PF 0000054319/ Kg 1 AS ORI G NALLY FILED Separation of liquid mxtures in a
filmevaporator 5*The invention relates to a process for separating liquid
m xtures in a film evaporator, in particular for separating liquid m xtures
of pol yoxynethyl ene glycols. 10 Fornmal dehyde is an inportant industrial
chem cal and is used for the production of nunerous i | Al oducts and
consuner articles. Formal dehyde is currently used inbggépb@%ég?gﬁ%hes of

i ndustry, substantially in the form of- hgqueous solutions or

f or mal dehyde- cont ai ni ng synthetic resins. Commercially avail abl e, aqueous 15
f or mal dehyde, 80 | ncentrations of from20 to 55% by wei ght
of fornmal dAS&!&EKI[i'i'y?jﬁ[q"E heric fornal dehyde, nethyl ene glycol and
ol i goneri c pol yoxynet hyl ene glycols. Water, nononeric (free) formal dehyde,
nmet hyl ene g g | rferent
chain length are present in aqueous solutions al ongside one another in

t her nodynam ¢ equi | i bigepgRatidal ot'hi hﬁinﬂlﬁ[.&qhgrmﬁ?g,aﬁ%rﬂopertai n di stribution
of the pol yoxynet hyl ene glycols of different Ilength. The term agueous
fornaldé%yde;ﬂﬂ4uJ4uLju5n_LeLeu1J4Lj4uJEuJkﬂnuEL_snLuLLQn&JMniinontain
virtually no free water but substantially only water 25 chem cally bonded in
the formof pethylene glycol or in the termnal OH groups of the

pol yoxymet hyliPen@VeRtipRo felatesy{p sa jEogeps fon separpiing, lidpid mixtures, 1 3n &bt r at ed

f or mal dehy deygsratbi, OiRS parBehiyO Xyt purhtaze 1iglidc eligturdy oh Pobyoxykettgleagpl e, from
two to nine fxggethylene units. D oxymnethylene glycol, trioxynethylene
glycol, teft¥8%ymet hyl ene gl ycol, pentaoxymethyl ene gl ycol,
hexaoxyhet hyl ene gl ycol, 30 heptaoxymnet hyl ene gl ycol, octaoxynethyl ene

gl ycol and n hyl e I I y.therefo resent .alonggi de one
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i n concentr at or ma yde solu r [ 1'S” [ocate i 0gsS O
or formaldehyde-containing synthetic resins. Commercially available, aqueous

15  formaldehyde solutions have total concentrations of from 20 to 55% by weight of
formaldehyde in the form of monomeric formaldehyde, methylene glycol and
oligomeric polyoxymethylene glycols.

Water, monomeric (free) formaldehyde, methylene glycol and oligomeric
20  polyoxymethylene glycols of different chain length are present in aqueous
solutions alongside one another in thermodynamic equilibrivm, which is
characterized by a certain distribution of the polyoxymethylene glycols of different
length. The term aqueous formaldehyde solution also refers to formaldehyde
solutions which contain virtnally no free water but substantially only water
25  chemically bonded in the form of methylene glycol or in the terminal OH groups
of the polyoxymethylene glycols. This is the case in particular for concentrated
formaldehyde solutions. Polyoxymethylene glycols may have, for example, from
two to nine oxymethylene units. Dioxymethylene glycol, trioxymethylene glycol,
tetraoxymethylene glycol, pentaoxymethylene glycol, hexaoxymethylene glycol,
30  heptaoxymethylene glycol, octaoxymethylene glycol and nonaoxymethylene
glycol may therefore be present alongside one another in aqueous formaldehyde
solutions. The distribution is concentration-dependent. Thus, the maximum
distribution in dilute formaldehyde solutions is located at homologs of small chain
length whereas in concentrated formaldehyde solutions it is located at homologs of
35  greater chain length. An equilibrium shift toward longer-chain (higher molecular
weight) polyoxymethylene glycols can result from the removal of water, for
example by simple distillation in a film evaporator. The equilibrium is established



35 greater chain length. An equilibriumshift toward | onger-chain (higher
nol ecul ar wei ght) pol yoxynet hyl ene glycols can result fromthe renoval of
water, for exanple by sinple distillation in a filmevaporator. The
equilibriumis established -2- PF0000054314/Kg at a finite rate by the

i nternol ecul ar condensation of nethyleng glycol and | wei ght
pol yoxynet hyl ene glycols with elimnati gn of water to 0\9@%% Jﬁ@{r‘g nol ecul ar
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met hanol ma 35'%@8 ular weighhBol D’ﬁxma@eﬁb’c? ®actions of the fornal dehyde
and nust therefore be virt uaI |y conpletely separated off. Wth nethanol,

met hyl ene gl t he si est hydr.at e | deh now forns an 10 acet al
(et hyl %e ), MGW"PS agyeeu %%’dfi? ?0616‘%% eau%ﬁbéa%ﬁpnﬁaw FHEMEHYi re

system corrpbmpomtsf anaiﬁqiwciﬁhthml afay bmésyhﬁneog&emﬁiloﬁsemsamala% and
nmet hyl ene Met.hanol can th ore he renpved.as yl ene

I h
gl ycol acet %P’ %)lglﬁtf cf?‘ff mgthanol may preReptyR {?e S ISR mé’ﬁ‘é%rgttEthSn. The
equi | i bri umitrataldehpde aed hphsnthegifore obe, vrr&taﬂgnmimpldetyhyé;mrﬂe@loﬂtovvlthem acet al

and net hyl e I t can be
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f or mal déhydacetilt (methylal), twhiehms tlee mdsfgadalyl \@lattbe mp@rmnml the hytite sysiemt i ons
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pol yoxynet hyl en cols to ehyde an ene glycol is
greater tharefly e‘% éy"?’}r é‘?eélIaé‘B F‘ﬂﬁ’ﬂ {y{‘:TBJaﬂ @yac‘:tﬁl and mg 31%‘3 @V@gar ation
of met hyd enaditfldbenytirheddt)a ﬁmmammﬁmebam&efmembydeitm@as. it is 25
desirable to add the formal dehyde in the formof the higher honologs in

order to suppress the formation of the undesired byproduct N nethyl - .
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reduce jgie @kefodngathabya URMAId¥RYdé solution can be transferred directly to a

polycondensation for the preparation of oxymethylene homo- or copolymers if the
molar ratio of polyoxymethylene glycols to monomeric formaldehyde and
methylene glycol is greater than 1 : 0.6, preferably greater than 1 : 0.4. In the
preparation of methylenedi(phenylamine) from aniline and formaldehyde, it is

25  desirable to add the formaldehyde in the form of the higher homologs in order to
suppress the formation of the undesired byproduct N-methyl-MDA. For the
preparation of trioxane and tetraoxane by cyclization, formaldehyde fractions
having a high content of trioxymethylene glycol and tetraoxymethylene glycol are
desirable. Furthermore, in syntheses which require the use of aqueous

30  formaldehyde solutions, it is desirable to reduce the water load by using very
highly concentrated aqueous formaldehyde solutions.

These high concentrations can be achieved by removing water continuously from
the system, water continnously reforming as a result of condensation of

35  polyoxymethylene glycols, and the polyoxymethylene glycol chains growing. The
condensation reaction can be accelerated catalytically.

It is an object of the present invention to provide a simple process by means of
which it is possible to obtain formaldehyde solutions which have a high



hi ghly concentrated aqueous fornmal dehyde sol uti ons. These high
concentrations can be achi eved by renoving water continuously from the
system water continuously reform ng as a result of condensation of 35

pol yoxynet hyl ene gl ycols, and the pol yoxynet hyl ene gl ycol chains grow ng.
The condensation reaction can be accelerated catalytically. It is an object
of the present invention to provide a sgnple process bprERANSsA/KHNI ch it

is possible to tai,n formal dehyde sol uti ons which have a_high -3-
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di stri buti orpodfoxypethylongritidals. &rie agliyleplobject &f the peestatrihvationlip peividef t he
present invention to provide a Si e, progess b ans, of, whi ¢ t hanol
o be. vi 1 JHPie opFes chy) Tueely Pl PARER BBl Shdlinarisiflgd

sol uti on. 5 séparhtzu drofroamaluichest forinaldelpleschutivs. achi eved by a process for
separatifg a liquid mxture conprising at least one readily volatile and at
| east one sparingly volatile conponent in a filmevaporator, in which 10
(i) a conti nYesave fewnsinthet thas phigel s achigved by ararosessalior separating & digpidovi ded,
(i1) a 1iquigikidbmdrilhedrfeast deQBadiRevdfnt by atRas e apadiy helahleought
into contact vairth aﬁﬂea? e&gﬁange sd_face of the ?ial rrrl1 evapor at ora, 15 (iii)
the |iquid fompopent inafily exaposdpRdvWhich gas stream enriched with readily

vol atil e conponents and a |liquid streamenriched with sparingly volatile
conponent s bei ng obt ai ned, wherein 20 (iv) the heat exchange surface is
conted Wi @ caraopRmisyeaRor s Daiidtanite MaRAAERIEEF BRI des. i n t he
liquid film a chemcal reaction in which at |east one 25 readily volatile
conmponent is..forned. . liquid mxture to be separated contaj .at | east
one readily (\1} | at ﬁ u}gﬁﬁma’ts%rgcg“scfd)%BDﬁIé%éep%?q?WB?Vp%ﬁag} ﬂ(ﬁlsgg%%ﬁéﬁ}o_ The
terns readily volenhiatiewdind hsgaxchaylgy surfdcatof the filosexdhpatatore have no absol ute

nmeaning but a relative one. Readily volatile neans 30 readily volatile

relative to the spari ngli\f vol atil e conponent or conponents, and
15 (iii)  the liquid film is partly evaporated, a gas stream enriched with readily

volatile components and a liquid stream enriched with sparingly volatile
components being obtained,

wherein
20
(iv)  the heat exchange surface is coated with a catalytically active material
which
(v) catalyzes, in the liquid film, a chemical reaction in which at least one
25 readily volatile component is formed.

The liquid mixture to be separated contains at least one readily volatile and at least
one sparingly volatile component. The terms readily volatile and sparingly volatile
used above have no absolute meaning but a relative one. Readily volatile means

30  readily volatile relative to the sparingly volatile component or components, and
vice versa. The boiling points of the readily volatile and of the sparingly volatile
components are in general so far apart that a significant enrichment of the readily
volatile component in the gas phase relative to the liquid phase takes place merely
by simple evaporation.

35
The readily volatile component or components or the sparingly volatile component
or components may be present in the starting material mixture fed to the film
evaporator or may be formed only during the catalyzed chemical reaction. All
possible reactor types in which a sparingly volatile substance reacts to give one or



vice versa. The boiling points of the readily volatile and of the sparingly
vol atile conponents are in general so far apart that a significant
enrichment of the readily volatile conponent in the gas phase relative to
the liquid phase takes place nmerely by sinple evaporation. 35 The readily

vol atile conponent or conponents or theysparingly vol gg 60(?‘521 t or
conponents nmay be present in the starting naterial m'xtlg*)e egw?/gfgphe film

evapor at or @orerdgadily FoJatile dsubsagced Lot iy 2tveea cauEngly avlattlemnd 4 readdyti on. Al |

possi bl e reggffile bitRBBce, Morhixatph $iR24 | MSHomIQulr! BnRdP DY 2OGRINEEGELS tO
gi ve one or _-4- PF0000054319/§g_ap§%re readily volatile substances or to give
|

a spari ngl y [ipgmaRtaiien, prangema egrafaHon TEALPBs 3k ERnCER leepiovisted (in a
gonorrgl ecul @iatﬁﬁ@rsfaﬁ'ﬁné)maﬁéﬂamaﬁ&dr(tﬁtlz produRGiTRiting ; Hilﬁiﬁ,oﬂﬁzﬁfer angfigait and |
egr adatd on reactiqn are .concei va .provided that the starting nmateria
and or the. giGRer SeRiseufieif 2058 Ryl i ¥hd Hevah! Bhubetr SRERE AHE: woen

t hei r rel at diféeremlsabstdricks emy iatsotréert (ialachiamblepulat masnerOwvéth diberatior of di f f er ent
subst ances ~al Fe ' .0, |t | Lon of a
Feadi |y vol MAIE BRuie A alle L RoB Lol Bon ORI bOT o7
exanpl e by coadedsationtor ohgemeridatignneri zati on. 10 The novel coupling of

chem cal reaction and evaporation of resulting readily volatile conponents

in a filmevaporator has a nunber of advantages. By renoving readily
vol ati |'® corkpemayek coutlingdoly ghempigak rractitie gnd fvaparalen eh requltg redilkheni cal

equi | i bri umyofaliR dogfpoRiénts i1 $Hirh ERhokRor S aREEST fiviftaghs @ result 15 of

the catalytic coating of the heat exchanger wall, the (new) equilibrium
state is rapidly established. Rapid renoval of readily volatile conponents
formed duri By tepvirgasdadidy violaile cb@pohdntil fehmgd xduting 1B chains@l heacdesi r abl e

when they undergo, .for exanple wth artin 0 materjals,of, the reaction,

subsequent ?@%&F&HEWFEW ’etth? f@ L %B@?Céﬁottgggfo‘fﬂ’ﬁteﬂd?é%fcat fegﬂﬁor | ead

t o t he f5or maf thencatdlytincleating ed they pead ducliangerTwall,stbp dmew )i eopildrivithstatei iqui d

m xture is - Kl yn a filmevaporator. 25 Fil m evaporators have very
?@;1]&1#/% aBiithed

good heat transfers since the ratio of reaction volunme to heat exchange
surface is |low. Consequently, a quasiisothermal reaction and a uniform

tenper at ur e RihRE feldbVAll Fed BN AAANE BoRpordeRRABAALH iy 1BE kRS b thBe
liquid mixture may also be desirable when they undergo, for example with starting
20  materials of the reaction, subsequent reactions which reduce the selectivity of the
reaction or lead to the formation of undesired byproducts.

The separation of the liquid mixture is carried out in a film evaporator.

25  Film evaporators have very good heat transfers since the ratio of reaction volume
to heat exchange surface is low. Consequently, a quasiisothermal reaction and a
uniform temperature distribution (avoidance of temperature gradients) in the
reaction mixture are possible. This is advantageous particularly when undesired
parallel or subsequent reactions are promoted by temperature increase in the

30  reaction mixture.

In film evaporators, it is possible to realize short residence times in combination
with narrow residence time distributions, provided that they are not operated with a
circulation. Narrow residence time distributions are advantageous in particular

35  when the resulting products of the chemical reaction can undergo undesired
subsequent reactions.

Suitable designs for the film evaporator used according to the invention are, for
example, the falling-film evaporator, the thin-film evaporator and the helical-tube



reaction mxture are possible. This is advantageous particularly when
undesired parallel or subsequent reactions are pronoted by tenperature
increase in the 30 reaction mxture. In filmevaporators, it is possible to
Tealize short residence tines in conbination wth narrow residence tine

distributions, provided that they are ngt operated W tgr@oo6443% )K%ti on.
Narrow residence tinme distributions are advantageous in parti cu?a 35 when

the resul ti SYaRr@aAdcopbingtions AR PRS- on can undergo undesired

subsequent M@ fildh svaporttdrd k& SRIERS 1 BE iAVRLbA, (BaRUIPAT fpRientdS@H
according to,the i n}!h:ntl on are, for ‘exanple, the falling-film evaporator,

the thin-fi RHFEYE YHLIRGPASH Fallise8MEMS-cal - t ube -5- PF0000054319/ Kg

evapor at or and conbi nati ons of said apparatuses. In the fil mevaporators
used accordi to the inventiaon, coated.wall segnments can lternate with
incoat e walhe PEgeR R Mo aiel S5 TabEyapBRRuEE DighnsgRs wlienebRa® 11
evapor at or s heftenxshingeswalhcacitedwitle catalyliedly axehangeial.wal | coated with
catalytically active material. In an enbodi nent of the novel process 10 the
liquid starting material mxture is an aqueous formal dehyde solution, the
readi | y vol de an embodipisnesfithe apvel prasessf or mal dehyde (CH20), nethyl ene gl ycol
(HOCH2OH) and water, 15 the sparingly volatile conponents are selected from
the group consi sting of . pol yoxynet hyl ene glycols (HQ CH20O),H having from 2
to 20 odmet®hythekigui gg mgledabmixtyigyis an aqygopsfopmyldehydeselion reaction is
the acid- or base-catal yzed condensation of 20 nethyl ene glycol and

pol yoxynet hyl ene gl y.col s, .l ow nol ecul ar i ght l, yoxy | en | ycol s
reacting to “gi & ’%F‘é eP’OWBleeE‘EFPB‘?"%i it r%%??%ﬁéﬁ%ﬁ&%@y W&'@P@g and
wat er bei ng f oglyes (HOCGHOHdindywate] ati |l e conponent. 25 By the evaporation
of water, but also of nmethylene glycol and free fornal dehyde, fromthe

aqueous fornmal dehyde solution, a nonequilibriumdistribution of the
ol i gonmeli ¢ ol thexspamngly | velatile cympomenisnare seleset Uiror rthe groupochnsisting Bfie coat i ng

of ~catal yti ca o ARl RedISEd L HOMCHRS), HF Rlvifx BB % 25 0koRemGRLE! yZes the
units (n = 2 - 20), :

* the catalyzed chemical reaction is the acid- or base-catalyzed condensation of

20 methylene glycol and polyoxymethylene glycols, low molecular weight
polyoxymethylene glycols reacting to give higher molecular weight
polyoxymethylene glycols, and water being formed as a readily volatile

component.

25 By the evaporation of water, but also of methylene glycol and free formaldehyde,
from the aqueous formaldehyde solution, a nonequilibrium distribution of the
oligomeric polyoxymethylene glycols in the solution is produced. The coating of
catalytically active material on the heat exchange surface catalyzes the
condensation reaction, which takes place with elimination of further water, with

30  the result that the distribution of the polyoxymethylene glycols in the solution is
shifted toward the equilibrium distribution. A distribution of the polyoxymethylene
glycols in the (concentrated) solution is thus achieved, which distribution is at least
closer to the equilibrium distribution than would be the case without the presence
of catalytically active material. The extent of the condensation reaction can be

35  controlled by the evaporation rate, the acid strength of the catalyst and the
residence time of the solution in the evaporator.

In a further embodiment of the novel process



condensation reaction, which takes place with elimnation of further water,

with 30 the result that the distribution of the pol yoxynethylene glycols in
the solution is shifted toward the equilibriumdistribution. A distribution
of the pol yoxynmethylene glycols in the (concentrated) solution is thus

achi eved, which distribution is at leasf_closer tot hd 136}
di stribution than would be the case w tEout t he preseﬁe ogﬂgg?ai%tical |y

active mat e athe Tiquidexstating omafenial coWRiBIes d6 | 8n splatien i ePMpRESing ewasT,
control I ed by f{dhaRKRRIY idlils BdfatddSorth iRedGicte SlycBN it hedtiaddi andhadmst and

the residence tjne o he, sO0lution in thée evaporator. In a further
enbodi ment  of Wﬁb iﬁFH@E latselbr0000054319/Kg  the liquid starting
material mxture is a solution conprising water, formal dehyde in its

hydr at ed. f orm (et hy] en | ycol its hen acet al . an cetal] ~wth t hanol
o et tnol® 1 (teapHailvETale CpBudion, 1S mRESRE BB af Hoind®

gl ycol /the ful {metbgald) of nethanol (nmethylal), the sparingly volatile
conponents are the other conponents, 10 the catalyzed chenmi cal reaction is
the formation of nmethylal in each case from nethylene glycol or nethylene
gl ycol / t he henthgspariglprolatleisampppeninare theeathenvompogents,abl e cat al ysts are,
for exanple, acidic catalysts. The process can be used for 15 separating
met hanol in aqueous_fornmal dehyde sol utions. However, it can al so be used for

the tar it ed pHesatbized shanicakieastion)is thecormatiomptyapthylal inepchwescafiom.  From
nmet hyl al in tupmdthyldnel §lyeOIS or PhiRthiyRne bERLA/thE IRdniia6&C @At meihafolf odnaml dehyde.
Sui t abl e cat al ﬁ_;[gl cally active materials are in principle all materials which
catalyze 20t hapdvenent i oned chemical reactions. In the case of the

ol i goneri zati on of formal dehyde, these are materials having acidic or basic

e i ¢ i on RURAR SRRSO by BRb RierBRi S e cton S BN bE st K o
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t he Naf i on( rhromymeshyipli is furaoii isspassibleda whtait highly cgneantroteddornaldehyde. can  be
adhesi vely bonded to the heat exchange surface of the filmevaporator, held
by Suitable catalytically active materials are in principle all materials which catalyze

20  the abovementioned chemical reactions. In the case of the oligomerization of
formaldehyde, these are materials having acidic or basic properties, preferably
having acidic properties. For example, films of acidic ion exchange material, as
used, for example, as ion-selective membranes for the preparation of NaOH and
HCI from NaCl by water elimination, can be employed. The ion exchange material

25  is preferably a sulfonated styrene/divinylbenzene copolymer or a perfluorinated
polymer of the Nafion® type which contains bound acidic groups. Such films can
be adhesively bonded to the heat exchange surface of the film evaporator, held by
means of reduced pressure, mechanically fastened or polymerized directly onto the
heat exchange surface.

30
Suitable catalytically active materials having acidic properties are composites of a
porous or gel-like polymer and particles of heterogencous acids. Preferred
heterogencous acids are zeolites, such as chabasite, mazzite, erionite, ferrierite,
faujasite, zeolite L, mordenite, offretite, zeolite tho, ZBM-10, ZSM-5, ZSM-12,

35 MCM-22 and zeolite beta, and furthermore clays, in particular montmorillonite,
muscovite, kaolinite and the acid-activated forms thereof, acidic mixed oxides, in
particular WO3-TiO;, Mo005-TiO;, Mo03-ZrQ,;, AlLO03-Si0;, Zr0,-Si0;,
Ti0,-S10,, Ti0,-ZrQ, and niobic acid, and furthermore SiQO;-sulfonic acid
composites of the Deloxan® type and sulfonated, oxidized active carbon.



means of reduced pressure, nechanically fastened or polynerized directly
onto the heat exchange surface. 30 Suitable catalytically active materials
havi ng aci dic properties are conposites of a porous or gel-like polynmer and
‘particles of heterogeneous acids. Preferred heterogeneous acids are
zeolites, such as chabasite, mazzite, egionite, ferri 'Qfﬁp f~agpasite
zeolite L, nordenite, offretite, zeolitz r ho, ZBN¢10,q§bM-,5%§£#§§, 35

MCM 22. and zeolite beta, and furthernore clays, in particular
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heterogencous acids. These elements are produced by pressing, casting or

K.

20 extrusion, adhesively bonded or sintered and then adhesively bonded, screwed,
riveted or otherwise mechanically fixed to the heat exchange surface.

That heat exchange surface of the novel film evaporator which is coated with
catalytically active material is the total available heat exchange surface or only a

25  part thereof. For example, coated and uncoated segments of the heat exchange
surface may alternate.

A film evaporator which is particularly suitable for the process described is shown
in fig. 1. It is a thin-film evaporator. The feed 1, consisting of crude solution

30  (starting material mixture) and, if required, recycled stream, is first fed to a liquid
distributor 2. This distributes the crude solution over an evaporator surface 3. The
evaporator surface 3 (heat exchange surface) is usunally cylindrical but may also
have a conical shape at least in part. Depending on the application, it may consist,
for example, of glass, metal, plastics or ceramic and either itself have catalytic

35  properties or be catalytically coated or be doped with catalytically active
substances. It is in thermal contact with the inside of a heating jacket 4 which
ensures a heat supply to the evaporator surface 3. The liquid distributor 2 helps to
ensure that the feed solution is uniformly distributed over the circumference of the
evaporator surface 3.
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20  evaporator surface catalyzes chemical reactions of the components of the mixture,
which are superposed on the evaporation process and lead to an increased yield of

the desired component.

The resulting vapor (i.e. steam or gases) passes into a phase separation space 9 and
25  from there into a mist collector 10. f,iquid droplets entrained with the vapor are
removed here from the gas phase and recycled to the liquid (solution). The
concentrate 13 is discharged from the phase separation space 9 in a suitable
manner, while the vapor 12 is taken off from the mist collector 10. The vapor is
passed into a condenser which is not shown, where it is at least partly condenses to

30  give a condensate,

Gas phase and liquid phase can be passed countercurrently, as shown in figure 1.
However, they can also be passed cocurrently.

35 If an aqueous formaldehyde solution is introduced into the film evaporator
described, the polyoxymethylene glycols accumulate in the liquid 13, while the
condensate of the vapor 12 is low in polyoxymethylene glycols and rich in
formaldehyde and methylene glycol. In this way, two fractions, i.e. concentrate 13
and (partial) condensate of the vapor 12, are formed, in which certain components
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20  separator (i.e. phase separation space with mist collector) is denoted by 16. Both
the film evaporator 15 and the vapor separator 16 may differ from the specific
design as shown in fig. | and may have further feeds and discharges in comparison
with fig. 1. V1, V2 and V3 denote vapor streams, and all other streams are usually
liquid.
25 )
The film evaporator 15 can be operated with a single pass or by a circulation
procedure with regard to the unevaporated liquid emerging. The circulation U is

technically necessary for operation by a circulation procedure.

30  The table below shows the active streams for the modes of operation possible in
each case.

FI |F2 |[Bl1 [B2 |V! |[V2 |V3 |U
Single pass, vapor and liquid | X X X

in countercurrent flow

Single pass, vapor and liquid | X X X
in cocurrent flow

Circulation procedure, feed | X X X X
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The film evaporator may have, at a suitable point, side take-offs via which liquid

fractions having a certain degree of enrichment can be removed. It is also possible
to connect a plurality of film evaporators in series to form an evaporator cascade,
the liquid, concentrated discharge of one film evaporator, if necessary after
removal of a side stream, forming the feed for the next film evaporator of the

evaporator cascade.

It is also possible to introduce into the film evaporator, countercurrently to the
liguid stream, a reactive gaseous component which reacts with one or more
components of the liquid starting material mixture or one or more of the sparingly

volatile components formed. Thus, the resulting sparingly volatile components in

the outflowing liquid film in the lower part of the film evaporator can undergo

subsequent reactions with the components contained in the ascending gas stream.

The heat exchange surface can be coated with catalytically active material which

catalyzes these subsequent reactions of the one or more sparingly volatile

components formed. This catalytically active material may differ from the

catalytically active material which catalyzes the formation of the sparingly volatile

components. It may also be the same catalytically active material. Different

catalytically active materials may be present in different segments of the heat

exchange surface.

For example, a reactive gaseous starting material may be introduced into the

evaporator countercurrently to the direction of flow of the liquid film on the heat

exchanger wall and cocurrently with evaporating water, formaldehyde and

methylene glycol. Said starting material then reacts with the polyoxymethylene

glycols to give (sparingly volatile) products which run out at the bottom of the
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reactions are formaldehyde;

20 e the reaction of formaldehyde with olefins in a Prins reaction to give alpha-
hydroxymethyl compounds;

s condensation reactions of formaldehyde with amines, such as aniline or
toluidine, to give Schiff's bases, which can be further reacted to give
25 diphenylmethane derivatives, such as methanediphenyldiamine;

» reaction of hydroxylamine with formaldehyde to give oximes;

» reaction of formaldehyde with diols to give cyclic ethers, for example of glycol
30 and formaldehyde to give dioxolane;

e reaction of formaldehyde with alcohols to give ethers, such as
polyoxymethylene dialkyl ether, preferably polyoxymethylene dimethyl ether.

35  The list is not complete. Text books of organic chemistry and of industrial
chemistry contain further example reactions. However, the list is intended by way
of example to illustrate the industrial importance of formaldehyde as a synthesis
building block in the entire area of organic chemistry. This applies both to low-
tonnage intermediates in the pharmaceutical or crop protection sector, e.g. oximes,



the reaction of acetylene with formal dehyde solution in a Reppe reaction to
'gi ve butynediol, which can be further hydrogenated to butanediol; 10

al doli zati on’ reactions of formal dehyde with itself or higher al dehydes to
give polyhydric alcohols and sugars, pentaerythritol, trinethylol propane
and neopentyl glycol; 15 the reaction of formal dehyde and CO to give
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invention. 5 Exanple 500 m/h of an_aqueous formal dehyde_ sol ution conpri sing
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orms the nction of distributing the inflowing solution homogeneously over
the inside of the evaporator tube. The wiped length of the thin-film evaporator used
is 300 mm and the internal diameter of the evaporator tube is 50 mm. The

evaporator itself is produced from high-quality stainless steel.

20  The acid-catalyzed reaction of the formaldehyde and methanol to give methylal
according to the equation

2CH;0H+CH,0<CH;0CH,OCH;3+H,0

25  takes place on the inner wall.

The methylal formed is evaporated off continuously together with water and
methanol, passed via the top and condensed in the downstream condenser. The
proportion of methylal in the condensed gas phase is 13.0% by weight. The bottom

30  product contains only traces of methylal. The conversion of formaldehyde is over
80%.



10 with liquid. The heating jacket tenperature of the thin-film evaporator
is brought to 100C and the pressure in the interior to 200 nbar. The
evaporation rate is 2.33. The inside of the evaporator tube is coated with a
strongly acidic ion exchange resin having a capacity of 5.2 mol H kg. The
W per operates at 600 rpmand 15 perfo_rf%_the f uncti onpgioodhsddio ing the
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proportion of netinphadh i n the condensed gas phase is 13.0% by wei ght. The
bottom 30 product contains only traces of nethylal. The conversion of
formal dehyde is over 80% -13- PFO000054319/Kg We claim 1. A process for
separating a |iqubd maxconiénueysmpitreaimngiae liguidt stamiagr aathria mixtwel #til e and
at | east one sparingl yy\ahatile conponent in a filmevaporator, in which
(i) a continuous streamof a liquid starting material mxture is provided,
10 (ii)!% liquid filmis produced fromthe continuous streamand is brought

into contact withiip hediquek&iliagprodudedaesn die édh€infibdseueNAnR@aas Brougd (i)
the liquid filmis partly eva Ol{ﬁﬁtﬁdd a (gas streamﬁ%‘r;ched with the at
| east one readily vol é‘t’tf’lcé?m@ﬁ‘ﬁ% & hpdtgxehanap surfacg of Medilm €¥aPPRaI0kd  with t he
at | east one sparingly volatile conponent bei ng obtained, wherein
(iii}  the liquid film is partly evaporated, a gas stream enriched with the
15 at least one readily volatile component and a liquid stream enriched
with the at least one sparingly volatile component being obtained,

wherein

20 (iv)  the heat exchange surface is coated with a catalytically active
material which

(v) catalyzes, in the liquid film, a chemical reaction in which at least
one readily volatile component is formed.

25
2. A process as claimed in claim 1, wherein the film evaporator is in the form
of a falling-film evaporator, thin-film evaporator, helical-tube evaporator or
a combination of these apparatuses.
30 3. A process as claimed in claim 1 or 2, wherein the liquid starting material

mixture is an aqueous formaldehyde solution, the readily volatile
components are selected from the group consisting of free formaldehyde
(CH;0), methylene glycol (HOCH,OH) and water, the sparingly volatile
components are selected from the group consisting of polyoxymethylene
35 glycols (HO(CH;0),H) having from 2 to 20 oxymethylene units (n = 2 -
20), and the catalyzed chemical reaction is the acid- or base-catalyzed
condensation of methylene glycol and polyoxymethylene glycols, higher
molecular weight polyoxymethylene glycols being formed from low
molecular weight polyoxymethylene glycols and water being formed as a



20 (iv) the heat exchange surface is coated with a catalytically active
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7. A process as claimed in any of claims 1 to 6, wherein the catalytically
active material has acidic properties.

8. A process as claimed in any of claims 1 to 7, wherein the catalytically
20 active material is an ion exchange material or a composite of a porous or
gel-like polymer and a zeolite.

9. A process as claimed in any of claims 1 to 8, wherein the heat exchange
surface has coated and uncoated segments.
25
10. A process as claimed in any of claims 1 to 9, wherein a reactive gaseous
component is introduced into the film evaporator countercurrently to the
liquid stream, which gaseous component reacts with one or more
components of the liquid starting material mixture or one or more of the

30 sparingly volatile components formed.

11. A process as claimed in any of claims 1 to 10, wherein the heat exchange
surface is coated with a catalytically active material which catalyzes the
subsequent reactions of one or more of the sparingly volatile components

35 formed.

12. A film evaporator comprising a heat exchanger wall coated with
catalytically active material.
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