
whieredm hBecPRrRed PUPRENE olatmxdials supppriayvaecatalyhic
edqgupport material conprises 34 AMENDED SHEET
prédom nantly al pha-al um na, and the packed bed has a
YubeApuekthgr devisten g cataimeadham H@ikg 1§er whelredn the

1 t stem clainmed in any of
"Ic%taalﬁ#:‘s:li- '(Iig'}]ﬁbé%gge‘?%mlﬁjéses%a%éd’ “Fupport mat e)r/i al
HBuppédr progesat byt nanufanponany ethizleher exdtiler, sgpiem
E%cglsgi gglq%l_ysgégi m 16, wherein the catalytic

n

compone onpfrses silver. 18. A process for
manupzoviding at hyhener osyghmmn s dlyimedein edEphi $6Sor

oy di a act or _system.as .cl ai ned .i laim 16 qr
l?’[/, %g?g{‘ nt%%eefb?%%@%?éotm&%as ah ]f‘ﬁ %t %F‘glﬁeeﬁadand
anoutaatotbetehdpe end; introducing into the inlet
t ube, f eedstock ..conpr.i sing.ethyl.ene_and oxygen;
ona HERARAGERS HES, vie it B, Shaba” 22R0aloe,
qempai el ng cephybeng @idydeeroXiadel and unconverted
it&hy&ggﬁg{%&%ﬁ%yfirg‘%'tﬁe PN CCIRC - o TR
product comprising ethylene oxide and unconverted
ethylene, if any.
18. A process as claimed in claim 18, wherein the
reaction zone is maintained under suitable ethylene

oxidative reaction 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.

20. A method of using ethylene oxide foxr 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 18 or 19.
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reaction zone is nmai ntai ned under suitable ethylene

oxi dative reaction conditions including a tenperature

in the range of from 150C to 400C and a pressure is in

the range of fromO IS MPa to 3 MPs. 20. A nethod of

usi ng et hyl ene oxide for naking et hyl ene glycol, an

et hyl ene glycol ether or an 1, 2-al kanol am ne
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support ed haped support material which has a
dfﬁﬁgﬁﬁg %ﬁﬁﬁlﬁhﬁi geometric configuration defined by a

nomi gl rdtSRYIJE the QibnialaloUewigdt: dicandiee noniitiad
nonlnal inside dianeter such that the rat of the
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nom nal outside diameter to the nom nal inside
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