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wire nmesh product as a retaining device-flor particles The present
invention relates to a chem cal reactor for the heterogeneously
catalysed 5 reaction of a fluid, having an inproved retaining neans

; IO{)Wisnelrt g?réﬂe‘iﬁigﬁ RAE0R haG Rl Rtk S8R prPaRMOS YPidthihd Welice for

reacti ons by paeticles of such a reactor and the use of wire nesh knitted
fabric in chem cal reactors. 10 The hydrogenati on of nitroaronmatic
conpounds to formthe corresponding amnes in a fixed-bed reactor

which is flovee préseatiglerminatiaes 1Y ch@kRalleAQ6r fof ti KRK b} érébﬁagg catalysed
process under adi abatic reaction conditions. Such hydrogénatio

processes-t akeachpacé 4 Auide hpvdg encinpresd wwhdring maans dor iegrpardee snd/or

depost ts.ar o PANBCEREETS HEPRY KRR 0l PoRRoTRR i b GrmEon 10F SRR

reactions ar eut yingiadllrgactivhs bemhaaat of fuchheREct8NshdIhe 188 8F RIRANYIH Bhifted
wedge wire screen which acts as a substrate for ‘the fixed-bed

cat al yst (HetidigesbeisalagedPifsis in Industrial Practice, 2nd Ed.

1996, page 474). These wedge wire screens nust bear the weight of the
catalyst as well as the additional |oad 20produced by the pressure

| oss vi al6he Thathgtsgendtionl of nilésgenstid @ngmiuedn® fasm desesrtdipshdigl amines in
exanple in USO‘Z, 915, 375 are ,oLt_en usgd. They .consi st of V-shaped .
wires arrangé ”ierq!]i‘?&rrﬁ?qt% whish it figwed thyoughy #xiallipmay talw nises injaceyltistage
t hat opening ; i e k } L

particle si Z?rt%{e%@d?ﬁ%ﬁi%%tg?i&g}%{lg &elﬂ(gnd%%%?{he},ﬁ 0%&?"]1 dA %%rg%%%%%stﬁﬁgp lace
wi deni ng dowmgeriddic sycles whicfeim poelnsion/cyda altarmye with regenomagion lcyclanyfor

material infiltrating between the wires and to prevent bl ocking the
wedge wire séf ?llb%’ihff Cl\é‘\ﬁjoﬂjﬁ%eoﬂﬁﬁéﬁﬁ’&’it%art?ﬁ%‘?%e{%ﬁQ?Fnﬁlﬁ’émr‘?-fj&ctors,
the scregm is subjected to thermal 30 stresses, which lead to

damage. In particular this is the case if exothernmc reactions are
carried out @Reaelprsddr sushireactioonaettypeally ayhiadri¢ad in shapaynd he egegppedovith a

heat which is released is absorbed by the r tion,.gas a t. her.ef or
extrene | unpgveidﬁet‘évrl{ﬁersgieﬁ ewgfcgl rf’tcgd_lfé_eﬁ ise%%& tfﬁg ﬁ@agfx&pT ed_ CﬁtafySt
In these casgHetetdpendbus Nepelgsivi inemdesthial Paklise, 2"t aI0ados Nphal aY4)e! These
may become deforned, even after only a few production cycles, until
some Wi res aMedse pisscigens must bear the weight of the catalyst as well as the additional load

20  produced by the pressure loss via the catalyst fill.

Wedge wire screens as described for example in US 2,915,375 are often used. They
consist of V-shaped wires arranged in parallel which are in turn supported and fixed
so that openings are produced, of which the width is smaller than the particle size of
25 the material to be supported, said openings widening downwardly so as, if necessary,
to carry off downwardly any material infiltrating between the wires and to prevent

blocking the wedge wire screen.

Owing to the periodic operation of the reactors, the screen is subjected to thermal
30  stresses, which lead to damage. In particular this is the case if exothermic reactions
are carried out under adiabatic conditions, that is to say the reaction heat which is
released is absorbed by the reaction gas and therefore extreme jumps in temperature

are produced inside the reactor.



torn of f RepaW@ 2012/865%Peen damaged in this way are exp@iIVER2MENA70101
are not 5 successful in the long term To mnimze this problem the
wedge wire screens are generally fixed onza floatingly nounted

‘support ring which has a clearance to the reactor wall so as to
conpensate for thermal expansions. In particular in |larger reactors

an absolutely flat bearing surface (supporting ring) for 10 this

ring can only be manufactured at substantial expense, if at all. It

is also diffibulthest osasnspdiumé/ J;lﬂapgda wiesCoigifalbo afanded REppaRE ﬁl@&Ybecome
round. Ow ng othe | e éherels often a | oss o? cataly

such that the %fa’fl%? 2o At Gt RIeduptioB LyPies.gmtid anmg evires a@fﬁhbmken or
wedge wire SCfc@ﬁrbfPrR&ﬁhﬁl‘éU&ﬁ"a%?é%hn&!aﬁn%% nEelhid R \A@@g& WhdiGe SHHRCHR not
and the reactor wall or supporting rin e pP’o Cehy are :
intensified fmmﬁllblythﬂh]@ngﬁﬁm)ﬁq movi e tlh!}l proBlem, Itlﬁzrwe(@ea\lvifs&creens are

particles, which ner a e eff irent but t e t nore
easily thr ougﬁenseﬁag{ ﬁ’g%a%rkg ﬂ%ﬂﬁ%\)‘ IP%‘H@ SPPFtIRg W, Eﬂ?g‘g?f Sjanclggiance to the
surface of thgattol waD¥b BYtol RnifRBsicRldinal Gpansiddie reaction gas then

preferably flows through the areas with the recesses so 20 that a
non-uni formgas flowis produced until reaching a bypass of

unreact ed st aft t.er Furt her catal S ich has .
mgrated on t neﬂ) arr}g%l{rmflgééér% reﬁl_lfors e g%jlkﬁelry OFELR %ﬁ{?c‘é BROTHugHing) for
t o appar atQusethid gegtatorilee ebabfotired it sAbsiektial exFned, df & AMENgs %@b'cﬁfﬁcult
of catalyst on the other side of the wedge wire screen, 25 the

cat al yst may Wd?ra@tfséartgéaea@wrw%@w#&@reqﬁﬁlx roungy@wnds tfauthetsefpmbic;ds dhere
inert particl ayer

lies cl osest It%go tﬁ/re}ie%ggfgﬁ/%?yﬁgﬁé%ﬁn%? at gr%al&%‘%ﬂ?%& % RSBt \A&:@%age to
di anet er of tthe vemlgalwist scaseat drhhrougn@paaﬁﬁbmbéh thechedgayife screen and the
(Fi xed- Bed React or and Dl agnostics, 1990, Fig. 1.1, page 4).
30Rat her | ar g&aftEVEl BE&HPEF% "Mghi ch cannot trickle through the
screen, iyy the case of relatively small cracks, thus first lie on the
wedge Wi re screen. The drawback of this solution is that a not

i nsigni fi canthtaprob(Mm3 lee mgersifond fisther Inyeﬂhewi%hoﬁ merdasinplyesrhaller adualyst

is no longer a |1I ableﬂ‘or the1 ct ual %%‘f‘ and the introduction
of the differBifcles wic frg pEnedalingre S {0t anerA sy thiopgh gaall

inert nateri adratl§, Lm B? réRs4é8 Qe Jmﬁﬁcédhi‘ﬁ thE 8&ERE J %é finlfdvi ?fb tl‘feh@atalyst
materi al renoved fromthe reactor nust be screene In a mu
process so aslop Té’égaﬁtcéloe gah ghadi preferainy IﬂpwmthMgba]nd: achewith rthmre.meses $0

anot her. H(The t he i ventl 0 fore to vide a

react or |2§ wh gﬁd aonﬁléneWagais %c{?’ﬁ%élp Iﬁf* 1?%%13?'@5?? gactrd stprking
supporting stmeetisll SuftherioRe tm&a@dlyﬁtwﬂl&l RésaMRindt8dl on EMSBar flcd BEHEAF&Ige
of repeated thermal stressin wherein the supporting structure 1st
be cost eff ecWirg&Ccreemnay éﬁﬁﬁg@négﬂs‘los@aﬁéu@@ipﬁé&d thgrehelind.o be | ow and
the process of filling the reactor with catalyst fill is to be

sinple. 10

In order to avoid a penetration of catalyst on the other side of the wedge wire screen,

25  the catalyst may be deposited on a complex, multi-layered fill formed of inert
particles, wherein the particle diameter in the layer which lies closest to the catalyst
is somewhat greater than the particle diameter of the catalyst and then increases with
each layer (Fixed-Bed Reactor Design and Diagnostics, 1990, Fig. 1.1, page 4).

30 Rather large inert particles, which cannot trickle through the screen, in the case of
relatively small cracks, thus first lie on the wedge wire screen. The drawback of this
solution is that a not insignificant part of the reactor is filled with inert material and

is no longer available for the actual catalyst, and the introduction of the different
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chem cal reactor for the heterogeneously catal ysed reaction of a
fluid, conprising a particle retaining negans through which fluid

flows, wherein the side of the retaining neans arranged upstreamin
terns of the direction of flow of the fluid conprises a wire nesh

knitted 15 f I he, aver,age ¢l e nesh, si ze. of. W re nesh

is less than @ﬁé% ﬁremgﬁﬂ%aera foL Ilsed%rﬂ?’éil%gthevﬁﬁ?% ﬁlai%‘gsuagéi %é]rhﬁ‘? Fratpegyvhen the
screen anal ysieactoRiy reeflll QL) itheI SaMeiad r¥ibiad Fom &l ReAbNEREHIBRened in a
having a screen_set under the observance of the provisions of DIN

66165 (versi oRuliFstagsarpcesngyas tozapsate dhaadiffesntlk sized partitla fousongramother.
known fromthe textiles and jewellery industries. Quite generally, a
knitted fabric denotes a fabric in which a |loop forned by neans of a
thread or Sa pTherabjedtyfdie hereradsyisshérefapet o ahe@net iRerhitiv® Bendthiion
formng the (Igfnl tﬂiﬁ% A dj sting%i onis to be nmade fromwoven fabrics,
in which the o fb? B £358 O e wRDPHGE SitactTer lon theoptal wshis prevented,
Knitted fabri ' : resilienc
than voven f A on i Ao ApPlES Heth e ing Rty Y pEBEREERLLREE
fabrics, war pbokerist ¢ffebtifvamaiosnamd cnsts land ndmpledity afertb &8.lov\ahd tiky gecassef
suitable in pgi.nciple to carry out.the jnvention. However, nachine
knit fabrics %ng&r&%qt?r\ﬂﬁhF%glé(stff&tpitgée%tl%re preferably used,
since thage are nore resilient than warp knitted fabrics (which are
resilient in any case). In the present invention, a wire nmesh 30
knitted fabrila aceordancg, withhthe irention,gheoljbes ik adltitved biyabrhemit cacthir fgr the
to the inventy s made fromw res and/ gr..metal .threads, Wthin the
scope of the ljggerg%eﬁ]teo?sg%8%?88%&6?%5)% Cg(rjahﬁ“% FUMHILERE 2 PARclfgielainipg means
types of kni tthesghakhich, flkidatiows, WhefY tBY SNAK Rhk NetahBfk fRIS Coranged
The wire mesh is produced using wre tprocessi ng machi nes, which are
known per se YpiHeam & egny ehtheshsrtigroe! v pbihe flwd camptises atwionmeksn khitled

aut onot i i I ' £ d.environnent al .
engi neer :ll(rglg ?1? %&?‘E %Iidatrlrlg Iag&\%?ers %lgﬂng{sl%%%hile{]# itﬁ%wgﬁ&%sh é%gggs titb?)lf' the,aga Rerticle
wire nmeshes hyzeDkdp; Tehivhak algteraiiedsiy b abieen fannlyeiar dayiddo@Ulisidd8 vibration
present invention, 5 ch 219 to the flexibility of the knitted fabric,
it is ensuredtiaiangmaclinediaNBe assirsn st uidehthg obseswnee eptheardsions of DIN
different te : me tinme, the three-di nensional
structure of rﬁt%ﬁg§£ﬁ&t§t§%8{\%g‘gp?9c@ revents too nmany neshes from

becom ng cl ogged by particles and the gas fl ow being i npeded. 10
Wthin t ning of this . invention, particles are to be understood
to nmean g@t %&t?ﬁ%[@ ﬁﬁ’tﬁt’ff"é&é@”ﬁrﬁr WAnEE the fpiles ansk igweler dnguagiries.
carried on ald Byl SeniRad hblic MR B bis o

al um ni um oxi%ﬁenét;gal I s‘fl).§ Pa_rlti cl escare pgr%;alaeopgglﬁyhfuéggas 0\%?‘% a?’ a?ans of
| east subst ari thagadyorsphburalgplof thieads isdoomedsthyoughyandehet ddpo tisis ¥brrhingnthe

erfect spher. gonetry. are so, spall that the particles hehave like .
Ber fect theri‘Eg? n%rdé%‘f‘f’t&‘é’. 1519 Ee?l“?‘?gf: cgnh‘?ﬂ‘?/ﬁgeﬁm?shéni theopprtagy is
al so be appl iygedidced agWidiRtdg &R (HRGHI! dyeleBS. K}iﬁ%dr@ﬁ%@sai%erae% iter stretcbhigg

speci fications should be used as the first point of refere 8 for t
nmean par 2Pcl ebyity and pagidiengmthen aloxers fabecs alifped Bbricscandeaaded/intmmachine

precisely detetm t ticle siz ythin.th ope of this,
i nvention, t k@gtr%{élgﬁsf s s@tregiﬁbrécﬁaqws‘ﬁf kflweg?%l?%am&’ﬁ#t 1 tnglee m
invention theriteite kasedy il UBe (invealadn.) HofreWse thabink NG edicP ahtifdt! Gett
size. Wthin the scope of the present invention, in order to

det er m ne t héMfssnfabges are| morespreferably useds sinserthesci are memprsliet thae warp
particles to e supporteg s, fi bj ec (o) screen apal ysis and
the result is asegesse(% (gg{édgda r%)%és?m}eeggi.ﬁ dFﬁectageg'rféletHgglF%?@s“lwsenﬁgn’@a‘?’ﬁr £ Ligsh
out using0a Vinhredtfubric $cuednihagismchiynge khiokd exatPARoidie AheARvatitdhtis
nodel by Ret sch(% o 1 N Whi chd} he anal ysjs_screens are arranged one

made from wires and/or metal threads. Within the scope of the present invention, the

term “wire mesh” includes all types of knitted fabric, that is to say even warp knitted

fabrics. The wire mesh is produced using wire processing machines, which are



- 5 - sel ect eW@20k2@A5969her e possible, the entire parti eCa/BEOALIOFON01
of the sanple is divided into fractions. Wen carrying out the screen
analysis it should be ensured that the naxinmum anount of material to
be screened passes through ¢optinmal screening out efficiency). If
necessary (for exanple if new particles are to be used of which there

is 5 ki ' , : ing tinmes.and applitud
have 10 be. derurat REGILTRES csR R ToR kAR IR tnalieRaf tp Y abdogiotive
first point ofndusfepecs chgietrie Ak iroitferts ﬂgﬁﬂééﬁ@g’ﬁf@b’e)@% WirGnesh

t he novenent of. the terial to be screened. This should be neither

too weak nor KHBINgmRashyes)Tier spampiel wie meshashy PHR: Tednplogy e switebte for

the mass of n@aﬁﬁrgﬂ tg%jﬁ h the screen changes within a 10
mnute by less t agflduo. 00%%&%{11125@5%6 anount (DIN 66165, version of
April 198%). A person skilled in the art is famliar with the methods
outlined briefly here. The.scree nal ysi s. delivers the particle_ size
di stribution {;fv}/r{ghté) tﬁ’ﬁzﬂ?ﬁ élbtyp?grtﬁ‘? @m&ﬁgi@% & is sappred thep dhip dsspet dqmaged
preferably ilfugtyeabsld bpbraidd 8P Riffdrehe WehpBralilt SARE 110Re © )
the i ndivi dual frI{a}cti et § i's pl 1 RirfBrabilies. TRE o SAG e, fe  thitee
c :J IT}[J![ ag ive fr ?ﬁl@éﬁ@l}@l @t}l}l@t@re(df@le) kefitterhfabtie pfje;vﬁnm it@:)nmpiy msmeag%tﬁi bls?o%ing
pl otted over e nom_nal . screen openi ng .wi X) . person skille
in the art caﬂo%gggi%ﬂy aﬁgﬂe@@flgﬁée*ﬁ%ﬂ%ngﬂn%gmq%ﬁé‘e size x50.3 (that is
to say 50% by mass of the particles are snmaller than the

correspondi ngw\_/al_ ue x) either manually or preferably by
conput er - suppWithedthegneaping et thiminyeatinna wertidds arhite beiunderstaed ubtmean both

denonstrat es i.CJ ity of ;,the. sanple, the nean particle,
St 7o X503 ¢ Hoto e eF L BOP SRHRbb Y Bt o PG et A Bean gice
out the i nvertallon.anSufnkiC pentcidiofog en@ivple iafunbindh S5:088 Halls). "Paticles are

regard to nean {?hai%t he 25 particle size distribution is nononodal
and that in eXelsrabhsused whighsire shleastsubsignially spharical that isdpsay anyedéviations

t he ranggqsbet 9 0 ' r between,..1%
X50. 3 and 11/ s 50 R, gFSey S0 Snall ey BORGeD BURETE bertet
than 1/2 x50.phees liargecticthdm ptihtplx hoGevdrf thenimrehiitstcaki et be dpPSied to

not denonstrate suffi fi ent ho_ﬂ%genei ty of the sanple within the
meani ng aboveSYPRRETHR} P3lrles the Banufagliyst's sepciiicationy shomhbryased Asdhe Sot

by screeni ng Qinta)F rd fAAHEL fok e rﬁgﬂ%ﬂi&@ﬁ el s to say dust fractions
and fragnents which can no | onger be used are separated This is

carried out until the aforenentioned requirenents of honogeneity are
net. - 6 - ? For exanple, the chem cal reactor nay be a fixed-bed
react or ich,is. f.lowed through axiall as .i sed in the . .
hydr ogengtai ort* 05 a‘ﬁlerS%eaﬁl?@ﬁlé fﬁo@%?%%‘i‘?i Hrf"?’q%e.?y TRiNG iﬂ&e. P6 RN ticle size.
reacted in t hwithRahé SopaRy theinvealitd thi9B&RRUSy Qe URBIVSIs! il £Rbrdahde with
may contain one reactant or a mixture of several reactants. 5 As Wil
be” descri bed theinyantion the awsehasgdvaiup (“wsnd) sarsed ey e mien garistt size. t he
wire nmesh knitted fabric may be both catal yst particles and inert
particles.

Within the scope of the present invention, in order to determine the mean particle
25  size a representative sample of the particles to be supported is first subjected to a
screent analysis and the result is assessed based on mass. The screen analysis is
carried out using a vibration screening machine (for example the AS 200 digit model
by Retsch), in which the analysis screens are arranged one above the other with
increasing mesh size to form a screen set. The selection of the analysis screens
30  (diameter and mesh size) primarily depends on the amount of material to be screened
and the expected particle size distribution (preliminary tests may be necessary). The

number of screens and the gradations of the nominal opening widths should be



The type of wWM@20EX06I96Ptted fabric is not specified fuPCTEPIA1/070101
start with. It may be a 10 single-core or multi-core wire which has
been knitted in any desired manner For exmaople, the knitted neshes

may thus contain up to 5 round, flat, snpoth and/or wavy threads.
Knitted materials may be, inter alia, steel, hi gh grade steel such as

1. 4571, coppe 2 t O W,I

meshes from f e’lecgéadng%kthnal(tt b %g@r?a i ’neéb”é]mrg]ll 61[11%: &]“ ﬁ%%és fiyided
al so be used, infofracicaspWeien Tarrwinigcdut alﬁeescfr@dfnﬁﬁﬁl)ksys PprsBssting dneaRHNEAt the
wire nmesh tubes E_@oduced usj n%gC circular knitting machines in relation

to a fol di ng BFEAETRINGHR HnERrY IR PetsRcRatpasss tBxqugh deptimal spracaing out
mesh tubes. | I

size of the W&?gﬁﬁ@gﬂﬁﬁi g@ezs%ﬁrg E%DFI er I?%an %‘;h)& rﬁnéggsnﬂg% ?I eg og%hééﬁ;%? 18
of the pati chesvarkingh exresicner) e muligabld cscmenmgcemveohndn ainbHtuded dake NG be

means. It den (ﬁes .1 etg}nner spacin not the s acing._fromone wre
centre to anotHErNgd Y ¥anef &fpeim 8‘2?15’(‘:‘@‘]}’ st ArshAeinbe! rferepes for
poi nt of the wge @ﬁfpﬂﬁfde%ﬁ@ﬁlﬁ!e@'ﬁy%ﬁs&vﬁ@%ﬁb m;g@énérﬁto'fﬁlebx‘ﬁat\éﬁﬁr}o %@%greened
| ength, that is to sa e spacing between two acent nesh h

and mesh wi dthup §h91|11éf@r ablﬂ;ﬁf tte@mk wor ] toR5stamg. (I‘hE dbtinmbrsereening time is
preferably be nd_1:1, Th era sh width thus
denotes the a‘%@‘ﬁgge‘”% ﬁjg %’?S‘Sa? e@&f pgﬁsg}gh@r i 0gi Frgiafhopesnhwdthy a
a wire nash kairutey feadihis 0. mafaieefeagansﬁr@@bmshswmslfbdéf 1 1087). A
during production of the wire nesh knitted fabric by methods known to

a person ski |ReEgpn;skilleddn gietart(is damidinawish shenmetbeds owtlyaadi rigflarhgre.
t hi ckness of the needles at the knitting head, nunmber and 30
t hi ckness of the wires, etc.). The use of knitted fabric havi ng

i rregul ar nmesthesiceeen a(mlbﬂt deliveroths puirtitld digy EBEBGtibmMof the MBS bd@Rles as
is not preferable,

whi ch are beyond r nuf acturing tol erances

but is al so p‘E?srgf"'ﬁ ﬁa ﬁesgﬁllﬁﬁlie&r@lyll strafed i A gEaphhi whish thevmass feactien of
of the | gkge rapls t Size
oL o° | 359°She FRAVLA EL BN STBALER 4 SADASTRA SAOHLE Begige,

be for r’red memlh;e 0YQ%) feormethéy fkavkibh qntrémtarges igplottedd olvdr fhhentirﬁﬁﬁl QEreen
However , refer bI for the wire nesh knitted fabric to be
supported by Qé’e 08 rfhs & aﬁ\qurﬁowlﬂl@t rfae 1% &am pasily; qelcylptastheanssmpastigle
stresses. Botgyet Re .S Ofqt t i

part of the parti %ﬁe&??gt {asl Eﬁaﬁgy réy;/(r’]\éug %}areg??gtg@ éﬁrﬁglega%}é oa?ferrgcfh%ysthe
this, togetheorgipdndinge velae ak)y sithpramidnuhls . or pirdfﬁablys iblyi oompiitet-fepported
wre rres? kni %leaﬂfabrlc n the particle retaining nmeans in the 10
react or Rr oué’ TEROFI M f1ows is deternined by the function of

the knitted fabric to detain particles. It is thus |located on the
upstream side of the retaining neans. Wth the reactor according to
the inventi odf this first zsyb @@Wﬁﬁ@g&a@uﬁicﬁmwhomogmmﬂyeoﬁ\éwg&mple ethe mean

screen can b SHRRQ U ewre

wni on 16 1 SRR s oo P e ined s dhesPlond T S Faed S Gty out the
necessary, anﬁlv@usn nﬁiyﬁc@ﬁﬁthamagéhebﬁ il Sededstont eiadihis berakd it txﬁélmf ﬁ?a"t'tﬁe
is placed_over the wedge wire screen or the grate and 1s fixed if

necessary>  PRHEIK§ZE glé'albﬂ’é‘b‘? 1Sén%l}9(§llqdéharkddhﬁtp@ eady gase fH&6 byimess atrmosft of

I d h
wre Loreen oo kel A0 AR o) B AN e Bkt Pelie el

be desi gned swgopmdt H/leQ) 3l Hmr@mrmbﬂ: hb@aftidlﬁtsh&hla% snil'dnleﬁ tHa8 M hheS, drafker

further adva | arger openings it is possible to
nIEl gf/z X503, ?fgtMS ﬁrst result d%es notpdemongtrate sufﬁc1e%t homogeneity of the

sample within the meaning above, the particles to be supported are thus homogenized
30 by screening on an industrial scale, that is to say dust fractions and fragments which
can no longer be used are separated. This is carried out until the aforementioned

requirements of homogeneity are met.



i ncrease the WP 2RM#E659%P t he wedge wire screen or gratePGIVERRM 1/070101
running the risk of 25 blockages formng. The rigidity of the
structure bearing the knitted fabric is ig-turn increased so that |
| arger amounts of catalyst can be supported and al so higher pressure

| osses and the | oads produced thereby can be withstood. It is even

possible to dggp é(%‘,"aﬁg i lrkadhed %a&zg\%r E n%%& nﬁegct\é?%{lﬂcgy i fowed

greater anounts o st can be use

i nventi on wi | fhrdaehidxiallyt asait edechiarthé hydﬁugﬁnaﬁ}m@f ﬁi%ﬁé@n@ll’d)ﬂilﬁn@il"ﬁﬁe The
can be freel nbi ned wi th ope another, unless otherwi se clearly
i ndi cat ed byy’?‘ﬁ b E%@Pte‘ti‘ 0 the IeACPT gRAY DRI dresdseys arhapprsEBedr It may

accor ding Lo ddierih BUERLLAR &AMAKRE BIGELERLURSN i ze of the wire
mesh is .20%to .80% of the nmean particle size x50. 3 This value is

preferably 30%to 60% and nore preferably =40%to =50% An

undesi rabl e 5 ressure | oss rin of th act or, caused by
particles caug?‘ut ﬁx) t%ﬁ%crﬁﬁ%ﬁégw 18 gr%? ‘%’ V%ﬁ@%}%b&&w ‘Wﬁeéfmh
further enmbodifiied fabfic hag be BBELQkal ¢ 9&&@1&%& Hleirtgﬁrtidieé.e ntion the
extensibility of the wire nmesh knitted fabric under nechani cal and/or

thermal |oad parallel to the 10 surface is preferably .2% The

bilit I ce .sho eced500/
oretorably oohRe P pElik iRl ARE § RRLSeSuRn CFRT RS s@R Sttt maupe o
t he knittled f@hgle-co&d@pﬁlﬁltit ert Rerd BaloNBhaseBeRR NGtRASInCIn t&'&lré&%ﬁ& For

wi t hout becom ng danmaged. and wi thout particles falling through t he
meshes. 151 n el By kailsd dnesbey mey t uﬁacméa@tlmmaécgm rﬂ;lt,t onedik and/or

[ [ it e
i oy The i B R a8y WS TR A A, bR e P o
knitted i s pried&Etlabbppen Mcmel g 4360oraihenitmime In a0l e MidemdhesMon Hat-

IS thus parti IarI ens h the wre has sufficient stability
with si n5| t arfé '5\ h‘iﬁ °f Higemashewchsimay govie eseds fra example,

20fluid q3n fyR¥h are formed by pressing together wire mesh tubes produced using circular
knitting machines in relation to a folding plane extending through the central axis of

the wire mesh tubes.

In accordance with the invention the average clear mesh size of the wire mesh is
20 smaller than the mean particle size xsq3 of the particles which are intended to be
received in the retaining means. It denotes the inner spacing (not the spacing from
one wire centre to another wire centre) of two adjacent mesh branches at the point of
the greatest expansion of a mesh. The ratio between mesh length, that is to say the
spacing between two adjacent mesh heads, and mesh width is preferably between 4:1
25  and 0.5:1, more preferably between 2:1 and 1:1. The average clear mesh width thus
denotes the average value of all clear widths of individual meshes of a wire mesh
knitted fabric. The average clear mesh width is set during production of the wire
mesh knitted fabric by methods known to a person skilled in the art (for example
number, spacing and thickness of the needles at the knitting head, number and
30 thickness of the wires, etc.). The use of knitted fabric having irregular mesh sizes
(that is to say differences in the mesh sizes which are beyond normal manufacturing
tolerances) is not preferable, but is also possible in principle. In this case the clear

mesh size of the largest mesh is preferably smaller than the mean particle size xsg .



In a further Withdali2zioedf the reactor according to the POGYERINPDN/070101
the height of the wire nesh knitted fabric in the particle retaining
means is 3nmto ..100 mm For exanple, thys can be achieved by
applying the knitted fabric, folded nmany tines, to a 25 support. The .
hei ght is preferably mmto 80 mmand nore preferably mmto ..50 nm
The passage of particles on the upstreamside of the knitted fabric

is thus prevented particularly reliably and free channels for the
circul ating fThy gartitleayinigaicins By, M e fsuhibaTcagThedofBEY nRfely M wire
reactor according to the invention the wire nesh knitted fabric' is a
wire nmesh knifedigknified fabriganemied i thenisaston awevantit emprefasgble Hpwsthe wire

pur pose the Lt i I e ough tween ...
P oyl i nder ot Srised FLE X iphied G5 bl S5 1O WAL B ae
manner has$ eimbdranieal simwsdesi Béth tsosuppoft andake tirembeshrlintteed faBriawR thabbat
space for catcgrl st in the reactor g_lrol | ed), or has a_thicker .
t hr ee- di mensi Yridf PERcifcitAiRing Paaus d herratiyHh bed dt Fraeedufeoan his.deeether with
greater suppapt o4iQieEdr@fleknitted fabric can be achieved at |ow
material cost. Thi$ then experiences a particularly | ow pressure |oss
and a has particularly |ow tendency to block the mesh. 5 In a further

enbodi nent of.t he react accordi.ng to.the.invention .the wre nesh,
knitted fabrigcS %OSEF%%S@H VOf® Hleélhgﬁ’&f’fi ARF tnile RFFTRLS fetaigimgy medns in the

through- qpeniBgdor thrduds wHibLAR ANV isfde@itnted yqnd hiticon 68 R 1SR fabric
illTustrated, preferred supports are wedge wre"screens and gratings.
The support dadetsan parbeles. digh shusdesatesiconohe apst@amssigypafithé regpininggneans.t he
inner face of the reactor wall so as to conpensate for the thernmal
expansi on during operation. Wre nmesh knitted fabric is preferably

addi tional | y Withahg@éhctdt dcbordinga®ethbehvafion! fes awePfvhn@fbul MRaralksimple
or

of the reactor. A clearance to the passage of particles created f
15 the pur posEIgsWiEoeRsRMswAnibsIsed ag maunnesl The uesxplamyidge wire sergen, which

ensur ed. qEhi j ifie .Gl eteraghly a netal seal.in
cord madel-gof Siﬁ\r%{t@e%ﬁfsagﬁl %:’zﬁ'lttgnflggﬂél\%g{ﬁf?% feélsl lgc%ir{ex%sg?fgi & aalfmlflﬁﬁate
same nat eri almasbd heedkinsitdde dht &iaitted fhintaisaslacet ovBeths WRRIGE twire2fkdendor the
particularly preferreg engodi ment of the reactor according to the

i nvention t heédiFaad dhPecEssaA® abri c additional Iy | ocated between

t he support and the wall of the reactor is arranged in a U shaped
manner and a resiliently biased further wire nesh knitted fabric is

i ntroduced i fihe kiiged dawirsafplicdedwt perfednys. theofunetkanpf eatalybi set¢@ionbe\saa
netal seal,ing cord made of knittedq fabric. 25 The branches of the "U'
may each?borq?%‘gtef‘ﬂteqﬁ%ﬁ?”e%%ﬁrt? WFeHET] %.FI‘T?Q%S&QBW@@ QU thaepesings én
of the react qhe Weligo wir@5cr8ARINR - debignay bl l; epfﬂétsﬂ e for
the branches to take a IE’;]OI’i zontbgldecours%{ase;[gt)%(fqeagéé?lﬁﬂl part.lQ hey may
lie on a wedge wire screen or grating. Further Icnifted fabrics can

then be laid "Ithri]se ¥£ﬁﬂs ir? 91 further advantage: owing to the larger openings it is possible to

increase the thickness of the wedge wire screen or grate without running the risk of
25  blockages forming. The rigidity of the structure bearing the knitted fabric is in tum
increased so that larger amounts of catalyst can be supported and also higher pressure
losses and the Joads produced thereby can be withstood. It is even possible to
dispense with the fill with inert material, whereby even greater amounts of catalyst
can be used.
30
Embodiments of the invention will be illustrated hereinafter, wherein the
embodiments can be freely combined with one another, unless otherwise clearly

indicated by the context.



The type of bV&GI20¢2/6659d9% bot h conpressi on and expansi orpCTVRBR2011/070101
sealing cord is preferably conpressed before insertion so that it

then expands. The two upwardly protrudi nggsides of the "U' are then
pressed agai nst the support and/or a supporting - 10 - ring as well

as the reactor wall. Inert or catalyst particles are thus reliably

and lastingly prevented from passi ng through any cracks between the
support, supporting ring and reactor wall or bearing surface of the

supporting ri hgond&absdinght Sehe tdastof Qbdbrilifig 16 Hld ihe&HtioANHe SRIRRNA 84S esh
for the accuracy of the fit between the vve%tge wire 5screen and the

reactor wal |, SERaT fhsrwirhmeshismgdlse th 8% of the meean patislectizcarsandéis value is
bet ween t he I, €166 EED s i I ve ryn .
‘é‘ﬁ%ﬁ%g% _3% 5686 %nkiNG ﬁgfﬁgakgﬁ“%fio;/ﬁgo F%Saog){yj.d%\n Undesirable

t enperature a Turther e(r)rl%

according 3o plessurelss tiudig qaialonif tharkhdtc @fised By parfislg etighNintthe meshes
wire nmesh knitted fabric in the retaining neans. Suitable IOcatal ysts
are descri bed!s it earticylarly preyentss. o 011 090 Al and conprise: (a) 1 to
100 g/ 1 of a support of at |east one netal of groups 8 to 12 of the
Periodic Table, and 15(b) O to 100 g/1 of a support of at |east one
transition netrah fiothegeobpdimént of tBe aradtot Acafrdinbeo Berinodition Tebdensitsility of

well as (c) O0.to 100 of a.support of at |east one nmetal of the
pri mary ér _2)u_pth§I ‘gﬁﬁﬁ?gééﬁlt&doﬁgggﬁﬂdeén@e%nﬁﬁl pforpderay; ladrpatalebp the
on an al urg ni WreRYyiis e 194 PRGE LN iziz%aTBEIxt%HgiEiﬁ%ﬁp&%uél%Plgts{ﬁﬁgc@&ould not

n2/g. In a further enbodinent of the reactor according
i nvention a | exesed §0%pareférahly 50Vm praferablyt W84 s thus particularigensuoed tHae the

ire mesh knitt. fabric,in the retaining neans and cat al yst ,
\gart icles ar ekjtelalr%rg% ged 3?131){%%05 ‘ﬁ?ea%?l?ﬂ PEPEs Oﬁﬁ?ec Fragioe W‘H%’Pf begoming

the fluid ar edaﬂ@ﬂmhﬂ&aihby?a@még ﬁiﬂingrfﬁkod%h aRtmépact with the fluid.

I f such particles are placed on the knitted fabric as an internedi ate

| ayer, it is possible to use smaller and therefore nore active
catalyst partj£l @Sther embodiment of the reactor according to the invention the wire diameter

of the wire mesh knitted fabric is =0.03 mm to <1 mm. The diameter of the wire
from which the knitted fabric is knitted is preferably 0.1 mm to <0.5 mm and more
preferably =20.2 mm to <0.3 mum. It is thus particularly ensured that the wire has

sufficient stability with simultaneously low weight and large arca through which the
20 fluid can flow.

In a further embodiment of the reactor according to the invention, the height of the
wire mesh knitted fabric in the particle retaining means is =3mm to <100 mm. For
example, this can be achieved by applying the knitted fabric, folded many times, to a

25  support. The height is preferably =5 mm to <80 mm and more preferably =10 mm
to =50 mm. The passage of particles on the upstream side of the knitted fabric is
thus prevented particularly reliably and free channels for the circulating fluid always
remain.

30 In a further embodiment of the reactor according to the invention the wire mesh
knitted fabric is a wire mesh knitted fabric deformed by mechanical action. For this
purpose the knitted fabric may be rolled or passed through between two cylinder rolls

or toothed wheels. Knitted fabric deformed in this manner has either a low height so



30A further sW§ 2er2/0aE062r of the present invention is arPQBIHRRO11,@70101
reacting a fluid, wherein the reaction is carried out in a reactor
according to the invention in the presencge. of heterogeneous catal yst
particles, and the catalyst particles are arranged in the retaining
means for catalyst particles. Also included is the case in which an

i nternedi ate f Llner rtickes.is located. jn th .
cat al yst bed.iﬁﬁgﬁ%&@%ﬁgeggag%ﬂg ﬁéeacgg "t gal%@ Eb‘\%a it ?(frgmtdﬁg)’ioﬁs%? ihgfker
lies in partithtdeatimensiohe strange(pdssdhedighity@bedRheNS s@@ﬁétiaf%'réaeﬂ Support
again required. 5 In one enhodi nent of the nethod according to the

i nvention t hefoFagd pilnitied fabe¢ e begichievedat lowapateids chsts This thesrrxgerientes a
in the prese Qf t 4 i

has been fouﬁ‘ﬁ(ﬂﬂ"l‘?tt1 a%rwr(l}ga Ssrsé&alg%soa%g}% %@‘F%&?ﬁ@ﬁy %(82 Fﬁ%fi%rgcye{[ Cs%gocg oﬂﬁ%meSh‘
advant agedusly with this burning off of carbon deposits. 10ln a
further enbodi nent of the petho ccording tqo the invention, the
fluid conpri gﬂ@sa E?W?Fét OfRg dﬁ%é“iﬂ‘f&% SRRRFIMEdicoE rinveniiopthe jveige aresh
the hydrogenakjidl abribiid 5LPRERASNS, ¢ s A & | Sheni
The net hod ac_cér di ngnt_é thie:if\g?nvent iuglr%&(r?rgy glgg%)dﬁ@rsgi%ﬁlp?g?g flm(;ér?fl \lellrc&’enmgS
until there i® the dinctienstowiafrtbbdhudnds alvcrdynilugtrited, ghefbzed gupports are

breakt hrough)_in the end product. .15 Ln a further enhodiment of the
met hod accordf’ ?fgget il hsér‘?eﬁ%élﬁ i PR TnthSa‘?:IPP%‘ﬁ L kg p@@gﬁgl}pounted on a

adi abat i qal | ysupgtitisig Taighed thesindlas fick REAhE HacF A So a8 tERMpERGtP for the
Al and EP 0 696 574 Al. The nethod according to the inventi gn copes

advant ageous|theral Rxpansion dupng pperatimmper at ur e whi ch occur with
adi abatic reactions. 20 An additional aspect of the present invention
is the use of wire mesh knitted fabric as a retaining neans for

cat al yst par tWeteaseshnahitesd fatres & ppefetabl] RRlitioRal 8kl ih €8s t¥eDetMidnthe
regard to details and preferred enbodinents, reference is made to the

expl anat i ons SUEBAF anhiiertdl ofdhteastondeeledrngs tdha prssigandpaitistesicreated for

order toavoi ry i i .11 _now be descri,bed. .
Purther By tle PRRRRES bf Liimsatle dIHE Mherh Mhpans iR B ERAEN s vire
not |imted trhesheitrotted fabtihds grefovabigsd m3@Fisenling Sndnwsade oFheRkeiedabric, It is

reactor according .to .fhe in,venttj n, Fig. 2 shows a further chem cal
react or accori@fiEakle 1% HeConaisis i@ﬁ;sam_e matetial as the knitted fabric located on the

support.

20 In a particularly preferred embodiment of the reactor according to the invention the
wire mesh knitted fabric additionally located between the support and the wall of the
reactor is arranged in a U-shaped manner and a resiliently biased further wire mesh
knitted fabric is introduced into the recess formed thereby. For example, this may be

a metal sealing cord made of knitted fabric.

25
The branches of the “U” may each, or together extend upright so as to be adapted to
the shape of the reactor wall, for example. However, it is also possible for the
branches to take a horizontal course, at least in part. They may lie on a wedge wire
screen or grating. Further knitted fabrics can then be laid thereon.

30

The type of biasing may be both compression and expansion. The sealing cord is
preferably compressed before insertion so that it then expands. The two upwardly

protruding sides of the “U” are then pressed against the support and/or a supporting



Fig. 3 shows Wd potdigssoeheni cal reactor according to thephvEiioh /70101
Fig. 4 shows a further chem cal reactor according to the invention;
SFig. 5 shows a further chem cal reactor jgccording to the invention;
Fig. 6 shows a further chem cal reactor according to the invention;
Fig. 7 shows a detail of the reactor shown in Fig. 6. 10 Fig. 1is a
schematic cross-sectiﬁnal Vi ew O;Y?gll Zhhlem' cal reactor according to_the

invention, asi®aAspEliendhs BRCo) &L o qefalyst PBEIFlseHEt BpS Tolfably, and
is flowed thr1@stgiy;gf51ieaéﬂtad frBﬁ][pa]E;s%iﬁg Y GEMARRRTARE bOiveBh | e%??g&n[?fs@%pf)&‘ting

formaniline. The direction o ow of "a réaction flui
vertical |y i rfingand repgtongvall enbeasipgtsuribes obthe sipparpipg rrrign Theimesal fealing

formed perip . t inner fa f the re or, l1s 10. A .
support 30 fgcﬁjrgr%gé Paégmgntmﬁlggcgm ?Sea?;eg g‘?‘é@‘ﬁ g y'?ﬁztbﬁ fif ﬁ%%qeﬂé?engq.ge wire
this supportisegeeniang tikOreacthiewsiR@nd Rghé bhanBed Nite WRIHE BT M lcfeaB b8 BBtween
widen in the direction of flow The wedge wire screen may be defined

by a peri phert8f vedghyite serepmyand e ecagios Waklne ensaring lnmnperdare changesat ed
on the support 30, and wire nesh knitted fabric 60 is additionally
introduced into the clearance which is forned between the support 30

and the reactlora fiather &bodmefhef thetraddibmgcomiaistof e iRenbiyn thRlyst pR@ikles
30 and the wire nesh qi;nitted fabric¢c 50, 60 _pay receive catalyst

particles in ¥héTBEF (Pn7the ¥HE Wethe kiR fehi¢ tiadthe ateinng gnans. Suitable
| ocated iy t maﬁlﬁss?reges&med,%@?a@&, ib hﬂd@tlaqg@'mm{ae@@r@gf anged

upstreamin terns of the direction o ow of a reac 1 ui d.
30Fig. 2 shows the sanme cross-sectional view of a chem cal reactor as

Fig. 1, with t di.f ference that catal yst partjcles 80 are _now L
arranged on t(ﬁg?\ﬁ’ rlbf)r%ls %WPPP‘E&%ﬁEMEOWGt‘?L%% FPBPHY 0 AR A rthrBeriodic
size of the wipg gRgh knitted fabric 50 is dinensioned in this case

in such a way that the catalyst particles 80 are detained. - 13 -
Fig. 3 shows further designs of the chem cal reactor described above

in Fi hisc.case additjonal wire.nesh knitted fabric 60
o | noer tda 179 14,000 8 B ieRie ehleBting Mo S et Phitodie i Gagsk 12 of
the support 30 BatbdibTableastvl 4al | 10. Further 5 resiliently biased

wire mesh knitted fabric 90, for exanple a nmetal sealing cord nade of
knitted fabric, is inserted into the recess formed hereby. The wre

h knitted i i 5 fi bi asi ng. Al f d of
e K 2 L0000 . A of o B R
groups 14 and 15 of the Periodic Table
20 |

on an aluminium oxide support with a BET surface of less than 20 m%/g.

In a further embodiment of the reactor according to the invention a layer of particles
inert to the fluid is arranged on the wire mesh knitted fabric in the retaining means

25 and catalyst particles are arranged on this layer. Particles which are inert to the fluid
are catalytically inactive and do not react with the fluid. If such particles are placed
on the knitted fabric as an intermediate layer, it is possible to use smaller and
therefore more active catalyst particles.

30 A further subject matter of the present invention is a method for reacting a fluid,
wherein the reaction is carried out in a reactor according to the invention in the
presence of heterogeneous catalyst particles, and the catalyst particles are arranged in

the retaining means for catalyst particles. Also included is the case in which an



10cat al yst pawmaneyoaﬁp@nd the wire nmesh knitted fabri CP@Q‘/EFZ(ﬂl/éboml
shows a device simlar to the reactor shown in Fig. 1, in which

device the wire mesh knitted fabric 50 lyjjng on the support 30 is
formed continuously as far as the reactor wall 10. Additional, round
wire nmesh knitted fabric 60 is arranged beneath 15 and al so seals

t he cl earance; t 30 nd _t he reactor .wa 10. This
desi gn has thrReerhl\\%gﬁa?a ey%f ﬁu&?‘ﬁlgfkﬁ PAHC S pIs; 0° tﬁ‘i/é’tl 'gﬁ Sty gesdl. The
above can be hdvahtide HrtRe ﬁﬁ&ioﬁ%cf:&ﬂdﬁb%@@%ﬁo@ﬁ@s hf‘ﬁﬁ%@ﬁl'ap B the 1688er
arrangenent in Fig. 5 corresponds to that in Fig. 5,

di fference t h&rVige Higes bafere seivicing ialegain rpmwinedicl es 80 has now been
pl aced on the wire nesh knitted fabric 50, simlarly to Fig. 2. Fig.
6 shows a reactor simlar to Fig. 3, wherein the catal yst particles

80 are ar rangbdomnembbdiyent @ﬂ‘the medthodaddordih@ fo #H20nvehiien YR e R BE A ed,
the support 30 ang t he re% ? 25 wall 10 is sealed by the
addi ti onal knPREEe FeasHpe hgpliiniphgdsand i the gresenseicf ogoeers to itemperature of >

U- shaped nann re f i e tor
10 st ands upr?%om@‘iﬁd %“r?e“déﬁh"é%sd%e ol gk Fe 5 Il 1R 5l oo
t he shape of tdpe aduppageoudg withithis busnihgoffay cirbof Heksitaipr i ght and t hen
extends further horizontally on the support 3. The wire nesh knitted
fabric 50 is then laid upon this. 30 This course is illustrated in

Fig. 7 toior opi deﬁﬁtthléﬁtehﬂfodﬁﬁﬁﬁvcbfeme Mo df | b&é&cﬁng%rﬁépﬂl@ 1c}n° IIEI Yfluid
6, wherein only the reactor walls 10, the supporting ring ort

30, openi ngs GONRFRGS ama@@mlm oerapodands B diytﬁmgcn dn @@rtmukar &he)\h/ydrogSnatlon

b - 14 - i | t
ot ted 1 abr i3 BOEBEwes 1b Hops it Ty TentythAs T B ssuhebprenang fonibe
"U' of the adﬂwéntm&ha)kblé dppctled BIPNdifzep Quti ERAIAS @ﬁ 1r§r€%sé@ﬁ%9€nz@ﬁggorﬁént

hi gh-grat steel which was fed with starting products via an
evapor at or wel@itRReazens basakexpuah) ipthe ghd pyastietn f or the exenpl ary
reactions s hydrogenation of nitrobenzene to form aniline under
adi abatic reaction conditions). Nitrobenzene was punped into the

evapor at or friana dindwe cnshodgndr® tofrthé gnddhdtPsccording to the invention the reaction is
carried out adiabatically. This method is described for example in EP 0 696 573 Al
and EP 0 696 574 Al. The method according to the invention copes advantageously
with the jumps in temperature which occur with adiabatic reactions.

20 |

An additional aspect of the present invention is the use of wire mesh knitted fabric as
a retaining means for catalyst particles and/or inert particles in chemical reactors.
With regard to details and preferred embodiments, reference is made to the

explanations regarding the reactor according to the invention in order to avoid

25  repetitions.

The invention will now be described further with reference to the following drawings

and examples, but is not limited thereto. In the drawings:
30 Fig. 1 shows a chemical reactor according to the invention;

Fig. 2 shows a further chemical reactor according to the invention;



10 The hydr og@iO 28E2/0&96Pr om bel ow i nto the evaporator, hearErbdie/070101
approximately 250 C, so that the nitrobenzene punped in from above
coul d evaporate in the counterflow The _hydrogen supply was

controll ed before the evaporator by a nmass flow rate controller. The
experinmental systemwas operated at 4 bar and the tenperature of the

o the reach s AoN3d Whfe afimnl fader FRb B WTDEF eRongl ccoa

inside the reaction tube. Details regarding the respective design of
the supporting structure, which was replaced before each experinent,
can be found ]%E-‘ih%lo%rarfégb%ﬁhﬂﬁ@abrééﬁﬂﬁ grepistieg tofthe vem@nexanpl es.
Once exited fromthe reactor, the reaction product was cooled with
wat er. The non-vol atil e conponents were thus condensed out and

separ at ed 3f r dfigt HeshgpasedughgehfniteniactonaofliSRhevemapar at or. The

| i qui d conponents were guided fromthe separator into a product

col l ection container, where they were collected. A sanpling point was

| ocated bef Orﬁg.té‘esh%‘a)sla%ﬁﬁé?r&h&ﬁﬁﬁfriegﬁ& aﬁﬁrdﬁgéﬁnh?fsﬁivgﬁltho%anpl es of 25

the product colld be taken at regular tine | rva eSe were
exam ned by gas chromat ography for the presence of nitrobenzene. If

t he nitrobenzene,content .in t raw product exceeded 500 ppm the
reaction was T&r i gllé(f‘%%a et ?ﬂgeﬁ'j’?’é’gﬁwwlge‘generat ed. 30The

charge inpall exanple tests was set at 1 gnitrobenzeni (m catal ysr h)
and the hydr OR%EI’]Z nitrobenzene ratio was set at approxi mately 80: 1.
The cat al yst Kasldm a schemeiincioss-esctidealstipporft @dhereical reactbalaysirding to the

containing 9. pon Pd, 9 upport, V. lls ort Ph.on

a- al umi ni um dgf’ﬁ%ﬁs%se"a_ﬁ%%‘%ﬁ@ geg'gnpA? s a%ﬁgd'hﬁ‘g%%bt_%ﬂ}ﬂ?lb‘sé]%dmgh
- 15 - of catiaiBt f@ahé hodeerafieh of hitlBeReRa Y forkf adiRY Th AfbltfneSr flow
was determ ned by screen anal ysis. Screens having nom nal screen

openi ng wi dt ¥ ageactiopdluigrpxtends viertically & thandrawing fiematod td b&tamm (" snal |
bal | s", qatalyst particles, particle size between 1 nmand 2 nm) and
of 25 M 3.0 M 3.5mMm 4.0 mmand 4.5 mm ("large balls", 5 inert

mat eri al , parA soppersngsg b@is@ﬁﬁaﬁ;;&iﬁhﬁiaﬂ?dm&h@ irie) f268 bEthd $8sttdrwally M.
case. The respective 03 (X%I ues for catalyst and inert particles
were determ ried'RR9 IBegAs HWEIEE WiEe sqrperbis dequntes! flostinglysutthisisgpporting

reaction, the; t - ] ' C | ni.t rogen
and char ged %r{gﬁﬁﬁylg{eoéé%gmgsg?ﬁ%ﬁg%?&gggﬁ &4%r%ﬁ§ﬁdgrsz %.elc%?ghon 01w
ni t r obenzene Theeredgasvitdherechampyrbeatefinedby e psephepsistpforhing.s to the
above- rre;hi oned value. To carry out the regeneration, the reactor was
agai n indactivated using nitrogen,

Wire mesh knitted fabric 50 is located on the support 30, and wire mesh knitted

fabric 60 is additionally introduced into the clearance which is formed between the

support 30 and the reactor wall 10.

25  The retaining means formed by the support 30 and the wire mesh knitted fabric 50,
60 may receive catalyst particles in the region 70. The wire mesh knitted fabric 50 is
located in this case on the side of the retaining means arranged upstream in terms of

the direction of flow of a reaction fluid.

30  Fig. 2 shows the same cross-sectional view of a chemical reactor as Fig. 1, with the
difference that catalyst particles 80 are now arranged on the wire mesh knitted fabric
50. The average clear mesh size of the wire mesh knitted fabric 50 is dimensioned in

this case in such a way that the catalyst particles 80 are detained.



15 heated to 0 2C1ZNA5339en an air fl ow was applied to bwgr/BPioANY70101
coking. This was carried out until it was no | onger possible to

determ ne any heat loss and the CO2 contepj_in the exhaust gas flow
had fallen to less than 0.2% (determ ned by IR photonetry). 20In each
exanpl e, eight cycles consisting of reaction and regeneration were
first carried out so that the reactor and its contents were heated
first by anmbient tenperature and were then subjected to a nunber of

tenper at ur e f FigcBuhdwwo figtHeetivien o? O drehi&dBedcior ldBsdingd M@H%l and 2.
cycle (referrﬁ_? to as the test cycle hereinafter) the nonent of

ni t robenzene Bt B4ktase sdgHons wvissmash knifiedifabrig 60ris imsripdaca &Sha/asd manner
cool ed to ambjgniyd @lgﬁﬁﬁ&?et fbﬁ'ﬁFt?fb%}erﬁ ?%3%\%@?&' ﬁﬁa foRengd,Ler 4. Further

i nspection. Conparative exanple ot We g€ WTre scfe
catal yst) 30 rtasiliehilyg bexahwire neesh &uiittad &biric d0y tregemalel 0fetaf sealin cord made

ni trobenzene t niline was, carried out in a reactor whic
equi pped with gk@gtfe‘?nf%lﬁ?pbgr ’tlisﬁ'éedv@%@‘evﬁe?ﬁs Jemsdnharehy. The wie ﬁlaﬁhtkmtted

bed. The V- prghiik &0 ﬁged)gyﬂlg@,la\gﬁl ge wire screen had a width of 1.8
- 16 - nmand a height of nd the gap wi dth between the

V-profile wires was 0.65 rrmThe construction of the V-profile wires
was nor nal at is.to sa nver ... The wedge wire screen was
forned of par‘g‘l baxsr fsoéﬁlﬁiﬁ%é §ne Bﬁrﬁc@ﬁaﬁgﬁf a&afosﬂgibe%vegwﬁoh%gomed of
st ruct ur ei@ndca@gstHRareRBo Mdtthew}e kes WRiRA Fabrit¥®, ] 0i nt's prot ruded
beyond the screen surface. Corrosion and bending of the profiles and

supporting profiles were prevented by using austenitic steel. The

outer suppor tf%gg tsfécﬁgsb % E?\%]Qe SiThil: e{%r}h%qaf:{m %Eﬂ%ﬂg{%ﬁg‘% gvllr\{choc?ev%:e the wire

bearing ring e rea

appr oxi mat el ymésickniwas fieicnilyhet wee supgors BPR FdrhRd cbht"‘tﬁlo%@l‘f} atsrﬁr as the
10reactor wall in the cold state. The catal yst fi xed bed, of

the catal yst ¥a7eT #alslthAeidifionah mowns wire iracshiknittsgsabge 60 ig aﬁalmgﬁd bfzm:eth
to rest th h l e |tro enz

Wth s concentianagent U BERERE b fet e GRbo? 400, B rrRRFoLEl g, s
product aft erdgsigthafdhe adlaymgethat &mdmltmd fabri@layEd30 &€unigbs Besilel A WRflifted
the 15 reactor, dee % were found in the catal yst bed. V-profile
wires of the %Efgeé"s %E@P@W‘:ﬁé BepsHeNdet ached beneat h the | unps.
The catal yst bed al so exhibited a recess along the reactor wall.

The anpbunt of catalyst mssing fromthe catal yst fixed bed was found
beneat h t he 2Dhevedigrgewientins Biged rnomas;iohlds tedet on Finse vatidthiendiffience that a

subseque appar at th m arative exanple V-2: - i
( Eur osl o?omeglggervﬁf%gtag Fg%rﬁd%ﬁ@&fs Ei“alﬁaceéé’t“éﬁ%"t“)e.meﬁhé‘nttﬁétfa%"sms
carried out a@ﬁgﬁﬂy&glzfgpg_t hat of Exanple V-1, wherein the supporting

Fig. 6 shows a reactor similar to Fig. 3, wherein the catalyst particles 80 are arranged
on a layer of inert particles 100. The space between the support 30 and the reactor
25  wall 10 is sealed by the additional knitted fabric 60. This knitted fabric 60 is laid in a
U-shaped manner, wherein the side of the “U” facing the reactor wall 10 stands
upright and the other side of the “U” follows the course of the shape of the support
30, that is to say is first upright and then extends further horizontally on the support
3. The wire mesh knitted fabric 50 is then laid upon this.
30
This course is illustrated in Fig. 7 to provide a better overview. This figure
corresponds to Fig, 6, wherein only the reactor walls 10, the supporting ring 20,

support 30, openings 40 and the additional knitted fabric 60 are shown. As can be



25 screen wasWaH2et@t@bPy covered with two 5 cmtall | apersErRFOLIlE0101
material. The first |layer applied to the screen consisted of

al um ni um oxi de balls nmeasuring 6 mmin_dyaneter, whereas the |ayer
arranged on top consisted of al um nium oxide balls neasuring 4 nun in
di aneter. The catalyst fill was arranged on this second | ayer, the

cat al yst part] Lehy: Tl h nea rtigle sjze x50.3 af

15 mn 30 In %eg%ﬁfgg 6§€gfsgfenﬂ$’tb%a§§‘g‘ﬁ§r8n Shied %Eﬂ%éht"?‘éﬁ%ﬂ%fmsmﬁd
nmor e than 500nfpthe véasss forned byhce o atddanicperiehigéd ablieko.
approximately 36 days of reaction tine. During inspection of the
reactor, no lunps were found in the catal yst bed, although damage -
17 - to the s %ﬂ%ng screen was agai n observed. The catal yst bed

di d not exhi cess along the reactor wall. Neither catal yst nor

inert matérial was found on the reactor base or in the subsequent
apparatus. 5 ampl e agcordi. tg the invention E-1. (wedge wire
screen, wire ‘%:Tg Loy ﬂ’é‘ﬁ‘f’ qiﬂp@? gﬁﬁ? stegt gyl yvas e withs starimg pradygtagia an
out accor di NgevhSorbft wal GEAPA’ ah | ¥0HRHRI &y Vo i Yoo
W re screen vvaslgoaddi tionally coverég%eby a w g{el}rleslf Eféleletegg%@?ﬁ ri g&ons
made of 10 er(Byd&regensition of Tikteobenzent éa fdrabanilindandea adiabaticdieasmdneconditions).

0.23 mMm was Ig.ni %ted tw ce and,f.0 d%d in thre%ilaygrs. The knitted
fabric was prodaReliePy 1S HUGHRCY rietis YapOratng THom: 2BV MRS BICEEE RERDS.
si ze was 10. 65THEMhydrbgerk Miat tfedl ffob below\aito fth¥ @apiatol ehedRA0R WprExi
screen by neans o¥ b%?ts.a 15 The kni ttedoftabri glswgs ’coégfégd%wﬁ\%%'g}élmftely

cmtall |ayer238f°G rier thahhe pitebetzenerpymped dhufromi dhmvexdodll bedposatehincihe

had a nmean p i i of mm._ Th | yst fixed bed,, of
Which the cniabtfnd, i MiBogtrblphy Uhe Ao ekt abd S6Romiorie mass
cane to rest fiyw trhe to@rdllcARBTRE i edberiméhthlN sydéint @88 op¥&t@ at 4 bar and the
ni trobenzene with a concentration of nore than 500 ppmwas found in

the reaction 'pRBYaREe of the reagfiogasnttsebipugy @30 63 in adeey ewehanges before
Duri ng iQSpe%h'gri‘ntgfthéféﬁctﬁFaCt or, no lunmps were found in the catalyst
bed, although mage to the supporting screen was agai n observed. The
catal yst bed did not exhibit a recess 25along the reactor wall.

Nei t her catal yst._nor iner terial was found on the reactor base or
in the subsec{%e‘@{’ @Bbéggtfh%g?%ﬁﬂﬁ]éfsbé@érﬂﬂﬁé ingide rfhe jraqedioni ghe.EDgtails

(wedge ‘é“or € SELRENg b BspRAR dbel b TR %ﬁi)ﬁdﬂing%huct‘ﬁf‘e?l&lﬁgh %’Jsdreplaced

cat.).

before each experiment, can be found in the corresponding descriptions of the
20 examples. Once exited from the reactor, the reaction product was cooled with water.
The non-volatile components were thus condensed out and separated from the
gaseous components in a subsequent separator. The liquid components were guided
from the separator into a product collection container, where they were collected. A
sampling point was located before the collection container, at which point samples of
25 the product could be taken at regular time intervals. These were examined by gas
chromatography for the presence of nitrobenzene. If the nitrobenzene content in the
raw product exceeded 500 ppm, the reaction was ferminated and the catalyst was

regenerated.

30 The charge in all example tests was set at 1 Enitrobenzene/ (Mlcatatys'h) and the
hydrogen:nitrobenzene ratio was set at approximately 80:1. The catalyst was an
aluminium-oxide-supported metal catalyst containing 9 support Pd, 9 lsupport V, 3

&/lsuppore Pb on a-aluminium oxide (see EP 0 011 090 A1). The mean particle size xso1



The test was ¥ 20BHO@M9according to that of Exanple E- PCTVWRX(HI1NO78101
nmetal sealing cord forned of wire nesh knitted fabric, having a wire

di aneter of 0.23 nmm and an average cl ear- 13esh size of 0.65 mm was
additionally inserted into the clearance - 18 - between the outer
supporting ring of the wedge wire screen and the reactor wall. The
sealing cord I . I n actlo condi tions
and had a di agn\lg?aéé:igfét ﬂa{tflggg( !anci eif Pﬁé@g&r}? Oqell’lCI% es e etgwg?(%:l?ézescfﬁ;n

its own spri n@al;emsSoreenﬁhhﬂng l'nemﬁmtscxesmbpemﬁg hﬁ@thseazmg ht, N.Amm, 1.6
concentration of elrr,zjnre th 500 ppmwas found in the reaction pr oduct

after appr oxﬂ??‘ﬁ’c 3y ag yls8 g (emeatli Rilsti Gaealyshpartietpsi nagp@létsnmb@ween 1
the reactor, AP e t
to the supportl ng screen vvacgf%;;gﬁ]@o @g}\?g%&ﬁﬁoggfach%?%g%f% no

exhi bit a X ecess redten), pirticleesdnss detwezh|3.0 Nahtandrs.@ aira) weie el ih NBist case.

mat eri al was f.ound on the rea in the subsequent

appar at us. Ex ApIcaPREvS KefnG ‘{eﬁ??rhcé‘?"}lf}'ﬁ?é‘ﬂgﬂw perticley g’F’fﬁf?eéerﬁ’r‘%ﬁdeto be 1.5
W re nmesh, ne,hgianae.aﬂnhpg cord, catalyst). 15 In this exanple an

adi abati c hydrogenati on of ni trobenzene to formaniline was carried
out in a reactor which was equi pped with a sinple grate for the

catal yst bed., The_ayerage e of, the rate 30 .x ,
Corrosi on and™ b%ﬁ%r ﬁogc%r?y Oﬁgﬁﬁr e]a%tro& the, FFag bd%arst’f’ﬁéwﬁw}flpl @é‘ﬂm i@pe using
prevent ed(by nigbfgh aust&nt ddcmittheﬁﬂé odde oMt @ pSIRPRFtANG 5 @QOOf’ct e
grate was nounted floatingly on a beari ring located on the 2

reactor wal | mﬁo?,qnéﬁﬁeaﬁ%@g&asa @%yumr@md/merf @r heuts biet Weaerabove-
t he supporti eﬁtlo‘ﬁ%d@?ﬂ t he reactor vvaII in the cold state. A netal
seal i ng cord or ne W re nesh knitted fabric having a wire

di aneter of 0 23 nm and an average clear nesh size of 0.65 nm was
inserted intqg.this cleakance The sealing cord was still flexible,

even under t hE® CRZ¥1qubrihe JREANETAHAR. HINdTeAGiar Avagi autit ércivated Bsipg rigrogen,
t hat t f k
at Tt wes Mol 1hn7h e ARGhERLARE Aol whd S S BULGr hEPSLARe THE was

grate was covered with a wire mesh knitted fabric ma

wire. The knidatriadl duthmitid ihwes aoubnger gossitdt e dofering Iniheattass ki &E@@Og
tw ce andfoldeg n ree | ayers Tg]gak%i]%tedfabric was, produce

1 om i gh- o 985G} Bb1 FEhauRt 26 Bedgiads sk Tadeiieinn A6 (eroined iR
The knitted fBtdmetyds fixed to the grate by neans of bolts. - 19 -
The catal yst fixed béd, of which the catal yst particles had a nean
particle size x503 of 1.5 mm cane to rest on the inert material.

20 In each example, eight cycles consisting of reaction and regeneration were first
carried out so that the reactor and its contents were heated first by ambient
temperature and were then subjected to a number of temperature fluctuations
between 200 and 500 °C. In the subsequent cycle (referred to as the fest cycle
hereinafter) the moment of the nitrobenzene breakthrough was established and the

25  reactor was cooled to ambient temperature after regeneration and opened for

inspection.

Comparative example V-1: (Euroslot wedge wire screen, catalyst)

30 In this example an adiabatic hydrogenation of nitrobenzene to form aniline was
carried out in a reactor which was equipped with a self-supporting wedge wire screen

for the catalyst bed. The V-profile wire of the wedge wire screen had a width of 1.8



5 1n the t est WY 20 E/06t9%6Pobenzene with a concentration opcqmpzamagyoml
500 ppmwas found in the reaction product after approximtely 900
of reaction tinme. During inspection of theg_reactor, no |unps were

found in the catal yst bed and the average cl ear mesh size of the )
supporting grate was greater than the dianeter of the cat al yst or
inert material b ' cata st bed.di.d not a recess

al ong the reac oﬁ{dté %ﬁﬁtﬁf}ﬁe zﬁa@é”fld (ﬂetw?‘?é‘rﬁ eqyirgiwas 0.65

found on the meadhecoRdsetid of memﬁoﬁmsﬁé&wﬁﬁn@ﬁﬁﬁﬁlﬁﬂksto s ASRhGerted.
according to the invention E-4: (as Exanple E-3, but wth increased

catal yst fi II) 15 The test was carried out according to that of

- t he cat a
Fi( ?Irml/vgs EI ncr ease %41“&[% chéegqT {éseg)gﬁlgﬁgq’ i Zpﬁl :‘g e%g?ntt%(t:)géaﬁgésﬁ@%ts n 2
reacted pér uwwppomihgtstnetds and wike seeonghtatthy %eﬁb@iﬁiﬂoﬁs TaBdoR¥ARPbeRled

Ebémt ,? ; Ei)gn Z:[?Férp}(lckjﬂnﬁeagtgr?%% éur%%ccat Eigfrggtag erls abe%fimcgmcl)ty the proﬁles and supporting
gni t r obenzenedbfiles Gatalny é)teﬁl)ed"l%'slé i SudRd 984 lT'illetotﬂl't(e? ﬁﬁo%gb%@n{[&%f the

test cycle, nitrobenzene wth ontentration of nore
was found i n scrrenreac ticuntedr bontioglyadn ar baspinp aihgridoated dtﬁt}rdaayeact@f wall. A

Du 25 t f the reactor, no lums were
found i n ¢ ho GSPHIar BREXTHRAN hemapar JyEed EatLUR uPBasting Heand the

supporting grii@emRsll @ ert @ld &ﬁ@ﬂﬁ@%ﬁlﬁﬂﬁk&f b&, of &ﬁ‘ubatﬁléchﬁlf’ysP@artlcles
inert material particles. The catal yst bed did not ex It a

al ong the redtdermean particle bizh §s.; 04t &yt canos toi mstron thawedgeavirowraedound
on the reactor base or in the subsequent apparatus. 30 - 20 -
Example V-1 V-2 E-1 E-2 _

In the test cycle, nitrobenzene with a concentration of more than 500 ppm was found

in the reaction product after just four days of reaction time. During inspection of the
15 reactor, deep lumps were found in the catalyst bed. V-profile wires of the wedge wire
screen had become detached beneath the lumps. The catalyst bed also exhibited a

recess along the reactor wall.

The amount of catalyst missing from the catalyst fixed bed was found beneath the

20 wedge wire screen on the reactor base and in the subsequent apparatus of the system.

Comparative example V-2: (Euroslot wedge wire screen, inert material, catalyst).

The test was carried out according to that of Example V-1, wherein the supporting
25  screen was additionally covered with two 5 cm tall layers of inert material. The first
layer applied to the screen consisted of aluminium oxide balls measuring 6 mm in
diameter, whereas the layer arranged on top consisted of aluminium oxide balls
measuring 4 mm in diameter. The catalyst fill was arranged on this second layer, the
. catalyst particles of which fill had a mean particle size xsp; of 1.5 mm.
30
In the test cycle, nitrobenzene with a concentration of more than 500 ppm was found
in the reaction product after approximately 36 days of reaction time. During

inspection of the reactor, no lumps were found in the catalyst bed, although damage



E-3 E—4 WedgeWi 281 X5es¥eA (S) or grate (G S S S S G G I peryEpEi19re®liol
X X X Knitted nesh support

-17 -
to the supporting screen was again observed. The catalyst bed did not exhibit a recess
along the reactor wall. Neither catalyst nor inert material was found on the reactor

base or in the subsequent apparatus.

5  Example according to the invention E-1: (wedge wire screen, wire mesh, inert

material, catalyst).

The test was carried out according to that of comparative example V-1, wherein the
wedge wire screen was additionally covered by a wire mesh knitted fabric made of
10 endless wire. The knitted fabric had a wire diameter of 0.23 mm, was knitted twice
and folded in three layers. The knitted fabric was produced from high-grade steel and
the average clear mesh size was 0.65 mm. The knitted fabric was fixed to the wedge

wire screen by means of bolts.

15 The knitted fabric was coated with a 5 c¢m tall layer of inert material formed of

aluminium oxide balls which had a mean particle size x503 of 4 mm.

The catalyst fixed bed, of which the catalyst particles had a mean particle size xsg3 of
1.5 mm, came to rest on the inert material.
20
In the test cycle, nitrobenzene with a concentration of more than 500 ppm was found
in the reaction product after approximately 38 days of reaction time. During
inspection of the reactor, no lumps were found in the catalyst bed, although damage
to the supporting screen was again observed. The catalyst bed did not exhibit a recess
25  along the reactor wall. Neither catalyst nor inert material was found on the reactor

base or in the subsequent apparatus.

Example according to the invention E-2: (wedge wire screen, wire mesh, inert

material, met. sealing cord, cat.).

30
The test was carried out according to that of Example E-1, wherein a metal sealing
cord formed of wire mesh knitted fabric, having a wire diameter of 0.23 mm and an

average clear mesh size of 0.65 mm, was additionally inserted into the clearance
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- 18-

between the outer supporting ring of the wedge wire screen and the reactor wall. The
sealing cord was still flexible, even under the reaction conditions, and had a diameter

of 1.2 cm so that it was fixed in the clearance by its own spring tension.

In the test cycle, nitrobenzene with a concentration of more than 500 ppm was found
in the reaction product after approximately 38 days of reaction time. During
inspection of the reactor, no lumps were found in the catalyst bed, although damage
to the supporting screen was again observed. The catalyst bed did not exhibit a recess
along the reactor wall. Neither catalyst nor inert material was found on the reactor

base or in the subsequent apparatus.

Example according to the invention E-3: (simple grate, wire mesh, metal sealing

cord, catalyst).

In this example an adiabatic hydrogenation of nitrobenzene to form aniline was
carried out in a reactor which was equipped with a simple grate for the catalyst bed.
The average mesh size of the grate was 30 x 10 mm. Corrosion and bending of the
profiles and supporting profiles were prevented by using austenitic steel. The outer
supporting ring of the grate was mounted floatingly on a bearing ring located on the
reactor wall. A clearance of approximately 1 cm was formed between the supporting
ring and the reactor wall in the cold state. A metal sealing cord formed of wire mesh
knitted fabric having a wire diameter of 0.23 mm and an average clear mesh size of
0.65 mm was inserted into this clearance. The sealing cord was still flexible, even
under the reaction conditions and had a diameter of 1.2 ¢m so that it was fixed in the

clearance by its own spring tension.

The grate was covered with a wire mesh knitted fabric made of endless wire. The
knitted fabric had a wire diameter of 0.23 mm, was knitted twice and folded in three
layers. The knitted fabric was produced from high-grade steel and the average clear

mesh size was 0.65 mm. The knitted fabric was fixed to the grate by means of bolts.

The knitted fabrics were covered with a 5 cm tall layer of inert material made of

aluminium oxide balls which had a mean particle size xs03 of 4 mm.
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The catalyst fixed bed, of which the catalyst particles had a mean particle size xsq3 of

1.5 mm, came to rest on the inert material.

In the test cycle, nitrobenzene with a concentration of more than 500 ppm was found
in the reaction product after approximately 900 h of reaction time. During inspection
of the reactor, no lumps were found in the catalyst bed and the average clear mesh
size of the supporting grate was greater than the diameter of the catalyst or inert
material particles. The catalyst bed did not exhibit a recess along the reactor wall.
Neither catalyst nor inert material was found on the reactor base or in the subsequent

apparatus.

Example according to the invention E-4: (as Example E-3, but with increased

catalyst fill).

The test was carried out according to that of Example E-3, but with the difference
that the height of the catalyst fill was increased to 50 cm. The same amount of
nitrobenzene was reacted per unit of time as in the comparative examples and
examples E-1 to E-3. A volume charge of the catalyst of only 0.8
gnitrobenzene/(micata]yst'h) instead of 1 Zyitrobenzene/(Mlcatatys'h) was thus provided in this

casc.

In the test cycle, nitrobenzene with a concentration of more than 500 ppm was found
in the reaction product after approximately 46 days of reaction time. During
inspection of the reactor, no lumps were found in the catalyst bed, and the average
clear mesh size of the supporting grate was greater than the diameter of the catalyst
or inert material particles. The catalyst bed did not exhibit a recess along the reactor
wall. Neither catalyst nor inert material was found on the reactor base or in the

subsequent apparatus. <

The results are summarized in the table below to provide a better overview:
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30 - 22 - 9VORI(H5%%cording to Claim 1, wherein catBCY4P2011/070101
particles (80) are arranged on the wire mesh knitted fabric (50) in
the retaining nmeans. 10. Reactor according to Claim1, wherein a

| ayer of particles (100) inert to the 5fluid is arranged on the wire
mesh knitted fabric (50) in the retai ning neans, and catal yst
particles (80 L arranged on this layer. 11. Method for reacting a
fluid, characterized in that the reaction is carried out in a reactor
according to any one of Clains 1 to 10 in the presence of

(80 are arranged WA REFaT dphahsireosarowt srybreqarbeneet edyic
12. Method ac@eipdisitg 4 @cthinfgMnddns, 86 Whﬂdﬁeﬂﬁﬁaﬁ6@§ fof pgﬁfﬂegd(SOO@G@)

the reaction has finished and in the presence of oxyden
t enper at uPe chapgiaized inghe0e sidedf thetdtaidingouoms narrgnged lrﬁlsmam il terms of

wherein the fjuid. conpr nitro ca d

2014. Met hod adééégg gy ?fl Aoy < %mgﬁl APRSTS (HE P‘&QHSW i &%Sé’&d the
out adi abat i catlage clkbr dssh Site ¥f the WwiRSHedaNb0 T Bdeds 3 16e ﬁ@@ﬂ é‘ﬁlcﬁ: S1Z€ X503
retai ning neans, for catal yst partlcles (80) and/ or inert partlc es

(100) in cherffébs Pardgles GPs10

10 2. Reactor according to Claim 1, wherein the average clear mesh size of the
wire mesh (50) is 220% to <80% of the mean particle size xso3 of the particles (80,
100).

3. Reactor according to Claim 1, wherein the extensibility of the wire mesh
15 knitted fabric (50} under mechanical and/or thermal load parallel to the surface is =
1%.

4, Reactor according to Claim 1, wherein the wire diameter of the wire mesh
knitted fabric (50) is =0.03 mm to <1 mm..

20
5. Reactor according to Claim 1, wherein the height of the wire mesh knitted

fabric (50) in the particle retaining means is =3 mm to <100 mm.

6. Reactor according to Claim 1, wherein the wire mesh knitted fabric (50) is a

25 wire mesh knitted fabric deformed by mechanical action.

7. Reactor according to Claim 1, wherein the wire mesh knitted fabric (50) is
arranged on a support (30} and the support (30) comprises through-openings (40) in
the direction of flow of the fluid.

30
8. Reactor according to Claim 7, wherein wire mesh knitted fabric (60) is

additionally arranged between the support (30) and the wall (10) of the reactor.
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9. Reactor according to Claim 1, wherein catalyst particles (80) are arranged on

the wire mesh knitted fabric (50) in the retaining means.

10.  Reactor according to Claim 1, wherein a layer of particles (100) inert to the
fluid is arranged on the wire mesh knitted fabric (50) in the retaining means, and

catalyst particles (80) are arranged on this layer.

11.  Method for reacting a fluid, characterized in that the reaction is carried out
in a reactor according to any one of Claims 1 to 10 in the presence of heterogeneous
catalyst particles (80), and the catalyst particles (80) are arranged in the retaining

means for catalyst particles (80).

12. Method according to Claim 11, wherein the reactor is heated, once the
reaction has finished and in the presence of oxygen, to a temperature of =200°C to <
400°C.

13. Method according to Claim 11, wherein the fluid comprises aromatic nitro

compounds and hydrogen.

14, Method according to Claim 11, wherein the reaction is carried out

adiabatically.

15.  Use of wire mesh knitted fabric (50) as a retaining means for catalyst

particles (80) and/or inert particles (100) in chemical reactors.



