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1 Method for obtaining a gaseous phase froma liquid

medi um and device for carrying out the sane

Description: The invention relates to a process for

the recovery of a gaseous phase froma liquid fluid

by at |east partial evaporation of the liquid fluid or

at | east one of the conponents  contained therein or .
Mefpod faropiing & gaseaes Rpstrtiem ediariddnediurn 888 ABYSe {ar GArTying out

The process is inplenment@dsamea nmodul ar falling-film

evapor at or conprising stacked vertical or inclined

El,at e-type nodul es that form gap-type evaporation
De rs between the adjacent nodules. 10 The device

according to the invention is a reactor that can be
Thedpedndibe claibs fna prodasd fot tle recseheof sagsesuspHage dionea liquid fluid
ale in terns of taonnes. Falling-filme orators
by el Setcratimerdi Fig fide po At e bt PRI pRhgis
containgl tesredror by @etting flee pl dhgodt@dbsnedavdecomposiddrd The eocess
. .inth hem cal cessing industries. The 1 . _—
s implemtag & oropue FGSTI RTeRsRpr St Sng S Rebhg ypdigel oginoined
plate-typeanddutesathaifforg gdp-oipe@vhpdration etambers between the adjacent
:f\tural -circul ation evaporators is the | ow
MO Fer heating of the liquid. Wiereas in the case of
falling-filmevaporators the liquid filmflows over
Thetdesics act¢adiag éxthleusientdry istmyregetarihaycan ecdperaind enias invudial
0 YRI ' tent 5,203,406 - thin-film
Sca%\/%%&?é@ﬁ'ig g(lr;egg%uu{s?g{a&p?g?mg%peci ally thernol abile

subst ances, nechani cal neans bei ng enployed to create
20 a thin filmon the evaporator surface, the nmass and
heat transfer being inproved by turbulence in the

Fauif{g-'fi% évéﬂé,rrﬁéits?ﬂh'cﬁ car Be 664 P&n' g Rl %L@é#tiéé? 1 Rihdies or
exanpl e. e oll oW Nng ex%rrp es for the application
vertigel Hiaip isfaglys. fiavermanigld Laevinshe elembieal pracessinriipetdes.dine

~ [ . .
o ATEUTARL AR BpErRe 381083ty il By elaklfor
naturaleiodatianryaperaiass is; the pmcauperheetiag olohe fiquid-tWhereae in the case

of fefiih§%in ke 4tb¥)the WP SVeP fie MRLES ol ravity —
V\;ager or ‘br ac%i)_s%w%vat é_r : (%%e feaﬂéi ng- ?ﬁg i m eva or);agt] or b4
refergpee isanads to@ sicy davent "‘@J&Q@?ﬂ’(ﬁﬁ%‘%@ﬁ‘i’ tirsfilen evperuiess are
use®for eSFRRMNY HRhYIabRE SsBInkYs, FidcRIRES &Rk bBIGRARII& ed to create
_p{_at es spg\ce apart LLy a de?r? nite distance, g )
a thin film on the evaporator surface, the mass and heat transfer being improved by
turbulence in 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.




every second space between the said plates form ng an
evaporation chanber. The 30,structuring of the
evapor at or pl ates cannot be“deduced fromthis
docunent. 2 It is known fromUS patent 6,173,762 81 to
structure the filmwetted surface of a heat exchanger
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exchangef tubs with figpeod tretesifor thepumeserf gn@onng themitkat hed mass
tran%ﬁéf’.ﬁ%@ h%f (I;ﬁ f1he hﬁs FZﬁB??lﬁ%d ?g?ﬁﬁnr%%) O.tSq’Fr:J'IJ'QIQd {i’l%énu%teF 6t fins is

con iona m evapor at of s,
spegiirdys 9 ddi8 pgramatief i | m t hi ckness may not fall
bel ow certain mnim, nanely around 1 mmin the case
of falling-filmevaporators and around 0.5 mmin the
case of thin-filmevaporators, because otherwise film
dry running and undesirabl e hot spots

interruptions C . i (
I.n CW”@U@E@“_“%@% FHARPratess, IS SREHing Qﬁﬁ@@é@ﬁdaflﬂmeth&?b"es_s may not
tall KGR BB Hirfa PREAGYRRRNMA§AMS bﬁ%g!&&% gfﬂamegmnh b%éEHofaggrs and

fluid that contains a thernol abi nponent. D ]
aroung (gppmnin thexeraecy thinhitsel gvanoraiprsr broaar eeMvigs filphigterruptions,

dry RBRHG AR DRGSHabEIRE EpAE PhayReEveSEsbly reBitin AthdBsirable
gaseous reactant. This mcro-reactor conprises a stack

dec@RPEHipN PheRrifgE wagn ¢ascenisaling grliasid-fivictihat ¢antainga tpamolabile
compbfdres. the same number of internediate plates and
gap- shaped reaction chanbers forned between two
adj acent plates. The fluid guide plates feature
parallel mcro-channels in which a liquid can fl ow by
gravity and/or capillary forces in continuous

DE 10mid 602 A febbiieninddantmieirieactor 60 Miesdrioanendeaibastiohd

a ﬁasi,. The . fluid guide Ph_gte .can be coated with 2 of
betwegl 2/liguid AR @ dazROwHIFRCRAT dBRTHETOTRATIRT COMRLiTES 3(ptack of any
numbéraéﬁfvfeﬂibal{]dr tsla]gktesamwc_t @iﬂﬁpl@fe%?th@isdﬁle nlifef ﬁﬁﬁtérm@diate plates

m xture that forns in.the process is . wthdrawn_ at the.
and GRhaREA JosHIon REATPHP oo ReN e e Sgiate g By Hiaglid Suide
platedlfamord parallEhmicrétchathemyih ml d]fqutdt&arr]ﬁio@my grfaaiq;t arrd/o(; capillary

according to 100 36 602 Al are t ny feed an
forod}iG GRAYRu farlery omPaiean GO rte alarash ien A Bt The
fluid gum&l:pwt@cérﬁwﬁc’lméd Wwith la_oam@sgwéaﬁi Qom?ei inpoAtagMWiti A@eat

re I ng hi ., CO | cated techpl construction.
trangigrst o s RS el hoots AT LR T R M BB RLORESE e
withdrBwe dpthe ldwdr@nd of BietfRidig@dd plates virCcdlieatinghhandls.cThgade
disaév%n*aggs 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 suitabie for commetcial-scale applications. Proposals for us'ing 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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document as to how the mniaturised reaction system
has to be nodified in order to nmake it economcally
suitable for conmercial -scal® appl i cations. Proposals
for using the mcro- reactor as an evaporator cannot
be deduced from the document. 30 WO 02/18042 Al

her rea

ohefiBRrraleg e el B ebtrpes A OPuELE Fmpgoan be

struckeai ant atebheitiy & aatalyst, aoumpiglcae$:eaom1dan kheoflocument nelther with

essenti al | rect arvrt| I
oot Meudiilu bERRRG Aot Rbiafid ma- oS B finflebdi o e
reactbaivdiy gsdbiet aeemetdperatol. acent wal | el ements. Al t hough
the wall elenents can be structured and coated with a
catal yst, nothing can be found in the docunent neither
with regard to the structure consisting of a set of
paral l el mcro-channels nor with regard to the
DD pateot 246 2551 tagchesabiprecess riinroeamaijponent censiginpif pataskof pdgidual
sméfl%l:b&t?éf% B%%e&%l%ﬂglﬁgé |ﬂ1f'1cﬁ IE)QJ% E‘t@é’ t%ﬁlg?ghtﬁ%g{ézr\gcgdv@%d% fétm
closgd ckanhel-ahdpsid aaigies t1Hmas BieEd- reamoac@ﬁalbe chrapneblyee sepotion
chaf‘n%%m tn%rﬁ&frqot% ?%%ﬁor%% E!SS%vaJd?éﬁon processes can take
ro-re nans annel -type reac
plactehamd'ea micrpmeadtdrgs suitabledal b}seoﬂr%aﬂe@atlorr\@aﬁehl@ ARerpigel micro-
[
oo S BUENANGH S QP OEERRA to SPbrk At ol ol B ooV
tonrigs}.cheni cal micro- analysis but not for use as an
evaporator for a conmmercial -scal e process (in terns of
tonnes). DE published docunent 1 667 241 describes a
reactor for chemical reactions conprising 15 a stack
of plate-type nodul es which may, if required, be
DE e%@@%ﬁ unmeaf ¢ 8BAPG s desnibes ar QEW&?' f%fcﬁl?ﬁmi“@i' FRgcliels-qoppasing

a sté&@&tpla@éltyﬁﬁme?s »@mémﬁ¥ bvrebiiodBE Bb&Ed With |a%5§teﬂﬁt and further
spacers for delimtin he reacti on chanber sizes and

* compfisiag IapriyPeEAN FHIMBSS formed byéﬁ%mqsui%tf\%@wg $PReers for

de]nﬁitlﬁb % fefiction dhBfmbeF §8és éﬁd :F?Iepé)fi'd ANt §evicddNThS §péc|'ﬁgt between

fective reaction chanber can be enl arged

the B'@Wﬁz!ﬁ ladhapickr o Q.6 ARHEBH, Soial the pRagiie factipe chamber can

be éﬁia@%&ﬁa@ébn’{%ré@w&ﬁ fhictO-rédcidts Oriel dunfadd 8MFBe Blates on which the
rifugal force may be etched, but nothi can be

liquig @[grhaowabx ¢antrifugal force may be etched, but nothing can be found in ‘the

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 use.

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 pm to 1 em. The width of the grooves in the laminates forming the channel covers is
cited as being 1 ym to 1 mm); insofar as a gap is present above the grooves, the gap width

_ is said to be less than 100 pm and especially less than 10 ym. Although the reactor can
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docunent with regard to the presence of parallel

m cr o- channel s. Al though the plate stack can be
tenperature-controlled as a Awhol e, hothing can be
found in the docunent with regard to controlling the
tenperature of indivi dual pl ates, so that this devi ce

_ L f or
e Bl ABY S APl AT RESlthe 5 Bf3f oBem o
arrapge m@lhmiramsrmtremeaamcramyadturabw dhe ssabtiort dhannels| ih any other

wafﬂwgﬁ Qec'r{ é}él'lﬁtﬂ{eer%ag of E%tt ﬁséc{h%@]‘a@“ng%ﬁiﬁ %v orator. Moreovaer itisa

partrcu onhect

dlsqdlvamtage ofythlefremlm‘rthah toe eize efaﬂ:lta(grcmves mtch dimes, @@n |fdhere is a
sma‘ﬂ%{gggé %‘%&egﬁ% ﬁ&osg@%srf %v%&o%% g oglraglggidg@%oﬁr%uﬁlﬁ tﬁé@rooves is only
pos3ihle wuhdtéxt!@fnewmarg:wobmm in the | am nates form ng the

channel covers is cited as being 1 pmto 1 mm

insofar as a gap is present above the grooves, the gap

width is said to be less than 100 pm and especial ly

less than 10 pm Al though the reactor can 4 be used as
EP paterh\Diisha2dpachestani inigotabsteshiraforetiemieat precepsingrasgtprodyction
conﬁahﬁn%ﬁ?hﬂéht oﬁﬁ@?&‘%eét@d sr‘ﬁéﬁ an% fBr'Frﬁnéo toﬁé t!Wleéh

ro- S ructures, I1.e e reacti nne S, In

dimensjonet pratinuaksyloemiRe CaRMe: aqetwyen FHced alsier andsatisst one infet
and 'éﬁﬁéjr g@ﬁ & tﬁé‘%bl%sri&wcfe's lt%@&ﬂﬂl% .Ghis Lﬁé’r‘fﬁﬁm-t‘eﬁﬂb?m@y also

di sadvant age hi s reactor at t Sl zZze
featyeshornrsls bstwaem agipgent plajesior 4 heattetra@sies flyid 5Tfy$rmlqr0§wé@ too,

is ur%l@lﬁé/tﬁe H‘l?e &ﬁl%\é@ %deﬁﬂlfbﬂ%ﬁédnﬂgctﬂg f@?ljlyl r%Hétgrsf g&faﬂ& and/or by

rou grooves 1S onl possi xtrenel

lncre?émdt%e nvmb@rsof Plbepwithing 5@0688 opdey tq @qmﬂ@praﬁeswé@ﬁeaalace
on ast,to'fr\rl'ﬁérla'léﬁscfafér I\E)rb%ﬂb% cd B¢ §&el groﬁptﬂlsmgggr‘rﬁ%ﬁt' \Pifh re ard to

rising plurality of i1nterconnecte es )
modffrjﬁgrmgmﬁto neéat@f inotheh enyaydhatdt kecames isuiteble oo liﬁ?cﬂ?sa falling-
film b@PRrdtyrPe channel between adjacent plates and at |east
one inlet and outlet port for the substances to be
circulated. This nodular mcro-reactor may al so
feature channel s between adjacent plates for a
heat-transfer fluid. This mcro-reactor, too, 1is

It is mn§ metaﬁchﬁtﬂe(JprB@erﬂ I‘Hv@mii}ﬁfto Icszh@é A trﬁ;ﬁbVedJ;yrocséaérfsﬁﬂwe Psbovery
ctors i rall el an nereasin
ofa ﬂ H? P Sefyx aﬂmﬁﬁtﬂmd uging @ 5’&19“'31%“ d@?" W%P%%W‘P“‘%}”'”g
staclﬁﬁcﬂﬁé@tﬁ}‘éll drandliaks€ pRi@6e Hoddks and QAPRYY BhctRBidhambbk formed by
oncepts cagw be derive dI from }hl s docunment with r %
the twe adjacent modules, an essential aspect of the improvement being the ability to

implement the process on an industrial scale (in terms of tonnes) in a simple and

economical way.

A further aim of the invention is to provide an apparatus that is able to concentrate a liquid
fluid containing a thermolabile component without appreciable decomposition and
especially without the risk of an uncontrolled decomposition, it being possible to put the
gaseous phase formed and the concentrated liquid phase to further processing.
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nodi fying the mcro-reactor in such a way that it
becones suitable for the us%as a falling- film
evaporator. It is thus the m of the present
invention to create an inproved process for the
recovery 20 of a gaseous phase froma liquid fluid,

PR T L ¢ PR AR GRS Mg

congiapt pry;pmjre ead tjuiokly ctrardiiebls fdrca’rsmdndheyy retdceon wih adpemeireaction
corrﬁ)ﬂg an essential aspect of the inprovenent being
e atblllty to inplenent the process on an industri al
scale (in terms of tonnes) in a sinple and economni cal
way. 25 A further aimof the invention is to provide
an apparatus that is able to concentrate a liquid
A frhét SnfQ '?ﬁ@i'n@érﬂ%n i tthB?;réWé iGPs |r:1‘3dé:\fi7d§3f8lt ‘ﬁﬁorﬁ“ﬂ n%;hﬁé*{:roc?]ss
appreci abl e deconposi tion an especi ally w thout the
accerdiig f@ﬁh%ﬁVW@@ﬁﬂrﬁdlméﬂefl@bQﬂ&i@osi tion, it being
possible to put the gaseous phase forned and the
concentrated |iquid phase to further processing. 30 5
A further aimis the ability to provi de a gas
recovered by the evaporation of a liq
AccRsig tq it U%’F%?éﬂ}’r*lée SRviceyigite ke ¢f T&'Srﬁm@?$td’8l5§blﬁ&|°”§rU°t'°” and, in
addBieR,anid a6 e EEAG LdaMtabielth dffeRAE SAPh P RGLIr@Rent§OMPONENT .
5 A further aimof the invention is the provision of a
device for performng the process according to the
i nvention on a commercial scale. According to a
further aim the device is to be of the sinplest
Accrafg)i tb ladurthsn i, uhé H@\ﬂcéiatd:ordlﬁg toahldlinvestion riistiitself e figtable as

eqsi atabeto |ffer a uirement.s. . .
a ref i3 ot AR Sienrat e s e FPRBS abY ot B4 Aoh AN oy
phasdiey ieavmgwmmmmtmcbrbsmrferMCms.abl e as a reactor

for further conversion of the gas phase formed and/ or

the concentrating liquid phase by reacting with one

or nore further reactants. 15 The above-nenti oned ai ns

and further ains that are easily deducible fromthe

- Theabbyesmientipned aims and further aims that are easily deducible from the following

description are met by using a falling-film evaporator comprising a set of micro-channels
arranged on the evaporator modules in an orientation suitable for a falling film and the
evaporation chambers of which are gap-like and open at the top and/or at the bottom.

Thus, a commercial-scale process was found for the recovery of a gaseous phase from a
liquid fluid by at least partial evaporation of the liquid fluid or at least one of the
components contained therein or by setting free one of the components formed by
decomposition of the liquid fluid in a modular falling-fiim 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 two
mutuaily facing side surfaces of essentially equal-sized rectangular modules,

characterised in that
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description are net by using a falling-filmevaporator
conprising a set of m cro-ch§nnel s arranged on the
evaporator nodules in an orientation suitable for a
falling filmand the evaporation chanbers of which
are gap-like and open at the top and/or at the bottom

| a fa%ﬁ)'l Fm%vag?rgt%ms‘éb a\lne %ﬁ%lo(?at& r‘ﬁSSngs gﬁfé%]ﬁj ré grsg{ &g}araliel

overy aseous
mlcrceamnnpbrqnl aa$ldemp@rtae sajd egdparteon| q'hqmbelrsﬁ thei cuiteotatlat: of the

m:c'rc? %nn@@%oﬂgsﬂ&%mg?@ [ﬁﬁ%o(ﬂl%rah&] %Bmfgﬁ[%ﬁ@& ﬁov?rhg kPr}/erein by

free ‘one e components

' gradb/c&swms:aplilw fotes, laad Itm&qauadowalhgm ghambexs nbidbibiaare open at the top

anc‘?&l Ho'ttBﬁ% Jsls.laﬁﬂa @é Qﬁtlr% Wbtth Sﬂﬂgr % th%tlﬁ{iﬁqgl d being fed to

tical [ nc

the @V@pych@nmﬁt& byra éﬁﬂdmgaiavwg s nd@rgrq!;lneme!abela@ inshragityrheetad by a
e Doy A 5 g R oA PR Ak P RO PR Bhace
forr@tﬂmmng@ﬂawe tfpaﬁba p¥apaiaipnlcbgmbersiibatace epersetdhe top and/or
bottbhdt 6 a falling-filmevaporator is used, the

evapor at or nodul es of which feature a set of parallel

m cro-channel s on a side facing the said evaporation

chanbers, the orientation of the mcro-channels

corresponding to the direction of flow of the |iquid

* Theftiguiadiufd 0% 8 ted 8RS FpBtive 6B IhialBNALRLcHERRE Infdbe a 2 pure

forces, and the evaporation chanbers of which arée o
subgfangeer' 4 BEFIWeohe/ DECIHION ) AN S5 EFYErA CPRIPRRARES ifiesalyan rTé‘e

 ternigliB fRfa” IndRIdED FHelS., Uﬂdé? }dcélérﬂ éBnHlt:HhQ vﬂfﬁ;‘mﬂbpfeﬁg 43 regards

the m cro-channel s ee |n8 devi ce

Pressies JNLRARABILC H &9 ﬁéar%an?@amt e H@&me@hwcaé Prapegies of the
Itqm@XlﬁPﬂaB @asédueluﬂaéé @,%mgeot HVaﬁ et M}ﬂaf%\oawa@érpéf d%%cﬁént of

gaseous phase forned bei ng drawn fromthe

the '&%wﬂ%ﬂ %d%ﬁﬁm%rfﬂﬂéﬁa"%@ @f@wrmoqeﬁtecmn%mﬁ@an The

termP@idedd pldie th@uddsAlabburklarbithidthat is fed to the
respective set of parallel mcro-channels nmay be a
pure substance or a mxture, e.g. a solution of one
or several conmponents in a solvent. The term"liquid
fluid® includes nelts. Under process conditions, which

Surpizprgiydla reattorraggatig to fedmamtion wmihtcenmmsa&nm(@ouslyoo Ehe

i 368 g O SESEA RS o R 5 5o i

chamisgrs) the saidpps,didwene beiag opampantas topodnd/or bottom essentially over

- the entire width, can be used for the evaporation of a liguid fluid. The above-mentioned

document contains nothing to suggest this. Thanks to the particular features — described
below - of the falling-film evaporator used in accordance with the invention, the process

can be implemented on a commercial scale.

The terms falling-film evaporator, evaporator modules and evaporation chambers'are
used in the present invention 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 "falling-film evaporator" is used despite
the fact that the liquid flowing over the evaporator modules does not take the form of a flat.
film but that of continuous capillary filaments flowing in parallel to each other. The
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the liquid fluid or by deliberate thermal transition
of a conponent contai ned thre#ei n. The term gaseous
phase i ncl udes vapours and sts. Surprisingly, a
reactor according to the invention which contains,
anal ogously to the 20 mcro-reactor according to DE
u I n t
stk 2P Vel sttt 06 o oL P RBRLIERO KBl et
sigaificart inctasge anﬂﬁ/e@prdymdﬂmsasmmmmmqs obthercaptilagy fitmhénte as

e wili B Bolatn botehlihaf KERGIER ePbshyaft, LlBichoastyo e
mag®ardieas dansthi eneffitimntk signiticantly witbout |d|snl|[:mng ME&taplllaw filaments,
; j I | used
w:tl?c%ﬁg‘géc:%/rﬁg%rﬁg)g 19‘\’?1%] @%a“ngﬁv\l’té&gtltgg%r&hﬂén &%@P%go? 25 can
be inplenmented on a commercial scale. Thle terms
falling-filmevaporator, evaporator nodul es and
evaporation chambers are wused in the present

Thd lW@ Bf fafRg-4Rs Q\'/ép%rétgreuézeﬁ%c&ﬁﬁg 16 B ibvebbdlistd fglbgUIer flafﬂng-film

rrponent contained therein i not evaporate

evaea'@éé’ copainingriatedyrepaeatter reedvieseas @trewit@é whighdican be
ada@ﬁid tB%@@é%lrEB @UABYratbf Spricky S4bily MQH WRH Srsma'il W@ﬁ%ﬁ'&%ﬂéﬂoﬂ In

ling-filmevaporator” 1s used
prmpwb& ﬂted%,roqxrsa Gcerrping\ip g iyastion pan bwpﬂiera@rued ol talllieg-film
evafl&RtorRBinplisikg rﬁoﬁﬁle& %r’i@lﬁfng df Eé\%tral cbhdemrRUlibdd) ﬁf lleg%t some of

continuous capillary filafents flowng I n para

the aaRarcIPREsS berweewth@tt\&% keting wedm@vewpwww m:@t least

one\MJE)é]wall Sithed e\ﬁBSﬁnQﬁEﬁérhl%rs ?Ea@lfrf?)gcar@@ Bﬁhﬁr@@ﬂiéﬂn@% Bowever,
significant increase in the spra density and
such gireqdwias dubsfarfalling-Hips eveapiptariy faﬁ%wfglv apre @@mplsr dhand plate-

typePedpbiitdrl 24l MBrdoPeC RBY AR IS %Iarééﬂ ihia8 %aé‘;)}& Fﬂanner as the modular
evaporators, thus increasing t mass and heat

fa”"’t‘Q’E\'Hb?‘@PO@&ﬂJﬁﬁ‘é ﬁ@qw@ngicgﬁhpmveamn ye«/w'thﬁmked ipteritpeng

‘moduns, capil lary filanents, 5 without the evaporator

running dry and wi thout the formation of hot spots.
The type of falling-filmevaporator used according to
the invention is a nodular falling-film evaporator
cont ai ni ng pl ate-type evaporator nodules, as a result

The@fsebhlisphasé thaafore in @ @I&Bc@@s H@sloltrlbéd ﬁﬁﬁé frﬁldntﬁ)h?ﬁwbﬁv:ﬁfhdrawn
capacity easi techni ca or n.
from B Sttt cenalners prihthen Rt Btk Bropp T Rar Iy Al RAtvel,

the reaoveved gaﬁﬂoeﬂﬁﬁﬁﬁbanrbea‘uﬁlﬁér|doﬁ@5}rfdd|d‘ﬂec@\ﬁﬁlﬂfﬁ &@laePbration
risin es co sisting of seye Qncentric
chafiRy FeRpR R oerab IR Db AR, SCE S ee G drB poration
chamberswithes witBoutgha/sreder® df‘aai@twﬁt beat ieAs RS try¥lrdtes
deilmang Ehe evaporation chambers. The second gaseous reactant can be fed into the
evaporation chambers in co-current or in counter-current to the flow direction of the 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 a further embodiment of the invention, 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
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one tube wall of these evaporation chanbers featuring

a set of mcro-channels. However, such a nodul ar

tubular falling-film evapora§or is technically nore

conplex than a plate 15 type evaporator and, noreover,

it cannot be enlarged in as easy a nmanner as the

dular .falling-film.evaporator used gccording to .the

cnepo i e ens? 8 fog P S AR A Y et Pleady g place
withia ecavapgratsrectianstior§, ahersvdpordtibr charabes airalalse rédatidn titambers.

the invention can be withdrawn 20 fromthe

evaporation chanbers and then fed to further

processing facilities. Alternatively, the recovered

gaseous phase can be further converted directly in the
Thewixpise at legevecechgdreand thy inestarreantiveigasican, Swdusianapabe curwerted

N g |on chanbers

in o R Rl bRt el B BBl ot | e
part of the surfaces delimting the evaporation
chanbers. The second gaseous reactant can be fed into
the 25 evaporation chanbers in co-current or in

The%aﬁmr@ bf zﬁ@ﬁ.ﬁ@mzu.’aqea Rethb lnﬁavo%ér%é @n n%fméi%e'cl’é&'éé Uhitst

he conversion of the gas ormed’in situis

ffowe"e& taroyge H‘%P@'@Mé@u@ﬂb’ hihe ponaeatratinadigHig fluichieegiswith a
fuﬂﬁ&@a&&a&h@ac@éﬁ?&i @lth® Bv&lbratRA rc‘ﬁamb{ers'cﬁm ad VBihRG8RMM O

coat the sides of the evaporation chanbers opposite
eSS‘PH@”éG%Eﬁ"&Pb‘FC@ﬁ%sT'\%TﬂH'Q fluid leavingihemicrezahaniels is eitber
collél\ﬁéd)hcﬂ \F&sél%rrﬁnééﬂ Blhﬁ!i!y SB’BW%@@QE cRAMBAS o AMERaIVABrom the
gaseous phase formng in the evaporation chanbers
fa"'”%f"WQ@ét%y'as%@ﬁcwg%gu‘ﬁart| ally reacted gas from
the evaporation chanbers by nmeans of an inert or
reactive gas fed to the evaporation 8 chanbers from

the upper or |ower side. Insofar as a chemi cal
evaporat i

reaction alre { akes ace
Thelpf Sieise AR ing fa IEaIarER PErISHBLY SUTRpl Ty S opakalnp AU
fluide fiearieenitain ohBer Moté ufeemelabaeemwuads Jhe caBGr sberhintBérmolabile

subofsR A B o bRt e &y RSB ERopIagelor 7y e

gaseRBOY Qa;laqouTbﬁaMUﬁéd b e\t'dp'elrdtlbﬂ Uit tihd purg\%s_fe?@f doﬂﬁrhl%_tmg such a
m cro-cha nor regse il st oW n
i R0 PR A YeERERTE 10! e favaPei i ssed RirRgde
sevéralGsdits bl wirtical ﬁﬁﬂhbs \ahitt Iihﬁaﬁrgéw ddpetypgeapotfion @haindars with at
oration chanbers its vql.ume renain
leashfie A8 ahpralel FRBAbRITRS B4 SvAL i LeNaher | § GRaed el the
stackeR\badranged abdveteaRftie lafd i tifd §dLtype spaces between the
modules to be essentially open over the entire width at the top and bottom, so that a gas
stream can essentially flow freely and without a pressure drop through these spaces and,
in addition, The liquid emanating from the micro-channels of an upper stack can be fed to

the micro-channels of the next lower stack.

As an alternative 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 fiuids of different

temperatures, thus permitting the individual stacks or individual zones to operate at
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collected in a vessel arranged directly below the said
chanbers or wwthdrawn fromthe falling-film
evaporator via a discharge dlict. The process accordi ng
to the invention is particularly suitable for
concentrating liquid 15 fluids that contain one or

dlffFi%\HeteHB%L regbmu% @ﬁ%ﬁ oounr&d §at:§§ %J%Hida[ﬁwe%on\/%mpg aﬁhedmolablle
cormirarset, ftds mﬁcmﬂquymdvaauage@,ta tonsatrdy fost stackidn¢he fiyalsne $or
corRbri 88 4B SEEARY, P RABY cl ebEsEHRRS e
spagey d@ﬁ@d@mlneirfgmvaphmﬂcﬁmbham@ré ofithe Mmdﬂratewapmra&:d ubaal

o 50 BT, LG S o oy BRA s e et

theﬂQIHBQVale@tle@Ch&Jﬁb@'aV&'Sl refalnedi cr o- channel s per
evaporation chanmber. It is expedient for the stacks
to be arranged above each other and for the gap-type
spaces between the nodules to be essentially open
over the entire wwdth at the top and bottom so that a
ThegygcessaceHing 4o thesiseaitipa png thel falling- ﬁiaede\&apawdorwseﬂ therefar are
R'ﬂ&lef%l in addition,
des@(%ﬁﬁ%r%ﬂ%ﬁ%ﬁb%ﬁ??ﬁﬁé? m-c o?&hannel s of an
per stack can be fed to 25 the m cro-channels of the
F'QW@%tShPWWEhe FpatrRecting obd fallingdin gvanasater agaerdiegiia the iveetion

thhttﬁzb%%cﬁs Bpé\}a«tpeaﬂéﬁdr%ammea@é@arr rw.fé.n vERYL With the
st acks, can be confi gur such a manner

asseqiated (it netdisrsirmible) intasmatiate S&’ﬁ@‘i‘%mﬁw@?ﬂ/ﬂ@émdq'?ﬁ 0

several horizontal zones. The individual stacks or the

Figur8disyibdls Ble Z0BEieW oftdn@vafbratepRRuakor nodul es of a
Sstack can be operat ed wth heat exchange fluids of

Fiod 8 DP AR COSEARETR of LR YPPAaLT FHOHAAIRTD i A b Fgure 2.

different tenperatures. Thus, when concentrating a

Figure gshow$ thel dlossasectiomoingh @vaptr@torphaitid flondknE® BERtFiglré 2,

is particularly advantageous to use the first stack or
the first zone for concentration and a downstream
stack or zone for cooling the concentrate fornmed. In
the spaces defined as bei ng evaporation chanbers of
Figurdn& shews amegnliidethcensspectidndronuBigdre 4 (ecloded by aairtlel showing

e AL bt i B80S P 05K s
chantielsrber was retai ned. The process according to the
invention and the falling-filmevaporator used

The Hﬂe%ﬁﬁé%’f th%rrSfer%lfcécr{uh%%ps ih FidiPaets 168 Rl shoWh iltnbNggetlud Of

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

section for withdrawing a liquid phase (11). The vertically stacked plate-type modules of
the two stacks are arranged immediately above each other , so that the orientation of the
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10 Figure 1 shows the cross-section of a falling-film
evaporator according to the invention wth two stacks
of evaporator or cool er noddPes arranged within a
vessel, with the associated (but not discernible)
i nternedi ate spaces between the nodules. Figure 2

oy NGB et P BB el B A B
stach. Ghg intemeediaté\spaces Bietyvred tBe motdibleEagpie d«%cérhﬂﬂ@mtﬂi@.;re 1

d
oo SRVl -GN B B B e ©,
“esserdmlfmgan e mn('@wuitfdsn@hrisyhaﬂ tios gap m)ay bs inavrunged bineonstruction-

ool RS E Pt 2 G RS i

both &tackearcaipen @neranmmrp ¢hesentine Widguofethe incddole5 bbth athioyopiand

o RIS RO B OO O b Bl

cantdseapeq@ckly and withoh aa:oﬁmmatergp:bmbmyﬁemmmmmrdstm upgrards. [n

the Baﬁﬁ&u?é“oﬁr %arﬁﬁg&%ﬁ%&eg oL d%\{é? %on%r%nntggg %ﬁﬁ" /Sen I%I{]e thV%acks for
feedingalgas (2o tH2 gapdike enaphrbiis ¢hambats. Bademiirdj arginend ot heeact:ve
gasé’xg\(r?eq&'/vgpeﬁ’& 51‘% étgéke[t 2 dgnesﬂre%qﬁ%ﬁgg‘g%sergﬁ ﬁﬁgsel at éns II’I the

'scerni
evappration GlfnambtarSSMpebm oreadiectidn anly, mxthmg)ai’ﬂnulare:ase\bpwdtrds In

ordérsto @P%veﬁr%"m:xi'nﬁlo'f F‘%Z%as%lﬁ %%;%ﬁeé( %fstflg 6°rﬁ (?%; ' S' n gration

chamsvﬁsanddemtry (rid he IFher pezisaf dhe bwatrowst stagk rmg@-’eght parttitiening
. ¢ , .
cleriR S0 SE BBl Rhogt hOEAY 0h 2 STPRE RBRE R dBinos
stacke his partifioring\elementmin ge af anyorondtrpdiiap eprodiding ofbensures that re-
; I . t .
it SELpERLl 3 85HED o SR pIR I sed oot By tRggrect
withitha butehedgsr didine app&umoatfstadk@nmh@veqsektaﬁuouns chaemastadsdiettly
ot
Withttﬁg Iq\ﬂ%&gést%a?:g%gﬁﬁﬁgﬁté?%%éré n@ é@gsgagc% eré;?rg&%l‘ﬂ%ﬁe Q{Sﬁel wall.
nodul es are not discernible in Flgure 1, Dbecause
their narrow sides are cl osed in this particular
configuration. The term "essentially over the entire

The Maid Qtaclf@&l?ﬁprfs@ alpliBfy %ﬁ&dﬁ%bﬁt&%b&lﬁ&f % Qr'ic?gvég% CjatioH

construction dependent wel d spots, acers
chambers arf@ﬁQQ%%etWP% epniae gﬁww&laba) beRec 1A bEY gvaperator

modﬂ%%téngttlﬁ&b&ﬁeggﬁnél ReBUrAKPH ¢ tNé bﬁéﬁkﬁwnbhsmsats'.é Enstir&hi By
spacers (22} (see Figures 2 0 5). Itis approprlate 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 outlet (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 illustrated

~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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* shodg U icHapfacatgariely pggve ahoh gt

bottom so that the gaseous phase that forms in the
process according to the |nv ntion can escape quickly
and wi thout a conplicated p|g|ng syst em downwar ds or
upwards. In the configuration according to figure 1,
a device (9) is arranged between the two stacks for 10

100%38 gh lﬂ% &itdlds of. tﬂg :]5 a'i%s? g%&? %Zlgt thw%}ér?ﬂgs%tglggr? ﬁgprﬁi% gas phase

I Ng an i né Ve
to tEamdveISelyarm;t taddoth sitles of tba spaceds whial smduh:i gasdiznty pa aeranged in

verﬁdé:‘:\ﬂné‘soég& &]ﬂsﬁg guﬁﬁé%@ﬂrogﬁlﬁe?@a{%h ?ﬂ) ?@Zis l?évvﬁggé wﬂﬁ gse Aot

paralted] e"rlcrO@hmr@lﬁe these mcmaqhagneﬁ norrellg astendiog evertpe bhtad plate

he@'f‘tt ﬁn?qﬂltepllﬂ'l V&geﬁ’o} lfifé lﬁ %Qﬁj Io%gtedce!? ?]'I%g%[(&%j of thie EE&&Q’ the

OwWer nos
inletlire- havgigtpmar(mttshown)rtgaﬂaie ehdrtegral fa16)f thesfeading nigeide. This line

anciFEVBED LR IR) piRlc BOSIOLRGHERBLcRA8E (91 f Bnanger asto

qack. ioni n msnt

permﬁyhe:lmmgi frane tine(26) pﬂm/iedumtg ﬂmmcemsmarmelstdna(t re-

mxing is prevented. It is possible, for instance,

that the vessel cover is connected directly wth the

out er edge of the uppernost stack and the vessel

bottomis connected directly wth the |owernost stack
Thegrgsstyestigueeserdngled l@ﬁfe triuqatesths bagik corgiiustieref antrvaporator
modU"'r‘eS SSHsisVRY bt tw%%lé'f@f ?{ﬁs)ewl 8 KaVIITBF the Piedt tﬁilﬁ)é? liiuki¥20),

or-at or evaporation
the avao&rﬁgﬁa) Btisigaion H@?ﬁor ﬂlﬁellqglw\cﬂum @ndwthe@pieﬁéi &)é@frihaﬁiud bolts
usedl ¥ iRMERY Rb&le pABdYLes and the di mensional accuracy
of the evaporatl on Chanbers is ensured by spacers
(22) (see Figures 2 to 5). It is appropriate for end
nodul es, which may consist of 25 sinple plates, to be
provi ded on both sides of the plate stacks. The plate

| Flgu&?é aakepics d mmd.ebmf aﬁ\%ﬂéﬁor@ﬁ)r plate By, %e%f‘rahg‘élﬁérﬁ@f egacers

tenS|on|n%p evi ce conp

angdia Gesian qlf'.;}ance apart, is

partn‘caiaﬂju éﬂﬁ‘edﬁatnt mnﬁ sfetyoftpambﬁ??crda?ulaaﬁ@@ dt Bh&n) (alﬁé locdted in the
ar e e ou I ne

iic bategt g teaeRiea )k afe o Srpaion shite ok s thedpicrosghanggl s

show® by trretmidmp(aspfﬁgwe P Aghher ldrlhtﬁbst @V?@%rﬁﬁrﬁé@;) !ﬁ@d‘lébﬁng’\ﬁgéht inlet

rs.is i Strate

(). tepgsribadep et {ieac sompir Tecrnests () i dieass: ssnasgg fid

W|th|(136é plbw TlTﬂe {B’edtdé]?tcéﬂ?crltﬁ@ﬁcm@ﬂdw&o msfaassmaf@mt)ﬁnc{rﬂwe (19), the

feed; Ilgeéa@ a&p @gg\gﬁf (gbﬂp\gelq ggets ,alaqj Ithﬁ)é}ogess(égﬁ@g)stud %olts

are 4160 indiegteddh ediatired! at es. Several spacers (22) are 11

Figure 5 shows a detall of two adjacent evaporator modules (3). The gap width (s) of the
evaporation 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. n addition, the depth () 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 (t) 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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ol PARE E1F NRRD I b Do SRnda bl ghe

| ocated on the outside of the plates; gaps (23)

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

*orcftebB gl Wt ER R yoBtH 81 myTobr R e e

limigd, 8Uea tridiredfgeds thah eodmietis kxpeeich?, @spéanily tevddntBo |9 and

sod yitefhd deps® Eb g PP et o shibesnen R0 G espiSiany

betwaéregs am grair3000fmtTre wigehdf Itl’ga Wwehs lewedrthe nhicraechaandgls is less

pper nost art of the tes S ovi de .t h
o), e 458 i sy ey oty £6 Pt o afiprimgeous
for theowet witth t6 26)ledsahlie 10@Hundapetiaky batwear 25 pmeidss0aniny..
10 The cross-section according to Figure 4 el ucidates
the basic construction of an evaporator nodule
consisting of two plates (29, 30) with the cavities
for the heat transfer fluid (20), the spacers (22), a
A fuithet itérhwf thennventien isar suitableldegiaé torfirhpienbenting thherénssein
ts wused for fixing the nodul e
am&ag%Cé%ﬁh%gﬁkgkg%kmggdeplcts a plan view of an
evaporator plate (3). The arrangenent of spacers
shown, which are |ocated vertically above each ot her
spaced a certain distance apart, is particularly

Acc%?ﬂi’r?djl'o%arttcﬁb‘ﬂy%ﬁéf%rr@é eﬁ’t@B@Heﬁt of%&anerﬁBﬁnfﬁgle%aﬁ&Qﬁon

sh ovvn are |l ocated t ween spacers
champpys arefslosed avingi Rawow étﬁieéﬁnfﬂ ﬁleen atdm @plamdtat she botiom over

wmmng;tﬁb STADRRISof the nitidgieg. 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
the channels (20) for the heat exchange fluid wthin
the plate. The feed device for the liquid fluid
Thqugf@frbﬁ g@:élt]t{]@tldﬂ (Sftarfhithg-iﬁl@rﬂe\}épﬁﬁtdr:b%bordhtbﬁto Ettfzeﬁlﬂdeﬂtibﬁ t@ﬁ shown
, an e over n
in FiTek Ty 5 Mrosiiadhin s natedd dithe dabinatin @ abe ek giuodies
withfga@uyss ct%ﬁtﬂﬁrtﬂbétﬂre&n FeombdilesRf sHolvnar Fgme fd gagIBImodule

%HDWBH{E'PQ%'G? keing

arraflgéesdTRbbYIn bB@ridioghintaizohéis A spares ﬁea(tﬁ@])ageﬁﬁhl&t and
rall el m cro-channel s

ot brlel s 2o spne cein i SPaRe A Rpia B BTl lR. e e Set across

the &vapdformodufesaddi tion, the depth (t) and width (b) of
the mcro-channels are shown. According to a

preferred enbodi nent of the falling-film 30 evaporator
to be used according to the invention, the gap width
(s), nmeasured fromthe

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, consequently,

does not mix with the liquid leaving the lower stack drop-wise. It goes without saying that




10

15

20

25

bottom of the micro-channels, is larger than the depth
(t) of the mcro-channels but smaller than 20 mm
Preferably, the gap width (§ﬁ is larger than 2 t, and
especially larger than 5 t, 12 preferably larger than
100 pm The mﬁdth b of the m cro-channels can be

| the%cgcg]ul c n thh;s ggs%iq aq%%&dﬁng%é%e%&v%%?%y%hﬁlg@égg%ep urQe of

mo?ﬁhles dﬂpbhse( of) pavhlle I’rﬁicrdﬁicbairﬂweté‘i@hﬁﬁlﬂajnﬁnmswd/ i 4 &89nd module

padkB R R Pet s B e S0 TR e R iR e e gtk it

setb ebparsllet mi¢rochhnndisiif theietceomd reastahiie aftad liuld grofeiitd aatalyst

u so that it is advantageous for the
 hag HO%%vﬁq%%eE' %egggeqaéag "t han 1000 pm especially between

25 pmand 500 pm A further itemof the invention is a
suitabl e device for inplenmenting the process in
accordance with the device clains. 10 According to a
Thep Eos4lcdh d)ﬁg%)%@ﬁ(rﬁggloﬁ%@r%grﬁ? fhepg Wp%%tloﬂ%rthe
e evapor at I‘on ers are c ose narrow
forrgattst@snf amsg@@rprmsetbhéhetrmpl teangitign, qrr@ecdud:unaism @f/gaseous phase
I T
ot b ePl o for il o s onlpEeckRiE AR cattor iy be any type
of rml@ndprrigstﬁoce pidatiopeepaxisiatiens hytieganation oFagditien reantion. The

| secBﬁd Fgggiawﬁ,%%gg gtagggus drq&&,&ad of the conbi nation of two

stacks o ul“es mnth gap-type chanbers between the
nodul es as shown in Figure 1, a single nodule package
Is used, the cavities for the heat transfer fluid in
t he evaporator nodules being arranged so as to obtain

The&ﬂ#@b%lccé]ﬁfn'gzt@ HeAhvei B8 Provides ARADANENG 8 dnitedgent
inlet and 20 outlet is provided for every zone, so

that a step-wi se tenperature profile can be set across
*  PieplencepeiFuatish thasdhated prea\(@@élw&nﬂ\gn medyiap firsp-reactors with micro-

eerPeisBRIuidPduide Elﬁ{és'hiﬂghaft' By RiRYSHURh %p@ﬁﬁ% %[3"&1&(& at the

the invention, whi ch conpri ses several stacks of

BT PAEPN ABH N evaRP T RIS G ieE Ry2pgigior pdule and
£Y afiasatt bRk WIHFITR Aicro3hARTREEL Ao REMPR] kMR gP.ﬂéI’h ¢S reqlif& for

tacks are installed in one or several vessels
?SE"@Q 9p% P, 8ne/os withdiwing liguel froBy: Herreadqtal.s parti cul ar

construction is advantageous if a gaseous phase is

o E&SQRPRGITy 10 dedirbdbiafit ddpabit) By ViflEof tRVRIoADRE cSisBtkion;

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.

e Increased safety by virtue of gap-type evaporation chambers and shont-term thermal

foad 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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and this gaseous phase is made to react in the

uppernost stack with a second reactant which may be
gaseous and which is fed t o the upper nost stack, the
reacti on product 30 being liquid and | eaves the | ower

end of the upper stack drop-w se and, consequently,

does not. mix with the liquyjid |eaving the | ower stack
APB 9 StV Ro00p sl ST EPEHaYenll, FRGIGRS dpisurable
@Hoct anthé hesgtiomse, be coated with an effective

catal yst. Al though the use of nodules with a set of

rallel. mcro-channel s..i s not al S _hecessary .in.a .
-+ Eesdivaratghiol b pncder e peonfionl RefonamBers by changing the
atreah tregeauerstbetvaspni the trivelulepdul es of the second stack ‘
with sets of parallel mcro-channels if the second

react ant J s..al ligquid and/or.if a catalyst h 0
50 RBhnleBiR o T heat Pl 2 S erBE e bBprPRe o8
rdte; unfeanténoperatarecofis oaithdiside aurtaoep loéthe\eappdrator adokes and,
t formati on of asepus phase by thermal
{:Sri%e Iu?rilt&'ﬁ?voc‘iangegg '%’i’gf%’r on of gaseous phase
formati on with subsequent reaction with a second
¢ Leagressure drbp as aeanill of gapmthabareampen ayive td®and/or at the bottom

AGaPb e el dip wERIRRR SRRk o S0 Blaaddipoc

reactant nay be gaseous or |iquid. The device
+ Ronentbmof flametfhepagatienby ssleging\ancpprdphiatef galpl vauthnig a modular

v es.. i ool er nstruction fhan that of
BB ins T B Y 1 4 455 L pheii R A st it type
cdaatomel s on fluid guide plates, in that, by virtue of -
open gaps at the top and/or at the bottom between any

+ LARRLRBN B EBo O Bl AR L o
withrvicaticat hasiméar mgmlmaiacigors;a?mdfif:egrelntfrteactioﬁaaesdbfm rgs gmdeation and
R T
substrateda beoxicizedtor tasiuced fo t2(gesboyd satecedéredfior th&easgtion in a
AR bl e HUBAR!A Rk oo i B9 BT ST e
gpaxigationod alow aefirg sch s etbyitie gropytenef 2-ch1nmlsl?wtemnvith gaseous
bR ofl, SRR AR Spenl SRR ok B

phasemee hydrazine and hydroxyl-amine,

An example for the use of the device according to the invention is the evaporation of an
agueous 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.




25 |l oad of the liquid to be evaporated and rapid
cooling in a domnstrean1zon$ or stack of an identica
devi ce operated at a | ower %nperature. Easy
repl acenent of the nodul es which nay have a catalytic
coating on the walls. Mreover, the coating can al so
be applied to a set of parallel mcro-channels, thus
increasing the catalyst quantity required for a
secondary catalytic reaction and 14 inproving the
A fw@eaemp@mﬁ themaprieation f theihipesss agentdiag trethelipvention is the
proﬂéleﬁl H}C ga&tF&WFgc@pér@d f He?ﬁ?{u:cp rtn#b‘?arfc@%ﬁtdn%oma 58S ¥tream
0 e evaporation
recwaezct f'r@m “%ﬂi@ﬂﬁ@i’@lﬁa%%mﬁfeﬁ@ hetifeg e@ﬂy angfuieky C@Iﬁ&ﬂéblg. and
cus{%ﬁ%igmhléﬁﬁgwm &% streSiRAA a%ﬁ@hfc@l rleﬁaidn' Wco?lfragtﬁs cB%htional
transfer an response es I n
progegees, widhfieaayen éwbmmr%ssyrecﬁrpp% whipfe egﬁat! @%mﬁkff&c es
eﬁeﬂfes&%ﬁ:e?t‘ﬁ@ bﬁw :Ms&?u%‘# esséh%'lﬁ;%H@tﬁH pressure can be

avol dance o spot s Low pressure drop as a result
effegieddupentreling the beaijaprtie therrvapeptos mpdules apdionby penttalipg the
Ilquﬂqgetp%uéfﬂ 5§ fhe IIQIHCIQ&EH W%Bﬁcéd@ﬁnc@éa%eé%ﬁ%@ﬂoﬁ RodiUhss.
quantity of gas forned. 10 Prevention of
propagatlon by selectlng an appropriate gap mndth in a
nodul ar evaporator serving for the recovery of a
gaseous phase or in a downstream pl ate-type reactor
Versatile usability of the device according to the
i nvention or a conmbination thereof wth identical or
simlar nodular reactors for different reactions, such
as oxidation -and 15 hydrogenation, it being possible
to convert the oxidant or reduction agent, or the
‘substrate to be oxidised or reduced, to the gaseous
state required for the reaction in a device according
to the invention. A preferred exanple for oxidation is
t he gas-phase epoxidation of a low olef in, such as
et hyl ene, propylene, 2- and 4-butene w th gaseous
hydr ogen peroxi de. Exanples of reduction 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
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aqueous hydrogen peroxide solution for the purpose of
obtaining (i) a concentrated_ aqueous hydrogen
per oxi de solution and (ii) d a vapour phase
cont ai ni ng hydrogen 25 peroxi de and water which can,
in turn, be fed directly to secondary reactions, such
Led%sdthe epoxi dation of an ol efin, such as propyl ene,
H%t he gaseous phase. 15 A further exanple for the
appllcatlon of the process according to the invention
11 s tRadlinggifroevaiaratoof a gas streamrecovered froma
liquid, for instance an ammoni a gas stream recovered

fro s stream being easily and
2 qui L%%%ﬂg%%{a?@%b'ﬁ“&' M istomi sed utilisation of

the ggashapecenaporatienchamberal reaction. In contrast to

conventional processes, which frequently result in

2’ PY SR o LR n?n{?eé ok qﬂrbaﬁ@hgfééd hembdigte of

effervescence or - ma provi si on under
esséﬁﬁ¢Q§Dly constant pressure can be effected by
controlling the heat input to the evaporator nodul es

3 and/mapdtdiof LRl 1 ing the Tiquid feed, such as the
I|qU|d feed to a reduced or increased number of

nodul es. 16 Legend 1 Falling-filmevaporator 2 Stack
3" (of C@@@bm"gt‘@r modul es and gap-shaped evaporati on
chanbers) 5 2' Stack (of cool er nodul es and gap-shaped
4 nt ghagehdalee spaces) 3 Evaporator nodule 3 Cool er
nodul e 4 End nodule 10 5 Stud bolt wth nut

“hgeRt T B gpap SRy 0 07T M S T RN

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

1_8 Hole for stud bolt
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9 Gas feeding device 15 10 Gas outl et (gas, vapour)
11 Concentrate outlet 12 Vessiel side wall 13 Vessel
bottom 14 Vessel head 20 157l nsul ation 16
Partitioning element 17 Flange 18 Hole for stud bolt
17 19 Distribution Iine (for liquid fluid) 20 Channel

r . sf flui.d 21 Cover plate (part of the
?gedﬁgg@f‘i’:‘ge’}aﬁ“ez@%ﬁ‘é' dHE" 53 ol e 24 Weld spot 25
Weld seam 26 Inlet line (for liquid fluid) 27 Plate

8Qir f @oanneldior heatitansfec figidnel s) 10 28 Direction of flow
(liquid fluid) 29 Plates of a nbdule 30 Plates of a

d f ¢ 1 Q‘Q&T{jels 32 M cro-channel 15
gg %Evegé{amﬁg r?gn?fﬁeg{egﬂgnne s 34 Evaporation chanber

22  Spacer

23 Hole
24  Weld spot

25 Weld seam

26 Inlet line (for liquid fluid)

27 Plate surface (with micro-channels)
28 Direction of flow (liquid fluid)

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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18 Patent clains 1 Process for the recovery of a
gaseous phase froma liquid_fluid on a comrercia
scale by at |east partial evdporation of the |iquid
fluid or of at |east one of the conponents contained
therein or by setting free one of the conponents

Patfeﬂ{glgﬁ-‘-.?y 5 thermal transition of the I|qU|d fluid in
a

ar falling-filmevaporator consisting of
stacked vertical or inclined plate-type nodules, wth

: at Proeesstfoethe rgcoyetyaf agadedus pHaee frgmookaid flidd ed agomaercial

FH é%rl ﬁ)fdjt i er?&i'a ttMQﬁ tﬁd’ ARG bR #é%%a%?@ﬁ%ﬁt@e

fac e su aces oOf essen
eopmhposlszf@@onfemﬁdrﬂgajelaror erﬁ@mn@aﬁee o0e ehthe sempenepdsiformed by

t ﬁg&m‘?’al “trﬁb duc{?/ﬁoffthé ﬁuﬁ’m@ In?d :%dblér féﬁuﬁg-»fqrﬁ Qf‘ap%\’zﬁ@roéo%eﬁng of

ules o ature a set
m siacked yarigel of inglingdplate-tupe mn@ule$ d@thfaé&,aaﬁgeweimeO@apmodule

RPN AL o ARG B, U Al gmpers
| |bﬁ£|W%Bff nnuiualhsfaﬁlegmdﬁlsgﬁﬁm aof wesaitinlgaugl-siged wcm;ul@r
{#1 forces and the evaporation chanbers of
Ich are

%m{)en at the top and/or bottom 15 essentially
omeratﬁen inrthat tallingdim ph@qmamselse@ Hlee pyap@rator mogiues of

b%ﬂ&h feSfird ﬁséﬂﬁ pa} él%.c% RRLIS allpbéa erﬁ—%' {)@b ﬁ@\‘tg% gap-

m cr o- channel ern rect

eimﬁaw@owaltlgn Ghap‘a@,egs rfae pmrﬁ@tg:w af ifee @mapmaaln@é oeigsitangling to
and ki H?&tueﬁéﬁmeﬁﬁgh LTS strEern%%r%eih@r%m%yt gﬂgﬁﬁr%d‘;cfr%gbzﬁaﬁ

evaporatlon cha ers ar e en at
béercesmndtheBvaperaticisehaguiesy quwi'gch Feean At the p andlor bottom

C té@&é\ﬁﬁaﬁf bk thd nthrd@latRof tBé Ho@gref {Heﬂgﬁzﬁﬂﬂﬂrbglr%{ teli %o the micro-

used, the evaporator nodul es onprise

e§§éfﬂﬂ€il~°aw § tasgling deyicg e |nmr@rc@@m@% beifg pisealy hﬁﬁieéiwy a heat
e%&bm@e%%upaegmgwsu@ thé mﬁﬁ%&e WhtiGhe §adi®at phase

I'S convey e eature a set of

exchan
mifQy nwdgw%wt@réwn fxorg F"tﬁee\'faﬁ@iaﬁg" Ph@n@lﬁﬁ‘tﬁ atq @nen at the top
chankepotiae, 3- Process according to claim1 or 2,
characterised in that a falling-filmevaporator is

used, the width (s) of the gap-type
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 (t) of the micro-channels and smaller than

20 mm, the width (b} of the micro-channels being fess than 2000 pm, especially in
the range from 50 pym to 500 pm, and the maximum depth (t) of the micro-channels
being less than 1000 pm, especially in the range from 25 pym to 500 pm, the width of
the webs between the micro-channels being less than 1000 pm, especially 25 pm to
500 pm. R
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’ expe Ing

evaporation chambers, as measured fromthe bottom of
the m cro-channels, ranging, fromthe val ue greater
than the depth (t) of the mi2r o- channel s and smal | er
than 20 nm the width (b) of the m cro-channels being
| ess than 2000 pm especially in 30 the range from 50

: Pnr%:r%’(gesg%gﬁﬁglng%g@? ﬁ@eﬁ[@ mﬂﬁ@%@ﬁ‘ H toO%SLZgI ally in

t leharaotepiseriorth@ba pas isdeb@0he gap-type ammuratlctnf chammbersyedig lower

b I

oS 8P 24 B PRAE, RGO 85 AN AR e
tdomlwdfmtmﬂlqtﬂdélum ecedi ng clains 1 to 3,
characterised inthat a gas is fed to the gap-type

s@tab&?gﬁﬁ]@&'ﬁﬁf? %{Sﬁﬁé b@\eﬁém%eza.m&f 4,51 de, thus

va orator t he gaseous
pleharacterigeddn thalghe uh%equmba%e fprruedjls reads to peas #xgjtu within the

aGGAbSh KA éh%gf'b%%s \?ﬁrﬁ;t écﬁh@ rédcRiri ?’écﬂgs k ﬁémé e(xé’pcﬁat

characterlse e gaseous IS A
t ehawhens in po-surent\r pwniertweren‘ewab Mq%wr@hmfemg ligupigl ﬁUid in

A JARAA e Sracdidlos faec‘atélﬁzcél cg@é’cés)frﬂ oﬁ‘é@l%%laﬁdrp& one or

chanbers in co-current or gﬁan ter-cur ent W t
f Iboth mpduie syrtases tetimiéing tf@uﬁvapwmrucharmbe@r vvlthout the
presence of a catalytically active coating on at | east

PrbeeRE a@éb@d:ﬁ%té&n%bf'?ﬁ@bﬂe@ecﬁ vy fiapRst @&, i mting the

evaporation c . Process according to any one
ofcharpetesiseddnithat aclalipgndiim eyapomtordp apecteasmnrisiyg qither spyeral

a gfaakd bin@ridall ﬁé(ﬁb‘é%ﬁﬁéd@!ies‘ %d@%%ﬁ@éﬂ&bbﬁa‘t@ﬂ cBAMBES located
several stacks of vertical arran nodul es and

gBptwappéhasy apdpaet '%st@ﬁahﬁ@P PSR h'%?%@#ﬁeﬁﬁéh‘?fa]
a'ﬂ@/lﬂfmeﬁig atr8Agdd AR sNAEBhPYPETHEMBEN DYISN thE %Hduﬁa@?bemg

sever al hoti zont al | y “arranged zones, the

c REAbEYtae inp ansil hoﬁemrﬁyaueses@nww@e endisR widkh 0'? the ”f los, and
am’e{t ﬁéat@%&lﬁé?ﬁb(?m&fs cﬁam@natnlt ?énmérétb@s%% édrﬁrey‘écﬂH’oL@B thdre

nmodul es, and heat exchange di fferent
t m%#eapﬁmgn%ﬂ@@ @W@@@ﬂ@ﬂh@ygh thqﬁadlwﬁ%l Fraes githe edules

| pdikatjflegl stacks and/or through the individual zones
of the nodules as required.

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 1 to 7on a
commercial scale, said device comprising a modular falling-film evaporator
containing at [east 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.

20 7. Process according to claim®6, characterised in
that the liquid fluid in thg formof a solution of a
thernol abile conmpound is f % to heated micro-channels
of the evaporator nodules of a first stack or a first
zone of a stack, the downward flow ng |iquid
uaﬂsra@iv%{mdqmﬁmhé BdaiBf Hoa e REHEEH SO HRA R icro:
m cr o- channe of nD a secon gous stack
ochannefporsaidenst ope aige ziatmhg he grp-dypecrveporgtizrechamipia dlee

b%h@rﬂaﬁﬂﬁr} &%%n{g} Eﬂéﬂrﬂaﬁ‘éeco‘??é &{aﬂ{lg' t?ur tﬂ?é&ﬁ&ﬁ St Rk 1|£|L|ﬂ§ fluid

first stack or t rst zone process
8 strem flewing dherpinilyeravityiang/or bepillarptoeeas, andtaddiing fqr dﬁedlng a

aﬁé{u:&’ ﬂ&d ‘Hfto fHeAhiEFo- &hér&ﬁ 6, 8 g?g tﬁ%ﬁé@?&ﬂaﬁ&n ét‘?aarht?ers Eé‘ihg open

r|3|ngarmufar I'm evapor at
c @hﬂlaﬁm eitbattermsgssentiaily paeﬂ«th@entvg widile af th@rfﬂd)dute |an@ that at

ple%tsteoﬁgyéf& §r§a b it) §98dsePY& r%p %%ﬁ’iltep&% ﬁc%?fngmwdrawmg a

bei ng desi as evapor at or
f ga% phase a@d@ Qﬁv'ces‘ewimra\wpa@égwduohamgh whi ch a heat
exchange fluid can flow, and gap-shaped evaporation

Cb@ﬁ@@&&&cﬁhd\&%alﬁh@ side surfaces of essentially
equal -si zed “rectangul ar nodules, with the surfaces

f aharggtesised inthad gap2pecevaparation chasmpersanerpentahthe top and

ENGRIM BUIQY os@E@W‘%SSJJ&aédélrtﬁat% @a%k Bl o@ﬁrgéké&ls ;fﬂa%é Rraving the
channel s on at | east one side facing

eYpbPaeraReripamiambers adhe '@PI'@ﬁF}Eﬁ ’pWﬁr %P’h gf t¥\e gap-type
”é\?dp%ra%ﬁﬁ@ﬁ&hﬁer@@é pRIQABALYE phRitibMBy SlehRAE AREhdRld dehfeen the

i qu streamflowng therein by gravity and/or
cﬁ%ﬁsﬂl"ﬁf&amdh%é@wand a device for feeding a 5 |iquid
fluid into the mcro-channels, the gap-type

CBORES ARl Do RRTY cidinstNe of gp and/ or

bottom essentially over the entire w dth of the
neRArpeteriged in that t@a evapargigr milescopRrisiaerareradigaerntal

azotRE SatlieRUUhP RS fehiulinga @@be@ara‘n@rmwmté]ﬁrna@ls%d@ve.gasne
phase and a device for W t hdraw n&aa i hase

RN BAURREG TN RPPREALR PayirRsgOr Tegdip P%E’tﬂéﬁ’rﬁ‘é’m 4 heat gxghange

ogapd.t ype evaporation chanbers are open at the top and
bott om but closed at the sides and that a back-fl ow of

e bRy Ao e PR B 5 YA o
osharaotpdsed in that at least two stacks are arranged axially or laterally 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




evaporation chanbers is prevented by a partitioning
el ement arranged between the  vessel wall and the
stack. 15 10. Device accordi%b to any one of the
preceding clains 7, 8 or 9, characterised in that the
evapor at or nodul es conprise two or nore horizont al

Z0 | east, one zone, featurin set. of parall el
i erpet bRyt faR 8RuPasgRigeShtn fboirmioron
s e pbaralters,dbe platss Haing dpiedallygoated wilht hehtalystng azabBat bed being

ex fluild. 20 11. Device accordi t.o any one of
¢ nERRRET e on abereo iy Tod et bhsieuR cPerd o &
| earespandisg alefis ozide irathe prayedcadti i disfirowitd 2te4 &l diyms.

of f-set above each other in one or nore comuni cating
vessel s, the evaporator nodul es of the | owernost
stack featuring a set of parallel mcro-channels on at
| east one side as well as a device for feeding a
liquid fluid, and a device for feeding a gas into the
25 gap-type chanbers being arranged at the | ower end
of each stack. 12. Process according to claim®6,
characterised in that an agueous hydrogen peroxi de
solution is fed to a first stack or a first zone of a
devi ce according to the invention, thus obtaining a
vapour phase containing hydrogen peroxide, this
vapour phase being fed with the aid of an inert 30 gas
or an olefin containing 2 to 4 C atons to a second
stack or the second zone of 21 a stack of
tenperature-controll ed plate-type nodules with

i nt erposed reaction chanbers, the plates being
optionally coated with a catalyst or a catal yst bed
being present in the reaction chanbers, where the
vapour phase is converted to a corresponding olefin
oxide in the presence of an olef inwth 2 to 4 C

at ons. -




