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LETE DESCRI PTION The invention relates to a process for Eﬁ%

rkactions bwiomasoat |east two fluid reactants usi ng. a reaqi(grmmlow;qch
there are located wall elenments, slot- shaped reaction spaces and cavities
-for conducting' a fluid. heat-carrier through BACKGROUND OF THE | NVENTI ON
By-virtue of DE 33 42 749 Al a plate-type reactor -for chem cal syntheses
~under high pressure is known wherein the plates take the formof flat right

par al | el epi pedscodesdh aﬁ%ﬁﬂ@%xbycépﬁi?g%ﬁ %L{:F ﬁg %cﬁ g% c,'f'__or m

~.a --chanber filled vmthacatalyst est  wa
gas i mper neabl e. . Fl ow of t ME-HbAk9 rem:bagh sbacgsanul ar cat al yst
t akes pl.ace eit her horizontal | y. or- vert ically through two open or pierced

narrow si des ight parallelepiped which. are located opposite each
other. Wth a&?@%@ ﬁ §Fgﬁﬁ TEPNcool i ng (depend| ng on the. reaction,

either exothermc or endothermc),. cooling channels are provided in the
chanbers f orThee iniventtiahi #8labésath Uit eals Gy 'c.%rxfhﬁfeo ut cooling -

channel s mayb heet | _structur I ch tak he formof ~ .
crosspi eces, ?o%glli}gqg)g‘e %?%gs?nn@ aI'aL eagt. mﬁ%@%ﬁﬁ%ﬁw dEing g ny.
connect ed t o tRactesotin whiehl sheter ameama:lcﬁﬂad welldi Rlewldited Otgldity Of :
the chanbers shipadd to-1 he s i ndr'i cal eac or,
so that the chan‘g)%rsgﬁggglgl E%g = aﬁ%iﬁaﬁ’d' g%dm&%/ qfedtipid
successi on by hepg- qaé‘é?éleroﬁhgaagh e.g. -al _s.o |n gr oups. The structural -
design is enornously elaborate,” and-the production output, which

'} " BACKGROUND OF THE INVENTION
By virtue of DE 33 42 749 Al a plate-type reactor _for"
chemical syntheses under high pressure 1s known wherein’ the
plates take the form of flat right parallelep:.peds which -
are bounded by sheet-metal walls and which each form a
chamber filled with a catalyst, the two largest walls of
which are gas-impemeable Flow of the reactio'n gases |
through the granular catalyst takes place en.ther ,
'horlzontally or vertically through two: open or pierced -
narrow sides of the right para_._llelep_;.p_ed wh:.ch‘ are located
opposite each other. With & view to heating or cooling
(depending on the reaction,"'either exothermic or
. _ endotherm:.c) ', cool::.ng channels are provided in the chambers
‘ for the c:.rculat:.on of a liquid heat-carrier. These.

7 cool:l.ng ‘channels may - be formed by sheet-metal structures
which take the form of crosspleces, corrugated sheet metal
or such like and which are. Firmly connected to the smooth'
walls, for example by Weld:l.ng. The totality of the
‘chambers is edaptéd in outltine to the shépe of a

- cyl:l.ndrlcal reactor, so that the chambeis have, in part,
varying s:Lzes and are perfused in success:.on by the
reaction gases, e.g. also in groups. The structural design -
is enormously elaborate, and the production output, which
as such is already low, can at best be incre’ased by axial -

1engthenlng and/or by a parallel connectlon of several
- reactors



as such is already |ow, can. at best be increased by axial" g
and/or by a parallel connection of several reactors. 1 FEB ﬂoﬁgB\/zﬁﬂg

02/ 18042 WOR/isERP01/ 08937 By virtue of EP 0 691 701 Al a spapipgiseeior m ng
generator is known wherein, with a view to carrying out endothermc
reactions, a reform ng chanbers with heatyrecovery nedi um connected
downstreamis enbedded in each instance bet ween 5 two conbustion chanbers.
in this case the directions of .flow of; the gases in the reformng

chanber s anglyl § | h,adﬁ | te,_ seniperneable walls
bei ng arrangedlgﬁggdsewﬁgtstﬁe éat-r ?&?&S/ %et\ﬁFE‘Prnﬂr Fenggakest ed
downst r eam tH EBEWD; bﬁaﬁé@: W:é:ht@tvxe}cmcerqaﬂzﬁ_yimghuﬁtcgﬁab&h%mh_&
exenpl ary ngagetiofk, sph Wth a viewto rrovi ng

t he exchange. of *Reat . gté\j\fgéﬁhr%le |n%pdgo>%flq:§h§?'ﬁ)ae?sr?ﬁ‘8y§r¥r H&nged
hori zont al- ﬁ@BPeEEﬁéu@PWﬁgt@% s'l-s/\/rﬁmacti@ [iTo e attetal mshaneeeblemeehor t he

“passage of . f:wel cbmbtlge Baatighy; Bet such group- f three

there is | o b tar n, a fuel- d| st géhut |ér%§égh§%n%e?lr?ﬁ 88\%

ext r aor di na Engbfel gases iim dhe creformimy efemimy dhamkétsecand dni dhe nor _
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channel s, ounter to 20 th
known sol utléongg#%g m@??‘&cf’ﬁ&l%%gﬁaﬁ“r%ﬂw schﬁﬂlb%-'ﬁlist ighf ereoper ati on
-at  high pr egsueetededuwnstﬂt@anurms&acgﬂ sty ng the ﬁggq;al.rﬂgggt,%% 2 by

Coi (529 BB R0, 8L et S5l eSS, | ) abetisnnps |
Cross- Sectléhumsnkmvmxide eXdtte ramivciewe at |1méa;eitﬂ§eahga§g§haﬂggr gign the ,
fixed bed re8¢i sbipgesh Eﬁ%all)ﬁ%ls\rl&aslu i vided b é’:?étét%%' arranged
' horizontal heat—conduct:.ng sheets which ‘are provided w1th
~openings for the passage of fuel in the heating regz.on
15 Between each such group of three there is located, in turn, |
a fuel-distributing chamber. The. device is extraordinarily
_compl:.cated in structure and is neither provided nor
‘suitable for exothermic processes since the device
 Possesses no cooling channels, as this would run counter to.
20 the sense and purpose of the known solution. The
structural design, Whlch is+ not suitable for operat:.on at
high pressure, serves the purpose of shortening the overall
length, by v:n.rtue of the omission of spec:.al heat:t.ng zones.

| By v:.rtue o:E DE a4 44 364 C2 a Vertlcal f:.xed—bed reactor
25 with rectangular cas:l.ng cross- section is known for
exotherm:.c react:tons between gases, . where:l.n the fixed bed
_cons:.st:l.ng of catalysts is subdivided by verta.cal
| ‘partitions for the purpose of forming separate flow
. channels and a plate-type heat-exchanger Below and above
'30‘ | the flow channels, catalyst-free :.nterspaces are located in
' each :Lnstance in alternat:.ng arrangement . The gases emerge
at the npper end of the fixed bed from some of the flow |
channels and are conducted again through 1ateral overflow
 channels beneath the fixed bed, from where they are :
- 35 suppl:s_ed through the respective other flow channels to a
gas outlet nozzle. The device is neither prov:uded nor |



't@dlreCtlo “of the st

partitions for the purpose.. of formng separate flow channels and a.

pl'at e-t ype heat - exchanger . BeI ow and above 30 the flow chan 91 1 ; 5

catal yst-free interspaces are located in each instance in E ?ng mg

arrangenentWﬂfBﬂngQes energe at the upper end of the fixed PENEPGIEYIFONE.

of the flow channels and are conducted ‘again through lateral overflow

channel s beneath the fixed bed, from wheresthey are .35 supplied through

t he respective other flow channels to a .gas outlet nozzle. The device is

neither provided nor 4 1 1 FEB 2005 WD 02/ 18042 PCT/ EPO1/ 08937 sui tabl e for

endot herm ¢ pEQLESS n l.C sses_.no rre or.a supply of
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heat. 'In addition, on account o ectang

~“casing the s‘?‘?%?%‘?%? ngcBeghs| §oxor subrayl eff &Ieatperalmmdditi:bﬂh én

pressure. By. a{d:d&dnh&t obf EPh@ Zéétéﬁ%u’f@r @rB%% %etéﬁ 46031%[ Otﬁefgéshaggtclﬁeons

of fluid medi knOV\TF%:h IS constructe xer
with exchange We‘é’f ?S{'-ﬁ?ls1§5nPFn§P}t§bé§n(f01pmmt1mnet ombglpl at es
are stackéd qrésgupé.one another, 1,0 the |lowest of which is closed in

the outward direction and -the uppernnst of which merely possesses bores in o

the outward di, | fo el ke and_di scharge of the nedia to be
caused to r eéﬁc}%e‘g{rf%ﬂ% % %g Bezﬁz gageaztﬁ pdate-dnre greackentienrrier
medi um  The rksgctione gEcOhdidl mbdiallsl kaswhe @ ad 4 [ QG SPRYEL PPSHESS,
in addition, ¢ eASES c open ono Sld for the redirection of
the reactant sﬁfhrougho’?ﬂ% g‘f’%élic ﬁlﬁeﬁ‘e‘gﬁ ?'9%0# mede. | pgrex cthis
situated in FEIRAEE + lwmenous| ptated é(rehapedk@d ol @@|@ﬁfoﬁé’lmﬁ@ﬁl ng
chanber s1and ﬁqu 0 e.conne ted o.pne_ancther_in -
o hicn, 187oHLER Th° R NREA i ia

heat - exchanger
tRfough - he uppermost of which merely possesses bores in the

outward dz.rect:.on for the intake and discharge of the media
to be caused to react or that ‘have been caused to react and
- of a heat-carrier medlum The respect:l.ve second plates
15 f_:;or_n below and from above possess, 'in addition, recesses
which_ are open on one side for the redirection Vof the
' reactants through the stack in a meandéring shape. In the
. plates situated in between there are located X—shaped or
cloverleaf-shaped mixing chambers andlreacticm chambers
20 which are connected to one another in the dlrectlon of the
stack. The heat-exchanger channel is also gu:.ded through
- the stack of plates in a meandering shape. The plates .

- ~ consist of material with good thermal conductivity,

prefera.‘r_aly metals and alloys, have a thickness between 0.25
25 and 25 mm and can be produced by micromachining, etching,
stamping, lithographic processes etc. They are firmly and
tightly connected to one ancther cn their ‘surfaces' outside -
the apertures, i.e. on the periphery, for example by
clamping, bolts, rivets, soldering, adhesive bonding etc, .

: .. 30 and thereby form a laminate. The complicated flow paths

‘give rise to high- resistances to fluid flow and are not
capable of being filled with catalysts. On account of the
requisite machining, the production process is extreﬁtely
elaborate, because all the contact surfaces have to be

35 finely ground o '



‘the stack of plates in a neandering shape. The, plates héléefﬁﬁgrl al
with good thermal conductivity, preferably netals and aI I o

t hi ckneswdedgeen 0. 25 25 and 25 nm and can be produced byce rﬂrﬁpb%@gglgn ni ng,
etching, stanping,. |ithographic processes etc. They are firmy an

tightly connected to one another on their, surfaces outside the apertures,

I .e. on the periphery, for exanple by cléhplng bolts, rivets, soldering,
adhesi ve bonding etc, 30 and thereby forma | amnate. The conplicated flow
pat hs. ée H# |¥_gh reS|stances to fluid fl ow and are not capabl e of
being fill W2t At yYEs 190 2 4c d&nClofa tiracteyuifont e:heamuahg;lct he
.product i on quroeAssi dis @thﬁﬁ&BYre%'c%Q.%latn?edﬁcfés %8@95@;%%%

surfaces h%v%to be. 02/ 18042 11FEB2005. PCT/ EPO1 Vir
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I ncl udi ng RARE dugti coQl i heat| medi um t hro h at
poi nt's whi o%r?gare célg(%rl gf egﬂ:&%&?ﬁg Foﬁﬁq%cf n%t'ﬁ? 2 and
a heat 10 &F Meatinginedirm thwdughedt mmm ewhh.aw w:reowlmﬁﬁiempé@nns

of the fixae kath bedugelst e I Malm.sh and the
caviti 5|nthetherir°rﬁ£1|8§h§'e gi(a Trl?e%g% .&?ﬂ‘?%ﬁ[ﬁ At t he _
r'eact s CAFFeT dredivR a{-’ﬁecpmc@:feda :marqcnmtergfﬂ.bwdehromgﬂh e t her mal
sheets arecoﬁinﬁibaﬂiﬂdthé ERQet et ®at vt t h e vary,

sizes.' Alsg_in.this cas e Sr oduct%en't out pu%ﬁ%aﬁhgﬁgtl ?ﬁelbé?él ncr%{eatl‘]g% by.
axi.al Iengtoﬁ-‘?ml'fﬁjl nd?o $ bE9eacp¥ifies in the thermal sheets, on the

other hand. The container of the reactor is constructed in

the form of a vertical cylinder, and the thermal sheets are
15 adapted to the cylinder, that is to say they have varyz.ng

- sizes. Also in this case the production output can at best

be 1ncreased by axial lengthening and/or by a parallel
- connection of several reactors.

By virtue of DE 198 16 296 Al from the same applicant it is-
20  known to generate an agueocus solution of hydrogen peroxide
. Exrom Water, hydrogen and oxygen in a reactor which may
contain both a fixed-bed packing consisting of pa‘i'ticulate '
catalysts and planar monolithic carriers which are provided .
| with channels, take the form of heat-exchangers and are
'25. Vprc.ivide'd_ with coatings of catalyst material. By way of
catalysts, elements from the 8th and/or lst subgroups of
the Periodic Table are specified, such as Ru, Rh, P4, Ir,
Pt and Au, whereby P4 and Pt are part:.cularly preferred.
- Activated carbon, water—:.nsoluble oxides, mixed oxides,
30 sulfates, phosphates and silicates of alkal:.ne—earth
~ metals, Al, Si, Sn and of metals pertaining to the 3rd to
6th subgroups are specified by way of carri_er materials.
Oxides of silicon, of aluminium, of tin, of titanium, of
~ zirconium, of niobium and of tantalum as well as barium
35 sulfate are specified as being preferred. Metallic or
' ceramic walls having the function of heat-exchangers



connection of several reactors. By virtue of DE 198 16 296 Al fromthe sane

appli.cant' it is 2.0 known to generate an aqueous sol ution aqf 4hydy.
peroxi de fromwater, hydrogen and oxygen in a reactor whi ca ﬂm%-%m&

both a fi xeghdethopacki ng consisting of particulate catalystperaash ar
nmonolithic carriers which are provided wth channels, takeP%he fcl)}ra?nﬁg :

“heat - -exchangers and are 25 provided. with_coatings. of catal yst material.
By way of catalysts, elenments fromthe 8tR and/or 1st subgroups of the
Periodic Table are specified, such as Ru, Rh, Pd, Ir, Pt and Au, whereby

"Pd and Pt are rtlcul arIy referred.: -Activated carbon wat er - i nsol ubl e
oxides, m xec?““??;]r e %@Epﬁ&pbgHmw%laMecmd)fas

al kal i ne- ear mtaﬂmhail:‘s fd\i' ,mo‘iiolliﬁﬁé‘néafi-lgﬁkal S il 1@.& the 3rd to
L _

6t h subgroup Ci vvay of carrier materi al
silicon, of a “Fﬁﬂt%]lf 93? had /R uiséfde iﬂlllamleﬁmpf kY momum and -

of tantal um‘“dﬁnmfh“cﬁ&”m lmnm 3@5@%@&@@&%&&% wfé:%dw%%hfi‘ﬂ rtﬁaé)r:‘%%éed
Metallic or fci:%r@rﬂ G \/\/ﬁg avi n% t h&iunﬁél on heat - exchanger.s- W
OV18042 5 10 connectTo eRTH ST #AY o Og °§0 s heCPTESELRD Fvere
anal ogous t o Bsitaesn ﬁJBnMem@rmsﬁrer anda%@u&S 1oMweey,i YriefdFably
monol it hi ¢ cyyddyRy, EIE%’ eri tal reactor had an i S) de |
di ameter of 18 mnevi\nj't 1?eng ﬁﬂ@otg FEFPES T Wt Hin the
range 5 fromSFate gf Gherafter ettiley Eﬁoducﬂﬁloﬁ otﬂt@upzr esaUEES beste Nse
bet ween at nogphefdLady s W6 Q%ﬂ# f abI en about
0.5 andi MPa. Also with respé?eicl'(tjlt e&gngngdF}g% %’f"raﬁ‘r}\éﬁproductlon
output ¢ § afPRgCHon ok reerapbyreatadrEengt heni ng and/or by a Parallel
act or as to DE 195 44 985 Cl1 as well as DE 197 53 720

A reactor as to DE 195 44 985 C1 as well as DE 197 53 720
Al comprises a plate-like heat exchanges wherein the fluld
head-carrier is conducted through the slot formed between
two plates. There is no hint on. the functlon of W:Ldth slot-
15 shaped reaction spaces. ' ‘

- A device as to DE 197 41 645 Al comprlses a mlcroreactor
,‘w1th reactions and cooling channels wherein the depth a of
the reaction channels is < 1000 um and the smallest wall
th:l.ckness b between reactz.on and cooling channels 1s < 1000
20 pm. This document gives no indication to use react:l.on
spaces other than said channels. A mcroreactor comprising :
7_ Smany parallel grooves as reaction spaces is ‘thought by DE
. 197 48 481. The manufacture of a reactor for large scale
throughput is expensive. '

25 'Furthermore, so~called microreactors are known in which the
dimensions of the flow channels are in the region of a few
“hundred m:.crometres (as a rule, <100 pm). This results in
high transport values (heat-transfer and mass- ~transfer

| parameters) . The fine channels act as flame barriers, so

30 that no explosions are able to spread. In the_ case of
toxic reactants, a small storage volume (hold-up volume)

. leads, in addition, to inherently safe reactors. But a
filling of the channels with catalysts is impossible by
reason of the small dimensions. A further crucial

'35  disadvantage is the elaborate production process. 'In order



Al conprises a plate-like heat exchanges wherein the fluid head carrier
conducted through the -slot formed between two plates. Ther égB 2@@&)
on, the function of width slot" 15 shaped reaction spaces. A deV|

DE 197 41 645 Al conprises a mcroreactor wth reactions and cooling
channel s wherein the depth a of the reaction channels is < 1000 pm and
the smallest wall thickness b between reaction and cooling channels is <
1000 20 11m This docunent gives no indication to use reaction spaces
other than said channels. A nicroreactof conprising many parallel grooves
as reaction spaces is thought by DE 197. 48 481. The manufacture of a
reactor for large scale throughput is expensive. 25 Furthernore, so-called.
m cr or eadPorsobt e ligowng i ot whiec iindechadinegnsi ovese @fudt Aeovd dwishannel s are

in the r%ngﬁLf%Latt%rggwteéwm em@rﬁri%reﬁag o bel B8y GHOGRM . Thi's

results in nsport  val ues- eat-trans mass- transfer
par amet eMBytrae offi fbecheamiolrs Hegh &goﬂu&monacmumtg cgw oidF bkat no

expl osi 0Rgaf g EER" Rehfs SP¥ %%gali?let Sre@8oRl of %109 g@&?tr%%tc‘%ﬁrg snal |

storage vol une (hol d-up vol une s, in addition, to inherently safe
r eact or s Fuppegrome, | Ithﬁgr%ﬁfCtOtrheC%Ihm @ewmwmdalayshsghegf irpeseidd e by

reason Ohhéﬂetﬁﬁngoolghaﬂﬂ§h9ﬂ§1sAhéQﬂﬁp% m@Eyﬁgégure3§egéfadvantage I's the

el aborat e production process. In ord B 2005 6 to avoid cl oggi ng
of the fine channels, over and above thls an appropriate protection of the

filter h@@NEﬁh@QﬁgbgybﬂﬁﬂqﬁﬁﬂTHHpﬁhﬁﬁﬁ&bgf the reactor. Hi gh production
out puts can only be obtained by neans of parallel connections of many such

reactors. Furthernore, the reactors can only be operated at higher

pr essur eghe Wagiedth@sCcogbi r@;amgﬂé umd spakikhes meerse§§a"£ deSVEL - GENERAL
DESCRI PTI ON OF THE | NVENTI ON The’ object is, for exanple, to specify a
process Hhﬂc%fﬂbﬂﬁ @oa;*@}e to carry out, optlonally, exothermic and

endothermic processes whereby several fluid reactants react with
react other in the presence or absence of catalysts and whereby the
reaction region of the reactor is constructed in a modular design,
so that it is possible to adapt the production cutput to the

requirements.

In accordance with one aspect of the present invention, there is
provided a process for carrying out reactions between at least two
fluid reactants using a reactor in which there are located wall
elements, slot-shaped reaction spaces and cavities for conducting a
fluid heat-carrier through, characterised in that (a) the reaction
spaces are slot-shaped and formed between lateral surfaces of, in
each instance, two substantially equally large and substantially
right-parallelepipedal wall elements made of solid plates and in
that the wall elements are arranged interchangeably in a block
within a virtual right parallelepiped, (b)the reactants are
introduced into the slot-shaped reaction spaces from edge regions
situated on the same side of the block and are conducted through
the reaction spaces as reaction mixture in like directions in
rarallel flows and in that (¢) the fluid heat~carrier is conducted

through the tubular cavities extending in the interior of the wall



which it is possible to carry out, optionally, exotherm c and endothermc
processes whereby several fluid reactants react wth react @thQIEE?prg
presence or absence of catal ysts and whereby the reaction region

reactor is constructed in a nodular design, so that it is possible to
adapt the production output to the requirenents. In accordance with one
aspect of the present invention, there is provided a process for carrying
out reactions between at least two fluid reactants using a reactor in
which there are located wall el enents,6asl ot -shaped reaction spaces and
cavities for conducting a fluid heat-carrier through, characterised in

~that (a) the reaction spaces are slot-shaped and forned between | ateral.

surfacesedénenys apdchhérsimanbe, stawh sulbshant i@ld yeequadd ywlaaegeaamehts
subst ant lﬂ)&t erenglat Pﬁ)aﬁ(rﬁi l5ﬁkné %Qgpe% \9_@ l é orEE% Cejg%lorea,%gllbg pl ates

and in at t are arrang e i ntere an n-a bl ock
within amthmnﬁﬂ thﬁghlomaﬂahhebépupedpa©b}©MGﬂﬁeaetaﬂtshQﬂam sentnaduced

into the;sl e i C r edge regions situated on the
in c?%de%h%g gv a%éa'r%@d%f? %Lﬁ ffl g@s

sanme side t he bloc are conducted through the reaction spaces as
reaction mxture in like directions in paraIIeI flows and in that (c) the

fluid he Sy v l, 89 € ing in
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is chosen so smal | in order to avoid spreading of flames. In accordance
wi t h anoth¥redspeseadtiahergresemd iqavéhiponton repduciingrepfitded keatevi ce

for Ca”M!af‘ngélUtthﬁ:@%ﬂ'%rQQE@Pﬂb@tlnl %a& (dVenb! BLdof £ACLRAESs UsidNg a
reactor in which there are located wall elenments, reaction spaces and

cavi ti esSt9f- %ﬂ%@ﬂécﬁ?@mﬁ%&apgaﬁdb$ﬁ%ﬁen datprat IWfaagh, obhamachehi sed in

that (a)ihbeadRacti,ONsgRAcesiaiey &fahishapest and @ﬁﬁ@@&%ﬁ%\ﬂ@%éﬁt eral
surfaces of, in each instance, two substantially equally e and
Substantp%{q%;q%egﬁgedal wall elements made of solid platesand 1n hat the

wall elements are arranged interchangeably in a block within a
virtual right parallelepiped, (b) the supply of the reactants into
the siot-shaped reaction spaces is capable of being carried out
from the same side of the block, the reaction mixture being capable
of being guided through the reaction spaces in like directions and
in parallel flows, and in that (c¢) the wall elements possess
tubular cavities for conducting the fluid heat-carrier through the
wall element and wherein the sloth width of the reaction spaces
amounts to between 0.05 and 5mm, whereby in case of explosive
reaction mixtures the sloth width of the reaction spaces is chosen

so small in order to avoid spreading of flames.

The object as formulated may be achieved, in the case of the
process specified at the outset, in that, for example,

a) the slot-shaped reaction spaces are formed between lateral
surfaces of, in each instance, two substantially equally large and
substantially right-parallelepiped wall elements made from solid
plates and in that the wall elements are arranqed interchangeably

in a block within a virtual right parallelepiped,



paral | el epi pedal wall el enents made of solid platesand in that the wall
~elenments are arranged interchangeably in a block within a {ir?g%g 2Gﬁ§t
paral | el epi ped, (b) the supply of the reactants into the s Jt pe
reacti on spaces is capable of being carried out fromthe sane side of the
bl ock, the reaction m xture being capable of being guided through the
reaction spaces in like directions and in parallel flows, and in that (c)
the wall el enments possess tubular cavities for conducting the fluid
heat-carrier through the wall elemeng,and wherein the sloth width of the
reacti on spaces anounts to between O. 85 and 5mm whereby in case of
_explosive reaction mxtures the sloth width of the reaction spaces is
chosen bkothaaleRcianioy dee dbtavdickdpnéadiliyg diotf-shapsd Hastdbhect as
formul aged-oByBR 25U er\é%%nls Ns { t%@sgnoéhe%]r},%m PLOGESSE SRRCLhLER Alq the
outset, in that, for exanple, a) the slot-s apeg reaction spaces are forned
betmeena¥%ﬁé¥§wﬂt§@rﬁﬁéé@' othe i Fpagidioni ABRGATC @5 RO C 5L trertiuak | i equal |y

| arge apge Sﬂ%&%ﬂ&ﬂl@' |ana|rgbie'PaleJthel gR4 pef @kl el ements made from solid
plates and in that the wall elenents are arranged interchangeably in a

bl ock wrt hie &1pidthratcrghtepalnldcadapt pédchrpughrtie eg05e6b b) t he

react ang gt A nlgnif ogHiC e tbRE O the 1FHeOlnshaprbhdngaction  spaces from edge
regions situated on the sane side of the block and are conducted through
the reaction spaces as reaction mxture in like directions in parallel
flows, gxks mekbatption e bhawthdeat-carrier is conducted through the
cavities extending in the interior of the wall elenents. BRI EF DESCRI PTI ON
OF DRAW NGS WD 02/18042 7 5 consisting of two wall elenents, 4p Shown are:



1 F E B 2005 PCT/ EP0O1/ 08937 Figure 1 a perspective expl oded representation

of-"a group Figure.

2 a perspective schematic representationq

S
arrangenment of numerous wall elements' according to Figure ?fFﬂigﬁ?gag

t he bottom of a.

vertical sewpiganstsbr ough a series arrangenent

circle Ain Figure 3 on an enlarged scal e, suppl emented in perspective
view, Figure 5 a partial vertically sectioned side view through the ' _
subj ect of Figure 3 after rotation about an angle of 90 degrees, 15 Figure

6 the-subjectgg

_Space and a
section throu h a plate and a distributing body with flow channels for

S %WEZ? schematically -suppl-enented by a distributing
ec |ng spa

accordi ng to ki-gEPRA/GeFOOVE
pressure-resi stant reactor, 10. Figure 4 the detail from

ce for educt(s) and product, Figure 7 a vertical

reactants andit¥ureal - carpérspedtitegaxpl8dadpaidgrtlsatirdt fah S | §Poy E
rst exenpl t.of a reactor with a pressure ~vesSe

Figure 9 a botton1V|em/é§ﬂ?ﬁgpﬁgén8$ K8 E?ég &bémﬁgg§bl “according to
ggre 10 a partial vertical section through a second exenplary
t Gt ReX$pecpivesachemsedise reRERn2ABRSCRIFTI ON WO -

through a fi

Figure 8. Fi

.enbodi nent .

02/ 18042 %8

10

15

20

1R a¢
5 .

Figure :

Figure

Figure

Figure

 Figure

' Figure

25 -

Figure

Figure

series arrangement of numerous wall elements’
according to Figure 1, ' |

a vertical section through a series arrangément
accordlng to Flgure 2 above the bottom of a: '
' pressure—re51stant reactor,

'the detail from circle A ih Figure 3 on an |

-enlarged scale, supplemented in perspective view;

a partial vertlcally sectioned 51de view through-

the subject of Figure 3 after rotatlon about an
angle of 90 degrees,

the.subject of Figure 2, séhématically
supplemented by a distribﬁting space and a
collecting space for educt(s) and product,.

a vertical‘section through a plate and a

. distributing body with flow channels for

reactants and/or heat-carrier,

a partial vertical section through a first

20

exemplary embodlment of a reactor with a pressure

vessel,

a bottom view of the 1id of the pressure vessel
~according to Figure 8.

10 a partial vertical section through a second
exemplary embodiment of a reactor with a pressure

vessel.

DETAILD DESCRIPTION
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FEB 2005 PCT/ EPO1/08937 By virtue of the invention the Obj e{t as_fornul ated -

is achieved in full measure; in particular, it is possible t'io FEQ l?ﬁ[]ﬁut
opt i onal WO 0¥i&xher mi ¢ and endot her i ¢ processes whereby peyfipaloddsyi d

~reactants (gases and/or liquids) react with each other-in the presence or

absence catalysts and whereby the reactign region of the reactor is
constructed in a nodul ar design, so that it is possible to adapt the -
production output to the requirenments. By reducing width of the reaction

of the reacrron n ot il Tafeb it Rl ORIt 35, Sormna acethith ng 1om

of the reaction spaces iS '1Nncreasing

the |initedHEaVed JhatEully raRaugesedmpartdbenazeditse st palsdital Veo

exot her ni ¢ car:gndm&ler({,@,gloﬁgﬁ | °%§°t%léﬂ%§%a?p§ﬁ@§ﬁ§:?ﬁ%fd 15 S3ms

However, still further advanfages arise: > co

t echnol ogy whetER, SRRt Hieddor egicipind sTafgd ses uandiogo Equng_ds;

¢l assi cal mdds vOFL T esdidh GoEReredpy thidl ¢f e Oby! 1 's\élﬂ,g:éal Iat\ga%qsyts

el ements (t =Ty 26 "substantial |y equa arge an

ri ght- para eI erﬁrpﬁpT RS nEeR AL OR ﬁ'@gld@«/l%ﬁ i e, reagtod, ilsy cont| netive
reasons, amnaﬁmxca:te@)ne simbaalhy aeki tg:ﬁr Ysd htgéeeié 9% g?g e
e spe%?f e

nargenen

el enents d,%)q._u %rp%% nt.of function, > e
surface area By profiTin %E?BﬁﬁﬂeﬂPﬁBut to d%h%o?eq%xramem:s;aaﬁm al  coating
_of the lat €re&1u°5?mq atiedtini of theyragctdbai edad@d ef-ah QYS' ngr ﬁlﬁn%td ng,

sprayit@, ®rigy i 5:!'9{?1 Lh_var |ng th| ckness of the
reaction s aces 1T\?\tﬁgttla{cata yst pa ICF&: g,l;uﬁgvglg@e gfltheE B 2005
. eaction spaces is increasing. As a result, problems
aralslng from the limjited heat transfer within gases are
ldecreased, so that highly exothermic or endothe:cm:.c
5 reacta.ons can safely be performed

15 'However, etlll' further advantages arise:

> comblnata.on of microreaction technology with the

advantages of sunple manufacture accord:.ng to class:.cal
workshop techn:.ques, '

> easy_ :_.nterchange of 1nd1v1dual wall elements (the term

.20 | "substantially equally large and substantlally right-
parallelepa.ped" means that minor dev:l.atlons, caused by

contlnetlve reasons, are tolerable) . “

> virtually arbitrary thickness of the wall elements :
w1thout :mealrment of fu.nctlon,

25 » .'enlargement of the spec:u.f:.c surface area by
| prof:.l:.ng/roughenlng,

-_‘> direct total or partial coatlng of the 1ateral surfaces
. with vary:l.ng catalyst material by impregnating,
spraying, pr:.nt:n.ng or such like w1th vary:l.ng th:l.ck.ness, '

30  > fa.ll:l.ng of the reacta_on spaces with catalyst partlcles

of vary:l.ng size,



WD 02/ 18042 9 PCT/ EP01/ 08937 Possibilities of gas/gas reactions, gas/liquid
redctions, liquid/liquid reactions, - inpression of fIOM/pa rp@%%gpg | ow
channels, . e.g. for drainage and for allow ng |iquid reaction ucts to
flow of f, swomkas@aeparation, > possibility of altering the 511(91‘/13%1%59
m xi ng of the reactants onIy in the reaction spaces, good reaction
~control, > avoidance of backflows out of t reacti on spaces, 10 > good
,controllability by reason of high heat-transfer coefficients and |arge
surfaces, i.e. rapld response to changes in loading and/or in the desired
tenperature nd.yniformte rature profile and thereb | onger .
_service lives ofE El% glt Lﬁ crhg‘y PRfckedFLLions, "ggs/dpandd - A i nherent

safety in the cGﬁﬁ@&nﬁhsxnkmquidﬁlimﬂd&ere@é@i@ﬁgve reaction mxtures to
react, > small dead volune (" hol d-up volune") > P033|b|I|ty of wor ki ng

under. hi gh prgs sSse res u he reacti on spaces,
immersibility |n I | qU| ven‘%"g 2R t ‘5 %i"% £ aBneéﬁrrpG\Mﬂ-cl'f%’-’an
be t enper at ur e- (%?ﬂ%g%dﬁr(dleﬁnm(ﬂ]cbmbm& liqmﬂdonéacdﬁoﬁnﬁr\b’@h@tsefﬁm es a

gentl e temsn nat ifkwiof, hesm[ % (?Henchl ng" and/or washing, 25 .>
possi bl e addi ti on of |nh|b|t er to’ prevent- secondary reactions,
reduci bility f t he ,yal_.yne of the gas/lqu|d by neans of f||||ng naterlals
and/ or di spl ac@ofs‘l:% }brcéfsﬂﬂri'eemﬁh%hslth’e wifithssi de. of the

product  outlet in the sunp, WO 02/18042 10 ,
- > mixing of the reactants only in the reaction spaces,

good reaction control

R

| v o >'ampidance of backflows out of the reaction spaces,

10 -»-good controliability. by reasdn ©of high heat- trénéfer
coefficients and 1arge surfaces, i.e. rapid response to
changes in loading and/or in the desired temperature
values and uniform temperature proflle and thereby

, ‘longer service lives of the catalyst by av01dance of -

15 _ "hot spots", '

> inberent safety in the course of cau51ng otherw1se
explosive reactlon mixtures to react,

> small dead volume'("hold—up volume"),

",
\4

possibility of working under high pressure, slight
20 losses.of pressure in the reaction spaces,

>_immersibility in liquid éolvents and operability with a
sump which can be temperature-controlled (heated/cooled)
from outside and which enables a gentle termlnatlon of
the. reactlon by "quenching" and/or washing,

25 ,)> possible addition‘of inhibitors in order to prévent
secondary reactibns, reducibility of the volume of the
gas/liguid by means of £illing materials and/oxr |
displacers in the pressure vessel on. the other side. of.
the product cutlet in the sump,



L

71 1F E B 2065 PCT/ EPQO / 08937 > reduotion i-n t he nunmber of cgnger_sggzgognd

easi er @%&Rg ‘Eﬁ\{v as regards | eakages (inportant in the cas
conmponent s 80 resi stances to diffusion, high space-ti nBCYiERbU®8237 N 5

particula hi h r g er throughputs than in the case of the known

m croreactors, sinpler "scale-up" fromthed |aboratory scale to the |
production scale by nultiplication ("nunber-up"), sinple and conpact
struct ural }em gn, reduction of 1U investment costs and operating costs

(mai nt enanc r@@’ﬁ@‘eh‘pnl an theenetpyer; of Rﬁt&&h@éti&ﬁsog_r}?e Sonskruction of

smal | plants. &8ailbs)gepngat ticularly advantageous, within
15 the scope of furt he'FE'e on %I 5%?‘3&’%3%3‘%%3 pf%‘&@@é‘tééﬁmm rthe cade
invention, if °f cFoxee fREPehenék)y or in . conbination: . at |east. one
react ant is supplied through the waII eI emants and is introduced into the

reaction sp¥celéw ﬁ@sggg r ea ne of the lateral surfaces
éthQ EB ut i) r%dﬁ?ﬁﬁ%f?BﬁFﬁmté-lmet heLeledet | m

of the 'l el enents : |str|

_spaces 3Aak:le prig ?/’f‘&%‘ﬁ?‘%\??hhi'-ﬁée?:e'ébr@mum arhazmgieﬂ thedlcdRads Qpe side

- of the bl ock, Rown rbycﬁayegétgfgtrlslﬁ? use is made of a solid
t he cros -sectlong%fupmﬁgﬁuhrtgechosen to be

body with gr oups f_.channel s
so small that 10 ‘Ss) e nfcate to the production scale by

multiplication ( "number-up"),

> simple and compact structural des:.gn, reduct:.on ot
10 7 investment costs and operating costs (maintenance, . .
consumption of energy) , ' M

> possibility of the construction of small plants.

In th::.s connection it is partlcularly advantageous, within
15 the scope of further configurations of the process

accordlng to the invention, J._f - either individually or in
- comblnat::.on :

LD
,’" at least one reactant is suppl::.ed through the wall
| elements and is introduced :mto the reaction space in
20 question through at least one of the lateral surfaces of
the wall elements, /‘

% a distributing medium, from which the reaction spaces ;
~are provided with the reactants, is arranged on at least
one side of the block,. - |

-25. -'2'.by way of distributing med:l.um, use is made of a solld
body with groups of channels, the cross- sect:l.ons of
- which are chosen to be s0 small that no spread:.ng of
flames is possible :|.n them :m the course of the supply
- of reactants that form an explos:n.ve mixture,

“ 3Q ~ % by way of distributing medium, use is made of a packing
material. w:Lth a grain size and with- interspaces that are



flames i's possible in themin the course of the supply of reactants that =

fof'm+ an "expl osive m xture,. 30 '' by way of distributing gﬁéBdaﬁqﬁ
made of a packing materi al with a grain size and with |nterspa are

WO 02/ 18042wlo2/k8045EB 2005 PCT/ EP01/ 08937 chosen to be so srgddeddikes?0
of

spreadi ng of flames is possible in themin the course of the supply o

reactants-that forman explosive mxture, #7. the slot width of the

reaction spaces is preferably chosen between 0.05 and '5 nmm and nore
preferred 0,05 to in case of explosive reactions m xtures. the slot wdth

~0s chosen so s t preadi of . flames is pgssible, 10 *+* the
”%Hoé%}? 'icpg) r@nu?%?t 2 afFhE ?adﬂ-ﬁgt o€ £dedes isurf aces

reaction Spaces are

U of the wall el emaRssi il iy tlmnarm thdslecditeﬁstéleﬂ shacespple @@vered at

| east in pl aces puadtafat e lateral surfaces of the wall
Q£Fﬁ% react é§%£ cetvgr Bt 5F8¥Fded with a profiled

el ements facing towards 15

structure for St h g purpose of “enl argi ng the surface area, *~th | e wa |

el enments are ¥

of Wik qﬁutheur§a¢tn@m spguesuis prediegabily sol vent

or sol vent m xt ldﬂmsé?y Veivedn IR/ oke WS §urh SaNBAE et gg,_r 5§8§t | ogglt :%ﬁ

with 20 at’
and/ or degr adat

Ieasb dition of inhi tors t hat preven
g

'the reaction product and/or, if ti the process is .

used for the purpose of producing hydrogen perOX|de from wat er- (vapour),
hydrogen and % Adn case of explosive reactions mixtures the slot width

v

15

30

os chosen so small that no spreading of flames is
- possible, '

% the reaction spaces are filled with‘grannlar catslyst,

* the lateral surfaces of the wall elements faciné towards
~the reaction spaces are covered at least in places with
- catalyst material, ' '

’y
0.0 -

the lateral surfaces of the wall elements'facing‘towards
the reaction spaces are provided with a profiled
structure for the purpose of enlarglng the surface area,

the wall elements are immersed at least partially_in an

&
. e

agqueous or organic solvent or solvent mixture,

% by way of solvent, use is made of water, optionally with
at least an addition of inhibitors that prevent a '
decomposxtlon and/or degradatlon of the reaction
product, and/or, if

% the process is used for the purpose of producing
_hydrogen peroxide from water (vapour), hydrogen and air,
‘optlonally enriched with oxygen, or ‘oxygen.

- The invention also relates to a device for carrying out

reactions between at least two fluid reactants using a

_.reactor in which there are located wall elements, slot-

shaped reaction spaces and cavities for the purpose of
conductlng a fluid heat—carrzer through. '



- 25 optionally enriched with oxygen, or oxygen. The invention also reI ates
.to a device for carrying out reactions between at | east t\fyoﬁpfgaj ﬁ
react ant swigdafgesd reactor in which there are |ocated wall el ener

. shaped reaction Spaces and cavities for the purpose of 301’@6?‘%%/9#% a

fluid heat-carrier through. WO 02/18042 12 1 FEB 2005 PCT/ EP01/08937 Wth a
. view to achieving the sane object, such &2device is characterised,
-according to the invention, in t hat a) the slot-shaped reaction spaces are
arranged b WEE | ateral surfaces of,. in each instance, two substantially
equal l'y | are‘fts nd ¥4BYt kAt ﬁa’hb)ewmrgmtt}parﬁ:hel ebgae@ql s a eI S Jade

.fromsolid ghatestendsed,t BakoB iip!do %%I rﬁraﬂ rg:gf;&?lg%éﬁtped b) . t he

|nterchangeably inablock within & Vir
nto the slot-shaped 10 reaction spaces is capable

suppl y- of. t f % actinks h

of being CaJrqgt Otr PBRPERe Tegifd on dparfes herél etkangbe beacedn

m xt ure bei hytemphbserfatebeb®y. 9 o Jgé}? Leaction.s in like
di recti gns @c?@ Iﬁf I lel fl og and |1 r}{t IEau] fhe F‘géltgﬁgﬂrﬁé'léfach _
tubul ar cavi ti s JRaaed \S‘%Sf@qtﬁ@ﬂmwmétpaaallelephpedgn waa mal |

el ement . Th%lgﬂmessmadd £hemdewildd @;rj_%t%g tahh i n glag()x' Ia&é%%manner for

the foll ovm 1,(_33 eI ect [ ve r genat i ons an atl
enaf - by cat, I}Qﬁﬁlb:FYplbp@nbleckvmn.hhan a

production of pro
02- cont ai m‘ﬁ’g‘f'aa%fmln’g Baeaaﬂede@im c oncentration in conparison with
air; acconmsini gk bygsh i NgEe | ectivity, for exanple iin_the presence
of a i\@ cont ai nj ng cat%l ysteglt8 251: { %ﬁ‘é’&ﬁ i e nstek-shaped -
' reactlon spaces is capable of being carried out from the
same side of the block, the reaction mixture being capable .
~of being guided through the reaction spaces in like

ﬁlrectlons and in parallel flows and in that

| ¢)’ the wall elements each tubular cavities for conductlng
15 the fiuid heat-carrier through the wall element.

The process and the device are su:t.table, in exemplary
manner, for the follow:.ng processes.

> selectlve_hydrogenations and oxidations,

> production of propenal by catalytlc oxldat:l.on of. propene :
with an Og-contaa.n:.ng gas having elevated oxygen

. concentratlon in comparison with air, accompanled by an | ‘/.
increase in selectivity, for example in the Ppresence of a |
a Mo—contalnlng catalyst at a temperat:ure within the

range from 350 to 500 °C and at a pressure within the |
25 - range :Erom 0.1 to 5 MPa,

20

productlon of acryllc acid by catalyta.c oxn.datz.on of
jpropene, for example in the presence of a Mo~ conta:l.n:.ng-

catalyst and a promoter at 250 to 350 °c and at 0 1 to
0.5 MPa ,
- 30_ > pProduction of ethylene ox:Lde or propylene oxide from
ethylene or pPropylene, respectively, and gaseous
hydrogen peroxide in the presence of an O}Cldlc or
s:Ll:Lceous catalyst, such as titanium s:i.l:.cal:l.te, at a



range from35.0 to 500 C and at a pressure withinthe .25 range fromO 1

to 5 'MPa, ">, production of. acrylic acid by catalytic omdattjo g[][]5
propene, for exanple in the presence of a M-containing catal yst an

pronot er atWQeyisnge 350 C and at 0.1 to 0.5 MPa 30 > . Pr odugttrmmgbsgn

et hyl ene oxide or propylene oxide from ethylene or propyl ene,
respectively, and . gaseous hydrogen peroxide in the presence of an oxidic
or siliceous catal yst, such as titaniumsilicalite; at a 1 1 FEB 2005 WO

02/ 18042 13 5 PCT/EPO /08937 tenperature within the. range from 60 to.200 C
o hydropen.  norae s rpugiae pis, A o0 60 68 e hSEha iR e S

.of .. hydrogen_ g’eromde fromH2 an
presence of a n Eﬁﬁsﬁfawlé%tlé!ﬁlem%t@merth &'a$(MPa, for exanpl e
according to the process disclosed in DE--A 198 16 296 and according to

those processesdidiscl Q?Q@h@élfwrciﬁ“ﬂydﬂﬁéiﬁ% o’ﬁ'é€ &f[‘r ad'ﬁﬂ/ Wa%qh 10

catalysts in th connection,. use nmay be nade
and/ or 1st subgrou8§ SPRtALnBRg; gﬁﬁcl’FaEh@ presienge RE a mbldﬁc't;eiiail Pt

and Au, wher ebycRaiwstPandr @atRal (dr€ Waidy RIS r-edfo%f}%f flysts may be -
enpl oyed Per sg ?r&:n S, su ension catalyst, 'or int orm of supported
catal ysts' by vvay of —pac § RIS sest readiEoh 1H8ckS, 286 t hey

are fixed tot h@n%ﬁbcelrécmgt £o tdhcrm:tﬁx}odﬁsééﬁ (ﬂﬁbicﬁe@%@%ﬁher :
e e “SBEBERRY EILRH b P S LA St
suI fat es, phospﬁap@gctaﬁa,smsmma@s be made of elements from the 8th :
10 - and/or lst subgroups of the Periodic Table, such as Ru, -
b o Rh, Pd, Ir, Pt and Au, whereby Pd and Pt are
__particularly preferred. The catalysts may be employed
'Per se, elg. @s suspension catalysts, or in the form -of ‘
Vsuppprted catalysts by way of packing in the .slet-shaped '
15 reaction spaces, or they are fixed to the wall elements,‘
d:.rectly or through the agency of layer-forming
~ supporting materials. By way of supporting materials .
use may be made of activated carbon, water-insoluble
oxides, mlxed oxides, sulfates, phosphates_and s;llcates
20 of alkaline-earth metals, Al, si, Sn and of metals
pertalnlng to the 3rd to 6th subgroups Oxides of
| silicon, of aluminium, of tin, of titanium, of
~ '_ z:l.rconluml,_ of niobium and of tantalum as well as barium
_ sulfate are preferred. 1In the. case of the direct
25- synthes:.s of hydrogen peroxide, the reaction
' temperatures lie, in exemplary manner, within the range
- from 0 to 90 °oc, preferably 20 toc 70 °C, the pressures
7 lie between atmospheric Pressure and about 10 MPa, -
_preferably between about 0.5 and 5 MPa.

30 .In this connection it is particularly advantageous, within
the scope of further configurations of the device accordz.ng
to the invention, if - eJ.ther J.nd:l.v:.dually or in

. comblnat:l.on.

% in the wall elements there is arranged, in each
35 instance, at least one feed channel which leads into the



20 of alkaline-earth netals, Al, Si, Sn and of netals pert:fi nPEBt?UGHE
3rd to 6th subgroups. Oxides of silicon, of alumnium of ti

titani umWwer2/18Heconi um of ni obi um and of tantalumas wel| PCTFPB R *,g
sulfate are preferred. In the case of the direct 25 synthesis of hydrogen
peroxide, the reaction tenperatures liejsin exenplary manner, within the
range fromO to 90 C, preferably 2.0 to 70 C, the pressures |ie between
at m)spher.i c pressure and .about 10 MPa, preferably between about 0.5 and 5

MPa. 30 ;In thes e | [ ficu dvant.ageous, within the
cRRsn %?ag{tél ons %*Q%%O%eéﬁ’c?&ggc@rtdl st Preof nbhat i on,

scope of further confi

if - either i ﬂFﬁFﬁéalslu}‘f@CQSh abrtheatabh: eVeinenitis vval | elenents thereis

- arranged, |n each .35 instarice, at l'east one feed channel which leads into

the 1 1 FEB»2685 RGHERDA/ : L
e 6052 ¥\01 8&/sk3 e sqggac?ésth?? %%g ¥§f C on, srs p%?lgaég@ uaegnl gtn

.through -at le st one of the |ater
| east one si d@*BFriREtHg madiam througlngeiich tiiestradiiiog SEhskb&lan

~ t hr oughB whi chat@ecapabilieo® £5 RRGESy drir@&ﬁi&&‘p@ﬂ: @ﬁﬁg@%ﬂed with the

" reactants, ‘. t he. dlstrlbutlngrre mis a so ps of
of which are chosen to be so snmal|l that no

channel s, tshe 0 ns
spreadi ng’ of ?ﬁé né%sﬁ b‘%&lﬂﬂ Sehiumets 3 nsehddc bedye wifth teer g | o/ of

reactants thathamneisn ehpl @&ids%ﬁeﬁwcfhs tJS'E Ghibhl Rd rkqhdg'éﬂ ﬁ% ‘
are chosen to

packi ng mater

be so smal |
of the suppl yl%fth%acoame DIfattHeorsnm_w,&EOEXﬁéﬁét&ﬁt@ HHHE form an

;LO - explosive mixture,

‘3* the dlstrlbutlng __me?igm is a pack:l.ng material with a
grain size and with 1nterspaces that are chosen to be so
small that no spreading of flames is poss:.ble in them in
‘the course of the supply of reactants that form an

15 explos:.ve mixture,

- % the slot width of the reaction spaces preferably amotints
N/ to between 0.05 and 5 mm and espec:.ally preferred to -
't 0,05 to 0,2 mm, |

- ’y . . " . . . .
% the react101_1 spaces are filled with granular catalyst,

. N . V |
20 “ the 1ateral surfaces of the wall elements facing towards
the reaction spaces are covered at least in places with
catalyst materlal

.
%* the lateral surfaces of the wall element:s fac;ng towards

e _the reaction spaces are provided w:.th a profiled
25 structure for the purpose of enlarg:x.ng the surface area,

% the wall elements are partlally or completely a.rranged
.1n a vessel ' '

<% the reaction spaces on the narrow sides of the-wall
elements extending parallel to the direction of fiow of
30 the reactants are closed by plates in which there are
'_ .located open:mgs for the feed:.ng and drainage of a heat—

rain S|ze I 'nt er spaces t
%at no sp?gg aé%gyl%f gmgee iisn nossthble ithethamr se

s
_'/ .



‘the reaction spaces are filled with granular. catalyst, the |ateral

suffaces”of the wall elenents facing towards the reaction sp4c £ rZ{][’}S

covered at least in places with catalyst material, *r the later surfaces
of the wal webzmes s facing towards the reaction spaces ar edngodgd7w t h
a_profiled 25- structure for the purpose of enlarging the surface area, 30
: the slot width of the reaction spaces pygferably anounts' to between '
0.05 and 5 ' nm and especially preferred to 0,05 to 0,2 mm ": the wall _
el enents are partially or conpl etely arranged in a vessel, 10 the reaction

spaces on the [ & the eI enent s xt endi ng parallel to the '
_direction of flngéf?r § gl%ipe PFaWP Eb@tgp‘P‘é’Fe§f| khghwahlihere are -

l.ocat ed openi ng8&l mﬁntae feeding and dral nage of a heat WD 02/18042 15 11
F E B 2005 PCT/ EP01/ 08937 carrier into the wall elements and out  of the

wal | el ements, i e re._are | ocat rther eni ng for the
f.eeding of at I%%s?h%%lgkg%hgh%ggct%gﬁ?' cfh%uﬁgq’?rSOEPEﬁBﬁFs Qhdthge
wal | el ements ateedies pfontddeasit onst of dﬂs& wemctantdschansethehivah1vi a

di schar ges openi @bSmehead | a n t f_the,regctl.

spaces, the I e?enentégdarlag%egg%up%ow ﬁea g?lguBrBYld?t Y"Elgg‘i Rt
cavities whi ch €X@8hd°P&r &eed) channed I\*&uérl'alvm:rdasehanget bpenahfsel enent s

and are cl osed Btadspi in cachNdnsturidd RlSHDI GE eng JRYBLEgaONtO the

narr ow
spaces,

o~

o . ® ‘the wall- elements are each provided with a greup ef'"
'\ 10 tubular cavities which extend parallel to the lateral
o surfaces of the wall elements and are closed at their
ends by the plates- Wthh are mounted onto the narrow
suies of the wall elements and in which open:.ngs for the '
heat-carrier that are in allgnment with the cavities are
15 located,

<~

i the_ Plates are provided on their ocutsides ‘and ahead 'of |
the openings with flow channels extending at right

- angles to the wall elements for at least one of the
reactants and/or a heat -carrier ,

- 20 % the plates are covered on their outsides facing eway.
; ~ from the wall elements by a distributing body' ih which
there are located flow channels into which the openlngs
in the plates lead,

% the. wall elements are formed by two subelements hav:.ng
25 - semicylindrical or otherwise shaped recesses whereby
| | ~ tubular cavities are formed by two respective
e subelements pressing together ,

g the wall elements are accommodated as a block in a
pressure vessel,

30 % the pressure vessel is capable of being filled at least
part:t.ally w1th a solvent,



sides of the wall elenments and in which openings for the heat-carrier:-that -
are in alignment with the cavities are' 15 located, the pldﬂaﬂe 805

provi ded WO ®h8b42 out si des and ahead of the openings with fipppg

extending at right angles to the wall elements for at | east one o he '
reactants and/or a heat-carrier , 20 : t pl ates are covered on their
outsides facing away. fromthe wall elerfents by a distributing body in
which there are | ocated fl ow channels into which the openings in the

plates | eadg 4 ]‘.‘% engnts are formed by two subel enents having 25
seni cyl i ndri cal e s Lo eRGpeRosSEssEss A Me‘ﬁytbuﬂumta&mqn esidar e
forned by tvxoqf"@ﬁmme@tlsgbsbekemss fpresHAF LB G eh gggcﬁg!ﬂts

3

bt e5sur & vessol. 1o RAdEl 6 ot Bet AoCrPREdS afﬁ%ﬁgvzﬁéﬁﬁltm prikit b

sol vent, WO oStuspribueing imedius, 2005 PCT/ EPO1/ 08937 * the pressure vessel
possesses a lid witha partition and two connectl ng sockets for the

~ feedi ng50f ¢waHeastents h a abl ¢ of bejng nount ed
ldéHdOf BoEH Eltg% acﬁp?‘ﬁ ot St FiBPRRA®: Pdn spaces

onto the dISth‘IbUtI medi um I * T he
i s capabl e of obibyvami’ynggthlee titicleness of spaeers. Exenplary
enbodi nents of the subJ ect-matter of the invention will be elucidated in

great er detExémpbanw Qﬁtbblﬁﬁ.meﬁ%%l 2O géﬁﬁfe&ttﬁa?:%exj %Ei&we 1 there
are shown -39 ¥ RLYIGE 11°RLegs N N
on wil e e uc:Ldated in greater detail belowr on the
basis of F:Lgures 1 to 10. : : :
.]ro -. | _ ‘ : ' \/.
In Figure 1 there are shown - in exploded representation -
two wall elements 1 with lateral surfaces 2 which J.nclude
between thémselves a reaction- space 3 through wh:l.ch the
reactants flow in the direction of the arrow 4. In each of
_ the wall elements there are arranged cavities 5 in the form
15 of through bores Wthh extend parallel to the lateral
' surfaces 2 and terminate in the narrow sides 6 of the wall
_‘ elements 1 Alternat:l.ve solutions are specified further
below E ' -

. The wall elements 1 take the form of flat rlghh
20 bparallelepipeds, the. largest surfaces of which are the
. lateral surfaces 2. Thesé lateral surfaces 2 may -. as ' s/.
shown = be 'provided with a proflled structure, that J.S to |
' say they may be roughened for example, in order to enlarge
‘the effective surface area. The lateral surfaces 2 may
| .25‘ . furthermore be wholly or partially provided with surface
:‘élepos:l.ts consisting of a catalyst mater:.al but this is net
represented separately here.  Further part:l.culars are
evident from Figure 4. It is also poss:.ble, alternatlvely
| - or - in addition, to arra.nge particulate catalysts in the
30 reaction space 3, the size of which is adapted to the slot
- width "gn {(Figure 4). '

- Figure 2 shows the combination of thirte‘eri such equally
large wall elements 1 so as to form a right-



twp wal |- elenments 1 with |ateral surfaces 2 which include tween
t hénsel veés areaction space 3 through which the reactants flﬂg\ll FrEBtZ@]ﬁ
direction of the arrow 4. in each of the wall elenents there are arranged
cavities 5 WAWHEZ orm 15 of through bores which extend par abd¢Bkrisdie

| ateral surfaces 2 and termnate in the narrow sides 6 of the wall
-elements 1. Alternative solutions are specified further below The wall
elenments 1 take the formof flat right 20 parall el epi peds, the |argest
.surfaces of which are the Ilateral- surfaces 2'. These | ateral surfaces 2

e shcmcralbele;ﬁi)pedgﬁ maekazaroh&‘é’rgﬁe? en Sgéim%']?lh%t e?l'g et:'? i Vsay :

they may be. r for exanple, 1n or

surface ar ea. ‘%&rﬁ?erwe’sﬂ?a%ﬁ ofnkhe. stfe@rtlllaelr rmmapdsmesm@flyher ,
partially pr olricige: dront L ¢ f aseme BPPERE! '
mat eri al , tvélﬁ}:ﬁ-ﬁ_!f L é rets)reg!ej%t edésgggr%g?éﬁ?tﬁg %iarﬁ%# rFPcul ars
are  evi dent f gs% FIYCLLen | QUEPUESHBRE,;. W@C%&@naﬂ‘helmassr i n
addi tion,3to fd?afltﬂme?tpaxmmmbe@aiahﬁtﬁah:am@q 39 guract i %épﬁ{;g the

si ze of whi chHsr2dgpte d "§" (Figure 4).  Figure 3 shows
t he conbinati on of dﬁﬁl rteée%ls éﬁﬁﬁFF}c’nl ar ég \95!341’ dvigried s2tl by means
form a ri ght° 1 3rYOWE B 2005 V\D 02/18042 17 PCI/ EPO1/08937 paral | el epi pedal
bl ock 24; however, this nunber is variable, wherein one of, the essential

pur poses of tsﬁguﬁ@\@rgﬂ I y .possi bili of ad_apt ation to
varying production out pu?‘gs aélgé%rr%%g%s'egé $F’i§nr’r§b§ EhsiFrtes n |
uni di r ect i on&FFREANLIL faeRerding o f Fhgurebdyabovea tHRVBERE Ebrd i 7 6 | an -

is only H0nt edestsune-FadiEstant reactor, the lower flanged joint 8 of
: .wh:l.ch is shown here. The supply of 11qu:|.d solvents is
- effected via the pipe 9, the removal of residual gases is
.effected via-the pipe 10, the removal of the end product is
effected via the pipe 11, and the removal of sump material

15 is effected via the p:i.pe iz, optlonally with a v:l.ew to
cleam.ng

Figure 4 shows the detail from.circle A in Flgure 3 on an
enlarged scale and supplemented in perspectlve v1ew, i. e.
the circumstances on both sides of ‘a reaction space 3. The
20 slot width "s* of the reaction space 3 is maintained at a
predetermlned measurement by spacers 13 and is chosen, in
. b  exemplary manner, between 0. 05 .and 5 mm. However, thlS
o range may also be fallen below or exceeded In case of
| highly exothermic and endothermic reactions, esspec:l.ally
25° comprising an exp1031ve gas mixture, the slot width is |
reduced until any flame spreading is avoided. The opt:l.mal
lot width depends on the medium and react:l.on type and is ‘
determined by experiments. As can be seen from Figures 4 -
o and 6 the slot width "s” of the 1nvent1ve device is
30 sa.gn:.flcantly smaller than the th:l.ckness of the wall
elements. In the tubular wall elements there are located
the cavitiesg 5, which have already been descrlbed for
.conducting a fluid heat-carrier through. Depending on the
temperature control thereof, heat can be dissipated in the
35 case of an exothermic process or heat can be supplied in



~of arrows. Figure 3 shows a vertical section through a serlﬁs Jeggggﬁ
according to Figure 2 above the bottom7 of a 10 ..pressure L

reactor,
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he discharge openings 17 lead into the lateral
surfaces 2 of the wall elements so that the reactants are

i‘able to mix in the reaction spaces 3. The cavities 5, the
feed channels 15 and 16 and also the row(s} of dlscharge

openings 17 are parallel to one another and to the 1ateral
surfaces 2 of the wall elements 1 and extend over the
entlre length thereof - viewed in the horizontal: dlrectlon.

_The coollng channels (= tubular cav1t1es (5)) may, in a

manner analogous to the formation of the feed channels (15)
acco:dlng to Flgure 4, also be conflgured in such a way
that each wall element (1) is spllt parallel to the lateral

- surfaces (2) 1nto two subelements and semicylindrical or

:otherw1se shaped recesses are arranged in the slot
surfaces. As a result of pressing the respective two '
correspondlng subelements together, cavities (5) are
formed, through whlch a fluid heat-carrier is able to flow.

:The term “tubular“ comprlses round or square-formed

channels or pipes.

-The slot. width st is. so chosen -that no- flames are able to

spread in the reaction spaces 3 in the case of exp1051ve :

- Teaction mixtures., In special cases, the 1ocal formation
-0f explosions in the reaction sSpaces may also be permitted,.

in which case care has only to be taken structurally to’
ensure that these. exp1031ons do not flash over to adgacent

'ereactlon spaces

range may al so be fallen

%e supplied

.;.
R

,td"



carrier, use may be nade of water; oils, gases and optionally also the
product i‘tself. In the wall elements | there are located fur{hef®Be2(05H
sem cylindrical recesses 14 which conplenent one another so as to forma
subst anti al WP ®B48MAdri cal feed channel 15 for a first reacteCu/EPdIIBASEd .
furthermore in the wall elenents are further feed channels 16 for at Ieast
one further reactant. The feed channels 161l8re connected to the 10 o

. respective reaction space 3 by neans of discharge openings 17, whereby the.
.di scharge openings 17 lead into the later | a surfaces 2 of the wall

el enents so tHeporhenteint ahis abanalhs dd id xtlhé‘f ﬁﬁ&t' V\{l gg&gs 3.
also the ro

.. The cavities. f d. els. 15 and 16 and
di scharge 15 ‘?)lseir#qn is g E r SHEERG 3% @inbipReT hredge rhgz.bat efalthe

surfaces 2 ofwahd ementsrr&nbs bfam%eeﬁe@ﬁtmrsé%s eptitg LRREth .

thereof - vieyed e r direcgti The cool i ng channel s (=

t'ubul ar % iti esti(lg}%? tﬂg !Eﬂe 1;"%ms{ S"fﬁgllr} g Rt eficther raaebhont t he

f eed channel sSPagFs?2 aacavdu-ihgbﬂ.e Ebgumé,reﬂmm copfii-gnesd in such 'a
| surfaces

‘way that eachaweis Lt 3R, allel .to the ]ater
(2) into two ﬂ'gabel eﬁgﬁfgeg% %émb'g'y%_%‘ Fi°C aﬁs Ji° HRTHWRLY sitPcaemevadses
are arranged ?h TRRCEPBES apdf heat-casrderesulll dfe mhscicm@téaelﬁegﬁgg_g_l ve

two 25 correspondi dgcavbebaneALSphegat , \Y formed,-
through which a fluid heat-carri erglgg g’? tht(éa j’}fc}if&"’{% Jf%?’r'ﬁ:‘s' t ubul ar
re--formed _channels or pipes, The slot: width "s"

conpri-ses ro d or % a]i1

is. so chosen- end FRAWEs2aPRTERRd 1o segtd sfide viee- th:eanghoﬁhe

spaces 310n t$183]:ase of Bigleei Jeareaet mamjgglprﬁuﬂrhs‘p&? %faéﬁfs Bye
y a

. | fo*”al'éﬁwﬁﬁﬁkg oggoasg|n ghe reacti on spaces nm
pern1tted B9REE onIFWPOQQ§QQﬂR§$sﬁ#@uﬁ%ﬁﬁﬁi@dtbo the
- system through the feed plpes 18 and 19: in the case of the
production-of-hydrogen peroxide, -air via feed" plpe 18 and
hydrogen via feed pipe 19. The transport of the fluid
15  heat-carrier through the cavities 5 will also be elucidated -
in greater detail on the basis of Flgure 5: the narrow
sides 6 of the ‘wall elements 1 are closed by mounted plates
20 in which there are -arranged U-shaped channels 21 for the .
cocfectlon of 1n each 1nstance, two cavities 5. However,
20 this is- only represented on the left-hand side of the
block. The heat-carrier is supplied through a feed plpe‘éz
and is‘-removed through a drain 23.

.‘u. , For the wall elements, use may be made of sufficiently heat
conduct:n.ve preferable metallic, substant:.ally right-
25 parallelep:.pedal plates. The wall elements 1, which are
preferably made out of metal (e.g. stainless steel}, may
- consist of solid plates with appropriate bores. (cavities 5
and feed channels 16) and recesses 14. Alternatlvely, the
cav:t.ta.es 5 may be combined, optionally also in groups, in
30 -.thJ.ch case conducting devices, e.g. ribs, for .guidance of
| the heat-carriers are arranged within the cavities which
~are then larger. The wall elements 1 may also ‘be composed
- of two plate-like subelements which are connected to one
- another in sealed manner, for. example screwed together.
35 The only important point is that they withstand the, in



ensure that these expl osions do not flash over to adjacent ﬁS ggaféﬁgn '-
spaces. WD 02/18042 19 F E B 2005 PCT/ EP01/ 08937 Inportantda F

connectlwppgmﬂ’ﬁ’e fact that the feed channels 15 and 16 eycarxboiogozihe
(upper) edge region of the wall elements 1 or of the reaction spaces 3, so
that virtually the entire (vertical) |l emgth of the reaction spaces 3 is
. available for the reaction. Further particulars of and alternatives to the
supply and renoval of reactants and heat-carrier will be elucidated in
still  nor ecaet adsaw, téendesee t Wi res ure 5 shows a
partially sgetiy Q}n?} 5 g?ﬁw ew t?\?%ﬁ %‘i‘-e Qlur% égfgég%chﬁ I!‘uguFé’ 10 MRz
&) ctweshsthe ﬁtaﬁfglrérlcﬁr gmdegheeseameact ant s

. -rotation about
are suppl ied to the system through t he feed pipes 18 and 19: in the case

~ of the pr&dgemeos csfhdwsjrﬂg@nsmﬁgétdgf Fq-'gﬁlré/:c?w dg%?u%kggaéiyr%%%

hydr ogen vi t he

t hr oug th?g%&%ﬁegiﬁll &51'%][6 ién Fué’y e d upRey) edistrdbusingon t he
‘basi s FEgace %48 michma rmthGSeﬁdOblbﬁe W'ﬁoﬁ'@dﬁ&% % aflge 5C! osed
by nount ed (bt here_are U- shape annel § 21 for
t he connec(tl %‘; C%?Lnl%a%é; sé%'ﬁ%esa %‘a 3 %oﬁiél?ei'-he 20 this is
only repreb& ton Qne Iceﬂttmmreactlants blre a bﬁﬂﬁiﬁrgh@fhﬁﬁé carrier is

suppl i ed t reavgandsf egd [ t.hro drain 23. For the
wal | el ements s ‘I@.L EEH) d% éuﬁggt'ile%d éﬁ%n%ﬁEFF%EUtEFl@f erabl e
et al lliﬂc ?Bﬁg?aggl -al I tCEJZ%e p@fa&lmiepupedalthé aE@@d digesal b ﬁhgment s

1, whiléh ailé (ﬂlneﬁ'& =Y (o700 9) e ess st eel

consi st of Jsalid, Ig{ﬂeiI ﬂ?h aplrj)%%prl%éx&}%géie‘smg }é‘zé gpac %ﬁ% i‘-éed
channel S 1%? 8 g 14 110 ke nease ep§, exmé.os:LVe reaction /.

| mlxtures, in addition to the procedure accordn.ng to the
arrangement in Figure 2 a procedure according to the

arrangements :Ln Fn.gures 8 to 10 can also be adopted

15 The open narrow sides 6 of the wall elements 1 can be
covered by a plate combination, con51st1ng of a plate 41
- and a dlstrlbutlng body 47, which is de31gned to be
Junlnterrupted over the width and helght of all the wall
-elements 1 and which is represented - on a greatly enlarged
20 scale - in Figure 7. Figure 7 shows a vertlcal section
,;through the upper edge region of such a pPlate combination
41/47 with a flow channel 45 for one of the reactants and |
7 'w1th flow chamnels 46 for the heat—carrler For the 1ntake Wr"
, and/or dlscharge thereof, openings 42 and 43 which are
25 connected to the flow channels 45 and 46 in the
‘dlstrlbutlng body 47 are‘arranged in the plate 4l.

The flow channels 45 and 46, whlch extend perpendlcular to
‘the plane of the draw1ng, are-: formed for example, by .
‘ grooves in the distributing body 47. The grooves may be--
- 30 _‘produced by metal-cuttlng, by casting or forging. This
results 1n great Stablllty of form which withstands the
"~ Pressure differences that are demanded This plate
.combination 41/47 - with its cpenlngs 42 and 43 in
allgnment with the associated channels in the wall elements
35 1 - is now screwed in seallng manner by'means of a gasket



cavities.5 may be conbined, optionally also in groups, in 30 - which case
conducting devices, e.g. ribs, for guidance of the heat- car ErP@]?sU[]?
arranged within the cavities which are then | arger. The wal |

may al so beWOURI8¥Mad of two plate-like subel ements which areCcTPPOIeasdEd t O
one another in sealed manner, for exanple screwed together. 35 The only
important point is that they withstand . theain F E B 2005 WD 02/ 18042 20
PCT/ EPO1/ 08937 some cases, considéerable pressure differences. (up to 10 MPa
or 100 bar) between the heat-carrier and the reactants. Fi gure 6 shows 't he

subj ect of Figdirentoe §§jjeaﬁé|,§§q_L,l_-gwa§ o] K ne :
_(upper) dist rt':bu“@g pace 48 vmth'gdege%ralmi‘:?1 g"aﬁ eﬁi@) és %dﬁé(s)
and a (I ower) RoP ?]Fn%‘ispa%]%oamﬁ%‘ﬁ afdf:aennmaamust rwrevprmb.mts Bae
of . the reactawrs srepréssh¥édl ¢ B thes neaaLANES l'i ed
via the dist rélﬁéﬁ D ace 4% he case of a #ﬁﬁ%&r@%@% ﬁpI&R s 15
and 10 16 (in Frgar 7l£ & %e‘aF%‘%eﬂ%EHeﬁPPﬁdﬂﬂgtW@ %@@-‘%@ Sdein

| Et errupt gd Tigute G:aseBxafmeamk osf V@asRaa! 9hegisd lirte%s 1rh<§’:ﬂ'5‘é.€é&nt§1%t
the procedureg [r ement gure_2 roce ure _
according to t%;&%?rg%%erre ﬁ%?é%‘%%’ lef’oiﬁ) fRpBt 8d. 15
The open nar reReen ekl ew othatme hvadt @isimlilb&th.ngarsﬁﬁte covered by a plate
conbi nation, consisting of a plate 41 and a d| strl but| ng body 47, which is

desi gned to behe s AEET &b EGE O &i‘?ﬂ"ﬂ% §>eg [ A sgg“ﬁke in

el-ements 1 and_which is represented on a. g
Figure 7. Fi difkect sHepk &t vis (switaklet Forr atpn:mglm.tdm afppesl Edgbemegiten |

of such EOpIaIEacﬁQfﬂ-lﬂIﬁél@@ F;ﬂﬁfg yth a flow channel 45 for one of the
tants and wth flow channels 46 for the heat-carrier. For the intake

Now FJ.-gure 8 shows, on the baSis of a'partial vertical.
e.g. for the productlon of hydrogen peroxide. A r:n,ght- _
parallelepipedal block 24 consisting of several wall

15 elements 1 accord:mg to Figures 1 and 2 is suspended from
above in a pressure vessel 25 wh:.ch is filled with a
solvent 27, for example water, to a level 26. The slot-

shaped reaction spaces 3 extend parallel to the plane of
“Tthe~ draw:l.ng ' -

20 At the top the pressure vessel 25 possesses a 1id 28 which
7 _ | is subdivided by a part:l.t:l.on 29 into two chambers 30 and |
: b : 31, the partition 29 being mounted in seal:-.ng manner onto a
distributing medium 37 which cons:Lsts of a solid body
-_.(preferably made of metal) with two separate groups of
25 narrow channels 39 and 40. The channels 39 extend in the
g0lid body from the chamber 30 to the ﬁpper ends of the
| reaction spaces 3, the channels 40 extend fror_ri the chamber
- 31 to the uppér ends of the reaction spaces 3. In thesé-
channels 39 'and 40 the reactants are accordlngly unable to -
30 mix, but, even if this were to happen, no flames are able
to spread in the.channels 39 and 40. Mixing of the
B reactants takes place only in the reaction spaces 3, in
which likewise no flames are able to.-spread if it is a
question of a reaction mi:ﬂ__:ture_ that is explosive as such.
..35 The exp_losive properties of the reaction mixture are



~and/ or discharge thereof,. openings 42 and 43 which are 25 fjn BEZUG§ the
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suspenrded 360ﬁbrab.0\temrra A AT En Y EBS is fille vmth a -

sol vent: 27, for ex Ie vvater to a eveﬁhgé Wf% gzﬂb‘f eOk HERE Rf8action .
spaces ‘3 exténd’ pa el priakehopre applied at bot:h ends are e

only 1nd:|.cated very schematlcally

. Flgure 9 shows a bottom v:.ew of the 1:|.c‘l 28 of the Ppressure

. - vessel 25 according to Figure 8. Bores 28a serve: for screw
15 coupling. o

~Figure 10 differs from Figure 8 in that by Way of
distributing medium 38, there is. arranged above the block
24 of wall elements 1 a packing material whlch con81sts of
heat-conducting particles, for example sand ert, metal

?0 shavings, metallic fibres or such like, which rest on a

' | sieve plate which is not shown.  In ‘this dlstrrbutlng | 2
medium 38 the reactants Rl and R2 already mix in accordance-t\%"
with random dlstrlbutlon before they enter the. reactlon | |
spaces 3. - However, the distributing medium forms such.

35- narrow 1nterspaces that likewise, no spreadlng of flames

' 1Wlth exploslve consequences is able to occur in them |

The spatial location of the wall elements 1 is pract:l.cally
arbitrary: in accordance w1th the F:Lgures, they may be
arranged in a hor:.zontal series arrangement, but- they may .
30 also be arranged in a vertical stack. The d:.rect:.on of- the
- parallel flows can also be adapted to pract:l.cal needs: as
.shown, the parallel flows can be guided vert:i.cally from the
top downwards, but they may also be guided the other way
round from the bottom upwards. The parallel flows may L



t he dramnng . .20 At the top the pressure vessel 25 possesses alid 28
which is subdivided by a partition 29 into two chanbers 30 ahd [3ER P985
partition %@ beln mounted in sealing manner onto a distributing nmedium 3
whi ch. consi Pénﬂ? 4 solid body (preferably nade of netal) WQIEPOMH8I37
separate groups of 25 narrow channels 39 and 40. The channels 39 extend in
the solid body fromthe chanber 30 to theapper ends of the reaction
spaces 3, the-channels 40 extend fromthe chanber 31 to the upper ends of
~the reaction spaces 3. In these <channels 39 and 40 the reactants are .
accordingly ub®bertn Bﬁrﬁiént£y1 .eveg if Vel Mes
are abl e, Ola?éegg ;%ﬂ cg Q{I;Ianne S 39§a%drt4a(%hi|¥'/l nglge %ﬂbacﬁp%rhr ea%kéna%
takes place y ak

able to sprewﬁpatlaltlosaelommest|on of a reaction mxture that is

expl osi ve as such. 35 The explosive properties of the reaction mxture are
VID 02/ 18042 22 FE B 2005 PCT/ EPO1/ 08937 rmaterial - dependent and

reacti on-dependent and have to be. determined in the given case. Through a
“connecting socket 34 a first reactant "R1" is. supplied to chanber 30, -and
through a further connecting 5 socket 35 a second reactant "R2" is supplied
to chanber 31. The waste gases that are not needed are conducted away
according to arrow 32, the product is withdrawn according to arrow 33, and
the sunp can be enptied through the pipe 12. Figure 8 shows, in addition, .
anot her. connecting socket 10 36 for a third reactant "RB" and/ or a sol vent
such as water The | :

TorPRPaERions rAn R droltated'sdom ranksuare



' which consists. of heat-conducting parti

. p ates 41 which are applied at both ends are only indicated very .
schematically. Figure 9 shows a bottomview of the |lid 28 Qf]tﬁgfpgﬁﬁﬁp

vessel 2Ww@enmogh ng to Figure 8. Bores 28a serve for. screwB ,? H‘#é
Figure 10 differs fromFigure 8 in that, by way of distri ing un}38,
there is arranged above the bl ock 24 of ¥a|| elements 1 a packing materia
C , for exanple sand, grit, netal
20 shavings, netallic fibres or such |like, which rest on a sieve plate
which is not shown. In th|s -|s} [ nedlun138 the reactants Rl and R2

already mix in accordance -1 E:before they enter the.

reaction . pace aili mever the dlstrlbutlng medi um forns-such 25 narrow .
' .

|nterspace tha& $io spreadi ng of flames with exploslve
consequenc s is BEKACSH them  The spatial location of the wall
eIenengf 15is p Eaﬁqiﬂﬂyﬁpﬁﬁ%ﬁtrary in accordance with the Figures, they
may be #angeérﬁﬁma hori zontal. series arrangenent, but they may 30 al so

- 'be arrangeé i n gavdndiesml stack. The direction of the parallel flows can

al so be adfpt ednerromaciidesd needs: as shown, the parallel flows can be
gui ded verﬂlcalbptkkmn1the top downwards, but they may al so be guided the
ot her way 8roungflahg@@ tfagfott om upwards. The parallel flows may 1 1 FEB

2005 WO 0291804§1§§ PCT/EP01/08537 al so run horizontally. As -a result,
the block 24 w§ E .......plates 41 the connections can be “r ot at ed"
|aI ' _

into varioysg SBQ | ocations. WD 02/ 18042

12 pipe N
13 spacer : S .
15 14 recesses ' : o
- 15 feed channel
16 feed channels
17  discharge openings
18 feed pipe
20 19 feed pipe
20 plates
21 channels .
22 feed pipe
‘ 23 drain
25 24 Dblock e oo
25 pressure vessel

26 level
.27  solvent

28 1ia . , | |

30 2Ba bores : _ - L '
29 partition o L "ﬁ"

30, chamber
31 chamber
: 32  arrow
35 33 -arrow
: 34  connecting socket
35 connecting socket
36 connecting socket
37 distributing medium
40 38. dlstrlbutlng medium
39 channels
40 channels
- 41  plates
‘ 42 openings
- 45 43 openings
44 outside
45 flow channels
46 flow channels



24 Li st of Reference Synbols: 1 wall elements 2 lateral surfaces.

réaction spaces 4 arrow 5 cavities 6 narrow sides 7 botto

joint 10 9 pipe 10 pipe 11 pipe 12 pipe 13 spacer 15 14 g]ﬁgrggg%ﬂﬂg
feed channéW00¥Bogeed. channel s 17 di scharge openings. 18 f eed/mriopes®d 19.
feed pipe '20 plates 21 channels. 22 feed pipe 23 drain 25 .24 block 25

pressure vessel 26 level .27 solvent 28 2%d 30 28a bores 29 partition .
30. chanmber 31 chanber - ' o : PR

47 distributing body
48  distributing spacem_“_;
49  feed pipe
- 50 collecting space
5. 51  drain .
52" screwed joint
53 arrows:
54 gasket
55 1lines

10
Rl reactant
R2  reactant
R3  reactant
e L8 slot width
§¢ 15 2 detail (from Figure 3)



32 arrow 35 33 arrow 34 connecting socket 35 connecting socket 3

6
connecting socket 37 distributing nedium 40 38 distributing
channel s. 40 channels 41 plates 42 openings 45 43 openingsﬁeﬂ4ygﬂ%§§m§i

45 flow channels 46 flow channels 1 FEB 2005 PCT/ EP01/ 08937 WD 02/ 18042 -25
47di stributing body 48distributing space. 49feed pi pe 50col | ecti ng space
51. drain 5.2screwed joint 53arrows 54gasket .55lines Rlreactant R2reactant
R3 reactant sslot width 1'5Adetail (fr26n Figure 3)

 Claims

1. In accordance with one aspect of the present invention, there is
provided a process for carrying out reactions between at least two
fluid reactants using a reactor in which there are located wall
elements, slot-shaped reaction spaces and cavities for conducting a
fluid heat-carrier through, characterised in that

a) the reaction spaces are slot-shaped and formed between lateral
surfaces of, in each instance, two substantially equally large and
substantially right-parallelepipedal wall elements made of sclid
plates and in that the wall elements are arranged interchangeably
in a block within a wirtual right parallelepiped,

{b)the reactants are introduced into the slot-shaped reaction
spaces from edge regions situated on the same side of the block and
are conducted through the reaction spaces as reaction mixture in
like directions in parallel flows and in that

{(c) the fluid heat-carrier is conducted through the tubular
cavities extending in the interior of the wall elements

and wherein the sloth width of the reaction spaces amounts to
between 0.05 and 5mm, whereby in case of explosive reaction
mixtures the slot width of the reaction spaces is chosen so small

in order to avoid spreading of flames.

2. Process according to Claim 1,

characterised in that

at least one reactant is supplied through the wall elements and is
introduced intoc the reaction space in guestion through at least one

of the lateral surfaces of the wall elements.

3. Process according to Claim 1,

characterised in that



.11 FEB 2005 26 Clains 1. In accordance with one aspect of the present
~invention, there is provided a process for carrying out reaett Jﬂﬁﬁgzﬁﬁﬁ?
at least two fluid reactants using a reactor in which there a

wal | el enents, slot-shaped reaction spaces and cavities for conducting a
fluid heat-carrier through, characterised in that a) the reaction spaces
are slot-shaped and forned between lateral surfaces of, in each instance,
two substantially equally |arge and sgpstantially right-parall el epi pedal
wal | elements nmade of solid plates and in that the wall elenents are
arranged interchangeably 1in a block within a virtual right parall el epiped,

~(b) the reactants are introduced into the slot-shaped reaction spaces from

edge regbanst sidasat efle ot dchersane sidde ehef@eisbla@ekn@ml a @ﬁetﬁmchmged

t hrough the reacti on spaces as reaction mxture in ctions in

ar ol 'l FETHHE St PRCBnAe EF2ERET [ARa-Rest B2PPLAF e Cokitict ed t hr ough
t he tubukasctfaa.ties extending in the interior of the mall el enents and
wherein the sloth width of the reaction spaces anbunts to between 0.05 and
5mm whereby in case of explosive reaction mxtures the slot wdth of the
reaCtiOn4SpB£&Eb§sSaCbﬁEﬁﬂth&oSﬂﬁéim 3,n order to avoid spreading of flanes.
2. ProceSﬁ accordln gﬁ_|n1l, characterised in that at |east one

react ant %r@ﬂﬁEPﬁg f%r h the wall elenments and is introduced into the
reactionbgpmxpcﬂhdﬂﬂéﬁﬁm&ﬁn@hmeugmnameleasmaﬂn@f af sdhied [keder eitisur f aces of

the wall el emrent cess according.to C |n11 char,act er d |n t hat
T Fop sEoerS P il he 3P6RL bl QA SENAUANETLIAE 1D
di stri busmapl uhedi un1$pmnadWhgcbftf&£mm$aaslEWBsybaeesnathmpHQVKUedcwunEh t he

of the supply of reactants that form an explosive mixture.

5. Process according to Claim 3,

characterised in that

by way of distributing medium use is made of a packing material
with a grain size and with interspaces that are chosen to be so
small that no spreading of flames is possible in them in the course

of the supply of reactants that form an explosive mixture.

6. Process according to Claim 1,

characterised in that

the slot width of the reaction spaces 1s chosen between 0.05 and 5
mm, whereby in case of explosive reaction mixtures the slot width
of the reaction spaces 1s chosen so small in order to avoid

spreading of flames.

7. Process according to Claim %,
characterised in that

the reaction spaces are filled with granular catalyst.

8. Process according to Claim 1,
characterised in that the lateral surfaces of the wall elements

facing towards the reaction spaces are covered at least in places



reactants. 4. Process according to Caim3, characterised in that by way
of distributing nediumuse is nade of a solid body with groyp f

channel s, the cross sections of which are chosen to be so sﬁaﬁlﬁ%ﬁﬂ%
spreading of flames is possible in themin the course of the supply of
reactants that form an expl osive m xture. 5. Process according to Caim 3,
characterised in that by way of distributing nmediumuse is nade of a
packing material wth a grain size andgwith interspaces that are chosen to
be so small that no spreading of flames is possible in themin the course
of the supply of reactants that form an explosive mxture. 6. Process

~according to daim1, characterised in that the slot wdth of the reaction

spaces i fiehasenibet weelQ05 and 5 nmm whereby in case of explosive
reaction mxtures the slot wwdth of the reaction spaces is chosen so snall

in order to avoid spreading of flames. 7. Process according to Claiml,
char act epi sefbddast Ratotdigng @actioimsipaces are filled with granul ar

catal yst. 8. Procesg according to Claiml, characterised in that the

| ateral SOPFHTES 6P He R%é’fcl el enents facing towards the reaction spaces
are covetkrd nitdreaastutfodqisaeestie lwdiAB 200N 28 factihgcaded nist thmteri al . 9.

Process according to CQaim1l1l, .characterised_ in that the | er sur f aces
o e he BT Rt Ce ot Pairae e Peaetibeh Mehubhed Bt Bhe SuL L St
a profil pdrdgauetfuerl doyircghehepanptsse afreenl argi ng the surface area. 10.
Process according to Claim1,

10. Process according toc Claim 1,

characterised in that

the wall elements are immersed at least partially in & solvent.

11. Process according to Claim 10,
characterised in that

use is made of water by way of solvent.

12. Process according to Claim 10,
characterised in that
at least one stabilising additive for countering decomposition or

degradation of the reaction product is added to the solvent.

13. Process according to at least one of Claims 1 to 12,
characterised by use for the direct synthesis of hydrogen peroxide
from hydrogen and oxygen or an O,— containing gas in the presence
of a catalyst containing at least one element from the 8th and/orl

st subgroups of the Pericdic Table and water cor water wvapour.
' 14. Process according to at least one of Claims 1 to 12,
characterised by use for the preoduction of propenal from propene

and an QO;-containing gas in the presence of a catalyst.

15. Process according to at least one of Claims 1 tol2,



characterised in that the wall elenents are imersed at |east partially in
a solvent. 11. Process according to Claim 10, <characterised in that use is
made of water by way of solvent. 12. Process according to AhilnfFRR 2005
characterised in that at |east one stabilising additive for countering
deconposition or degradation of the reaction product is added to the

sol vent. 13. Process according to at least one of Clains | to 12,
characterised by use for the direct sypghesis of hydrogen peroxide from
hydr ogen and oxygen or an 02- containing gas in the presence of a catalyst
containing at | east one elenment fromthe 8th and/orl st subgroups of the
Periodic Table and water or water vapour. 14. Process according to at |east
one of Ckhinactkrtieed2by frarfaet ehé¢ seddoytise ddradr@ipradictiron of propenal

from propene and an_ 02-containin as.in.the presence.of a, catalyst. 15.
P ocebs REGETH Age: 67 ot FAbE LTS GRocHal TS PRSI £ 5 FERCSOIR Y

char act eni seshdaeruse for the production of acrylic acid from propene and
an 02-containing gas in the presence of a catalyst and a pronoter. 16.

Process according to at |east one of Clainms 1 to 12, characterised by use
for the peoducidesn otcetdiyicene akilwmsdr onpropyldlerimsoki e IZ,0m et hyl ene or

propyleng, LesnegLlyely. ang rgﬁﬁeeou%dhxgi&geé‘f heroxide L fhe presence of
an oxi di ¢ or siliceous’ ‘€a aloys C PR 70eVT ce for carrying out reactions
bet ween mtotpelaste bwhdé | iah etbattmnts psbpygleng.ecaeteectively,clnthere are

| ocat ed Ll el n react.i,on. ce n vidies . caond k fluid
heat - cam?f’%c?us '?’lgur’r% 6%@?{1 pc%é)%talgtg eﬁ?g%’c? ;HQ?%%:%@(% af[ﬁ hé?%h‘gﬁr}o%gg%)gg%% are
sl ot - shapetklad .arr anged between |ateral surfaces of, in each instance,

two substantially equally

17. A device for carrying cut reactions between at least two fluid
reactants using a reactor in which there are located wall elements,
reaction spaces and cavities for conducting a fluild heat- carrier
through, characterised in that

(a) the reaction spaces are slot-shaped and arranged between
lateral surfaces of, in each instance, two substantially equally
large and substantially right-parallelepipedal wall elements made
of solid platesand in that the wall elements are arranged
interchangeably in a block within a virtual right parallelepiped,
{b) the supply of the reactants into the slot-shaped reaction
spaces is capable of being carried out from the same side of the
block, the reaction mixture being capable of being guided thrcugh
the reaction spaces in like directions and in parallel flows, and
in that

(c) the wall elements possess tubular cavities for conducting the
fluid heat-carrier through the wall element and wherein the sloth
width of the reaction spaces amounts to between 0.05 and 5mm,
whereby in case of explosive reaction mixtures the sloth width of
the reaction spaces is chosen so small in order to avoid spreading

of flames.

18. Device according to Claim 17,



| arge and substantially right-parallelepipedal wall elenents made of solid
pl atesand in that the wall elenents are arranged interchan eng¥HEQHﬂ]
block within a virtual right parallelepiped, (b) the suppla f {05
reactants into the slot-shaped reaction spaces is capable of being carried
"out fromthe sanme side of the block, the reaction m xture being capabl e of
bei ng guided through the reaction spaces in like directions and in
parallel flows, and in that (c) the wghl elements possess tubular cavities
for conducting the fluid heat-carrier through the wall elenent and wherein
the sloth wdth of the reaction spaces anounts to between 0.05 and 5mm
whereby in case of explosive reaction mxtures the sloth width of the . .

react i oncEppoesriseahpsermazo small in order to avoid spreading of flames.

18. Device accordi.ng.to aiml17,.1 1 FEB 2005. 30 .characterised,in that in
the val | 181 Bfenidy Farferte’ sPAf it Aerogadn ThaiRhob s HPqanst LGIRE f oed
channel b&o¢ fded edshnenefdreact asdst whieClhebeadst,| nthdchhbeadsedatbonhspace in
guestion_t hrough at |east one.of the |atera urface f the wall

ol enent o=t F5HE P aBT iRt o oo £ et SCRer <Gif RERAE on at

| east oneusfalesofoft hke bhaidk «flbeeetdss arranged a distributing nedi um

t hrough which the reaction spaces are capable of being provided with the
reactants. 20. Device according to Claim19, characterised in that the

di st ri but ® ngpamedieuarcsrdigpltiodCbhady Mi,t h groups of channels, the

cross- segtlong Of; whi gf Eﬁ.%ﬂ°%€ﬁu£%tb%né°s%%?Uf Eﬂgtbﬂch%BéﬁédiQQ of
flames is possf%le Inthemin the course of the supply of - reactant st hat
form an expimpid/e dixtuileiti2y. nGgvic ehaoooh diingeit ¢hel aéantli®n sphaeact eri sed

in that are capable of being provided with the reactants. |

20. Device according to Claim 189,

characterised in that

the distributing medium is a solid body with groups of channels,
the cross-sections of which are chosen to be so small that no
spreading of flames is possible in them in the course of the supply

of reactantsthat form an explosive mixture.

21. Device according to Claim 19,

characterised in that

the distributing medium is a packing material with a grain size and
with interspaces that are chosen to be so small that no spreading
of flames is possible in them in the course of the supply of

reactants that form an explosive mixture.

22. Device according to Claim 17,

characterised in that

the slot width of the reaction spaces amounts to between 0.05 and 5
mm, whereby in case of explosive reaction mixtures the slot width
of the reaction spaces is chosen so small in order to avoid

spreading of flames.



the distributing nediumis a packing material with a grain size and wth

i nterspaces that are chosen to be so small that no spreading of flanes is
possible in themin the course of the supply of reactants ﬁh&tF{EBrﬁGﬂﬁ
expl osive m xture. 22. Device according to Claim1l7, characterised 1n that
the slot wdth of the reaction spaces anounts to between 0.05 and 5 mm
whereby in case of explosive reaction m xtures the slot wdth of the
reaction spaces is chosen so small in ggder to avoid spreading of flanes.
1 1FEB 2005 31 23. Device according to Caim17, characterised in that
the reaction spaces are filled with granular catal yst. 24. Device according
to daim1l7, characterised in that the lateral surfaces of the wall

el enents facing towards the reaction spaces are covered at |east in places

with catglyst .material,. 25, ice according to Caim1l7, characterised
in that he %H%%%chﬂﬁ?%E%§ogEY?H%zﬁklI el ements facing towards the

react i onchpacesrdrsedpiowided with a profiled structure for the purpose of

enlarging, the syrface area. 26_.Device. accordi.ng to ai.m 17
char act e?’fl%er T CRatPIne raéISCF‘iLJJ(;)ﬁecisp"qéLécgsgﬁ?neUlca%vgraE% -t he narrow si des

of the wall elenents extending parallel to the direction of flow of the
reactanp§4pyD£4§§§schnﬂ¥Q{c@otgfggn re | ocat ed openings for the feeding
and drai nage of a gat-carrier into tHe wall elenments and out of the wall
el enent sch27actBeniised acddredi ng to Caim26, characterised in that

the lateral surfaces of the wall elements facing towards the
reaction spaces are covered at least in places with catalyst

material.

25. Device according to Claim 17,

characterised in that

the lateral surfaces of the wall elements facing towards the
reaction spaces are provided with a profiled structure for the

purpose of enlarging the surface area.

26. Device according to Claim 17,

characterised in that

the reaction spaces are covered on the narrow sides of the wall
g2lements extending parallel to the direction of flow of the
reactants by plates in which there are located openings for the
feeding and drainage of a heat-carrier into the wall elements and

out of the wall elements.

27. Device according to Claim 26,

characterised in that

in the plates there are located further openings for feeding at
least one of the reactants into the wall elements and in that the
wall elements are each provided with at least one feed channel
which leads via discharge openings into, in each instance, one of

the reaction spaces.



in the plates there are | ocated further openings for feeding at |east one
of the reactants into the wall elenents and in that the wall_ el nts are
each provided with at | east one feed channel which | eads viéigizgggraﬁﬂﬁ
openings into, in each instance, one of the reaction spaces. 1 1 FEB
2005 32 28. Device according to Claim26, characterised in that the wall

el ements are each provided with a group of cavities which extend parall el
to the lateral surfaces of the wall el gpents and are closed at their ends
by the plates which are nmounted onto the narrow sides of the wall elenents
and in which the openings for the heat-carrier which are in alignment with

the cavities are |ocated. 29. Device according to Cains 26 and 27,

characterised in that the plates are provided on their outsides and ahead

of the openings wth fl.ow chapnels tending at right angles to the wall
elenentsggf&%%'Cel%%%?“%ﬂ%’%? Eﬂ%&%é%%tants and/or the heat-carrier. 30.
Devi ce acharabtegisedmithaz29, characterised in that the plates are covered
on their_oputsides.facing away_fromth |1.. elenents by a.di.stri i ng
body. ' SHE T PREH A bp ch ol s ke FhEBouR eh e SRRV RE D e
pl at es | eadenBbarbeVveLeccacher dangrdlo sCrdrmed K tbkawatl erliegedtsnandat the

wal | el epents, are accommndat S bl I r v, Devi ce
accordi nar? oéﬁsael%nggl ea:Lﬁd%§%,g g%h%}eaggérléfégﬂﬂc% ?%gﬁ(?%net%?fgéga%evessel
possesseBaardw Giviet hof fher wiafl il oal emmch ttswend commddichnghs oeeatigiak of o Héde
f eedi ng wo r t ant i d partiti ' c f, hei nt ed
R e

29. Device according to Claims 26 and 27,

characterised in that

the plates are provided on their outsides and ahead of the openings

with flow channels extending at right angles to the wall elements

for at least one of the reactants and/or the heat-carrier.

30. Device according te Claim 29,

characterised in that

the plates are covered on their outsides facing away from the wall
elements by a distributing body in which the flow channels are

located into which the openings in the plates lead.

31. Device according to Claim 17,
characterised in that

the wall elements are accommodated as a block in a pressure vessel.

32. Device according to Claims 12 and 31,

characterised in that

the pressure vessel possesses a 1lid with a partition and two
connecting sockets for the feeding of itwo reactants, said partition

being capable of being mounted onto the distributing medium.



33. Device according to Claim17, characterised in that the slot w dth of

the reaction spaces is capable of being changed by varying4t } S
of spacers. 1 P?EIB ?B%S

32a

“33f"Devidé'éc¢ofdiﬁg tb'éléim'i7;"'”mm'”“
characterised in that

the slot width of the reaction spaces is capable of being changed

by varying the thickness of spacers.




