- 1 - Process and Apparatus for Producing Dimethyl Ether from Methanol This invention relates to a
process and an apparatus for producing dimethyl ether (DME) from methanol (MeOH) by converting,
preferably Pycpsigrgataiviig condensation, raw MeOH obtained through MefthsypthagissiAVIE 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 CO2, are removed and then MeOH and water are separated, and in an adiabatic
fixed-bed reactor the purified MeOH is converte
reactor product consfRiSSEa Al peBaluRMRr REadC 5 ey :
uncondensable light gases, the reactor product is treated in a two-stage distillation, wherein in the
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for the production of high-purity DME, which is widely used as propellant gas, e.g. in hair spray and

paint sprayydigshysanidi isrnalernaiveda.igyetisd aaseswibsrxgalisatdwningpepailes. Due
to a cetane number of 55 to 60, DME can be used in dligsel engines as a_substl,fute for diesel fuel.
which in turn originate from the reforming of natural gas, residue oils of crude oil
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processing or from the pressure gasification of coal. The raw MeOW 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 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 uncondensable light gases, the
reactor product is treated 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
stage is separated from the reaction water and the MeOH obtained 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 2003/30/EG of the European Parliament and the "Council for
Promoting the Use of Biofuels or other Renewable Fuels in the Transport Sector" DME is regarded as
biofuel, the,§aymeHa%eeEain impurities which are not allowed for high-pusigyr I2Mimobireigsare, 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 exagnple, 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. This circulating water must be condensed in addition to the unconverted MeOH and must

subsequentiBisEedaporateeiBiEorb the IIMEf&rBRSWRIEHY tRees efgrafiemncPBhtie iocess is
impaired consigig@blys nadditianntie ciisulating StreRmHs ineieaseshide kR frgusadddeOH
conversion in the D actor and accordingly the apparatuses and techpical components. of the plant
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from raw NRASTPHR G E 'S DIRRETESR ) DR B B sho e st SR R I RREIR S activated
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the useful life of the catalyst. The subject-matter of EP 1396483 Si is a process for producing DME, in

which raw MRIRYSE%RPS aPAct R HhES Rp8ie5RHEE I the presence of an activated Al203 catalyst
doped with Na. A limited doping with Na is - 3 - important, so as not to impair the conversion of the

catalst. TRimMeags KiAL e iR el Bieibe Jaraabolece dam mfabadd PA s dndhg provided

raw MeOH and its evaporation the entrainment of neutralizing agent must therefore be carefully

avoided. In #ReRlcirh&resnelradhscdsd picBieikeis so eten Rateir 3o 04 Y 3R dppietlses are
described, geyyhictDiaw Me@h:anstrelukidied Hinsesippliedyiccarcamnmasuasparating meanst The
reflux MeOH, contains the entire r. ian water orjginating from D actor, so th reflux
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separate distillation column operating at low pressure. The subcooled water-poor liquid reflux MeOH is

contacted RiAFEAR BvEpA LRSS AFERRY- 48 ARAYAR R CHIRIBRSHRAMHSHRFERAPRIEBYP dpplied to
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energy and reduces the eféici f the circuit. From EP 455004 Al.or US 5,750,799 A it is .known to
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gasesa
column andeethizingé geavalird the MeOH column. This measure leads to a DME content in the
raw MeOH charged to the DME reactor, by which the conversion of MeOH to DME is reduced. This is

relevant in gg%&%ﬁr%qﬁw MTbOI;I IS u?%%san%ather li h'ﬁlgasfﬁqé%%inr%%i 1é qw I;J/IS%JH are not
separated befo e r&58t0 ,%u?o%l?/ frthe DVME column. roportional 10 the a\rlnoun?o&]’ the
non-conde P8 fiepmtgnedd, thiixechbedt off zheliBMBtaisthakiddiniidliihis gesstvatrthandentig amount
of DME in {heninflomid0 ihe,RAMESCREIQRIBTIRAIRGE selectivity of the catalyst. On the long run,
however, a constant supply of metals leads to a continuous deactivation and hence {o a
reduction of the useful life of the catalyst. The subject-matiter of EP 1396483 B1 is a
process for producing DME, in which raw MeCH is dehydrated in the vapor phase in the
presence of an activated ALO; catalyst doped with Na. A limited doping with Na is



- 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 gperasiiriBgapld water or a refrigerant. The object underlying-he,rvestingists 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. 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 imeataNstFat@TRIBHO GMRaE FFenFenVRESEATH M dop caialyebldfin, BEBReGURINIRE réfdrred to

as DME colusmk ﬁlﬂ@scﬂisﬁlI@t@é@&%@f&iﬁdﬁmlaad&swta;eosiéb%améaﬂsbc@s@tammg\@m& andlits
uncondensa\ple be release(% rht?%d l%n% '%t Bg‘tﬂtﬂ rod%ct forgne?d from woater poor
MeOH, whi€K3 supplléaetg% op of g eﬁl ER The'term faté' e product
withdrawn in a dis la on or rectification column as side product or as top product. In accordance with

the aspect pf ghe davariions bR hotiesssupdsictrf {BeddBAECakmp M@ahmmmedﬁ,ﬁgmm@@r poor

f'\gfgrﬂ hlzosléﬁé)ﬁ!ggctr 9, Ine fopofthe MaOH column pr ke with e RS, RIGUEt vithdrayn from the
means. The reflux MeOH contains the entire reaction water originating from the DME
reactor, so that the reflux MeOH cannot be charged fo the top of the distillation column.
Therefore, the use of an overhead condenser is provided, in order to lower the water
content of the raw MeOH supplied to the DME reactor. This requires a considerable
condenser capacity which involves a correspondingly greater performance of the reboiler,
whereby the energy efficiency and the eccnomy are reduced. JP 20041681672 A deals
with an evaporator for raw MeOH, which allows a partial evaporation of the raw MeOH,
wherein the non-evaporated mixture of MeOH and water together with the unconverted
MeQOH and the reaction water from the DME reactor is separated info process water and
reflux MeOH in a separate distillation column operating at low pressure. The subcooled
water-poor lguid reflux MeOH is contacted with the evaporated raw MeOHM, so that the
water concentration in the raw MeQOH supplied o the DME reactor is lowered. Hence, it is
provided to also pass non-evaporated MeOH to the reflux MeOH column along with the
non-evaporated water of the raw MeOH. This measure reguires the evaporation and
condensation of the MeOH in the reflux MeQOHM column and after the return of the largely
water-free MeOH to the raw 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 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 at the head of the DME column and recirculate
the same to the MeOH column. This measure ieads to a DME content in the raw MeOH
charged to the DME reactor, by which the conversion of MeOH to DME is reduced. This is
relevant in particular when raw MeOH is used and the light gases contained in the raw
MeOH are not separated before the DME reactor, but only in the DME column.
Proportional to the amount of the non-condensed light gases, the amount of the DME
discharged with the gases and hence the amount of DME in the inflow to the DME reactor

increases.



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\fls %%%go%lgmn. The amount of water of the distillate of thegph(iHES §8dWERB ¥¥hICh 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 tlze 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 bokban drehewdMeQid centaitencbly dpitmlissalvedgaapdiies REERDSEBEMHETR/BFHERLan be

seen in that RRrphithe VRRAIHAadH sk bR ARRIAInghe satHra flaw piiBe hastosapnaeiy of the

MeOH column substantially con istir? of walier iS.i trog ced into thefbottorq of the mixture column and
in this way}?ﬁéelﬁRXEr%gm e} hcé’?)gftBH?rig %%&%%ggél %r%ﬁergt ‘¥ Invention furthermore can

be seen in that the distillate of the DME column substantially consisting of DME is condensed and one

part of the gapdansateiRenArget asHriHiB{euntstiardarslgHiegDIME rebisdn @ndibecotiwipart of the
DME condensate is discharged. Due to the fact that at the same time the bo t?m Prod ct of the DME
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column corrSiMPb AR SR PRGSHIMARI-FIS BRARY 3 TP MESEh BAHUVRSOI &I
condensatipanisfehealkaiiy is atopnoved mixd tbenitsetl! lifs dide pataliisieisat ive@ME condensed in the
DME column is discharged from the fortification section of the DME column as side product.

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 referred to as DME column, the distillate is separated into a distillate
substantially containing DME and uncondensable gases fo 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 "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 MeQH, is supplied to the top of the MeOH column or

mixed with the boftom product withdrawn from the forerun column.

In accordance with anocther 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 iniroduced 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 accordawﬁ Bg %ggltlonal aspect of the invention, the gases and lo‘?\%’"% fG
dissolved in the inflowing raw MeOH are separated from the inflowing raw before evaporatlon 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
uncondensable gases is reduced. The bottom product withdrawn from the forerun column is preheated
and/or parthnetrepdiettedebefdhe flovengomtoatnéd/leddh doltimah 2Ormtashtitt ghtioe prodessiobthe

invention futhssmars aansistsn Haak e RMBiseharagiivih the wreandsnsalblegasesaiijne top of

the DME column is washed out in a washing column, preferably with MeOH, and the bottom product
produced PSS iRt ISNIE B1GRHI RS bl ‘EB%‘"PQ&RPF\%?&“I”EH%‘B&% 1R e MeoH
column. -GiMRcoardanoahwitvanatieddeaissedf the invention, raw MeOH branched off from the inflow
of the raw MeOH can be charged to the top of the washing column as washing agent.

One aspect of the invention furthermore can be seen in that the distillate of the DME

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

condensate is discharged. Due to the fact that af the same time the botiom product of the

DME column consisting of water-poor liguid MeOH is charged fo the top of the MeOH

column, the condensation in the MeOH column can be omitied.

It is also 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 invention, the gases and low-boiling
components 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 uncondensable gases is reduced.

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

One 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 MeOH, and the bottom product produced is passed into
the DME column and/or added to the raw MeOH prior to entry into 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,%% é%s&d with which the DME discharged with the unc R %?%gan be
recovered. It Is expedient to combine the distillate of the forerun column, which contains dissolved
gases and low-boiling components, with the distillatg of the washing column, which contains
uncondensable gases, and to discharge the mixture for further processing. In accordance with an

additional feature of the invention, the bottom product of the MeOH column, which chiefly consists of
water, is ditiesagedefonwib prodesss fopkuippifetheoitvertvoverrpariid @t Pisxehecceflifenatiiethen

dischargedyigihgr RAEABWOL RS HNBENT5CONRR I téS RIS BOsStRe WRahiRg Batiem REogkgliag the

mixture column, which chiefly consists of water, is passed into the MeOH column and the water is
discharged®5H the process via the bottom of the MeOH column. It is advantageous that before
introduction into the reactor the distillate of the MeOH column, which contains MeOH, is superheated to

2 reaction {RRBeIRLEH2RRIL AN AY Bdesinem e ordiaimbs ssastiondisabagmained in the

reaction mixture discharged from the reactor. A part of the gaseous distillate of the MeOH column is
passed intGtReRTSIA BFHIBTIAE R RIMTE HrPIE SRR AR EaPTPS T BT RS R DME
column is anraafjedranttferMedidple DME, can be used, with which the DME discharged with the

uncondensable gases 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 with an additional feature of the invention, the bottom product of the MeOH
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

column.

It is also possible that the bottom product of the mixture column, which chiefly consisis 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 into the reactor the distillate of the MeOH
column, which containg MeOH, 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 reactor.

A part of the gaseous distillate of the MeOH column is passed into the bottom of the DME
column.

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 bottom 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 refW{c&p%ége DME column can be operated without evapogsiarAsaggifgasion 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 rectification column, subsequently referred to as MeOH reflux column, wherein the distillate
thereof is passée innstaeboritoubfreikrDReBIpH s tied DIME afdthe Baitdr srerigadheitbepis
supplied todhe,tep&f 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 stripping section is arranged on the MeOH column. By means of this measure, the
fortification/sauttificatichthbtbeippierssof tiog iof e dD MEn eistariraittieg lyaner sepdisitiaicapidibe smaller

stripping seciopOLHIGMEHAUSRARRORERY Bniovkedne Rtk calua apd dhe latasr fortification

section of the DME column can be put onto the mjxture column. The diameters of the mixing column
and of the TBFHICATOR ST SHEFRAEAAEY CBIGRH? AperaI st 4G qglumn. the bottom proddet

of this column, which contains liquid MeOH, is charged to the top of a rectification column,
subsequently referred to as MeOH reflux column, wherein the distillate thereof is passed
into 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 refiux column
formed as stripping section is arranged on the MeOH column. By means of this measure,
the fortification section and the stripping section of the DME column virtually are
separated and the smaller stripping section of the DME column can be put onto the
methanol column and the larger fortification section of the DME column can be put onto
the mixture column. The diameters of the mixing column and of the fortification section of

the DME column are almost the same.

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 the drawing in Fig. 1 and Fig. 2. All features described
and/or illustrated form 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. 1, 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 of
80°C and a mean pressure of 3 barfa] the gases dissolved in the raw MeOH, such as CO,
CO,, CH,, and the low-boiling hydrocarbons are discharged via conduit (3) for further
utitization. The MeOH withdrawn with a mean temperature of 100°C from the bottom of
the forerun column (2) via conduit (4) is preheated to a mean temperature of 160°C in a
heat exchanger group (5), partly evaporated thereby and charged via conduit (6) to a

MeOH column (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 iwgti S)Hg?)%é% Fig. 1 and Fig. 2. All features described and/orﬁgfﬁgg%ﬁé%%%g
subject-matter of the Invention per se or in any combination, independent of'their inclusion 1n the
claims or their back-reference. According to Fig. 1, g 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 of 80C and a mean pressure of 3 bar[a] the gases dissolved in the raw MeOH, such as
CO, CO2, cHB0aGdatived ovedo tieg dwd iczl bonz hie dis tha kgt i afdbrdbe(B) dolufartliéy thelization.
The MeOH yatbiawB nih 8 RSAMHRIBRGIALTG LIRS (B9 BRI QI DG PERAHNEIUmD (2) via

conduit (4) is preheated to a mean temperature of 160C In a heat exchanger group Q@ artly
evaporated1REfe 59 4R HBiIgRE GEEEHeRM (6) (8 WiddHEEI RS IRTARFET e {765 f& &parated
from the Meéiisatta meraiasmesaitiie ofSCCLBACaataxcheayeprgssprg Of 26 haaddrommathe
bottom of t 0 . is di ed. e ' uj e the
gaseous 1o et ol DRt Ccer SR R RN R RE TR S eablor 15

temperaturé 8FRFHE, 1 hedtedttexa s @refdfirddc300dtinl &) rawt exerdgerRpEiNgY0) and
passed int&dragta ity ¥intc 8l HbdL i coiengas snixtueewithdraymahthekeiterorining repctor (12)

is suppliedt%thgsh%‘!agd%)lgchianger g?ucpil}?) via ¢ Qg%ﬁ](%%gnd ?ogl% rec eraat{'\é(re_l 6(?re[[ore itis
charged to e PARkelre coﬁuﬁm?? Vid co Odl?it\flf M the miktule Torimi g)t\ﬁeg SRixtire is

separated Pitgachvalter-riehrbptessys oduét banfeh avater poan teppectiute af A3Eanherssutbeof 15
bar[a] and g meaRieMRRIaIE8RE LRI sWhereip e i RERURLRANAIRS IashdhanthyisheRreferably

less than 2 wt-% of water. The water-rich bottom product is passed to the MeOH_column (7) via conduit

(16). The VKT PRSP BIPPrSHITPRESED i A6 MECOH AT ?) (3 HR MR ESithn sy diRicdrP8berates

ata mean.temnmmtct:r‘es chifid ard:arpressiietotiis M\Iﬁﬁ{amrﬁndrfﬁnh@.rﬁopmem&m?am&mn (18) or
from the side, Ao, 1Q-5eYaRdERYSREINENE, QVarhsad condensar AME, Isthergwr and pagsed to the

plant boundary via conduit (19). The bottom product of the DME column (18), which chiefly consists of

MeOH with¥nfaaii® §iie ordi PaLepuiraye PR ENB P ut el o eBieM P [T viadbitiaNT20) and
serves as gidrpdieedasthissfplificamsastion ddheul €08 . cohspofEm ToriesR thietaenDergration of
DME in the botto the D column (18) a, ssible, a partial siream of the top product of
(e nre0r1 G e el (5 80 AP R SRAIR SR R o o

the DME c8lanieR(18) R Mateiditc@ansdihatanapislidhdeUnasdapereesr afrdaititation denithl. The
gases not ¢gafenmrbRitidheoPME PRIUPITELB TG Withdkaes pecebrashaaddpasselracanduit (22)

into the bott ft ' t ) in which th E tai in th d bl '
recovered EPUCAR AT COMRGEU D HERAF AR A RS it A e P IELob DR G RHA HEr
branched dffefrideCdoratitng  antibelragded-todhi (Bp @fitthe Weasinhepstéigen( B vidrodnckdt i(Rd). Via
conduit (23, ihe 4356 QF HORRIE A AR PYAsNBA RIS (P IbiSEAMPIRL Ludh ARl sraguct of the

forerun column (2) flowing off via conduit (3) and discharged for further utilization. Via conduit (26) the
washing ag&RtEGABRSRGBIRAE is pumped from the bottom of the washing stage (23) into the mixture
column (15). Alternatively, the bottom product of the washing stage (23) can either be fed into the

DME colump {18k uiaanduiiidadaunt Rerfebia: CUnHil (28) INOuiiGirawn overhead and passed
via conduit (22) into the bottom of the washing stage (23) in which the DME contained in
the uncondensable gases is recovered at a mean pressure of 10 bar[a] and a mean
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 column
(2) flowing off via conduit (3) and discharged for further utilization. Via conduit (28) the
washing agent containing DME is pumped from the bottom of the washing stage (23) into
the mixture column (15). Alternatively, the bottom product of the washing stage (23) can
either be fed into the DME coiumn (18) via conduit {27) or be fed via conduit (28) into the



- 9 - 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 regres j § . 2, the water-poor product discharged from th é g)gé% olumn
(15) via condui? ﬁ%éﬁ |Er%§ctly passed into the bottom of a rectification co?ﬁtrc;ﬁ/% c%% su seq%—{gntly
referred to as DME product column, which is formedas fortification 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 water, is supplied via conduit (31) to the top of a column (32), subsequently referred
to as MeOHVkellthstrermitowihgcts it éovimet asistrippindnasincvi £Hd BreanybdeoeothmivgoMcaolumn (7).

Via conduih@@%ém&%@%&r@g&rg{&h&rm@H 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 stream branched off from the top product of the MeOH column (7) flowing in conduit
(9) is suppliethtortheiboitom offttieepkiess fefvukisotamr¢E2)ding tohduit, (2icThe apvaatiabs

achieved wifh the inyeplian ca heRern iRBRSHRHAR IR FeRATAtVE HITRr Vs FRETaw P (igiency

and economy. A_coméaarlson of the process of t%ginventlon r\yﬁﬁ a known process belonging to the
prior art, aSeiEbetbed B AEXEMARSTEIPE0BPLEAED K HRATERIRAUTRIET thEShReRs RRALY
conditions fefetiheiMe @l DtRestoalithesam edtithtihe forelhentis doattid sani albhvaparatienedf dhe MeOH
prior to entry into the MeOH column,the inlet te rature J oﬁ]ﬂﬂ:[r [ it t E
produced a{[f)]{% {HB&HG%&%# tneegﬁbgég V\tl)gﬁornégtﬁn%?j, a?né%vi a rre?gé%%ﬁte %%ﬁ%ﬂe)gg?ha h(l—:'%nhgrgy

consumptiéhiathe sersipisisthiréarhadhesmhbRgerbisforivalite isssprlifreh imaandie RidimPRocess by
about 20 %ep K& c6I@HAS32), subsequently referred to as MeOH reflux column, which is formed as

stripping column and arranged on the MeOH column (7). Via conduit (20) the bottom
product of the MeOH 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 stream branched off from the top product of the MeOH column (7) flowing in
conduit {9) is supplied to the bottom of the MeOH refiux column (32) via conduit (21).

The advantages achieved with the invention can be seen in particular in a comparatively
improved energy efficiency and economy. A comparison of the process of the invention
with a known process belonging to the prior art, as described for example in JP
2004181672 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 into the reactor, the purity of the DME produced and
the purity of the process water obtained, and with almost the same external energy
consumption, the totally instalied heat exchanger performance is smaller than in the

known process by about 20 %.



A process for producing dimethyl ether (DME) from methanol (MeOH) by converting, preferably by
acid-catalytic condensation, raw MeOH obtained through MeOH synthesis to DME by splitting off water

in a reacto i ich the feed mixture consisting of raw MeOH and a = btained
el Gl

return flow's ormed from unconverted MeOH and reaction water, ar arged to a MeOH
column (7) and evaporated, and the distillate substagtially 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 into a bottom product chiefly consisting of water and into a distillate chiefly
formed fro@i&@itE and MeOH, in a DME column (18) the distillate is separated into a distillate
substantially containing DME and uncondensable gases discharged overhead and into a bottom
product formed from water-poor MeOH, which is supflied ta the top of the MeOH cqu-mné%or mixed

with the boftom BroleEERt R ARRRe RetsSHIR o @] 2eHR Y ieRE AR SRIMNE Y6 %Iaim 1,
characterized ingledithisy dactimridwiatsigdiovithdoavsatiom tiasy rddetit (2Bkisebdledugta MeOH

process-internal gl exchaRARE (0L Sl AR IRl SANIENSESh ETQTR L[5 GRAIISKL! Aol e column

(15). 3. The procsgss_apcordlng to any of claims 1 and 2, characterized in that the amount of water of
the distillate of tReNFIBHIFCESMMEDE) 80P RistrEs TSN YoraiNese iR AP ¥ ReRs atRikts of
DME and MeOHidsrdinstablesdavdestefiaOrtpofdheiamatntr odlincid peotvce haOthednpaf the
column by condensation of a part of the top product and charged again to t t lumn and
the amount of to@p?gé)ue&aggﬁ?%?ggaﬁqﬁg %ﬁf%ecg ugr%ﬁ&fl%h%ogggégésoﬁc%ﬁﬁf%’ t@)’F %Er?;ugclaims 1

to 3, characteriz&¢Piedde dhsareatitieanasar isrberit &b thleliap Hbdg GRBELIHNENE GE8EMottom
product of the Mgl @OIMMA-&RR itdiehisE betridAthLS M SISt Btavatab s Passadidiubiehetpm of the

mixture column (15). 5, The process gccording to a f.céai sltp4d, c teri in that the

distillate of the d%@(é’é%‘?@n?ﬁ %ﬁ?%ﬁB@t&HﬂaﬁlﬁéﬁH@%ﬁ%@e qu‘mﬁ%f:%ﬁhk?r@gc%ﬁq&%%é%%f the

condensate is cl¥igecbtonthe(16) tistlhicDIRE isoterarasd drtoraftbslitate shossandalhacoiialisoharged.
DME and uncondensable gases discharged overhead and into a bottom product

formed from water-poor MeOH, which is supplied to 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 reactor (12) is cooled in a process-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 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 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 part of the
vapor produced by evaporating the return flow of the bottom product of the MeOH
column (7), which substantially consists of water, is passed into the bottom of the

mixture column (15).

5.  The process according to any of claims 1 to 4, characterized in that the distillate of

the DME column (18) substantially consisting of DME is condensed and one part of



6. The process according to any of claims 1 to 5, characterized in that the DME condensed in the DME
column (18) is discharged from the ascending section of the DME column as side product. 7. The

process a i f claims 1 to 6, characterized in that the DME dl'g%le Q%DME
column (1%%6&6@%&81%%%@ gases is washed out in a washing co umrﬁgg@%@gra ly with
MeOH, and passed into the mixture column (15). Thg process according to any of 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 MeOH are separated from the inflow of raw MeOH to be
separated in a fonergnreEosaie (B) chadte tdishdatepiodiseh@idle dcfromthes pedoes SoWhangrdiue ss
according to anyomeqlagnsié IR & . £hagacterized in that the inflow of raw MeOH to be separated is
preheated and/or partly evaporated before 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 Gaseprisesashethbalibgnta waghinglsohsnint@3), phefeetbhzedhiMieaH trandifie bottom

product pmdUCe@oi?dBﬂ&%&‘ilnlimTQhﬁl\ﬁﬁD&éﬁwﬁﬂ'?{%S‘ S5 anpiagaaddo &8&%¥'§QHM IgF deentry

into the MeOH column (7). 11. The process according to any of claims 1 to 10, characterized in that
raw MeOH brand/¥§ GR#BmMAheHHRIRYCMeOH 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.

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, and passed into the mixture

column {15).

8. The process according to any of 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 MeOH 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 of claims 1 to 8, characterized in that the inflow of
raw MeOHM fo be separated is preheated and/or partly evaporated before 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 MeCH, and the bottom product produced
is passed into the DME column (18) and/or added to the raw MeOH prior to entry
into the MeOHM column (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 bottom product of the DME column
(18) is used.



- 12 - 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 producw(f)tg&ﬁ/@ge%column (23) which contains uncondensable gag%?. {%%%%%EP%E?S

according to any of claims™1 to 12, characterized in that the bottom product column (7),
which chiefly consists of water, is passed into the loyer part of the 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 column (15), which chiefly consists of water, is passed into the MeOH column
(7) or dischtged fromdbesprasessingSo vy pfodesssat tortlingtarantedtethimshbbing tistillate

characterzed ingnat el ORGHEN 950 f EARSSdAA) e ilate lhe PO oy (7).

which contains MeOH, is superheated to areaction temperature of 250 t0 %OC by indirect heat
transfer from the’PERIBHIfedt CORtAINRY HihE e lRRtiBFP ARt E B YREYEE FEHMRd4ehMIFM 6. The
process accordiggrigiapy:efsiabnsabitogksesharacterized in that a part of the distillate 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 16, characterized in that the vaporous distillate of the mixture column

(15), which'éhiefly’@ dHhafessc IRIENehP el @AEFintPtie shisastrzesMe Braltie: eeligrin (30),

the bottom prodygs@idhe: B mpmeusheatimn, wideh-prftabys digts bMrikt, is phasegdte the top of

an MeOH reflux %)%ugnnaggh%hnq& (rjeiséicl} atenis P%%%ﬁg intg ﬁr?)e ?ﬁétorgc%‘sthe DME product column
(30) and whose SttoM productis’c argeé'% tRe op STIRe MEOH ThIemn ?7) or added to the bottom
product withdrawn from the forerun column (2).

14. The process according to any of claims 1 1o 13, characterized in that the botiom
product of the mixture column (15), which chiefly consists of water, is passed into

the MeOH 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
contains MeOH, 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 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).

17. Modification of the process according to any of claims 1 to 16, characterized in that
the vaporous distillate of the mixture column (15), which chiefly consists of DME and
MeCH, is fed into the bottom of a DME product column (30), the bottom product of
the DME product column, which contains liguid MeOH, is charged to the top of an
MeOH reflux column (32), whose distillate is passed into the bottom of the DME
product column (30) and whose bottom product is charged to the top of the MeOH
column (7) or added to the boitom product withdrawn from the forerun coiumn (2).

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



18. An apparatus for performing the process according to any of claims 1 to 17, characterized in that
the DME column (18) is arranged on the MeOH column (7). - 13 - 19An apparatus for carrying out the

modificatiop) of r according to any of claims 1 to 18, characteriz % % E% roduct
column (309@ %@m@%@%%%rtiﬁcaﬂon column and arranged on the mixture% Ijﬁré\ % EI\%@%EZE MeOH

reflux column (32) is formed as stripping column anglarranged 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 column (15) and the MeOH reftux

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



