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1 Method for obtaining a gaseous phase froma liquid
medi um and device for carryifg out the sane
Description: The invention relates to a process for
the recovery of a gaseous phase froma liquid fluid 5
by at | east partial evaporation of the liquid fluid or

Méthod R Dbtaftiey 8 gab&RisEHABE ReMiSliquiPMbaLMethdldRIce! fBr citrying out
by setting free a conponent forned by deconposition.
The process is inplenment 8§ %M€ nodul ar falling-film
evapor at or conprising stacked vertical or inclined

Desligiion: t ype nodul es that form gap-type evaporation
chanbers between the adjacent nodules. 10 The device

eSO Ak 10 & Pree o U el Sy Pt Biquia i
by & temistpartialtesaparatidn dithe éiguid Faili I0|r atjedstlone @b teoremments

concng Py LBTHIRL A B Bel el B RRb b e proess
is implerhérded hmnmelhlapfaﬂmgémn regapmaibswmmmgTdieckeﬁSIertical or inclined
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modedegpor ators is the Iow super heati ng of the i quid.
Wereas in the case of falling- filmevaporators t he

The gﬂ'reﬁg% ?@Jo'n]ﬂﬁ%g A A e§1t'ﬁrof ﬁ]ﬁfo Jlﬁ.i[ré{f%lj%n% indystrial

erence 1s nae
scalgaaspatialty, A0 sk in tetrhs of tbivhes. evaporators are used for
especi al Iy thernol abi |l e substances, nechani cal neans
bei ng enployed to create 20 a thin filmon the
evaporator surface, the mass and heat transfer being
turbulence in the film- US patent

d by
Falhmnﬁrrnggv;@mé@'ﬁ;n‘ghlpbﬁ@m be designegsindhe @ﬂa@bv@lcalrt@be bundles or
vertlf:eﬂ glla?é“’b@&(§ ﬁQ\V@h‘Eﬁtfélﬂ 'ijs%‘ﬁ ﬁé’@ﬂ)érﬁ@él fo%be%lné ?rkddsﬂ' s THaM

IC SO vents

orators$ can ennva orga
advamtagﬁ of fllingridmseviapowatate s companed do cenventional faseetheiraalation or

natui%\rl Qﬁélﬁétﬁn‘@véﬁ&glb?g is the %&fﬁpaeﬁ{b%nﬁ of thé ﬂ%@& \Qﬂ@reas in the case

; concentration uit ICGS
of faillmﬂjkm e\yaporamrﬁ ihen gL filfy &avvs aver tahe qurfeee sxalisively by ggwity —

refer ﬁ@eﬁg'ngégi{a‘gﬁ%q%o %%@ngﬁnldggg rt};gﬂe@@/ 4"(%‘8 Lﬂﬁr‘?fdr@ﬁ&éﬁoﬁét@r@ are
used for especially thermolabile substances, mechamca! means belng employed to create
a thin film on the evaporator surface, the mass and heat transfer being improved by
turbulence iﬁ the film — US patent 6,173,762 being referred to as an example. The
following examples for the application of falling-film evaporators can be cited: Removal of
organic solvents from solutions in order to enrich the thermolabile products dissolved
therein and to recover the solvent; concentration of fruit juices (food industry); winning

fresh water from salt water or brackish water.

The falling-film evaporator according to US patent 5,203,406 comprises a package of
essentially vertically arranged heat exchanger plates spaced apart by a definite distance,
every second space between the said plates forming an evaporation chamber. The
structuring of the evaporator plates cannot be deduced from this document.
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essentially vertically arranged heat exchanger plates
spaced apart by a definite djstance, every second

space between the said plates form ng an evaporation
chanber. The 30 structuring of the evaporator plates
cannot be deduced fromthis docunent. 2 It is known

Itis krnBWh %I'TP@S %ﬁfe fs 173; %ﬁ%ﬁb sfr&téﬂerth'&ﬁlH{ \ﬁeﬁ&ﬁsurface r<]3f a heat

I'mwetted surface o exch anger tube wt

exoham@erm wihdthseandraspovesdorghe BW@@S%@f imprving the heatandeegss
trarfeRsg. 'ﬁfe'sﬁ'e dgﬂt% {Féffﬁ'u% is Jﬂ&lfﬂ@ 280t2 B o088 1 BinkiShe number of fins is

speci mm and the nunber of fins

SP%@“%Q@QM‘E@%@WM&O 1100 per metre. 5 In
conventional falling-filmevaporators, the spraying
density and fil mthickness may not fall bel ow certain
mnima, nanely around 1 mmin the case of falling-film

around 0.5 nm.in

evapor at or s t he case of, .
In cppyentipng! ?ﬁ"g@afﬂfaregﬁewétor Hasriaviag Aensity 983‘5 i FH‘CK”QSS may not
fall b&bR cEHAR InGfifa, nﬁ#h}éryrammmgmﬁﬁﬁ theslRSiof mir@-mmtevap@bmrs and
‘H@g occur, gos& br% uIt| n i n_undesira Jf? ; .
aroUnek ) AHMe i s GaphetBindt 6‘%1198?&%588“?%‘”59 Ifilrg intgruptions,
dry fidéiglrg atrh&lgdéélfdbw Rt ﬁﬁoﬁshﬁmclatb bbssibly FBOAY ?ﬂhndfes&aiﬂE
c es a ul a act or
decgrgpwﬂ HOMENA W gp pgy@ntrg@}%@wnadﬁqlq? l‘ﬂ?i? goniaigs g%ermo%bale
compef&RUS reactant. This micro-reactor conprises a stack
of any 15 nunber of vertical or slanted fluid guide
pl ates, the sane nunber of internediate plates and
gap-shaped reacti on chanbers forned between two
adj acent plates. The fluid guide plates feature
DE 10 26 662 Airteaiches b artielas nicroudsaotdr far the geasfoimeace fof mactons

betfher4 IabiAt  Sagsnbt ettt T ifoctsRe L BOmRHHER. ek gf ey
numbegeivertitheor didritedifiigd igdlele platdse theosantEenurotzdred inkerviediate plates
st. a

and Rl B et PByEr g o eEBeiad e ud guce
plates febilureeparhii nflcrbmanmels me;vmma: Bondd can flow by dreavity aad/ot dapillary
forog maEouS Py Hate 4 E iy AR 8 f . he
fluidatiderptate gat be DbatdOWith @ daldlyshandican tdree inecontdct evith artebat
transfer fluid on its reverse side. The reaction mixture that forms in the process is
withdrawn at the lower end of the fluid guide plates via collecting channels. The
disadvantages of the micro-reactor according to DE 100 36 602 A1 are the many feed and
discharge lines, collecting and distribution channels, pressure loss barriers and special
slopes and the resulting highly complicated technical construction. Although the modular
construction can improve the throughput to a certain extent, no proposals are made in the
document as to how the miniaturised reaction system has to be modified in order to make
it economically suitable for commercial-scale applications. Proposals for using the micro-
reactor as an evaporator cannot be deduced from the document.

- WO 02/18042 A1 describes a further commercial-scale reactor for performing reactions

between at least two fluid reactants. The reactor comprises a stack of essentially
rectangular vertical wall elements with an integrated cooling device and gap-type reaction
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di scharge lines, collecting and distribution channels,
pressure | oss barriers and special slopes and the
resul ting highly conplicated?technical construction.
Al t hough the nodul ar 25 construction can inprove the
throughput to a certain extent, no proposals are made

o BB M e B DR A AR B E o ERE GaRBe

 stretwad ahd abdtyd sith bakatatyst, motHireneey e fslind hahe document neither with

atjions. Proposals fpor, usi the mcr reagtor
reoB R IRE R cbh SRR TR sBES ATRIBEm T SR ngb Effktera o the
rea@t@rV@t@ﬂbﬁtﬂ@dﬁa#lev&t&xmbt.bes a further commercial -scal e
reactor for performng reactions between at |east two
fluid reactants. The reactor conprises a stack of
essentially rectangular vertical wall elenents wth
an integrated cooling device and gap-type reaction 3
DD patamb 846 2b2teackes a piocess micemequiprhentgionsistingf aAtadkel iidividual

smalf St PRUETTM Sofialn Rololl S s hRbRr oo
closgdtdhannelghaped Qavtthe Hiis misrerreactay contgins whamtel-typeaeadipn

chaRfbef EFPJV%IHFI %Porg)h%[é'ﬂ%aﬁ ré&&tloﬂg Buft afs%%%ﬂggﬁ’%f %‘g{:%sr?tes Si%take

react ein as an evaporator _ | _
places Buchea ohiers- raacp@rde editabls for usee@fua prastion vensel ig chergicafmigro-

ana&/‘%@%t Rbt fbrﬂlﬁ% ésdéhaév 3%”@@&%@%‘?\@&% 1-BbAH Brocibd ( Q1 1 terms of

ked-Tn e sha tes being cover
tonrfes).m cl osed channel shaped cavities. This
m cro-reactor contains channel -type reaction
chanbers, in which not only chem cal reactions but
al so evaporation processes can take 10 place. Such a
m cro-reactor is suitable for use as a reaction vessel .

DE pyplishemtieeument & 667 24h dpssibes pueadieyifor demigat repstigns comprising

a st PIALB)p efrﬁ’édu?es%%f?hﬁy af reaﬁl?éd? b@&:@&t@& %ntﬁ'arbatta@{/%n@turther
J tonnes). DE pub docunent 41 describes a

compEsiRg §apme reﬁ@wn@aambwﬁé@mméoydbﬁqugteﬁ golugigspacersior
dellrﬁfting hd @a&ﬂbﬂ%h@%@t Qfeé’ﬁHd?Hlef@rYd olitfet HOTES! THe spiing between

Coa

a catal yst and furt her i sin
the latgs s igdng BiSr pUMORT I PSmrarBel by Seivageniiies chamber can
be ehi3fde R ConIRAER RN Fifdro-réiRtdr8l tHo rfaBE of tR8 platey orP RRIBIR fife

sizes and inlet and outlet devices. The spacing
liquid, fiiny Hews by centrifugal force may be etched, but nothing can be found inthe

document with regard to the presence of parallel micro-channels. Although the plate stack
can be temperature-controlled as a whole, nothing can be found in the document with
regard to controlling the temperature of individual plates, so that this device is not directly

suitable for commercial-scale uss.

The reactor according to US patent 5,811,062 comprises several laminates arranged
above each other with microstructured elements therein, such as micro-channels in
particular. By interconnecting a plurality of such micro-reactors, reactions can be
performed on a macro scale. The dimensions of the micro-components are in the order of
1 pmto 1 em. The width of the grooves in the laminates forming the channel covers is
cited as being 1 pm to 1 mm,; insofar as a gap is present above the groovés, the gap widih
is said to be less than 100 pm and especially less than 10 pm. Although the reactor can




the plates is in the order of 0.001 and 6.3 mm so
that the effective reacti on®chanber can be enl ar ged
as conpared with mcro-reactors. The surface of the
plates on which the 20 liquid filmflows by
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found in th docunment with regard to the presence of
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posgmemhmleamm@jmow;m@ged above each other with
m crostructured el enments therein, such as

m cro-channel's in particular. By interconnecting a
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performed on macro scal e. The di mensi ons
compgsing @@Wpabtymﬁtr&ermeq:tﬁd sthall @Jafééfon@mg 3bleastone thveet cm
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in the way of concept to arrange the lamnates with

ingreasing the puraher QEQI@P@yﬁhm astackip odepietrennit 2 pipRess i takp place
ondbnfhdtek sfcgf@]yllxk% g@’{ée;?@ Ghr 6&beNed KOG thi€ St Alent \ﬁ:tmi% arg to

use a m evapor ator. Moreover, It
mccdifwa@trammuarg@eaﬁortrtﬂush a aay that it beeomesisoitableAfer thé usdhas a falling-
is such that, even if there is a small space
ﬂng 933%%\?%e gr ooves, evaporati on of a liquid flow ng
through the grooves is only possible within extrenely

In Bédordacd with & first dsPeftal titprésenBifivetian, tieas Resovidediairegssa for
structure for chem cal processing and production

theISRAYENS P Agagepisianass gm éf“qﬁ"ﬁﬂ%'ij eBAceRMErdml | plates

305I9 b%ﬂgaﬁbaﬁlﬁ%%pd?&%ntohfh%tﬁqu:g il Bﬁbioa? RhstBlok (heous
| oop-type channel between adjacent plates and at | east

comRenants eantaineddhasein loeky gaiing flesrone lebths gbspenentssomeddy
the%glctr%lnﬁ rc?rplof tr;quﬁtd rﬂ}g HH Qhomﬂ&r fglllr'igeﬂr?l %pd@éfr c%|n§ gtlng of stacked

vertical or inclined plate-type modules, with at least every other module being constructed
as an evaporator module, and gap-type evaporation chambers between mutually facing
side surfaces of essentially equal-sized rectangular modules, characterised in that a
falling-film evaporator is used, the evaporator modules of which feature a set of parallel

- micro-channels at least on one side facing the gap-type evaporation chambers, the
orientation of the micro-channels corresponding to the direction of the liquid fluid stream
flowing therein by gravity and/or capillary forces and the evaporation chambers of which
are open at the top and/or bottom essentially over the entire width of the module, the liquid
fluid being fed to the micro channels by a feeding device, the micro-channels being

indirectly




feature channel s between adjacent plates for a
heat-transfer fluid. This nﬁ@ro-reactor, too, is-
unsuitable to be enlarged indefinitely by connecting
many reactors in parallel and/or by increasing the
nunber of plates within a stack, in order to permt a

RaRETS Hebt dxdkdhgblnaRDassiy lﬁrdﬁ?ﬁ%@%éﬂratﬁ%b&leé}'ﬁnd the
concepts can be derived fromthis docunent with regard

gasgousifgse {armed beieg withdrawn tsere therevaperatipatehamierp that are apen at
mgggggﬁ bl € for the use as a falling- film
ev por§¥§§& n accordance with a first aspect of the
present invention, there is provided a process for

covery of a gaseous phase fro liquid fluid on

ekt P inal oA RPYET Brosf et R el ol  drcare
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-VeeQﬁ%Lfef hed Ridie-Hipg MRpiuler Rad FaR-DYPe ERstian TAMBersiprEnediby e two
adjddéhtmbduled, SPENsbANAl hspekl e inFBv@M@ﬂ%ﬁ‘lP?ﬁe AARPloShpBahent
of stacked vertical or inclined plate-type nodules,
thgyprasess on asdrdustsigsopledintenmsra uines) e sigplecangtaconaraien! way
- an evaporat or nodul e, and gap-type evaporati on

chanbers between nutually facing side surfaces of

BEespEamtaidinentouay prevideean apparatngttbids abletbudoasenirate a liquid fluid
characterised.in that Jfallingzfjl mevapqgrator, is .
oo B3 Feriibin PatsenutoBlansrtiatlePorbariiR =5t eitecky
wifhaUithé Ak of Bh GhenebiRiIRESM BdsitloR Astieir hoREiBle 3 pit thePgdsaBus

t he gap-tXB? evaporation chanbers, the orientation of

pPhape fofmed #lothe senseatrated fabidRhaee fefutther prosesiindect i on of
the liquid fluid stream flowing therein by gravity
and/or capillary forces and the evaporation chanbers
of which are open at the top and/or bottom
essentially over the entire width of the nodule, the
liquid fluid being fed to the mcro channels by a
feedi ng device, the mcro-channels being indirectly
4a heated by a heat exchange fluid passing through
t he evaporator nodul es, and the gaseous phase forned
bei ng withdrawn fromthe evaporation chanbers that are
open at the top and/or bottom Exanple enbodi nents
may create an i nproved process for the recover of a
gaseous




phase froma liquid fluid, using a nodul ar
falling-filmevaporator confaining stacked vertical
or inclined plate-type nodul es and gap-type reacti on
chanbers formed by the two adjacent nodul es,

B(ﬁﬁﬁ%ténﬂiodm%aspﬂ‘)rohﬁ@a 'gQ@rréBb%F@Hgﬁst Vb er‘f‘on%?'alglh&lé{ ata
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conglpmiprespure @ne guivkly epnirolisbleitre senendatyoaanive with aggcond reaction
(mﬁ@PHQ#e enbodi nents may provide an apparatus that is

0 concentrate a liquid fluid containing a

t her nol abi | e conponent w t hout appreciable

ec and es eci l wi t hout the risk of
R PP B7 G U AR ercBifod o PHIATAgo SR P S Searsi o the
inieRBorgRsesinsmerbiBbglef or ned and the concentrated |iquid
phase to further processing. 5 Exanple enbodi nents
may provide a gas, recovered by the evaporation of a
THe'o@Hbéjmaf?‘Be 8f th& Qiﬁ'z) fBosE’iBl@%&h&ﬁﬁc@ﬁ%ng Yh Sgﬁﬁ’on itis to be easily
control | abl e secondary reaction Wt
adﬁbfableiwﬁer@fairﬁpmwequ@raﬁwse enbodi nents may pr OVI de a
device for perform ng the process according to the
i nvention on a commercial scale. The device may be of
Thellevisa mpy gsetf bpaaitEbly 4 O?:ueaagr{fuﬁuﬁmg camuéf ! rsidriofastogdsi phase
it is to be able to different ca Clt
forhisg e iR Ca o ralng i Bhamep i g5 WSEOTS, s
redcigd or for further conversion of the gas phase
formed and/or the concentrating [iquid phase by
reacting wwth one or nore further reactants. The
THE 3PS BN B Gl RRBLHE rEF U loRind Sidipre metoyuspe
a fallu'@”dm aVaporat@TmMpﬂs:r@a aets:émlouf-cha'noels aaﬁzgedeinﬁheaevapn@md

{ d { at t b
T L TN T
are/ftipdiRe afd Epepiafd tHel theadish 0 PeMotidmt he top and/or at the

bottom Thus, in exanple enbodi nents, a
commer ci al -scal e process was found for the recovery of

Thés, HFS@RIMR dAiBIRdHiL @c?mI-rLe |- dedid @'b%s@% tfom]n@‘?értthe > racovery of
partial evaporation I qul ui or at
a gaprous Phadedrappardinuiciinic by alreast partialtehapaationef tthquldtﬂtudmg at
Ieag{ étle STt c%fnp'i)ngntg %mé%ﬁ]edqthgrem or by setting free one of the components
formed by decompoasition of the liquid fluid in a modular falling-film evaporator that
comprises stacked vertical or inclined plate-type modules, with at least every other
module being designed as an evaporator module, and gap-type evaporation chambers
formed by fwo mutually facing side surfaces of essentially equal-sized rectangular

modules, characterised in that




formed by deconposition of the liquid fluid in a

nmodul ar faIIing-fiIn1evapor§tor that conprises
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terﬁ?éelgsgg 33 Sseya&og aﬁé P transition of a
conmponent contai ned therein. The term gaseous phase
|nclu'jes va&ours and m sts. u‘%ﬁ)rl sin , a reactor in
SuzRringIYe? EGI98 INRXAMBle\gMeRimes it FirRgetsly oghe mero-
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gui d e and gap-type reaciion chanbers, the said
chambers, the frid gaps, hewengr.dsing ogen atihe townammtonbeﬁswmly over
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document contains nothing to suggest thts. Thanks to the particular features — described

—1

below - of the falling-film evaporator used in example embodiments, the process can be

implemented on a commercial scale.

The terms falling-film evaporator, evaporator modules and evaporation chambers are
used in example embodiments despite the fact that the liquid fluid or a component

_ contained therein is not evaporated in all cases, but that a component can be set free by
deliberate thermal transition. Moreover, the term "falting-film evaporator” is used despite
the fact that the liquid flowing over the evaporator modules does not take the form of a

flat, fiim but that of continuous capillary filaments flowing in parallel to each other. The




docunent contains nothing tqQ suggest this. Thanks to
the particular features - described below - of the
~falling-fil mevaporator used in exanpl e enbodi nents,
the process can be inplenmented on a conmercial scale.
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capacity easily d wth a small technical effort. In
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of several concentric tubes, at |east sone of the

Trmrgasécm:s pqudm fdas mnmprblms nft eaepldembogimenactan be withdrawn

oratl anbers t one tube ywall of
83 Erialn sotre anihee R v Bberorgesna belfe. Albmatiey,
théﬁe@b@r&f?ﬁ%@@ssphawmfudﬁé#%n@ng@ dirdcly .ntth@wa@brauon
fallin | m evaporator is technically nore conple

chambers Qy Fragtien wWithresespnghgrsgous reasiant, whick ised intoj the ewca@ﬁre@pn
CHRRPIP AR Bl B8 oA ec o SRRt ibariell FRFY VR qprigoes
deﬁ!hiéimgaﬂieyap@qnaibu lckamberh dhg asemdigapbaseeddient cdropanfed into the
evzg&?’atf% %Swb r's th c%xc%nfghteor ?n”@%%%{eﬁgé‘}ént E)&}He Hoew E’I\lﬂretcﬁc()jr1r 3fvt\ﬁe liquid
fluid. If the conversion of the gas formed in situ is catalysed heterogeneously with the
second reactant fed to the evaporation chambers, it is advantageous to coat the sides of

the evaporation chambers opposite the evaporator sides using an efficient catalyst.

According to an embodiment , the gaseous phase forming in the evaporation chambers is
removed as such or as partially reacted gas from the evaporation chambers by means of

an inert or reactive gas fed to the evaporation




fromthe evaporation chanbers and then fed to further
processing facilities. AItePnativer, the recovered
gaseous phase can be further converted directly in the
evaporation chanbers by reaction with a second

GRABEd FromaRe il or IVdr&lie! (Rsdiftés 'a%hé?ni:ﬁl@e&‘ﬁékpélfeé&y 8Kes place
chanbers with or without the presence of a catalyst on

within {he g¥apogatipn chambers the gvegeration chamberp ereraisa Meaction chambers.
evapor ati on chanbers. The second gaseous reactant can
be fed into the evaporation chanbers in co-current or
Themistoiceef egcovared gastanddhe ihert 61 regeliv gascian dor instartchgbd Gogarigd in

f th f d i i |
o biout oo SEEAALE R B p RS ROR bl e
fiuicefed tacthé hﬁ:r@mnélah\ﬂlll()ﬂnﬁél@mﬁéése whilst flRwRd o LGHoee uiicrb-o
por ati on chanbers
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PRSI T e Eoneentod ot A Feactern o AHNGE Gassoys foaciant fed t
thé\eaHorHIBE chantitins SHIRALIRRL remhh%s%ﬁﬁl@%nﬁﬁrﬁ%? irfcRia58. e

in the evaporation chanbers is renoved as such or as

lioihfluiddeaviparteamicerichaasels isstithentelleolasiio paesseharsangat directipy
blRRRe saf .chérﬂ%ér@ §{1‘£{" rﬁ?&ﬁ Eh\ée? %Sr% ggaﬁoﬁ’atf:mv\ae a discharge

evapor ation

duchsof ar as a chenical reactlon already t akes pl ace
Wi thin the evaporation chanbers, the evaporation
chanbers are al so reaction chanbers. The m xture of
recovered gas and the inert or reactive gas can, for
i nstance, be converted in a downstreamreactor

Thegyreeess insyamplrsaodimenisde @amg}%lyrsé%ﬁdqur cameeniraing, liquisk fluids
théth:@nt'ain%b dr mbreth&hiofipild @orﬁﬁb%ngé ‘T‘n@ oﬁ@@fﬁé%:%l #binolabile

normal |y decrease whils [ owm ng through the mcro-
subpiangesinay bersogtaingd inig ucicmewiorraed Irveconieniniatiorf angVaf in the

t
o8 E85L i P ReL S by BRASRIS, 5P Wbk cent g
ﬂuudohsayatm pavticulariy peamtagedinefor thie Galfing-fifnh Hv@okmusé@totm@wde
seg?rﬁlrae‘ﬁ%cgha n t:%l[qhgspu %émgwtgroﬁgéebdefgtagdwl aﬁyﬁn a@q\;/rgt?%}chambers with at

leakk bmewpafréuémqtchecﬁaﬂhérs pEr évabBRafitPdHahieR Nt i¥ bibelient for the
di scharge duct. The process 1 n exanple enbodinents is

stqeks foi eiamapgsd ahove amfboth%frané &ré@ﬂapatvmwapeﬂwwem eds
mddiRls 16 BOERLRIAPEHE! VPR it WiTth 3fthe f %%%%H fi°s0 th% gas
therno an

one or severa
stream can egseinfiatly flowy freely picheithduba pedsiy dmprbluremrr me$eospaces and,
in gcﬁm{oﬁrthé untic;1 gmanating from the micro-channels of an upper stack can be fed to

the micro-channels of the next lower stack.

As an alterative or in addition to using a falling-film evaporator comprising several stacks,
a stack can be configured in such a manner that the evaporator modules are sub-divided
into several horizontal zones. The individual stacks or the individual zones of the
evaporator modules of a stack can be operated with heat exchange fluids of different

temperatures, thus permitting the individual stacks or individual zones to operate at




gaseous or vapour phase forged by evaporation. For the
pur pose of concentrating sucCh fluid it may be
particul arly advantageous for the falling-film
evaporator used to provide several stacks of vertical

diffseHt esnpRidiurie B I TRILB.ORRA cBAdENtritfg 2AiaiR ARt doRRINHA RS ®Blabile
with at | east one set of parallel mcro-channel s er

ComRopsitalt s HArticHamAdvantpgeous é'éﬁ pkstackor thedirst ge
conCerl@ticH AranaRAnSRAN PSSR 2 gmgtﬁ@&nwﬁra%enﬂe\ﬁpﬁ the

spaces between the nodules to ssent i al open
spgges defined @mbqnm@e\xmmahprmhamersmﬁ meefalhhgsﬁhmmawor@tgr usedin a
a
e)glﬂ'@)lesﬁﬂéo%gﬁ%ngﬁpﬂg g\glg ﬁfs{) ﬁé%s}eﬁl s ol |Ial§§ gﬁl ds, Hgspgla Bﬂ@t%'ét Eh%t the
tetnnevadpbgtiordctambeatvasigtdinedm t he m cro-channel s of "an
upper stack can be fed to the mcro-channels of the
next |ower stack. As an alternative or in addition to

THéSro@s&infexbinpR @nfbotifeflé 2RO Et@tféll‘n@ﬁi’rméﬁrérﬁjré’[& (B8Y Herdfor are
stacks, a stack can be configured in such a manner

delsﬁrﬁ’(edt"h@o@\ﬁ?&ﬂﬂﬁ‘ﬁé*ﬂe #p atthe follewiag Bawsesi vi ded i nto
several horizontal zones. The individual stacks or the
i ndi vi dual zones of the evaporator nodul es of a stack
Figiae 1 ishovegiibe amosstsedtiomoftecfallingsiim iwa:gmatbw adcorslingfto tie firfvententwith

b SR 55l 50 P B b ol
(bttewpdiscmibleinteriiediate yhuess betweentheaiddogsa | iquid fluid

containing a thernol abile conponent, it is
particul arly advant ageous to use the first stack or

F:édF@ZEhdvﬁstthéQ%%nfv%ﬁvof‘é@@%ﬁ?d’t&%dmleand a downstream
stack or zone for cooling the concentrate forned. In

the spaces defined as bei ng evaporation chanbers of

e Sl Ao BB Bl S D BHRI e
fluids, despite the fact that the term evaporati on

Pt P R o aP e ratp] TSGR B S B oure 2
t herefor are descrl bed | n nore detail with the aid of

thefollovm%% ur es: ure_1 shows the
Figlreye shaysan; %SéPPtIOﬁ ofry fighre ¢ &ensiosedby a st dhaying

thd r%sﬁetbﬁvé (ﬁ%& f 't\)%‘at?éotem e\fa]ﬁeraﬁ)} HoliSie® Enc?%’éié)gf p%hé?l@lhrﬁrf:ro-

cool er es arranged W thin a vesse
chanstsci at ed (but not discernible) internediate spaces
bet ween t he nodul es.

The meaning of the reference numbers in Figures 1 to 5 is shown in the legend.

Figure 1 shows a preferred construction of a falling-film evaporator (1) to be used
according to the invention, such a falling-film evaporator being particularly suitable for the
concentration of solutions which contain a thermolabile component. Two stacks (2,2") of
modules (3,3") according to the invention with interposed gap-shaped chambers, which
are, however, not discernible in Figure 1, are fixed in a vessel by means of a fixing device
which is not shown in the figure, the vessel comprising a vessel side wall (12), a vessel
bottom (13) and a vessel cover (14). The vessel features a nozzle in the upper section for

withdrawing the gaseous phase (gas, vapour or mist) (10} and a nozzle in the lower




Figure 2 shows the a plan view of an evaporat or

nmodul e. Figure 3 shows the 2 oss-section of an
evaporator nodule along line A A in Figure 2. Figure
4 shows the cross-section of an evaporator nodul e
along line BB in Figure 2. Figure 5 shows an

enl arged cross-section fromFigure 4 (enclosed by a

S@F&Oﬂf@)W!tth@wg@dlqu@rp@awe@a)s dhe \\/@‘ﬂ@&ﬂy glarkegfplateutype modules of

th@ B PGEKs aRY. éé& @'L & S50vR HAc thér étrﬁ%@bh&*ta on of the
m cr o- chan e neanhing of the reference nu
in Figures 1 to 5is shown in the legend. Figure 1
shows a preferred construction of a falling-film
evaporator (1) to be used according to the invention,
such a falling-filmevaporator being particularly
suitable for the concentration of solutions which
contain a thernol abil e conponent. Two stacks (2,2') of
nodul es (3,3') according to the invention with
I nt erposed gap-shaped chanbers, which are, however,
not discernible in Figure 1, are fixed in a vessel by
nmeans of a fixing device which is not shown in the
figure, the vessel conprising a vessel side wall (12),
a vessel bottom (13) and a vessel cover (14). The
vessel features a nozzle in the upper section for

wi t hdrawi ng t he gaseous phase (gas, vapour or mnist)
(10) and a nozzle in the lower 9a section for
withdrawing a liquid phase (11). The vertically

st acked pl ate-type nodul es of the two stacks are
arranged i mredi ately above each other, so that the
orientation of the 10 evaporation chanbers of the
upper stack essentially corresponds to those of the
| ower stack. The internedi ate spaces between the
nodul es are not discernible in Figure 1, because
their narrow sides are closed iin this particular
configuration. The term "essentially over the entire
w dth" nmeans that the gap nay be interrupted by
construction 5 dependent weld spots, spacers and the
like. On the other hand, the gap-Ilike chanbers in
both stacks are open over virtually the entire width
of the nodul es both at the top and bottom so that

t he gaseous phase that forns in the process accordi ng
to the invention
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can escape qui ckly and wi thout a conplicated piping
system downwar ds or upwards. In the configuration
according to figure 1, a devi®e (9) is arranged
between the two stacks for 10 feeding a gas into the
gap-1i ke evaporation chanbers. By feeding an inert or

o B i L % B ooy B bt v
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is particular case upwards. In order r.even
beqalish M AW ks GRSIOFRALHNE REEIHIEg caioptRloR ofhe st
“esbetiafly apariad entite widtaesss thathe gae niay Yelimtbouitbe bl cvestruction-
doligiclen il 5ot P ar s e g . 6B &er e, B e 8 h&bers i
botarsthckb ereugparovedgrually thdentirp pidtrosihe nsddalels. bolthatsthe top and
oot i adhe st Hess T 17 HroRghs dsopPlnftag inverion
can escaps guibklg andl edthoutst congicatet piping ey steasdainwandeor upwards. In
neSHRRTRRER ohRbL o o B8P W5 pERg oppfna o e o
feeding @gjdsyinto thd daptlike dvapamtimsthasibaeck Byrfdedifigearoineetror s rdaddive
oesh b yBLELEoCL A8l SEPLRRRN b i 455 Eh b ey B
evaporiiibe shdriherapecapea roomnd dicsetiors brlplie this partiangreshsbepwaes. In
o e B ErPR L i S5 B 5 GRS Bt
chaenbepoarat ieeemtry ietoitter iIswesparheithe hweymost stk & g4y ht (peeitioning
o116 ! SeSBRERA B ooBE S e Fepagron
staakn Thistpartsionieg elzmenhmap batof asy emstructiingproliding steaarisuies that re-
il Pre e R BeSoin g B St e H Sk Ry o5 gt irecty
withethd onter edgéof. thé-Lippermodt stakek dridatha vegsef eattont Boanédted directly
o f t he h ' i nl. i f
witt {86 | MBS R REL butel St rihe plhie 185 phoehtifg yposel wall
inlet (8) for the | owernost stack. 30 The construction

of an individual evaporator nmodule with its required
spacers is illustrated on the basis of Figure 3: the

| ' . j on
TheBlY SRok OSBRI I o abr pled ] ahd Slofofhdth
chamberssfriangéd bétdeeT thens Thbidap mjdth {s)tHebwaensgnyswp eveparatoe d

) ) i oo .

s B SBichsORachLP p i ot il ke
spacers {22) (see Figures 2 to 5). It is appropriate for end modules, which may consist of
simple plates, to be provided on both sides of the plate stacks. The plate stack is fixed by
means of any type of tensioning device, in Figure 1 the tensioning device comprises stud
bolts and nuts (5). Figure 1 additionally features a line for the heating agent inlet (6), a line

for the heating agent outfet (7) and a line for the coolant inlet (8) for the lowermost stack.

The construction of an individual evaporator module with its required spacers is flustrated
on the basis of Figure 3: the module comprises the two plates (29) and (30} lying on top of
each other with channels (20) for a heat transfer fluid. The stability of the plates is ensured

~ by weld spots (24) and/or weld seams joining adjacent plates. Several spacers (22) are
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| ocated on the outside of the plates; gaps (23)

bet ween the spacers permt the gas phase to
transversely m x to both sides of the spacers which
shoul d expediently be arranged in vertical |ines.
Each outside surface (27) of the plates (29, 30) is

Iocg%ld'o?]%%m\ﬂ'smﬁ o"flthseeﬁla % a@gt(f’}:{)lg ghgiéers at%%%g?%rﬁﬂt tllicbg?ass phase

M-cro- channers: Horma
to {armivers8ly Iméx tphivoth Slues Dhlhetspha:anew(ﬂ%)shbldd ekpediéntiy pechrranged in

| velft !:%d'hﬁe% %a!:f? &%ﬁg s%‘fa&{%??ﬁfgﬁé g%gb\%’{?é'téhdi% gf%@&p%ﬁ wnrht?a set of

aV|ng poF
panamlelgcra’rchpmetfs difegehmaicfeegdinngls demmallg extEndinglavaethe @ntire plate
he@ﬁ‘t\?‘é’ﬁ@ﬂfa‘i Fﬁé@ﬁfdrtu}]é) f;qLﬁrrJ;ﬁJrl]cg 'rsefélc%%d a tl% 8#(%%?&!% hlg (??at%s the
inleft iimhawrrmaq@ﬁ)lot sholn) fhatiaierandntepral naut pithe feading @vuml This line
C: F [

and o pBrricREertBihi By A PSR il g Pl @i HRkrRr as o
peroutribe quichigorofline (@6)pb he éad iteShe Bm:)’omhannellmly;aw ties

for the heat transfer fluid (20), the spacers (22), a

distribution line for the liquid fluid and the hol es

(18) for the stud bolts wused for fixing the nodul e

package. 15 Figure 2 depicts a plan view of an
Thesgrgposastion agrosdiag {aigurpieelupidaipgbedmsicoonsigitien f an evaporator

mo&h@%hs;s\ﬁ'ﬂg 6w ;ﬂaﬂgg ¢34, a6) \)(/i‘ﬂ’f fhle%élnhé(s %Pmé%e%%ﬁﬁnﬁ?éﬂﬁﬁd (20),

spaced certain distance apart IS ticular

the sRpres @ﬁi a digidbutiondingfforihe hltlltéﬂw@rﬁafi Mﬁ)éﬁﬁn(éﬁ)st( ﬁ@tstud boits
L$6§@9Wﬁ% Q&?nbgﬁégﬁﬂké the fields between the spacers
he fl irection of the liquid in the

n1cro channels is shown by the arrow (28). Figure 2

further shows (in broken lines) the heating agent

inlet 20 (6), the heating agent outlet (7) and sone of
Fugarb e @P@wbtan (720 offa@fe\hb&afb? Qfate.eﬁ!? hmrefdg@h'@nt isphddis

e

ate ed device for t ui d

Showan\ﬁ ichae '?Cf?éeqﬂv%'?@"mp%eaqh@@qffgﬁ\cec&%@eﬂéfﬂée@tqnp%@paﬂ is
part(ca@)n 6ﬂﬁbdtdh$ 'méVétﬂs o pﬂifﬁle( ikto- chéﬁineisqﬁ@mowaghreaa@tédm the

cg %1’% éud bol t are also indicated.in the
fiel %@U\@@ Sﬁﬁ‘?&[ﬁ % Té‘ﬁé'\%’ diregtionaf thediauidyy thgmigeghannels is
sho®N 8 SHeHrRw @Bﬁ Wi n%ﬁe (23blrtheT|§ﬁoﬁ?’{ih MioRER lifss) ted hédﬁﬁg agent infet

oration c et wee evapor at or
(©), fe BRIRGALPTG USRI kAo i Rhand g eeh)doq b8 peskpetange fuid
w;thﬁﬁﬂlé p@fe WAé fée'ineviBe%ﬂhé h@ﬂtﬂ'ﬁun& c&%ﬁ)tseshﬁé%ﬁibu\ﬁbrh ﬁrﬁb (19), the

are |l ocated can

foeckiig (78 25 Yie o Pl 21\ aapl Ko anc Arhole s 1) fasptugkbolt

areéi@@mdl’éh@ﬂ%ﬁ{éﬁ[gﬁu?és are shown. According to a
preferred enbodi nent of the falling-film

Figure 5 shows a detail of two adjacent evaporator modules (3). The gap width (s) of the

- gvaporation chamber between two evaporator modules is determined by the height of the

spacers (22). Sets (31) of parallel micro-channels (32), between which the webs (32, 33)
are located can also be seen in Figure 5. In addition, the depth (t} and width (b) of the
micro-channels are shown. According to a preferred embodiment of the falling-film
evaporator to be used according to the invention, the gap width (s), measured from the
bottom of the micro-channels, is larger than the depth () of the micro-channels but smaller
than 20 mm. Preferably, the gap width (s) is larger than 2 t, and especially larger than 5 t,
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30 evaporator to be used according to the invention,
the gap width (s), neasured fromthe bottom of the
m cro-channel's, is larger th¥ the depth (t) of the
m cro-channel s but smaller than 20 mm Preferably,
the gap wdth (s) is Iarger than 2 t, and especially

ordsBiaf oo ¥ 100 ya” TR W R &R e etcaiapadiata bp viibiaavice

it rbut @, widittitof Eesmrdinm{mf) UneRxpedent289Rciam bawssped gidnd

] t 50 d. 500 h th (t f
SOB B SRS R AR 00 B S BB, Sy
betayea@5airh ynd Bm ueeThe widthoiahe webd bptmeer firee wicel- bhzm‘netshﬂess
critica

e m.cro-channel.s .i,s | ess
orfhh ByE e e hE TR RERE UGy Rurovdhiut a5 that S riamaseous
fordiee whlatvidth td b;e lady thah A Q00 pm, efpucidili beinelen 86 ginhahd 5GEUM.
| ess than 1000 pm especially between 25 pm and 500
pm A further itemof the invention is a suitable
device for inplenenting the process in accordance
wWith the device clains. 10 According to a particularly
A fyythefr éemend thenibvrtition i a etfitableedevivedortimplemeniieg thegpocassiion
E@ﬁg t their narrow sides and open at
aoco %gﬁgﬂgfdg‘%hﬁg %ttom over virtually the entire
wi dth of the nodules. 15 The preferred construction of
a falling-filmevaporator according to the invention
as shown in Figure 1 may be nodified in that, instead

Acc‘é?dtﬁq'fb §9£F¥?étﬂﬁw Bieftkd te%oﬁtr%'ﬁéf Jﬂ% ifVBAEErE fhe éMaFBratlon

e chanbers between t es as $
chamb&m @replosgd &t thgir @arrpy sides apd oremat ths tepsand attth@ bottom over
virtGedy tfld Stird Adit BenBedulesansfer fluid in the evaporat or

nodul es being arranged so as to obtain several
hori zontal zones. A separate heating agent inlet and
20 outlet is provided for every zone, so that a
step-wi se tenperature profile can be set across the

Theq;\t@f@frreab@mswmmﬂ 6% falia§Ailnsl eviipotRorritebRiitg 18 WRORWERIBH s8fshown

: afallin ,evapor at or accordi ng to the invention,

in FWerc may A dhatdnsteadigithe gpmBipatinn alitwe skasks pbgodules

w:th\@afphyéé"&la@ﬁlfe@@ bétwv@en GRPMbINEs ZDsHNMAR Ir-ﬂjdr@m &&ﬁgreeﬁ&jule
ed. bet n the npdul es, the stacks are installed

Weel
paclfargedﬁ seqh, the cavities for the heat transfer fluid in the evaporator modufes belng
arranged so as to obtain several horizontal zones. A separate heating agent inlet and
outlet is provided for every zone, so that a step-wise temperature profile can be set across

the evaporator modules.

According to another embodiment of a falling-film evaporator according to the invention,
which comprises several stacks of evaporator modules with the associated gap-type
evaporation chambers arranged between the modules, the stacks are installed in one or
several vessels laterally off-set above each other, This particular construction is /
advantageous if a gaseous phase is recovered from a liquid fluid in the lowermost stack
and this gaseous phase is made to react in the uppermost stack with a second reactant
which may be gaseous and which is fed to the uppermost stack, the reaction product
being liquid and leaves the lower end of the upper stack drop-wise and, cbnsequently,
does not mix with the liquid Iea\_ling the lower stack drop-wise. it goes without saying that
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several vessels laterally off-set above each other.
This particular construction is advantageous if a
gaseous phase is recovered ftoma liquid fluid in the
| ower nost stack and this gaseous phase is made to
react in the uppernost stack wth a second reactant

aseo ich is fed to the u r most
e Pioiled B, T b RREe Pa R S st RO iR ke of
mddakes|vaitherr set otiparhildl hecropheringd Bekt Alvagps M&o%esai?d'l a second module
eavi

tl d t t.h t .
pa g Bt ventielas Fsatagedlisto B e hpquich o taa S5m0 Lrack with
setsDf phtatiel mictolchaneesnif thensdobhd reza i@t iskesocoirjuRbantl/drif Mcatalyst

fective Catﬁr%% Al t hough the use of nodules with
V&t 1%kt 0- channel s is not al vway's

necessary in a second nodul e package, it is
nevert hel ess advant ageous to equi p the nodul es of the
second stack with sets of parallel mcro-channels if

Th% Erteo %&grc{@?gttﬁ@@vérﬁlroglscéﬁ Pén bglré'dg ﬁ'ﬁkﬂé ?{le;ﬂoratﬂ).[a or the
forrpatinre@g gesearsivhage by tmehmal narsitionpor accomuEmation of gagaoua phase
forlﬁ%ﬂm \ﬁigleé{?zﬁé’cg@hr facdn \Iv{t}?% ﬁé(%nrﬁ%ér%htofhlé e%@t?&%‘nﬁy be any type

transi
of rg@@@ou‘gr ipbtapee oXidationt epaxidation hydtegenationtor additiorn teactivn. The

sec@n&?&a%%t&?gr%%n ou-ngrﬁg Gigaction nggogsdgtn?/ohype 10 of

react SfAnCe Xl dati on,

hydr ogenati on or addition reaction. The second
reactant nmay be gaseous or |iquid. The device
according to the invention provides the follomﬁng

Th@é@(@ét@G&%mE t§'thh\?ént|89 BRAVideS khORIGIAR aliRtade

previ ously Known nodular mcro-reactors wt mcro-

channels on fluid guide plates, in that, by virtue of
*  Siemergppstryptiop Heanttg@t cﬁﬁwvaﬂusb(tknpwe masisler GlikrBEeaRiers Withymicro-

EMEhnRISHRGL R QIIdéTBIQfé'serﬁ 1R, BEVNGS By ng\égg th%%p RN & the

and an adj acent plate wtHhout mc nnel's, no

bejtaim BRWeRR ARY IWassMapeTatergnedidgs arbetasn anfeyaBpneeprgagsiule and
dof
&R ad;ﬁ@é”t Pfaté’%ﬁm %rﬂ%héw cbﬁglggtgptﬁr;/ﬁeg sfé\t/?rhls re%ﬁ?é(d for

aatal desire ue o

f@ﬁé‘“ﬁ@éﬁFoaﬁ"@/@h‘s’tﬂﬂdjéwméﬂiwdif@ﬂsﬂhﬂjleéd%al e-up. Easy
adaptability of the device to differing requirenents

o ESdy ddaBtablifytd 8 dcRreS Bt Qpably by virtue of the modular construction;

simple scale-up.

+ Easy adaptability of the device to differing requirements for the further processing of
the gas recovered in situ from a liquid by a combination of downstream identical or

similar devices.

¢ Increased safety by virtue of gap-type evaporation chambers and short-term thermal
load of the liquid to be evaporated and rapid cooling in a downstream zone or stack of
an identical device operated at a lower temperature.

+ Easy replacement of the modules which may have a catalytic coating on the walls.
Moreover, the coating can also be applied to a set of parallel micro-channels, thus
increasing the catalyst quantity required for a secondary catalytic reaction and
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the gas recovered in situ froma liquid by a
conbi nation of downstreamidentical or simlar
devices. Increased safety b virtue of gap-type
evapor ati on chanbers and short-termthermal 25 | oad
of the liquid to be evaporated and rapid cooling in a
downstream zone or stack of an identical device _
dmerayinadhe catalysidwedingsiipagthmbich, corsggyentlyppradecas faypurable
thR i mFb 8Sacehh ch may have a catal ytic coating on the
wal I's.  Moreover, the coating can al so be applied to a
set of parallel mcro-channels, thus increasing t

o ERsyvpuation@h e aap widdaf thejevappraion Stegainty Shasihest by ?'@”ng the
IS8R his ek btwddiPhe ¥idiiekhe cat al yst bondi ng
strength which, consequently, produces a favourable
effect on the reaction. FEasy varjiation of the

* \apdtpoptroliahilityeaf dppheat trignster aryb@plddﬁsmam%ansys ithe feed

‘Pé\@ NGHifdEm tté}ﬁperﬁﬂu?@pr%flfetdﬂe.hé Bid6 QUfadR MR v PEratd G dRifes and,
Good controllability of the heat transfer and rapid

'P@%?ﬁ%'%ﬂyt GV%WQQWWHOF?@ feed rate; uniform
tenperature profile on the side surfaces of the

o EYARPERURS drBPdY a8l gap§ MAs 8RUeh aY thed¥® RHABE St tAé bottom
hot spots. Low pressure drop as a result of aps t hat

apd by H'étHe &f gamwi hsdhatfie @F’a%f?d {hibe sty Pf gasfo B?e
virtue of gap widths that are adapted to the quantity
. Pfe\/éﬁﬁorf SRR pré&gaﬁbr‘?ﬁ? Qélb&ﬁgcﬁcn éﬂpﬁiﬁiaﬁr gh%aiﬁafn iR rhddutar

sel ecting an appropriate gap w in a nod

8‘0%&96@%% garving oy thayereyery A 9%“&9{7‘% PpaS@roran galonplseqm alste-type
flacidp. @ downstream pl ate-type reactor. Versatile :
usability of the device according to the invention or

a conbinatjon thereof wth identical or sim]|ar
*  MBEaligusalilify obihg deyice @esqrding ke thedayantihar a gepahingtion thereof

@ith fhtie oPSifhilardmod\YAH re8@batibOdiiferbht rB&dtiIdES, mﬁ iaBloRidbfon and
convert the oxidant_ or reduction agent, or

Byfiegenatien.dideing Rassttiestegopyert ba @6@'&"‘ qr 63‘#4?803 ﬁS@Hu%r the
Sttt te BeiokRibetioF réd“u@ed! Q8€id dga%ebﬁ‘s ﬁated@é{wﬁe‘a foEtheIreddiien in a
to . the invention, preferre oxidation is
d9yicepesorsinga the lnvention A preferred example for omdatlon is the gas-phase
epoxidation of a low olefin, such as ethylene, propylene, 2- and 4-butene with gaseous
hydrogen peroxide. Examples of reduction agents to be converted to the gaseous

phase are hydrazine and hydroxyl-amine.

An example for the use of the device according to the invention is the evaporation of an
aqueous hydrogen peroxide solution for the purpose of obtaining (i) a concentrated
aqueous hydrogen peroxide solution and (i) and a vapour phase containing hydrogen
peroxide and water which can, in turn, be fed directly to secondary reactions, such as the
epoxidation of an olefin, such as propylene, in the gaseous phase.




epoxi dation of a low olef in, such as ethyl ene,
propyl ene, 2- and 4-butene\Mtr1gaseous hydr ogen
per oxi de. Exanpl es of r educt'Pon agents to be converted
to the gaseous 20 phase are hydrazi ne and
hydr oxyl -am ne. An exanple for the use of the device
according to the invention is the evaporation of an
aqueous hydrogen peroxi de solution for the purpose of
obtaining (i) a concentrated aqueous hydrogen
A fyréen ekateple donihe epplieation ¢fithe piodess acgpwiing torilagiavention is the
[
pro%gﬂb%f g dgg sﬂ%%qg&ﬁ get%l ffbﬂﬁ Qﬁglgtg g@ﬁqsfgﬁéeggr& t&iltﬁgﬁ)lg acg"H% stream
recaeered Fomdigoidi atampoi, the gaastoeaem being @@&lhf anel qyrQBWOGVI@"able and
cuétﬂm&g@ u{ﬂ%ﬁf@'k‘& tRQ?é?ﬁtréanﬁnJaSCheﬁuéél‘ Féel(} bn. Ef?f @Hfﬂl'ét foonventional
I'cation 0O rocess accor
proceaaea,twlmm frequemdy resubiin We@wr@ﬂroas gad \Aétq%@mal'ﬂée detepled
ofidri QiEbAud, it taflor 129&9  pEBAG aﬁd&%seﬁmag% Bttt ggﬁg:@ﬁan be
effestest byycomirdlling lhﬂdllqat input todha ensperaterhodiien ARAAM W@@ntmilmg the

| quu?bt febd Sih 98 hch.}gtﬁegé‘ﬁ) St é)lﬁeéﬁ bﬂn&eﬁm&%err& AfoliLIeS -

ncontrast to nventi on processes, which
frequently result in pressure drops and whi ch ent ai
the risk of effervescence, the tail or-nmade provision
under essentially constant pressure can be effected
by controlling the heat input to the evaporator
nodul es and/or by controlling the Iliquid feed, such
as the liquid feed to a reduced or increased nunber of
nodul es. 16 Legend 1 Falling-filmevaporator 2 Stack
(of evaporator nodul es and gap-shaped evaporation
chanbers) 5 2' Stack (of cool er nodul es and gap- shaped
internmedi ate spaces) 3 Evaporator nodul e
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3" Cool er nodule 4 End nodule 10 5 Stud bolt wth nut
(tensioning device) 6 Heating agent inlet 7 Heating
agent outlet 8 Coolant inlet? 9 Gas feeding device 15

~ 10 Gas outlet (gas, vapour) 11 Concentrate outlet 3

12 Vessel side wall 13 Vessel bottom 14 Vessel head
20 15 Insulation 16 Partitioning elenment 17 Flange 18

Legﬁg'fde for stud bolt 17 19 Distribution Iine (for

1

2

2!

3!

liquid fluid) 20 Channel for heat transfer fluid 21
Cov efrallyigefilm gvppotataf the feed device) 22 Spacer 5 23
Hole 24 Weld spot 25 Weld seam 26 Inlet line (for

I quid o t&%@po?at%?m%@&?aﬁ&”f ace (with m cro-channels)

gap-shaped evaporation chambers)

Stack (of cooler modules and gap-shaped intermediate

spaces)
Evaporator module
Cooler module
4 End module
5 Stud bolt with nut (tensicning device)
6 Heating agent inlet
7 Heating agent outlet
8  Coolant inlet
9 Gas feeding device
10  Gas outlet (gas, vapour)
11 Concentrate outlet

12  Vessel side wall

13 Vessel bottom

14  Vessel head

15 insulation

16 Partitioning element
17  Flange

18 Hole for stud bolt
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10 28 Direction of flow (liquid fluid) 29 Plates of a
nodul e 30 Plates of a nodulg, 31 Set of m cro-channels
32 Mcro-channel 15 33 Wb between mi cro-channels 34
Evaporati on chanber 18 Patent clainms 1. Process for
the recovery of a gaseous phase froma liquid fluid on
co Lal | east partial evaporation of
?ﬁe %@g&#‘[nufgﬁgﬁuwl@ | east one of the conponents
contai ned therein or by setting free one of the
@8rmpEhemetior beadansierduidher nal transition of the
liquid fluid in a nodular falling-filmevaporator
e9NSoldriphtd fparbdfarkfRéa\welikécal or inclined plate-type
nodul es, with at | east every other nodule being
égns ructed as an evaporator nodul e, and gap-type
apdPe® on chanbers between nmutual ly facing side
surfaces of essentially equal-sized rectangul ar
weduHele, 10 characterised in that a falling-film
evaporator is used, the evaporator nodules of which
égat@fegjsa get of parallel mcro-channels at |east on
e SFFePPac ng the gap- type evaporation chanbers,
the orientation of the mcro-channels corresponding to
2He Weldseamon of the liquid fluid streamfl ow ng
therein by gravity and/or capillary forces and the
a | of which are open at the top
g%dﬁg{e%c?t cgﬁgqigq@@enti ally over the entire width of
the nodule, the liquid fluid being fed to the mcro-
ZharMatessubdgcen(Wittedicryclid@pplek, the nicro-channel s bei ng
indirectly heated by a heat exchange fluid passing
bér qygg&tigmgffﬁ,\m@ematﬂgm)nodul es, and the gaseous phase
formed being wthdrawn fromthe evaporation chanbers

that _are open at the top
29 Plates of a module

30 Plates of a module
31 Set of micro-channels
32 Micro-channel

33 Web between micro-channels

34 . Evaporation chamber
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and/ or bottom 20 2. Process according to claim1,
characterised in that a falling-filmevaporator is
used, the evaporat or modul ed8f  whi ch conprise two
essentially equal -sized interconnected pl ates which
encl ose one or several spaces through which a heat

Pa%‘fh%ﬂ'gﬁafl uid is conveyed and which feature a set of

m'cro-channel s on a side facing the evaporation
chanber. 25 3. Process according to claim1l or 2,

1. c hBirogessdfoi thededavetyita gaskeud phage friomm knuigpiid oo e gommercial

&%)eﬂrvs]ﬁ Ié’?ﬁsghja;rt élsévagérﬁ Qr?ofg(ﬂg Il(ﬁ)l}ﬁ? ﬁu:d %Y rl@és‘t Bhe of the

asure
m camepapkaiscehtainedaeseingr by seiting free vae gfethg p@ﬁvenerttﬁfmmed by

;Bﬁ%@ﬂ%ﬁn&ﬁan :{?Ifthe% Ef.l tﬂlﬁi?ﬂn £RRAMGH & Hﬂg @%o@étoF Bisting of

mcro-c elrn | ess
t hetacked vertigah or dxieed ameytype]mosales wgthrairlﬁyét evasyrPBer pedule

e%ggo tﬁgiru& ab 9f EEI R?qraggg?ntg %@%ﬁ qg[])é é)gel;tlgp chambers
t H@twaengmumumﬁa%g iSidetsoirfece qmpsenﬁlellw\mmhsmd FQQ‘%‘QW@DS
bet, él‘lthe m cro-channel s being |l ess than 1000 pm
especially 25 pmto 500 pm 19 4. Process accordin

t changeteritediin thata fallingdim syararalionis used,ghe svaporator modules of
W@%S{ukésgﬁﬂ dt pahdbi rﬁlcﬁh)aﬁdnﬁelg & !etagtpér;@mé?@@e fa)é?n% the gap-

evaporation c ers si de
eﬁm $Vapgration aharnkers 2he orgntatianmf élwm@rcat:faﬁnmeh@ogrﬁmg to
PRAS Biredtioh Bﬁﬂeﬁ:gﬁimﬂhﬂ Hebﬂl“l’lo%rféd Hein B @avnﬁfséiﬁﬁ&scapsllary
according to an one O ced Ing C
c ericae arg theewaperationehamieryelsdiesarsianse at terien ang/opkafiom
t Qsb&RGHy bibr Hid Shiifd Wﬁoﬁhs o%l\ﬁ%pﬁ{e%hﬂ'?luﬂ"@é@fe% thHe micro-
aﬁgaseo S react ant to the gap- té € evaporatl on

abralsby afesgingudavisa: themiereweanele being indireqiivt heataskby a heat

f leQundd @%a;d ﬁa%s.ﬂ{; trfrasqﬂ ihglé'vaJerl' fhobiles MUncithé BQéEou"s";bﬁase

presen active coatln on“at | east
pdermegtbeligevithdravgn E@nﬁh%wpeat@u charpears dhatiarg epeetthrtop

eV ARRF Blitdpp chanber.

Process according to claim 1,

characterised in that a falling-film evaporator is used, the evaporator modules of
which comprise two essentially equal-sized interconnected plates which enclose one
or several spaces through which a heat exchange fluid is conveyed and which
feature a set of micro-channels on a side facing the evaporation chamber.

Process according to claim 1 or 2,

characterised in that a falling-film evaporator is used, the width (s) of the gap-type
evaporation chambers, as measured from the bottom of the micro-channels, ranging
from the value greater than the depth (1) of the micro-channels and smaller than

20 mm, the width (b) of the micro-channels being less than 2000 pm, especially in
the range from 50 ym to 500 pm, and the maximum depth (t} of the micro-channels
being less than 1000 pum, especially in the range from 25 ym to 500 um, the width of
the webs between the micro-channels being less than 1000 pm, especially 25 pmto
500 uym.
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6. Process according to any one of the preceding
clains 1 to 5, characterised_in that a falling-film
evaporator is used conpr|3|h% ei ther several stacks
of vertically arranged nodul es and gap-type
evaporation chanbers | ocated between them and/or at

| k _whi | 15
- P Rasnearrg e Aty and oree et BRI 138 horper <

b athaestedided inoitiat &gak)esi fadjto tbe gap-wpetdvapmraporaclwmers from lower
roiPee S, SRR L S R I péeshitop ngiiBeous phase

t dfopexddtam e luil foddhveyed through the nodul es of the

i ndi vi dual stacks and/or through the individual zones

: ?]:)Pré?e%s%g&hﬁﬁ to &fy bFAY tﬁg ﬂrec%cﬁ g claﬁﬁé)f g2 according

aracteri se lquid fluid in .

t lohafaotenissd in thet \eigasewfs phasdiormed isunade toggagdusity within the
f
o g Fr I Wiy SRR Todtor e ©1AEPEANPE BN
d ohamberns i cw:mqrthrqgmruementg with dhecliove dirgatian obthediayjd fluid in
b e I

s MRt reSaited MRFICA AR SotingTRUNGES! B done o
r dothvmodide gwmgsiewmseﬂwavagowl@mmmherf romthe
evaporatl on chanbers of the first stack or the first

efsQ 'écédl‘&hg l%{ &?eeéfsthé‘ﬂrece(gh nQEYﬁSC?tJ fr

emsn | ng ocess accor to any one of
c |caamte1-aed in tbai afallipgrfive e\tﬂparat%rdapéed eanRrising fither several

C QRS Sf \’%&lﬁllﬁ?eag’é lh@édlésga‘g}dfdar%ﬁé’ é\%ﬁ?&ti@h chambers located

contal ni ng at one verti cal i ncli ned
plbat“@eﬂ)ﬂp%n aOdar ableasionp daplogous Stadowbieh é?mﬁﬁ%ﬁﬂ sgveral

bRLABNERT o ﬁged"“? orfés, lﬁ%%&ﬁ-&@e%a%@#g t%t\lv@eﬁ {Mdtmaddules being

f eatures” one sever al hrough which a heat
emﬁaﬁ@be tanang/eretiomoer gsﬁentgﬂw ilseharpi@a wighly abtheefﬂ%'has and

Sét%xg%ﬁﬁ%%.&s*@ dﬁfeﬂj&t Mﬂe?éiﬁl%s%fre Em%dl #Hrbugh the

Siz rectan he surfaces
f mdn@s ehibe individual ks gncﬂprga[oggh ywnﬁwdyﬁlagonpﬁ gf the modules

eé p&{gﬁg @' nodules feature a set of parallel mcro-
annel s on at |east one side facing the gap-type

evapor ati on chanbers, the
Process according to claim 6,

characterised in that the liquid fluid in the form of a solution of a thermolabile
compound is fed to heated micro-channels of the evaporator modules of a first stack
or a first zone of a stack, the downward flowing liquid undergoing concentration and
being fed to cooled micro-channels of modules of a second homologous stack or a

~ second zone and the recovered gaseous phase being withdrawn from the

evaporation chambers of the first stack or the first zone for further processing.

Device for implementing the process according to any one of claims 1to7on a
commercial scale, said device comprising a modular falling-film evaporator
containing at least one stack of vertical or inclined plate-type modules, at least every
other module being designed as an evaporator module in that it features one or
several spaces, through which a heat exchange fluid can flow, and gap-shaped
evaporation chambers between the side surfaces of essentially equal-sized
rectangular modules, with the surfaces facing each other, |
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10.

11.

12.

orientation of the mcro-channels corresponding to the
direction of the liquid fl uizg stream fl ow ng therein
by gravity and/or capillary“orces, and a device for
feeding a 5 liquid fluid into the mcro-channels, the
gap-type evaporation chanbers being open at the top
n t [ e
it 38 B btk bRouleB Tl oy LA B
a shewsels opaileppiazhevdidenfaaing dhva gap tfype evmnomtloawhaglbars thes
p e .l
Dehgrﬁgéa%gg gﬁtrhgq%&% chaﬂflelx\”c&ggsrp%é\ﬂ Hﬁ }f?tgc tdgrgétg)gg)l? et qH% fluid
gaqinetayﬁ@vmgmerm by gragtaanciéersapiilarydpreas, Wdtmviaepforafaek:img a
b f
qfqhiﬁgﬂggagl}ltoﬁglg Zrﬁ og:blahlbeef Iluedgagn ng? e(l%?otre\\}%a%}ﬂgﬁlbfe Squgln% open
c rwtrliﬂmos aadIOt hettaro ps$e1|1hallyt dver thewattireswidth @ ithepfnotitde, and that at
g . o . .
o aPast BRE siaEl BBR0 AraAl N Gt chfipBEURRASYRY 1 witigraping o
argﬁstﬂhes(salatkdew& m@WItM‘awm alipiist phiasg. t o any one of
the preceding clains 7, 8 or 9, characterised in that

tl’tfevﬁ:\é%g&ahgrtog%mﬂses conprise two or nore horizontal

zones st one zone featuring a set of parallel

nichatacterisaddndhataapcies gvaperasionshmbersqie ppRIURNthe fop and
S eBabA bkt Qﬁyéqcﬁﬁhé- gﬂgltefi Qﬁcge h2fa BRK-Hiv @da[ g&%eggz £L%%awr}g the

exchan VI Ce accor
t lgépﬁr@c%lapwgtt@m ehargbags abihe dop istedhe davear ise@ipnial thﬂﬂﬁp -tpe

| @astorkivh &Eﬁfb’éﬁs @?F‘ea/%ﬁfe@%?%dpa%ﬂoﬂld yeléiﬁedt%h%hﬁ%& Between the

of f-'set above eac i'none or “nbre conmuni catl ng
v&esss wall enbthesdastr at or nodul es of the | ower nost
stack featuring a set of parallel mcro-channels on at

: %%ke @B&r&h&‘i‘o a@sor‘{@ f'thé‘ﬁre@etﬂﬁq biafnd f’r8 dregding a

devi ce eeding a gas into the
2shgféﬁtqryﬁ;§€ in fhatiles evapsraler medulpREARIRe (4 O MRt harigntal
OboRAC Bt 1848 ke z4Re fe%i&ﬁ@%sse@&c&{rglé" Ehidr@-chhrHel &nd every zone

characterised in that an aqueous hydrogen peroxi de

sBeing earipped withiseraratederises tor freringandavithrraying a Reatgmchange
dgyijce according to the invention, thus obtaining a
vapour phase

Device according to any one of the preceding claims 8 to 10,

characterised in that at least two stacks are arranged axially or iaterally off-set
above each other in one or more communicating vessels, the evaporator modules of
the lowermost stack featuring a set of parallel micro-channels on at least one side
as well as a device for feeding a liquid fluid, and a device for feeding a gas into the
gap-type chambers being arranged at the lower end of each stack.

Process according to claim 6,
characterised in that an aqueous hydrogen peroxide solution is fed to a first stack
or a first zone of a device according to the invention, thus obtaining a vapour phase
containing hydrogen peroxide, this vapour phase being fed with the aid of an inert

' gas or an olefin containing 2 to 4 C atoms to a second stack or the second zone of




cont ai ni ng hydrogen peroxi de, this vapour phase being
fed with the aid of an inert,30 gas or an olef in
containing 2 to 4 C atons to second stack or the
second zone of 21 a stack of tenperature-controlled
pl ate-type nodules wth interposed reaction chanbers,
t hg ghal GReMBafiOBbH - o it i ok
a catal ystebgo,g gjél %gﬁt%g?%@éﬁ@?%W@e&&vg@t&rﬁtgﬁ%wﬂeamon
ch&hBepsrs, iediates heing apiinnallpérated with o catalyst erch ¢atalpst bed being
CON @O falis o L el i
Ol &SP gt i, Whotd trbVBpBIEHEES R BhvéHbd to o
corresponding olefin oxide in the presence of an olefin with 2 to 4 C atoms.




