- 1 - Process and Apparatus for Producing Dimethyl Ether from Methanol This invention relates to a
process and or producing dimethyl ether (DME) from methanaql (MeQH) by converting,
preferably by%’angfggﬁa{(g@?gécondensation, raw MeOH obtained through%l\%gf)%r% ' IQS&S%O DME by
splitting off water in a reactor, in which the feed mixture consisting of raw MeOH and a
process-internally obtained return flow substantially formed from unconverted MeOH and reaction
water are charged to a column, subsequently referred to as MeOH column, and evaporated, and the
distillate substantially consisting of vaporous MeOH is supplied to the reactor. Nowadays, MeOH
exclusively is produced from the synthesis gases CO2/H2 or CO/H2, which in turn originate from the
reforming of natural gas, residue oils of crude oil processing or from the pressure gasification of coal.
The raw MeOH produced can directly be processed to DME or be processed by distillation to obtain
pure MeOH and subsequently be catalytically converted to DME and water. In both cases, the DME
product obtained is separated from unconverted MeOH and water by distillation, In general, the raw
MeOH is subjected to a two- or three-stage distillation, in which first the low boilers and the dissolved
gases, in particular C2y@ie eemavedanddhprddabtirnndinwvabsi-aiesaparaied, and in an adiabatic
fixed-bed reactor the purified MeOH is converted to DME up to the reaction equilibrium. Since the
reactor produgt consists of a mixture of DME, water, unconverted MeOH a inor nts of
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subsequently be catalytically converied to DME and water. In both cases, the DME

product obtained is separated from unconverted MeOH and water by distillation. in
general, the raw MeCH is sublected {0 a two- or three-stage distillation, in which first the
iow boilers and the dissolved gasas, in particular CO,, are removed and then MeOH and
water are separated, and in an adiabatic fixed-bed reactor the purified MeOH is converted
to DME up to the reaction equilibrium. Since the reactor product consists of a mixture of
DME, water, unconverted MeOH and minor amounts of uncondensabie light gases, the
reactor product is freated in a two-stage distillation, wherein in the head of the first
distillation stage DME is separated from unconverted MeOH and reaction water and in the
head of the second distillation stage the MeOH contained in the bottom product of the first
siage is separated from the reaction waier and the MeOH obiained flows back into the
reactor. The uncondensable light gases discharged with the DME at the top of the first
distillation stage are saturated with DME which in a gas washing stage is separated from
the uncondensable gases by using MeOH as washing agent, before the same leave the



Since according to the Biofuels Directive 2003130/EG of the European Parliament and the "Council for
Promoting the Use of Biofuels or other Renewable Fuels in the Trans regarded as
biofuel, the s%’x‘f%%%(“ EoRtain impurities which are not allowed for hig %E%%Sggjﬁ@\é%}esrefore the
distillation of the MeOH can be omitted and the raw MeOH can directly be charged to the DME reactor.
In the process described in US 5,750,799 A, for example, untreated raw MeOH is directly introduced
into a DME reactor, so that the return flow containing the MeOH is loaded with considerable amounts
of water. Th|§3(§‘r%ﬁIé?lrﬂ@’%ﬁéﬁ‘éﬁ‘%ﬁ%’f*ﬁet%r?&é?%@aslr\“’éﬁfaﬁ%ﬁt%ethé‘i?ﬁmr@g‘h}fegi% and must
subsequentlyistiigicapgiratéd beforetteed BNHEaRatideOivheidptbiehecgysatiicianidjedithe process is

impaired conmaammmmm @‘ﬁwaﬁagﬁt@a@&ﬁeﬁa@e@ die t9 the spsluged MeOH

conversion mE %%to{h%pga% :%cé 5%3 he ap é)arat&%enaeaps tecgr%ggmq}%r%p%ts of the plant
for producmg must esig larger ontains carbonic acid H2C nd small

amounts of o?@érﬁ‘i’i?%’éld’é@\w&ﬁq'rﬂgt i@ﬂé@ﬂ’aﬂ'@dﬁ{?H"Sﬁ’%ﬁcf@e&ﬁfaaéﬁf%sﬁ% Hrérdiena on
apparatuses partkteotinicat eordpaients aagertf SiGE| wilicls areeisedsdrprodering BWE. Usually
soda is used fqr h%?%%ﬁh%%%@&ebﬂﬁ(,@ﬁﬂw&%@érﬂﬁ%wgﬁname@a;%%é@mﬁoducmg DME
from raw MeO g/ Z)n'% a DME Jea ctgr W{th a f| ed bedbcgjfr %{f %Whlcgelnltl lly is deactivated
by doping with FREFRISUIN S PEPRS mcreasecfhecf)ﬁ/i'ﬁ SEEdivi he catalyst. on t ong run,
however, a ceitsehptERsly dfHeeltite@adet® W¥ontinuous deactivation and hence to a reduction of
the useful life of the catalyst. The subject-matter of EP 1396483 61 is a process for producing DME, in

which raw M%%é%&sm&@éaﬁei@;m@emwcwm%m@mﬁ%@wﬁean eativated ARG catalyst
doped wilh Na. S WNHedARInd. il Na 5 s DRPUANL 22,8500 AT Ibe-GAGYsysion of the
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catalyst. This means must be argey ree from metal and NH4 ions. In the provided

raw MeOH an%?ﬁ%’fe\f%{}ﬂ%rﬁt@%m?%rﬁ?aﬁﬂﬂéhtt?ﬁ ARG NP PSR EEER YR & B Chrefully
avoided. In theiclecuimenis-Qi: 0885 6587:1CreOhe kBSI083Ah Af dird MECPOO B4 6TBIA! apparatuses are

described, inwhigh fReMaeRH; Eiy@'@%%%tﬁé@mﬁ%ﬂ%wmm&a sepAtatinguseans. The

reflux MeOH entlre re actl ter t|n a the reflux
IVIeOH canngfoi)%@yéargecf 0o} ?H‘g #V%d-lst llation co umr&1 *ﬂere%gerq%ggggs c? %ar% troverhead
condenser is P &AdE8 ISR HRY F(S”I‘Eﬂ}\'iéf?gtﬁ"@ Watdt edvaded UF'TWQW%Q\‘PW@%W&EI@&%%M DME
reactor. This Teguiresidigpwsideraicoeandenser dapatignihich involvedss VelEspondisyly greater

performance gfihe,1ehgiles ViherelYy H&een@émnaewma%b%%ﬁgwmﬁ@ww JP

2004161672 A deals with an eva orat fo ra O which.allo WS, %Q%rlaetlgn of the raw
{ %P
MeOH, whereln ﬁ135risor'1m \a}gecgrate ?nr%tiﬂre oﬁ% gH%n ‘Wé%ﬁ‘ g:%/ rwf% eﬁe unconverted MeOH

and the reactfbh ReHeF PR theCDIAR PR AR 1P 9'4E FeRtfE FTHBHPEERYY (R R ARI-FER I MeOH in a
separate distiltationatahmporeperatineabkow foressavend HvEUbosbletl deaieregoderskguittveflux MeOH is

contacted withyihe; eyaperatadsaw MeOkicen Hﬂatsmﬁi\é{ﬁiﬁ!n@mﬁz@ﬁ%:d@ ihecramudedH supplied to
the DME reactor 5 IO\évered Heng0 it IS, pr V|deq tSh s ?%Bags 70 aé,ggaa?%?sr@steg’g/leggﬂn Qa;he reflux
er of t

'avold " COITCEID
MeOH column alfon hith the non- evaporate wat e raw Me IS measure requires the

evaporation a‘ﬁ’ﬂ“&@ﬁﬂﬂéﬁw@&ﬂ@ﬁféﬁﬂ% WhEE-P5R YRR fonasormsir R¥fenis @iy soRBrIHESRtEm of the
largely water-feeeda@Hntorthate@-MeOH evaporator the renewed evaporation of the same MeOH.
Thus, a MeOH circuit without contact with the DME reactor is obtained, which consumes unnecessary

energy and r%%%é%fgf/%?.sc Aldhe gl c%é'é f'o:rr QP é%ﬁ@"ﬁlnorfaw%édmﬁ 88hhg 4 is known to

wash out in a column 'the ar with the uncondensable gases at the head of the DME
column and rE®He R IHE R TESE H?ég RlesRlEotarAYs VSRR &1 88 BIE BKIE"RBRtent in the
raw MeOH chaitjetidalshén DME reattoeaby tivkiBiEhesteotivier sfotio et BrDMEdsg &duced. This is
relevant in paﬁ@%@,%%ﬂé@ﬁ\f Mepk is Meett anddhe dighigases eantampd indhenasvdeOH are not

separated befgy e P BIMFerasianR b aply A e DE LRlUIRRIpRPOnALin BesaMOpNt of the

non-condense tgases t amount of t I\/IE ISC arge with th h(-Z‘QIaSE‘S ence the amount
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presence of an activated Al,O; catalyst doped with Na. A fimited doping with Na is

a2por B ase in the



4 When the raw MeOH contains only little dissolved gases, the arrangement of a scrubber can be
omitted. Instead, the DME discharged with the uncondensable gases can largely be recovered in an
end cooler opdfaE8HRRPEEBId water or a refrigerant. The object underlyi§ER@GRYER%HH consists in
designing the process described above such that a rather low consumption of operating resources is .
achieved, the installed heat transfer capacity is improved and the useful life of the catalyst is not
impaired. SUMMARY In an aspect, there is provided a process for producing dimethyl ether (DME)
from methanoh{htedt phpconyartimgziptbéecablyrbyracidheatatptistcdhdensatiothai e MeOH obtained

through MeOlgsynthesisdaRME hu spliting aftawater, iBa repslobritivdichitfeedmixure consisting
of raw MeOH and 2 process.inicmally,chlgined retuin flow, subsfantall. lormed from unconverted
MeOH and reaction water, are charged to a MeOH Column an evaporated, nd the distillate
substantially consisting of vaporous MeOH is supplied to the reactor, characterized in that in a mixture
column the reéadtiodomixtinte GRHACSRIEHOM He TeSIHt fs swpdratechimtbasbbitoparpradact chiefly
gpnflistin_g of W@@s@tﬂ{édP&Qv@}igwﬁﬁ%dﬂiqmlf@lmm%@gmr@%@Wt&@%%tﬁs%ﬁﬁﬁ@'Umn the
istillate is se ed.int istillate [ [ NG ases
discharged o&e%%%aghgn%%\go a ott%%ré%%gl u(é@t - 5%%%%#@% \\?v%%grgé%%%wﬁgggﬁnﬁ%c IS supplied to

the top of the" MBS Coftfh o FiX PRI FERR BRGHTBREICt fuitiarallia HEHAtRE fBIERIn column. In
another aspethethiore, ibpreedé dameppadtssdorsgerfopnointethenproteds &svdefiredzsdove,

characterized:inthattheOME BebinbuisMEaR0ed outheMeAHBMWEHres a considerable
condensar capacity which involves a cormespondingly greater performance of the reboiler,
whereby the energy efficiency and the economy ars reduced. JP 2004181672 A deals
with an evaporator for raw MeCH, which allows a partial evaporation of the raw MeOH,
wherein the non-evaporated mixiure of MeOH and water together with the unconverted
MeOM and the reaction water from the DME reactor is separated intc process water and
reflux MeOH in a separaie distiliation column operating at low pressure. The subcooled
wafter-poor fiouid refiux MeOH is contacied with the evaporated raw MeOHM, so that the
water concentration in the raw MeOH supplied io the DME reactor is iowerad. Hence, i is
provided 1o also pass non-evapaorated MeOH fo the reflux MeOH column along with the
non-evaporated water of the raw MeOH. This measure requiras the evaporation and
condensaticn of the MeOH in the reflux MeOH column and after the return of the largely
water-free MeOH {o the raw MeQH evaporaior the renewed evaporation of the same
MaOH. Thus, a MeOH circuit without contact with the DME reacior is obtained, which
consumes unnacessary enargy and reduces the efficiency of the circuit,

From EP 455004 A1 or US 5,750,799 A it is known fo wash out in a column the DME
discharged with the uncondensable gases & the head of the DME column and recirculate
the same fo the MeOH column, This mesasure leads fo a DME content in the raw MeOH
charged io the DME reacior, by which the conversion of MeQH to DME is reduced. This is
relevant in particular when raw MeOH is used and the light gases contained in the raw
MeQH are not separated before the DME reactor, but only in the DME column,
Proporiional o the amount of the non-condensed light gases, the amount of the DME
discharged with the gases and hance the amount of DME in the inflow to the DME reactor
increases:



In yet another aspect, there is provided an apparatus for carrying out the modification of the process
as defined above, characterized in that the DME product column is formed as fortification column and
arranged on the mixture column and the MeOH reflux column is formed as stripping column and
arranged on the MeOH column. 4a DETAILED DESCRIPTION This object is solved in that in a
column, subsequently referred to as mixture column, the reaction mixture withdrawn from the reactor is
separated into a bottom product chiefly consisting of water and into a distillate chiefly formed from
DME and MeOH, in a column, subsequently referrezfj to as DME column, the distillate is separated into
a distillate substantially containing DME and uncondensable gases to be released overhead and into a
bottom product formed from water-poor MeOH, which is supplied to the top of the MeOH column. The
term "digithatehdefinasctbe psaciied vathdmena 5o eisiilaiomerdiesifieatandiel wmonassida geoduct or
as to praguc. |naegeraansiuitn the aspeshof e inventian. fae hattam productof fhe PG column,

0,
which is formed from water-poor: IS supplied to top o coltrin or mixed with the
bottom PraarRdFeRiRaRRs S WHE feldWrRmiefrigerant.

The object underiying the invention consists in designing the process described above such that
a rather low consumption of operating resources is achieved, the instalied heat transfer capacity

is improved and the useful iife of the catalyst is not impaired.
SUMMARY

in an aspect, there is provided a process for producing dimethyl ether (DME) from methanol
(MeOH) by converting, preferably by acid-catalytic condensation, raw MeOH obtained through
MeOHM synthesis to DME by splitting off water in a reactor, in which the feed mixture consisting
of raw MeOH and a process-internally obtained return flow substantially formed from
unconverted MeOH and reaction water, are charged to a MeOH column and evaporated, and
the distillate substantially consisting of vaporous MeQOH is supplied fo the reactor,
characterized in that in a mixture column the reaction mixture withdrawn from the reactor is
separated into a bottom product chiefly consisting of water and into a distillate chiefly formed
from DME and MeOH, in a DME column the distillate is separated into a distillate subsiantially
containing DME and uncondensable gases discharged overhead and into a botiom product
formed from water-poor MeQH, which is supplied to the top of the MeoH column or mixed with

the bottom product withdrawn from the forerun column,

In another aspect, there is provided an apparatus for performing the process as defined above,

characterized in that the DME column is arranged on the MeOHM column.

in yet another aspect, there is provided an apparatus for carrying out the modification of the
process as defined above, characterized in that the DME product column is formed as
fortification column and arranged on the mixture column and the MeOH reflux column is formed

as stripping column and arranged on the MeOH column.



In accordance with another feature of the invention it is possible to cool or partly condense the reaction
mixture withdrawn from the reactor in a process-internal heat exchanger, before the reaction mixture is
charged to the mixture column. The amount of water of the distillate of the mixture column, which is
introduced into the DME column and chiefly consjsts of DME and MeOH, is adjustable via the reflux
ratio of the amount of liquid produced at the top of the column by condensation of a part of the top
product and charged again at the top of the column and the amount of top product discharged to the
DME ¢wapin EByDES@RIPT kDI measure, the quality of the water-poor liquid reflux MeOH withdrawn
from the bottom of the DME column can be optimized. - 5 - Another feature of the invention can be
seen in that a part of the vapor produced by evaporating the return flow of the bottom product of the
MeOH Tdttupiiestiistaphiaty B osisim@ cTalvanes isUPSRSINGESY FRiSTISE BotRIMEKE ARHe dBRimn and
in thispaastishenididFecoitianiin tharbpiéoeniasiesrasesicdntcaspeabaf Bhedieatieny itstkatngre can
be seen in that the distillate of the E column_sub ially cpnsisting of DME is candensed and one
part of Ehvéa({:%rn réns'%ﬁ% % éﬁtglrégoc Ey%tﬁ%mﬁé\j&‘r%qmngpa% tk@%ﬁ’éﬁcgl G %Hrg?]’dst%eﬁ%?ﬁg?g art of the
DME cefededsiatess dEreniyath, D disthalsaist skaneatdseisansedistibethesybstoniipho dastaitinge DME

columpgensisingeharieisrogadicid blaRlddsshaiantin biritaref HurdiepidaRiumhdh®om

condensation in the MeOH column can be omitted. It is als ible that the DME condensed in the

coll 0s
DME &GitFHRAS VR Er JEIR Sh PR B R B IRRRLHE T e BB column as side product.

The term "distillate” defines the product withdrawn in a distillation or rectification column as side

product or as top product.

In accordance with the aspect of the invention, the bottom product of the DME column, which is
formed from water-poor MeQOH, is supplied to the top of the MeOH column or mixed with the

bottom product withdrawn from the forerun column.

In accordance with another feature of the invention it is possible fo cool or partly condense the
reaction mixture withdrawn from the reactor in a process-internal heat exchanger, before the

reaction mixture is charged to the mixture column.

The amount of water of the distillate of the mixture column, which is introduced into the DME
column and chiefly consists of DME and MeOH, is adjustable via the reflux ratio of the amount
of liquid produced at the top of the column by condensation of a part of the top product and
charged again at the top of the column and the amount of top product discharged to the DME
column. By means of this measure, the quality of the water-poor liquid reflux MeOH withdrawn
from the bottom of the DME column can be optimized.



Another feature of the invention can be seen in that the DME discharged with the uncondensable
gases is washed out in a washing column, preferably with MeOH, and passed into the mixture column.
In accordanc¥/@ith thetedditional aspect of the invention, the gases angAbkHEEMHGESH ponents
dissolved in the inflowing raw MeOH are separated.from the inflowing raw MeOH before evaporation of
the MeOH in the MeOH column and the distillate is discharged, whereby the quality of the DME
produced is improved and the amount of DME entrained from the DME column with the
uncondensabledfasesisire di dedintégidotiambpregrrcinititht rapant fromheéhedoreruducetuibyn is preheated

and/or partly guaporatgdiiefore-flawing into thedMedbhcalumnOnecasrechel hedsaeass of the
invention furthermare consists in thg\&(}g\geirgol\/!ge%is&oh;%rg%? vrvnit the L[ncond nsable gases at the top of

the DME colufin 5 Waghet Bllft[?rtlr% washing co uomn, pre &ra ﬁ"&vﬁ%‘iﬁéé’ﬁ, And e bottom product

produced is padSc@HRD! th& DMECEIR AP 258For added to the raw MeOH prior to entry into the MeOH
column. - 6 - In accordance with another feature of the invention, raw MeOH branched off from the

inflow of the rayg Mz cambarcharged tmdhrdenel theswashingfokimnaswashingmagent.
 column substantially consisting of DME is condensed and one part of the condensate is
charged as return flow to the top of the DME column and the other part of the DME
condensats is discharged. Due to the fact that at the same fime the botiom product of the
DME column consisiing of water-poor liguid MsOH is charged o the top of the MeOH
column, the condensation in the MeOH column can be omitied.

It is aizso possible that the DME condensed in the DME column is discharged from the
fortification section of the DME column as side product,

Another feature of the invention can be seen in that the DME discharged with the
uncondensable gases is washed out in a washing column, preferably with MeOH, and
passed into the mixture column.

In accordance with the additional aspect of the inveniion, the gases and low-boiling
companents digsolved in the inflowing raw MeOH are separated from the inflowing raw
MeOH before evaporation of the MeOH in the MeOH column and the distiliate is
discharged, whereby the quality of the DME produced is improved and the amount of
DME entrained from the DME column with the uncondensable gases is reduced.

The bottom product withdrawn from the forerun column is preheated andfor partly
evaporated before flowing into the MeOM column.

Cne aspect of the process of the invention furthermore consists in that the DME
discharged with the uncondensable gases at the top of the DME column is washed out in
a washing column, preferably with MeCOH, and the bottom product produced is passed into
the DME column andfor added o the raw MeOH prior to entry inte the MeOH column.



When the raw methanol contains only small amounts of dissolved gases, the arrangement of a
washing column can be omitted and instead an end cooler operated with cold water or refrigerant, for
example DM/ 21 BEG3888I, with which the DME discharged with the FiYddRdE4bE2dases can be

. recovered. It is expedient to combine the distillate of the forerun column, which contains dissolved
gases and low-boiling components, with the distillate of the washing column, which contains
uncondensable gases, and to discharge the mixture for further processing. In accordance wtth an
additional fedtueecofdiresnvigntionththddabiternf tre ductibiheam GO dolmmehea it Hromidfly consists of

water, is dischasges fremeibeipnreess o8 shpplieddenthe jowendariefihedmixiues gabamg and then
discharged via tp]? bottom of the mixture column. It is also possible that the bottom product of the

mixture colun%ﬁ?mihich chiefly consists of water, is passed into the MeOH column and the water is
discharged from the process via the bottom of the MeOH column. It is advantageous that before
introduction iitbsththe eac toettrodistitaie ofitherivedrbosiuphdisediied geremitie Mr@OEEMsBuperheated to

a reaction terppgiaiHiaiRathie-A 3G Ridadirachieal braaierdspmdheisachanheakesntained in the
reaction mixtyfe.disehlagd fombeRacior ks Bathol e ARRsAUiiRLe Aldba Mt column is

passed into the Boftorn O tfngﬁw column. In the apparatus tor carrying out thie process the DME
column is arrdRtREEeSRPRR S0RSGIEN be recovered.

It is expedient to combine the distillate of the forerun column, which coniains dissolved
gases and low-boiling components, with the distitiate of the washing column, which
contains uncondensable gases, and to discharge the mixture for further processirig.

in accordance with an additional feature of the invention, the boftom product of the MeCH
column, which chiefly consists of water, is discharged from the process or supplied to the
lower part of the mixture column and then discharged via the bottom of the mixture
columa.

It is also possible that the bottom product of the mixture column, which chiefly consists of
water, is passed info the MeOH column and the water is discharged from the process via
the bottom of the MeOH column.

It is advantageous that before infroduction into the reactor the distillate of the MeOH
column, which contains MeQH, is superheated to a reaction temperature of 250 to 330°C
by indirect heat transfer from the reaction heat contained in the reaction mixture
discharged from the reacior,

A part of the gaseous distillate of the MeOH colurmn is passed info the botiom of the DME
colums.

In the apparatus for carrying out the process the DME column is arranged on the MeOH
column in accordance with the invention. The two columns are coupled via the distillate of
the MeOH column and the botiom product of the DME column, so that the MeOH column



column in accordance with the invention. The two columns are coupled via the distillate of the MeOH
column and the bottom product of the DME column, so that the MeOH column - 7 - can be operated
without refluxé@éie041dasE DME column can be operated without evaporaiottR/adgdication of the
process of the invention consists in that the vaporous distillate of the mixture column, which chiefly
consists of DME and MeOH, is fed into the bottom of a rectification column, subsequently referred to as
DME product column, the bottom product of this column, which contains liquid MeOH, is charged to the
top of a rectifization emitien, SiHseqerntiyorede metl tte asidetiireflvxncolunperadaerghvthe distillate
thereof is pasggd.jatg,the bottom of the DME product column and the bottom product thereof is
supplied to the top of the MeOH column. In the inventive modification of the process the DME product
column formed as fortification section is arranged on the mixture column and the MeOH reflux column

formed as stripPiriyisaiaTon 18earratrgedioretRecriieD PRBRIFIA Ui thie@RsertHs Heémsing, the
fortification sedtiore ad:the stigpirtpiectiosisof thODMancoUsH, Vistuallyntarésepasated and the smaller
stnppmg sectignQbLile RM@&QU&@&L%ﬂﬁ@@&@&@%@%@&%%@&&%%%&%l@éﬂ&r fortlﬂcatlon
section of the DME golumn,can be, out ontg &Fe% hture. col o e e dlanmelRisior (g mbdng column
and of the for%ficatlon Section of the DME olimn ar& alMostthe Same. '

subsequently referred to as MeOH reflux column, wherein the distiliate thereof is passed

into the bottom of the DME product column and the botiom product thereof is supplied to

the top of the MeOH column.

In the inventive modification of the process the DME product column formed as
fortification section is arranged on the mixiure column and the MeOH reflux column
formed as siripping section s arranged on the MeOH colurmn. By means of this measure,
the forfification saection and the siripping section of the DME column virtually are
separated and the smaller stripping section of the DME column can be put onto the
methano! column and the larger fortification section of the DME column can be put onto
the mixture columrn. The diameters of the mixing column and of the foriification section of
the DME column are almost the same.

Further features, advantages ahd possible applications of the process of the invention can
also be taken from the following description of an embodiment and from the apparative
process flow diagrams illustrated in the drawing in Fig. 1 and Fig. 2. All features described
andior Hustrated form the subiech-matter of the invention per se or in any combination,

indapendent of their inclusion in the claims or their back-reference.

According to Fig. -1, a feed stream consisting of raw MeOH with an MeOH content of 75
wit-% is fed via conduit (1) into the forerun column (2) in which at & mean temperature of
80°C and a mean prassure of 3 barfa] the gases dissclved in the raw MeOH, such as CO,
CO,, CH,, and the low-boiling hydrocarbons are discharged via conduit (3) for further
utilization. The MeOH withdrawn with & mean tempsrature of 100°C from the bottom of
the forerun column (2) via conduit (4) is preheated to & mean temperature of 180°C in a
heat exchanger group (5), parfly svaporated thereby and charged via conduit {8) fo a
MeOH colurmn {7} in which the water is separated from the MeOH at a mean temperature



Further features, advantages and possible applications of the process of the invention can also be
taken from the following description of an embodiment and from the apparative process flow diagrams
illustrated in {he ssamiaesesFig. 1 and Fig. 2. All features described angirikxisateckiarm the
subject-matter of the invention per se or in any combination, independent of their inclusion in the
claims or their back-reference. According to Fig. 118 a feed stream consisting of raw MeOH with an
MeOH content of 75 wt-% is fed via conduit (1) into the forerun column (2) in which at a mean

temperature gf pAC-and 2 meanpresseai3fariabiegasesiseaivaddn B MeeH, such as
CO, CO2, CH4, and the Iow-boﬂmagh drocarbons %%%l)sc r%l d via conglun g%%fg{gy{gger utilization.
t 0

The MeOH wiAIFAVASRAAEE Hiean perFatre G rom the S6ttom of the urer‘yn column (2) via
conduit (4) isMreHeateanodimdadisehapshin BB T Winhosp e RRRFGFGPOUAY(E), Dartly
evaporated theselyanchehargeskrdaeandoit (i te e dilediHogtummy i ) 10) wivgirskedwter is separated

from the MeQkt ab2Aag LEMRORTA anOLABAG A AHBSAR BYesHaRa 3Diarals&ian) the bottom of

the MeOH column (H? he water is discharged frg% the grocﬁei? Baa% nctgl)l(ﬂ'(t3 8% ‘L’,"@f'&ﬁt e gaseous top
product of th& MR E SRS SHh AR SR BV dNi ST 5 ?17% Wwith & mean temperattire of 170C, is
heated to a rhefretéinpeaaasto HSUOG TR Haa EXcrfuivl oth '(0F 4HdPaseEt it a reactor (12)
via conduit (343. Jdaergaseixtuep anitbd rawnzatther it tittohtivecreactord B2 )viseswpplidabto the heat
exchanger graup (10) yia condult (13).ansheagled secuarAlivelyRpiose fsischaaesh tadhe mixture
column (15) via condu&é}ﬁ% In the mlxtéjre g}olunygrg%ﬁ)iégg gas En@ reg%vsFrafﬁéevdvaltre]itp a water-rich
bottom produeP Af% BobFtopPradiict at's meah pressuré of 15 %ar["‘%fan a mean temperature
of 150C, whereirbetientopgsiustircpessethinshe MefPRr8uHidg) sirefersyr (§8s Than2$iR9%8 of water. The
water-rich botsemrqrasuctismessrad-tadiie MedHhedBr¢itinvia 8pwbiait §2E&ptdhe watsmpoor top
broduct is SupRlisHAANELE ) S KR ME (LY HERBRetAlasAL sigatgmperature of
100C and a pressure of 13.5 bar%ag. rom th%%ﬁ/)f%%the ng dc%grgrqsglrS ﬁ&f!rom{t ra@a%lde, two to
seven trays BEISAHEE RS hERA L SRUBNLRYS RIS ah Sha0adscd to the plant boundary via
conduit (19). FriderssteshiopHoel arb P BRI E dotansii( 185} Wi 1P e¥RET PeoRSSts 16f NIEFH with small
amounts of walemhdiS Byrpre tpithe topsaithe tebHweolumel Ghaiatcohdate(26 pamgeskives as return
flow for the foplification seclion @t e Mo eolpa&7 o dioskae e cRNrankaiion of BME in the
bottom of the DME column (1(% as low z?_g g?ssiblg arg)%rtial ﬁ;[rec%mcgg t;ht%;g}o%) Q{%@Uﬁc{[ tﬁg the MeOH
column (7) ASHAHEPHRESRAR @) RaEE At d Off AN e ittt o Tthe bettom of the DME
column (18) vetteorriihe(PVE solthyt (#BitAs leasts sassiporamsiadrkartah i tepmtditie gases not

condensable i thie BMVilcheatumnfichS) e cuiiddr 20Vt oVes Headtisntlgffes sk beviie cdineidi i7(22) into the
bottom of theyuashing stage () I which &sDMFcersained #uihe uacondepsahlpsases is

recovered at a mean pressure of 10 bar(a) and a mean temperature of 75C along with the MeOH
branched off fiGHI EBRARITTAAnd charged to the top of the washing stage (23) via conduit (24). Via
conduit (25) the gaseous top product of the washing stage (23) is combined with the top product of the
forerun colunmimg 2eéewing:offiviaadnaiute BvEncbaischddy e fot-firthe owvtifizat end WesEwnduit (26) the

washing agent.comaining, MBS pHaRes fromatheb otiee of)thevasiroMagr@heiio the mixture
column (15). AItemativeI{, r]e bottom_product dg %tthg gyvgg@ig&s%gageog@ E%Fgﬁgrab%ggg into the DME
into -

column (18) \}Fg c”é‘ﬁaffﬁ 573 obe Ted via conc ufl % e - _
temperature of 75°C along with the MeOH branched off from conduit {4) and charged to
the top of the washing stage {23) via conduit (24). Via conduit (25) the gaseous top
product of the washing stage (23) is combined with the top product of the forerun cofumn
(2) flowing off via conduit (3) and discharged for further utilization. Via conduit (26} the
washing agent containing DME is pumped from the bottom of the washing stage (23) into
the mixture column (15). Alternatively, the boftom product of the washing stage (23) can

either be fed into the DME column (18) via conduit (27) or be fed via conduit (28) into the



MeOH stream flowing to the MeOH column (7) in conduit (6). The mixture column (15) can be operated
without evaporator circuit. In the modification of the process flow diagram according to Fig. 1, which is
represented {Rdrig3icdigsnater-poor product discharged from the top etthemraodgomsrdomn (15) via
conduit (17) is directly passed into the bottom of a rectification column (30), subsequently referred to
as DME product column, which is formed as fortifi€ation column mounted on the mixture column (15).
The bottom product of the DME product column (30), which chiefly consists of MeOH with small
amounts of Walefs 5, SLRRUGHY R BRNALBILLIRNG foR:Alidelume d3g)rsubissauenisfeferred to as
MeOH reflux column, which is Tormed as st rpping column and arranged on the MeOH column (7). Via
conduit (20) ﬁ‘?e%%ﬁ%"ﬁ%’db&%ﬁ&oﬁ\}fg ‘reflux column (32) flows to the top of the MeOH column
(7), while the top product is passed into the bottom of the DME product column (30) via conduit (33).
The partial streggriseinehied aff-trpmdive top Prapierotaot¢hiriyle0ry colwinch (# yéloadagdn iconduit (9) is

supplied to t%bgttm@ @5@%&4@%5@%&9%@ {32) e w@wéz&mreeﬁdmn@ﬂgaﬁaachleved with
the invention Cﬁgéfp(rﬁj?s,“dfr%@ﬂ“%&seaé S tﬁog&%rat'Ye'%ct RLYE aoanﬁrﬁ ¥o‘3ffs', lency.apg economy. A

comparlson &P €SS O |nven 1on wi nown process belon g tO € prior art, as

described for&ganipie 3h DD pMYEH @A, %%@tﬁﬁ?%é@ﬁ?ﬁ@@éﬁ?&%ﬁ?@lﬁéﬂ%ﬁ?ﬁﬂons for the
MeOH content@friherawohen H Aherpechemiin granapeii tiad s¥ap qration obivenMalHvidr to entry into

the MeOH colypf, BR|SLIGIDBE GHY %ﬂmpam@u@@ei%@e@%w ehithe &Nbﬁgp{mw@% and the purity

of the process water btalne% and W{Iiten I_a?st tg éét ux gnergy cc rhsuré] tion, the totally
installed heafgé)x%ﬁ’a??%?n @?f e Ance T8 STaler than in the known rOCéSS@gP-l t% %. -10 -

Claims: 1. A ptfm@é@sq@iwpw&ﬁgaammﬁféﬁﬁéﬁbmﬁy%ﬁ? ¥ sAet O ByPe8erting,

preferably bypagidetatahytivetndehsationy raid2Medld ohtained ¢htic e MeOHusynthesigito DME by

spliting off Wa{el;in fLicRCIosL2k IMuthichy i, (et mixt r.cansiating pojai Madt e a

process-interpally obtfuned return ro libSt pltlf% f(igrmed @r%r% Mn nve rted lsl&éeﬁgw nq reaction
Re

water, are chg?aé’a% Sﬁ(ﬁ%‘ﬁ I%of:umno "and eva opré)\%1 |st(ﬁjalf tant IIy consisting of

vaporous Me@Hdgitdapisirerlisdte theRaspmcpiira MeRFEaTH1RRL TN 4 3RiXiR RN A (15) the reaction

mixture withdrawn from the reactor (12) is separated into a bottom product chiefly consisting of water
and into a dlsm@g%\gﬂ@gxsfggnmérﬁm PMERRENMERHhaR DM gaa@mr}q@%bmmmgate s
separated into a distjllate substantia nta|n|n M rge

S ) R goRan Eco%&f}%&%g Usalle gares, oA

overhead and'Ihto 3 fmed water-poo |c is supplied to the top of the
MeOH columwiw)%rkﬁﬁ‘kémﬁsﬁwé’%ﬂi%?ﬁ ﬁ?o@ﬁc?%ﬁ‘ihﬂ?a\ﬁﬁ f?‘?)?ﬁ“ﬂ’?éi e RARIRIAN ).
2004161872 A, shows that under the same marginal conditions for the MeOH content of

the raw MeOH, the preheating and partial evaporation of the MeOH prior to entry into the
MeOH column, the inlet temperature inio the reactor, the purity of the DME produced and
the purity of the process water obtained, and with aimoest the same exiernal energy
consumption, the totally instalied heat exchanger performance is- smaller than in the

known process by about 20 %.



2. The process according to claim 1, characterized in that the reaction mixture withdrawn from the
reactor (12) is cooled in a process-internal heat exchanger (10) or partially condensed, before it is
charged to tH&@A%1GeS86REmMN (15). 3. The process according to any df el P4MHF2E characterized
in that the amount of water of the distillate of the r%xture column (15) supplied to the DME column
(18), which chiefly consists of DME and MeOH, is adjustable via the reflux ratio of the amount of liquid
produced at the top of the column by condensation of a part of the top product and charged again to
the top of thextattenn and the amount of top product discharged to the DME column. 4. The process
according to any of claims 1 to 3, characterized in that a part of the vapor produced by evaporating the

turn flow of the hott duct.of the. M - - : :
return flow of the hattom tﬁ? uct of.the Me0 %ﬁ%’@ﬂn&)ﬂwFggﬁa%?é%%%l%?%ﬁ@ﬁnﬁf water, is

. 1. YOCess Ior progucin ¥1|_l| ) ‘
passed into the bottom of the ‘mixture colum g e process ac to any of claims 1 to 4,

characterized in tREERPYi St AELFAIRY IS MRNEBNTATRN L & IR B h T Eoh SRR oY BINAE is
condensed and omgnffertiof M ondeitsateis whardged teatier tig)ontbiME detdrmixiasereturn flow
and the other partis.disrhasioed: fiedhariosersagcaigingonayef eairnadktaubsehaacterized in that
e oM SRR LM IS eabRio R fom DR ARASD U RISRRUARAT the DVE

(7) and evaporated, and the distillate substantially consisting of vaporous MeOH is

supplied to the reactor, characterized in that in a mixture column (15) the_ reaction

mixture withdrawn from the reactor {(12) is separated info a bottom product chiefly

consisting of water and into a distillate chiefly formed from DME and MeOH, in a

DME column (18) the distillate is separated into a distiiate substantially containing

DME and uncondansable gases discharged overhead and into a bottom product

formed from water-poor MeOH, which is suppiied io the top of the MeOH column (7)

or mixed with the bottom product withdrawn from the forerun column (2).

2. The process according to claim 1, characterized in that the reaction mixture
withdrawn from the reacior (12) is cooled in a prosess-internal heat exchanger (10)

or partially condensed, before it is charged to the mixture column (15).

3.  The process according to any of claims 1 and 2, characterized in that the amount
of water of the distillate of the mixture column {15) supplied to the DME column (18},
which chiefly consists of DME and MeCH, is adjustable via the reflux ratio of the
amount of liquid produced at the top of the column by condensation of a part of the
top product and charged again to the top of the column and the amount of top
product discharged to the DME column.

4,  The process according to any of claims 1 to 3, characterized in that a pari of the
vapor produced by evaporating the return flow of the botiom product of the MeOH
column {7), which substantially consists of water, is passed into the bottom of the
mixiure column {15).

5.  The process according to any of claims 1 to 4, characterized in that the distillate of
the DME cojumn (18) substantially consisting of DME is condensed and one part of



7. The process according to any of claims 1 to 6, characterized in that the DME discharged from the
DME column (18) with the uncondensable gases is washed out in a washing column (23), preferably
with MeOH, ani>ads@ddantd the mixture column (15). 8. The process aeCoreiiyed/ iz Hf claims 1 to 7,
characterized in that before evaporation of the MeOH in the MeOH column (7) the gases and
low-boiling components dissolved in the raw MeOf'are separated from the inflow of raw MeOH to be
separated in a forerun column (2), and the distillate is discharged from the process. 9. The process
according to any ofglaimedste & ehatretesized i thaintheint eonoffaw MedHrevhenseparated is
preheated and/or Bf@}g%qug%%gg%g@fore the MeOH column (7). 10. The process according to any of
claims 1 to 9, characterized in that the DME discharged from the DME column (18) with the
uncondensable gases is washed out in a washing column (23), preferably with MeOH, and the bottom
product prod@ced T&pasersdsre D REEYIahR(1B) altd o rradtstr i the taheBO P BRor to entry
into the MeOH colushadedlit.tlhenEeerssnaaepid g tarasy fafckaims cetoidds elianasterzed in that
raw MeO1-1 branchgd ggﬁjgg‘rgstggei%ﬂ@g&f MeOH as washing agent is charged at the top of the
washing column (23) or a partial stream of the bottom product of the DME column (18) is used. - 12 -

7.  The process according io any of claims 1 to 6, characterized in that the DME
gischarged from the DME column (18} with the uncondensable gases is washed ouf
in & washing column (23), preferably with MeOH, and passed into the mixture
column (15). '

8.  The process according to any of claims 1 fo 7, characterized in that before
gvaporation of the MeOM in the MeOH column (7) the gases and low-boiling
components dissolved in the raw MeOH are separatad from the inflow of raw MeOH
to be separsted in a forerun column (2), and the distiltate is discharged from the
process.

8.  The process actording to any of claims 1 1o 8, characterized in that the inflow of
raw MeQOH to be separated is preheated andfor partly evaporated hafore the MaOH
column (7}

10. The process according to any of claims 1 to 8, characterized in that the DME
discharged from the DME column {18) with the uncondensable gases is washed out
in & washing column (23), preferably with MeOM, and the bottom product produced
is passed into the DME column (18} and/or added to the raw MeOHM prior {o entry
into the MeQOH colummn (7).

11,  The process according to any of claims 1 to 10, characterized in that raw MeOH
branched off from the inflow of MeOH as washing agent is charged at the top of the
washing column (23) or a partial stream of the bottorn product of the DME column
(18) is used,



12. The process according to any of claims 1 to 11, characterized in that the distillate of the forerun
column (2), which contains dissolved gases and low-boiling components, is combined with the top
product of theyweshingscakemn (23) which contains uncondensable gasest/&B2bbequapeess according
to any of claims 1 to 12, characterized in that the bottom product of the MeOH column (7), which chiefly
consists of water, is passed into the lower part of fife- mixture column or discharged from the process.
14. The process according to any of claims 1 to 13, characterized in that the bottom product of the

mixture colump (15hewhiskshieflrnsists of Wakey isPASSRd e 1he-Me At aalmE or discharged

from the process. 15. The process accorg 0 an clal sl 14, characteriz d in that before
introduction into thefsrtehac(t?gﬁf)e(fa) fﬁeralst Ltq"’% §1 XR/T 2%) ﬁ?nﬁa%?)gaé%lch éc;)r? alrgs WI%OH is

superheated to a redRBIETEMpERRAREHMIB D BROC By i B RS AINE 1941BR fréh Hhisheaction heat
contained in the reaetion: nxtuserdigghaeged from the reactor. 16. The process according to any of
claims 1 to 15, characterized in that a part of the distillate of the MeOH column (7) is passed into the

bottom of the DME.column (18 odlflca of t ces cardln 0 c ims 1 to 16,
characterlzed% tEg{ tﬁé%%r%or%cﬁédgﬁ tinate o 01&I %%ei m.Eﬁﬂ% uraﬁ"ﬁcz aég;?lée IE)/ c%nssts of DME

and MeOH, is fed ipfes'tRreohétedis BF £THIE 6?0‘6[?]‘(‘:{‘66|@Ffﬁﬁ‘{§ﬁ?5tﬁie”ﬁé?fo}%ﬁ5ﬁ§8ﬁ&t6fﬁﬁe DME
product column, whigir pentdins tidgickMedkh s dhargeektddhatoprofan. MeOH reflux column (32),
whose distillate is passed into the bottom of the DME product column (30) and whose bottom product

is charged to %Q?zt)%f 8;5 kc%s'éﬂggc!érgo {P”rg }P&%‘éeﬁté" g‘%ﬁ?é%é?%&&a%%‘%%"‘é'mdru?‘?ﬁ”ﬁrom the

forerun column n apparatu ormin rocess accor%m%to any of claims 1 to 17,
characterized in tHEPEHE' BIVIEE Eaﬁ}ﬁ?ncﬁ‘ﬁﬁ‘?s(é?}’awgéﬁ N ER VR R il (5"7)3395ed into

the MaOH column (7} or discharged from the process.

15, The process according to any of claims 1 and 14, characterized in that before
introduction into the reactor {(12) the distillate of the MeOH column (7}, which
containg MeOH, is superheated o a reaction temperature of 250 to 330°C by
indirect heat transfer from the reaction heat contained in the reaction mixture
discharged from the reactor.

18, The process according to any of claims 110 15, characterized in that a part of the
distilate of the MeOH column (7) is passed into the bottom of the DME column (18).

17. Modification of the process according to any of claims 1 to 18, characterized in that
the vaporous distillate of the mixture column (15), which chiefly consists of DME and
MeOH, is fed into the bottom of a DME product column {30), the bottom product of
the DME product column, which contains fiquid MeOH, & charged to the top of an
MeCOH refiux column (32), whose disiillate is passed into the botfom of the DME
product column (30} and whese bottom product is charged to the fop of the MeOH
column (7) or added {o the botiom product withdrawn frem the forerun column (2).

18, An apparatus for performing the process according to any of clams 1 to 17,
characterized in that the DME column {18) is arranged on the MeOH column (7).



19. An apparatus for carrying out the modification of the process according to any of claims 1 to 18,
characterized in that the DME product column (30) is formed as fortification column and arranged on
the mixture cojummstlsnang the MeOH reflux column (32) is formed asrgttippipghsolayey and arranged

on the MeOH column (7).
-13 -

19.  An apparatus for carrying out the modification of the process according to any of
cigims 1 to 18, characterized in that the DME product column (30) is formed as
fortification column and arranged on the mixture column {15) and the MeOH reflux

column {32} is formed as stripping column and arranged on the MeOH column (7).



