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oxi dati on-sensitive conmpounds. Such a liquid is obtained, for

exanple, in the preparation of glycols, in particul ar ethylene glycol.
In the industrial process for the preparation of 30 ethylene glycol,
et hyl ene oxide is reacted with a roughly tenfold nolar excess of

water, either at atnospheric pressure and 50 - 70$C in the presence of a
catal yst or at a reduced pressure of 20 - 40 bar and 140 - 230%C without a
O Z. 0050/ 46545 -2 - cat al yst.
The preparation-of ethylene glycol is carried out al nbst exclusively in
a reactor do ream of the direct oxidation of ethylene. The aqueous crude
gl ycol sol utﬁggi:ogiﬂﬁﬁ?ﬂeusﬁh%ncentrat ed to about 30%in desysgy a20;r 1999d
subjected to fractional distillation in a plurality AfAEI9G669RC FBidiece
pressure s (K Wissernel and H. -J. Arpe, Industrielle organische

Chem e, VCH Ver | agsgesel | schaft, 3rd Edi-tion, page 161). : G ycol s
“are oxi dal i omsEmst TTVve, partrcur arty at reratTvetry g tenperature—They

are oxidized in particgl, oﬂaﬁoﬁ'G@BﬂiﬁﬁonFsQﬁsifi% dhdbotR@s  add’ exanple for
the 10 preparation of polyesters, particularly higlt purity of the ethylene

gl ycol is required (99. 9% eyaporajon for Thisspurposeol s nust conply with
specifitc val ues for the boiling linmits the water caontent and the acid
nunber (é9. U I manns Enzykl opadi e der Techni schen Chemi e, 4th Edition,
Vol .

8. Pageqgnéffesent ilvention relates to a process for evaporating a liquid containing
vaporizable oxidation-sensitive compounds.

A variety of evaporators are used in industry for a very wide range of
15 applications. Examples are kettle evaporators, tubular evaporators, thin-film
evaporators, short-paith evaporators, plate evaporators and special evaporam}s for
very highly viscous solutions and for encrusting and corrosive solutions (cf. for
example Ullmanns Enzyklopadie der Technischen Chemie, 4th Edition, Vol. 2,
pages 650 - 663).
20
The tubular evaporators include self-circulation and forced-circulation evaporators, |
inclined evaporators, fast-circulation evaporators, through-circulation evaporators,

rising-film evaporators and also downflow or falling-film evaporators.

25 These evaporators are also used for evaporating liquids containing vaporizable
- oxidation-sensitive compounds.

Such a liquid is obtained, for example, in the preparation of glycolé, in
particular ethylene glycol. In the industrial process for the preparation of
30 ethylene glycol, ethylene oxide is reacted with a roughly tenfold molar excess
of water, either at atmospheric pressure and 50 - 70$C in the presence of a
catalyst or at a reduced pressure of 20 - 40 bar and 140 - 230$C without a
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K Weissernel and H.-J. Arpe, loc cit, page 162). 15 It is furthernore

known that a thermally gentle distillation can be carried out by neans
of a falling-film evaporator connected to a distillation colum in order

to obtain heat-sensitive products, the heat-sensitive product Q inlgpg
obt ai ned by removing the falling-fil g evaporator di scharé)e 8%’9 fely
fromthe circulation 20 stream taken off fromthe distillation colum.
This distillation process | eads to a reduction in the boiling point of
the m xture to be separated and hence to thermally gentle evaporation

(cf. Germancﬁgln’, t : h S: | € resant

I nvention to p %i d'ghg?%? cesosn f°§r°%¥?§%%rd§fﬁg‘smg%ﬁﬁ|& an| 8%%@&‘%&)&
vapor i zabl eimai idactonovenstreamvaf the rdirach dxidation wietlyledee THe aquebeithyae Of

t he oxi datigp-sensitive conpound i s avoi ded. : It is a further

obj ect of tﬁg'c_ﬂfeﬂ‘ﬁtt’o’? n@@ﬂnﬁf"gn’s_t GOBTBbR é?pf'&%’és%oﬁorm evapargiaporandi ng a
i quid cont ghbjedted RP SrabBaHH Cdiftitiatidhi M aSHRILY ( SHMHRRY MSredhde pressudi Ch

the evaporation is carried out under gentle con:ﬁftlons.
O Z.0050546€K5 Weissermel and H.-J. Arpe, Industrielle organisch®- Chemied,t VEHa

further objegt, of t res Lnvention t rovi de a process for
evapor at i ngquagﬁﬁﬁsgﬁi‘%ﬁﬁaﬁ%n@lg%op?&%ﬂgéfoxi dati on-sensitive conpounds,
in whi ch the evaporated liquid is rectified. 5 It is a further object

of the present invention to provide a process for - evaporating a liquid
cont ai ni ng Giyeols zae|oxidationasensitive; cpasticulady o relatively  high temperature.  They

are oxidized in particular to aldehydes. For certain uses, for example for the

10 preparation of polyesters, particularly high purity of the ethylene glycol is
required (99.9% by weight). These glycols must comply with specific values
for the boiling limits, the water content and the acid number (cf. Ullmanns
Enzyklopédie der Technischen Chemie, 4th Edition, Vol. 8, pages 200 - 210;
K. Weissermel and H.-J. Arpe, loc cit, page 162).

15

It is furthermore known that a thermally gentle distillation can be carried out
by means of a falling-film evaporator connected to a distillation column in order
to obtain'_heat-sensitive products, the heat-sensitive product being obtained by
removing the falling-film evaporator discharge separately from the circulation .
20 stream taken off from the distillation column. This distillation process leads
to a reduction in the boiling point of the mixture to be separated and hence
to thermally gentle evaporation (cf. German Patent 3,338,488).
It is an object of the present invention to provide a process for evaporating
a liquid containing vaporizable oxidation-sensitive  compounds, in which the
2s  oxidation of the oxidation-sensitive compound is avoided.
It is a further object of the present invention to provide a process for
evaporating a liquid containing vaporizable oxidation-sensitive compounds, in
which the evaporation is carried out under gentle conditions.
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~_which the oxidation-sensitive conmpound is obtained in a very high yield and
“there is only very little contam nation wi th oxidation products. 10 It
is a further object of the present invention to provide a process for
evaporating a liquid containing vaporizabl e oxidation-sensituyfn&ﬁﬂsggnds
in an evaporator, in which the oxidagion of the oxidation-sensi

Ve
conpound in the evaporator is avoi ded. 15 It is a further object of
the present invention to provide an evaporator which . enables the
abovenenti oned processes to be. carried out. W have found that the

abovenent i olteds abj fther aobjeor Nofe'thel present Pinvestion T & providev ap Prédess Ifct
| i qui d contai ning, vapor.izabl e oxidation-sensitive conpounds in an 20

evapor at or , Yaporgtingnat Hauid ¢oninisg pyapatizable nexidation-sensitive: rRompeundsedinsol i d
surface for paL.ati F=IP e ] ontact between a resulting vapor
phase ‘évﬁic@t E% h%aﬁaé%f\é@glﬁﬁd&] 19 F &Z@edc

surface I's substantially avoided, and by a
process for evaporating a liquid containing vaporizable

oxi dat i on-sitns,i tive conmpoupds in an - evaporator, in which the liquid is
brought #nt & d®nd afurthert eblecheof dhe spresent Anventignt e cprayidec 2 RFPEESS o for

wher oi _ . he. _ g : . T et
uher €11 > Elpbing. 515l orSRNE kb UGk Sy, SORBOEARL Y™
evapor at ed whi¢hhehe) @xidationeszasitivercdmpound is obtained in a very high yield and

there is only véry little contamination with oxidation products.

10 It is a further object of the present invention to provide a process for
| evaporating a liquid containing vaporizable oxidation-sensitive compounds in an

evaporator, in which the oxidation of the oxidation-sensitive compound in the
evaporator is avoided. |

15 It is a further object of the present invention to provide an evaporator which
enables the abovementioned processes to be carried out.

We have found that the abovementioned objects are achieved by a process for
evaporating a liquid containing vaporizable oxidation-sensitive compounds in an

20 evaporator, in which the liquid is brought into contact with a heated solid
 surface for evaporation, wherein direct contact between a resulting vapor phase
and the heated solid surface is Substantially avoided, and by a process for
evaporating a liquid containing vaporizable oxidgtion—sen“sitive compounds in an
evaporator, in which the liquid is brought into contact with a heated solid

25 surface for evaporation, wherein essentiaily the total heated solid surface is
completely wet with the liquid, respectively.

An example of a liquid which can be evaporated in the novel process or by
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-4- means of
t he movel evaporator is a |liquid containing glycol, preferably ethylene
gl ycol . In the known processes for the preparation of ethylene glycol,
an aqueous 5 ethylene glycol solution is obtained and is thez.coswseqsr at ed
in a plurality of stages. The crude.glycol is then purified by
fractionation. ~ As in the case of all alcohols, ethylene glycol too is
sensitive to thernmal oxi dation (autoxidation) as well as catalytic

oxi dation. The oxidation products 10 are al dehydes (gl ycol al dehyde, .
gl yoxal , fomeahsiefithie noweleewdporaioniés a liquidwebhtaining glydohepreferablypethgicne

aci ds. lP ticularly when ethylene glycol is used in the pol yester
pr epar at i on&YER presence of these oxidation products is very
undesi rabl e and nust, where 15 possible, be avoi ded. The

distillation nethods and apparatuses known for purification of the ethylene
~glycol are dmsthei knoiwn nprocesses tfor ather preparation of etiideneitglycal, lan gqnenus|

first ter, the | ycol .and then the, higher glycol .ethers are

obt ai ned’(:o\gﬁ*y?ﬁ?&ugﬂﬁnlzg‘_’%ﬁ n s‘g?t?'é‘ggoafn cBl Hirfls ﬁgﬁ?gd‘noﬁepﬁﬁ@r\’i%d’f_t he
other.. . stagEQ' T‘Hé%‘?ﬁd@%lfc@ﬁi@'iﬁ@n ghriﬁﬁdtb?-‘ﬁlahﬁoﬂﬁibﬁ.ss'ary to establish a
certain pHin'the weakl’y range’in the colum feeds, which is

al kalin
achi eved, as a rule, by i ntroduci ng al kalis.

As in the case of all alcohols, ethylene glycol too is sensitive to thermal
oxidation (autoxidation) as well as catalytic oxidation. The oxidation products

10 are aldehydes (glycolaldehyde, glyoxal, formaldehyde, acetaldehyde), as well as
- the corresponding acids.

Particularly when ethylene glycol is used .in the polyester preparation, the
presence of these oxidation products is very undesirable and must, where
15 possible, be avoided.

. The distillation methods and apparatuses known for purification of the ethylene
glycol are described in the literature stated at the outset. In general, first

water, then glycol and then the higher glycol ethers are obtained continuously
20 in a series of columns connected one behind the other.

For corrosion reasons, it is usually necessary to establish a certain pH in the

weakly alkaline range in the column feeds, which is dchieved, as a rule, by
introducing alkalis. '
25

Since the vapor spaces of such distillation apparatuses are also semsitive to
corrosion, -alkalis must be used here too with the aid of special spray
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25, _ Since the vapor spaces of such distillation apparatuses are al so

sensitive to corrosion, alkalis nmust be used here too with the aid of
speci al spray
©. Z. 0050/ 46545

-5-
t echni ques. However, amonia, which is i_tss:elf gaseous and thL%Z'WP'ésféasi ly

distributed, is particularly preferably Used. Evaporators which nay be
used for these distillation apparatuses are various 5 evaporators as
~described above. In particular, falling-film evaporators,

circul ation HARR toiﬁml, Uh@in : S; : Gi ' .
evaporators,t& '%ﬁi n-ti %gvapopgﬁﬁgﬁig%?pﬁﬂg%gé\)éggso%g{lgp{s@%%bgasﬁged,
falling-fil distrityted i particularkye prefegablyl aseded. 10 Carbon steet is usually

used for the production of distillation apparatuses on the i ndustri al
scal e. OnM ng to the high boiling point of ethylene glycol (197.6%C)

fgguiCtGZ B?%ﬁ??ators whith @Y£P Bk 2hide@N{drS tiedé dififlidfioh - apparatuses'| fre VAGGEs -
5 _evaporétors as described above. In particular, falling-film evaporators,
 circulation evaporators, tubular evaporators, through-circulation evaporators,

thin-film evaporators and plate evaporators may be used, falling-film evaporators
being preferred.

10 Carbon steel is usually used for the production of distillation apparanises on the
industrial scale.

Owing to the high boiling point of ethylene glycol (197.68C) and its homologs,
the evaporation is carried out, as a mie, under réduced pressure.

15 . |
Under reduced pressure, however, every distillation apparatus, regardless of its

size, has a certain leakage rate, ie. leaks through which gases from the
surrounding atmosphere enter the apparatus.

20 Thus, atmospheric oxygen too gencrally enters the reduced-pressure distillation

apparatus and permits the formation of the abovementioned oxidation products
of the glycol.

In certain cases, very great increases in the aldehyde contents of the distilled
25 glycol were found in industrial plants and could not be readily explained.

We have found, according to the invention, that the oxidation of glycol in the

distillation apparatus is very greatly promoted by contact of glycol in the vapor

P



e e cmas 50 s Bt et e - s Ao -——

15 . Under reduced pressure, however, every d| still atlon appar at us,

regardl ess of its size, has a certain | eakage rate, ie. |eaks through
whi ch gases from the surroundi ng atnosphere enter the apparatus. 20
Thus, atnospheric oxygen too gener ally enters the reduced- pr essure
distillation apparatus and perm tsst he formation of theO%f9RM4A4% i oned
oxi dati on products of the glycol. In certain cases, very great

i ncreases in the al dehyde contents of the distilled 25 glycol were found
in industri aI pl ants and coul d not be readily expl ai ned. W have

f ound, acc fisken 0.4 he ti t n_o ol in the
distillati n apg,aérhap&)B P%‘Q%?y agkgtﬁ%ﬁdgﬁo%ﬁb &)ﬁ{gﬂﬁtaﬁ %Eﬁ Bnthe
vapor the liquid stream in a plant consisting of carbon steel. These iron particles or

Q Z. 0050/ 46545 bhase
with iron B pxidgspargiclesy such 25; P@BP?‘l@nP%fﬂPh&d ca @itgﬁl al@éﬂNStathlh& s in

t he | d t
par i cles GRaBH & efyc Vipof VTN LR G K SPhraplfl Crarlef ham o
as a catsal the autogidation, dei dthei direaf redcyionl of agiycol TWith 6% d@hytmgm%' glation

S substantlfaahy%faster than s the autoxidation, ie. the rect reaction
of gl ycol X

ygen wthout a
We have ﬁ.xrthe.rmore found, according to the invention, that the formation of
a large amount of aldehyde as a result of glycol oxidation was absent when the
10 iron or iron oxide pahicles were not in direct contact with the vapor phase
from the evaporator, for example when the iron particles or magnetite particles
were present below the liquid surface in the bottom product of the distillation.

In the catalytic oxidation in the vapor phase over iron, corrosion of the iron

1s surfaces occurred at the same time, resulting in the formation of, primarily,
magnetite.

We have found, according to the invention, that the oxidation of the glycol or
other oxidation-sensitive compounds in an evaporator can be prevented if direct
20 contact between a vapor phase formed and the heated solid surfaces of the

evaporator on which the liquid is evaporated is substantially avoided.

This ensures that the vapor phase cannot be in contact with iron particles or
iron oxide particles, such as magnetite particles.

25 |
In an émbodiment of the invention, this is achieved if essentially the total
heated solid surface of the evaporator is always completely wet with the liquid
to be evaporated. This avoids contact of the product-side vapor phase with the



cat al yst. We have furthernore found, according to the invention, that
the.formati on of a | arge anount of al dehyde as a result of glycol
oxi dati on was absent when the 10 iron or iron oxide particles were not in

direct contact with the vapor phase fromthe evaporator, for exanple
when the iron particles or magnetite particles wer e pr es@A005046845 t he
liquid surface in the bottom product of7t-he distillation. In the

catal ytic oxidation in the vapor phase over iron, corrosion of the iron 15
surfaces occurred at the sanme tine, resulting in the formation of,

primarily, magnet i t.e. W have .found, according to the invention,
that the o%eﬁtﬁgi%%aowms'gﬁ/&ﬁn 8% depositiom of any; HoR i Rasticles, ari iroe axiderounds
i n an evapasigé {884 I \ bl :d4C t Vapor -
phase for m?d ands te ﬁtgmﬁg%%gugg{qiﬁ sbfdrtﬁgc%s%{eg@ﬁeﬁ}f&g’ g@%‘éﬂ:ﬁ?%srﬁ lto%%/ni ch
‘the |iquid costast apssweemndthiese spavticlesit amd | the avapote gphase” would Tibes permimeds t hat

bart 1 of o6, TEaEHAR" Ak 168 Bl sP0 s’ 5 heBRRbY & G pndersront B
ur 1 ace of R ey cneed | U (i el medhn® Iof B’
be evapor at¢ofdensing steani o apothen suitatile theat transfex mediutp. vipan embediment h t he
of the inventior;,' éuch solid surfaces of the evaporator need not be in contact
with the liquid to be evaporated if heating by the heating medium, eg. steam,
is prevented by means of suitable appératuses. '
10 |
In an embodiment of the invention, those heated solid surfaces of the evaporator
which, owing to suitable apparatuses, the vapor of the evaporated liquid cannot
reach and which thus cannot be in confact with the vapor phase of the product
need not be in contact with the liquid to be evaporaied.
15
In a preferred embodiment, the heate'd solid surface of the evaporator consists
of corrosion-resistant steel.  This serves for avoiding surface oxidation
(formation of a miagpetite layer). By means of this measure, contact of vapor

with iron particles or iron oxide 'particles, such as magnetite particles, is
20 furthermore prevented.

Evaporator

- The novel process can be carried out in an évaporator comprising a heatable
25 solid surface, an apparatus for heating the solid surface and an apparatus for
‘feeding a liquid containing vaporizable compounds to the heatable solid surface,
wherein the apparatus for feeding the liquid is designed and arranged in the
evaporator in such a way that direct contact between the resulting vapor phase

el abree o



O Z..0050/ 46545 . -7- heat ed
solid surfaces, as well as deposition of any iron particles or iron oxide
particles entrained in the liquid on the heated solid surface, with the

result that contact between these particles and the vapor phase woul d be
permtted. Essentially the total heat\(la\ﬂ solid surface is p &@?%W to
be understood as 5 neaning the surface Which is heated by the heating

medi um for exanple condensi ng steam or anot her suitable heat transfer
medi um I n an enbodi ment of the invention, such solid surfaces of the
evapor at or nged gi. ' Nb@fdce i 1 . l.aukd to be evaporated if
heating by the Iﬁﬂé‘g?’?%gmhgsé?@m eg.e lsst %ﬁyﬁ]{aﬁtl&lwlalsl_bigg%vent ed by neans of
sui t abl e apparatuses. 10 In an enbodi ment of the invention, those

heat ed sol i dlsurfaces,of thﬁ evapor gt or whi ch, owing to suitable

appar at uses, 14 A smbpdiment of, the. inyention. the peNel PrecsssGan de carzied ougra amhi ch
t hus cannot ' s oYl : pPQL1: of u . not
be in cont actéfa\ﬂb'ﬁﬁsf% igﬁﬂl%t&t ggﬁgmgv%gﬁg ed.”’ 143& mﬁp&{aﬂga?%rr gfe %?%Sge
enbodi nens, sdliel rsesfacel aml izh appimtus dor tfeeding apoliquidr contaiming Svaporizable
corrosion-resi stant, steel._ This serves_ for avojding surfac oxi dation
(formati on of°HPERRAsiSEO; ﬁ\? *‘%}5?‘? _so§9 fefare w%ciem theapparas fog feedipg ghe
vapor W {iBuig’ Rﬁﬁe cl ' X1 akda u S elat e
particles, i ga%ig q?urt ePrmarﬁg gf&%ﬁ@gg. i 408 E‘HE\%%%} aitio%{k:@ an&gﬁh{eﬂaﬁlovel
process can bssentially ¢he dotal heatableesalidosurface isowpt mwdthn thea liquidi abl e 25

solid surface, an apparatus for heating the solid surface and an apparat us
for feeding a liquid containing vaporizable conpounds to the heatabl e

solid surhacen an embodiment of the invention, the heated solid surface consists of
corrosion-resistant steel.

According to the inveﬁtion, the evaporator may be designed as a falling-film
evaporator, self-circulation or forced-circulation evaporator, tubular evaporator,
15 through-circulation evaporator, thin-film evaporator, rising film evaporator or
plate evaporator, preferably in the form of a falling-film evaporator. The
heatable solid surface may have any desired geometry, provided that heat
transfer is possible. The surface may have different shapes and may be, for
example, in the form of a tube which is smooth or provided with surface
20 structuring and which may ha\?e, for example; a circular, oval or other
cross-section. For example, it may be in the form of a ribbed tube. It may

also be in the form of one or more plates.

In an embodiment of the invention, the evaporator furthermore comprises an

25 apparatus in which the evaporator is designed as a falling—film evaporator,
self-circulation or  forced-circulation evaporator, tubular  evaporator,
through-circulation evaporator, thin-film evaporator, rising film evaporator or
plate evaporator, preferably in the form of a falling-film evaporator.

amn.eg
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wherein the apparatus for feeding the liquid is designed and arranged in

the - evaporator in such a way that direct contact between the resulting
vapor phase :
O Z. 0050/ 46545

- 8 - nd the
heatabl e solid surface is substantially ayoided. In an efBPRERYS of
the invention, the novel process can be carried out in an evapor at or

conprising a heatable solid surface, an apparatus for heating the s solid
surface and an apparatus for feeding a |liquid containing vaporizable

conpounds t opg i f Ghé UinvafSo ' a for feeding
t he i qui dr@s% rrede%ﬁ?f: ghirfrnangeocp’% ﬁdﬁg%/ag‘gso?@?o? Jﬁ‘ﬁ i_iq‘ﬂay
that =~ essenmpridesya tprocesst stheteintthsl evapordtor dsirfusthermorevpiovidedh withe an

l'i quid. 10,1 n _ an_embodi nent.. of, . the .invention, the heated solid surface
consi sts of PPAERS SO Fenyclingliquid flosying away froin g@cé‘r"ﬁ?‘ﬁg“’t the; exaporator.

i nvention, the evaporator may be designed as a falling-film evapor at or,
sel f-circulation or forced-circul ation evaporator, tubular evaporator, 15
t hr ough- cf r cIn ani embediment nfothe invention) the evapuratat anay rbesimghé iform of a

evapor at or 0k _qyy: | at e _evapor,at or referably in the for of .

falling-fil nfa“é%ﬁﬁf‘a ‘_E?rl’."“‘af diaving ﬁEaPamreag%m dower ffﬁ‘a“er&%(‘;w w&ﬁsﬂant,he

desired geormappert, aii/6y itHe dlowe! tib@plate of the falling-film evaporator is thermally
insulated. .

10 This is illustrated in more detail below in the Example.

The novel evaporator may be used as the bottom evaporator of a rectification
column, and the bottom evaporator and the rectification column may have
separate bottoms. This too is illustrated in more detail in the Example.

15

Oxidation-sensitive compounds

The novel process can be used for any desired vaporizable oxidation-sensitive
compounds, in particular those which may undergo oxidation during evaporation.

2 In an embodiment of the invention, the vaporizable oxidation-sensitive )
compounds are-those which are catalytically oxidized in the vapor phase over
iron particles or iron oxide particles, in particular magneﬁte particles. The
oxidation of these compounds during the evaporation can preferably be prevented
by the novel process.

25
Examples of the compounds which may be used according to the invention are -

alcohols, in particular aliphatic alcohols, such as straight-chain or branched
alcohols of 1 to 20, preferably 1 to 10, particularly preferably 1 to 4, carbon



transfer is possible. The surface may have different shapes and may be, for
exanple, in the formof a tube which is snooth or provided with surface 20
structuring and which may have, for exanple, a circular, oval or other

cross-section. For exanple, it may be in the formof a ribbed.yabstiaesds My
also be in the formof one or nore plateg. In an enbodi ment of the
I nvention, the evaporator furthernore conprises an 25 apparatus in which
the evaporator is designed as a falling-film evaporator,

self-circul ation or forced-circul ation evaporator, tubular

evapor at or, atoms. t [Sujtable- examplest atn me&pmlat ethandlhlm-phﬂmlavamq;@m
rising film r at a eva or at qQr r ef er abl in the form of
a fal |g| ng- fpl-lm%g Bqtgtla&utanol PA 2k rClass” of vaponzable oxi%atxon—sensmve

O. Z. 0050/ 46Q5ﬂn?ounds comprises the diols, in Ny@AN
enbodi nent of the i nven{)l on, the appar ztlrltjlgul or hatxc d#il? atgpleks of
conpri ses atﬁﬁsg(ﬁé'ssﬂlohewfeﬁrr Bﬂepafeqablyaﬂo-r lOsui lpattimlamZe br oanbdndatumrsh an

apparatus f recyclin ui fIOW|n age i.n
evapor at g’r %xag)pﬁénatgng@;{#%aﬁg Em'i %RI ﬁ%%‘é \E&S‘Eﬂl ggh)ﬂﬁ‘}e be
in the for mgiycok is pmfi@hmilq,rgfeﬁmfwgg@rator havi.ng an upper and a lower °
tube plate, wherein the upper and/or the |lower tube plate of the
falling-filmevaporator is thermally i nsul at ed.

According to an embodiment of the invention, it is furthermore possible to use

polyols, in particular aliphatic polyols. A typical example of a polyol is

10 glycerol.

Further examples of compounds which may be used are aromatic compounds,
such as phenol or aniline.

15 According to an embodiment of the invention, the vaporizable oxidation-sensitive
compounds can be fed to the evaporator in pure form. If necessary, they may
contain impurities or byprodixcts. According to a further embodiment of the
invention, the vaporizable oxidation-sensitive compounds are fed to the
evaporator. in at least one liquid, usually in a reaction medium or solvent used.

20 The liquid may also conmsist of a product mixture.

As a rule, the liquid used is the medium in which the oxidation-sensitive
compound to be évaporated is obtained in the synthésis. 'According to an
embodiment in which a diol, in particular ethylene glycol, is used, this is
25 mainly water. The vaporizable oxidation-sensitive compound, if neéessary in

a liquid containing it, is fed to the evaporator by evaporatihg it by contact with
a heated solid surface.



0. This is illustrated in nore detail below in the Exanple. The
novel evaporator may be used as the bottom evaporator of a rectification
colum, and the bottom evaporator and the rectification columm may have
separate bottonms. This too is illustrated in nore detail indpeodonsss e 15

Oxi dati on-sensitive conpounds Theinovel process can be used for any
desired vapori zabl e oxi dation-sensitive conpounds, in particular those
whi ch may undergo oxidation during evaporation. 20 In an enbodi nent of
the invention, the vaporizable oxidation-sensitive conmpounds are

t hose "whi ciAwordingttalant embodimenk bﬂithedhvenuometheaqmpoqaﬁen gakeseplace undér’ on
particles n oxi de particles rticular tite particles. The
oxi dat i on JFd"Fﬁa ouﬁﬂé Bﬂ?’ﬂlﬁl@ﬂyhé" ﬁﬁ’r aYQPBFFggﬁ gXidatonsensitiye
prevent ed t t.2 r&mr@# S

whi ch may bcgnbs?ggdaﬁc?go?g{ng Utbglﬁﬁ{?mnvgﬁ?rl gﬁa@@”ﬂeeévﬁ rﬁtEﬁ of %
particul ar gly¢qlntakesc place cinsler reducedl pressure,auspally cit 60 - cﬁOObrtapl:ﬂhd about

al cohol s 0f20bt0 20 preferably 1 to 10, particularly preferably 1to 4,
car bon 10 -
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Particularly in the case of evaporation under reduced pressure, there is a danger
that atmospherié oxygen may penetrate into the evaporator through leaks in the
apparatus and may promote oxidation of the oxidation-sensitive compounds.

10 | ,
According to an embodiment of the invention, the liquid in the evaporator takes
the form of a circulating bottom product, particularly when the total feed is not
evaporated in the evaporator. |

15 The novel process is illustrated below by an example of a preferred
embodiment. |

The preferred embodiment is explained with reference to the Figures, in which

20 Fig. 1 schematically shows the connection of a column and a falling-film
evaporator having separate bottoms, | -
Fig. 2 shows a cross-sectional view -of the upper part of the falling-film
evaporator with a two-stage perforated box distributor and upper tube plate
with intermediate plates, and

25 Fig. 3 shows a cross-sectional view of the lower region of the

falling-film evaporator with the outlet region for heating medium and
product. '



e

atons. . Suitable exanples are nethanol, ethanol, n-propanol, i soprofoanol ,
n- but anol and i sobutanol. A further class of vaporizable

oxi dati on-sensitive conmpounds .conprises the diols, in particular the
al i phatic diols. Exanples of these are diols of 2 - 20, pb?zf.&s@bdsx 2 -
10, in particular 2 - 5, carbon atons. .g2.Exanples are ethylene g ycoﬁ,
propyl ene glycol and butyl ene gl ycol. Ethylene glycol is particularly
pref erably used. According to an enbodi ment of the invention, it is
furthernore possible to use polyols, in particular aliphatic polyols. A
typi cal exahd preférred enibpdimernt dfothegévaporation system déseribeé rbefowdi® s@itatd
corrpounds'v@i ch may be used arf aronat i,c coppounds, such as phenol or
ani |l i ne. E Capyaly QuhJoe ROYS! PIBCRSSnihPagiculascfor \¢vaporating an: purifiting zabl e
oxXi dation-s,ﬂﬁg ' ids comtaTRRig ed to the evaporator in pure
form |If necesg‘gérgl,ﬁu% ey nay gﬁ%’g"::nalltaagl célFerrities or byproducts.
According to a further enbodi nent of the I nvention, the vaporizable

oxi dation-sgnsitive conpounds arge. fed_to the evaporator in at | east one
Ut qui d.. UsuLhe yYaRoTatare sad df. rekalling-Blm scyapesstor bach ermmits clow dbermany
al so consi Sy, O bwing iy S s the
medi-umin Wméc%% t gfeo | g%tirrgn-segosit?? \s;léort r&?d%gﬁpqgﬁﬁépﬁg%g%%%%?eg% S
obt ai ned i nsmalé pressuhedoss andc comsdijuentlyo then small inerdasdi iverthe iboilidy oim

diol, in particular ethyl.ene glycol, is.used, this,is 25 nainly yater.
The vapori zﬁeﬁﬁtbveoi? db?PF%‘u‘ﬁ s_%cffgl onse 2d n s, small; B“N%s‘ggp?apﬁe X‘f}[‘\"@%PCPi qui d
contai ni Ng bétwebks éﬁdﬂ&oﬂﬁd]iew%&ﬁﬁh- by eyaporati ng it by contact with

a heated solid surface.
10

In the present case, the falling-film evaporator is operated by a procedure with

separate bottom. In suitable material systems, for example the ethylene

glycol/water system, this avoids an excessive increase.in the temperature of the

bottom product with unchanged quality of .the bottom product. The procedure
1s  with separate bottom is described in detail in German Patent 3,338,488.

The connection of the falling-film evaporator with the rectification column is
shown in Fig. 1. Here, W1 is thé falling-film evaporator having an inlet 2
for heating steam and outlet 4 for condensate and 6 for uncondensed gases, K1

20 is the rectification column, only the lower part of which is shown, P1 is the
pump for feeding the bottom product of the column to the distributing means
at the upper tube plate of the falling-film evaporator W1 and P2 is the pump
for discharging the bottom product 8 from the falliﬁg-film evaporator.

25 The bottom product of the rectification column X1 is fed via pump P1 to the
distributing means at the upper tube plate of the falling-film evaporator W1, in.
which a number of tubes are arranged vertically, as shown. The falling-film

evaporator is heated by means of heating steam 2, condensate (4) and
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-~ 11- O Z. 0050/ 46545 According to an enbodi nent

of the invention, the evaporation takes place under reduced pressure,
and particularly when the vaporizabl e oxi dati on-sensitive conmpound has a
hi gh boiling point. For exanple, the evaporation of ethylene¢)zmgmﬂ§?

t akes pl ace under reduced pressure, usuajsly at 50 - 300, typically about 5
200, nbar. Particularly in the case of evaporation under reduced
pressure, there is a danger - that atnospheric¢ oxygen may penetrate into
the evaporator through leaks in the apparatus and nay pronote oxidation

of the oxi dancundensedsgasese(ﬁownimglrrdmové& separatélyc or The bdtont prédiee Gfngyal  of
thelnvent|? Idlnth orator takes the formof a

circul ating %Mﬂ'&i’iﬂp?&ﬂ’amr b%l gmaypmanl’% hele cipculation strgamoef the
evapor at ed %51 [ t beI ow
by an exarrp:bgtté eg&grag‘)grr gsmg &é lrlwigﬁ m::nté a‘?ﬁa‘}c e IHV%EMS?

erre

e pre
enbodi ment iof theptalumadtonithe fallingrfiinc evapmratbe via cpumays , P1 musti b con26lied
A1 SONRLEL Vay TR o SRSr 6D e SaSlall) At o' Ak '

The amount of liquid fed must be sufficient to ensure that enough liquid is
present at the . outflow of the tubes of the falling-film ‘evaporator for the
formation of a stable liquid film over the total circumference of the evaporator
tubes of the falling-film evaporator. In this way, direct contact is avoided

between the vapor phase, which contains, for example, glycol, and the heated
inner surface of the tubes of the falling-film evaporator.

10

The liquid stream fed to the falling-film evaporator is thus preferably only
partly evaporated. The vapors (the steam) produced flow together with the
15 unevaporated liquid (back) fo the column if the bottom of the evaporator is full,
and the bottom outflow separate frdm the bottom of the column is located
below the evaporator tubes. The bottom product is removed by means of
pump P2 from this separate bottom of the bottom product stream of the
unevaporated liquid at the outlet of the bottom evaporator.
20
The liquid fed to the falling-film evaporator W1 must lbe uniformly distributed
over all evaporator tubes 16 in order to ensure the formation of a stable liquid
film in all evaporator tubes, as described above. The:uniforrn distribution of
the liquid can be achieved, according to the invention, by means of a two-stage
2s  perforated box distributor, as shown in Fig. 2.

The liquid to be evaporated is fed via tube 10, after which it is distributed

uniformly over the entire entry surface of the evaporator tubes 16 by means
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evapqr at or havi ng separate bottons, Fig. 2 shows a cross-sectional

view of the upper part of the falling-film evaporator with a

t wo- st age perforated box distributor and upper tube plate with
internedi ate plates, and 25 Fig. 3 shows a cross-secto2oeorgslgW Of
the lower region of the fallipg-fil mevaporator with the outl et
region for heating nmedi um and pr oduct .

~QO Z. 0050/ 46545 -12 - The

preferred enpodi nent, of the evaporation system described below is suitable
for carryi n@¥duPr %n%véustﬂw@eéa andnapaam distributdroi4 ev'Ehxmtwbl Graed

purifying a et.hyl £ ﬂm
evapor at or usgﬂ“ﬁg@gm?% i Ng- &%ﬂ)trlﬁ g; d‘ﬁﬁq’(':‘?P‘yiﬁnf"ﬂ'@t gsmmpm
stress -on t iseclprosay thatvabrmt tthe tsklﬁesdnwdnt fdi'sl'icﬂﬂd‘(if féd ¥ a ﬁtevgg&%tor bes.
t enper at ur e, smal | ‘E sure | oss and Consequent | Tu

t

i ncrease in %hh%gltpﬁﬁ GRieLs: the evaperatori tubes,odown bathdse wdlsdltt trivkdesqnhdt he
smal | drigvi adi r t uct and heatj
medi um 10 Wp ﬁ eﬁﬁ;&é%sentiﬁhgalgggﬁ oL hﬂgﬁl vge Falt%dg\/ﬁ Aty téatoﬁ%fr at ed
- by a proced uﬂehquld Hs evapeﬂpeﬂ bhtea lyedble iquid fiﬁn%“als%bbl‘éséﬁ@ta? thé loweS hitie®
for exanple tH (Fa ﬁ%l ene %e coI/water system this avoids an excessive
t

i ncrease in % 3t theeenite rigper surfacs; o ﬁhqmmmct wi th unchanged
quality of.the bottom product. The procedure

The energy required for evaporation is supplied by heating steam, which is fed
10 to the falling-film evaporator via the inlet 2, in particular via a steam dome

or steam belt 3. Other suitable heat transfer media, for example high-boiling
organic compounds, may also be used.

According to an embodiment of the invention, the 'upper tube plate of the

15 falling-film evaporator is thermally insulated. ‘This ensures that no heated
components of the falling-film evaporator are free from a liquid film. The
possibility of iron oxide or magnetite particles entrained from upstream units
being deposited on the upper tube plate cannot in fact be ruled out. These
particles may be at least partly in contact with the vapor phase which, accord-

20 ing to an embodiment Qf the invention, contains glycol, unless the upper tube
plate 17 is thermally insulated. Usually, the upper tube plate 17 is in direct
contact on its lower side with the heating medium, which is generally steam.

To avoid this direct contact, in an embodiment of the irivention an intermediate

- plate 18 is drawn in below the upper tube plate, as shown in Fig. 2.
25 According to an embodiment of the invention, the space between the upper tube
| plate 17 and the intermediate plate 18 can be filled with a suitable insulating
material. The penetration of heating steam into the space between the upper

tube plate and the intermediate plate can also be prevented by minimizing the



15 .wi.th separate bottomis described in detail in Gernan Patent 3, 338, 488.
The connection of the falling-filmevaporator with the rectification colum
i.s shown in Fig. 1. Here, WL is the falling-fil mevaporator having an

inlet 2 for heating steam and outlet 4 for condensate af&.®5G6/46545
uncondensed gases, KL 20 is the rectifil®ation colum, only the |ower part

of which is shown, P1 is the punp for feeding the bottom product of
the colum to the distributing nmeans at the upper tube plate of the

SCRRCARN T AR N AT A B R U AT R
product of gl 18Ckd fmtﬁta&h&e SoAUmY 44 ﬂ&siﬁﬁdnalsga&*a lfﬂlan%ent ¢ Bfaporator

di stributing neans at the upper tube plate of th I ng-f 1 I'm evaporat or
WL, in tubes d6 and the dntepmediateeplate d8ar rAcopeding aot ax embodimentsbpuhe The

falling-filj . j f h ' 2
an dlazg at:a %ﬁﬁnt%et\ﬁ%pafs&tn% bsb&%laeteg dm‘éyu&?e"i‘-”t%b%’ plateeatalng gth%t %%prme’diate
O. Z. 00505 465i4fe may be 20 - 200 mm - 13 -

uncondensed gases (6) being r enoved separately.” The bottom product of the
falling-filmevaporator is taken-off via punp P2. The circul ati on:stream of

th bot t t i sing. the.liguid.flow fromthe | t
bart1es— ARGRBRE o0 ERboRy el Hbefion 1 5o noWble i “HbdieHEC! e
control | ed the thermdr lingulaion tofatheauippedV it platd if UPSS éstredd ®§UBieC other

supplied with liquid. = The apmount of liquid fed nmust be sg?ficient to
-ensur e t hat MSABIEEH ar¢asding tos the invention that the heated surfaces of the upper tube

10 plate are always completely covered with a liquid film.

According to an embodiment of the invention, the lower tube plate is thermally
insulated; according to a further embodiment of the invention, both the ﬁpper
and the lower tube plates are thermally insulated. The insulation of the lower
15 tube plate is shown in Fig. 3. The evaporator tubes 16 project downward
through the lower tube plate 20, preferably to the extent permitted or required
by the design of the falling-film evaporator. This may be limited, for example,
by the fact that the. evaporator tubes have to be welded to the lower tube plate
from below as shown in Fig. 3. A circular ring 21 which is connected on the
20 lower side to a cover pléte 26 which closes the lower side of the tubes 16 is
mounted on the lower side of the lower tube plate. The space between the .
tubes 16, the lower tube plate 20 and the cover plate 26 can be filled with an
insulating material 30. The cover plate 26 shields the insulating material 30
from the vapor phase. As a result of this novel design of the lower tube
25 plate, heafiﬂg of the cover plate 26 is avoided and hence direct contact of the

dry, heated surfaces with vapor phase containing, for examble, glycol.

According to a further embodiment of the invention, the space between the



present at the outflow of the tubes of the falling-film evaporator for

t He " formation of a stable liquid filmover the total circunference of
t he evaporat or tubes of the falling-filmevaporator. In this way,
direct .contact is avoided 10 between the vapor phase, which contains, for
exanpl e, glycol, and the heated inne{? surface of the tub®sZ-0A50/6545
falling-filmevaporator. The liquid stream fed to the falling-film
evaporator is thus preferably only partly evaporated. The vapors (the
steam produced flow together with the 15 unevaporated |iquid (back) to

he col i i.s ful .. and.the bott
DuLf L ow Sopionsr (e IR and e SHRHOLRILDS 1 rof fiteq with suuiniig. Rieciane

evapor at or 8Qbt. isTheoledtinoan definetl aharirer rigmilusiting Ywitle a0 Suidble liquid & £2 -
fromthis sglpﬁ%te botttomof he.ottomgroduct stream of the .
unevapor at et} E%igfsat Of fexapple JyithcoolBg HWatehm &ospthisitparposep the  spattie

liquid fed pawcke | Ydoi- fuble! r r I for di st.ributed
over all evaporat o{r_h%t tdbvgf ?Ldgergﬁ%? gr ﬁf(ng %&%§M§8f%¢]rﬁﬁtgﬁgoﬁea%ds? bl e

liquid 5 -roundm iTheatéolingamedintrocart beesupplied @8 eEinbesi ﬂh@ﬂ?i ofiTrees gl or m
di stribution o . h._he bi uid can ge achi eved, according to the '
i nvention, BY SHEYRAsILES Puily- & YgE ortligce g%!rﬂ’ﬁr%% box distributor, as
shown in Fig. 2. The liquid to be evaporated is fed via tube 10,
after which it is distributed uniformy over the entire entry surface
of the evapdhgtweevel grabodiment, ofrdbergipper and lower tube plates of the falling-film

Q. Z. 0050/ 46§5§porator, as shown in the Figures, are accordingly ipglﬁ:aﬁle to other

10 evaporator designs which can be used according to the invention, for example
circulation evaporators, such as natural circulation evaporators or forced
circulation evaporators. According to the invention, the insulation is such that
direct contact between a heated surface and the vapor phase, for example
glycol-containing vapor phase, is minimized.

15
According to an embodiment of the invention, the largest possible area of tube
plate, ie. of the upper and/or lower tube plate, is filled. with tubes. The tube
plate is preferably fully occupied by tubes in order to provide a very small
tube plate surface which could lead to the formation of heated surfaces not wet

20 with a liquid film. For example, according to an embodiment of the invention,

it may thus be superfluous additionally to provide thermal insulation to the
upper or lower tube plate.

- According to an embodiment of the invention, flow deflector plates 32 may be

25 arranged, as shown, for example, in Fig. 3, at the lower tube outlet of the

falling-film evaporator- for reducing the pressure loss and for shielding the liquid
surface in the bottom of the evaporator. The vapors, ie. the steam, are fed

to a column K1 via a connection 24. The bottom product of the evaporator



of a prelimnary distributor 12 and a main distributor 14. The two

per f or at ed boxes (prelimnary distributor 12 and main distributor 14)
must be arranged in such a way that about the same anount of liquid is
fed.to all evaporator tubes. The liquid then enters the evaporat or
tubes, down whose walls it trickles, and 5 is partly evapor d@-&H050/4654s
inflow of liquidis regulated in such a-#y that not all liquidis
evaporated but a stable liquid filmis also present at the | ower tube

end and covers the entire_ inner surface of the tube. The energy

required for_ewv r,at i op. i s supplied.by heating ste which is fed 10 to
the falling-$f Y %%B&aY& a*ﬁpg"?'}?gn?%lgt g’é,m pﬁfg’}‘WI *via a steam
dore or steambelt 3. OQher suitable heat transfer nedia, for exanple

hi gh- boi | i ng_rh organi ¢ conpounds, may al so be used. " According to an
enbodi ment ofhe fallingrfilm: evaporatere Wibsan heuoperated t withyfany hsyitable leat mediprhi | m

evaporator is thermal Ly ipnsulat hS ensures _that n at ed .
conponent s oéort %ﬁeﬁl Ir?’{%aﬂf’i Ilﬁ]tlsgagﬁg}-%@rg%?f%e&rggﬁf F%Wﬁa%i‘éﬁ%?ﬁa'fyi I‘th The
possi bi |13y QipeiHeatedostedif ideMeaPhtnicipRaid pfessite SNIfT AL Hegtidg HEduRS usQRM
units bej ng deposited on the upper tube plate cannot in fact be ruled
out. These is stegmy t whichsismalsopeefgired dasas Jiating steamsoHies somgntum: of theypor

hase whi ch, _ i . : ) .
o yaon " DR g Ban e AR Bl i b SNAR L peURNED,
the upper tube sdadd ebelt/ (B | Todprotedt the evaporastor feomi érvsioavwby Hquid dvops t he

heating nmedi um whjich is generall 3{ st eam To avoid this direct contact,
in an enmbodi eRtFAinest innthe; stpamy | »Flainblind dorprpieeing the gvaperatos tubesmay i n

ot ot PG, B b EupeR 0 HE sl Sl of uiBeasiORRAATS 0 2 L

and the internediate .plate 18 can be filled with a suitable insulating

materi al. The penetratiqgn of heating steaminto the space bet V\Bgl],t he_ upper
tube plate ad@ eveid; thee formratione of | i axide Sr s@agnetits fpstigles e Rllingrfilmng

‘the evaporator is made of stainless steel, for example of stainless steel 1.4541 or

an equivalent steel.

15 -
The evaporator used | according to the invention, in particular the falling-film
evaporator shown in the Figures, is fed with liquid to be evaporated, in such
a way that a stable liquid film is formed over the total tube length in the
falling-film evaporator. For this purpose, the amount of liquid stream fed from

2 the column K1 by means of pump P1 can be appropriately controlled, as can
the temperature of the heating medium and the pressure on the vapor side of
the falling-film evaporator. According to the invention, reduced pressure can
be employed for evaporating high-boiling substances, in particular for
evaporating liquids containing ethylene glycol. |

25
The effect of the contact between the vapor of the vaporizable
oxidation-sensitive compound and iron or iron oxide particles, in particular

magnetite particles, which forms the basis of the present invention, is illustrated
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t'of erances of the through-holes for the evaporator tubes 16 in the
i nternedi ate plate 18, so that there is as far as possible no space

bet ween t he evaporat or tubes 16 and the internediate plate 32800@ rdi ng
to an enbodi nent of the i nvention, thgegdistance D between Pt %g?stube
plate and the internediate s plate may be 20 - 200 nm According to
an enbodi rent of the invention, it is possible to dispense with t he
thermal insulation of the upper tube plate if it is ensured by the other
measur es acGArdeBxdpleddelgwention that the heated surfaces of the upper
tube 10 plate are always conpletely covered with a liquid film

According to an enbodi ment of the invention, the | ower tube plate is

thermal |y % 'E‘ﬁ,ﬁ'f’lt ed; according to a further enbodi ment of the

I nventi on, *upper and the |l ower tube plates are thermally
i nsul ated. The insulation of the |lower 15 tube plate is shown in Fig. 3.
The evaporator tubes 16 project downward t hrough the | ower tube plate

20, pref & abThe teffect of differant poateriaksein dhe distillation appardfys tome thee okiglatio t he

falling-fil t Thi s Y/ i mted. for ex lLe.. . t he fact-
that the ev%@%@g’%t glé'ggl, W§Veﬂ€oﬂ§§hyj\?§ | g€ qPSn’t H"eagl %Fﬁ%ﬁe&e ublblé?(ga ory '
from bel ow agxpefienwits. n Distillatidn expetifmesitsatvithi éibylede whiiceh wete Tirbneartied oup .t he
20 lower side to a cover .plate 26 which closes the | ower side of the tubes

16 is 95 this  PBIPOS®re | ower side of the |ower tube plate. The space

bet ween the tubes 16, the | ower tube plate 20 and the cover plate 26
can be filled with an ' :

10 The simple distillation apparatus used consisted of a still with an air leak tube,
a packed column (length 40 cm, diameter 2.5 c¢m), an ascending condenser, a
receiver and an apparatus for generating reduced préssure. Ethylene glycol was
initially taken in the still and distilled at 200 mbar- at a temperature of 150 -
160$C in the bottom. The distillation was terminated when 87% of the initial

15 bottom content had been distilled, ie. 13% of bottom product remained behind.
The duration of the experimenf waS about 2 hours. The column contained

packing. Rings of glass, stainless steel or iron were used as packing in
various experiments. Either air or nitrogén was bubbled in via the air leak
tube. The results are summarized in the Table below, the numerical values

20 indicating the content of aldehyde .in the distillate or bottom product in ppm
(parts per million).

Table 1
Distillation of ®thylene glycol over various
25 , column packings
values : acking
dehyde Glass Tron Stainless steel
ree: 15 ppm :
otal: 22 ppm -~ free total free total free total




i nsulating material 30. The cover plate 26 shields the insulating material

30 . - fromthe vapor phase. As a result of this novel design of the

| ower tube 25 plate, heating of the cover plate 26 is avoi ded and hence
direct contact of the dry, heated surfaces with vapor 46545
contai ning, for exanple, glycol. igecording to a further er% dtnent
of the invention, the space bet ween t he :

O Z. 0050/ 46545 -16 - | ower
tube plate 20 and.the cover pl ate 26 is not filled with insulating material
30 but is (l)‘*“ir‘ e e Simm Wy, 033" aposurtegie—yi qui d or
a Sui tgd e gas, Bbtidin Frédudl e<\51 th spoling wat ess. Fo¢st hi sgpurfose, the
space [Bebavecn t he | ower tgbe plate 20 and the cover plate 26 i st be

seal ed al | ‘ 5 round The cool i§{n@4nedi 40 candbe suBpl i ed9and r@aovdd t hrough
orifices 2Pisilae as Shown 1n FTg% 3 agsa verd orid ce TOr theBpade.
The novef :’ igeli nenBosim pleductippetS andST ower 12 ube P at es<df thé4f alll i ng-film

evapor at or [ a’r?&"'eshown in the Fifgures, are accordr ngl y applrcable td other 10
evapor at or ons_which can he Hsed #tcordéhg 023 he | fventi @ or

exanpl e -circulation evaporators, such as natural circulation-
evapor at or §‘he raldelmyde d:oncentta'tmnsj ware determimed byt the MBAFE oethiody asoddsbrbed

i nventi on, atro uch.t hat nt t be n a heated

surf ace andn{}% b nﬁ @%p?—% (198{);95;(: C9 HI¥Hhase,

i's mning,Zegr the photometnc deterrmnatlon of free and bound aldehydes. The difference
between free and total aldehyde is the bound aldehyde, which in the present

case is in the form of, for example, acetals and hence not accessible to direct

_determination.

15 The stated balances give the respective average total aldehyde contents in the
ethylene glycol, the bottom product/distillate ratio of 13 : 87 being employed.

The Table shows that, when air was bubbled in, a high level of aldehyde

formation occurred for all packings used.

In addition, aldehyde formation is highest when iron rings are used as packing
and lowest when stainless steel rings are employed as packing. The choice of
the material for the packing thus has an effect on the formation of aldehyde in
the distillation of ethylene glycol. The presence of iron rings as packing

25 promotes the formation of aldehyde from ethylene glyco_L The formation of a
* grainy, readily mobile black deposit was observed on the iron rings as packings

during the distillation, wherein the stainless steel rings were only tarnished.



15 According to an enbodi nent of the invention, the | argest possible
arearof tube plate, ie. of the upper and/or |ower tube plate, is filled
with tubes. The tube plate is preferably fully occupied by tubes in
order to provide a very snall tube plate surface which cog

the formation of heated surfaces not wetog0 wth a liquid f|In1 or
exanpl e, according to an enbodi nent of the invention, it may thus be
superfluous additionally to provide thernal insul ation to the upper or
| ower tube plate. According to an enbodi nent of the invention, flow
defl ect or pExdmple32: nmay be 25 arranged, as shown, for exanple, in Fig. 3,
at the | ower tube outlet of the falling-filmevaporator for reducing
the pressure'l oss and for shielding the |iquid surfacein the botton1
of the eva t Qkth K1
o o connomt Roiper ERfertRBRl Sayithe hBof bR RenBia 1F the apparkfhs hebsly’

O. Z. 0050/ 463btye, under otherw1se identical conditions. Thus, no ethjlene glycol W‘»@n be

t aken off Vi,a.. Cti 34b ans of The falling-film
evapor at dr @%fﬁ gtg 331& yt°s bé%ﬁ%ﬁ@ﬁ"t betgen ¥apor phasgrangher gy

reasons, itte’sﬁ:dpﬁﬁfe?faﬁ%y f&da%idiwéff pén&fcessary wth 5

super heat ed st eam under s per at nospheric ufe. If the heating nedi um
used is steam which is also referred to as heating steam the nonentum
of the . ' :

In this experiment, the column was run either as an empty glass column or as

10 a glass column operated with iron turnings. This served to simulate an iron

- reflux condenser or a corresponding evaporator of this material with gas phase'

contact. The results of the experiments are shown in Table 2, the total
aldehyde content in each case being stated in ppm. .

1s The initial concentration of aldehyde in this case was 23 ppm.

Table 2

Aldehyde
[ppm]

ontrol experiment without iron

‘gs

The aldehyde contents determined show that the oxidation of ethylene glycol in
.25 the presence of air over an iron surface takes place to a substantially greater
extent than in corresponding control experiments in the empty glass column

(experiment No. 4) or under a nitrogen atmosphere (experiment No. 3). Owing



heati ng steam can be broken outside the falling-filmevaporator in a steam
done* or steambelt (3). To protect the evaporator from erosion by

| i quid drops entrained in the steam a slat blind for protecting the
evaporator tubes may 10 additionally be arranged on the feedgsz6iBomésst NE
heati ng steam To avoi d the formatatan of iron oxide or magnetite
particles, the falling-film evaporator is nmade of stainless steel, for
exanpl e of stainless steel” 1.4541 or an equival ent steel. 15 The
evapor ator used according to the invention, in particular the falling-film
evapor at or - tohthen longer hresidenper ex contact ¢innesi tthe leffect of tthe hmateriabasel &l thé n

h : t hat t ab liguid filmis f d th tal tub
Tength in ¢ sidenser” or e polEnn, By HighnaBore” phonRted” Shim o, ¢ Hereseing of
liquid streBgahgR. from BAmpld ahews Uit e RoniBRRE B Pi5R FHase itk Siron

appropriately controlled, as can the tenperature of the heating nmedi um
and the prelfads 8o substantiallypincreasesk formation of aldehyde as @nf oxidation prodact of
According, tg the inventian, reduced pressure can be enpl oyed for
'evaporatisrlg&‘r?iﬁﬁly Igﬁﬁggubstances, in particular for evapor ati ng

| i qui ds contai ning ethylene glycol. 25 The effect of the contact

bet ween the vapor of the vaporizable oxi dati on-sensitive conpound and
iron or iron oxide.particles, in particular magnetite particles,

whi ch forns asis of the present invention, is illustrated
O Z. 0050/ 46%3&"@* - 18-

10 As a further comparative experiment, ethylene glycol was refluxed in the
apparatus described above, an empty glass column being used. The atmosphere
used was air. During reﬂuxing,. iron turnings or steel rings comprising V2A
stainless steel were initially taken in the bottom and were completely cevered
by the bottom product, ie. could not come into contact with the gas phase.

15
The aldehyde content of the bottom product was 23 ppm at the beginning of the
experiment. The Table below shows the total aldehyde values measured after

an experimental time of 20 hours.

20 . Table 3

Atmosphere Aldehyde [ppm]

25 1 . . 38
' 39
2A stainless steel Air 37

The measured aldehyde contents at the end of the experiment clearly show that



in the Exanpl es bel ow. Exampl e 1: 5 The effect of different

maferials in the distillation apparatus on the oxidation of ethyl ene
glycol, ie. the aldehyde formati on, was investigated in | aboratory
experinments. Distillation experinents with ethylene glycol é% first
carried out for this purpose. 10 The sinple distillati ‘Qf% P4% us
used consisted of a still with an air |edk tube, a packed col um
(length 40 cm dianeter 2.5 cn), an ascendi ng condenser, a recei ver and
an apparatus for generating reduced pressure Et hyI ene glycol was

initially tabsgior stedl ik | : r (e of
150 - 160$C in t%h%gtl%(?ﬁ?&%thgi gl?ésH’ at | on was tér%'nlﬁtlbgr%r? %o of

the initial come iptet p@ﬁa@omthnthehw bhase ktissno |significane effedf/onf the odxid4tion

product re hi dur on. of the.,experi rre t was about 2
hour’s. - The coqel?lg'rlrglie &EP&&F ntgdaldehy ®hacki igp B¥a§§°§ E%%i“ﬁ?‘bsglesteel
or iron wereonceﬁdata@n RECK Uy dendid . not\éﬂﬁxh o ﬂ%ﬁiwtvﬁth

ni trogen was bubbled in wgg{[he air gy.l ' The resu‘f

summar i zel APPAIMUS.TabTbussefitovis e¢lpar rthaterﬂllﬂz ancmasedeelctzhyde ribrmahmmglurmg
tent of bot t dyct : t
Sgp %nl | ?on?l'ﬂ’%%%% of etfiedll Blychl Mies OPlace’in W gad phise. ll'gblogml . (parts

Distillation of ethylene egcoI over various 25
col umm packinhgs al ues

Packi ng
Example 4 (Comparatxve Example:
10 In an industrial plant for the production of ethylené glycol, a conventional
_falling-filfn evaporator which was produced from carbon-containing steel was used
for evaporating the resulting ethylene glycol/water mixture. During operation of

the evaporator, the aldehyde contents of the evaporation product increased to
above 50 ppm. |

15

Example 5:

In the industrial process for the production of ethylene glycol according to

20 Example 4, the conventional falling-film evaporator was replaced by a-
falling-film evaporator as described above as a preferred embodiment. The
arrangement corresponds to the arrangements shown in Figs 1 - 3. The
falling-film evaporator consisted of stainless steel 1.4541. The falling-film

. evaporator was operated by a procedure with separate bottom. The amount of
25 liquid fed to the falling-film evaporator was adjusted so that sufficient liquid was
present at the outflow of the tubes of the falling-film evaporator to form a
stable liquid film over the total circumference of the evaporation tubes of the

falling-film evaporator. According to the invention, the uniform distribution of



d ass I ron St ai nl ess st eel 15 ppm 22

ppm* - free t ot al free t ot al free t ot al

- 19 - O Z. 0050/ 46545 Distillate ' 27

38.. 42 53 - 10 24 Bot t om pr o®UEbos0/4E525 51
.30 55 .<5 67 - Bal ance-23- 24

40 40 53 9 30 Distillate 14 25

24 30 9 18 5 Ni t rogen Bot t om pr oduct <5 57 12

52 <5 64 Bal ance _ 13 29

22 33 the 1iqlﬂd was aclilaved by Timeans of i‘ttxcletwoemngnevm'ratat bmrélsd’ﬁilmrr,ﬁ ned

by the NMBTH ho as, degcribed ' vi,cky et Chem 33
(1961), 93 ””S%" %ﬁ%tﬁ Jfﬁe LE?&EBYM“‘K‘H?"%H@ ﬁﬁﬁﬂ%g'é?‘i ‘Easdéﬁmlwﬂnhvi on
of free ancheafiy dstédxﬂeh)lﬂeﬁxe RishesABbtor usdle! #8eTovidr® 0
al dehyde i's thegbound al dehyde, v% B eorp}lsésent gaglgel afenﬂﬁh
form of , fdhemnallp lilsplmdet%sl desanhed]embtaqbabcmec e Shiebspace cbetj?meacthe tubes,
determ natl The, st d,.hal ance Y ectiLve W er lotal
al dehyde c equyvgrsrﬁ éaﬁ aan% th% cover %at% ttﬁ'l%d #Rh msulati mg rial,
' In the falling-film evaporator used. according to the invention, the tube plate was

fully occupied by tubes.

In the evaporator, flow deflector plates were arranged at the lower tube outlet,
10 as shown in Fig. 3.

The use of the novel falling-film evaporator led to an 'aldehyde content which
remained below 10 ppm even when the process  was carried out over a' long
period. |
15 _
The experimental results indicated above clearly show that the oxidation of the
oxidation-sensitive compound can be greatly reduced by preventing direct contact
between a resulting vapor phase of a vaporizable oxidation-sensitive compound
and a heated solid surface present in the evaporator. This can be achieved in
20 particular if the total heated solid surface is in contact with the liquid to be
evaporated. According to an embodiment of the invention, preventing contact
with iron or iron oxide particles, such as magnetite particles, present in the

system leads to more effective evaporation with a lower level of formation of
. Oxidation products.

25



ethyl ene glycol, the bottom product/distillate ratio of 13: 87 being
enpl oyed. The Tabl e shows that, when air was bubbled in, a high |evel

of aldehyd curred for all packings used. 20 In
addl t | on H'H Im |Im II ii's hi ghest when iron rings are uszbossesicki ng
nl €ssS S eel ri ngs ar@ enpl oyed as packing. The choice

of the materlal for the packing thus has an effect on the formation of
al dehyde in the distil’lation of et hyI ene glycol. The presence of iron
rings as p 25 pronotes the formation of-—abd yde from et hyl ene’

gl ycol . g‘&%ﬁnﬁh‘%‘?ﬁﬁ lsghaft rﬁ-hQ)SHEfEﬁ’armS gepmbt | e bl Jaruvage 205i 1990as
observed on the iron rings as pa Ki ngSREPLAGEmrI ng ‘ DNAE19950669PC dB/mo
wherein the stainless steel ringek=were—ory—trarnrsned.

O Z. 0050/ 46545 ' - -20 - Exanpl e 2:

In a furtsher experinent, ethylene 'gl' ycol was refI uxed i'n the apparatus
descri bed above, under otherw se identical conditions. Thus, no ethyl ene
glycol was 5 distilled off. This made it possible to establish contact

bet ween vVapife PAgse and = tested material as packing for a relatively long
peri od. ' - :
0 1. A process for evaporating a liquid containing vaporizable

oxidation-sensitive compounds in an evaporator, in which the liquid is brought
into contact with a heated solid surface for evaporation, wherein direct contact

between a resulting vapor phase and the heated solid surface is substantially
avoided.

15

2. A process for evaporating a liquid containing vaporizable
oxidation-sensitive compounds in an evapofator, in which the liquid is brought
into contact with a heated solid surface for evaporation, wherein essentially the
total heated solid surface is completely wet with the liquid.

20
3. A process as claimed in claim 1 or 2, wherein the vaporizable

oxidation-sensitive compound is a glycol, preferably ethylene glycol, and the
liquid contains water. '

25 4. A process as claimed in any of claims 1 to 3, -wherein essentially the
total heated solid surface is brought into contact with the liquid by adjustment
of the liquid stream fed to the evaporator and by uniform liquid distribution at

the inlet into the evaporator, preferably by means of a perforated box
distributor. |

30

is Sheet Has Been RTlaced

“THE



| n, t hrs—exper+wents—t-he_col um was run either as an. enpty gl ass col um or

as 10 | ass col um oper afet=wth—tran—tyrpings. This served to sinulate
an ir mﬁ ﬂ"ﬁ,’ﬂmmnéer"omta S:&CBB’FGWBQFNQLevaporator of this rraterl al

vmth The rBEBLASEDf t hd| experinments are %gw%
Tabl e 2, the total * alde case being state Gsﬁfim

15 The initial concentration of al dehyde In this case was 23 ppm

Table 2 No Packlng - Ti me At nosphere

Al dehyde [ h]

[ PPN 5..1 Aroprdcess\i rfos the preparation. o3 hlﬁﬂ% 2Bure %vagbﬁ?aﬁ;le
t ur ni ngs

Alr
t ur ni ngs oxidation-sensitive compgundsM whighycgomprises an evaporasion step as/claGaed r ol
experi ment éng 38 turni ngs
The al dehy'c%lI c ntents%get ecelin dagnss'how t hat the oxidation of ethylene glycol
in 25 the presence of air over an iron surface takes place to a
subst ant | aI ;gat er extent .than_in correspondl ng control experinents

in the efip T GVAPQRAPr comprising & heatablsolid) susfacer(d6), an rapparagesn
at nosphere (ﬁ?’S?efdr "EdatinpCthe Holid Wirffke and an apparatus (10) for feeding a liquid

containing vaporizable compounds to the heatable solid surface, wherein _the
apparatus for feéding the liquid is designed and is arranged in the evaporator

in such a way (12, 14, 18) that direct contact between the t'esulting vapor phase
10 and the heatable solid surface is substantially avoided.

7. An evaporator comprising a heatable solid surface (16), an apparatus

(2, 3) for heating the solid surface and an apparatus (10) for feeding a liquid

containing vaporizable compounds to the heatable solid surface, wherein the
15 apparatus for feeding the liquid is designed and is arranged in the evaperator

in such a way (12, 14, 18) that essentially the total heatable solid surface is in
contact with the liquid during operation.

8. An evaporator as claimed in claim 6 or 7, wherein the heatable solid
20 surface (16) consists of corrosion-resistant steel.

0. An evaporator as claimed in any of claims 6 to 8, wherein the apparatus

for feeding liquid containing vaporizable compounds comprises one or more
. perforated box distributors (12, 14) connected in series.
25

10.  Use of an evaporator as described in any of claims 6 to 9 as the bottom
evaporator of a rectification column (K1).

This Sheet Has Been Reﬂ
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O. Z. 0050/ 46545 -21 - to the
| onger residence or contact times, the effect of the material used in the
condenser or the columm is nmuch nore pronounced than in the precedi ng
Exanpl e. The Exanple shows that the contact of the vapor phagez.udsbMedsson
| eads to substantially increased formatizn of al dehyde as an oxi dation

product of 5 the ethylene glycol. Exanpl e 3: 10 As a further
conparati ve experinment, ethylene glycol was refluxed in the appar at us
descri bed above, an enpty gl ass col umm bei ng used. The at nosphere used

was air. DBASEH Akti¢ngesellgchaft on turnings or steel rings clamparys20g199A
stainless steel were initially taken in the bottom andN&E¥950668 ¢B&hy
covered by the bottom product, ie. could not cone into contact with the
gas phase. 15 The al dehyde content of the bottom product was 23 ppm at

t he begi gni ng of t he experinent. Thgyd@Pl e bel ow shows the total
al dehyde val ues neasured after . an experinmental time of 20 hours. 20
Tabl e 3 '

The invention relates to a process for evaporating a liquid containing vaporizable
oxidation-sensitive compounds in an evaporator in which the liquid is bnonght
into contact with a heated solid surface for eVaporétion, by a pro'cess in whit:h
10 direct contact between the resulting vapor phase and the heated solid surface is
substantially avoided. It also relates to an evaporator comprising a heatable solid
surface (16), an apparatus (2, 3) for heaﬁng the solid surface and an apparatus
(10) for feeding a liquid containing vaporizable compounds to the heatable solid
surface, wherein the apparatus for feeding the liquid is designed and arranged
15 in the evaporator in such a way (12, 14, 18) that direct contact between a

resulting vapor phase and the heatable solid surface is substantially avoided.



AT

Na. Mat eri al 1/At nosphere Al dehyde [ ppni _} 25
1 ‘g? ass Air 38 £2
Lroﬁ. : Air 39 3 : V2A
st’fu;eazﬂteel A r 37 The measur ed:

al aeh ents at the end of the experinment clearly show that :

O. Z. 0050/ 46545 -22 - iron or

steel which is present in the bottom product of the distillation but cannot
come into contact with the gas phase has no significant effect on the
“oxidation of ethylene glycol to al dehyde. Wen i mersed iron or steel
was used, the concentration of al dehyde did not change in conparison
with the enpty glass 5 apparatus. Thus, it is clear that the increased

al dehyde formati ' aporation of ethylene glycol takes place.in
t he gas phase. Exanpl e 4 (JConparative Exanpl e: 10 I'n an industrial

pl ant for the profuction of etRylene glycol, a conventi onal

K1

P4
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falling-filmevaporator which was produced from carbon-contai ni ng steel dﬁs
usel - for evaporating the resulting ethyl gpg gl ycol /water m xture. Durihng
operatlon of t he evaporator, the al dehyde contents of the evaporation ?
reased to above 50 ppm 15 Exanpl e 5: In the
|ndﬁaF£ sﬁaF ess for the production of ethylene glycol according to 20
conventional falling-filmevaporator was replaced by a
falling-filmevaporator as described above as a preferred enbodi nent. The
arrangenent corresponds to the arrangenents shown in Figs. 1 - 3. The
falling-film evaporator consi.sted of stainless steel 1.4541. The
falling-film evaporator was operated by a procedure with separate
bottom The amount of 25 liquid fed to the ling-filmevaporator was
adj usted - so that sufficient |iquid was sent at the outflow of the
tubes of the falling-filmevaporator t stable liquid filmover
the total circunference of the evaporation tubes of the falling-film
evaporator. According to the invention_jthe uniformdistribution of
O Z. 0050/ 46545 23 - t he
l'iquid was achi eved by ne di stri butor,
as showmn in Fig. 2. Th for evaporatlon was s lied by

e, e

of the two{stage epaporated
energy require
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T - s o . e L T

heating steam In the falling-filmevaporator used, the |ower tube plate"‘

was * thermall y i'nsul ated, as described ifyzdetail above. The space betweenj
tpggigg s, 5 the lower tube plate and the cover plate was filled with an 3
i nsul i ri.al. In the falling-fil mevaporator used according to
t he i®nv Ra\J t he tube plate was fully occupi ed by tubes. In the
evaporator, flow deflector plates were arranged at the |ower tube outlet, °
10 as shown in Fig. 3. The use of the novel falling-film evaporator
| ed to an al dehydegcont ent which remai ned bel ow 10 ppm even when the
process was carrie§l out over a |ong period. 15 The expegi nent al
results indicated pb itept 11V $ tihpy [t F rqagyonp 9fy §h
oxi‘dation-sensitiv pynd] dgn r Iy tdd] by vEnging direct .
cont act bet ween splity pq Ivp appl i lzpBje
oxi dation-sensitiv _ i IR T4 ry t he
evaporator, This c i} e\ dd pedty cdllag {i | tjhEe {tlo ated solid
surface i &40 cont i ng |l i p Jtlo p DI d. ccording to
an enbodi ment\ of Iqventi bl p th p bipt{aft Wi tfhf if on or iron
oxi de pao yvcl e sudhjds gEiti.a t§i gl qr £ N th% system
| eads to ra, ef tfi eydppqdt] p if t{h | p\Wdr] . bl jof {fprgmati on of
oxi dat i OB Br 0 cts Lﬁ . . : - 26-
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BASF Aktiengesel | schaft _ Decenber 17, 1997
NAE19950669PC | B/ SF/ uw 5 W claim - 10 1 A process for

evapor t ai cols in an evaporator, in which the
I qui dﬁl %%MF%{ gﬁ.p gEnlg%gPﬁ a heated solid surface for

evapor &% 88 I tigngl g@?@ﬁtlal ly the total heated solid surface is

conpl etid|the name,@f \ith the |iquid. 15 2. A process as clained in claim
1, whe tAJtiengpsallschaft ot hyl ene gl ycol , and the liquid contains

wat er-. filed undg. No. RCEAPOTAO245ai ned in claiml or 2, wherein the

evapor dbwor'Evapaxation df axidatignisehsitivev apor at or . 20 4. A process as

cl ai mego; m?oﬁriw ahd @vaporator foP this p&)pbw"n essentially the total heated
solid surface is brought into contact with the |iquid by adjust- ment

of the liquid streamfed to the evaporator and by uniformliquid
distribution.at the inlet into the evaporator, preferably by nmeans of a 25
perforated box distributor. . 5. A process for the preparation of

hi ghly pure glycols, which conprises an evaporation step as clained in
any of the preceding clains. .

I, Dr Stefan Féaux de Lacroix,

do solemnly and sincerely declare that I am conversant with the English- and Germaﬁ
languages and am a competent translator thereof lin that the following is, to the best
of my knowledge and belief, a true and correct translation of the claims as enclosed
to the IPER of the Patent Application filed under No. PCT/EP97/00245.

by BASF Aktiengesellschaft

in PCT on January 20, 1997

for "Evaporation of oxidation-sensitive compounds
and evaporator for this purpose”

Date: September 7, 1998
Foam x dl Lacvoty

Dr. Stefan Féaux de Lacroix



30 .6. Afalling filmevaporator conprising a heat

(16)
i . the formof evaporator tubes, an apparatus t he
evapor at or t ubes and an apparat us 2(619) for feedi a TTqurd coptfi ning

vapori zabl e comr—  —pounds to t he evaporator tubes, \A/Qqu‘lug 1997 apppr at us
s “one or nore
' ' ghed

for feeding t | Ol -27- whi ch conpris
perforated b I m:l HH MHLZI 14) connected i : _
and is arrang TSy tor in such a way tha essentially the

total heatable surface of the evaporator tubes is irTcomtact WTh t he

i quid duri Lo wheRei n th tube plate (17) and/of 5 th
| over tube BAFoRRELPREMEERY' ool at o, ei%&%g&pﬁ? » 19971 i e

in claim6, wherein the heatable solid surface fg?o € IBSKaw

corrosi of-resi stant steel. 10 8. An evaporator as clained in claim 6

or 7, wherein the upper tube plate (17) and/or the | ower ‘tube plate

(26) are thermally insulated. 9. Use of an evaporator as described in
any of cl ai Mée @ldim:8 as the bott om evaporator of a rectification colum .
(KI).

10 1 A process for evaporating a liquid containing glycols in an evaporator,
in which the liquid is brought into contact with a heated solid surface for

evaporation, wherein essentially the total heated solid surface is completely
wet with the liquid.

15 2. A process as claimed in claim 1, wherein the glycol -is ethylene glycol,
and the liquid contains water. '

3. A process as claimed in claim 1 or 2, wherein the evaporator is a
falling film evaporator.

4. A process as claimed in any of claiins 1 to 3, wherein essentially the
total heated solid surface is brought into contact with the liquid by adjust-
ment of the liquid stream fed to the evaporator and by uniform liquid

distribution at the inlet into the evaporator, preferably by means of a
2s  perforated box distributor. |

5. A process for the preparation of highly pure glycols, which comprises
an evaporation step as claimed in any of-the preceding claims.

3 6. A falling film evaporator comprising a heatable solid surface (16) in
the form of evaporator tubes, an apparatus (2, 3) for heating the evaporator
tubes and an apparatus (10) for feeding a liquid containing vaporizable com-
pounds to the evaporator tubes, wherein the apparatus for feeding the liquid
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which comprises one or more perforated box distributors (12, 14) connected
in series, is designed and is arranged in the evaporator in such a way that
essehtially the total heatable surface of the evaporator tubes is in contact

with the liquid during operation, wherein the upper tube plate (17) and/or
the lower tube plate are thermally insulated.

7. An evaporator as claimed in claim 6, wherein the heatable solid surface
(16) consists of corrosion-resistant steel.

8. An evaporator as claimed in claim 6 or 7, wherein the upper tube
plate (17) and/or the lower tube plate (26) are thermally insulated.

9. Use of an evaporator as .described 'in any of claims 6 to 8 as the
bottom evaporator of a rectification column (K1).




