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WO 2006/066673 PCT/EP2005/012418 Process for recovering methanol

The invention relates to an improved process for recovering methanol

from mixtures containing methanol and water, which process requires

less energy for separation. 5 Propylene oxide may be produced by

ARG promaend with hydrogen peroxide in the presen&€of &r2005/012418
titanium-containing zeolite catalyst. Methanol is advantageously used as

solvent in this procesgoWd®n Werking:dp +ae-feartian « Ridyne resulting
from this process, a mixture is obtained 10 which contains methanol and

water. Methanol has to be recovered from this mixture, in order to be able
tBBtUrR VRIS I8 e p6xiaatioh feactibn B trCablets operdterthescovering

procass ecorfomicaly xtha-waterarising from htédfﬁgﬁﬁlp%fﬂ&idﬁaai‘@f@n%rhich
ﬁé?{%é’g@%ﬁgﬂ@éh?i@céﬁ‘%{} o§q ,?{%égtlhn peroxide,

as to be removed from the process:. The reco eryo anol from the

|xture contalnln methanol and water ¢ sumesala}%e pro ortltin of | N
B R R e A0y ExBENdGT oR T Brocessy T6 FRHoHHOtT Frotasse it
evoHORNEallyS HHerelid thereforb e past forem 20 irﬁpﬁ@v‘éazpm@essof@taining

recevering &mmqmt{rorm@ﬂna(ﬂﬁ@ @@n@ﬁﬂ@ma@@aﬁgp@m@t@ras
wherein the, method exhibits a reqﬁggg energy. requireme

02/02544 descr 6s a process for t productlon gf q-Ilene OXI e R

WRTER WS kirRSg bRt r%ﬁ@ﬁbr?%%i&ﬁﬂ@e?éﬁjltsamf@?ﬁ%ﬁ% Whichbtained
cdntains anetbanok wateh andlsmalbiquantities ofdydeagen perexide. The

document.desarihes separgling. off water frp dhis mixtye by, disti 8“‘%’2:tum

performed in two columns, wherein the pressures are so selected that the

Hottto?ﬁ of tHe EHGHRTHSE 3)3&%&‘31 GF i presSuF€isifedtad Gising theerate
Vapors frone the secomditokibiny whitk isveperatedrathigh pfessuréythegen

peroxide and any water introduced into the process with
agueous hydrogen peroxide, has to be removed from the
process. The recovery of methancl from the mixture
containing methanol and water consumes a large proportion
of the thermal energy expended on the process. To perform
the process economically, there is therefore a need for an
improved process for recovering methanol from a mixture
containing methanol and water, wherein the method exhibits

a reduced energy reguirement.

WO 02/02544 describes a process for the production of
propylene oxide, in which working up of the reaction
mixture results in a mixture which contains methanol, water
and small guantities of hydrogen peroxide. The document
describes separating off water from thig mixture by
distillation performed in two columnsg, wherein the
pressures are so selected tThat the bottom of the column
operated at low pressure is heated using the vapors from
the second column, which is operated at high pressure. The
coupling of the columng described in WO 02/02544 makes it
possible to reduce the energy requirement for recovering

methanol from the mixture,



coupling of the columns described in WO 02/02544 makes it possible to
reduce the energy requirement for recovering methanol from the mixture.
2 However, the need still remains forzprocesses for recovering methanol
which require less energy than the prior art. This object is achieved by the
o ro?(;esst ccordin t_o t@e invention.. in afirst aspect, there is Ero_yidgd a _
OWeSfocessTor rétovering methahoi o ® mixtires ESMEHTITE metHandEam &< +18
methwater, comprisingsa):multistage evaperation withat least twe evapofation This
. _Stages, wherein each evaporation stage comprises an evaporator and in
00 58 R rage VApOrAtT he® prédetre f f60L8ad fronf el " vene tor.
evaporation stage to the next and the evaporator of the second
n s e\ﬁar%%r%tis%% §§ag§ ggg ?gch sgtg%gguent evaporation stage is heatedlﬁwi\thl .
the' Vaporous dverhead of e Jré5ehcass pradedifg” §taga- and By ret =xom
mixtigeries obat easttwo distillation stages, wherein eachy-distilation stage:: tistage
vap SUTPIISes 2 distliation colymn and an evaporator and whereinthe .,
ottoms of the in each case preceding distiliation stage are “supplied t6°° "
stagdhecsepointkandeactysubsequentdistillation stage; thespressurerdsoration  the
sresdngLeased in the series of distilation stages from each distilation stage to,
” the next and; with the exception of the .al distillatior stage, in each )
evapddistiftation Stagestheevaporatoris heateddin each case bythermvaporousoration
stagOVEIhgad gt the distillation.column of the subsequent di stiilatio, stag

the

overieac

wherein the bottoms obtained a..* _the final evaporation stage o?%ﬁe
stagqnubistage evaporationcd) ate sappliedto thesfirst distiffation=staige ehiwein each
a1 5= SEIes &f distillation stages b), The present discloswe provides aprocess .y

for recovering methanol from mixtures containing methanol and water,
whersyherdin e protess camprises multistage revapotatioriantia dowrstrezame are
supp Sevies of distillation stages and wherein the bottoms abtained. in the final. ... ..
~evaporation stage of the multistage evaporation are supplied to the first
L5 Lyistifdtion stagedf fhé ‘series of 'distilation-stagess Fhe aultistage distiliation
stam@“ﬁpQﬁguﬂ%QQn@98§e§fﬂ% the exception of the final distillation stage,

gfeceding

in each distiliation stage the evaporator is heated in each case by the
vapcrous overhead of the distillaticon column of the subsequent distiliation
stage, wherein the bottoms obtained in the final evaporafion stags of the

multistage evaporation a} are supplied to the first distillation stage of

the serlies of distillation stages b).

The present disclosure provides a process for recovering
methanel from mixtures containing methanol and water, wherein
the process comprises multistage evaporation and a downstream
series of distillation stages and wherein the bottoms obtained
in the final evaporation stage of the multistage evaporation
are suppiied to the first distillation stage of the series of
distillation stages. The multistage evaporation comprises at
least two evaporation stages, wherein each evaporation stage
comprises an evaporator and, in the multistage evaporation, the
pressure is reduced from each evaporation stage to the next

evaporation stage. The



least two evaporation stages, wherein each evaporation stage comprises

an evaporator and, in the multistage evaporation, the pressure is reduced

from each evaporation stage to the %gxt evaporation stage. The 2a

evaporator of the second and each subsequent evaporation stage is

heatéad withfthehvaporous verh%ad of gle in}gachwcagg previou; stage. ... ..
SVEPTRE séfies of giisﬁlIa%f;(}fﬁosr}agéﬁsn cor%ﬁﬁsesséjt [east two di%}fiﬁ!ﬁ?onashtages, 9
is whereid eachdistitiation-stage comprises-a distillation cdtumniandamch case

rev g Orgt&.‘; aéld V’fbl%reisg]e Lh%bOtgqﬁn%grg@i?eggieggh SC§§8€!)SI‘e\égl1Jns rises at

PEEY dighifation sqfage aré supi)ﬁeg to the second and each subsequent b
leasdistitationi stagel &t thenserieswof the distillation stagés, the piessare ds stage

increased from each distillation st ta_the next distillatj ge and ,
COTPRith the gxc%ﬁﬁgﬁ "ié?f ?hl%”ﬁ %al gé)isslﬁl%%oﬁ%%g%in%i%:%%%%%l%%o% rg%gghe Fes
the thetevaperaloris Heated In eschicase withithe vaporous overhead-ofthe stage
aze tligiongolymn oflne sulisequent distilation sage:. FIRIEabl, €06 1ot 10n

evaporation stage additionally comprises a distillation column with a
stagrectifyingSeetiorsueh thdt anhoverhead withta dietiassl Tontehb of MoREssure
is t@%?@a"%‘e"é"’ pf‘%fgﬁ?bhé%e t%@%% Y\ﬁta%’i'érﬁ)bt%% Y qug the next

evaporation stage. WO 2006/066673 PCT/EP2005/012418 3 The
distprocass ascordintf® thelifiventivhtéomprises rtifiskdge” evapératibh Svith- 11a L
a1 statleasttwo evaporation stages,, wherein the pressute-isyedyced from o rator

each evaporation stage to the next. Each of the evaporation stages
is  bérmpfidesdh 5eVaporaoTSwherein any évaporatoitiay HevGdetbfor thet the
di stRrogcess aecordingo the invention whichds suitahle for: gvaperation of |

methanol from mixtures containing methanol

Preferably, each evaporaticn stage additicnally comprisss &
distillation colurrn with a rectifving section, such that an
overhead with a methanol content of mere Tthan 90 wt.%,

preferably more than 95 wt.%, is obtained in each evaporation

stage.
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and water. Preferably, continuous-flow evaporators are used in the

evaporation stages, which evaporators may be 10 operated without a
circulating pump. In each evaporation stage, the mixture is supplied in

liquid form to the evaporator and vaporous vapors and liquid bottoms are
Hbtafeerdd & $633t of evaporation. The liquid bottoms ar8StppRed fif /012418
each case to the evaporator of the next 35 evaporation stage. Due to the
reduction in pressure from each evaporation stage to the next, no pump

istgenerallye fecessasy domibicpurpose i The avaperatemafthe fisstnult istage
evaporatiqn stage s heajed with.a heating mediurp, preferab %’ EWIth e rein

steam. The 20 evaporator of the second and each subsequen
COMUENsEfSH "Sad€ i FEAaWIfT e Fi5trs GERRE Yaporougtage to the
overhead,zaflthe in eheh easeprevidus staigeg®he umpbersaf £vaporation

%@Qﬁ%%%%me@ﬂ@ peeardancewith he com p@%,mg@f&g%g]%@p fram
which methanol is _25 to be regovered and prefer ly ranges from %to S

Sraporaton Stages The bressifre g?‘ac?é%lojhciﬁret eva‘bjo Fatore toT
ﬁﬁ@@@@%§@Ie@ﬁédﬁﬁb¥lﬂf¥@ﬂonﬁﬁ@lﬁomi§f44ﬁ@ﬂqu@F@tﬁ@a’m%Hp@mﬂmOl

t@ﬁcsac@aeﬁvap@a@l@ﬁamge isdowerthandhe cendensaliontenperatiee used
Qf t theﬁlgpg(fs % oEnlthe precedlng Stﬁ ge, such that the heat of

QT Bra oracors
condensatlon € vapors Is gsed to heat the e orator anrgat\ﬁe vapors

SR As¥d Wﬂiéte\?aﬁbﬁf&f%}ﬁl‘ﬁﬁé sdmetako Jﬁbll@%cfér Heapessrecn
gradation irhthersishisegaent eyappfation stagdsi Jihedvahors: obtained:in

the final-35 svaparatory otPSdEUlyéﬁé’QFSeV%Q&f%th%ﬂ@cﬁé%@Eﬁn!vgre
\%%g /066673 PCT/EP2005/012418 4 condensed in a separate cooler,

rRif'EGolftTy Wate? 78 Prefétabiy ARG Tor Ebndeharion B th Pagorgms are

supplied in each case to the evaporator of the next
evaporation stage. Due to the reducticn in pressure from
each evaporation stage to the next, no pump ig generally

necessary for this purpose.

The evaporator of the first evaporation stage is heated
with a heating medium, preferably with gteam. The
evaporator of the second and each subsequent condensation
stage is heated with the vapors, i1.e. the vaporous

overhead, of the in each case previous stage.

The number of evaporation stages i1s selected in accordance
with the composition of the mixture from which methancl is
to be recovered and preferably ranges from 3 to &
evaporation stages. The pressure gradation betwesen the
evaporation stages is so selected that the boiling point of
the ligquid stream supplied to the second evaporation stage
is lower than the condensation temperature of the vapors
from the preceding stage, such that the heat of
condensation cf the vapors is used to heat the evaporator
and the vapcrg are condenged in the evaporator. The same
alsc applies for the pressure gradation in the sgubsequent
evaporation stages. The vapocrs obtained in the final

evaporator of the multistage evaporation process are
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The pressure in the first evaporation stage is preferably selected to be in

the range from 3 to 10 bar and S particularly preferably 4 to 7 bar. The
pressure is so selected that a sufficient pressure and temperature

gradient is achieved over the series of evaporation stages and an

Bebrictite Heatihgmedium, preferably steam at a pressuRSCa7FFe 8Haf 012418
may be used to heat the first 10 evaporgtor. The pressure in the final
evaporation stage is preferably selected to be in the range from 0.5 to 2
bamnandpadticitardy peefersdhe08401kh bantEhe pressued isngowelected s

that asufficient pressure,and temperature, gradisntis achieyed over the

Series of evaporation stages 15 and the vapors from the final evaporation

e may be condensed i an economic manner using cooling waetgr. In

a prefgﬁeaseﬁgod‘lrrhe% of lerproc%\s’rg‘ %%ggrdln%nto%%eg%véﬁtigr{ eaec%ably

EFARIFARch Stagesadeditionatly consisrisesan distilatién cbrmmiith a
rectifying: Section, suelt thatisn,2Q overheagawith ameethanskeantentofso

mote thans9Q wt 2., preferably ghoefegt}%% 92 14-%, i qhtained in.each

evaporation stage The vaporous stream produced in the evaporator is
SUBSIERG the IR Fareer e distillgt it cdiamm TneiRpRFBStGRs Stages
resdlteg inthe26 Bvaperatonmaycaptionally atlsbeheablpplieddethet a

dstillatiopcoliyma tegether,with the yaporqussiraan e digfillation ..
column may take @e form of an apparatus separate from the evaporator.

CkERZE? it1¢ alsd  HosdibRShbReldr, 1oFthe daporaoPana te™ stage is
aspeiaed 3p distillatdonolismiveo be construetedasiomeappdratys. Atbar
thedop of the-calumn, the-vapersiare removed in vaperformraad supplied-c 1 g
to the eva graéor %I t@e subs% uent_evaporation stage. A Ii%uid stre;élm of

S0 ge eg ed that, &4 .8 101entl%res reg%nd Temperature
condensed vapors is fed mPo e upper part ofgtHe column, 1o r?roguce
Bfagient is achieved over the series of evaporation stages
and the wvapors from the final evaporation stage may be

condensed in an ecconomic manner using cooling water.

In a preferred embodiment of the process according to the
invention, each evaporation stage additicnally comprises a
distillation column with a rectifying section, such that an
overhead with a methancol content of more than %0 wt.%,
preferably more than 95 wt.%, is obtained in each
evaporation stage The vaporous stream produced in the
evaporator is supplied tc the lower part of the
distillation column. The liguid bottoms resulting in the
evaporator may optionally also be supplied to the
distillation column together with the vaporousg stream. The
distillation column may take the form of an apparatus
separate from the evaporator. Likewise, it ig also
possible, however, for the evaporator and the associated
distillation column to be constructed as one apparatus. At
the top of the column, the vapors are removed in vapor form
and supplied to the evaporator of the subseguent
evaporation stage. A ligquid stream of condensed vapors ig
fed into the upper part of the column, to produce reflux.

The stream of ccndensed vapors used to produce reflux may
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35 The stream of condensed vapors used to produce reflux may WO
2006/066673 PCT/EP2005/012418 5 be taken from the liquid stream

which is obtained by condensation of the vapors in the subsequent
evaporation stage. Likewise, however, the vapors of all the evaporation

¥ages M4y’ 886 e combined together and the liquid stre&AT 658 005/012418
producing reflux may be taken from the tixture of combined vapors. The

liquid stream obtained by ref lux in the bottom of the column is supplied

tog ethérawitht then bottemkiftamdhe evaporatoritoithe mexbevapardtioy

slagge fox the distkation.colymn used, inthe evaparalion stages, 10.ja this

preferred embodiment, the plate number and the reflux ratio are selected

A0 dAnCE Wit e EORpGETtion BfthE VRPHFoE steam prédGeePiratton
thiea geaporatoradrighthecd esiraid ity optheltecovered piethanciuThe sefream
:ﬂéafa%(a}&iﬁ%rﬁr%em@ﬂﬁﬁcthﬁa@ﬁgféﬁ d5dbe massofdhe S’%{ﬁﬁmaf@@ iﬁfjn

iquid form. as reflux to e SS O € vVaporous.vapors r ove the .

o B el he TSIt Ol e A hep e AR ratt 1 in
$tafeS préferalsly cobRprise 2H 0 &nd paRiclisty sreferaply 3fd6 the
theotetical plates. Preferablyoealuamns: 20:ame usedin teperies obn stage.
evaporation stages which have a plate number which increases over the
%%ﬂe_stzlﬁégeﬂgﬂkaﬁga@%fm%y§%idw@d?\@w@l@lrb?§ge%§&?bw stages
principle oe o esire esign and may 1or example take e 1orm
R e Bl e v P S Thah SV TvEuEr e ERe
paddmg: TREdistifaipnscoleninsdn theavaporaionstagddiatdisreferably

eperpiad atiareflux ratio dherange Hor:04d torband particularye
Rrelaiahy b A0 Rieleranl, he disfliaipnaeolymps g pggtpd wih

a reffux rafio which increases over the 7

methanol. The reflux ratio is here defined as the ratio of
the mass of the stream fed in in ligquid form as reflux to
the mass of the vaporous vapors removed at the top of the
column. The distillation columns used in the evaporation
stages preferably comprise 2 to 10 and particularly
preferably 3 to 6 thecretical plates. Preferably, columns
are used in the series of evaporation stages which have a
plate number which increases over the serieg. The
distillation columns used in the evaporation stages may in
principle be of any desired design and may for example take
the form of plate columns or of packed columns having
regular or irregular packing. The digstillaticn columns in
the evapcoration stages are preferably operated at a reflux
ratic in the range from 0.1 to 1 and particularly
preferably 0.2 to 0.6. Preferably, the digtillation columns
are operated with a reflux ratioc which increases over the

series of evaporation stages.

The process according to the invention additionally
comprises a series of at least 2 distillation stages,
wherein in this series the pressure is increased from each
distillation stage to the next. Each of the distillation

stages comprises a distillation ceolumn and an evaporator.
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30 series of evaporation stages. The process according to the invention
additionally comprises a series of at least 2 distillation stages, wherein in
this series the pressure is increased from each distillation stage to the
next. Each of the distillation 35 stages comprises a distillation column and
4 e98P6ral6° WA 2006/066673 PCT/EP2005/012418 6FFHd i§@#ia05/012418
bottoms obtained in the final evaporatioﬁ stage of the multistage
evaporation are supplied to the first distillation stage in the middle portion
afrthe 1distilaticrodoloms. dhedottemsi obtamedfin:thé Sedistiltation cotumnage
ofthepreceding distilation, stageds s in-pachcasesuppligd {0 the,seqond
stlllatljg? sta%e and each subzlequenéglstlllatlon sta%e ina rpllddle
ortion of “thédistilafER colintInthEfingl digtiktion stigd, the
eVigporatb? isi heated Withia HEating Pradium, praferabiy 10 withsteam.

Ehe evaperaters of thewpreceding.distifation; stagesate in aeh 68S@tage is
heated with the vaporous vapars of, the distillation colu of the

fhii o S e e R e BT
SRR GisHRSBIEEBluMRSTT the fifst Wistifafier sidgefa® B éondetisediah of
aseparbie coolet,iwherei canlingiwaterds Hreferably sisedfer-ion stage,

cogesegion g pars Lo umier o bylogn ascaje phvietnn

distiiatdh®hyedHu e dusietiTesiduhl Methdiot Coteneinthe™sg tation
lsdtems, chtained e dlud distibatidreedlamhnaftthe final digtitlatiors stageors of

andkpeeferably amounts-toitwer distillation stages The pressure gradation
'ﬁ%h% series of distilation stages s s9.selected that the bolling poitat, .,

thé botton’ of the ge- P ©p ©
distillation column of the first distillation stage are
condensed in a separate cooler, wherein cooling water ig
preferably used for condensation of the vapors. The number
of distillation stages is selected in accordance with the
composition of the mixture fed into the first digtillation
stage and the desired residual methanol content in the
bottoms, obtained in the distillation column of the final
distillation stage, and preferably amounts to two

distillation stages.

The pressure gradation in the series of distillation stages
ig sc selected that the boiling point at the bottom of the
distillation column of the first distillation stage is
lower than the condensation temperature of the wvapors from
the distillation column of the second distillation stage,
such that the heat of condensation of the vapors from the
gsecond distillation stage is used to heat the evaporator of
the first distillation stage and the wvapors are condensed
in the evaporator. The same applies to the pressure
gradation between the further distillation stages.

In the first distillation stage, the presgure used is
preferably of 0.5 to 2 bar and particularly preferably 0.8

to 1.5 bar, such that a sufficient pressure and temperature
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25 distillation column of the first distillation stage is lower than the

condensation temperature of the vapors from the distillation column of the
second distillation stage, such that the heat of condensation of the vapors

from the second distillation stage is used to heat the evaporator of 30 the

fir<t ik fftistP§tage and the vapors are condensed in thE&VABBRAGE /012418
The same applies to the pressure gradation between the further

distillation stages. In the first distillation stage, the pressure used is
prefetablytofi:b 4o Rikareahd-particulady prefeeably 0.8 B35t01lLatbatn stages

thata &J%”%Pf?%i‘%{dsl and temperafyre WO,2000/060673 ¢ 1o

PCT/EP200S/012418 7 gradient is achieved over the series of distillation
tag8s ShdPthevaporS ariSinght the Yo 6t e MR b treTREt cally with
distillation stage maylbe comdersedeecondniiealfjiwiti coolingMatei.dfhestage
Rrespuednthe finakdistilation stage.s is-preferably selectaditp be inthey par,
rande from 3 1p 10 bar, partisularly preforably 4 to 7 bar,sohatg. .,
?u%#ment press‘\ﬁrg and empe}fature gradienat i< atfieved over the géﬁé?
SrRSHIaNdNBIeY S BPE - Besh o Hesdting Tmeditin spreferabilystelin

atea-peassure afi4¢q 16:0af omay didee: UsechiD beatdbeavaperaterefithe
fi istillati . oduce reflux, a liquid stream qf con sed
e e T b ™

QumAst the digmhtich etagEarehé tiguid™is shéarh may be takdn fmion

theagpadensed vapors obtained by condensation from the same column.
Likewise, however, the vapors obtained in the distillation columns of the

sesiesrefidistllation stages may-gise bercarahined teggthenand: theliguid 1 o
%rée@rgrlfsgg t%l@éodc%cg tct}g rgﬂ%x &% u?nentaﬁelnthe case of each
distillaticn cclumn of the distillation stages. The liguid
stream may be taken from the condensed vapors cobtained by
condensation from the same column. Likewise, however, the
vapors obtained in the digtillation columns of the series
of distillation stages may also be combined together and
the liguid stream used to produce the refiux may be taken

from the mixture of combined condensed vapocrs.

For the distillation columns used in the series of
distillation stages, the plate number and the reflux ratio
are preferably so selected that an overhead with a methancol
content of more than 20 wt.% and preferably wmore than 95
wt.% 1s obtained in each column. The distillation columns
usged in the series of distillation stages preferably
exhibit a separation effect of 10 to 40 theoretical plates.
In principle, all types of distillation column construction
are suitable, for example distillation cclumns with plates
or distillation columns with packing, wherein both regular
and irregular packing may be used. The reflux ratioc in the
columns is preferably sc gselected that it increases over
the series of distillation stages from a reflux ratio in
the range from 0.3 to 1 in the first column to a reflux

ratioc in the range from 0.5 to 32 in the final column.
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20 from the mixture of combined condensed vapors. For the distillation

columns used in the series of distillation stages, the plate number and the
reflux ratio are preferably so selected that an overhead with a methanol

content of more than 90 wt.% and preferably more than 95 25 wt.% is
SitamBGh €aeA Thlumn. The distillation columns used irPRB/Jerieedf/ 012418
distillation stages preferably exhibit a separation effect of 10 to 40

theoretical plates. In principle, all types of distillation column construction

dré suhitabte] fonexampletdidtillation wetmnsowith pfates 38xor fistillaging ch

clumas with; packing, wherein both fegula jand.icegular packing may be, _

Lése,d. The ref lux ratiq in the columns is preferably so selected that it

increasBs ovaFRRE'ETeY b Distilation sBes bt aRefiticRRtioiHemRe L 1 ing
rangefroneD. 3 hirnthe fisticolaherto & rafluii3s: ratibah the rangesfromo £

@ hdo Biindhe dinakealumn; WO L006/066673RCIAERAADI012418 8 If; e
the mixiure containing methanol.and water fiom which, methanol isto be .
recovered Stll Contairs in?ermet%af%-lboillng compounds Wt aaboillnr@

poiRtSatverh thEDollimge poimis 8t metitanol atd vrmeeyhe distitatisich an
catind Oféerthe fitted distibation stege:may beprovided mathsa sige outlet

f [ ; ' i a i ent.of th
%%%%%S.%ﬁﬁ%%?ﬁ% e e s gorm of

ColGris ot the fitiardisfiRtivi stage nfl 550 Aavaagésusly taketie with a
forrglof ctthaaivdimgiwall odlumn; éroeterda ebtain aistreanowithuandigh
concentration of intermediate-boiling compounds. The process according

torbe jvendon is padicalatly suitable farthedecevery of iathanelfrom.
Mpdures containing methangl 0.3 copcentralion qf 20 WL%,80d e
containing methanol in a concentration of 70 wt.% and
above. The process according to the invention may
advantageously be used for the recovery of methanol from
mixtures which arise during working up of reaction mixtures
which arise when epoxidizing propylene with hydrogen
peroxide using methancl ag sclvent. Such mixtures obtailned
from working up the reaction mixture from propylene
epoxidation typically contain 70 to 90 wt.% of methanol, up
to 3 wtbt.% of intermediate-boiling compounds and up te 3
wt.% of high-boiling compounds, the rest being water.
Intermediate-boiling compounds are any compounds whose
boiling point lies between the boiling points of methanol
and water. High-boiling compounds are any compounds whose
boiling point lies above the boiling point of water. To
separate such mixtures, the process according to the
invention is preferably carried out in such a way that,
starting from a mixture with a methanol content of 70 wt.%
or higher, a mixture with a methanol content in the range
from 40 to 60 wt.% is cbtained in multistage evaporation
and the mixture is supplied to a series of distillation
stages. The operating cconditions of the evaporation stages
and distillation stages are selected in each case such that
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15 above: The process according to the invention may advantageously

be used for the recovery of methanol from mixtures which arise during

working up of reaction mixtures which arise when epoxidizing propylene

with hydrogen peroxide using methanol as solvent. Such mixtures
tameec20frém working up the reaction mixture from préipAe@d2005/012418
epoxidation typically contain 70 to 90 wt®6 of methanol, up to 3 wt.% of
intermediate-boiling compounds and up to 3 wt.% of high-boiling

cormpounds; the téstdeing water] |ntenmediate-boilingecompourss are. $ and

YPLeUPREYndswhose 2a-bajling poipt lies. befween the boiling points of

methanol and water. High-boiling compounds are any compounds whose

halling point s abovs the Raing BOINtOf waler. To SEPATaIe el o o tne
mlx?ures,lt e prpcess accorading to tﬂe inven an IS pre?era%l(fl carrleé%uF
inTSUeh Blway Hah 30 Qearifi§ Hom &'iReTa Witha afsthansldorhentsit

H:wis arhigher, aimixitreavitroa methanel cortentdn dhe range-frot ages

40-10 60.ut-26 L5;00ained. in myltiglage qvaporals ?EQ%’E‘% @&'%%ﬂcted
supplied to a series of distillation stages. The operating conditions of the

P .
SVHpOTdtich-¢3hes 33%hd disHitton stage SréseiEcielitn B4R TE_ECS -
stichtthatl WO 2006066678 RPCT/ ER2005/6E244 8r Ocpverkeadswitha

pethanghcontentaf more than.2Q w6 apd -Rreferablymerethan9%s also

wt.% are o t%i1ned. Filgure 1 shows an embodiment of the m%tho Ced
ECCOVdiRG To T8 ifFentioh Fitl? Four Stigé 9550 ation anda sd&eﬂ%ﬁt—“ €

5 sariddi6f v distifatiohestages.artik evapcratiovisegesyare prevised

withi an daieaeh ease separaiely copstiveted distiliation-stage. Figure L1 ist
%ﬁ%ﬁ%rg%éhe evaporators, distillation columns and condensers required

in the “process. Pumps, intermediate containers and fittings also

In the most preferred embodiment, the process according to
the invention is carried cut in an arrangement

corresponding to Figure 1.

The process comprises four-stage evaporation, wherein each
evaporation stage comprises a continucous flow evaporator
and a distillation column with a rectifying section. The
first evaporation stage with the evaporator (1) and the
distillation column (2), which comprises a rectifying
gection with 3 theoretical plates, is operated at a
pressure of 5 bar. The second evaporation stage with the
evaporator (3) and the distillation column {4}, which
comprises a rectifying section with 3 theoretical plates,
is operated at a pressure of 2.8 bar. The third evaporation
stage with the evaporator (5) and the distillation column
(6), which comprises a rectifying section with 4
theoretical plates, is operated at a pressure of 1.8 bar.
The fourth and final evaporaition stage with the evaporator
(7) and the distillation column (8} with a rectifying
gection with 6 theoretical plates i1s operated at a pressure
of 1.0 bar. The fourth evaporation stage additionally

comprises a vapor condenser (9).
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10 required for carrying out the process are not illustrated for the sake of

clarity and may be added by a person skilled in the art in accordance with
his/her specialist knowledge. In the most preferred embodiment, the

process according to 15 the invention is carried out in an arrangement
“Birespondifto Rigure 1. The process comprises four-stBge EvBpeRtion-2418
wherein each evaporation stage comprises a continuous flow evaporator

and a distillation column with a rectifying section. The 20 first evaporation
Slagewithcthe evAporaior (L)ane-thee distilatiorecolomni(?) awkiehies of two

cpmprises.a {%%'Megg%%ct'%vg'tff§£@%0r§5%%'mt§§ﬂ§nopsefs§9 %Io%fmes

pressure of 5 bar. The'second evaporation stage with the evaporator (3

At b ttatioh CaumR U whidh b5 tbmiprise 8 SPRictifying seticiF = °F 18
witle @thédretitalplatess is Dpecated @t afgressire Jof 208 bapdhitwcthitdint o

evaporationustageiwith $he svaperater(2) and the distilation column {8). 4+ a
which coméarls]g‘el1 r%ctlfyl section with 4 theo tlcal(glates is operated |
8

at'a pressure of ar. 3 esfguﬁﬁ n%]’flnaiL Aporation ste Withite Se°
SV orateE (7} and de aistitation! édluniil (8) withse rectiffing nsectibRatites 17

& theoretical plates is-eperater ata péeﬁgkse:@iclxo bas \TheteuwAborated

ratjo ditio aI m -8 yapor condenser (9 WO
?(%%?O%GEG(%P?I §gsl' P%qa(()% 012 %g o own%trear% ofstﬁe?ourg sftage ax

er\ﬁgoratlon is a series of two dis (!aatl sta es. The first distillation stage

cComprisess the distifatior EoltithS hE St tort BffEG dfeLgrecovered
thedratical-platess ap evaiporatol (ERtscovporated nto & the coturfin amd a

viapos epadenses (42) andds eparethat @ontent of up to 3 wt.% and a
high-boiling compound content of up to 1 wt.%, the rest
being water, is supplied to the evaporator (1) of the first
evaporation stage. The evaporator (1} is heated via the
gtream (16) by steam under a pressure of 4 bar. The
guantity of steam supplied to the evaporator (1) isg
selected such that approximately 25 wt.% of the stream {(15)
supplied is evapcrated and supplied to the distillation
column in vapor form as stream (17). The liquid bottoms
arising in the evaporator at a temperature of approx. 118°C
are supplied as stream (18) to the evaporator of the second
evaporation stage. Vapor condengate in liquid form is fed
in via stream (19) at the top of the distillation column
(2y, such that a reflux ratio of 0.2 isg cobtained. The
vaporous vapors cobtained at the top of the distillation
column (2) are supplied as stream (20) to the evaporator
{3) of the second evaporation stage as a heating medium.
The ligquid stream (21} arising at the bottom of the
distillation column is supplied, together with the stream

(18), to the evaporator of the second evaporation stage.

In the second evaporation stage, the vaporous vapors of the
first evaporation stage are condensed in the evaporator (3)
and cbtained as a liquid vapor condensate (22). The stream

(23) evaporated thereby is supplied to the distillation
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pressure of 1 bar.. The second distillation stage comprises the distillation
column (13) with a separation effect of 17 theoretical plates and the

evaporator (14) incorporated into the column and is operated at a

pressure of 4 bar. 10 The stream (15) from which the methanol is to be
réeovaiey ahliich has a methanol content of 75 to 85 MEBAEZR005/012418
intermediate-boiling compound content bf up to 3 wt.% and a high-boiling
compound content of up to 1 wt.%, the rest being water, is supplied to the

evaporatorf £1).ofthe fitstd b evaporation: stage) Theevapernton(l)is
healgdviathe stream (16) pysteamunderanressure of # by, JHe: race1y

uanot@/ of steam supplied to the evaporator (1) is selected such that
[

pprointately s5 WY 85 0F the Strela (£5) Sdpplielt s Bvapsratddangn stage.
Supplied tvabedistittarsm 20ccoldmniindapor formtas: streamq 7).1khe
liuic b@%amﬁoarisiagmlﬁge; ev%@orépf@ér@ t%ﬂflftfr%wr%%aae@xrﬁ%%x,
are supplied as stre to the evaporator,o second, evaporation
s?t%%. Fi%ggr conc eﬁjéﬂ%é i%al%h?d ?o%r/mBiS%d iR v?é% Steam 193%% the fop™ "
oFtRe aistifation BBRiInGY 2512), stiehthatta fefleR ratie of 08 sbtainbded via
Ehe-amporaus vaporsiobtained at festop (efithe distiation igedump{ghae: 1 on
§g{gg!i d r Q). 10, porator {3).of the secand evaporation
stagegasagg‘hsé}a%aégm% %rﬁg Sl'ﬁg iqui %tre%r% 2 gﬁé}lﬁa%}% tﬁe@t%gt%r% at
&hﬁe%ta‘igmwign%%rﬁﬁ%l@apﬁwe)d, t6getHeRbitR the sréarmeps) (&7 ) /
thecsvaperater ohthetsesand @aporationcs$tagevagbesecends) of the

evapasatian, slage - thevaporgus vapors of the first evaporation stage are
condensed in the evaporator (3) and obtained as a liquid vapor

N LR e
gsecond evaporation stage are condensed in the evaporator
{5) of the third evaporation stage and the liguid
condensate 1s combined with the stream (22). The vaporous
stream (28) produced in the evaporator (5) is supplied to
the distillation column (6). The liquid bottoms of the
evaporator (5) are supplied at a temperature of approx.
87°C to the evaporator (7) cof the fourth and final
evaporation stage. Liquid vapor condensate is fed in at the
top of the distillation column (6) wvia stream (30}, such
that a reflux ratio of 0.35 is obtained. The vapocrous
vapors arising at the top of the column {(6) are supplied
via stream {31) to the evaporator (7) of the fourth
evaporation stage as heating medium. The liquid product
obtained at the bottem of the column (6) is supplied as
stream (32) together with stream (29) toc the evaporator of

the fourth evaporation stage.

In the evaporator (7) of the fourth evaporation stage, the
vaporous vapors (31) from the third evaporation stage are
condensed and the condensate is combined with the stream
(22) . The product stream (33} evaporated in the evaporator
(7) is supplied to the distillation column (8). Liguid

vapor condensate is fed in as stream (34) at the top of the
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column (4). The liquid bottoms (24) obtained in the evaporator are

supplied at a temperature of approximately 100C to the evaporator (5) of

the third evaporation stage. Liquid vapor condensate is fed in at the top of

the 5 distillation column 4 via stream (25) to produce reflux, such that a
EHUxGafid ©f BZ5is obtained. The vaporous vapors obtained B e fop? 12418
of the column 4 are supplied via stream426) to the evaporator (5) of the

third evaporation stage as a heating medium. The liquid product arising at

£0 ¢he. botorhcof the totumn §4),issuppliethas streamt(27y, tegetherwitls . 4 is

sirearn{(24), tohe evaparatar Gigbthe dirdeyaporgion flage-Ings che

vaporous K% ors obtained in the evaporator of t?e econd evaporation

§age%te tohdBhSed i R ERApoTator “T5° @Y of fid thifd evEporaist 5

stageand thlediqliditcnt erwade issedrbihed witibthessireant (22)hFhet ream

\é;@@fﬁroyﬁ‘h@fs&f&&%@) @{]ﬁgléﬂﬁ%% gl(memf hatz@é@)aiﬁ S@H@g%& dhe of the
istillation column (6). The ligui ttoms of.the evaporator (5) ar

S o teh bR BT BBtk 20670 (e oA ety (O of e

UMl fifal {@VapoiatisiiBtages Liiid Fapsrcontiéhsatedisteg if arst

thes top okthedistilation column (6) via stream (30), such that a ref lux

ratio of 0.35 is obtained. The vaporous vapors arising at the top of the

60lumn;(§) are surRliad 25 ¥ia stieam x@l_)ctﬁéh%@l_/@@gr@é%re(7é@£§&at ion

fOil:Jl’T{1 evap: rgtlog sgafgu%s h %tlr%%mieéjlurg. Eh% %qwd rogg t 0 tgunesd

St tﬁelbo(ftom of the & umnd(6 IS supp ied'as’ §treamnk§%?oge héf Wittt

Strddam {29) fortheesyaPbrdtdr 6B e foutthlevapofation sthgen80 in wve

eMaporatos € £)oof the fowth exaperationstager e \apoieys vapersdd) at
frem ?@8%”5%19 groratign stage qre, condensed and the condensaleisy s,
combined with the stream

the condenser (12) and a proportion of the resultant vapor
condensate 1s fed in with stream (40) asg reflux at the top
of the column (10), such that a reflux ratic of 0.4 is
obtained. The remaining proporticn of the condenged vapors
ig combined with stream (22). The liquid bottomg (41)
obtained in the distillation column (10) are supplied to
the distillation column (13) of the second disgtillation
stage. The evaporator (14) of the second digtillation stage
ig heated via stream (42) by steam under a pressure of 8
bar, such that a bottoms temperature of approx. 143°C is
established. The vaporous vapors cobtained at the top of the
distillation column (13) are supplied as stream (43) to the
evaporator (11) of the first distillation stage as a
heating medium. Some of the vapors condensed in the
evaporator {11) are recycled as stream (44) as reflux to
the top of the column (13}, such that a reflux ratic of 1.1
ig obtained. The remainder of the condensed vapors is
combined with stream (22). At the bottom of the column (13)
a gtream (45) is obtained, which only has a residual
methanol content of less than ¢.5 wt.%. The vapor streams
{(20), {26), (31), {(3B), (39) and (43) arising in the

process are combined after condensation and vield a product



(22). The praduct stream (33) evaporated in the evaporator (7) is supplied

to the distillation column (8). Liquid 35 vapor condensate is fed in as

stream (34) at the top of the WO 2006/066673 PCT/EP2005/012418 12

distillation column (8), such that a reflux ratio of 0.4 is obtained. The

YapcrbRig AAPBESSbtained at the top of the column (8) arB¢BABBRSSF 4812418

stream (35) in the condenser (9) and tHe' liquid condensate is combined

with the stream 5 (22). The liquid product (36) obtained at the bottom of

therealund ) iglconibinethwithtise diguie bottomsof thie . évagoratari{@jol

and supplied as strgam(38) to-the,first- distillation stage. The liquid

stream (38) leaving the multistage evaporation 10 still contains around 45

50 wt.% of methangl.and.is _supplied o the distillation column ,

B P P s

firetdistRtiontoldiRrtEo) . aré coHuEnsed iftheebRdenddt @O hRaa-, the
5 propotticmettheiresultanivapon 15c0ndensdiens tehimodittt streams(40)

a3 reflx.at the tap.«qf e column, (10),s8ch that atafiv rati ef Q:4ds

obtained. The remaining proportion of the condensed vapors is combined

with StEamT 22). THe fiquil Ddtonts &) “oetiinedinthd distitatisr 44 usto9
¢cotomrc(lOate suppliedatat20i thiecdistiltation column £18)afthe sgeome ment
distillationn gtages Theievapsrater i @f the second distillation stageisg to

heated via stream 42)Crgy team under a pressur ofgrbar, ch that a
10 A L Aoy, AT SEa s P Va1 1 stage

Fafrors obtdifed attheltoptdfehe PBadistiftibn Toluies (53) akésSupplied ion

as streamdd3 ) tantile= evaporatar(13) ef the fistdistliation:stage 8%5-A 553 of

Q%I%@ngge%%@SQf&%}ﬂ@%@ C@&%Q%%%'Qﬂ%h methanol recovery

without heat integration. An energy saving of approx. 36 %
15 ig obtained relative to the method known from WO 02/02544.
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evaporator (11) are recycled as stream (44) as reflux to the top of the

column (13), such that a reflux ratio of 1.1 30 is obtained. The remainder

of the condensed vapors is combined with stream (22). At the bottom of

the column (13) a stream (45) is obtained, which only has a residual

HietR& RS CORfENT 3f less than 0.5 wt.%. The vapor streant& {28 1965 /012418
(31), (35), (39) and (43) arising in the 35%rocess are combined after
condensation and yield a product WO 2006/066673 PCT/EP2005/012418

I3 stream (46) which contains more than 90 wt.% of methanol and less

than 4 wt.% of water. In this embodiment, the energy requirement for

recovesingcathanel is areupd-154 kit hepethanek Incepliasiz the 5

requwe ent IS arounc%447 k¥Vh/t 8f methanol for the fecovery of methanol
ina sm & colurmn Without heat It mtegra ion! With the procgss known from

\We 02/02544 using two columns with heat integration, the energ

reqGireftent 18 Hrein #3248 Kot BPm‘%%ﬁgho?tTH@ﬁﬁ}_cegg’%c%E R B on
10 the mvagtien withcheat integratioabath i theomuitistage evaporation an

and in @@a&b@@%@nfﬁ@{ieﬁpf&{@illﬁy@e 1gleges thusmakes itpossible
to save a}[pé)roxmatelz 650 g f[heatlng er reqjuwed compared eWIttho fhe
methard recovery ‘with %ea in egratlon n eneng savmg Jofa gr

36 % 15@§6bﬁpﬁedﬂ‘é¥at@7@@qﬁé?ﬁéﬂ"@ﬁ m@wmmr\@@msan iWo

2006/0@@6@%P&TdEBQQBa@alBééﬁu%tC@%@&ﬁﬂ&@@sgii@rgf@C@MeEil@@ted
methangl from. mixtyre of‘%m?' ing methanoland watgl, comprising a)
multlstage eva I’a'[IO with at east tWO evaporation 5 stages, w erein

each eWHSITEidR Stadeinprides

b) a series of at least two distillation stages, wherein
each distillation stage comprises a distillation
column and an evapeorator and wherein the bottoms of
the in each case preceding distillation stage are
supplied to the second and each subseguent
digtillation stage, the pressure is increased in the
gserieg of distillation stages from each distillation
gtage to the next and, with the exception of the final
distillaticon stage, in each distillation stage the
evaporator is heated in each case by the vapcrous
overhead of the distillation column of the subseguent

distillation stage,

wherein the kottoms obtained in the final evaporation
astage of The multistage evaporation a) are supplied to
the first distillation stage ©of the gerieg of

distillation stages b).

2. A procesg as claimed in claim 1,
wherein
the multistage evaporation comprises 3 to 5 evaporation

stages.
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evaporator and in the multistage evaporation the pressure is reduced

from each evaporation stage to the next and the evaporator of the second
evaporation stage and each subsequent evaporation stage is heated 10

with the vaporous overhead of the in each case preceding stage, and b) a

¥t Iorat164%t to distillation stages, wherein each disHIEHORFRE§8 /012418
comprises a distillation column and an €vaporator and wherein the

bottoms of 15 the in each case preceding distillation stage are supplied to

the second-and eash subseguentndistibationistage dhe pressure is
incrgased.in the series of distillation stages from each distillation stage to

the next and, with the exception of the final 20 distjllation stage, in each

distifidfolP SEHEhE &badtator 1S REafetii ¥athtate ByARE vhpordtis e

ovettreagkofithendistillation ¢olkmm obthefsubseluent distilatiorrstage, the
whegeiadhe hottoms-phtaingd-in the fipakavaporation, 25 stage 9f the: range

multistage evapgration a) are supplied o the first distillation stage of the

serite%% di(gti at%bn %ialégg b)Pf%)%Foalc%)ls\sf a%s‘c aifie ihgclgl%rl, 30

wherein the multistage evaporation comprises 3 to 5 evaporation stages.

WO 2006/066673 PCT/EP2005/012418 15 3.A process as claimed in

daih porclasm 2aswvhémimthg pressure inrtke fifst @vaporationdstage islinims,

the fapge from 3 to 10 bar, preferably 4 to 7 bar and the
each evaporation stage additionally comprises a
distillation column with a rectifying section, such that
an overhead with a methanol content of more than 90 wt.%,

preferably more than 95 wt.%, is obtained in each

evaporation stage.

5. A processg ag claimed in claim 4,
wherein
the rectifying section exhibite in each case a separation
effect of 2 to 10 theoretical plates and is operated with

a reflux ratio in the range from C.1 to 1.

5. A processg as claimed in claim 5,
wherein
in each evaporation stage the rectifying section exhibits

a separation effect cof 3 to é theoretical plates.

7. A process as claimed in claim 5 or claim &,
wherein
in each evaporation gstage the rectifying section is
operated with a reflux ratio in the range from 0.2
to 0.6.



5 pressure in the final evaporation stage is in the range from 0.5 to 2 bar,
preferably 0.8 to 1.5 bar. 4.A process as claimed in any one of the

preceding claims, wherein 10 each evaporation stage additionally

comprises a distillation column with a rectifying section, such that an
HerR8AE (the4 hiethanol content of more than 90 wt.%, F5E1eraBI) tharel 2418
than 95 wt.%, is obtained in each evapbFation stage. 15 5. A process as
claimed in claim 4, wherein the rectifying section exhibits in each case a
separationcetiect=of 2l ol eticat plaies and is bperated withnd0 @ aims,
refluxratio.in the range from 0.1 to 1. 6. A process as claimed in claim 5,
wherein in each evaporation stage the rectifying section exhibits 25 a
sephafationBffett of 8 18 BthedreticaPRlafds? 7E R [51088Ss 5§ Elahtied in
claimisbr ¢laim Brrwhérmedem.each evaporation stage the rectifying

section is 30 operated with a reflux ratio in the range from 0.2 to 0.6. WO
2006/066673 PCT/EP2005/012418 16 8.A process as claimed in any one

of the preceding claims, wherein the series of distillation stages

comprises two distillation stages. 5



