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.reactor for gas/liquid or gas/liquid/solid reactions and al @wﬂlﬂkm”ummﬂe
I.n mul ti phase reactions, good m xing of the phases is a pre r a

hi gh degree of conversion. Stirred vessels are frequently used 9159t hi s
pur pose. However, stirred vessels have the di sadvantage that they require

noving parts and thaf theystigkgedyvessel has to have a veri! mm@@m

for carryi ngSlﬂlﬂgggil! ﬁi&dr eactions which are to b m WMWE

hi gh final conversion an Ich a coproduct is stripped out *aodi nuously
as vapor. Cascades of sti rred vessel s are known for carrying out such
reactions, but these have the di sadvantage that a correspondingly |arge

nunber of i ndividual yse ecess ing out nultiphase
reactions in reactive E{O%tf 'éﬁséir\q%' gﬁiq!udéﬁgf%ﬁgﬁ%n However, the

liquid hdld-up on the trays i's I|mted here. Particularly in the case of

sl ow equi | i fiE lﬁme&lﬁaﬁ%ﬁ% ’tot higabtof %Id%ziqugldJ Br g@%@nwﬁd t&chSnsSand ar ge

that the gas-side pressure drops acros tra cone very large. As a
result, a I&F@&’ﬂ%ﬁ%@rature spread becomes establishes over a plurality of
trays i n the colum, acconpanied by very di fferent reaction rat es In the

case of sengj r oduc th| can le decomposi tion. of. or mage to
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dence ui d, or 8 |d/soI|d

bhase. ansur et n€ iediyerie? hat 55 JSP by Tefes” Vel o o
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reaction ha‘l\ﬁhlc%cﬁttfdpﬁﬂiucﬁ u@%t@p&a adut S&ﬂﬁﬁ@édsgn a@fvagals eO4ssadR dofl bigrddd
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actor shoul 0 a with a very
a1 phBss FBe o kas i (dr SR T B B s RO e Yidvilvbe o
this Obj ect that acemespondihglyrtarge nambenef idividyas appagatiises dy negassaty. qui d/ sol i d
reactions having a vertical longitudinal axis and inlets for a liquid or
liquid/solid feed streamin the upper region of the reactor and for a
gaseous st r EAFYINg QUi anplspaase Terftions &t reaskive distillaion columasiyiplsg kngwihe
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gas-side pressure drops across the trays become very large. As a result, a large
temperature spread becomes establishes over a plurality of trays in the column,
accompanied by very different reaction rates. In the case of sensitive products, this
can lead to decomposition of or damage to the product in the lower section of the
25  column, while the reaction ceases in the upper section because the temperature is

too low.

It is an object of the invention to provide a reactor for gas/liquid or gas/liquid/solid
reactions which even at high residence times of the liquid or liquid/solid phase

30 ensures a substantial approscination to the thermodynamic gas/liquid equilibrium
as a result of very good phase mixing and, after mixing and reaction have occurred,
substantial separation of gaseous and liquid phases.

Furthermore, the reactor should be able to be operated with a very small pressure

35  drop for the ascending gas phase.



- each chanber is connected via a liquid overflow to the chanber | ocated

i mredi ately underneath and a liquid product streamis taken off via the
.liquird overflow of the bottomopst chanmber, - the gas space above the liquid
surface in each charrber i's connect ed tothe 15 chanber |ocated i nmediately
above it by nore |ch opens (each open) into.a gas

G ot i but of T cisEme B dBBnPRBES shtscant PR L SgTnoRR ke fadator’
surface, - gasdchadiholuhmummmvmngmdal\/lpmgtt@mal existandieletg forie lighist e whi ch
is arr angedox"ﬁﬁﬁﬁfs@ 1h3fe@f Qrdich ?@‘fﬁk §ppser dbSibh I IUhO ref? MAORS aUpRBHUENd IS
20 bel ow the |qu|g urface ang whose | ower end is above the ITquid-tight
bot t om pl at & i‘%ﬁ‘fﬁ%&l(”aﬂ thGiP84PTdi vi des each chanber into one or nore
spaces isnto Whl ch gas flows and one or nore spaces into which gas does not
flow. 25 W , hav h ?t}ef ounegl an. lgto par at us whi ch ensures excellent m xing of
phases in nﬁlcf? §H‘§s8 A HYRRY 2 virtual | y constant conposition of the
reaction m xture over the tot aI vol une in each chanber, i.e. both over its

cross section anﬁleate%&or 1.@@ laé(pwlmr?t exa vﬁ;hanc'ﬁoéi’@anﬁﬁ ddNBhdvedsHed, Wi th,

at the same tine, sin aration.o gaseous phases after the
reaction is coin@ttBethWGPgU%n%tdlfﬁW%Q’ 8tF parts by neans of air-lift

ci rcul atg on- of tttedhaﬂtue@ ard §tpardd fréth oTnB@nétﬁér Hyl@qmdhghg@c&tom pllatesput or

into the liquid s ween glstrl t he .qui.de te of pIates

ot anged vert 1 cabt drgte s retpaed gt o R e, B HEE ot

pressure in thisithingdiatt]ys padeneath and \aeliguidtpgrediat queatnspaai&:ntdsﬂfowgtha/\m ch

gas does not flOﬁ/ﬂuiﬁeggtffd“pgfﬂhgbgtt&h%t%§tu{h%8%r1ad' ent which is converted into
I'en

ki netic energy pressure FVes the air-lift circul ation
in the formof athelgawspadectpove thti lnqmd gurfagsviaredch phamler dpeermected daige whi ch

gas flops, i.e. Lhdhe 15&1%&13“91?1&(‘1@@3 IR eG® Qinﬁtd'r'r{%treogul@é’g]béb%/h%ﬂ de
pl ate (pl ates) arrang(ed around the das str| but.or(s), defl ected by the

gui de plate (pl aPReDS Pwm%n}eﬁ@argaﬁét or: pravidesh it ninga foreRinel - 3
gui de plate (pl agashelow thdlequidvsiidfieee] | qui d surface, flows through the liquid
space t hrough whic not ro abo ui de ate Lates) from
tltct)e top dovxgward ’é‘ﬂ&’g@bﬁgﬁmﬁ%‘ﬁ PH)LYF tatbgetat gﬂncplggﬁfg gl‘ate( ﬁ'&lc er and
bel ow t he bot t onawsigedneerodaltyharogod dseclplgas dis(ithoreand vdosn aippergendis

def | ect %j into R 4R dll(@dlg'sﬁﬂﬁcce%& lvﬂi’(“se tlg'sk’ér Stllcﬁ§§ ngJehﬁlel I\ d-ggﬂte

reactor of the rese on 1S an arat us havi ng a vertic
| ongi t udi nal axi bottQmwlatanfttlpﬁ pl@qmbeaapérvavets divides aagly ichymber iptg ene ¢lor a

liquid or |iquidpgpékghcteaflo WHi@ARS flowd SandRAE or medH APackBhtawHiéh gis for a
gaseous stream ( tartl:t]l% material "and/or inert gas) in its |ower region,

.e. with the Ii§0Fd"WGMOM: qui d/solid stream and 10 the gaseous stream bei ng
conveyed in countercurrent. The reactor is nade up of a plurality of

chanber ngV@ﬁE%ﬁl[ﬁlsa{oulfﬁ %H]%pmtu%aghﬁn (e e PQIeB@H%@g'é‘f a%‘% epably

from3 ers arranged-one ove metry of the
react or | s fudigphase reacignsi mlra &atuallwpnswﬁetorrg@emmqfébe rqaﬁtloanuxt@m ar a

cuboi dal gegygthy tot@lr\eblﬁtlné@n e&%satat&er mebattwefetta RS s&EBR Al ahof [PM one
anot her by liquid-tight ottomtg1 at es, 0 each chanber being connected

via a |iqui Babeelan oxGr the hegdt ehibebigpid, zyefat edﬁ? PATRGIRENPPIEGRYAUSR Bf  The
l'iquid over figad zﬁﬁlngaﬁ%u?sOﬂias&lﬁﬂ& thé%acﬂmnimoomplele twithoto 58 of nawtrtgoe or a

shaft a an_ be | ocate her e t or .or. put SI e reactor.
i par ¢ Bl o B AR G e Rep bR oF el SRl B8 b B aie

| ocat ed on dtstrdmtoreirm (ﬂlﬂﬁslqulldt space daoreen. gah dlstqbu@r pnddbe tgugter plate 015 t aken
off from25 % space
above the | Pga{‘}i% dglg%ééégggé{nﬁﬁga rEE&{nlq '%eﬁﬁfs&%tg%t‘g{:? égﬁcfek Otwﬁ ﬂﬁog K

| ocat ed di r peassyre ibthieliquid spacggeladiye toghe liguidspage theapghpvhieh gascdogs eetac h
open) into ﬂog;asesdltﬁtgrlh%ﬁsum ghdeae%mslsfc@ﬁv@eeutmtofklﬁa& &R d@ﬂ%‘ﬂﬁ l'iquid
surface,_30 There&%(ﬁ RO I‘eEatI’ICtI ns W|t the
nunber and RFSSSNE gnty ﬁ‘l Yeﬁe ’Ellﬁ.‘ t sy aton, in; eefaffal %l‘ﬂt’

provi de a stltrgdted apwanddh tlgau;pdee thudeghovhieh phaflaws,tiy. ofthe spade bttwees the

di stributed possi bl e
to provi de & QS ltSJtrr IERPE’{ %8 ?&t %g & (gfatets grr%'fgl%gtd{)%upg ‘fé% % ds%}hgwﬁg) Wi t h gas
via one or @t@md@letgubb@lato(plotachnéhrammn herseandbic bPPQiH@Ftrf‘glldé)f




'35 distributor. A gaseous streamis introduced from outside the reactor
into the gas distributor of the bottonmmopbst chanber of the reactor via one
.or nore gui de tubes. -4 It is thus equally possible to provide a single
gas distributor supplied with gas via ope or nore guide tubes or a
plurality of .gas.distrihutors which are not interconnected and are each
suppl i ed w EWQ@Q@‘?/?%}MS ea%{ g?}BY"et?’ﬁd}qb‘éj §‘U%R?§’. hgwf ghrgugh g?ee qud SpASodi ment
the |iquid tweughl ehichngssadbeschatnfiew atovdithpgaidt phtoplatks) fippethectopp of t he
gas supply S [ el . i j r a
static bar r?(g‘?ﬁv%i% %’ro &gé}}\e{ Is}&lﬂlﬁeetfgpf ggﬁ%%&igfo ?IF?éTgt?agll't\glg?gk fi?\%isogvag%suppl y
t ube (tubeshotiommmostiead cHahdh gvide iplat{platedds once agrimdetlected imte an ppwarsi pl e no
restricty ongirddd 16w IR0 cIbOng AR 1885, di stributors which can be used for the
pur poses of the present inveRntion:; the inportant thing is that the gas

di st ri but or TAS FegEOT 1oh dheyprgsent dnyendgn dnan APRAT{US Ravipg pderticghlongitudigples t o
exit from t s das af RpEiehodppatitus; ARdBeving af ahledfor MMRAi@be liyuidhdRa Test h bel ow
the Iiquid surface [ a istrétb tor is _.located.

.0f the chanber, m%lﬁh t he s d .
The gas shotifd™hrbASr4pey rasson it afe F PoBHEGHS HLcayy (SUFUOE MagtEl | it is
in principl enddasmetsigas) in itsslowaenyegiammer withlthg figuidrirrlgphid/$olwinstebami @el, f or
exanpl e;gas di i L ich are equi pped with
openi ngls(gf o?lgg%{dugg&%gbglgé%gﬁvfy%gﬁ ggeu,ni#%ﬁeéy;npl e, arranged
hori zontally, i.e. in a plane parallel to the liquid-tight bottom plate of

t he chamber Thd tredcforas SRadeOFS oPlaCplufalidy Y icHEmbiR s paRedad@dnlibshrigeut ors.

20 However, the ogenl ngial_{ or %gaelgeglt Bf s always have to be | ocated

bel ow t he | FRAMRECS RAFLUEATYPrefsatlp Aram ,togﬁfff@rrab&rwaﬁngaddﬁngtaaﬁ&%t@r om t he
| i quid surfeger.of about 10% of the total height of liquid in the chanber,
preferaply of about 30% particularly preferably of about 50% It has been
found trat a particularly favorable i mersion depth of the openings for the
exit of gasThelgeomttre dfithairdagton isafrequently haylip8richahiteothes gadometgigst in50 nm
The openi ngs,d; I ?9@5 by the gas that is only by one
phase. The P%&V\lgélag%gﬁbg?&atl%g&ggtgﬁ |st§(|? ?Jétg{yrlé/'i s preferably placed apart from
the bottom of the chanber, which neans that the gas distributor is not

conpl etel y ¢hy @Rarhbdr® atd&pafitdd fimConeDfofidr Syt Ikiid-tight bottha® plalest REth

ai rllft-(?ffec , an excellent m xi ng. of the li dis ass rg@. he openi ngs

for exit of %4: scrileﬁntiel'ié% cqpageiady, Yiaop Liguid g ftﬂﬁ“é\ﬁ?yt f)l"'i‘@ en e r om t he
bott om of t hemetiarbe nndepnezikterEial Nquiy o48fhowo c&iDBe abnfigieed,ifqriedayglegint i n t he
35 chanber, r o) t f G 2r. 1ot i qui d.overfl ow.
The openi ngtsﬂgﬁgirs&{gg gttﬂ%ef fgpg&aés}l%g?aglkpﬁ%g]g g&"‘itage%ae‘%r%gp’zt?‘ }netg\e égr%(t)éd io(rﬂfg)kfgl Sel ow t he
upper -5 Hedeadton e pgaisulanghe LiquidinyerfRyws ¢fi tsvospwerpabededastbersceanvie

embodi ment Pocﬁie@ﬁﬂrbdpbki?e Qaks bfathe edadeRir! Aqgﬁiid‘ﬁfodh&es_ufeh&% den o frbh@ui d vi a
t he gas supPIy tube 'i's provided. |In, prgferred variant, the gas
di st ri b#d or MENOLOPMRSE phamyber yia %%&%‘?O&ﬂ PBhon-1i ke 5 configuration in the

formof a hood which is closed at the top and has openings for the exit of
gas inits wer part. The hood can be canpl et el | osed except. far the
opent ngs. Bt s Gintts Apoie 15, i filcutfsf SELisEh PipPee 3 SRRERE 5,8 ngs 1or
exit of gaschamberdodatededirgedlytabot@itl by ome br fevd geidp dgwes bvlech opertshieadhood t o
be open in | l. Yo / I q bel ow
the | i qui d Sj’ea@tﬁ’? it P Wi Hen s R AR 20 L, BEMEALREEDE P

t he gas3@pad&ere are in principle no restrictions with regard to the number and arrangement of

the guide tubes: it is equally possible to provide a single central guide tube or a
plurality of guide tubes distributed over the cross section of the reactor. It is
likewise possible to provide a plurality of separate gas distributors each supplied
with gas via one or more guide tubes for each chamber instead of a single gas
35 distributor. A gaseous stream is introduced from outside the reactor into the gas
distributor of the bottommost chamber of the reactor via one or more guide tubes.



15 The hood of the siphon like gas distributor can in principle have any
geonetric shape; it is possible, for exanple, for it to conprise a
.plurality of parts which are connected to one another and are in cross
section preferably arranged in the formof a cross and/or parallel or
concentrically or radjally. 20 The nunmber, cross_section and di stance from
the Iiquid %ﬁ%ﬂ‘&ééq?%lytms@%tﬁﬂgwl@? arsHgle gandingbutas supplisdawith g% Vigas ar e

preferably siéchrtihate tghﬁlephﬂﬁsbkﬁre adpm@alﬁyp@fr Ig@@@@knbyto&dwemﬁalse@mncﬁt reamin
t he gas di StFI but or ran % The openi ngs of

the gas dist ?%‘IPPS?G‘ZP%A ?)‘F&a appyie Wétﬁtgéﬁlv’&t"“ﬂ?éné"éﬁﬁ“‘ﬁ& “relative to

one anot her. They can in princi pI e have any geonetric shape, for exanple

cireul ar tﬂl'ff@xg r?e{c)i e‘?ﬁbo%@mé {‘ﬁﬂ 18rd§FHIov§ Pln cﬁQ@bBFﬂtcﬁﬁJfgé \Qf the

openi ngs IS rom a #¥om t he

| oner end etumeemtdopf t}-\P 1gé$ ﬁml)(/t\lb? (tybes); for éhesgﬁspﬁéﬁﬁlb’bifblsfqmquﬁéemomer end

of the hoodyds@rebg s&&i@\ﬂaﬁ%}' Whldﬁ ;ﬁfeé’dnﬂ;zt% fﬁﬁgﬁwhﬁéﬁ ﬁé&id%a %egusrsgﬁ lyln a 35
furt her alte nat*a )&ﬂtgtﬂ}ﬁ%@ Oi the | ower end of the hoodpglo be in

the form oft rs‘“’ate@ KtT"angement of the openings at
di fferent hei ghts reI ative to one another can be advantageous in the case

Por SPreft Ptk bl o Rl RE FootBfonR iftEHefdtin o o BhoBlif whiB RRTD 90

reaction t obdesed dorthe gurposesiof thdpresant aiventigo thdvamporfant thingis tizat shef gasci ent
mass transf (ﬁgﬁri%gﬁﬁ‘ allSwe ViR éa@ggﬁpl eﬂrtotuhﬁa %19@%# {1& ﬁlbg%f‘/tl!lﬁeg W) gxf? om the

gas/liquid/so reacti on, second I Cl ent or t

air-1ift cigasipags erfh@)ﬁhﬂtfh@rlli)‘@éﬂddlmf@em]é’ laxﬁiarr!eaw@lovwleplmmauré@éh gas
di stri but orof fhe th8mb&aat WhicRfthd b BE@BAR: it WMearti Phe rgamfdam reféragipged at

1 the EhanBit veiahniprily 23 ! ORRUERY ol herBHBERSIR & R #E chanber
and whi ch d¢01mﬂen$1alzegah imthmtubdon idatioe,ofioe erampler gas sjistcibstorsninothetfoarh afas f 1 ows
can, T o pORC WHRAE R bllfoctl VA SRNRCRL Y Gt B edPpld Il bE I D °
shape of a ¢raimpey mlngmborlzqm}e'vec m a planeapagallep b shepliguiditight drtempl e, for
it to have 1%1216% éﬂ‘ﬁa@ech%b@r Slt 'i@hl%‘o yo%blglt@ ovaQ rﬂgeshgb&ﬂ aPHiRErHuldrs. Pl at es

is at a dIS ance fromthe rface n fromt tompl ate of the
chanber20 pr Bpwews) Qles@petnms %E)‘%ﬂ it p&@p&ﬁ%ﬁﬁ»ﬁ&@ﬁ% ﬁgloeﬁteq h@low t6i d flow

PK t Ihe gwd deqiall @hﬁa&cm]g@ chIIIﬂBeld Eetf?ﬁb alltCH; dﬁsﬁ?cctgf]tbﬂﬁthﬁﬂﬂiuﬁl Qirfgleasfes from
e I qul r ro Q a (0] e

ot or bl v 28 0%S08e chabeigh o BHRTE b ShrPiner Rl oh Paf 29953 1 er eq
or altered ﬁ;ﬁtlaﬂbey pteferhbblly yof laboutrié%déﬂhagsdtemfmmdmlsad ;iaytlmlltwlygﬁamieblpl ate.
The total ﬁsm‘ﬂfd b@e %Iﬂﬁgﬁerﬁhgst r e dxik (W Wth@f%uﬁ%u Pe P the

restrlctlons can S| one approprl artlcu ar as a
functi o of Chamberissatdeast S@ amachheconenings ﬁ@rexetrf&raaéﬁre\/nﬁswé oy bréhesgase time

ensuring Sufpht i@ldﬁ[yby’ra)ﬁ@ PHase.

The lower end of the gas distributor is preferably placed apart from the bottom of
the chamber, which means that the gas distributor is not completely dived into the

30 liquid. Despite this fact, due to the airlift-effect, an excellent mixing of the liquid is
assured.

The openings for exit of gas in the gas distributor are preferably placed apart from
the bottom of the chamber, preferably by 40% to 90% of the liquid height in the

35 chamber, measured from the bottom of the chamber to the liquid overflow.

The openings for exit of gas are placed in a preferred embodiment below the upper



30 In a preferred enbodi nent, a solid catalyst can be installed in one or
nore, preferably in all, chanbers of the reactor, in particular as a bed of
.solid particles or in the formof catal yst-coated ordered packing, for
exanpl e nonoliths. 35 Furthernore, instgllation of an ion exchange resin in
one or nore, preferably in all, chanbers is preferr The reactor of
the pr esenter}qgﬂ’/fetﬁf’ i28% SHnRkY; tybss By ithis specidicogeiriqtive ey %oeﬁew @siphopdike good

m xi ng of tharibt ftictagdims ehd flovd @dwhiofl ligdidoria gryab kapplyfubelis provRizd! i ons and
al so ensures separation of the gaseous phase. Since it is only necessary
for the gas to exit fromthe gas distributor below the liquid surface in

t he chanber Inf arprefasedivariantf thebgasi distnibatar ddistribiftonsy hao lfhavm) 'arsiplfw -ldiest ance
of the gas gyl ‘ﬁEaltitoﬁ '%%ﬂ[hﬂlﬂfq %Bafvé}ﬁ @%&Qdﬁp he: to¢ EnPhdsUteRInGs £8:0 vary
wWithin very w e reactor he present i nven 5 n p ovides an
appar at us i thewenitoh gasisiisdawer pare of the liquid and pressure drop of the

gas are largely decoupled especially if the diving is small. 10 It is
particul arl g tageous for carrying ou ow equil | brium reactions which
Bre to be biBuiaed s be RPgAl e&%m@ﬁei g¥eept %ng ﬁ??rynssf%ﬁ]ﬂ%w © §&pegay,

Fur t her nor ewbtdifor sepyply of gaf anldhiBe ppeasERtfot eREdH dasin B kdgeriphrtpossi bl e to set
a very yyde range for the liquid hold-up per tray (bottomplate of a
chanber)” and thus nmakes it possible to set a very wi de residence tine range
from a few Hiinlikeysis¢ posaibieifon¢he lofodto be operl i iTHeweepart.or is particul arly
useful for carrying out gas/liquid or gas/liquid/solid reactions in which

it is not only the mass transfer area which represents the ratelimting
step. It isThe yppesislasgdiead o theckond eandiesbelesidhe Hawid\urfase, dubitiqapadsoor der or

hi gher and ggténd &dve tiky DburfRednditBhosiaph@e of conversion, for exanple
t he 20 {iactl on of propylene oxide w t% carbon dioxide to form propyl ene

car bona and for hydrogenatlons, for exanple for color nunber

hydr ogenat i ©hs hoddef Itl&adphdm tike tghe dnsltnﬁaﬁm cdnnmeptﬁlmple ive apg Geamkyricus ef ul

For oot Yt Mot SR LLGRRL O SRRl & Ay HAHIULRaR I O
conversion an o] uc I NJous ane as vapor
from the reewmeend i xond aeotbs;/r anslaare lmfcrqssm emtlogas’ef@rabbyammd I@ﬁheofvemof t he
reactants sgf asrokOaiibrl fardlR€ of &cEARRaIRAS hiifiyum i n the desired direction.
Exanpl es of such reactions are esterifications, for exanple the
esterifi®ation of phthalic acid or phthalic anhydr| de with alcohols to form

phthali c esfTg¢ auibeG lar@ﬁ Sedtionl Midadistin@nidatRe hqeldnduﬂa&d B @elchafbert &fe
esterificati an of .30 i C i‘g or acr I|c C}ﬁnhgl%coholst form
their ester ﬁp?f‘r\%ﬁsa CsPHIL Bt 849 Are 5°§%f éfaﬁll oMt 18 (R{gSUth r({R’/at er
formed is r expwledceddjyt uhmgam)hy streanmrirt the ghe distribmtoris it theaadpe fomais] of a
countercurreptQf inert gas or preferably a countercurrent of al cohol vapor
for the gurpose of shifting the reaction equilibrium Further exanples are
transest®rification reactions, in particular the transesterification of 35
pol yt et r ahy ¢h@fapesing d¢i e gaerd&tﬁehtoac‘ayé piferABEy 1dtaich €atPihe SRRfeehéifhd ower
al cohol s, f er abl net anol, to produce polytetrahydrofuran having
t er m nal hyﬁeﬁi’}}(‘ﬁ?lto ‘c')ﬁ‘b%t €. g The invention is illustrated bel ow with the
aid of a figure and an exanple: In the drawing: 5 Figure 1 shows a
;ggg:, Ijluglgn,?ll‘hé ega;n' ] g)srlg{lc]{p?l ﬁ%vgﬁa{n&'(%eometer{c s?lg?en?nrt esxceé](c: p?e &rc%i'g.)retrlagéli_lgr &t eaCt or
Figure @shom@eéommnfgslouam nal section through a chanber of a second 10
enbodi ment of a reactor according to the present invention, with cross
section in figure 2a
he central 11ne of the openings is preferably at a distance of from about 1 cm to
15 cm from the lower end of the hood. Alternatively, it is also possible for the
lower end of the hood to be provided with a zigzag edge instead of openings. In a
35 further alternative, it is possible for the lower end of the hood to be in the form of a

ring distributor.



"Fig. 1 shows, by way of exanple, one of two or nore chanbers 4 |ocated
above one another in the longitudinal direction in a reactor 1 with inlet 2
.for aliquid or 15 liquid/solid feed streamin the upper region and an
i.nlet 3 for a gaseous streamin the |awper region of the reactor 1, with
each chanber 4 bein rovided with a. botto late. 5, 1iquid overflows 6

Whi ch'are SHBRRECTISF R PPEnELFedieR o HEIEIRY BT o AOBE BT and a
gas space 7advantagedusén theqascloBapetaimn with sactr mbeertbading replivrsh i s connect ed,
by way of exanple, via a guide tube 8 to the chanber 4 20 | ocated above it
and opens into a siphon-like gas distributor 9 in the formof a hood 10

cl osed at tHee heiphtzefcthp eperiggofnsthagsit of gaois abpsencas reqeiredydependington | ower

part. Ars)unmefsﬁeciﬁé Riefod ik Gteddbiitif iRRU4ERtordo thiteliRIG! £ ATiERAGRGIuI de
plates 12 which are at a_distance frqmthe liquid surface and fromthe

bot t om pl at Gansferagra is puaHsele for Mecsparivie gas/tined On gaBliquid/sphd fagtion. apd ity of
spaces 13 i gdcondih] enffigasht fipemsafed the 28r-HftUeiadulitionobf SR@ARmid 4s ifidde Whi ch
gas does not flow The cross-sectional depictionin fig. 1 a shows the
shape of th&48%§ 10 of the gas distributor 9, in the present case, by way
of exanple, nmade up of parts arranged in the shape of a cross and parts
arrangeg i n I . 030 Hoks i I ha ct (o] b urt .
illust rfabti v'é‘pcg]r o%%%kr%eﬁ% fﬂr?ﬁlll g. &P%g&gg&m&ﬁe e ge(r%gnet _Innlygnet];léaﬁ’stﬂ%reef gr to the
same feat ur &anged jah least ong vertial ghislosplaiecvhesearpree gndtis dwlaw the fquida shows
Eﬂe r 'adlhal %u}facé‘ih %a%ﬁﬁf[nﬁér %i&rigaﬂﬂEgﬁﬁﬂlée ﬁBm{/t\?@B@%rh%ld@é of ﬂthé cEﬁlﬁQer_th?f .
e siphon like gas,.distriputor 9. anpl e -9 Three parts wei ght o
pol yt et rahy%‘!‘{;‘f"lﬂ%glﬁhﬂﬂw chambsriipng %‘erPééIPPrﬁﬁP@Em%?“&)é‘ﬁbw 5120830 wer e
m xed in thend @rmomefspacesitd whidthgad doas hat fiyw.wei ght of net hanol in a mi xing
secti on]cﬁemd heated to 65C. 300 ppm by wei ght of a 5 nethanolic sodium
nmet hoxi de sol uti on were added as catal yst and the m xture was introduced
i nto the uppPhe goske plawntrey, infa prefesst enbadioendibegfarmet s ppestent tubevent i on
having 10 c : HHR nding to
0.3 kg per kg. &%o@?ltgee% lregﬁl;t(l)gggfﬁrhgg&gl aceivg{’rglt fl}gzgﬁi B\%S?g)?%r{t&?%%ag%@g’ in
count er cur r Bt tohave theshapa fsimple g Rlar to strip out the 10 coproduct
met hyl acetate. A conversion of about 96% was achieved just in the
upper no chanber. The further, renoyal of .nethyl . acetate from.t he reaction
Sor L1 o ¢ o0B REHe RIAR qrlaleS s af B idanch E: (e LGSE sfithoe paLHOBR tetact | on
occurred i nbotheen phacioéitise Clomatieedpréferdhly tsh e¢hatckmbwstantiallyheo thrattimg obthet he
present invent.i i.qud . QN e s passed
o qui d Sy BYing s ARLRT T Hhidied GO RG, BRRERE pIES, BENCS
ti mes of 14freim thenlignidhswiasaband fiom tthe: botiomo plabss of dherdhember e taushy |

2gﬁ£ 2;? W]?S pleferRdI§ delebRAsb Rt 1B FoPVeleltySOf thie! 1Rfkid AVt lateRd! G KA

< 0.1 %by weight. The nethandl vapor ascending in
count er rrewf/Sﬁshtish%‘/%éigBmwwqaaiﬁd& € 8ReiPHiF-easi ngl y enriched in
met hyl acetate from chanber to chanber, while the nmethyl acetate contents

of the |iqui hase. i.n e ch ers decreased.correspaondi ngl romthe top
Lo the bott o RS TEinlolTE SRTEE T hRRIE S5 S SRR 1L G

cont ent s at dianeneneid aprgopiiatelyoin pesticrlar gserfuottzmbafithe desiod vresiddnge tiofe t he

pol yt et rahy o i t Eang Qhs3 2% acRigved in the |ast,

bot t ormpst gﬁgﬁge?&ghggﬁg?% t o?glei q%?%lgi n eact C él er was 25 cm Each
chanber3Qas provided with 30 a gas distributor having openings for the exit

of gas at anfliaSprefgrRdoémBeifehhel Qulid Retalyselehd teuinstdied ibiRdof @ndrbj S snal |
hydrostatic I[:)erfeg]?s}ur.e i fferenc nperature spread,

wthere was only a s | .t
Y om abt | GBI el ebE Rt b FHE. g Pgi Ul 85 BBFY PRI ST Wact | on
m xture i n asthb fohaobatalyshsoated esderdd packingofor ex agpleongrmtighst s and t hus an
excel l ent product quality were obtained. 35 The gas distributors were each
| ocated within a push-in tube which was |ocated at a distance fromthe
| i qui d $ur f Heshesmgrd, imntaltatien pban ton gxichangegesin fiportherypere, pigderably in all,

chambers is preferred.




. 10 divided the chanber into a space into which gas flowed and a space
into which gas did not flowin a cross-sectional area ratio of 60:40. As a
.result of the good mxing in the chanbers, the enrichnment of the methanol
vapor w th nethyl acet ate reached about7 85-95% of the vapor/liquid

equilibriu 5 Co ve exa rison, the sane

Cransest er | TICHEEIR of Sl DSt JAETEar APt ne popaaes P, BGEHESRE 4 of

i'z) Irr{) ; sg dt ?gg?oﬁeﬁgné?% begiglslfcpgi phave am gastléquié oc gas‘/lilqm?/scbhchtwuh(:n]s&nﬂ alh;mrj]r fhe
enctor ot piutes eb@oT R AR ESsds gk, stnt B3Py el AT UERR 1 ac ot at e
requi red freoxit frod the gas diskiputsr belnvhthed quuhpraCQem thcghgmbpbfoytﬂ@t alerlhﬁtdr of uran

di acet at U§1 adoneto ARCHSn, LB Ghd kece Qﬁ tﬁér%'d@rouﬁét FethBaARRlid \GRR%
h 5

required for rocess i n the reactor of present 1nvention.

claim 1. A @1@&@&» r Iy pringjple ofo ‘@axmnihqw%ryaw @é@msp theitarcten oicthe @xsetons
having a Veﬁltvb@ti’dn profRies uﬂlla atag irbwhittl radidéntk eime( &) thé tiquid dnidpiesduer

(3 for a gRoBGRLSE oY Heor BB SPEyRar TR Db BRh ( 1),
characterized by - at |east two chanbers (4) arranged above one another in
gﬂg ;‘;g@}égﬂ;}g%&%&g&{é&ﬁ?w@é}i %%oﬂg?nﬁlhg%ﬁggﬁ(@%ﬁh rﬁ)%%%uﬁ&f 8 ed from
connect ed vigta ble%qought m/ehfghmnny@)smofrpwndmémpo (99, P%ﬁléhemﬁmdl ately

?ggﬂegpeﬁ] 2 gfgfktegc% gl}(it'hg ﬁgénsggt‘:ﬁ%rﬁfdnelﬁﬂﬁds%t badsiie & det i v kw%é kg et:%ro?/erf ! gw
above i qui

surface in HRdKIvhhpiEaD Rexyiray e%?m&iqt%a}%hgfﬁaer&ﬁ%m kS RO @

i mredi at el ytadeoN Seryt widy résidenoé tifrengdUisla atfewenin(R) tohedbapgnsuiseach open)

into a gas distributor (9) provided with openings ( 11 ) for exit of gas

bel ow t liquid surface, - and each chanber is provided wth at |east one

gui de EI at eThe ¥@jctarhiscpar@fulady asefahfadcarsying oat iggs/hqwdryt gasdhughisolid
tr t wh
| stributor 3 omwaeﬁ?ﬁ R b @nﬂ D Hafllfef o ‘@?&1 feprlehiRif pRgL whose

| ower end i s above ottom plate cha er (4) and
whi ch di vi dbgumwephlanb@lm(sm)tablﬂtf@r @@félrwpuwaétlwawb@ ia5¢ SIrstrder as fl ows

(13) and Onﬁlgﬂér HRd QreS Et%esorbﬁgm tohd ﬁ%lgéégr@@%ﬁ cBRVer§ibRMdr ekdinple?the?. A

react or as c ai rre | ower end aof the gas
ot O o o g G Bl e s v BhPemEI o e oS o

t he chanber fardlydrogenaiondy foeeacdnple forkojorammbenhydrdgénatiohsai m 1 or 2, wherein
the openings ( 11 ) of the gas distributor (9) for exit of gas are spaced
apart fromthe bottomplate (5) of the chanmber (4), preferably for 40%to
90% of the [Theuiedctheiafhthe presant gheantion (s4)35pemaszuu@@ulf feamcatigingoptom pl at e

(5) of the gﬁi\ﬁﬂplfrﬁm(réécubﬁs tWiken! drél Be BMRERI ©% hidh . cénve?slaﬁaﬁa of which @ as

clainmed_ in clalns o 3, wherel n the qpenings ngl %)
25 coproduct is contlnuously removed as vapor from the reaction mixture by means of

inert gas or by means of one of the reactants so as to shift the reaction equilibrium
in the desired direction. Examples of such reactions are esterifications, for example
the esterification of phthalic acid or phthalic anhydride with alcohols to form
phthalic esters which are preferably employed as plasticisers or the esterification of
30 adipic acid or acrylic acid with alcohols to form their esters. A characteristic of all
these reactions is that the water formed is removed continuously from the reaction
mixture by means of a countercurrent of inert gas or preferably a countercurrent of
alcohol vapor for the purpose of shifting the reaction equilibrium. Further
examples are transesterification reactions, in particular the transesterification of
35 polytetrahydrofuran having terminal acyl groups in the presence of lower alcohols,
preferably methanol, to produce polytetrahydrofuran having terminal hydroxyl

groups.



- 12 of the gas distributor (9) for exit of gas are situated bel ow the
upper end of the gas supply tube (8). 5. Areactor ( 1) as clained in any
.of claims 1 to 4, wherein the gas distributor 5 (9) has a siphon like
configuration in the formof a hood ( 1§) closed to the top. 6. A reactor (
1) as clained in claim5, wherein the hood of the siphon |ike gas
distributor is open inits lower part. 10 7. A reactor as clained in claim
5 or 6, wheTh¢ invehgorhizoidlagtrated Bglowf with ¢hesaiplodra figuee agdan @xampleblia dres) (9)
is (are) made up of two or nore parts which are connected to one another
and, in croS¢ d&tion, are arranged in the formof a cross and/or parall el
or concentrlcally or radi aIIy 15 8. Areactor ( 1) as clained in any of

cl ai ms ]StoFléur ergﬂdwfon 515%99%&1?&%21%&3 Hirﬁ@ﬁoﬁajcﬂ%% n% ©or the

exit of gas t hei r sta rom-t ace I1nt er (4)
are sel ected so tha@ 9H§aci§?re%c§9¥dé“&lﬂb heopresand ipeationsWih CESMSEHIAMME gas
distributor (9) is ¥B tdd ange fromO0.1 to 50 20 nbar, preferably fromO0.5
to 10 nbar. 9. Areactor ( 1) as clainmed in any of claims 1 to 8, wherein
the openings ( 11 ) for the exit of gas are each |ocated at the sane hei ght
rel ative toFigne 2inotlievs a2Jodgitudial esartion (hrdugh as chaaibeedofi i aeyomif cl ai s

5to 8§, erein the [t e loca in the
| ower p%l t of the h8181§8§1h{%9€8§ }etjact)or S?Js"tf%‘ﬂg Rrgieng%%f: I%(%S wif #rrggsm t he

| oner end of the hoswbtipn(nfpures. 11. A react or (1) as claimed in any of
claims 1 to 10, wherein the guide plates) is (are each) at such di stance
fromthe Iigwd surface and from he bo&tom pl at e gf t he chanb(g (4) t hat

subst ant i al Fig- Achewsoby maypf sratogle. ong of §V¢ o5 iss chabegsiddlecyipdabdye ( 12)
occurs. 35 due alﬂ)tliéiélﬁttm ldngitudinalsdifdctibigtl airbactdtyl GfithGhRt Eﬁoﬂaﬂﬂuﬂdlor Wher ein

t | 12 d Ly
AN T KNI R R T
as clai med the lawer aégioh aif the TedctorlP, witheraech mhambelgmlhdsmgppﬂwﬁ{ed)wﬂhdi the gas
di stri but ‘ ti |
st put or bl ® o Rofl STLARIPE MRGRUED B o DSRHRSSPERLT 00!
preferably fm@mrm theore@@% 1, padtaj gag spacey aboEe t-;healm suface gf cachehamhenof t he
cross secti @ma;hlc@rl@aénﬁeb{eauglﬁ “my &ﬂ‘e;&%ﬁ;lé | Qi g’lﬁ@e blYe0si 6 thbdtzas does

fl 14 1
The 11 ot o~ focated sBovaend ﬂ%ﬁﬁnsawesaseﬁnamﬁ/%ﬁdt ébkga@m@?f?r%h?éﬂo S

and/ or the g@oicttBedlanthestop ahd)having openings 11 for the exit of gas in its lower part.
Around the siphon-like gas distributor 9, there are arranged guide plates 12 which
are at a distance from the liquid surface and from the bottom plate of the chamber
4 and divide the chamber 4 into a plurality of spaces 13 into which gas flows and a
25  plurality of spaces 14 into which gas does not flow.

The cross-sectional depiction in fig. 1a shows the shape of the hood 10 of the gas
distributor 9, in the present case, by way of example, made up of parts arranged in
the shape of a cross and parts arranged in parallel.

30
In the longitudinal section of a further illustrative embodiment in fig. 2, the same

reference numerals refer to the same features as in fig. 1.

The cross-sectional depiction in fig. 2a shows the radial (as an example)
35 arrangement of the parts of the hood 10 of the siphon like gas distributor 9.

Example



are configured as heat exchanger plates. 15. A reactor (1) as clainmed in
any of clains 1 to 14, wherein one or nore, chanbers (4) are provided in
.the spaces through which gas does not flow 15 ( 14) with inserts ( 15) for
accommodat i ng catal yst bodies, with ong or nore vertical, preferably
symmetrical ly arranged drai nage shafts ( 16) whose sides are perneable to
l'iquid and which are open at the top and closed at the bottom and wth

|'i qui d- per npe aM@'bBrswél Ht 7of Ibdlyﬁébﬁly&ﬁ'u% Gibcdtite Havingen ﬁieaf& @foléculad) . 20
16. A reactor

ai ne ai.m 15 mherel ertjc for ted
t ubes ( 18)Wﬁﬁﬁkﬁférgﬁbaﬁﬁ’&PX?Lglﬁﬁb of ROl it é S&Sﬁ? prOV|ded
in place ofmethandlr i nagéxisgaktison afi)heakd b7 657C.pB0RPEE by rwaightr i g out
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erern a so Installe one’ ore nore, pre erably in
all, chanbem§0(iuk)edofntq Hlae ru@amrmst (chaml,oeri pf taheeastpacﬂ@sotﬂmgoug Hﬁev\mqsmtgas does

not f1ow Ménudnn h%irg qyl Sharfiberd a0 refcrqp! d sa%hl 6F Ee@BtIONagdr i N the

form of catalyst-coated ordered packing or as a 30 catal yst coated
monol i th. 1¢Pricapendingste Vot kg rsrke f @G{Ytﬁ%lb’ﬂioé%mﬁll digretater 3524 i BHE i n a
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carryi ng outppgandbstichambérsol i d reactions in a reactor ( 1) as - 14
claimed in any of clains 1 to 16, wherein an ion exchange resin is
installed in one or nore, preferably in all, chanbers (4) through which gas
does not f | Bhe fusthgprenmyal Gg@eth‘yl acqtita from the reagtiogssoltion fagether willyther cl ai ns

1t O| 16 or @sssélate@smnﬁéf ﬁh@e&tsﬁﬁeahoamiea@ﬁoxp bteéuﬁ]gedll?l tHe é&rﬁws fGthtedi Ng out
equi | i reactions, arti ar transester 0
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particul ar ﬂémphidhgbhalﬁnml oraw fabseldi gfactiqaidc ovatlsws elnfietiid eeki @hanbezr ]
rearr angenent rolyses m acet or.mat i 10 reactions. 21. The
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25 methyl acetate contents at a residence time of 15 min per chamber, a conversion of
the polytetrahydrofuran diacetate used of 99.9% was achieved in the last,
bottommost chamber.

The height of liquid in each chamber was 25 cm. Each chamber was provided with
30 a gas distributor having openings for the exit of gas at a distance of 10 cm below
the liquid surface. Owing to this small hydrostatic pressure difference, there was
only a small temperature spread, from abut 65 to about 68°C, over the height of the
boiling liquid reaction mixture in each chamber. As a result, no coloring
components and thus an excellent product quality were obtained.
35
The gas distributors were each located within a push-in tube which was located at a

distance from the liquid surface and from the bottom plate of the chamber and
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Comparative example

For comparison, the same transesterification reaction was carried out in a four-
stage cascade of stirred tanks. This required a mean residence time of about

10 8 hours compared to the total residence time of 2.5 hours for the process in the
reactor of the present invention. Stripping of the coproduct methyl acetate required
from 0.8 to 0.9 kg of methanol vapor per kg of polytetrahydrofuran diacetate used,
i.e. about three times the amount of methanol vapor required for the process in the
reactor of the present invention.

15
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- at least two chambers (4) arranged above one another in the
longitudinal direction, where
10 - the chambers (4) are separated from one another by liquid-tight bottom
plates (5),
- each chamber (4) is connected via a liquid overflow (6) to the chamber
(4) located immediately underneath and a liquid product stream is
taken off via the liquid overflow (6) of the bottommost chamber (4),
15 - the gas space (7) above the liquid surface in each chamber (4) is
connected to the chamber (4) located immediately above it by one or
more guide tubes (8) which opens (each open) into a gas distributor (9)
provided with openings (11) for exit of gas below the liquid surface,
- and each chamber is provided with at least one guide plate (12) which
20 is arranged vertically around each gas distributor (9) and whose upper
end is below the liquid surface and whose lower end is above the
liquid-tight bottom plate (5) of the chamber (4) and which divides each
chamber (4) into one or more spaces into which gas flows (13) and one
or more spaces into which gas does not flow (14).
25
2. A reactor (1) as claimed in claim 1, wherein the lower end of the gas
distributor (9) is spaced apart from the liquid-tight bottom plate (5) of the
chamber (4).

30 3. A reactor (1) as claimed in claim ! or 2, wherein the openings (11) of the
gas distributor (9) for exit of gas are spaced apart from the bottom plate (5)
of the chamber (4), preferably for 40% to 90% of the liquid height in the
chamber (4), measured from the bottom plate (5) of the chamber (4) to the
liquid overflow.

35

4. A reactor (1) as claimed in any of claims 1 to 3, wherein the openings (11)
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6. A reactor (1) as claimed in claim 5, wherein the hood of the siphon like gas
distributor is open in its lower part.
10
7. A reactor as claimed in claim 5 or 6, wherein the hood(s) (10) of the siphon
like gas distributor(s) (9) is (are) made up of two or more parts which are
connected to one another and, in cross section, are arranged in the form of a
cross and/or parallel or concentrically or radially.
15
8. A reactor (1) as claimed in any of claims 1 to 7, wherein the number and
size of the openings (11) for the exit of gas and their distance from the
liquid surface in the chamber (4) are selected so that the pressure drop of
the gaseous stream in the gas distributor (9) is in the range from 0.1 to 50
20 mbar, preferably from 0.5 to 10 mbar.

9. A reactor (1) as claimed in any of claims 1 to 8, wherein the openings (11)
for the exit of gas are each located at the same height relative to one
another.

25

10. A reactor (1) as claimed in any of claims 5 to 8, wherein the openings (11)
for the exit of gas are located in the lower part of the hood(s) (10) at a
distance of from 1 to 15 cm from the lower end of the hood(s) (10).

30 11. A reactor (1) as claimed in any of claims 1 to 10, wherein the guide plate(s)
is (are each) at such distance from the liquid surface and from the bottom
plate of the chamber (4) that substantially no throttling of the liquid flow by
the guide plate(s) (12) occurs.

35  12. A reactor (1) as claimed in any of claims 1 to 11, wherein at least one guide
plate (12) arranged vertically around each gas distributor (9) is in the form
of a push-in tube.
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the cross sectional areas through which gas flows and through which gas

does not flow.

14.  Areactor (1) as claimed in any of claims 1 to 13, wherein the liquid-tight
10 bottom plates (5) and/or the gas distributors (9) and/or the guide plates (12)
are configured as heat exchanger plates.

15. A reactor (1) as claimed in any of claims 1 to 14, wherein one or more,
chambers (4) are provided in the spaces through which gas does not flow
15 (14) with inserts (15) for accommodating catalyst bodies, with one or more
vertical, preferably symmetrically arranged drainage shafts (16) whose
sides are permeable to liquid and which are open at the top and closed at
the bottom, and with liquid-permeable walls (17) in the region of the guide
plates (12).
20
16. A reactor (1) as claimed in claim 15, wherein vertical perforated tubes (18)
which are open at the top and closed at the bottom are provided in place of
the drainage shafts (16).

25 17. A process for carrying out gas/liquid/solid reactions in a reactor (1) as
claimed in any of clams 1 to 16, wherein a solid catalyst is installed in one
ore more, preferably in all, chambers (4) of the reactor (1) in the spaces
through which gas does not flow (14), in particular as a bed of solid
particles and/or of in the form of catalyst-coated ordered packing or as a

30 catalyst coated monolith.

18. A process for carrying out gas/liquid/solid reactions in a reactor (1) as
claimed in any of claims 1 to 14, wherein a suspended solid catalyst is
installed in one or more, preferably in all, chambers (4) through which gas

35 does not flow in the reactor (1).

19. A process for carrying out gas/liquid/solid reactions in a reactor (1) as
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particular transesterficatons of polyetrahydrofuran containing acyloxy end

groups, esterfications, in particular of phthalic acid with higher alcohols,
etherfications, rearrangements, hydrolyses and hemiacetal formation

10 reactions.

21. The use as claimed in claim 20, wherein a reactor in which the reactants are
present as a single phase is installed upstream.

15



