PF 0000055268/ Kg "as originally filed" Process and apparatus for the

conti nuous preparation of a chem cal - conpound Description The present

i nvention r &F088035268/Ky ocess for the continuous preparation of a chem cal
conpound, wherein a specially designed shell-and-tube reactor is used in at
Teast one reactor used for the preparatjon of this conpound. The present
invention |ikewi se relates to an apparatus for the continuous preparation of
a chem cal ‘gonpound, reﬁf &E;s apparatus conprises at | east one of these
speci al | y desafr(dlEHaal €0be reactors, and optionally at |east one
separation device. In nunerous chem cal processes in which at |east one
conpound is prepared, at |east one of the reactions which |eads from at

| east one stPaptaesngamdit appadatuso fohi the continund ipseparatioar of cai chexaical e.
Particul arl ¥0%%ﬂn{ieacti ons are carried out on a pilot plant scale or
industrial scale, this results in the problemof quickly and efficiently
renovi ng the heat generated during this reaction. One type of construction
of chem cal FLaGHRIS Which is used particularly to achieve good heat
renoval is the so-called shell-and-tube reactor. In such a reactor, straight
parallel internal tubes are present in the interior of a cylindrical shell
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tubes of tHevigsually vertical shell-and-tube reactors is in nost cases from
the bottom upward. However, the flow fromthe top downward is al so

concei vabl e. PF 0000055268/ Kg -2 Transverse flow of the coolant onto the
interior tudadumesouseehentient miogessesdnviaigh at least one compound is prepared, at

least one of the reactions which leads from at least one starting material to this
compound is exothermic in nature. Particularly when reactions are carried out on a
pilot plant scale or industrial scale, this results in the problem of quickly and
efficiently removing the heat generated during this reaction.

One type of construction of chemical reactors which is used particularly to achieve
good heat removal is the so-called sheil-and-tube reactor. In such a reactor, straight
parallel internal tubes are present in the interior of a cylindrical shell and are
welded into a lower tube plate and an upper tube plate. The reaction solution flows
through the internal tubes, wherein a product which is present in the output from
the reactor is formed from a starting material which is present in the inflowing
reaction solution during passage of the reaction solution through the tubes. As a
rule, a cooling medium flows through the outer region bounded by the tube plates,
the inside of the cylindrical shell and the outsides of the internal tubes and carties
away the heat which is evolved during the reaction and is conducted from the
- internal tubes through the walls of the internal tubes. The flow through the tubes of
the usually vertical shell-and-tube reactors is in most cases from the bottom

upward. However, the flow from the top downward is also conceivable.



over the course of time. In the known shell-and-tube reactors, this is
achieved to sone extent by installation of deflection plates. These

def | ecti on PF&E8053268&y act as baffles, make the cooling nediumflowin a
meandering fashion through the outer region. A disadvantage of this

W despread construction is the nonunifogmdistribution of the flow The use
of the deflection plates results on the one hand in formation of regions in
whi ch the cooling mediumflows very fast and very good heat transfer can be
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these are nOPRREERabl e due to safety-rel ated considerations. Optl m zation
of the flow behaV| or could be achieved, for exanple, by increasing the
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t he continuous _preparation of a chem ca oun in-at l'east one reactor,
wherein at IM@BHeriSPEOLT the reactors is a shell-and-tube reactor which has
an outer tube as shell and at | east one internal tube |located within the
shel |, wherej | east one aof the mgqrnal tubes _has, at l|east in part, a
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i nterior at peaks may occur, and that these are not acceptable due to safety- rclatcd
considerations.

Optimization of the flow behavior could be achieved, for example, by increasing
the number of deflection plates. However, this inevitably leads to an increase in the
pressure drop in the cooling medium, which has an adverse effect on the pumping
capacity of the pumps which are normally used to make the cooling medium flow
through the outer region.

One of the objectives of the present invention is therefore to provide a process for
the continuous preparation of a chemical compound, which does not have these
disadvantages.

The present invention accordingly relates to a process for the continuous
preparation of a chemical compound in at least one reactor, wherein at least one of
the reactors is a shell-and-tube reactor which has an outer tube as shell and at least
one internal tube located within the shell, wherein at least one of the internal tubes
has, at least in part, a noncircular cross section and a helical configuration in the
region in which it is surrounded by the shell.



| east one internal tube, preferably several internal tubes, is/are |ocated.
“The term "tube having a helical configuration" as used in the context of the
present i NPECOOOBSI2BRACS quite generally to a tw sted tube. Accordingly,
the term"tube having a helical configuration” conprises an enbodi nent
according to which the at |east one ingernal tube having the noncircular
cross section is twisted around at |east one linear axis. The termlikew se
conprises an enbodinent in which this at |east one axis is nonlinear, at

| east in pafltie tate “shelimnddobe dianih’y anbscl mohpchelest o htheepmdt myretigm whi ch

the at | eastref@f&%%f@é‘ct&ﬁ"dvﬁ&ﬁﬂgé&ﬂlﬁh@ fle El&é“le(ﬁf an??eém?{rﬂﬁ mf’é?lo@rat | east

partly nonlinear axis I's woung around | east i near or at
| east part | yeaopfciineael Hihespfeﬁqﬁ@zblﬁls‘é‘?éﬂtlmﬁm?bﬁlb%r\S/%Hﬂsl@C*’&%pr| ses

enbodi nents in which the at | east one internal tube has a noncircul ar cross
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in the tube Repafly nBakidaPRxigOl ution flows through it. The present invention
al so conprises enbodi nents, wherein the at | east one internal tube has a
nonci rcul ar cross section and a helical configuration in at |east one
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different cross sections” refers to cross sections which have the same geometry and

different areas or different geometries and the same or different areas.

If, in the context of the present invention, an internal, helically formed tube has
two or more cross sections being different from each other, the transitions from a
region of the tube having one cross section to another region of the tube having a
different cross section can be continuous and thus without edges or can be
discontinuous. These transitions are preferably made continuous so as to produce
no dead zones in the tube when a reaction solution flows through it.

The present invention also comprises embodiments, wherein the at least one
internal tube has a noncircular cross section and a helical configuration in at least
~ one section surrounded by the shell and a circular cross section or a noncircular
cross section and a configuration other than a helical configuration in at least one
other section. In this case, the noncircular cross section in the at least one region
which does not have a helical configuration and the noncircular cross section in the



Furthernore, the present invention also conprises enbodinents in which the
-at | east one internal tube has two or nore different helical sections
having a n®RA0DBOSE68MEmHSss section. These sections can either have a
continuous or discontinuous, preferably continuous, transition between them
br can be separated fromone another by_at |east one section having a
nonhelical circular or noncircular cross section, wherein the transitions
are continuous or discontinuous, preferably continuous. In the context of

t he present af ppgineneoregionheaving mbekica copbigiratien capbe ideagiealdagr difergps t o
sections wWhiggh gihd fiihden the length of the tube, which has a helica
configuration in the respective section and/or in the length of the at |east
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cross section an confiquration_ in at one sectjon,” wherein
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noncircular cross section and a helical configuration. The present invention
accordingly comprises an embodiment in which all the internal tubes located
within the shell have a noncircular cross section and a helical configuration in at
least one section, wherein the internal tubes can be identical or different from one
another in this case. If the tubes are different from one another, they can differ, for
example, in the number of helical and/or nonhelically formed regions having a
circular or noncircular cross section and/or in the length of the tube in the helical
and/or nonhelically formed regions and/or in the number of helical turns in the
respective sections and/or the arrangement of the helical sections relative to the
shell and/or in the cross-sectional areas of the helical and/or nonbelically formed
regions having a circular or noncircular cross section or in the cross-sectional
geometries of the helical or nonhelical regions having a noncircular cross section
N and/or in the position and/or number of the axes around which the internal tube is
twisted in the respective helically formed section with a circular or noncircular

Cross section.



in at | east one section has a noncircular cross section and a helical
configuration and at |east one internal tube does not have a heli cal

confi gur at i &F G000@5H26RAEE of it or has a circular cross section in each
regi on present which has a helical configuration. According to a preferred
enbodi nent of the present invention, al4._the internal tubes |ocated within
the shell have at |east one section which is surrounded by the shell and
has a helical configuration and a noncircul ar cross section. Mre

pref er abl y, Tae|preseat ingeattondikepisseconisas eaboditents, pihereirhal leasioge duhwent i al |y
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Essentially aﬁllll!ég sui.t abl e geonetries are possible for the noncircular cross
section of CPHEEHRIS%al regions of the tube. Possible cross-sectional
geonetries are shown by way of exanple in figures 2a to 2g. Particularly

preferabl y af&oldnd 1l 3 SRALEH BT RMRCE! 0 FeaRE Pilnlign | 1 hOYiERP2 Lo
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opposi te st mafgrblysialletheaintermltubes lpcalep pwishin che sheld ast gesentially fofalbhown by
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of the reactanditehtil tiliecRBfingd @ nbhcircmle rores3| seQuiP@HitH. haf the sdIds b€ométryeedom i n

respect of th reci se confl i.on | ikew se applies to all turther
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areas shown . gur as t 1N fl.gur b PE O 268/ Kg
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preference ig,;bM&AmpR: in figures 2a to 2g.

Particularly preferably are in this context cross sections according to figures 2a to
2¢.

The present invention accordingly relates to a process as described above, wherein
the noncircular cross section has both mutvally opposite straight sides and
mutually opposite round sides or has the shape of an oval or the shape of an ellipse.

In case the cross section has both mutually opposite straight sides and mutually
opposite round sides, as is shown by way of example in figure 2a, the length of the
straight sides or the shape of the mutually opposite round sides or the cross-
sectional area can in principle be chosen at will and, in particular, adapted to the
requirements of the reaction for preparing the chemical compound. This basic
freedom in respect of the precise configuration likewise applies to all further
conceivable cross-sectional geometries and cross-sectional areas, in particular the
preferred cross-sectional geometries and cross-sectional areas shown in figures 2b
to 2g or in figures 2b and 2c.



enbodi nents, wherein the helix has a noncircular cross section in the region
*surrounded by the shell of from1l to 2000, nore preferably from1 to 1000,
nore pref ePRHIOPODTSAOBIKg 0 750, nore preferably from2 to 500, nore
preferably from5 to 400, nore preferably from10 to 300 and in particul ar
from20 to 250, conplete turns. The prgsent invention accordingly provides
a process as descri bed above, wherein the helix has from1l to 2000 conpl ete
turns in the region surrounded by the shell. As alreadé descri bed above, the
C
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this ability,of working within thenselves and, for exanple, to tw st

further or to expand further, and are accordingly subjected to increased
mechani cal stress and greater tension, respectively, conpared to the tw sted
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The present seetinfs)iofanantemabiiuhgl y provi des a process as ‘descri bed above,

wherein from1 to 20 000 internal tubes having a noncircular cross section

are located in a helical configuration within the shell.
When the internal tubes having a helical configuration are used, an advantage

which, inter alia, has to be mentioned is that a twisted tube is able to expand or
contract under thermal stress. Straight tubes which are used according to the prior
art in shell-and-tube reactors for the continuous preparation of a chemical
compound do not have this ability of working within themselves and, for example,
to twist further or to expand further, and are accordingly subjected to increased
mechanical stress and greater tension, respectively, compared to the twisted tubes

used according to the invention.

The number of internal tubes can essentially be chosen at will and can, for
example, be adapted to the type of the chemical reaction, the desired reaction
parameters such as temperature and/or pressure and/or the desired conversions

and/or selectivities.

In general, embodiments are preferred, wherein from 1 to 20 000, preferably from

- 10 to 10 000, more preferably from 100 to 8000, more preferably from 1000 to
7000 and particularly preferably from 3000 to 6500 or from 3000 to 6000, internal
tubes having a noncircular cross section are located in a belical configuration
within the shell.



For the purposes of the present invention, particular preference is given to
enbodi nents, wherein all the internal tubes have the sanme configuration. In
principl e, tREIWOBES2Z68KE he noncircul ar cross sections of the at | east one
internal tube having a helical configuration can in principle be chosen at
Wwll and, for exanple, adapted to the.yype of chem cal reaction, the
desired reaction paraneters such as tenperature and/or pressure and/or the
desired conversions and/or selectivities. In general, enbodinments, wherein
the cross-sed¥iRseent wvenfihy accprlingly peoyides sirocesy g fpseribed, pRoves Wheteithe r ange
of ]1: r ombP. 3 ftein 1G6 20000 iﬁgeﬁiﬁﬁﬂiég%aﬁﬁ% tghe)#g'ﬁaga @bssf sregmn %rletleqaZéii mhnéZ, nor e
preferably in.the range.o 0 t cn2, nore preferably in the range
of from4 t°HEf &Rﬁ@%&a“%?’l‘ﬁ%‘m’%ﬁ*r"@- preferably in the range of from5 to
35 cnR, are preferred. The cross-sectional area of the internal tube or
tubes is nor re Ly 4 ot n - / 1 er
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means t he f resshodimerds, sewrdin al theinteana tubes havethe sawé configugiiein. | wherein the
wal | thickness of this tube or of this shell is not taken into account.
Dependi ng on, for exanple, the nunber and cross-sectional area of the at
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i nvention acscgrgiiggl y provides a process as descri bed above, wherein the
cross-secti onar Aréd of the at |east one internal tube is in the range of
fromO0.3 to 100 cn2 and the cross-sectional area of the shell is in the
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principle, the Iength of ‘the s can, ﬁélchosen at will and, for exanple,
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is particul@f Iri‘:“gﬁgroéf Q) 49&5%@@9 pegicplely negfgrablyin the ganggof from St@bes. | n

general , the35cm? are preferred. The cross-sectional area of the internal tube or tubes is more
preferably in the range from 5.7 to 27 cm’.

The term “cross-sectional area” as used in the context of the present invention
means the free cross-sectional area of a tube or of the shell, wherein the wall
thickness of this tube or of this shell is not taken into account.

Depending on, for example, the number and cross-sectional area of the at least one
internal tube,, embodiments are preferred, wherein the cross-sectional area of the
shell is in the range of from 0.01 to 115 m?, preferably in the range of from 0.02 to
75 m®, more preferably in the range of from 0.07 to 60 m”, more preferably in the
range of from 0.2 to 50 m’ and particularly preferably in the range of from 0.4 to
45 m’.

The present invention accordingly provides a process as described above, wherein
the cross-sectional area of the at least one internal tube is in the range of from 0.3
to 100 cm® and the cross-sectional area of the shell is in the range of from 0.01 to
115 m*.



shell has a length which allows all the helical regions of the internal tube
‘or tubes to be surrounded by the shell. Very particularly preferably the
shel | and alPF (J00D@5524R/Kg ubes have the sane | ength, which is preferably in
the range of from1l to 25 m nore preferably in the range of from5 to 20
m nore preferably in the range of frogn6 to 18 mand particularly
preferably in the range of from10 to 14 m The at Ieast one internal tube
can in pringjple, be arranged in any desire shell. Preference is
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18 mand particularly preferably in ran m Accordi ng

to a furtheropgsy& axitsaheH nYerpartcul g lyaaeferahl lﬁﬁ@rﬁhPBﬁn t’“é“te'iﬂﬂbf erably

cylindrical tstglHavd@se Qaﬁfiéllh% 0, atecH B SreRPIVH id AR f»afn gt ®RFfonPNeoi 7% @r nal  tube
is wel ded at each of L nd fac%ﬁsﬁ?éhiéo %er nal tub s nd the shel£ and

al so the t uBROTHIPSHERDELIN the raRge, & TBpre R Bie 3P89 &f ent
materi al s. Fhen 686 €8 inahsl mmﬁlﬁﬂaﬁirﬂﬂy if e rangergilf@m 10 em. desi r ed
thermal conductivities, the reactions which proceed in the:internal tubes
and/or the chemi cal nature of the heating or cooling nmedia. According to
particul arl ynpraei@sirccmt intebodl ivbe chs in priviceple b arrasged iamey désredexaniplthe

|1 oyed Al lee!
Stai nlbss sondr BeHAgER s, i ctbchabie, Lophite JbIiRA B8 o 1B InES,,
stainl ess stintmal tubgQs twistedi apuselss Enese pxipin GB0BIEEESI0Rg Wherein tiaxior
stainl ess stfgle prefémbly nifR parllR o %J ﬁ&e Waﬂf&r B8 Ghell SFEHHER E\téf@raHﬁz' a9y

st ai nl ess st eel 45471 as nmteri al he at | east one qpeni In tthe tube
plate thr oug}ﬁtemi fybes are twisied ?reﬂn%&nawxss rigreiq Pﬁlﬁc'elﬁ'éy Bfe ?fé'é'é’tcaﬁthe

i nternal tuhs (68 linBarRikksin berallaMe tRyidoearet ¢ shéipr exanple, this at
| east one opening preferably has a cross section which corresponds to the
According to a particularly preferred embodiment of the present invention, the
region in which the at least one internal tube is surrounded by the shell has a length
in the range of from 1 to 25 m, more preferably in the range of from 5 to 20 m,
more preferably in the range of from 6 to 18 m and particularly preferably in the
range of from 10 to 14 m.

According to a further preferred embodiment of the present invention, the
preferably cylindrical shell has a tube plate into which the at least one internal tube
is welded at each of the end faces.

The internal tubes and the shell and also the tube plates can in principle be made of
the same or different materials. The materials can be adapted, for example, to the
desired thermal conductivities, the reactions which proceed in the internal tubes
and/or the chemical nature of the heating or cooling media. According to
particularly preferred embodiments, materials used are, for example, unalloyed
steel such as steel 1.0425 and/or stainless steels such as stainless steel 1.4301,
stainless steel 1.4306, stainless steel 1.4401, stainless steel 1.4404, stainless steel



nonci rcul ar cross section of the helical region of the internal tube.
*Particularly preferably, this at |east one opening has a circul ar cross
section. ThEFE0NBARAEBHKDss section can directly be connected to the at

| east one helical region of the internal tube having a noncircul ar cross
Section, wherein the transition fromthg.circular cross section to the
noncircul ar cross section is continuous, thus free of corners and edges, or
dlscontlnuous Ihe transition is artlcularl preferably f.ormed

cont i nuous! yASAL B Hinless sleehd ‘bﬁr ds MY i aroprefesenice; BugINen Sp di8lgabl y i s
an enbodinﬁ@hﬂamh@ksln54mﬁ”ﬁmﬁﬂmlar openi ng connected to a section of the

i nternal tube which Iikewi se has this circular cross section and does not
have a helical configuration. This section of the internal tube is foll owed
by a conti ndbest least o 9panihg iruihe sybey &t ehirabgly whizhtthawweactiort mediamt is éed of t he
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section. ove-describ I nterna can 1 n princlple be arranged in
any desi r ed PrefgEablyais aldeang oge opening hasox sirgilar crssrseetiiydihe clee@ar ¢188S 1 eact i on

sol ution t o sédtiM cah NERYAPN bl RBnAdEIQAr ﬂaathe fat! kmt M@r ﬁdli%all ﬂegxofnrcsmhé fednat t om
upward or vertlcahhg fromthe to Qwnwa ossihle for the
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the at |east one_tube romthe bottomupward or in
whi ch the rt@lm:w@tchah@vtimbaft ers &trculeragtoss)rsectmt andndoest itichave aahelmabed
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internal tube fromthe back forward or fromthe front backward

0000055268/ régscomnwéowafeﬁqjﬂx gonfinyops Fansidonah b Gigshlar cfose smoartﬁathe t ubes
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circular cross section, or is connected to a nonhelical section, which has the

noncircular cross section.

The above-described internal tubes can in principle be arranged in any desired
way. Accordingly, it is possible, for example, for the reaction solution to flow
through the internal tubes vertically from the bottom upward or verticaily from the
top downward. It is likewise possible for the internal tubes to be arranged
nonvertically, i.e., for example horizontally. Oblique arrangements are likewise
possible, wherein in the case of this oblique arrangement the reaction solution can
flow through the internal tubes from the bottom upward or from the top downward.
Particular preferred are embodiments, wherein the reactor and thus the at least one
internal tube is arranged vertically and the reaction solution flows through the at
- least one tube from the top downward or from the bottom upward or in which the
reactor and thus the at least one internal tube is arranged horizontally and the
reaction solution flows through the at least one internal tube from the back forward

or from the front backward.



According to a particularly preferred enbodi nent, at |east one cooling
“medi um or  heating nmediumflows through the shell space, which is confined
by the out sPH&08PS526R&Kd nt ernal tubes and by the inside of the shell and by
the tube plates. The flow of this nmediumthrough the shell space can be
effected in cocurrent with or in countigrcurrent to the reaction sol ution.
Wthin this overall flow direction, the nediumvery particularly preferabl y
flows against the internal tubes in a transver direction. In_t
processes fé“?%@gc@n?iﬁ‘?&%%‘yﬁmgBWF ﬁé?te‘é‘aiﬁ’é’ﬁ QK ATFHEH JHeRt Vch are
known from taherdii iths reiction tsblusioh rianevprefeeatily dlowss thackhheuedinesasingubed |y by
the installati ﬁ@ OFt def | %&éi on plates. These deflection plates by neans of
Ve YR

which this f'iOFé ‘can be achieved to sone extent force the cooling
medi um or the heating nediumto flowin a nmeandering fashion. This has been
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di spensed W|th or |ar th. Afuther

that when ¢ meedian el StsairhapeRaads ot etinsighe Stbmul BREUB MRt | o are
used i nst eadireéti@t.r ai ght internal tubes with additional deflection plates,

i nhonogeneous flow no | onger occurs. As a result, the above-described

i nevitable occurrence of dead zones is elimnated. A direct consequence of
thi s el i m ndaitenprotesseshior theardnfionass prepardionr @ zcthemical compdinywhishtane
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reactors ofabbixecadl isGhowii by wlaly df @sarsple i figined.y been found that the process
according to the PF 0000055268/ Kg -11 invention and the use of a reactor
according to the invention enables selectivity

The internal tubes of the reactor which are used according to the invention which

have a noncircular cross section for at least part of their length and in this at least
one section have a helical configuration make it possible to achieve this transverse
flow without the use of deflection plates or with a number of deflection plates
which is much less than in the prior art and thus allow additional components in
the reactor to be dispensed with or largely dispensed with. A further important
advantage is that when the helical internal tubes according to the present invention
are used instead of straight internal tubes with additional deflection plates,
inhomogeneous flow no longer occurs. As a result, the above-described inevitable
occurrence of dead zones is eliminated. A direct consequence of this elimination of
the dead zones in the reactors according to the invention is that, as a result of the
uniform distribution of the flow in the at least onc internal tube, heat removal is
also distributed uniformly and the heat of reaction can thus be removed uniformly
from the tube. The undesirable local temperature peaks, known as hot spots, can
therefore be avoided in the process according to the invention as a result of the use
of the reactors according to the invention, compared to the processes and reactors
of the prior art. It has surprisingly been found that the process according to the



i nprovenents in the reaction occurring in the at | east one internal tube to
*be achieved in con;parl son with the chem cal reactors having straight tubes
and a | ar gEFORORYS26B/Kdef | ection pl ates which are known fromthe prior art.
Depending on the reaction, selectivity inprovenents of up to 10% or up to
20% are possible. The present inventionitherefore also describes the use of
a reactor as described above for inproving the selectivity in the

preparation.of a che En cal coppound. The inciple of. the reactor.according
to the i nvedlyesHor ard i useonk f IEARRY acﬁ?‘é‘%h%ﬁtth(?rfnﬁ?nt’é’nc‘ﬂ’é" e sPleEdfibound i s
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than 3 deflection at es xanpl e on plate or
from1l to 3 deflection plates, for exanple 1 deflection plate or 2
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i nvention acgor d#é? é_ﬁ’descgI gro ess as descri aﬁgd aPove v@er ein not
nmore than 3208Y9'€C vingdhe e‘t"é’tt TP | ALEE i (PP from 1 to
3 deflecti on plates, are present i n the at | east one shell-and-tube
reactor. read ahoye eas e .cool.i ng um or at | east
one heating ﬁ'ﬁeﬁ?mﬁ?lse %gﬁ%lrﬁﬁa%fn aﬁ%’&“ﬁgr %Ohgg mgent"(?n Ty g‘ffo 8P uppl i ed
during the eoepasationef atchemicabosmpoundis dépicted i Sgura4t he at | east one internal
tube, can flow through the outer region. In principle, it is possible

within the scope of the present invention to carry out an endothermc
reaction in Whil¢ angttypical seacter, rishich up asegda dompxaspleneacarding fethet kawibut i n at

| east one fyifoRak foﬂttﬁ‘é Bﬁ{txnhkl@@e?m&&}%hrbﬂ dh SIeAR, ﬁ)r%%ﬁﬁlplef ﬁrefcrﬁ%i?rmé e, at
| east one heat transf g@ medi um f hrough the outer region and. transfers

the heat ev&POEdation phpropeng.cifds sgperatly pecassary tgjastalh af deastp dedlegtionyne ot her
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conti nuous process first e er.m c rea ctio s..carried out in
at least o |"?ﬁr%;ﬂ?‘f’\:gllm§ "é:ué?ﬁ(flge 5%%'3‘38' 4O Framy ?: 1% Q%‘t%ﬂ% 28 ried out
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The present invention accordingly describes a process as described above, wherein
not more than 3 deflection plates, for example no deflection plate or from 1 to 3
deflection plates, are present in the at least one shell-and-tube reactor.

As already stated above, at least one cooling medium or at least one heating
medium, depending on whether heat is to be removed or supplied during the course
of the reaction which occurs in the at least one internal tube, can flow through the
outer region. In principle, it is possible within the scope of the present invention to
carry out an endothermic reaction in at least one internal tube and an exothermic
reaction out in at least one further internal tube, wherein in such a case, for
example, at least one heat transfer medium flows through the outer region and
~ transfers the heat evolved in the at least one internal tube to the at least one other
internal tube. The present invention likewise comprises embodiments of the
continuous process, wherein a first endothermic reaction is carried out in at least
one internal tube and a second endothermic reaction is carried out in at least one
second internal tube and at least one heating medium flows through the cuter



process, wherein a first exothermc reaction is carried out in at |east one
“internal tube and a second exotherm c reaction is carried out in at |east
one second PE0OAIS268(He and at | east one cooling nmediumflows through the
outer region. Possible cooling nmedia are, inter alia: river water, brackish
Wwat er and/or sea water, which can in eagh case, for exanple, preferably be
taken froma river and/or | ake and/or sea close to the chemcal plant in
whi ch the reactor_according tqQ t i nvention and the process according to
the’ " hvent faion, B et myendet Sfewtiy Shispltscmpadinel of TeaBiatos:
suspended mpt@kekslwhebyin fa fifst atothermad efaotions &dearied alit mnat lean ohe intsiadl di rect |y
w thout further treatnent.  for.coollng the. reactor. dary.¢ool i ng water
whi ch i s pr Qe PR Gty B s GG R M T SR G EPl ') oot
f or cool i ng tyhe mdsik eastimesopbupmeadinm dows (mopphaheputesregamer al |y essential ly
dei oni zed water, further pereferably wherein at |east one antifouling agent
has been added to said deionized water. Mre preferably, this secondary
cool i ng wat dlossiblecapbngaecdiamiedriet ia: r eact or according to the invention and,
for exanple, a cooling tower. Further preferably the secondary cooling
water is, for exanple, countercooled in at |east one countercurrent heat
exchanger byvef &Pteﬁﬁ%a%ﬁbwaﬁcr wffowm%m% R 1fgeeh CafdioscrdBRlCwat er .
Furth teL rr?r tei?réferabgr woskebioma tikemaddhe 18c0aRl @fsch bRsP iR themivat planon i n
case tha e

r.eagti on occurri.ng.in the inter tubes of the reactor is an
exot her i ¢ i 3ticth fic, BActaE ecording o the' ivansitn, ek b Aiocehs Acesydifg 10 S oo
under a pr essvangionhreasel @ad,tafted @np accessaryg suitablet temov alngfsusgenfleddmatdiat o 100
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bar to 100 b inthe's space 'by  ‘evaporat| Ing o

parti cul ar | yiopeasiag st spaetesent i al |y deioni zed water. In such a case, it is
particularly preferred in the context of the present invention to punp
cooling water into the shell space, so that heat renoval oQccurs as a result

of the vaporeeosdarygoging watepsthish is prefieably gonvexerd around grclossd)| sisgitds hi gh
t erfp_eL Ftt u : e%aﬁt‘itﬁﬁlb_r}%sus‘eﬁjgﬁw @iﬁéﬁ?@%ufpﬁ;%dﬂ@hﬁ%&?@uﬁf‘y é%qmigk%ﬁ i@tgcﬁéwl%‘y it is
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P omper at ur <SRl SeitaiRs, wiEh dunics Dbl Wireinat fofs, 8he, AiufiiEo0 ¢ o
500C, PF 000@8h5R63biy adidddosald debhized fwatere Morp| referabiy, abisi econdaryir e of
sodi um ni tr 'éo%liﬂgq'v&?&t Arctl il ek fhie reactor according to the invention and, for

example, a cooling tower. Further preferably the secondary cooling water is, for

example, countercooled in at least one countercurrent heat exchanger by, for

example, river water, brackish water and/or sea water.

Furthermore, it is possible within the scope of the present invention in case that the
reaction occurring in the internal tubes of the reactor is an exothermic reaction to
generate high-pressure steam, for example steam under a pressure of at least
4() bar, e.g. in the range of from 40 to 100 bar or of from 50 bar to 100 bar or of
from 60 bar to 100 bar or of from 70bar to 100 bar, in the shell space by
evaporative cooling of water, particularly preferably essentially deionized water. In
such a case, it is particularly preferred in the context of the present invention to
pump cooling water into the sheil space, so that heat removal occurs as a result of

- the vaporization of the water in the shell space.

For cooling at high temperatures such as temperatures in the range of from 100 to
300°C, it is possible to use oil such as Malotherm as cooling medium, or at high

temperatures such as temperatures for example in the range of from 300 to 500°C,



can be used. As possible heating nedia are, inter alia, for instance to be
*mentioned: water having a sufficiently high tenperature; vapor, preferably
wat er vapor PEQ0080)52088&r a pressure in the range of preferably from4 to
70 bar or from4 to 40 bar; oils such as Malotherm salt nelts; hot air
which is, for exanple, preferably genergted by neans of at |east one
electric heater or indirectly by conbustion of natural gas; flue gas. Wthin
the scope of this _enbodinent, the reactor according to the .inventionis
heated di r e@tSY "I {PFeEX3MmPlas cviedin PREEAHETEMOAUTP 2B @OBFSURIHES, gani c
conpounds, feaibeuskpl e natural gas. It is |likew se conceivable, for

exanple, to burn at |east one suitable by-product of a process in which the
reactor according to the invention or the process according to the

i nventi on i Asymesibirictating medif atd) éntersedat for imdtadce tdibe mestidbitedng  of f gas so as
to achieve an integrated process in this respect; a detonating gas, wherein
in this case the reactor according to the invention is heated directly by
the of fgas from tWaterhasgaowitarienilydriglytemperiuidxygen. Preferably secondary

cooling water is ws&d picrefaBR} Watke BPb Qi) Btier 3l predsure N8 A RAh XL UM
According to a fur?herp%e;fﬁbo irrentr 0 tE@e pr oceg a(E:)I(;orczrl?ng to thggei nventi on,

a reaction sol utFSRrplyRaM AP JOPAr phisowHeio40d9Ece and at | east one cool i ng

medi um and/-or atoilk 8@ asVigloftiRah] Nng nmedi um fl ows through at | east one of the
i nternal tubes, g&ef Etr_ably all the internal tubes., At |east one cooling
nmedi um coul d be pASETEY® t hrough some of the internal tubes and at |east one
heati ng medi-um cdiot dir lhictpastoe dxahploghfeadtie perenited halmeandeat ledst did S | S
necessary for th j. i r i ol ution passes

t hrough the shel f‘e“’%ggci@@fﬁgﬁ‘f&igng 9%%@"%@88%@‘%@3@ he present invention
whi ch is descri bdtieigas dWithin thelsedppnf this emttiodiment, the eactoriascardmgdotier i nto an
epoxide in the shildmiafds huRed WfaGlby (AEGRER Aom! B BRHLIKENL Gk or
preferably an oletin 1s converted to an epoXi de PF 0000055268/ Kg -14
reaction with a H)EoPESAIG FOMPeRBRds, pfasf exaBply payEdngas: s lic dhvidiFawase t o

propyl ene conceivable, for example, to burn at least one suitable by-product of a
process in which the reactor according to the invention or the process
according to the invention is used and to heat the reactor with the resulting
offgas so as to achieve an integrated process in this respect;

- a detonating gas, wherein in this case the reactor according to the invention
is heated directly by the offgas from the reaction of hydrogen and oxygen.

Preferably secondary cooling water is used as cooling medium and hot air as
heating medium.

According to a further embodiment of the process according to the invention, a
reaction solution flows through the shell space and at least one cooling medium
and/or at least one heating medium flows through at least one of the internal tubes,
preferably all the internal tubes., At least one cooling medivm could be passed
through some of the internal tubes and at least one heating medium could be
passed through other internal tubes, if this is necessary for the chosen reaction

while the reaction solution passes through the shell space.

According to an embodiment of the present invention which is described in detail
below, in which an olefin is converted into an epoxide in the shell-and-tube reactor

according to the invention, preferably an olefin is converted to an epoxide by



oxi de by reaction with a hydroperoxi de and particularly preferably propene
"is converted to propyl ene oxide by reaction wi th hydrogen peroxi de,
secondary &EAI0DORSSREBKE | s passed through the shell space, whereas the
cooling water has a tenperature at the inlet of the shell space in the
tange of preferably from20 to 70C, ngye preferably from25 to 65C and
particularly preferably from30 to 60C 1In a preferred enbodi nent of the
process according to the invention, a reaction solution is passed in

paral | el thfEGHM Hith 4 hydpprapxide,yaare eferbly prpencisconeetaddy Propdengm or at

| east one cogidengy MRl WikiDWShydibRu@tidé had QuiredulirBg bfiferaiyepropatd &
according to the i,nvention is very particul arl referabIY used for carrying
out an  exofARYEEd tooRrPYERC Qi By iattiqne yih Bylrops pPRydse SRR

t hr ough t he coolirey watcedd passed throdph ihonhelk spak, whereps deaniolingweindri kg, a t he
nunber of hel ] u P u ' C r Y adapt ed
o the reactripetiit e et OF uhd En Bl B e ARgBE GribEh R

t enper at ur e§0YScmord prederablyr fronor S tae§ ¥n and fpattivalarkyapretarably £rom 39 6t her

regi ons of ftgjecreactor during the passage of the reaction nedi umthrough

the internal tubes, the nunmber of helical turns of the internal tubes can be
I ncreased in these regions of higher tenperature so as to increase the

twisting of 1hheprettRdi dmbdAideit dfahd GRORYE alRkdiRE t6 RO YRkn@dn, thRabat  Of
reaction via the at |east. one coglin medi u i ch Qreferabl¥ fl ows through
the shel | s salution #hpassed in paraiel hrouigh all iaserna), Sohes dnlli 4 16358 08 BEMEE o one,
inter alia, nﬁ@ixﬁm Qﬂeaﬂﬁiﬁf)dd)diﬁigtm@ﬁlémhh)mrtﬁﬁﬁgg tﬂd‘mmdfltrbgiﬁn. Theereaaoi i n]lc.IOUS
preparation of the .chem cal . conpound . s carri ut i.n. the presence of a
bat alyst whiGrorfite 6 nsEnrion RNEY atyat oref bl vser Tot, ilthg BICH o

i nternal tubksodauneiresiionswhérom aleaspbrs coating meediwm flovef theough thecouteed bed.
In this eang%igﬁ_nt, for exanple, a first zone of the internal tubes is
charged with ed of a first catalyst, formng the first catalyst

conponent. A second zone of the internal tubes is subsequently. produced by

pouring a sqfQRd cof@k@by fe Pebdhb ihventlbh,| @ aftimber O Helialf fufit inOfRE Qubdie fir st
conpartnent to form c%% ment. A.third conpartnent or. further

t he second
conpar t ment SERIGRS AR I&Hffellfefeef*ﬁ’lhb% torthe fragHon rrans 1 e reactor; ifst used
i n the thir dopexdmplé,NEaphetaemperhmbiRt®cul B @ideordhoreegibid 6f tht Weact@tiBhy st s or

I's differ entinfortt%rprggqgrrl]s ct)th t?lcfrfi:z{c%(;r c{u\{'ﬁg%ﬁlet Sflj.sbéggtcsdf tEeF rga% 1819 ?1156%%811/1 lﬁg'oﬁéﬁg
the internal tubes, the number of helical turns of the internal tubes can be increased
in these regions of higher temperature so as to increase the twisting of the tube in
order to achieve better removal of the heat of reaction via the at least one cooling
medium which preferably flows through the shell space.

This can be necessary, for example, if, according to one, inter alia, preferred
embodiment of the present invention, the continuous preparation of the chemical
compound is catried out in the presence of a catalyst which is installed as a fixed
bed reactor in the at least one internal tube and which is, for example, in the form
of a structured bed. In this embodiment, for example, a first zone of the internal
tubes is charged with a bed of a first catalyst, forming the first catalyst component.
A second zone of the internal tubes is subsequently produced by pouring a second
catalyst which is different from the first onto the first compartment to form the
second compartment. A third compartment or further compartments can be added
in a similar fashion, wherein the catalyst used in the third or further compartments

is one of the first two catalysts or is different from both the first two catalysts,



respectively. This type of preparation will for the purposes of the present
“invention be referred to as a "structured bed". According to a further
enmbodi ment PRO0BPOIMEO8/ Kt al yst s bei ng different from each other can be
physically separated inside the internal tubes by charging two or nore
different zones of the internal tube with different zeolite catal ysts,
respectively, and by separating the different zones from each other, by
means of at i cal s [ on device as to phys LcaIIy
Separate {hEBRRRERoTs S0 pebwatal gur tor Mhaapuren o fhe st RVb

i denti cal obedﬂéﬁeﬂ&nﬂzsépamnmﬂamdﬂeV|ces can be provided betmeen t wo
zones. In case of three or nore zones, the sane or different separation
devi ces can be provided for separating the different zones. Exanples for
mechani cal depanding mwacfevh@e@ngocbmsmewéo pF anwe calitystabeigpabifenent flom si eve or

mesh plates eéélﬂotﬁéxd&h% &ﬁagmm%e@arm inbiag RAGIRA t&l?es ar&&x?% Al rglgp' e, in

distillation columms re ding to a _particularl
enmbodi nent n&&‘éo@'@ﬁf’%‘tt@‘leﬁeoﬁ dbe ninfespal ysdbg, with é’a@"eff’@%éf’(’lﬂtﬁecﬂia]tya‘lsyst s are

used as shapggecthet, afd b?hematf@rth@nﬁfa@élﬁ,zohés ﬁ&ﬁ&@&; ﬁﬁ‘ﬁaﬁ' &heata@@fﬁﬁ of a

first geone are us Lrst zone, sha .C di of a second
geonst Py ar s B mrclnical srendsine e ders AS e A y%"g‘”‘fﬁf?d&‘&s‘? Brent (i r g
geonetry ar eeolitedatalyss. Abidrdingtynene blhﬁOﬁ?i 1dmtcapbxalxﬁhreuhsaphrambﬁ detioes exanpl e,
pr ef erabl y U ga %Vdaf?dag?t%%érpgv(g . nes CE;[?%&% Igfﬁé)(egrmors ZOErllgﬁ éfllcn an%h Opem ng

whi ch can bé*a e georre ry tiv Pi kewi se,
the materi aldﬁf@enmpmttohelemham el prgeqdad eftnr eepaguingcds chfferentmd@sc an

0o o T G, 4 UL TR et e

a process cat al yst el na erent from
each ot her &leye onyssh glatgs andudered gagjnarenkaitied pagkingasysedntor saemplsi cal

separation ﬂﬁléhﬂ@uonTéBlﬁmﬁi %%%@%Mn@io mei@hmay%feﬁ&pah%alﬁﬁndescrl bed
according to nbodi me as al so ri bed bel ow

t f

for the exar?ﬁ?(gg'&gur i iy @lﬂeoeg{lssﬁya £asg Hla&?heapﬁtaiy5$snafedﬁﬁ%ﬂss el  h
COHVFntI onalboﬂre@cmeﬁ)rienambiepif saa;reﬁamtawst bbtiﬁc@bﬁﬂﬁ@@e&mélhy ezl used isi ngl ]gz
cat a St vant e ,spe el ect] on_an t hus s uence o
Che ot al yseamaoRae) faged PEHY PEAEE S5k Stiad ety Muf g 4l 2 ol ZPEe ve
i nfl uence tanbesh@edraaeadysmﬂnpdlfesmf axhimp [geometng awowsed ris iaghird zhne whel sieve t he

ti F t
reaction. Clﬁat@ﬁ‘@r h&re, 58k e&gﬁpﬁog}éf%@?%séfﬁﬁts Jﬁ{gthé E&.e% aReyHi ng to

the invention, |nd|V| : can b e progress of
the reacti ont c1p|mq-§gomg% can be adapted to the geometry of thc respective

moldings. Likewise, the materials of which the mechanical separation devices are
made can differ from one another. Accordingly, the present invention also
describes a process, as described above, wherein the catalysts being different from
each other are physically separated by means of at least one mechanical separation

device.

This structured bed or the physical separation described according to the further
preferred embodiment has, as also described below for the example of specific
catalysts, inter alia, in comparison with conventional processes in which a reactor
is provided with only a single catalyst, the advantage that the specific selection and
thus sequence of the catalysts used in various zones of the reactor enables a
- positive influence to be exerted on, for example, the conversion achieved in the
reaction. For example, in the continuous reaction carried out according to the
invention, the individual catalysts can be adapted to the progress of the reaction.



-16 The shell in which the at | east one internal tube is arranged can in
*principle have any geonetry. Accordingly, it is possible according to the
present i nvBRODOPDIS268/&KEapt the shell to the geonetry of the at |east one
internal tube. In a particularly preferred enbodi ment of the present
invention, at |east one cooling nmediumigr at |east one heating nedi um
particularly preferably at | east one cooling nmedium flows through the
space encl oged the she]l, in which the at |east one helically forned
“nternal tubke isgéil kbl the fmﬂﬂﬂé&éﬁﬁ?f@fr@f pibg s FRAHHAD D PAREPLEbMS ry of
the shel | cany lgeometrecAesbrdiaghyhat ist pussithes hccoeding ad ithg presentlimvédtion fon respect
of flow vel gci rafl rate.is hieved.. Preference is _generally

gi ven, accora(ga&)rtltgtyﬁi gﬁ%{t}%ethlg gg{‘ﬁl?t?%ﬁ’f ﬂ%eogtglﬁﬁsg Sdﬁltﬁgﬁli %’}b' f‘éﬁ“&ﬁgﬁf hell is
posi tioned swlorakenbadimeolr of the prgskwnt, invémioouticleast ione [ceolrg miedivimobeamnal t ubes

that the f/ %ﬂ@ﬁ@ﬁ%ﬁﬁgoﬁm&iﬁ@, eaiéumgng?g% ok I%Fg)h@%ﬁgﬁ%hgﬁﬂ%?;? e?abl y

range whi ch makes t esire t tr 0SS

has a cross flewstthionshiccspane snilescddnnibie shelhanorhisl deesatdrast iege heliemdlyt aci ng

t het at : eals Forfied ih&lﬁﬂll Ritle itsqalé'atedThﬁ tl{i%@%’i@f'gﬁ&% b&go@ifmetrr;&? uféﬂ dmdttﬁr of

particul ar preferaply circular on the side facin e at Teast one
"nternal t ube Shﬁ@&%‘# ??Fée%ic 59 ‘%ﬂfr‘gﬁé‘FS”ﬁ?fléPelr“Pé’eEi’e%‘gbé‘P%'hfesB?aPﬁgowr esent

i nvention, waleciyeahd/or pacatd B adhiewbd. tihefeiinct eagéncpally pietn,cabodditigefonal t ube
is arranged _has a cylindrical .. geonetry. The introductian of the at |east .
one cool i ng et %‘r Q ﬁ%egl%ofhé'g Hbr’i‘gxﬁb&tei srl?ﬁﬂ lwa?lﬁ?ﬁ' nstood?ﬁ’emoﬁ?rer regi on
of the shel examplet ihb®utce @otlorof dbe otathalgubes thikethe iflovevitlooty aahe icoolprg nci pl e
be adapt ed [ | fect] . hﬁlfgé‘. ™ | e,
accordi ng t%‘%éﬁ,‘g'?é’ gré?%[ggdgﬁgg’g(f ?rdehlt &tr{u%eg ‘?fr?tcgr na Sh%ggél%ﬁlc}w{aﬁgmg gl{rlp are
arranged veppssedled y, the at | east one medi um can, depending on the desired
flow direction, be fed into the outer region either in the upper part of
the reactor or in the |ower part of ,the reactor and taken off fromthe
outer regi oﬁ%ﬁh?ihem?qa@w%@tcr% segtign Whish gh ngcomery plerssiees pathe of the
regctgr. LnlslﬁiepﬁcidgCtﬂeaﬁd Yeaat %h_erihl%ﬂnaleﬂilb@dirﬁerﬁrodsnse}&'ﬂbﬁfbf} fie kwdennal tuges
and the shell are arr vertica .and .t reaction. solution is passe
from t ne bodesih el detRbGiar o8 e idf fosinefp aRS: pREIERHAET one”cool i ng
medi um or the at | east one heating nediumis fed into the outer region in
the lower p . r 0 t . . [ eqi ' t he
upper part g*&? ﬁ%né eﬁg%tfggﬁér%ﬁesg%?e erré[g&gr%f(r)tg‘lg]r%%t%n?g{v g{llt(l)%qg%ﬁ%ér%gt ically
in space in which the at least one helical internal tube is arranged has a cylindrical

geometry.

The introduction of the at least one cooling medium or the at least one heating
medium into the outer region of the shell-and-tube reactor according to the
invention can in principle be adapted to the desired flow direction of the media. If,
for example, according to a preferred embodiment, the internal tubes and the shell
are arranged vertically, the at least one medium can, depending on the desired flow
direction, be fed into the outer region either in the upper part of the reactor or in
the lower part of the reactor and taken off from the outer region in the lower part of
the reactor or in the upper part of the reactor. In a particularly preferred
embodiment in which the internal tubes and the shell are arranged vertically and

- the reaction solution is passed from the bottom upward through the internal tubes,
the at least one cooling medium or the at least one heating medium is fed into the
outer region in the lower part of the reactor and taken off from the outer region in
the upper part of the reactor. This preferred embodiment is shown schematically in
figure 4.



figure 4. PF 0000055268/ Kg -17 Wthin the scope of the present invention, it
is also possible, for exanple, to introduce the cooling nmediumor the
“heating nmedi umin about the middle of the reactor and take it off both in
the | ower pBFO0BPOEESMgact or and in the upper part of the reactor.
According to a further enbodi ment according to the present invention, the
shell space is divided into two, thred7er nore zones. Wen, for exanple,
the shell space is divided into two zones, the shell space can be divided
in the case of, for exanple, a vertical reactor at half the height of the
reactor or in the case of, for exanple, a horizontal reactor at half the

| engt h of t Nétliedbe ocopenheitls presetiteinverdioni g tsnalstat[jos@bbf farhexaside,| tospace are
al 50 Possi biftrodhiBe #HCofink WRAAASRERERIme HBAGET RO BRCHAINODE fy LT zone

reactor, a coolling u eati ng aving a particular tenperature
in one zonef¢a§t0f§é§§é%k3 if ﬁff@sUhmeth@iansrnart@f thwe(a@f@uﬁ%mthwpn@rgwmﬁe zone.
Each furt heghezie@ocan be operated using the sanme cooling or heating nmedium
or a different cooling or heating nmediumat the sane tenperature or a
different tenperature, either in countercurrent or in cocurrent. The at

| east one corkomdghgredi tﬂml&mda&m()dirh@ltajccérdﬁ@t toothe paesehl igeitkst, Wik siami be
i ntroduced into.t

ne. shel ne via a Suj.t bIe devi ce.
For _exanpl abocd in1Rih G g, AlEe SriSpi ARES SURRL ool PRl b
materi al  whd dividesl ime rtvot owas dtlt:hsheﬂemae@tcawd)endmm it thehease haf's dor
pressures a I ast one
medi um can I@gfné\nlg Q’Eﬁ&w Feﬁfto;rgl fialf ﬂ?]é]ﬁ%glll folfm r@zlc?&dcﬂ' h#&%ltcl‘h}% ‘?ﬁ' (glr)ft he
respective spioplewnat lmrrzon ISHFEQ1 at h@ﬁdh‘thlﬁgth @fathpetﬁwt@ﬁal\&hqrymp@téﬂ'er red
enbodi ment  QfyitiBe rRicR D€ Me ﬁla‘f%}{cbg{ibal& ssibgact or according to the invention
is used for reactions which are carried out in the presence of at |east one
catalyst. This can in principle be a honobgeneous and/or heterogeneous

cat a: yst, wgfrsab@_ath?m{eeb k feﬁaalnem ok aleX&br @aﬁ?mﬁlz@ﬁpfda' adf r, 88 gaoﬁ sg_ended
cat a yst an o/ | X e ta a. ICU ar y. prererre e odl nent
oRt Thes o0 kv o Teaepie mER M PadichRf ferpteBunetin o 78t Fomstel o ed
for a conti rimomsntchmtxemogemmanszhtyemathajugheﬂc poapaEath durtlet zne hoam loml

compound,  HERRSuGRE @ sh8VooflAE I UEERGHERR 674 AikSend Sodly! bEU &7 Y

heatmg medium at the same temperature or a different temperature, either in
countercurrent or in cocurrent.

The at least one cooling medium and/or the at least one heating medium can be
introduced into the at least one shell space zone via any suitable device. For
example, a preferred device of this type is a flange made of a suitable material
which is inert toward the respective medium at the chosen pressures and
temperatures. This principle of introducing the at least one medium can likewise be
applied to the discharge of the medium from the respective space within the shell.

According to a particularly preferred embodiment of the present invention, the
reactor according to the invention is used for reactions which are carried out in the
presence of at least one catalyst. This can in principle be a homogeneous and/or
heterogencous catalyst, wherein the heterogeneous catalyst can be applied as a
suspended catalyst and/or fixed-bed catalyst. In a particularly preferred
embodiment of the present invention, the reactor according to the invention is used
for a continuous, heterogeneously catalyzed preparation of a chemical compound,
wherein the at least one heterogeneous catalyst is particularly preferably applied as
a fixed-bed catalyst.



a fixed-bed catalyst. PF 0000055268/ Kg -18 The present invention accordingly
*descri bes a process as descri bed above in which the chem cal conpound is
prepar ed i nPFO80PEL6RMEE of a catal yst, wherein the catalyst is installed
as a fixed bed in the at | east one internal tube, which has a noncircular
cross section and a helical configuratijgn. The present invention |ikew se
provi des a shell-and-tube reactor which conprises a shell and at |east one
internal tube |ocated in the shell which has a noncircular cross section,
wherein at | east one of the internal tubes having the noncircular cross

section hasTag g?éseﬁteiﬁ%nt;%ﬁrakédfdﬁhély &@;J:nlféérafprgéhrs@hé 8&clibed MRDVESYWRLH N whi ch
it is surrounded by the shel east ope reqion of at |east one

Ln at
of the intefifaFh cr@lﬁ%‘e%owa.lﬁspraleartié%tthwéesm@e Bt it gigtein the

Furt hernore ,cattah@t ﬂ@ﬁlﬁ;‘ﬁzﬂl’eﬂ als la\fﬁdetllbedn il @k at Rastlode sneMabubb el hickRAgh t ube reactor,
wherein the shell-and % a r ns not nore than 3 deflection
ioneanl Rofice &

pl ates, pre@é‘r‘)&f)'r‘i}‘lq{c?msaéﬁ §°B glffF‘i%fgw se preferably from1l to 3

defl ection plates. The process according to the invention and the

shel [ -and-t "’H?lg I%e%?&txmfen%?)ﬁ%kgm g fptr&ldésha sheﬂ\égﬁttbl% re#wiswﬁ %Emﬁspgc dvant age

t hat the same Co€ ents be ac
absence of dbgll end abieapl meemt@nald@lbpll@@tetdhm thersbicl evlaph das actmmmadar to t he

prior art, [gdd édtx%ﬁ i\{felerE@eatrﬁé Stle (thhdéjﬁiérﬁaﬁttb&@ h@bﬁggﬁet Mrﬁﬁ‘éﬁltar &dss the

reactor. Apart ron1t abovenent|i oned om ssion o 1 onal onents as
further advaggtiggehast amhak laagt pat pidmhpddcm‘gurqtu@atma@eareg@guntwmc tihes smal |

nunber of %Frbtﬁﬁ!eﬂ(tﬁv the A6 v@ﬂé@mﬂ%@f&bﬁ&c%@n@n'di‘ at RAschiRl of hoaRemann be
reduced by at | east O%ngg to straight tubes with at least 5

defl ection ﬁ?hﬁ@ég“tamla&l’?aﬂrﬂﬂfiﬁk at?"ﬁ{f“er alia, the punp capacity and in
particul ar the capacity of the bl ower by means of which the cooling nmedium

or heating um are i ntroduced .i nt shel | pa The int rnal t ube
can . pr ¢ nd ey AR tayenpipl adlatshte FERaabaERREhibs TEOT HHER ¢ og) on.
The present thewsteditandrube cacer ngitying aopmbrecthae Aldefiectivnt plates)tpectfesablyt de

fi xed- bed Ca&eﬂe&is05(ﬁr%§tﬁ{3§ﬁﬁe§‘?§sgiFﬁf@fﬂﬂﬁ%ﬁﬁ?ggld%ﬁ&gi{oﬁﬁaéeg' on of the tube

and/or in an opti rmed reqgi Yube havi ng a
circular cross section and/or in a helically forned region of the tube

having a nonfr gLl allop ﬁg ?@Fﬁe' 19 ntlogrﬁﬁd%e étﬁ:ﬁsatndq{}ﬁe fdaXf aleicgt&! yst or

catal ysts is/are particu era
the mventlon thus offer thc advantage that the same heat transfer coefficients can

be achieved despite the absence of deflection plates or despite the considerable,
compared to the prior art, reduction in the number of deflection plates present in
the reactor. Apart from the abovementioned omission of additional components, as
further advantage it has to be pointed out, that as a result of the smail number of
deflection plates the pressure drop in the shell space can be reduced by at least 40 -
60% compared to straight tubes with at least 5 deflection plates, which influences,
inter alia, the pump capacity and in particular the capacity of the blower by means
of which the cooling medium or heating medium are introduced into the shell
space.

The internal tube can in principle contain the at least one fixed-bed catalyst in any
region. The present invention accordingly comprises embodiments, wherein the
- fixed-bed catalyst is present in a nonhelically formed region of the tube and/or in
an optionally helically formed region of the tube having a circular cross section
and/or in a helically formed region of the tube having a noncircular cross section.
The at least one fixed-bed catalyst or catalysts is/are particularly preferably present



PF 0000055268/ Kg -19 in at |east one region of the tube which has a
*noncircul ar cross section and a helical configuration. The present

i nventi on a®PFAQ0DDEH2p88so rel ates to a shell-and-tube reactor as described
above, wherein the shell-and-tube reactor contains in at |east one
helically fornmed region of the tube havigng a noncircul ar cross section at

| east one fixed-bed catalyst. As regards the possible and preferred

enbodi ments .of the shell-and-tube reactor containing at |east one fixed-bed
cat al yst i nif aidlpest pngregianeotdhe fubs vdrch bas 3 panstipilpr crpgigestiohend smkelicpk) |
reference meynfi@iridesle, for exanple, to the enbodiments described in the
context of the above-described process for the continuous preparation of a
chem cal compound. According to a particularly preferred enbodi nent, the
present i nvéki pwsenel mtrmmmaccardimglyi gisd Iryla&&r@ng&ﬂeﬂk@ﬂltu%demﬂmag eact or

for the contjpugus BLepatelon @l fenhemieakEammotnd.. ui g comprd ses a

shel |l and at e i nternal € having a nonery SS section
| ocat ed wi t hiehcallydoghel tegiohelr ibe tutat hdversa nomarcolar chass Scattoarahéd:aSt oiges havi ng

the noncircy,apelessiysection is at -least partly helical in the region in
which it is é‘grroun%ﬁaéﬁy the shell and wherein at | east one region of at

| east one of the internal tubes contains at |east one fixed-bed catalyst,

wherein the og n%%ﬁn‘d@ rthé‘ﬁéssﬂﬂe |aﬁ@%§ef9:@€d hﬁb@&n{eﬁ{s d)fn&né%ﬁb'l@—fah%&f re@ctbeact i on
solution and at ‘l.east,  one inlet the i ntsrpggu(gél on_ of | east ope

cool ing or (feBRInRE ﬁb@ﬂrﬁqcnfw\equo%&lystﬁarrﬁ @‘er‘%’éléﬂd?f the dntgrnal 5t | east
one outl et ftﬁlicstfhﬂ theaghell ORef&rehet g mﬂfhaﬂ& fop asampl) @o ahié legibolifhiedthe at

eactor 11 st ol apRess S A P SEhel [ btie ok RBGeofgoing "

react or and/mepatm@nmfaahmnmabmpmmdents of the reaction solution are
introduced in two or nore streans, the present invention also conprises
embodi ments of the reactor, wherein the reactor, preferably the vertically
arranged r eatcordingtsa pasicalarlyprefeired embodiarent,Khe piesenitdmeentioneelaion (e ol ut i ons

and/or  str egGekathy Gremital éhtel-l% Sult réa@&;rrfﬁf“%ﬁ c?htur%%hyi)kégy@fatﬁﬁeéfe ably in

the I ower part of the reactor. two or nore erent ng or eatlng

medi a are f edemigebCompoyndssbish COEIF[EIS%F shdhang fm}@fﬁi pihingerad tEbahviag s
enbodi nent s Phoddi@ulal @639 sectMelRhidd twihih 8BS QRell, wherein at least one of the

internal tubes having the noncircular cross section is at least partly helical in the
region in which it is surrounded by the shell and wherein at least one region of at
least one of the internal tubes contains at least one fixed-bed catalyst, wherein the
reactor has at least one inlet for introduction of a reaction solution and at least one
inlet for the introduction of at least one cooling or heating medium in the lower
part of the reactor and has at least one outlet for the reaction solution and at least
one outlet for the at least one cooling or at least one heating medium in the upper
part of the reactor.

I two or more different reaction solutions are fed into the reactor and/or two or
more constituents of the reaction solution are introduced in (wo or more streams,
the present invention also comprises embodiments of the reactor, wherein the
reactor, preferably the vertically arranged reactor, has two or more inlets for the
- various reaction solutions and/or streams of the constituents of the reaction

solution, preferably in the lower part of the reactor.

If two or more different cooling or heating media are fed into the reactor, the
present invention also comprises embodiments of the reactor, wherein the rector,



PF 0000055268/ Kg -20 preferably the vertically arranged reactor, has two or
nore inlets for the various cooling or heating nedia, preferably in the

“l ower part of the reactor. The present invention therefore also relates to a
shel | - and- t BBO0PRRXR6B/ Kor the conti nuous preparation of a cheni cal
conpound, conprising a shell and at |least one internal tube having a
noncircul ar cross section located wthi20-the shell, wherein at |east one of
the internal tubes having the noncircular cross section is at |east partly
helical in th i i n. Whi ch i s _surrounded by the | 1., The present
Moventi on 1| PRSHRES e vafishly Ghahdsdondithds T Gratietoficl Rrdte TRl “above,
wher ei n t he codmg ordehting medis sprefecibiyim thasovoatpartrfitheadekgtoopposi t e strai ght
sides and nutually opposite round sides or has the shape of an oval or the
shape of an ellipse. The present invention also relates to a shell-and-tube
reactor as défipenaireation whrselorn alsherchidsi o mabellrodntubet twactooGorc thepl et e
turns in th%oﬁtﬁﬁioﬁ@ pﬁéjﬁ{a%mﬁda &iénu&ileco%ﬂﬁhhd (I?l?ﬁpr& :?gsﬁ% V\;‘ll NG Ak le%@t al so

relates to a shel ube reactor Scrib ove erein from1l to 20
000 i nt er naPng uﬁf@@ahatvb% a¥ing o SOREUARE @P&%§°C§’é’€t hosafed avidhia the| shelly

C?ﬂr::f Idgur at [ Qﬂ?eﬁ{uﬁ al Eﬁﬁtdﬁg o\ﬁﬂéﬁt{‘ingbrﬁa{l Qulﬁ?ﬁﬁalvm gARE AbkbifRAlak Qlt‘d%'ﬁ) E&ti@hﬁ% af red
enbodi nents o ube, r &act or. accor e invention,
reference i 4¢ ?1’ quor‘?L SRR gl & 45 ?‘H@H‘“g?fg&étqe h?'ﬂ context of the

process according to the invention and descri bed bel ow. All possible

reactions c carri out i act or _accordi o the

i nvention of,lrﬂsyprf;%élt d?veglbgg qﬁ(ggbﬁﬁdfegagest go tahsg'e ,?\98,{'3 DRI fﬁa‘il‘?sf;rgﬁ , the
process anabove wheszin dhe acmurcdlangrase sté¢tenphassEnth mutughit dpposie straight abI e for
reactions i I i I fa r

ol ut 1 on and s A oty obpffde Bl alR bk IRSBE oPELUGH 0y Bl BBRE BT | 1 g
nunber of cd@Relipsabl e reactions are, inter alia, catalytic transformations
of inorganic and/or organic conpounds. Preferably organic conpounds are
prepared according tQ the inventjion, wherein catalyzed, particularly PF
0000055268/ K- Brescat dpventan plseiekiesgona shell 9n%atba|rya@ar 25 d8kReoMOENd ror e

preferably ndagdih ®sShelix has from 1 to 2000 complete turns in the region surrounded by
the shell.

The present invention also relates to a shell-and-tube reactor as described
above,wherein from 1 to 20 000 internal tubes having a noncircular cross section
and a helical configuration are located within the shell.

According to more preferred embodiments of the shell-and-tube reactor according
to the invention, reference is made to the embodiments described above in the

context of the process according to the invention and described beiow.

All possible reactions can in principle be carried out in the reactor according to the
invention or by the process according to the invention. In particular, the process
and the reactor according to the present invention are suitable for reactions in
which highly efficient heat transfer between a reaction solution and a cooling or
heating medium is sought.

Examples of this large number of conceivable reactions are, inter alia, catalytic
transformations of inorganic and/or organic compounds. Preferably organic

compounds are prepared according to the invention, wherein catalyzed, particularly



fi xed beds catal yzed, are preferred. . According to particularly preferred
“enbodi nents, a zeolite catalyst, nore preferably at |east one fixed-bed
zeol i te cat 8OO0 R2688e as at | east one catalyst in the process according
to the invention or in a reaction in the reactor according to the
invention. Reactions which can be carrizd out in the presence of at | east
one zeolite catalyst are, for exanple, oxidations, the epoxidation of

ol efins, for exa prepar ation of propyl ene oxide from prqpyl ene and
H202, the hyEieR g%ag?fswgS$e°uélﬁoﬁ9é?IWE%d Heptions A1) Borh @il Saclantf
hydrqu|nonﬁxtﬂbﬁﬂﬁwMHuMedaﬂdphﬂ@&mpr cresol fromtoluene, the conversion of
al kanes to al cohols, al dehydes and acids, isonerization reactions, for
exanpl e the conversion of epoxides into al dehydes, and also further

reacti ons degcordieyl ton pattieularly e petfenral dn@qd&mbrits,ulaarz;:olﬁteac&thlqsts woicch use

zeolite cat 1 I tes:
Catal yat s 1 orteBv g IehE S6E finfibed R BTN, s ety sIcHT B i GPRL | P

Sci. Catal the m@ces&m@@@rﬁiuv@nﬁo(tm@w)enn@p or gna mcggn im the Iagct@re@r@ptdswtq n
particul ar fﬂqgm vOR&sl bl e oxidation reactions in B. Notari in Stud. Surf.

Sci. Catal., 37 (1987), pp. 413 to 425. Zeolites are, as is known,
crystalline alum nosilicates having ordered channel and cage structures and

cont ai El n? me@ﬁlﬂﬂ@rxleﬁch\/@m{lbe anicBroat af telpresei®d bt IEMQmal@ﬁzuge cBtaBysf | Ln The
network of such_.zeolit t et.rahedra ich are
bound via shfrelfos ﬁlsbrqx&g’gé’ns’Aﬁl o&QPVSAW"ofOft ﬂ%ﬁ??fom SEPmele V\E% may be
found, for qmmtmn ofpidpyWehe Meider frol. pidpylefd and Hyy, Gie. highexyladenf "Atlas
of Zeolite re. T, 5 r

ol e, Sl oo XRRRe nE RS oF Mo ORR ATBAGLERR ASRer )
the sili catCeCSIthI’OHI:éJlu@er thel conerersipp. ofi al&meartoalémhb(& widehydss kmdwacidas wel | .

These titani cture of
These | typelwﬂm Oﬁggt;&% 1oh§' mfg;;lgu@bqﬁe tcBﬁ’v%?m ?gdge;gégd gy&ég
u

exanpl e, in anp ajsogfugghgr @8@106‘18 degopibd i epartgrilglre Agga{‘lqlﬂf’érﬁegﬁ:ﬂqf’édﬂ“ﬁthd
titanium sugb seligf 'c@iaﬁyst%arhsf HE&CABEd, o "Banfie, 20 W] HBRLr&, e Blifessuch as
alum num el CnL U hlsynbSlk of el ObeKSlay SRl OFr GRpT m boror
preferably bessl.r4genes@idach PVBONeprrasc es 93 amab aslidagribed tilh @altlcuR0RP55268/ Kg
- 22 possible oxidation reactions in B. Notari in Stud. Surf. Sci. Catal., 37 (1987), pp.

413 to 425.

Zeolites are, as is known, crystalline aluminosilicates having ordered channel and
cage structures and containing micropores which are preferably smaller than about
0.9 nm. The network of such zeolites is made up of SiO, and AlQ4 tetrahedra
which are bound via shared oxygen bridges. An overview of the known structures
may be found, for example, in W. M. Meier, D. H . Olson and Ch. Baerlocher,
“Atlas of Zeolite Structure Types”, Elsevier, 5th edition, Amsterdam 2001.

Zeolites, which do not contain aluminum and in which part of the Si(IV) in the
silicate lattice is replaced by titanium as Ti(IV) are known as well. These titanium
zeolites, in particular those having a crystal structure of the MFI type, and possible
ways of preparing them are described, for example, in EP-A 0311983 or
EP-A 0405 978. Apart from silicon and titanium, such materials can further
comprise additional elements such as aluminum, zirconium, tin, iron, cobalt,
nickel, gallium, germanium, boron or small amounts of fluorine. In the zeolite
catalysts which have preferably been regencrated by the process according to the



I nvention, part or all of the titaniumof the zeolite can be replaced by
“vanadi um  zirconium chrom um or niobiumor a m xture of two or nore

t her eof . ThBF®BPR552p%Kito of titani um and/ or vanadi um zirconium chronium
or niobiumto the sumof silicon and titanium and/or vanadi um and/ or

zi rconi um and/ or chromium and/or niobi28mis generally in the range of from
0.01: 1to 0.1 : 1. Titanium zeolites In particular those having a crystal
structure of the M-l typ n sof repari t hem.are

Gescri bed, - MEPRgop R i ot BRARRRSLAY Ge BRe Ghn B BRI IR 05 o7
It is knownzirémuivihj thxnimim peoidhiws Mavmn:gjremétwmorsmorad:lum(a” ¢’he niggar

i dentified i r C DR a

| attice vi b}ldé{a)l%mglg[ﬁﬁl é},‘é} va%a(ﬁ gﬁ&{?ﬁ‘% R%h? reg |o{ﬁpg{&bﬂ@g hgggmcﬁfﬂ 1 and
t hus di f f er sflicoimand mamurneamdrort\fama@ame@dé@r Z@O?S&I‘alﬂnd/ﬁé cbwmnaﬁbmmus Ti O2
phases. Speﬁicfbhﬁn'f?@nb&ﬂ qﬁlﬁle%ngmefr&ﬁﬂtdlt anb'on ; 1.9ermani um, tellurium,
vanadi um, chromum, ni ob| um, zirconi umcontaining zeoli tes havi ng a
pent asi | zeolite structure in particular the.types which can be assi gned

;(j: rNayAlg[)ySt ﬂé@%&ﬁ%lﬁ%&riw A&gﬁ)‘g@u[&ﬂ EhoﬁB\ﬁbwﬁA il stAEnge/Eth ANETS, typE, G,O A/I:\!I'S
ATT. ATV, Wi"’&‘\ W Of %FR"’L“'%E“’ d Sﬁg@é“ @ a@&% E:@O @22&5 CHA,
CH  CLO CBR-AOZR1 983@r HBORO 4(!’5@78DFT DOH  DON, EAB. EDI EPI . ER .

ESV, EUO, FAU, FER G S, GVE, GOO, HEU, IFR 1SV, ITE, JBW KFI, LAU, LEV.
LIO LCS, LOV, LTA, LTL, LTN, MAZ, MElI, MEL, MEP, MER, MFI, MFS, MON, MOR,
MBSO, MTF, MItNs kopwn thaowtagimgy zenfites haxiag, thowwiiT sgpeturosin bepidentifialyiapHl ,  RHO,

RON, RSN, rticlbF X R diffradis %HEals%B% §'¥Jtt eSErﬁ) tﬁﬁTbarﬁf:P\ tl%TF ST,
STT. TER Rkolc P#gcl Ve @Fl " Vvt WE SEN™ ZON structures

and al so m k@&‘“@ﬁ%é@%?'é%‘ about 61 e I%Bﬁiéh"(?)fdlfffﬂeff%m;liéﬁ?tﬂ Hamaies Puct ur es.

Fur t her nor e crystdliaie ahdantRphicils M09 pEfes.i t es havi ng the | TQ 4, SSZ-24, TTM 1,
UTD-1, CT-1 or CIT-5 structure are also conceivable for use in the process

according to the invention. Further titaniumcontaining zeolites which my
be nmenti onedpacific ttagenayy he nidde of ZBAdidd- ogerdisdui2, slloticiny eanadinan) di ng to

o et et URRIATRL BshI5, “ARLhFRARFIR SRR ISR BN P ¢ om

to 8 PF oooeowgmgm(gamcular the types which can be ass1gncd X—ray—crystallographlcally
to the ABW, ACO, AEI, AEL, AEN, AET, AFG, AFI, AFN, AFO, AFR, AFS,
AFT, AFX, AFY, AHT, ANA, APC, APD, AST, ATN, ATO, ATS, ATT, ATV,
AWO, AWW, BEA, BIK, BOG, BPH, BRE, CAN, CAS, CFI, CGF, CGS, CHA,
CHI, CLO, CON, CZP, DAC, DDR, DFO, DFT, DOH, DON, EAB, EDI, EMT,
EPI, ERI, ESV, EUQ, FAU, FER, GIS, GME, GOO, HEU, IFR, 1SV, ITE, IBW,
KFI, LAU, LEV, LIO, LOS, LOV, LTA, LTL, LTN, MAZ, MEI, MEL, MEP,
MER, MFI, MES, MON, MOR, MSO, MTF, MTN, MTT, MTW, MWW, NAT,
NES, NON, OFF, OS], PAR, PAU, PHI, RHO, RON, RSN, RTE, RTH, RUT,
SAQ, SAT, SBE, SBS, SBT, SFF, SGT, SOD, STF, ST, STT, TER, THO, TON,
TSC, VET, VFI, VNI, VSV, WIE, WEN, YUG, ZON structures and also mixed
structures of two or more of the abovementioned structures. Furthermore, titanium-
containing zeolites having the ITQ-4, SSZ-24, TTM-1, UTD-1, CIT-1 or CIT-5
structure are also conceivable for use in the process according to the invention.
Further titanium-containing zeolites which may be mentioned are those having the
ZSM-48 or ZSM-12 structure.

According to preferred embodiments, the zeolites discussed above are used, in
particular, for the epoxidation of olefins, preferably olefins having from 2 to 8



-23 carbon atons, nore preferably ethyl ene, propylene or butene, in
“particular propene, to formthe corresponding ol efin oxi des. The process
accordi ng t 8FI88005P26BMKmon and the reactor according to the invention are
particularly useful for the reaction of organic conmpounds wth

‘hydr oper oxi des.  Exanpl es whi ch may be3entioned are: the above-described

epoxi dati on of oI efins, e.g. the preparation of propene oxide from propene
and H2Q2 or f ropene and @_é;!ure whi ch provide H2Q2 in sit.u;
hydr oxyl at i &% O’éu RAgs HefE R Yighe.oPrapgisge 81 ihutens; dS}cPffIE‘C‘HFr

pol ycyclic gropent, |t6$oxtmthfe@bfresp@ndmglmﬁfidmmm, di substituted or nore highly
substituted hydroxy aromatics, for exanple the reaction of phenol and H202
or of phenol and m xtures which provide HRO2 in situ to give hydroqui none;
f or mat i on ofTheyiremess fccondifg tothesinventivheingrths eracwr afcdadi@R torthevinvenies  whi ch

provi de H20 gﬁm@ )@g’gj

preparati on%%%gs*l&ﬁgg%ﬁ@@@fﬁﬁé rom%%%&iﬁa#gaghﬁh ggloé(trl(i%i I '1iger
oxi dati on &dyeh may be gentjones a%ie i nvention and the reactor according
to the invention th@mﬂwweycrﬂeatebsrerhaﬁérvoﬂ%reﬁ@r . Yh@?r%ﬂarfa%n b Bropead | nuous

preparation of an e ide. This IS nore pre y, prepared from an
olefin in the pr%gﬁféorgpr%enq: le_ro(c)) 'egﬁ’é‘d?ri)?"é‘eé‘&fié‘l“?%es‘ﬂ érpﬂ(?‘ﬂ y, the
present inventi om,0heid sit@r e aI so relates to a process as described above in
which an olefin is rea

dro ero i.de i the res nce.of at |east
one zeol i te cat alfydf© X@'%thf’?ﬁ rﬂ“ﬁth @p% 'ioﬁy HB r ¥a Yy Eiﬂ?’@%'é‘fnf’
i nvention |ikew gelysychd airematlcsrtotfoanmoerﬁbs&tut&hcﬁmbstﬂ:atcdemmorbhrgha,bove for

reacting an of ef |yl B89 ARSLEKL U5 Llhnlie RIERENG By Blerdl kA0, 0"

zeolite catalyst 10 give an ur poses o

i nvention, preferagnoé phengl vmd tlulxumifngwfrichzeui\rldeesﬁzCPna\mngltlanthI%lve
structure, an NEthyﬁH qefdonee, an M/ MEL mxed structure or an MW
structure. Furthe preference is given specifically to the Ti-containing
zeolite catal yst Soumtion of exigisdrem  ketonss dp (the) preseage off§b(s ormpiyiyres 15 3"

and al so PF 0000GHHZ® Bfdvete H,O; in situ and ammonia (ammonoximation), for example
the preparation of cyclohexanone oxime from cyclohexanone;
- the Baeyer-Villiger oxidation.

The process according to the invention and the reactor according to the invention
are very particularly preferably used for the continuous preparation of an epoxide.
This epoxide is more preferably prepared from an olefin in the presence of at least
one zeolite catalyst.

Accordingly, the present invention therefore also relates to a process as described
above in which an olefin s reacted with a hydroperoxide in the presence of at least
one zeolite catalyst to form an epoxide in the reactor.

The present invention likewise provides for the use of a reactor as described above
for reacting an olefin with a hydroperoxide in the presence of at least one zeolite
catalyst to give an epoxide.

For the purposes of the present invention, preference is given to using Ti zeolites
having an MFI structure, an MEL structure, an MFI/MEL mixed structure or an
MWW structure. Further preference is given specifically to the Ti-containing
zeolite catalysts which are generally referred to as “TS-17, “TS-2”, TS-3”, and also



-24 Ti zeolites having a framework structure isonorphous with beta-zeolite.
“Very particular preference is given to using zeolite catalysts of the TS-1
structure aRf O0DPESSEOBMAN structure for the purposes of the present

i nvention. Exanples of olefins which can be used according to the invention
‘are, inter alia: ethene, propene, 1-but’dne, 2-butene, isobutene, butadiene,
pent enes, piperylene, hexenes, hexadi enes, heptenes, octenes, diisobutene,

trinmet hyl . dod i d tetr t ' :
Lri propene. dheDES i Bhchdramaai DUPSHTG GESorhRYs BB ueaeet s Shioncs
t er penes, genawibl prdfereadcosl givén matsihg zedat abalystsedfib ditet yohapreogaine,
cycl opent eNehe ﬁyﬂ"?ﬁ’eﬁﬁ%ﬁﬂe @&rtﬁgéﬁ?%gwﬁ%}@?%nﬁﬁgﬁ%n vi nyl cycl ohexane,

vi nyl oxi rane,” Vi nyl cy exene, ooctene, cycl ooct adi ene,
vi nyl nor bonene, indene, tetrahydroindene, nethylstyrene, dicyclopentadiene,

di vi nyl benzgRgmpfek oF BRAAE GRS cafl & WeAPALERTINE RNGe itVehtiAPAE; inter glia:

di phenyl but adi ene, vitamn A beta-carotene,” vinylidene fluoride, allyl
hal i des, crotyl chloride, nmethallyl chloride, dichlorobutene, allyl

al cohol, neteltdhé Ypropéed Nobutend) -BIROACS isdbutchiBE Bir@iRne, Cyhiches,Npiptsthng] S,

pent enol s, %gtadie\[;olaaW tridecenol s uniatgrated %%ﬁéﬁjd o et hoxyet hene,

i soeugenol , PSFHEERoIEXAGIFOSY JIERICAES ISRy THODUERS, (LT PALe WPFESaci d,

met hacryl i c dadéwdne,cnod@aene, actratosemal @b Cceiacsede, tipyopanet anel taicamlopamasat ur at ed
fatty acids h ej i | i i.C_ac] al m.ti i ally
occurring f é’?’ fﬁg%a??eg?#,sb&pﬁ%ﬂgne& ggé Eésncg’c g%rgﬁ?é%%gt%a["ﬁieqﬁ%gjg %it ﬂg%lw
preference iasetgfey ercthydenesyelgprapimen exyclopeniead, niyalphtxane Rottorgnearcipdn- at ons.
Particul ar HeBlRe SHARACKIoMRIAS ifyIbERE! YhyiGLREBRnPLORGEC Rlchditkene.  Very
particul ar preference 1s given to reacting” propene. e present Invention
accor di ngl y c¥eleestpdienc.a YRplaedomesede sidende dietipaydsomdengai drethpsapese i s
reacted w t Rigclipeh@BRhOX iRenyiPenzBR:, RERERIOEEAE, alclbsiRbatfbRe, Z&Nbdnee

cat al yst havj, TS- 1 struyctuyr nd/or Ti-MAMWVstructure, to form.propyl ene
oxi de in t heipEaybBAdionse viimiL A TekyetPRs YnKEdEe lride, At balidesuse of a
reactor as aes9lciadideq hrvallyDehlonds didchhgoputens altylilédhob niykinpalicokslde i n the
presence of ,a, zeoli cat gl yst having.a, TS-1 structure and/ or Ti-
B Fucture t Sugol hisfidlh” SyrlRnBrain, et g etagfendR Haeddnold ™
unsaturated steroids, ethoxyethene, isoeugenol, anethol, unsaturated carboxylic
acids such as acrylic acid, methacrylic acid, crotonic acid, maleic acid, vinylacetic
acid, unsaturated fatty acids such as oleic acid, linoleic acid, palmitic acid,

naturally occurring fats and oils.

In the process according to the invention, preference is given to using alkenes
containing from 2 to 8 carbon atoms. Particular preference is given to reacting
ethene, propene and butene. Very particular preference is given to reacting
propene.

The present invention accordingly describes a process as described above in which
propene is reacted with a hydroperoxide in the presence of at least one zeoliie
catalyst having a TS-1 structure and/or Ti-MWW structure to form propylene
oxide in the reactor.

The present invention likewise describes the use of a reactor as described above for
reacting propene with a hydroperoxide in the presence of a zeolite catalyst having a
© TS-1 structure and/or Ti-MWW structure to give propylene oxide.



In the context of the present invention, the term "hydroperoxide" refers to
a conpound of the general fornula ROOH Exanples of hydroperoxi des which
“can be used according to the invention are, inter alia, tert-butyl

hydr oper oxi d& 0008PP3AMBENZ ene hydr oper oxi de, tert-anyl hydroperoxi de, cumene
hydroperoxide, cyclohexyl hydroperoxide, nethylcyclohexyl hydroperoxide,

t et rahydr onapht hal ene hydr oper oxi de, i-s#butyl benzene hydr oper oxi de,

et hyl napht hal ene hydr oper oxi de, peracids such as peracetic acid and hydrogen

per oxi de. M;xtures of  t or_nmore. hydroperoxj des..can. al be_us accordi ng
to the invéﬁﬁﬁ%ﬁpn%%F(ﬁﬂgedﬁ§%8§g¥%%g @hégpéggeﬁﬁﬂF)GE% %%n?%%gg?é}ence i's
given to usiompohydpbyergepetabiaroelal OMFtoperndos deiydmmpeeoxidasivetialbbyn an
aqueous hydraggflg R&IRdihg oS ﬁle!lmxféﬂtioJ Qe F‘d@é}r ﬁ]fiﬁ,hﬁ'erﬂwlﬁgﬁ)gﬁﬁ'ro BloRidede whi ch
is preferably used, 1t 1S possible to enploy, for exanple; the

ant hr aqui norféhylpeszenss hydraperpidegflesapeh hydrergaprige.t gamenen hydwpoioxidg.,

production Qiyclameky@gen Pak@pedxide, Pr Oduﬁﬁﬂ}ylcgﬁloﬂ&@ﬂw ew %fydfoP@mxide, _

ant hraqui none praqcess s, given in "U Il mann's Encycl opedi a, of | ndusirial
Cheni stry”, 8 ydEnaphalede | nydr ,eﬂaagfzs 4XPPRGTOREENe) ¢ * hgiopRiDRee

concei vabl e dtioyladphétiatendyllydegssnoxiee, opdrakadd ¥ueto By @ietdcBige awidf aid tydogeh i nto
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hydr ogen at Rﬁ(g“%ea S .S,Pé] %PS/B’F’? ¥rpﬁ%r0f5 FOXBUMER PF JPFE 2XOT Y 8 Hen | eads
via per oxornbeadswhfion.i Soraihe churposhy of dlge presentoxietsionn greferehesr iscgizen do whi ch i s
t hus obt ai rapl | from
the. el enent SoE ftosel pef e fs phdiGoRbRNET bl iRl 18 SRMESALEEF, |
process accdicgisée sdutidie i nvention, it is possible to free, for exanple, a
commerci ally avail abl e hydrogen peroxi de solution of undesirable ions.

Concei vabl e pethods are, inter alia, those described, for  exanple, in W
58/ 54086, DELN PIePasey ey hydioBeADDSEleo TCh i5 Preleably e, tpiSBPBIR £ r emove

at | east onemglby, for es@fiple] tetdnehriidiQBepropes Oy MeaB W fUihioh vik@illy thbe
hydr ogen peroxi de s [

| uti.on. by aps of ion. exchange in,an appar at whi ch
contarns at s ropcrdidiano iy diRed psrange s wEatied AR SyeRicy, of the
Cross-sect i camlraquna® Fpraceds aisheiwht i WHllmhangs e Esopdlopiddet  dthdndvasirgght H of

the ion eXCW&&Eﬁr?$§t*il&gti$[§ﬁ%§’?’E’ﬁegqﬂ%lmh% 2.5 Ft/2, in particular

| ess than or equa pur poses of the present invention,
it is in principle possible to use all nonacidic ion PF 0000055268/ Kg

It is likewise conceivable to obtain hydrogen peroxide by converting sulfuric acid
into peroxodisulfuric acid by anodic oxidation with simultaneous evolution of
hydrogen at the cathode. Hydrolysis of the peroxodisulfuric acid then leads via
peroxomonosulfuric acid to hydrogen peroxide and sulfuric acid which is thus
obtained back.

Of course, the preparation of hydrogen peroxide from the elements is also possible.

Before hydrogen peroxide is used in the process according to the invention, it is
possible to free, for example, a commercially available hydrogen peroxide solution
of undesirable ions. Conceivable methods are, inter alia, those described, for
example, in WO 98/54086, DE-A 4222 109 or WO 92/06918. 1t is likewise
possible to remove at least one salt present in the hydrogen peroxide solution from
~ the hydrogen peroxide solution by means of ion exchange in an apparatus which
contains at least one nonacidic ion exchanger bed having a flow cross-sectional
area F and a height H which are such that the height H of the ion exchanger bed is
less than or equal to 2.5 - E'? in particular less than or equal to 1.5 - F'”. For the

purposes of the present invention, it is in principle possible to use all nonacidic ion



-26 exchanger beds conprising cation exchangers and/or ani on exchangers. It
is also possible for cation and ani on exchangers to be used as m xed beds
“wWithin one ion exchanger bed. In a preferred enmbodi nent of the present

i nventi on, 85@90@H§2§@%£ of nonacidic ion exchangers is used. Further
preference is given to the use of basic ion exchange, particularly
preferably that of a basic anion exchalger and nore particularly preferably
that of a weakly basic ani on exchanger. The process according to the
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such as dinethyl fqrmam d i met hyl acet am de, N-pethyl - pyrrolidone; ketones
such as ace®df ‘,ﬂfar Piipf‘i‘T?Eﬂg@tg aa‘éeaﬁ%}?%m qqx?qggcﬂgt}g i xtures of two or nore

of the compounds nentioned, for exanple a mxture of at |east two al cohol s,
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particul ar pref erv,%@é}e is given to using nethanol or water or a m xture of
wat er and nethanol a% solvent in the process according to the invention. In
an especial'ly pripbplsegrefersblyi alsohols thasing oy dhas 6aetrbos aonsy WODbI nat i on

with a zeolite gpifalaBBt mOBNidIGthitd], progandls] BEthis1E pefitarslkdi Ng to a |ikew se
very particul arl y.(ﬁref erred e O%I nt of .t Flé proces according to the
i nvention, acet o4l PYROLgRls Rrelerably thosehaving fewst bRad GHPANAPBS;and  water is
used as sol vent. etherasuchspatiedyl sther, edteihyadfiaahodormel 1,2 diehospitvar] | s
used i n conbi nat 0 ¢ h g Zf:_ol ite catal yst having the Ti-MAWVstructure.
-methoxyethanol;
- esters such as methyl acetate or butyrolactone;
- amides such as dimethylformamide, dimethylacetamide, N-methyl-
pyrrolidone;
- ketones such as acetone;
- nitriles such as acetonitrile;
- or mixtures of two or more of the compounds mentioned, for example a
mixture of at least two alcohols, e.g. methanol and ethanol, or a mixture of
at least one alcohol and water, e.g. methanol and water or ethanol and water
or methanol, ethanol and water, or, for example, a mixture of acetonitrile

and water.

Very particular preference is given to using methanol or water or a mixture of
water and methanol as solvent in the process according to the invention. In an
especially preferred embodiment, these solvents are used in combination with a
zeolite catalyst having the TS-1 structure.

N According to a likewise very particularly preferred embodiment of the process
according to the invention, acetonitrile or water or a mixture of acetonitrile and
water is used as solvent. In an especially preferred embodiment, this solvent is
used in combination with a zeolite catalyst having the Ti-MWW structure.



PF 0000055268/ Kg -27 The present invention accordingly describes a process
_as described above wherein propene is reacted with hydrogen peroxide in the
“presence of at | east one zeolite catalyst having the TS-1 structure and

met hanol or PHAPBYOLOHKE xt ure of water and nethanol as solvent or a
.zeolite catalyst having the Ti-MAWstructure and acetonitrile or water or a
mi xture of water and acetonitrile as s@Fvent to form propyl ene oxide in the
reactor. The present i nvention |ikew se describes the use of a reactor as
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shel | - and- tBBﬁW*W%apt H“ d6*dP g to the invention is regenerated after use
by a process in which the regeneratlon Is effected by targeted bur ni ng- of f
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process accor to the | nvention e catal yst particu pre erably
remains in EW@ @ orolvant i zeelileeepitlustabaveie the (oMWW Fté‘g?élﬁér%!tq on, the
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the condition |?ne I a e y before regeneration. The catalyst preferably

di spl ays it P'UNIGCHEI®activity and/or its original selectivity after
regeneration. The preferred zeolite catal yst according to the present

i nvention ich.is to rated i s heate ate rat n, t he
oo of "t 1 ohibher Gnbiftimeroa B 3t St ihg fo WioRvERTBEHR ti-be
particul ar @htatyspnn@tﬁ(;@fembaome fixed-bad zealitowaiahyst md:nnpartwulmgthf: foedO. 1 to

about 20 paffg | mh%m%&[ HéBglté) cilsvg ﬁ%nﬁﬁé@ﬁbl g&%ﬁt XM henRdhldhs! 27!y

preferably fro
reactor according to the 1nvent10n is regenerated after use by a process in which the

regeneration is effected by targeted burning-off of the deposits responsible for
deactivation. This is preferably carried out in an inert gas atmosphere containing
precisely defined amounts of substances which supply oxygen. Such a regeneration
process is described, infer alia, in WO 98/55228 and DE 197 23 949 Al. In the
context of the process according to the invention, the catalyst particularly

preferably remains in the reactor during the regeneration.

After the regeneration, the activity and/or the selectivity of the catalyst are
increased compared to the condition immediately before regeneration. The catalyst
preferably displays its original activity and/or its original selectivity after
regeneration.

The preferred zeolite catalyst according to the present invention which is to be
- regenerated is heated to a temperature in the range of from 250°C to 800°C,
preferably of from 400°C to 550°C and in particular of from 450°C to 500°C, in an
atmosphere containing from 0.1 to about 20 parts by volume of substances which
supply oxygen, particularly preferably from 0.1 to 9 parts by volume of oxygen
and very particularly preferably from 0.1 to 6 parts by volume of oxygen, either in



and very particularly preferably from0.1 to 6 parts by vol une of oxygen,
“either in PF 0000055268/ Kg -28 the shell-and-tube reactor or in an external
furnace, prE8F&0ASH268/Kghe shel | -and-tube reactor according to the
invention. Heating is preferably carried out at a heating rate of from
'0.1C/min to 200 mn, preferably of fromgQ.2C nin to 15C mn and in
particular of fromO0.3C mn to 10C mn. The catalyst is preferably

regener at ed i e shel | -and-tuybe react Durin
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| ow t enpera eﬁm%&dqntﬁees%h_tanaftu&elre%t&g t he appropriate oxygen content and
the appropriate heating power 1S an essential step for preventing | ocal

overheating of the catalyst at high organic |oadings on the catalyst to be
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above in O renove-any re nlng i norgani c conmponents present on the

catalyst as a result of contam nation of the starting nmaterials. repeated
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3 to about 10 hours.

The subsequent cooling of the regenerated catalyst is preferably not carried out too
quickly, since otherwise the mechanical strength of the catalyst and/or the reactor
can be adversely affected. Cooling is carried out using a temperature ramp similar
to that employed for heating.

It may be necessary to rinse the catalyst with water and/or dilute acids such as

hydrochloric acid after it has been regenerated by calcination as described above in

order to remove any remaining inorganic components present on the catalyst as a

result of contamination of the starting materials. repeated drying and/or repeated

calcination of the catalyst, preferably in the shell-and-tube reactor, can
: subsequently be carried out.

In another embodiment of the process according to the invention, the at least partly
deactivated catalyst is washed with a solvent in the shell-and-tube reactor or in an
external reactor, preferably in the shell-and-tube reactor, to remove adhering



external reactor, preferably in the shell-and-tube reactor, to renove
“adhering PF 0000055268/ Kg -29 product of value before heating for the

r egener at i oRFH000@H268/KgThe washing is carried out in such a way that the
products of value adhering to the catal yst can be renoved therefrom but
‘tenperature and pressure are not so hiigh-that the nostly organic deposits
are |likewi se renoved. The catalyst is preferably nmerely rinsed with a

sui tabl e SO|\§/Q5{I hus, all sol ventth in which the respective reaction
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out in one $H34Q9n 1ddd%0 BARARNO the BMRsd on conpri ses embodi nents in which one
or nore of the above-described reactors is/are used. If two or nore of the

reactors are used, it is possible, for exanple, for at |least two of these
reactors to e moodsacestding tpahaidvehtiorPedrt be vhrgiet Yout in biikﬁoﬁﬁﬁ)ee Sgdshe

Oxi do.  the’ rERLE BHASAY SR RER SR e BRelic iy B o ot o
tube reactor comprising a shell and at least one internal tube located within the
shell, with at least part of at least one of the internal tubes having a noncircular
cross section and a helical configuration in the region in which it is surrounded by
the shell, in at least one process stage. The compound prepared continuocusly
according to the invention can be the end product of the process or an intermediate

in the process which is processed further either immediately or later.

If the process according to the invention is carried out in one stage, the present
invention comprises embodiments in which one or more of the above-described
reactors isfare used. If two or more of the reactors are used, it is possible, for
example, for at least two of these reactors to be connected in parallel.

- “ Particularly in the case of the preferred preparation of an epoxide, particularly
preferably propylene oxide, the reaction of an olefin, particularly preferably of

propene, can be carried out in one or more stages.



propene, can be carried out in one or nore stages. PF 0000055268/ Kg -30 If
“this preferred process is carried out in a single stage, the reaction in the
react or or BFEH®H00s5268fKg he reaction stage is preferably foll owed by at

| east one separation stage in which the at | east one desired product is
‘separated off fromthe reaction solutign which is discharged fromthe
reactor. Such desired products are, in the case of the preferred
preparation f an epoxide, for exanple the epoxide, the  unreacted ol efin,
the at Ieast %Pgegfrr(ﬁé'r&roe)fi%é% cqraigd puloifen Hyelsstgacthererahion e ihe 15gctor he

reaction. Acgaeslidy omthaemm sthgs [sqﬁeﬁmmyi ifofesedl B at ﬁ@stﬂfr@os% grafiG€or di ng
to thelnventlon Ieat one

d t b
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fromthe reqaCtEsion. t&c@&‘ﬁﬁ?gﬁ%ﬁﬁok?@ﬁ@ﬁé@&ﬁgodlﬂmﬁts%f ifeoBesi B, &m

recirculated to the reaction sta he present |nve ion t re al so

rel ates to dRe Hypaten gklepssong of theglesired prgductp mucdy bps aﬁpa@t féﬁtia feg)

conmpound, Whx@hplOthier AtSRast adnel &2dnt ARE/ok &meéa@fedaaeﬁ@t is leER&ilaRdRo SAPAr at i on
devi ce wherein at {east one of the reactors is a shell-and-tube reactor

conpri si ng d°HOPS28fid at | east one internal tube having a noncircul ar cross
section located within the shell, V\/nerel n at | east one of the internal tubes

naving. e BORFLLGHNE o BOARALABE! LRCoR) phERALRRL Yhlald il e

region in whi’ Surro n-exa erred
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whi ch, depen I ng nat ure e constituents e reaction
sol uti on whiE#Pkal ascessaryr egenasaled dnyhisutiable ananage apd reciscdated jtadhe ut |
consti t uent Sreadiontsii@er €acti on sol ution are separated off at the botton1 Vi a
at |l east one side offtake and/or at the top. According to a particularly
preferred enbodi nent of the process according to the invention, an ol efin,
preferably priappreeenti nvéidat ddrefore also Falaleo pe naxipperatus for the continuous

preparation of a chemical compound, which comprises at least one reactor and at
least one separation device wherein at least one of the reactors is a shell-and-tube
reactor comprising a shell and at least one internal tube having a noncircular cross
section located within the shell, wherein at least one of the internal tubes having
the noncircular cross section is at least partly helical in the region in which it is
surrounded by the shell.

An example of a preferred separation device is, inter alia, at least one distillation
column. Preferred distillation columns are, for example, dividing wall columns in
which, depending on the chemical nature of the constituents of the reaction
solution which leaves the reactor in which the reaction is carried out, constituents
of the reaction solution are separated off at the bottom, via at least one side offtake
and/or at the top.

According to a particularly preferred embodiment of the process according to the
invention, an olefin, preferably propene, is reacted with a hydroperoxide,
preferably hydrogen peroxide, in the reaction stage to give a mixture (M0). In this

reaction stage, very particular preference is given to using a fixed-bed zeolite



preferably hydrogen peroxide, in the reaction stage to give a mxture (M.
"In this reaction stage, very particular preference is given to using a

fi xed-bed zEBBIONOROPBROBBE0055268/ Kg -31 catal yst of the TS-1 structure and
preference is also given to using nethanol as solvent. In the apparatus
‘according to the invention conprising-the reactor according to the
invention and the separation device, the unreacted olefin, preferably

pr opene, a ff fromthis xture (MO . conprising epoxide,
pr ef er abl y [5? gﬁ‘éﬁé‘ d5§ 1 pgroctpgs @ tp CISPet }SnaISCpge’F@rtamsylg 8and

met hanol . Thdvaitesent invention therefore al so provides a process as

descri bed above conprising the steps (i) and (ii): (i) continuous reaction
of an olefin with a hydroperoxide to give a mxture (MD) conprising epoxide
and unr eact &uthelappatatus (aceqrdmgpa tiet ingentvi cogrisimgdhe teedtoo laefording t@thet he

m xture (M), JQn&i Yfd ‘;t‘heﬂ tlﬁnscfgl:M[o?e ﬁﬁ-gﬂ‘{ éﬁgol%ﬂﬁx aM’P%‘ eﬁ:eﬁ (i) is

carried out using at |eas e reacto shel |
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part of onexpk ddieackdi GEMEIprdUABE fi8fe, ARNREMEANIAr Cross section and a
helical configuration in the region in which it is surrounded by the shell.

According to a preferred enbodi nent, the mxture (MJ) further conprises

unr eact ed hmﬁeopemxildeannlon thefaibie @lrs@flﬁ'bffﬂds eipastiese At , ddstighedPabov@e i s al so
separated off fr.aom As descri bed above, the unreacted

ol efin whi cﬁOWBEmB%gH: %eé’ﬁz'r)ﬂ‘géﬁoff in stage (ii) can, according to the
i nvention, K@ recortowoas echction slfa:geol(:ﬁl) wittnaalydmperqxﬁcka‘ &y gvd a snttoch nent of

t he process accor 1 ration stage (ii) is
fol l oned by at ?90&1gn§19§0¢163(\{r eac I'on st aﬂ?l ii) into which the
unr eact ed ol(&F i nsemmtm ofhe ne@nctgcépbﬁatfecun@her mppuist (AYD toigive 3 mixwe The

present inventi or@\,ﬁgg&hghggég @@&:rl bes a process as described above
conprising the stages ‘k‘f% reaction of %he olefin with
hydr oper oxi cff‘osta? (Aéwacqw 8?%“5&%‘&1%%‘ REe skstlbandgwbe seacts CORPPISHER ef i n,

(i) separatshéelna@f attlbgt bié Baerh@cubd Rich@d fwithin tHeeshsll Xkhirein' 2 Sk pargofl 1 om
stage (1), one of the internal tubes has a noncircular cross section and a helical configuration

in the region in which it is surrounded by the shell.

According to a preferred embodiment, the mixture (MQ) further comprises
unreacted hydroperoxide. In a more preferred embodiment, the epoxide is also
separated off {rom the mixture (MO).

As described above, the unreacted olefin which has been separated off in stage (ii)
can, according to the invention, be recircuiated to stage (i). In a more preferred
embodiment of the process according to the invention, the separation stage (ii) is
followed by at least one second reaction stage (iii) into which the unreacted olefin
which has been separated off in stage (ii) is fed.

The present invention accordingly describes a process as described above
comprising the stages (1) to (iii)
- (1) reaction of the olefin with hydroperoxide to give a mixture comprising
epoxide and unreacted olefin,
(ii) separation of the unreacted olefin from the mixture resulting from stage (i),
(iii)  reaction of the olefin which has been separated off in stage (ii) with hydro-
peroxide,



(ti1) reaction of the olefin which has been separated off in stage (ii) with
“hydro- peroxide, PF 0000055268/ Kg -32 wherein the reaction of the olefin in
at | east onBFON0OOBS268&ges (i) and (iii) is carried out using at |east one
shel | -and-tube reactor conprising a shell and at |east one internal tube
Tocated within the shell, where at |eagp-part of at |east one of the _
internal tubes has a noncircular cross section and a helical configuration

inthe regiogn in which it is surrounded by t shel |l .. Accarding to a
particul arl ‘Eeé‘?g’ier"%:”é’ﬁtﬁ’g&‘?er@ﬁ in 16 e’b‘l‘@%‘? ﬂp isﬁqﬁcgh%a%géﬂ) Is§gﬁéﬁdat ed of f
is firstly wor kdag up labt etfe thedl-agpabateantoranthpEisinges el il aekaiteshel n

(ii1). Accordin not.her .pref.erred enhodi ngnt., exclusively fresh ol efin
or fresh of€ rin%l %u(r?])eglaaﬁt?(fgvﬁﬁ%% tfehéhe I’g‘frﬂl%ﬁe %Wﬁgﬁ %aésotgi;leagte%réerg ed off is
reacted in (@iteinpl tuhes brsliampncocdmotioss sgutioh emdeal helndad donkgtratiorhén the

hydr oper oxi dg,; in%hi@@?t.i@?ﬁrr&ﬁﬁ@d]:ﬁ Ghed in (i) is used as hydroperoxide in

(iii). The ol®efin used is particularly preferably propene and, furthernore,
t he hydro- peroxide used is particularly preferably hydrogen peroxide. The

reactors usegchilidd € St pRGSulaiy FRFBCrkd | dnbodifelt! el bRPINY whicheRasOgskn eact or s.
eis givento us¢n Alitaniymsilicalite cat,alys‘i of the structure Ti-TS1
pif s b erky ]

| very par SFRAE F6F WKy d jerdics dhecseparalion ang sypreguenthy reppihin
reactors. |Inii@ |ikewi se preferred enbodinment, a zeolite catalyst of the
structure Ti-MWis used as catalyst. The present invention accordingly
descri bes a process as descri bed above conprising the stages (i) to (iii)
(i) reacti orhaobrdite t@|apbther \pir¢farcery cirdodiroont,dexdlusitdle fissbselnfie @f frastt i t ani um

zeol i te f i xafrio aiahBI S theQliefPEnEA IS hithSieldradbd ofr RRLHRN il (VW L 0i ve 2
m xture conprising epoxi de and unreacted ol efin and pretrerably”unreacted
hydr operoxi de, (ii) separation of the unreacted olefin and preferably

epoxi de fromd:BrIisp ot dtbther f)ﬁ:‘fé&édi dishddiR@ReSTha 8§ dioperoxide! whick RAGHd: 8Bt t he
ol efin whi ch has, been separate .in stage (11) and preferably worked up

_ d off )
and/ or of f reaskeddndpiihuskrion hydapesesidsin §8)- pref er abl y

The olefin used is particularly preferably propene and, furthermore, the hydro-
peroxide used is particularly preferably hydrogen peroxide.

The reactors used in the stages (i) and (iii) are preferably fixed-bed reactors. e is
given to using A titanium silicalite catalyst of the structure Ti-TS1 I very
particularly preferably used as catalyst in these fixed-bed reactors. In a likewise
preferred embodiment, a zeolite catalyst of the structure Ti-MWW is used as
catalyst.

The present invention accordingly describes a process as described above

comprising the stages (i) to (iii)

(i) reaction of the olefin with hydroperoxide in the presence of a titanium
zeolite fixed-bed catalyst of the structure Ti-TS1 and/or Ti-MWW fo give a
mixture comprising epoxide and unreacted olefin and preferably unreacted
hydroperoxide,

(ii) separation of the unreacted olefin and preferably epoxide from the mixture
resulting from stage (i),

(iii)  reaction of the olefin which has been separated off in stage (ii) and
preferably worked up and/or of fresh olefin with hydroperoxide, preferably



PF 0000055268/ Kg -33 with hydroperoxi de which has not been reacted in (i),
“in the presence of a titanium zeolite fixed-bed catalyst of the structure
Ti - TS 1 andPBO0IDOIANGG/Kgherein in at | east one of the stages (i) and (iii)at
| east one shell-and-tube reactor is enployed for the reaction of the

‘ol efin, wherein the at |east one shel l.33and-tube reactor conprises a shell
and at | east one internal tube |ocated within the shell, wherein at |east
part of at |east oqne of the . int tubgs has a nonci.rcgl ar cross. section

. [ nal ;
and a helical coRfifgiidseneErxids, which has giobResireapipd ip (1, indhe piesgigiddd by t he
shel | . Accor di ngtitaan aeslize fiked-béd ealgsiodthowtniciuré TETHL asé&ot TI-MAFW, on

descri bes a [ocess ,as, descr,i bed abave ,conpr.i sing the st S (1) . to (iii
o nda &1 oRARIPT R 18 SR bR e R DR ATOTRPR Pl e R AT bbby b¥ L i 1
hydr oper oxi dmpiayed Hor phreesaciomn of the ¢lefimnwhercinz dhel attleast ione dshbibcind-stal yst of

the structu | .- . / | | kX1 I S poxi de
and unr eact %%‘:Qrézg;;ﬁw}l S???)Sﬁéslé%gé %&P?) _?cerﬁ%lnérz%gé ggﬂ(g%gﬁ _{nn&ﬁkglﬁqﬁ‘t he
m xt ur e reswhefeny af legph partglat lepst ongj ofj the iriampl tipephas paootietular ebssch has

been separ atsé‘éi’ioﬁfa}‘ndid‘héifcﬁg&r(fiegju}atﬁHQn the Fé‘gﬁér@ﬁt' WhitR"ik ROsuRuadd] oy uf fresh

olefin with hydroperoxi de, preferably w th hydroperoxide which has not been
reacted in (Shf)u,- In the presence of a titanium zeolite fixed-bed catal yst of
the structure Ti-TS 1 and/or Ti-MMWN (iv) regeneration of the titanium
zeolite fixed-bed catal yst of the structure Ti-TS 1. .and/or Ti- used in
stage (i) aﬁ?\fFB‘i‘h‘bgt & P prefeffrsh 8ﬁ“h° fegt the Upsegh dnEhtion desqrided & (1) and
(i), pref erakby astdegaibed ) abalve | agirisone thes ktegds- éinde t(liDeatde addicbnalby enpl oyed
for the rea%t[inopls.of ﬁh& %lrf?‘];i n, wherein the at |east one shell-and-tube
reactor contairReSREG 9G] Jm zeolite fixed-bed catalyst of +the structure
Ti -TS1 and/ ¢ Ti +éadhoard tho mbefirs edthahghepdrosidd intthé gpassengnef ai ttaminmal t ube

located within t Q@olﬁ@?ﬂx%d—b\é@g{tgf;ygt SHend ﬁ?&&u&%hﬂ&m@ﬁqﬁréﬁ%@%@% ﬁf\{e 4 he

i nternal tubes has a noncircu cross section an guration
in the region i Anigiirepomprisiag epaxidpandamrepptedidefthel || wherein the fixed- bed

catal yst is iy e9eB@fraiditot the bfiBadtbd bRAR frofthe MRture RAGNNE BN Qa5 GF,-

According to, a preferred enbodinment, the continuous, process acgording to the
i nvention i é*‘ﬁot rpactign  Qfpthegolefin; whicheBasn beey seprraled ofk 1g stageydd) agghi ch
| eads to an preferably worked up and/or of fresh olefin with hydroperoxide, preferably
with hydroperoxide which has not been reacted in (i), in the presence of a
titanium zeolite fixed-bed catalyst of the structure Ti-TS1 and/or Ti-MWW,
(iv)  regeneration of the titanium zeolife fixed-bed catalyst of the structure
Ti-TS1 and/or Ti-MWW used in stage (i) and/or stage (iii),
wherein in at least one of the stages (i} and (iii), preferably stage (i) at least one
shell-and-tube reacior is employed for the reaction of the olefin, wherein the at
least one sheil-and-tube reactor contains the titanium zeolite fixed-bed catalyst of
the structure Ti-TS1 and/or Ti-MWW and comprises a shell and at least one
internal tube located within the shell, wherein at least part of at least one of the
intermal tubes has a noncircular cross section and a helical configuration in the
region in which it is surrounded by the shell, wherein the fixed-bed catalyst is
regenerated in the at least one shell-and-tube reactor. |

According to a preferred embodiment, the continuous process according to the
invention is not interrupted during regeneration of the catalyst, which leads to an
increased process throughput. According to the invention, this is achieved by the
use of at least two reactors which are connected in parallel and can be operated

alternately. The at least two reactors connected in parallel are particularly



i ncreased process throughput. According to the invention, this is achieved
by the wuse of at |east two reactors which are connected in parallel and can
“be operated__alternately. The at |east two reactors connected in parall el
are parti cuPHOOQO@S268@055268/ Kg - 34 preferably shel | -and-tube reactors
aaccording to the invention. In the process according to the invention,
particul ar preference is given to at |-8dst two, nore preferably at |east
three and particularly preferably three or four, shell-and-tube reactors

according t Lhventi ei ng.conpe arallel T generate the
cat al yst, 8 eltf%rg%l ssslll IE(L=,*H%Pt (l)lgdl rﬁecctcg}(ﬁ% “olfe elgtfont' h@ ﬂ}gagfo&?%g
connect ed i acqoading |telthd naventibe, pfﬂft;@émt pm&rcmmlglnerstfage lanidiwve megener at e

the catal Y?feﬁl-ﬁﬁ?eﬂltleés@ thedk Sinfi ﬁgﬁcﬁiaﬂs}y\gt%féﬂﬂb Bhrek e(ﬂ‘zqoulo NReliSAGk@e | S

al ways avai reaction mat er | or starting
material s i FEABiPET dccardiggtodhe lm’ﬁmtlfl’tebﬂ%(éﬁ@écr@ in perakdednt i nuous process.
Accordingly, the present i nvention therefore al so describes an assenbly of

at least two, prefer three or fqur, shell-and- tube reactors accordi ng
to the invenfi® “e%%ﬂ@c%/aéﬂyﬁtn“ﬁ%lpaﬁsﬁ‘i’ to @‘éﬁ‘?P“@B‘nﬁr Fast nge ot dheetepcigiiy at

| east one i ob@fcol Inupgralldviro@ the ﬂ@th{re:ub@hoﬁrsa@g% SRC 0 edpchORft @ W t hin
t he shel |, nternal tubes. havi

i L f. th
nonci rcul ar & Pgrgfsgrggé&t i“gﬁislﬁt lée%éntlgr’lo‘?élé‘%?lgﬁéhctaﬁglor}?erlef'%gﬁ 15; arlnwiiﬁea"%fl%tgie 8% in which
it is surrowudgon of thhetastived mateamchl atr staatst noeidegn enmeryf stage Hedgs tlene  of

the internal, ﬁrH@SFt g%ﬂﬁtﬂ{u@ SBIIOCL:S%ast one fixed-bed catal yst. The present
invention | I Kew se descri bes n appar atus as descri bed above for the

continuous preparation of a chem cal conpound, which conprises at |east two,

preferably taeeQidly, (Rd preséandcntion GRACIBEL Ah H&cﬂﬁésaald SserAhY cfftat hegst one

separation deviceg, ‘wherein the react ors connected I n_paral are

shel | - and- t (& P‘"@&'é?tﬂYs‘hreEd}f*pr%lﬁhSl -andfighey reaﬁarSaQCCp@a%& t‘bﬂ@ I“HP@#%I t ube
havi ng a norehdeetdan paralisk cﬁ(ﬂﬁédtﬂ[ﬁhmﬂ &lﬁidﬂchddiz&ﬂ&dat diecinthedl lubehitp N at

cast part g MR PR aePBdeeRed vl S R Rt e e Bn §F Bl ol |
I n the aboveéntdeat tubbedavmgehteanmuiaot:rdsheedtnoned-abMStcparﬂy hefical fin she
shel | - and-t lﬂ%@on e@’ﬁfc 1t ﬁ%ﬁ&% #er rbgglhyg ell &fﬂtl‘lﬁ%? o?ﬁﬁI‘cgpo%acﬁtat%ﬁt ggating

mediumi s, odi nent rocess according to
the inventi @ﬁthqlamtumsemghlnsahbastmeflxecbh@(bcataiystr der to heat the reactor.
Particul ar preference is given, for

The present invention likewise describes an apparatus as described above for the
continuows preparation of a chemical compound, which comprises at least two,
preferably three or four, reactors connected in parallel and at least one separation
device, wherein the reactors connected in parallel are shell-and-tube reactors
comprising a shell and at least one internal tube having a noncircular cross section
located within the shell, wherein at least one of the internal tubes having the
noncircular cross section is at least partly helical in the region in which it is
surrounded by the shell.

In the above-described regeneration of the fixed-bed catalyst in a shell-and-tube
reactor according to the invention, at least one heating medium is, according to a
preferred embodiment of the process according to the invention, passed through
- the shell space in order to heat the reactor. Particular preference is given, for
example, to hot air having a temperature in the range of preferably from 50 to

550°C as heating medium.



exanple, to hot air having a tenperature in the range of preferably from 50
*to 550C as heating nmedium PF 0000055268/ Kg -35 Accordingly, the present

i nventi on alPF®0083TY26B&KsE a process as descri bed above, wherein the at |east
one cooling nediumflows through the shell space of at |east one of the
shel | -and-tube reactors according to thg.-present invention used in at |east
one process stage while the preparative process is being carried out in the
reactor and at |east_one heating nmediumflows through it when carrying out
the regenerStPYinely. e Presghbmysption alsp dlepathes g propese g glaseried dhowe,
invention, therd theeadtasobie E6GMIpOme@aBONGH N thrb@si fhe shay epice OF o€ dast be used

ot 02 ol BB ABERE b Pln R AR i G Mo o
(iii), it iose powsssoitaget whilks the proparateangbesss at béipgshrredeut ibtherreagadior or at

| east one s | -,and- t p e LI el S at | east
one cascadqu %tt %(raﬁtegﬂgggééeﬁg Igl%dlﬂg} qfoé”}ass?ﬁ %lrl\épghzi‘%l%é’nr S:g[gy@? Sézlits?l]zifre known
from the priregengration phthe sp@lyst wgbe raaftos. react or  known fromthe prior art is
used in one of the stages (i) and (iii), this can be configured as a

fi xed-bed reactor or a suspension reactor. Preferably a fixed-bed reactor
and furt her Asceidinsgte the mvention the at leasirane reagtarpiceprdinggledhe [vegtion gkt one of
the react or $eac&DmGtapg () @r ihQagd (R G iR BoihSstapeed) bid QAY.h st ages,
respectively, the at |east one reactor used Iin stage (i) can be identical or
different fromthe at |east one reactor used in stage (iii). The

di ff er ences I the, redoor axanirgeto thé énvenyortisfioe nesiciasond et Gragbed) ambyii),iin r espect
the snel | of PROGKRERE! sSaRipts ALIGBAG e Sarlondy of GhCBle Akl 400 T he ™
i nventi on uge icactert G leaist) ongrstigied ivipsselbor db deasparcataschde jof stitnest vembdlyomnd t he

reactor accof a%tﬁ%P&ﬁ%Tdcﬂ)¥e&tg_r9 Qﬁb@ﬁq‘roirrptlét ?m(t! 1n' thisckrtz}%%:! ifacl%gctope
oper at ed adi abati cal ¥1 n the process according to_the invention,

particul ar pFnewarisemehe Prigrashist eseddnrigicaef theewaes dheandstid) dhishrap b | east
two and nor oRfigi:ed ablaVfikdaiRA RhcthObF a stfiRhbioR MectdtDPref&8RG LiRed@BE&PT di NG t O
the invention in st%ge (i) angd at Ieaﬁt nf shaft regctor in stage (iii).
Further pr eff8ifand;tartharprgfe l%%@’“’é‘t‘qde‘gé” toraguseor in stage (i) being
operated isothermally and the at | east one reactor in stage (iii) being

oper at ed acﬂt

%P ?éaistcgtllel Jf the reactors according to the invention is used in both stages,
respectively, the at least one reactor used in stage (i) can be identical or different
from the at least one reactor used in stage (iii). The differences can, for example,
be any differences described above in respect of configuration, number and/or
arrangement of the internal tubes and/or of the shell of these reactors. Furthermore,
the reactor according to the invention used in stage (i} or (iii) can be operated
isothermally and the reactor according to the invention used in stage (iii) or (i) can
be operated adiabatically.

In the process according to the invention, particular preference is given to using at
least one, preferably at least tiwo and more preferably three or four, shell-and-tube
reactors according to the invention in stage (i) and at least one shaft reactor in stage
(iii). Further preference is given to the at least one reactor in stage (i) being

- operated isothermally and the at least one reactor in stage (iii} being operated
adiabatically.

The present invention accordingly describes an apparatus for the continuous

preparation of a chemical compound comprising at least one, preferably at least



The present invention accordingly describes an apparatus for the continuous
preparation of a chem cal conpound conprising at | east one, preferably at

"l east PF 0000055268/ Kg -36 two and particularly preferably at |east three or
four, shel | PERBOYAMSE68/E&ct ors which are connected in parallel and each
.conprising a shell and at |east one internal tube having a noncircular
cross section located within the shel F30wherein at | east one of the

i nternal tubes having the noncircular cross section is at |east partly

helical in I i i it rr e th el further
conpri sing 3’5%?%({ ?’%}lg‘pﬁ%ﬂ p}fgg%:ﬁﬁlwk }éggta ed Ogg%rs %e?éaﬁdétﬁ@ Eﬁ’ag {05% Wﬁg?}st one
shel | - and- t aiseopeertecoin randlehand ezvbrconpuigingtrasieliradat brst @ednetadoest r eam of
the distill ﬁa‘nﬁga%hamlaﬁ&s@rseém Pt Rl ilsBEN Y G & 1B i ment  of

the process according to the _1nvention, east one 1sothermal

shel | - and-t ﬂ@én@ﬁétt&%at@a%dﬁﬁgwwm GIaSpeREtinis gtdeast partiyrhedicalgg (i) and
at) I eagt On&e&ggi?ﬁthvﬂli&hﬁfiﬁ shieaided Hysgygﬁéilt, ifﬁk;uﬁar%ﬁlpﬁisitn'g)a diIc!in?ation y
above-descri bed two-s e process. accqQrding to i pvent 1 on separation
Sage for t haamwHbrHh AV iR ST drh Pl e P g andb e <

parti cul ar | ynpsteftacadbrylocaéd d@cnsmehmusfitingdibylthtiogeolunat.oxi de as

hydr oper oxi de, nethanol as solvent and a titaniumsilicalite catal yst as

fixed-bed catalyst. In stage (i), this process is preferably carried out at
t enper at ur edceordingelorapayticwfrly prafenvDembodigent pfothe proaeke pedotding o thige r ange

of from 25 i i 30 to
o0C | The pr afedbién, 30 feaRRc iGihaal shol fEABE el sbORIBI Byl T0 1O
nore pref efsaiedin Hagaid) andrad deast oeradipbaiic shnftagagian is ased instagediar | y
preferably in the range from 18 to 25 bar. The reactor used is a

shel | -and-t ype eac(tlor €CCOI’di ng to the inyention which referably has a

length in t H8®AARYFedesFribad i asstagse Prgcesy acrrifies ip dhcotnypryon With separa of
from6 to 18tapd fondtheacbntiriuods | preparafi@r adfl yropyldnBe okidagé&onf gropumeld to 14
in. The nunb I, @;l intFr r}ﬁl t ubes of tirr}e ﬂe(ﬁCt or s @ref ehﬁ(\?l% in Ehe range
of from 10 # Holf I E %‘Fré ePgth"§/ P %gel’laﬂ“grgx F 5 oM ‘50{“8 7500 and
parti cul ar | ynethumef av solbtent aml 4 ienivangibicaite Eatalyst380xetd ded s0@lyst. of from 3000
to 6000. The cross- sectional area of the internal tubes is preferably in

the range of from0.3 to 100 cnR, nore preferably in the range of from3 to
50 cn2 and pastage di)athis prosesstis magiesablyncartied puhfelcaperatyns B thetrangezolonp.

from 20 to 80°C, more preferably in the range of from 25 to 70°C and particularly
preferably in the range of from 30 to 60°C. '

The pressure selected is preferably in the range of from 10 to 30 bar, more
preferably in the range of from 15 to 28 bar and particularly preferably in the range
from 18 to 25 bar.

The reactor used is a shell-and-tube reactor according to the invention which
preferably has a length in the range of from 5 to 20 m, more preferably in the range
of from 6 to 18 m and particularly preferably in the range of from 10 to 14 m. The
number of intemalr tubes of the reactor is preferably in the range of from 10 to
10 000, more preferably in the range of from 100 to 7500 and particularly
preferably in the range of from 3000 to 6500 or of from 3000 to 6000. The cross-

- sectional area of the internal tubes is preferably in the range of from 0.3 to
100 cm?, more preferably in the range of from 3 to 50 cm® and particularly
preferably in the range of from 5.7 to 27 cm®,



PF 0000055268/ Kg -37 The selectivity of this reaction in stage (i) in
*respect of hydroperoxide is preferably in the range of from80 to 99% nore
preferably PHO0RBOTAKHDf from90 to 98% and particularly preferably in
the range of from92 to 97% In stage (iii), the process is preferably
‘carried out at tenperatures in the rangg -of from15 to 80C, nore preferably
in the range fromof 20 to 70C and particularly preferably in the range of
from25 to &80 The pressure selected js preferably in the range of fromb5
to 30 bar, roF&legiPdpet AR yeacHoR Hesthgendlindpsherigth ydapesaxidrats patigrably
particul arl yn preabegabl fromn8d hev9Bngere plefdrillimis thorahpe bafroml e 16 ©8%L or used
ube reactor to the invention which

is for exanple a.shell -and- cc i

pr ef er abl yngh{%(gp%lmfléﬁayerir}?{a{)]ﬁ’éntﬂﬁer@%geo?f ?18%?3092%20 m nore preferably in
the range of from6 to 18 mand particularly preferably in the range of from
10 to 14 : I el k r ly in

t he range g}m yrag%ﬁﬁ%ﬁ% 5’9(%(:8&%%8[%@%&%% gﬁ‘fig rogEF@teﬁﬁ)gﬁlgésr gf\bhg rg{lf‘#é‘gmyloo to
7500 and paftont L} & $9°C, paase prederablyiin thhmnge fige of 2G t0o/1°C00W pasticwdoly or of

from 3000 t ¢rG0Q0ky if MR @hESSE rSRO5IBAtC.area of the internal tubes is
preferably in the'range of fromO0.3 to 100 cnR, nore preferably in the

range of from3 to 50 cn2 and particularly preferably in the range of from
5h7f to 27 crie ﬂn’ﬁssﬁi‘e’igel]gétbﬂ ibi)s,p@maﬁlﬁuhamepfa?g@r(ﬁnﬁeni S @ \zfem,af,olnuﬁﬁ ng ad
shaft reactor e prefera a. co nuous! y.oper at e att .reactor an
particul arl yrfg?rggl&rlgﬁft?,raggggk%(rpﬁhg‘(}g?@,harogérpﬁga{far[ysﬁe F?’Lgrﬁlm HEJPPES eact or .
The sel ecti wf frpmo8 tct 1 barr eaction in stage (iii) in respect of hydroperoxide
is preferably in the range of from64 to 99% nore preferably in the range

of from72 to 90%and particularly preferably in the range of from75 to
87% The selldeteactaryused istfive evyeplealshgli-eed-tubeirpagtersyseendingf totihel nypelianki de i s

preferably ighich E@fér%l%,a&)fa 1&'1%2%7 thel AnBOYE (ORI § 15201 Er AbleYpbfardbl\eid ange of
from88 to 97% and Partlcul arly preferabl he range of  from™90 to 96%

y In the
PF 0000055248 1agee SBIrpRo {1 &m prdupasteniasty aeeterablydn dhornge ob fremetQfn v at
| east 99. 5% 14T EheDiv@hift b interahl tub@&asFithORabr isPreRrablLinttha Bdrige af flogast 99. 7%

and parti Cu'l%rtloylﬂo 60%f, %Iio%) leefgrtabiyei%Stile range of from 100 to 7500 and particularly
preferably in the range of from 3000 to 6500 or of from 3000 to 6000. The cross-
sectional area of the internal tubes is preferably in the range of from 0.3 to
100 cm?, more preferably in the range of from 3 to 50 cm® and particularly
preferably in the range of from 5.7 to 27 cm’.

In stage (iii), particular preference is given to using a shaft reactor, more preférably
a continuously operated shaft reactor and particularly preferably a continuously
operated, isothermal shaft reactor.

The selectivity of this reaction in stage (iii) in respect of hydroperoxide is
preferably in the range of from 64 to 99%, more preferably in the range of from 72
to 90% and particularly preferably in the range of from 75 to 87%.

The selectivity of the overall process in respect of hydroperoxide is preferably in
- the range of from 78 to 99%, more preferably in the range of from 88 to 97% and
particularly preferably in the range of from 90 to 96%.



99.8% In conparison with the two-stage processes known fromthe prior art
*for the preparation of propylene oxide, the process according to the

i nvention i $F 0068 zed by, inter alia, the realization of a significant
increase in selectivity, wherein the selectivity in the process according
to the invention is generally at |east3gl% higher, preferably at least 1.5%
hi gher, than the selectivities known from the prior art. The present

i nvention accordi ngly provides a process, as, descri bed above, rein the
sel ecti vi ty I9F RATYdERRTPHde PUNVPRHIQIHE Pf%ﬁaﬁlmtif‘ﬁﬁb%-g%» 56 Plsﬁ?vgﬁﬁy 8h hydr o-
per oxi de. Qugdse996mE rmbleypretehbipnesent 90 Nveahd partichRelgf geRraligat nelates to
the use of ?E§95hell- and-tube reactor according to the invention for

i ncreasing Selectivity in the continuous preparation of a chenical
conpound, in particular an epoxide froman olefin and a hydroperoxide, nore

preferably ' i-defrom r N REeLOX

particul arl @ﬁ Bc[r?ﬁérh?eéﬂr:lg ff’@““g’r g%yﬁ@ngﬁgeg?)gg e?s;égnlgn E%@pﬁﬁ@ gllr%dﬁ'@ﬁjy%?ofggg@per oxi de
in the pres@mparaionaof i papylons xxadd, t dec pragesss mogandingt kartbe iagentssl vent . As
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according to the jnvention when used as fixe reactor. can confain at

| east two difhessiadhe selectpalypiwgthe rapeps pecordige tpyiigpineengpris eapirplly wh

di fferent zqist 1 %:ChigRdrapixtEdrably A RastPr $HeiEher HER HicOR RGBS kAgh fidascr i bes,
in partlculaé‘é a process as descri bed above for the continuous preparation
of an epoxi §& PHOIAY | east one reactor as described above using at |east two
different zeolite catalysts, wherein at |least two of the different zeolite

catal ysts arg. uUs j SiC I i The tao or re
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structure. e two different catalysts are nore preferably a titanium
zeolite catal yst of the crystal structure type MMWand a titanium zeolite

catal yst of ¢life sdnéallg! thtprasehtineduorahdefore Blso F0IARQ 6 ARBUKSf tROshEe term

"physically separate” "as used in the context of the present invention
refers to erA99dPRfeASOr AcGRding (Onibe JRention or jIRCrgNneh thenselacliylty 1B fhe 5

carried out continuous preparation of a chemical compound, in particular an epoxide from an
olefin and a hydroperoxide, more preferably propylene oxide from propene and
hydrogen peroxide and particularly preferably propyiene oxide from propene and
hydrogen peroxide in the presence of a titanium zeolite catalyst in methanol as
solvent.

As already described above in general terms, the shell-and-tube reactor according
to the invention when used as fixed-bed reactor can contain at least two different
fixed-bed catalysts, for example preferably two different zeolitic catalysts. The
present invention accordingly describes, in particular, a process as described above
for the continuous preparation of an epoxide in at least one reactor as described
above using at least two different zeolite catalysts, wherein at least two of the
different zeolite catalysts are used in physically separate locations. The two or
more different zeolite catalysts are particularly preferably titanium zeolite catalysts

- which differ, for example, in the titanium content or in the zeolite structure or both
in the titanium content and in the zeolite structure. The two different catalysts are
more preferably a titanium zeolite catalyst of the crystal structure type MWW and
a titanium zeolite catalyst of the crystal structure type MFL



, has at |east two conpartnents, wherein one contains a zeolite catal yst and
“at least one other conpartnment contains at |east one further zeolite

cat al yst bePR@0OVIFEHBMeg fromthe zeolite catalyst present in the first
conpartment. Such conmpartnentali- zation is preferably achieved in a single
‘reactor, with various enbodi ments of the- conpartmentalization al so being
possi bl e. Thus, the corrpartrrent alization in the reactor can be achieved,
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wherein wth one rst two sts or z l'1te catal yst
di fferent fripasingdetween the different zeolite catalysts. It is thus poss1ble to equip the

reactor with a first zeolite catalyst in a first zone and with a second zeolite catalyst
which differs from the first zeolite catalyst in a directly adjacent second zone, with
the two catalyst zones having one or more shared interfaces. At the interface
between the two zones, mixing of the two different zeolite catalysts can take place
as long as it is ensured that there is an inhomogeneity in the zeolite catalyst
distribution over the two zones. In a particularly preferred embodiment, this is
achieved, for example, by means of a structured bed of various catalysts. A first
zone of the reactor is equipped with a first zeolite catalyst by pouring it into the
reactor, thus producing the first catalyst compartment. A second zone of the reactor
is subsequently produced by pouring the second zeolite catalyst, which is different
from the first, onto the first compartment to form the second compartment. A third
compartment or further compartments can be added in a similar fashion, wherein
with one of the first two zeolite catalysts or a zeolite catalyst different from the
first two catalysts is used in the third compartment or a further compartment. For



first two catalysts is used in the third conpartnent or a further
*conpartnent. For ti PF 0000055268/ Kg -40 the purposes of the present
i nvention, PRiOSOPHSAO®Kecat al yst bed is referred to as a "structured bed".
Conpared to conventional processes in which a reactor is provided with only
‘a single zeolite catalyst, this strucygred bed of fers the advantage t hat
the targeted selection and thus sequence of the catal ysts used in various
react or zones enabl es for exanple, a pasitive inpfluence o he exerted on
the conver sMEPHREs 6F theressnt dpenden, t@érfo’gﬁé’ﬁﬁf‘ Lyst ﬁ‘““d;‘sdﬁ%’ﬁe UBds & eact i on,
wher ei n t he“stegoirahb&l”. hydr oper oxi de and organi ¢ conpound are passed through
the reactor and travel through the various reactor zones containing the
different zeolite catalysts, the individual catalysts can be adapted to the
progress of Cohparedaot Goomentitingl prosssnt i mherht a oeaciay ik Iproddedamati dnty tahe

figures 1 tg 4.deser] e f | I Ei | a
sc%emat i cal glf/llgllseh%\?\)/g&éap@%c\,’% %@Wgﬁﬁ %eriﬁﬁ?eéi r ﬁég%rg%%gég%'@sﬁgﬁ ?h_eat%@:efe 1(11 be
react or accétletiog and thiresegneaatafdhe catalysihiveed inhearious repglor genasi epables, t he

tube is tw gireekMAsNg pRsiivBGRfudek So (B exdR@ b Mhe CbVerliBREREM the t he
projection of a cross section of the tube. Figure Ib schematically shows a

section of HICHOR eliPhl CXAMRICfing a5 HONAAUNS.- efdion, cWhersin B oFgekgist o t he

i nvention, whdopérdxidetandesiphuflooftipolid Sre paxb&l Habudliie Rb&of whétdelar ound

| i near axes _and .sections are tw sted gﬁl@lund n%#fi near ﬁxes. The Line (IDb)
represents FHEUEH Blee X1 T5actar zQnescontainipe fhe difforentozaofiis, cypiyptie then or nal
t ube. Fi gur ind2eided lvambysisaah by adipied toethe progress of die reaati®a. secti on of an
internal tube of a shell-and-tube reactor according to the invention which
has both nmutually opposite straight sides and nutual |y opposite round

si des. Fi guibe Diescathiswentionais lilustatedsbyathn digyiresc Likad desated ek and dfe an

i nternal tubg,ah gxﬁnggg‘-and-tube reactor according to the invention which
has an ellipti ca% shape. PF 0000055268/ Kg

"Figure la schematically shows a section of an internal tube of a shell-and-tube
reactor according to the invention, in which the helical section of
the tube is twisted around a linear axis (1). The line (1a) represents
the projection of a cross section of the tube.

Figure Ib schematically shows a section of an internal tube of a shell-and-tube
reactor according to the invention, wherein the sections of this

_ internal tube are twisted around linear axes and sections are twisted

around nonlinear axes. The line (1b) represents the projection of a

Cross section in a section of the intemal tube.

Figure 2a schematically shows a noncircular cross section of an internal tube
of a sheli-and-tube reactor according to the invention which has
both mutually opposite straight sides and mutually opposite round
sides.

- Figure 2b schematically shows a noncircular cross section of an internal tube
of a shell-and-tube reactor according to the invention which has an
elliptical shape.



-41 Figure 2c schematically shows a noncircular cross section of an internal
*tube of a shell-and-tube reactor according to the invention which has an
oval shape. PFiO§0De®288/Kp 29 schematically show further noncircul ar cross
sections of an internal tube of a shell-and-tube reactor according to the
“invention. Figure 3 schematically showsjjt-he structure of a verti cal
shel | -and-tube reactor according to the prior art, wherein a feed stream
(2) is fed _via éhe | ower tube plate (11) into the internal tubes (9). After
the reacti 6FEXEBEGLI ofClfARALSALYE 8RPWH SOuHIUkE Crope speian efaseigterad dubs oduct

stream (3) |eaves the of atshenahdiutResadbr 4dOrdiRPeS theUheenBbatehi¢hl Bds an) USt
above the | ower tube pI a stream (4) of a cooling or heating nediumis
fed into the shell spé’c‘f% Sg’f'ffhe reactor and flows through the reactor with
its main flow direction fromthe bottom upward. Deflection plates (7) are

installed w t [ fl t hus
transverse tfi' %“v{/&?%) 0 ?gn%] lcal ‘?"V“ ﬂg%?r ngﬁa&q‘ﬁa& (%}gss Sgwgﬁg%fa%'m nst the
internal tubes. Dead auigwgl ttl(oepf@shqlh@ldrm@mm@c@mdmgtcpé@uovmltmn whi ch t he
deflection plates (7) are fixed to the inside of the shell. After passing

t hrough the shell space of the reactor, the stream of cooling or heating

medi um | eav&4gure Ae rea?élﬂ%i‘at}cﬂg?( thomewthen strugipesr of ubevesticl eshellaandAubaut f | ow

(5). Figure 4 schemat igahdryaceOey toh@e riod Gity vheRin 8 V&I §thanl (ZE)hE'féd and-t ube
reactor according to the i nvent is fed via

i
the | ower tube plate (afhs W&rttﬁ@ P'ﬁfeemLF“thB‘éém?@?'t W??F%ﬁé) Agtgr ithe £ ¢ om
short regions just belreatttlbhaoumpﬁrhat phsed kiabegh a)inRnthl fukek, thalpesduct he | ower

t ub | at 11 I d i I

s bacr o At o CRRERhR] ekusk e kel 1SS Db O B REDTBF 1t o c
t ubes, the product strabam (i) ldveaviebe phate, 4 preammd#t) dvlibemoling tdncheapmer t ube
plate (12). Just abovem&ﬁgml n%(yﬁ% shQIl ?«é&e(ﬁ*t fe%é’tﬁ]:ﬁﬁﬁ ﬂg& wﬁ%l ng or

heating mediumis fed Into t spac e react or t hr ough
the reactor with its thmrwcmrdwtmulwwndlpw digetione frome thérh(lﬁpﬂhﬂﬁw a

result of the helicalpgmiiibepladsd @) aRf inkBed Rid' e lintbitRRSo( Lhievidy pul ent
flow (10) of meandering flow and thus transverse flow (10) of the stream of
cooling or heating medium against the internal tubes. Dead zones
(6) of the reactor occur in regions at which the deflection plates (7)
are fixed to the inside of the shell. After passing through the shell
space of the reactor, the stream of cooling or heating medium leaves

the reactor just below the upper tube plate (12) as outflow (5).

Figure 4 schematically shows the structure of a vertical shell-and-tube
reactor according to the invention, in which a feed stream (2) is fed
via the lower tube plate (11) into the internal tubes (9) which, apart
from short regions just below the upper tube plate (12) and just
above the lower tube plate (11) are essentially entirely helical and
have a noncircular cross section. After the reaction solution has
passed through the internal tubes, the product stream (3) leaves the
internal tubes at the upper tube plate (12). Just above the lower tube

- plate, a stream (4) of a cooling or heating medium is fed into the
shell space of the reactor and flows through the reactor with its
main flow direction from the bottom upward. As a result of the
helical configuration of the internal tubes (9), turbulent flow (10) of
the stream of cooling or heating medium around the interior tubes



A

t he stream of cool [ ng or heating nedium around the interior tubes PF
0000055268/ Kl(g i s achi eved. Dead zones as occur in the reactor
according t8 t0|9@00 rzﬁ&’rKgart as a result of the installation of numerous
deflection plates are not present. After passing through the shell space of

‘the reactor, the stream of cooling or4leating medi um | eaves the reactor

just bel ow t he upper tube plate (12) as outflow (5). Exanples Exarrpl e l:

Conti nuous preparatio e.oxide from ene, usin rogen
peroxi de Hydrogen per B%Ee}ﬁrgf @éﬂneé&?tqcﬁﬁdﬁéﬁ@rwttoﬁaﬁ gf)‘ﬁgi
met hanol as sol vent @tloaammh anresudtt ofchoinsmilopemef nurhmdumg&iecpencpiatﬁe of 1.3

Lin a MRl n Teact of we (49 hAkR Wiy plhsbiel ARMMTLALON ' S4By R, P

structure type TS-| was us mal N react or was
a shel | - and-t ube reactlsr steam ©f caolieg gt meéﬁﬂ&qumfﬁd@ﬂve&dm apaséd ®sthel i cal

tubes having an elli phileal the uPpst RRCHILRT 1AM dRiffdwWpeH: sectional area of
11.46 cnR in each case. Each g the ‘el | :Iptl cal tubg% had 46 helical turns.

The internal diameter of the shell of the reactor was 220 mm The catal yst

| oad was 2%xag@ipl@2/ (kgca(h), and the reactor was operated isothermally. The
cooling water tenperature in the main reactor was 35 - 50C, and the
pressure was about 20 bar. The conversion based on hydrogen peroxi de was
about 90% Thxemplatti dlontinapus prépmrmiolhet‘ peopyleneomxide fmsppqmdnsing an

internedi ate separati rein the propyl ene oxi de prepared and
unr eact ed propene wehgﬂﬂg%ﬂ?lﬁ{mgﬂgff by distillation. The solvent and the

hydr ogen peroxi de which had not been reacted in the nmain reactor were

passed to thg, de&geﬁr?éreﬁae Ofvas IrfacRiA e&ﬁtﬁfuoﬁﬁglcmﬁ %é?ﬂen@rin agbdaadl g2l |y
oper at ed shaft reac havi ng a di aneter of a length of 5 m

unreacted hy piveRfeth 2 jaolastatia P&PF?%@%?&PW%‘&‘@? of hds ! rl%&é'ﬁlféﬂ TeRC s

propyl ene i Msacat@ya ariddi@nofeolite: calalPst oFSthé Atratiied typt MES-1L Wae @ed asaf al yst
used in the I, 0 (riea ltor was enpl oyed. The throughput over the catalyst in
the after-r il(li’F %%gnZoZ/(kg ath). The inflow tenperature in the
after- reactor was 26 - 28C, and the pressure was about 10 bar. PF

0000055268/ K§e main reactor was a shell-and-tube reactor having a length of 12 m and
contained 5 helical tubes having an elliptical cross section and a cross-sectional
area of 11.46 cm” in each case. Each of the elliptical tubes had 46 helical turns.
The internal diameter of the shell of the reactor was 220 mm. The catalyst load was
220 gypor/(kgeath), and the reactor was operated isothermally. The cooling water
temperature in the main reactor was 35 - 50°C, and the pressure was about 20 bar.

The conversion based on hydrogen peroxide was about 90%.

The reaction mixture from the main reactor was passed to an intermediate
separation stage, wherein the propylene oxide prepared and unreacted propene
were separated off by distillation. The solvent and the hydrogen peroxide which
had not been reacted in the main reactor were passed to the after-reactor.

In an after-reactor, viz. an adiabatically operated shaft reactor having a diameter of
150 mm and a length of 5 m, unreacted hydrogen peroxide from the main reactor
was reacted with propylene in a molar ratio of 1:1.3. As catalyst, the type of
catalyst used in the main reactor was employed. The throughput over the catalyst
in the after-reactor was 55 gmoo/(kgeih). The inflow temperature in the after-
reactor was 26 - 28°C, and the pressure was about 10 bar.



-43 The total yield of propylene oxi de based on hydrogen peroxide over the
two reactors was from93.7 to 94% Conparative exanple : Continuous

pr epar at i on P&fO0PR@IA68A oxi de from propene using hydrogen peroxide
_Hydrogen peroxide was reacted continuously with propyl ene in nmethanol as
“solvent at a nolar ratio of propene : -hydrogen peroxide of 1.3 : 1 in a main
reactor. As catal yst use was made of a t| tani um zeoI ite catalyst of the
structure type TS:1. installed as a, fj atal he main reactor was
2 Shel |- anc TGO SR REVFIREE & i TaRRCh oot &0
convent i onake&torainghfroinde’s td@4bng a circul ar cross section and a cross-
sectional area of 11.46 cnR in each case. A total of 28 deflection plates
were installed equidistantly in the shell space to guide the flow of the
cool i ng nediComparaiize 'emmphal (ébm;imlws prfepahidionh off | paipyldwe oxidet fromyvas 220
mm The catal yst | oad was reactor was operated
i sothermally. The cooling vvat terrpe %:l r;ﬁgfn%?ﬁéﬁﬁl n reactor was 35 -
50C, and the pressure was about 20 bar. The conversion based on hydrogen

peroxi de wagiyhesh BAUkidEN@as eakdd Bomtintodsi§ Mtﬁ”@bﬁﬂeﬁ@hﬂ 1&1@@1%@ ay\as
passed to an h’ﬁt er nedi at e éﬁpar atio lé(gta e, H Iene oxi de

prepar ed andClYRREHARRlaTRatR ol gronsas chuEp "é?f“g ‘§ta|rP F?*EFPY The
sol vent and Aheatdiysly ms@anaspma@(oﬁsumtm zedlnel cﬁtﬁlyslbﬁelhc seaatedype TShe nain

reactor were ed t { reactor. In an after-reactor, viz, an
adi abati cal II?ISQ%% aﬁtagﬁ(cg'p\)gfl ?@5& or having a dianeter of 150 mm and a
|l ength of 5 in, unreacted hydrogen peroxide fromthe main reactor

reacted withy ng : R dr Mk rxogﬁem -t duBe 9 F:a&ordh}vllﬁ% thrng@g hpufi OVL&F type of

catal yst use e maln_reactor was enploye er the
catal yst i rﬁoﬂﬁﬁledfst@m?@&tﬂtﬂbﬂrm @ESQ\#Z@B/&(M@@BFH)OSS wersionand @wressnper at ur e

ltnt t lhe af lt grse‘%t[cﬁﬁf)ta&ra s 2@ cm2%ﬁQacﬁr1qsé hg @mﬁﬁtﬂsedéﬁe%tlﬁﬂq}ﬁtesl%e??r The
otal yie 0 ropyl ene ydr.ogen_per e qver the two
reactors wadnyiplse asudist P’b‘? ﬁelgmeé%zwéﬁ%@c figy <foth% con lrage%#l@ﬁce

nunbers | n fTigUn@mal diadidtbrlof the shell of the reactor was 220 mm. The catalyst load was
220 gmp/(kgeath), and the reactor was operated isothermally. The cooling water
temperature in the main reactor was 35 - 50°C, and the pressure was about 20 bar.
The conversion based on hydrogen peroxide was about 90%.

The reaction mixture from the main reactor was passed to an intermediate
separation stage, wherein the propylene oxide prepared and unreacted propene
were separated off by distillation. The solvent and the hydrogen peroxide which

had not been reacted in the main reactor were passed to the after-reactor.

In an after-reactor, viz. an adiabatically operated shaft reactor having a diameter of
150 mm and a length of 5 m, unreacted hydrogen peroxide from the main reactor
was reacted with propylene in a molar ratio of 1:1.3. As catalyst, the type of
catalyst used in the main reactor was employed. The throughput over the catalyst
in the after-reactor was 55 guzo/(kgeh). The inflow temperature in the after-
reactor was 26 - 28°C, and the pressure was about 10 bar.

The total yield of propylene oxide based on hydrogen peroxide over the two
reactors was from 91.8 to 92%. '



(1) denotes the linear axis about which the internal tube is twsted, (1a)
, denotes the projection of the cross section, and (I b) denotes the projection
of a cross sectjion._in section of the tube. In figure 3, (2) denotes the
feed streanFFO?@yﬁééﬁyﬁgs t he product stream (4) denotes the inflow ng
,Stream of cooling or heating nedium (5) denotes the outflow ng stream of
cooling or heating nmedium (6) denoted4dead zones in the reactor, (7)
denotes deflection plates, (8) denotes the shell, (9) denotes internal
tubes, (10) indicates the neang E ﬁ ﬁ g cooling or heating nedi um
through the reactor, (11) d TR Rttt Al e plate and (12) denotes
the upper tube plate. In figure 4, (2) denotes the feed stream (3) denotes

the product psfigaadNa 44 1¥lenot es the inflow ng stream of cooling or heating
medium (5) denotes the outflow ng stream of cooling or heating medi um

(8) denotes the shell, (9) denotes internal tubes, (10) indicates the

turbul ent f{Qw Oﬂeﬁdﬁﬁ; tﬁ@ﬁhéaﬁgx@rabb@tawuagtﬁmdiemm albeuncvikie, tubes in the
space Wit hi Elﬂbhe sh thof th tor %% tes the | ower tube plate and
(12) denote St BiSee 1I‘)Bt0 PEOHIE /Kg -45 W claim 1 A process

for the con(ih)uodmcmesetpapagmunn«nfaam:shecmtloalmaaasqﬁmmﬂtﬁa'tum. | east one
reactor, wherein at | east one of the reactors is a shell-and-tube reactor

whi ch has a shell and at | east one internal tube |ocated within the
In figure 3,

(2) denotes the feed stream,

3 denotes the product stream,

(4)  denotes the inflowing stream of cooling or heating medium,

5) denotes the outflowing stream of cooling or heating medium,

(6) denotes dead zones in the reactor,

€))] denotes deflection plates,

) denotes the shell, _

9 denotes internal tubes,

(10) indicates the meandering flow of the cooling or heating medium through
the reactor,

(11)  denotes the lower tube plate and

(12)  denotes the upper tube plate.

In figure 4,

(2) denotes the feed stream,

3) denotes the product stream,

@ denotes the inflowing stream of cooling or heating medium,

)] denotes the outflowing stream of cooling or heating medinm,

(8) denotes the shell,

9 denotes internal tubes,

(10) indicates the turbulent flow of the cooling or heating medium around the
tubes in the space within the shell of the reactor,

(11}  denotes the lower tube plate and

(12)  denotes the upper tube plate.



~ . shell, wherein at |east one of the internal tubes has, at least in part, a

noncircul ar cross section and a helical configuration in the region in which
it is surroBR®eA00MHP208&Eeshel|. 2. The process as clainmed in claimi1, wherein
t he noncircular cross section has both nutually opposite straight sides and
“mutual Iy opposite round sides or has-t4fge shape of an oval or the shape of
an ellipse. 3. The process as clained in claiml1l or 2, wherein the helix has
from1l to §? (i conplete turns in the region sur r ounded by the shell. 4. The
process as CIHFAEY in any of clains 1 to 3, wherein from1 to 20 000
internal tubes having a noncircular cross section are |ocated in a helical
conflguratlri»n vmthlrn theost}ﬁél. t5. The ‘pr ¢SS Aas EI ai E-Ed in a of clainms 1
to 4, whereih an oPeqC it €§ e SV LY O PPk ]ﬁ’?a‘? ?)§ N c?‘ﬁp? 'sence of
at |east one zeoldasteomateattpst whareinoatnieastione pdixhdecactors lie arsbeld-taod- tutﬁ: The
process as cl al Mhdheldd lid Fada <GAMRd 5 R dIE iRl-ARF Suld ok Glittia e )

‘reaction of the ofefin Wt dlyéroperom Ve a 'conpri si ng
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2000 complete turns in the region surrounded by the shell.

4. The process as claimed in any of claims 1 to 3, wherein from 1 to 20 000
internal tubes having a noncircular cross section are located in a helical
configuration within the shell.

5. The process as claimed in any of claims 1 to 4, wherein an olefin is reacted
with a hydroperoxide in the presence of at least one zeolite catalyst to form

an epoxide in the reactor.

6. The process as claimed in claim 5, comprising the stages (i) to (iii)

(i) reaction of the olefin with hydroperoxide to give a mixture |
comprising epoxide, unreacted olefin and unreacted hydroperoxide,

(i1) separation of the epoxide and the unreacted olefin from the mixture
resulting from stage (i) to give a mixture comprising unrcacted
hydroperoxide,

(iii)  reaction of the mixture comprising unreacted hydroperoxide with
olefin,

wherein at least one shell-and-tube reactor as defined in claims I to 4 is

used for the reaction of the olefin in at least one of the stages (1) and (iii).



" ol efin, hydrogen peroxide is used as hydroperoxide and a titaniumzeolite

% cat al yst is used as catalyst. 9. The process as clained in claima8, wherein
“the titani ull 28566 %Keal yst has the TS-1 structure and methanol is used
as solvent. 10. A shell-and-tube reactor for the continuous preparation of a
“chemical conpound, conprising a shell4and at | east one noncircul ar
cross-section internal tube |ocat ed W t hin the sheII wherein at | east one
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shel|. 13. The shell - -t ube actor as clained any of claims 10 to 12,
wherein from 1 t85t29-380 internal tubes havi ng a noncircular cross section
are located in a helical configuration within the shell. 14. The

shel | -and-t ybe reactor as c i d in apy of ms, 10. to 13, .wherein at
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compound, comprising a shell and at least one noncircular cross-section

internal tube located within the shell, wherein at least one of the internal

tubes having the noncircular cross section is af least partly helical in the

region in which it is surrounded by the shell.

11. The shell-and-tube reactor as claimed in claim 10, wherein the noncircular
cross section has both mutually opposite straight sides and mutually
| opposite round sides or has the shape of an oval or the shape of an ellipse.

12. The shell-and-tube reactor as claimed in claim 10 or 11, wherein the helix
has from 1 to 2000 complete turns in the region surrounded by the shell.

13.  The shell-and-tube reactor as claimed in any of claims 10 to 12, wherein
from 1 to 20000 internal tubes having a noncircular cross section are
located in a helical configuration within the shell.

14.  The shell-and-tube reactor as claimed in any of claims 10 to 13, wherein at
least one region of at least one of the internal tubes contains at least one
fixed-bed catalyst.



- 19. Use of a shell-and-tube reactor according to any of clains 10 to 15 for

B inmproving the selectivity in the preparation of a chemical conpound.
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15. The shell-and-tube reactor as claimed in claim 14, wherein at least one
fixed-bed catalyst is a titanium zeolite catalyst.

16.  An apparatus for the continuous preparation of a chemical compound,
comprising at least one shell-and-tube reactor according to any of claims 10
to 15.

17.  The apparatus as claimed in claim 16 further comprising at least one
separation device.

18.  The apparatus as claimed in claim 16 or 17, comprising at least two shell-
and-tube reactors according to any of claims 10 to 15 connected in parallel,
a distillation column downstream of this at least one shell-and-tube reactor

and at least one shaft reactor downstream of the distillation column.

19.  Use of a shell-and-tube reactor according to any of claims 10 to 15 for
improving the selectivity in the preparation of a chemical compound.



