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Preparation of fuel grade dinethyl_ether This invention is
directed to the preparation of di ret hyl ether (DVME). The invention
concerns in particular a process for the production of fuel grade DME
contai ni ng w |l anmpbunts of methanol and water from

H.err]/ Cd Cq%!rwrn]sgggm 5 prising synthesis gas. al’crmmsﬁqptgsem ly,
DVE is used in the industry for the manuf acture of synthetic
gasoline. Further industri al appl i catli ens conprise the use of DME as

aerosol propel | anpreparatiof ¥t mlegféaﬁe&!ﬁdefhﬂseﬂ@rer nedi ate in the
production of 10 acetic acid The major route in the

production of DME on i trial scal o es dehydrati on of
net hanol by use of a RS HRYSRFIT §F &3-F§F§§§ gﬁ?i%%P ¥ &%r, and
rectifi- diaetdyloethhr (P¥ELctThe irmtépnacmepnsdmtpwuicﬂm 15

purity as requig %{%&\ésrshgoﬁefﬁé%rémtdry of fuel grade DMET i
literature, a nu of aterPatlv | on ne arertmovvn

e rat
i ncl udi ng dired taﬂ'é’élf% of* DRE* hariol ""f”rdomal‘f?a’r Syemn %nﬁz}&ﬁ §fMdes.
Preparati oh of pjh‘dsmhgrsynthesxs gag. fromHerr]/COCJerr] synthesis gas in

a fixed bed reactor 0 a dration
catalyst is di sc %gégntlybgb%rlﬁdﬁ bUgﬂ {:554&@%%&??%&2 6, US
4,417,000, US Xappfacture of ssgnthepic gasolings Epsthep industriafo7, 332, US
4,098, 809, EP %1&8&1:16832;:6@1‘:8&5 tH¥E use of DMR2QsSderosdl prpeliantDE

3 118, 620, DE el bl as 2l 044 a0t 168/ 00

The above r| o s nal prepara-
utilizati of ﬂ?@c"d-lcyéFléorrpo& tions being active

The major route in the production of DME on indus-

trial scale comprises dehydration of methanol by use of a

dehydration catalyst in a fixed bed reactor, and rectifi-

cation of the product to recover a DME product with high
15 purity as required by the aerosol industry.

From the literature, a number of alternative prep-
aration methods are known including direct synthesis of DME
from hydrogen and carbon oxides. Preparation of DME direct-
ly from H,/CO/CO, synthesis gas in a fixed bed reactor of a

20 combined methanol catalyst and dehydration catalyst is
disclosed in DD 291,937, US 5,254,596, EP 164,156, US
4,417,000, US 4,177,167, US 4,375,424, GB 2,093,365, GB
2,097,382, US 4,098,809, EP 4092,086, GB 2,099,327, DE
3,220,547, DE 3,201155, DE 3,118,620, DE 2,757,788, DE

25 2,362,944, DK 6031/87 and DK 2169/89.

The above prior art is mainly directed to prepara-
tion and utilization of catalyst compositions being active
in preparation of methanol from synthesis gas and dehy-
dration of methanol to DME by the following reaction

30 scheme:

CO, + 3H, = CH,0H + H,0 (1)
ZCH3°H - CH3"O‘CH3 + H20 (2)

CO + H,0 v (O, + H, (3)



I n preparation of nethanol fromsynthesis gas and dehy- dration of
met hanol to DVE by the followng reaction 30 _. schenme—_.. '

Cgerr] + 3Herr] [err] CHerr]OH + Herr]O (D)

a;:l—l[e]rg][a—l[err] CHerr]-OCHerr] + Herr]O (2) CO +
err err Kl err

ADAIRN 000]470%65‘“37;5 [err] (3) _ ZY\D 96/ 2375%CcTmK96/00047

Formation of nethanol and DME is, by the above reacti on schene,

limted by chem cal equilibrium - Bhe effluent streamfromthe

DMVE reactor is thus a m xed product stream of DMVE, nethanol and water

together 5 Wi th unreacted synthesis gas. A recycle stream of unreacted
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synthesis is separated from the product stream and recycled
to the reactor. Because of a high partial pressure of DME
in the product stream, part of produced DME will be removed
together with the recycle stream.

To obtain reasonable conversion rates, it is neces-
sary to remove DME from the recycle stream prior to recycl-
ing of the stream during direct DME synthesis. DME separ-
ation is thereby usually performed by a recycle gas wash.

DE 4,222,655 discloses a DME preparation process,
wherein DME in a recycle gas stream from a high pressure
separator is separated by washing the gas stream with meth-
anol in a gas washing unit. The washed bottom stream from
the washing unit contains DME and CO; and is later recomb-
ined with the product stream from the high pressure liquid
separator. The combined product stream is subsequently
washed in a second washing unit with methanol or water for
the removal of CO, from the product stream.

The washed product stream containing DME and meth-
anol in substantially equal amounts is finally subjected to
a number of rectification stages to provide a DME product
of high purity.

Recent investigations have shown that DME products
containing up to 20% by mass methanol and up to 20% by mass
water are efficient as fuel in compression ignition engines
{Fleisch T., McCarthy C., Basu A., Udovich C., Charbonneau
P., Slodowske W., Mikkelsen S.E., McCandless D., A New
Clean Diesel Technology, Int. Congr. & Expos., Detroit,
Michigan, Feb. 27-March 2, 1995).

As used herein above and in the following descrip-
tion, the term "fuel grade DME" refers to DME products with
the



DE 4, 222,655 di scl oses a DVE preparation process, 15 wherein DVE in a
recycle gas streamfroma high_ pressure separator is separated by .
washi ng the gas streamw th neth- anol in a gas washing unit. The
washed bottom stream from t he washing unit contains DME and CJ err]
and is | at erwpogsyhs ined with the product streamfro }Q '
pressure quvlgibd 20 separator. The conbi ned product streaﬁﬁl Moﬂp}
subsequent |y washed in a second washing unit with nethanol or water
for the renoval of CJerr] fromthe-p¥oduct stream The
washed product stream containing DVE and net h- anol in substantially
equal amounts is finally subjected to 25 a nunber of rectification

stages to provide a DVE praduct . of high ity., . Recent

i nvesti gations HavVe SWJQR%EP%&P“DHElﬁgo‘d%%?@ asmg“eé‘oﬂf‘afﬁmﬁeﬁﬁl?’a 20% by
mass net hanol aighnifpion e2@finey andsgas turbixes. are efL| cient as fuel in
conpression ignition erg 'é%?b t : ﬁgﬁﬁ ,
Udovi ch C., Charbqg&;&ﬁ? the ﬁ%??“sf%%ﬁﬁs e,&?b M E%%Isgﬁggf o Rfégndless
D., A New met ande wateThAgRERINed nin IhFAvW Brodnss. doestRREt,
M chi gan, Eeb. mdetVirheh speci®¥ibation of fuel gradds DMEcdEReessNofb@yEhand in

the follow ng d | {5 piME | g@{li%| r DYE . E&fegs. fo DMVE
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PCT/ DK96/ 00047 back in th ti f fuel de DME by the k

conposi ti on beipgocesddd. Methafbli Rag olPIEHs iKibwn processes either to be
supplied from process external sources or excess of meth-

10 anol removed and recycled to the process, which reduces the
process efficiency towards the production of DME.

The main object of this invention is therefore to
provide a process for the preparation of fuel grade DME
without the disadvantages of the known processes for prep-

15 aration of DME.

By the process of this invention, fuel grade
dimethyl ether is prepared by reacting hydrogen and carbon
oxides containing synthesis gas to a mixed process gas of
dimethyl ether, methanol and water in one or more catalytic

20 reactors in the presence of a catalyst having activity both
in synthesis of methanol and in methanol dehydration;
cooling the mixed process gas to obtain a liquid
process phase containing produced methanol, dimethyl ether
and water and a gaseous process phase containing uncon-
25 verted synthesis gas and a part of produced dimethyl ether,
which process comprises further steps of

separating the gaseous phase and liquid phase;

passing the liquid phase to a first distillation
unit and distilling off a top product stream, containing

30  dimethyl ether and methanol; and

withdrawing a bottom stream containing methanol and
water;

passing the bottom stream to a second distillation
unit and distilling off a methanol containing stream;

35 introducing the methanol containing stream into a
purge washing unit;



i gnition engines and gas turbines. By the known synthesis
processes, the anount of ——nmethanol and water contained in DVE raw
product does not 5 neet the specification of fuel grade DVE. Excess of
nmet h- anol in DME raw product produced represents a mmj or dr aw

back in the prepg¥gégnassof fuel grade DVE by the known gﬁ 00047
Met:hanol has in the known processes either to be supplied from

process external sources or excess of neth- 10 anol renmoved and recycl ed
to the process, which reduces the process4efficiency towards the
producti on of DME The main object of this invention is
therefore to provide a process for the preparation of fuel grade DNE

nghOUt the di sadvantages of éﬂfﬁ :gﬂg?ﬁg;ggﬁgeﬁfoéégs }%&3 nSERLLSD Of
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contai ni ng synthesi Svagﬁinéos@ré@dﬂe&’ FHchi‘eQ%@lgéﬁth and me&ﬂd”ﬂ%ilhw et her,

nmet hanol and water in one or nquHFata % ﬁ g ﬁ%g“ﬁe %g g ence
of a catalyst having activi%F ng & pary g n?ﬂ%§? dita e

net hanol dehydréat i ostream to dxmethy]c@tlhepcg anflewater dipra ot lysd ct debbt- ain
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and water and a gaseous process hase c tain con- ed
synthesis gas and a part of"ht ﬁ?Pib'g%eg om the aﬁﬁBEe%%“'
conprises further stepsaoproduct stream ofs dlaeahyhget ler gasa@rs apdasacand

| i qui d phase; gﬁ§§ 4 liquid phase to a first
distillation verted and- |st|??|ggloff a top product stream contalnlng

30 di met hy|1%t her and rre'e‘ PrPing the top Pr°du°t stieam frAmghe Bo¥sbm
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contai ni ng stream ntal ni Ng Stream
into a pur ge méslmlngraﬁetdmethyl Ether

Preparation and conversion of synthesis gas to a

15 DME containing process stream proceeds according to known
methods in direct DME synthesis. Suitable catalysts for use
in the synthesis gas conversion stage include conventional
employed methanol catalysts such as copper, zinc and/or
chromium based catalysts and methanol dehydration cata-

20 lysts, which usually comprise alumina or alumina silicates
as active compounds.

The catalysts may be loaded in the DME reactor as a
physical mixture or as layered bed with alternating meth-
anol synthesis and methanol dehydration catalyst particles.

25 Physical mixtures of the catalysts result, however, in
lower selectivity and formation of byproducts, mainly
higher alcohols and hydrocarbons. Thus, it is preferred to
employ a fixed bed of catalyst compositions comprising
combined methanol formation, water gas shift and methanol

30 dehydration activity. Such catalysts may be prepared by
e.g. coprecipitation of the catalytic active materials
according to known catalyst preparation methods as
described in the literature, e.g. in the above mentioned
patent publications, which by reference thereto are incor-

35 porated hereiﬂ.
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-4- washi ng the gaseous process phase with nethanol in
t he purge washing unit and withdrawing fromthe unit a washi ng stream
of ~di met hyl ether and net hanol ; converting a part of the

met hanol in ing 5 streamto dinethyl ether and water in_ a
catalytic deﬁ@ﬁm&?ﬁ? dration reactor by contact with a deh?%FEF*QﬁP“"7
catal yst; wi t hdrawi ng and cooling fromthe dehydration reac-
tor a product stream of dinethyl ether, watgr-and uncon- verted
met hanol ; and 10 conbining the top product streamfromthe first
distillation unit with the cool ed product streamfromthe dehydrati on
reactor to obtain a conbi ned product stream of | fuel grade dinethyl
et her . Pr PRAEAGIGR Afd thenpEpsess Wilk b [ARRarepss ipomgres
g)!vE Con}]%iz ni ng geeags st ettie FolleAdngadesediplion Withreferen®et BBdghen

i rect synt u e.cat.al yst 1 in e . synt i s gas
conversi on st agg%?{ﬁgpﬁgei%%%crﬂ ?%’?a‘l 1 %e}:ggﬁ%ﬁgs e frrle? aénh(r)%etc§%ap§§t s such
as copper, zincpargess accordinmtium igpecdfiat e imentd ofettiendnven-

deh_ydr atiors cat gioah0 'I'heI FEbw . shidutC hw%tia\bufseapéﬁéwﬂwﬂ&%&%&h%ﬁaa
silicates as. active, c

onpounds. . The catalysts nmay_be
oaded i the DHRLFBacPBFR dB HeHt exchangipg) and,Fer Ling Uit peeoobod
with al ternati nghownh- anol synthesis and net hanol dehydration :
catal yst particles. 254 smsﬁ@ galsXbYk8amOl ider&dtitddd/ IS of efkt! byn-
however, in Iomeé se Fctlv Hﬁ%and forngtlog_of bypr oduct,s, mainly
hi gher al cohol s tRRAIRyLPOR a MR DME, Feacterpd . pyhieh (may (qpmprise a
10 series of adiabatic reactors loaded with a combined meth-
anol/DME catalyst and indirect cooling between the reactors
or a cooled reactor for minor production capacities.

Fresh synthesis gas is mixed with a recycle gas

stream 3 being separated from a process stream leaving the
15 synthesis loop.

The synthesis gas is preheated in a feed effluent
heat exchanger before introduction into the first reactor.

In the synthesis loop, the synthesis gas is con-
verted to a mixed process gas of DME, methanol and water by

20 the former reactions (1)-(3). The overall reaction is
exothermic and heat of reaction is removed in intercoolers
arranged between the reactors. The mixed process gas from
the reactors in the loop is cooled and separated to a
gaseous and liquid process phase stream 2 and 4, respect-

25 ively.

The gaseous phase (2A) containing unconverted
synthesis gas is divided into recycle gas stream 3 and
purge gas stream 2. Due to the low condensability of DME in
the mixed process gas, purge gas stream 2 further contains

30 valuable amounts of DME, which are recovered in a purge
washing unit by washing the purge stream with recycle
methanol 7 from a methanol distillation column (MeOH col-
umn} in a final purification stage of the process.

Effluent stream 8 from the washing unit containing

3s recovered DME is then passed to a dehydration reactor (MTD)

~



enpl oy a fixed bed of catalyst conpositions conprising conbi ned
met hanol formation, water _gas shift and net hanal 30 dehydration activity.

Such"catalysts may be prepared by e.g. coprecipitation of the
catalytic active materials according to known catal yst preparation
met hods as wogesded in the literature, e.g. in the abovepdBpkisdod

patent publications, which by reference thereto are incor- 35 por at ed
her ei n. WD 96/ 23755
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Operation of the process will be apparent in nore detail fromthe
follow ng description wwth reference to the drawings in which Fig. 1

represents a flow sheet of_the roc or di.n pP&Ci.f.i .
brbodt ment of the | HeEh. S cEixeq bed off 8°EREvARCRL llgnetst?lr?pilolif :agﬁi’!ai%%tmn
vari ous conventi onatatalystiniBys congeetayinbathe dehydnatdorngatadyphg Teklks
are not Shown. gnol in the effiugvift BESbamUPRS SdrivkiBell it® DRBCh@Arédction

DVE syn- t hesi,s, | oo OH/ DVE react or: whi ch [
series of adiabatic(?éagfg?égﬁﬂﬁhéﬂ' ' hrsasgéﬁi?ﬁéﬁ%ﬂ§%$§d%%gghl§§8§¥%ﬁE
catal yst and i sdi r estreaml ¥ nof IDMEre eethhpol cand gwater is withdrewp| fyom the

reactor for mnor p&g?ug&{pn capacities. Fresh synt hesi s gas
yC

is mxed with a rec e gas . Stream 3 _being separated from rocess
stream | eaving the 15 syffhddy $hepdpquid process phase stream 4 bs

recovered by distillation of the stream in a DME distilla-
tion column. A DME top product stream 5 being withdrawn

10 from the column is combined with dehydrated product stream
9 to a fuel grade DME product stream 10.

Methanol and water separated from the liquid pro-
cess stream being withdrawn from the DME distillation
column as bottom product stream 6 are subjected to further

15 distillation in the methanol distillation column (MeOH
column), from which a top product stream 7 of separated
methanol is cycled to the purge washing unit as described
above.

The actual composition of the final DME product

20 stream 10 is by the process adjusted mainly by process
parameters used in the DME synthesis loop.

Results cbtained by engineering calculations on a
process as described above are summarized in the Tables
below. The stream numbers in the Tables correspond to the

25 reference numbers shown in the Fig. 1.

Stream number 10A in Table 1 and 2 refers to a DME
product stream obtained by a similar process with the
exception of methanol washing stream 8 from the purge
washing unit is not subjected to dehydration in dehydration

30 reactor (MTD). The DME product stream 10A is thereby
obtained by direct combination of effluent stream 8 with
top product stream 5.

In the calculation, two different synthesis gas
compositions (stream 1) were used resulting in fuel grade

35 DME products with different methanol and water content as
apparent from the Tables.



The synthesis gas is preheated in a feed effluent heat exchanger
before introduction into the first reactor. ] In the synthesis
| oop, the synthesis gas is con- vertied to—a—¥ed process gas of DVE,
mef hanol and water by 20 t he fonmels SEEET HASSBEEN | (3). The overal |
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The gaseous phase (2A) containing unconverted synthesis gas is
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As apparent from the results summarized in the
Tables, the methanol content in DME products (stream 10A)
obtained by a process without a dehydration reactor falls
outside the concentration range, and the products are not

useable in fuel grade DME products without further rectifi-
cation.

Example

This Example illustrates by reference to Fig. 1
preparation of fuel grade DME in pilot plant scale.

In a pilot plant comprising a feed gas preheater
(not shown), a cooled MeOH/DME reactor and a subsequent
product gas cooler (not shown), a gas/liquid separator and
a recirculation compressor (not shown), 6.9 Nm>/h of a
synthesis gas stream 1 is mixed with 26.5 Nm3/h of a
recycle gas stream 3.

The mixed gas stream is then passed through the
reactor and converted at a pressure of 42 bar and a tem-
perature of 240-290°C in presence of a catalyst as
described above. The reacted gas stream is then cooled and
separated into a liquid phase (2.8 kg/h) in stream 4 with a
composition as shown in Table 3 below, and a gas stream 2A.
Stream 2A was divided into recycle stream 3 and purge gas

stream 2 (0.88 Nm3/h). Composition'of the above streams as
analyzed is summarized in Table 3 below.



As apparent fromthe results sunmarized in the Tabl es, the nethanol

content in DME products (stream 10A) obt ai ned by a_process w thout a
dehydration reactor falls out si de the concentratlon range, and the
products are not useable.in fuel gr#ge ' C W t hout further
rectifi- cat i Wipoen37ss Exanpl e I |1 ust pSdBRoshu0s?
reference to Fig. 1 preparation of: i %) pi | ot pl ant scal e.
In a pilot plant conprising a feed gas preheater (not shown), a cool ed
MeOH DMVE reactor and a subsequent product gd® cool er (not shown), a
gas/liquid separator and a recircul ation conpressor (not shown), 6.9
Nmferr]/h of a synthesis gas stream1 is mxed with 26.5 Nrerr]/h of a
recycl e gas stream 3. The m xed g@§bf3r§an1|s t hen passed
t hrough t he reactor and converted at a pressure of 42 bar and a tem
perature of 240-290[err]C in presence of a catal yst as descri bed above.
The reacted gas strean1|s then cool ed and separated into a I|qU|d phase
(2.8 kg/ h) in streafr==wrt ST O A B T T Tabr e s Der O Wand
a gas stream 2A Strream 2A s dilvi ded |rﬁo recyél e tre'%amB and pur de
gas stream 2 (0 B&ONN] e onposlition q he _ahlove clNE A |
anal yzed i s summari gqog,,n TabI e B elow.| 26.5 1 V43 96/ 33885 | Nm3/n 1
PCT/ DK96/ 00047 b =10~ |
I H., 67.0 72.8 72.7 mole%
H co - 31.5 4.5 4.5 mole%
Co, 1.5 12.5 2.1 12.5 | mole%
Methanol 31.9 mole%
i Dimethyl- 10.2 35.6 10.2 mole%
ether
mole%

Purge gas stream 2 was recuperated by washing with
a methanol stream 7 from methanol distillation column by
introducing stream 2 (0.88 Nm3/h) at a pressure of 40 bar
into the bottom of the purge washing unit (purge wash) and
5 washing'the stream with methanol in stream 7 being intro-
duced at the top of the unit at a rate of 0.87 kg/h and a
temperature of +14°C. From the bottom of the purge washing
unit, a washed stream 8 was withdrawn at a rate of 1.05
kg/h. Composition of the above streams as analyzed is sum-
10 marized in Table 4 below:
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Table 3 Stream 1 3 4 2 No

Fl ow . 6.9 . 26.5 1.88 . 0.838 _Nnferr]/h H err]

67.0 72.8 72.7 nnle@b CO 231.5 ﬁ.g
4.5 nol e% CJerr] 1r 4 12.5 nol e%

Met hanol 31.9'ﬁﬂu5H FIHA&ﬁEHM: ' -

10,2 356 1020 ole% et heREPLACED Vat e FcHbbhioer

30. 3 nol e% — PUTrge gas siream 2 was recuperated
by washing with a met hanol stream 7 fr¥m=-ret hanol distillation colum
by I ntroducing stream 2 (0.88 Nnferr]/h) at a pressure of 40 bar

into the bottom of the purge washing unit (purge wash) and 5 washi ng t he

streamw th nethanol in stream 7 being | g duced at the top of the
unit at a rate of 0.87 kg/h and a t enp ?a?ure of +14[err]C. Fromthe
bottom of the purge mashlng unit, a mashed strean18 was mnthdramn at a
rate of 1.05 /B vy e w | W a o vy b 2 ma e = » smemed | S

sum 10

10

15

ar i zb@tnearapl e 4 : V0B96/ 2
PCT/ DK96/ 00047

|| Flow 0.88 0.62 0.71 Nm3/h

Methanol

| Dimethyl-
| ether

Water

Stream 8 was then introduced at a flow of 1.05 kg/h
and a pressure of 13 bar in a feed gas preheater (not
shown) and preheated to 280°C.

The preheated stream 8 was passed to methanol
dehydration reactor (MTD). In the MTD reactor methanol con-
tained in the stream was dehydrated by contact with a fixed
bed of a dehydration catalyst operated under substantially
adiabatic conditions and a dehydrated product stream 9 was
withdrawn from the reactor with a composition of 17.4 mole%
methanol, 46.2 mole¥ DME and 36.2 mole% H,0.

Product stream 9 was combined with top product
stream 5 from the DME distillation column (DME column) in
which DME contained in liquid process phase stream 4 was
distilled off.

At conventional distillation conditions stream 4
(0.67 Nm3/h) of pure DME were recovered and withdrawn in
stream 5 from the DME distillation column. Stream 5 was
combined with stream 9 to 2.43 kg/h of a final product
stream 10 consisting of fuel grade DME with a composition
of DME, methanol and water as shown in Table 5 below:
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- 11 - Table 4 Stream

2 7 8 No Fl ow 0.88 .. 0.62 0.71
Nrerr]/h H err] 72.7 nol e%

CO 4.5 THIC Sﬁg'ag CJerr] 12.5
mol e% Met Wﬁhﬂss 9¢.'8 SHEBMHAS BEEN | nol e%

Di net hyl - 10. 12.7 . RERLAGED et her chnxmmmg?ér
3.2 2.8 nol e% Str-eam8—weas—t hen i ntroduced at
a flow of 1.05 kg/h and a pressure of *¥31Bar in a feed gas preheater
(not shown) and preheated to 280[err]C The preheated
stream 8 was passed to nethanol 5 dehydration reactor (MID). In the MID
react or met hanol con- tained in the st Qf]W?S dehydrated by contact
with a fixed bed of a dehydration cata % oper at ed under

substantial ly adi abatic cond| tions and a dehydrat ed product st ream 9
was Wit hdr awnerr e e e e T S TS T PO O et —=ree it

e B — : ’ . :
met hanol , 46.2 nol e % Bl[er ]O 10 Pr oduct
stream 9 was conbln dkmnth t op -roduc stream5 fromthe DVE
distillation colunn‘,a )g id r+21n;11 h Emag: tai ped i qui d
process phase stre.“-‘ 2. ' 5.3 348 khghi
conventional distil membanobnoltlons StY23mn Yo°.0 molétLGY72Nme@ght&i purle

DVE were recovered had withdraw dn | 4¢ 2 | 72.3 moles (84.2 weights)
ether

“ Water 36.3 | 18.7 mole¥ (8.5 weight%)
L

As apparent from Table 5, the composition of prod-
uct stream 10 complies with the specification of fuel grade
5 DME for utilization as fuel in compression ignition engines
without further treatment of the product.

Comparison Example
In a pilot plant process similar to that of the
10 above Example a DME product was prepared with the exception
of methanol washed stream 8 from the purge washing unit was
not subject dehydration treatment.
In this process, stream 8 was directly combined
with stream 5 from the DME distillation column as shown in
15 Fig. 1 by dotted lines leaving a DME producf stream 10A
with a composition shown in Table 6 below:
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stream5 fromthe DVE distillation colum. Stream 5 was conbined with

stream 9 to 2 .43 kg/h of a final product stream 10 consisting of fuel
grade DVE with a conposition of DME, nethanol and water as shown in
Tabl e 5 bel ow WO 96/ 2375 - | '

. I's =y EN
PCT/ DK96/ 000d o THIS SHEE' HAS BE l
Table 5 Ggﬁaam 5 9 REPLACED 1 PCRRKI6/0047 )
0. 67 0.71 1.38 Nnferr]/h (2.43 kg/h) " Met hanol 17.4 9.0
mol e% (7.2 wei ght% D nethyl- 100~ 1346.2 72.3 nmole% (84.2 wei ght%
et her Wat er 36.3 18.7 nole% (8.5 wei ght%
As apparent from Table 5, the conposition of prod- uct stream 10

conplies with the specification of fuellﬂhafeﬁg DMVE for utilization as
fuel in conpression ignition engines ® tPout further treatnent of the

pr oduct .
5 | No
| Flow 0.67 | 0.71 |1.38 Nm*/h (2.43 kg/h)
Methanol 84.5 | 43.5 mole% (35.2 weight%)
"Dimethyl— 100. | 12.7 |55.1 molet (64.1 weight$)
ether

10 Water 2.8 1.4 mole¥ (0.7 weight¥%) “

The composition of the DME product. obtained in the

Comparison Example has a concentration of methanol outside

5 the allowable range for use of the product in compression
ignition engines.
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Conpari son Exanpl e In a pilot plant process si [I

the 10 above Exanpl e DVE_product was_prepared with the EH "lﬁl" ﬂlllﬁ II

of met hanol washed strean18 fromthe purge_washing unit was * ¢ nbt M.

subj ect dehydration treatnent. 4 3 5, Stream 8 was
tHhe% 1—1  BEENG|

dirlectly conbi nedvoosnazssi th stream5 fro | 0N SPrAKGs/FD47
shawn in 15 Fig. 1 by dotted lines |eaw oduct stream 10A

with a conposition shown in Table 6 belomr | 23755

PCT/ DK96/ 00047 - 14 - 13 -

Table 6 Stream 5 8 10A 5 No

Fl ow 0. 67 0.71 1.38 Nnferr]/h (2.43 kg/h) Met hano

84.5 43.5 nole@b(SéL§I¥§|ght96 D net hyl - 100. 12.7 55.1 nol e%
(64.1 weight% Wat er 2.8 1.4 nmol e%
(0.7 weight® The conposition of the DVE product obtained

in the Conparason Exanprdess EogOtRenNpréparition oEt Hasd g?ﬂﬂ&l de 5
teﬂgl ﬁ'e'sowab' e range st QL H3f Alnd " e AUEYakBg&S RIS Bn oxidesIBLEE A hing
5 synthesis gas, wherein the synthesis gas is converted to a
mixed process gas of dimethyl ether, methanol and water in
one or more catalytic reactors in the presence of a cata-
lyst having activity both in synthesis of methanol and
methanol dehydration; :

10 . the mixed process gas is cooled to obtain a liquid
process phase containing the produced methanocl, dimethyl
ether and water and a gaseous process phase containing
unconverted synthesis gas and a part of produced dimethyl
ether, which process comprises further steps of separating

is the gaseous phase and liguid phase;

passing the liquid phase to a first distillation
unit and distilling off a top product stream containing
dimethyl ether and methanol and withdrawing a bottom stream
containing methanol and water;

20 passing the bottom stream to a second distillation
unit and distilling off a methanol containing stream,

introducing the methanol into a purge washing unit;
washing the gaseous process phase with the methanol
in a purge washing unit and withdrawing f£rom the unit a
25 washing stream of dimethyl ether and methanol;
converting a part of the methanol in the washing
stream to dimethyl ether and water in a catalytic dehy-
dration reactor by contact with a dehydration catalyst;
withdrawing from the dehydration reactor a product

30 stream of dimethyl ether, water and unconverted methanol;

and '
combining the top product stream from the first
distillation unit with the product stream from the dehy-
dration reactor to obtain a combined product stream of fuel

35 grade dimethyl ether.

This Sheet Has Been Relilace




WHII 111] 1101 a0 | R RO A

-

THISASHEE.'%' HAS BEEN

WO 96/23755 _ REPLACGED . PCT/DK96/00047
- 15 -
2. The process of claim 1, wherein a part of the

gaseous process phase is recycled to the catalytic reac-
tors.
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- 14 - CLAI M5 1. A process. for the pr_epa,r_a.t_.|_g.n_g.f_f-u.e-l—-
gr ade di rethyl ether froma hydrogen and carbon oxi des containing 5
synt hesi s gas, wherein the synthesis gas is converted to a m xed
process gas wijoehsf@t hyl ether, nethanol and water in PeN96/HTEE
cat al ytic reactors in the presence of H1icat a- | yst having activity
both in synthesis of nmethanol and nmet hanol dehydration; 10
the m xed process gas is cooled to, obtain a liquid process phas
cont ai @i ng the produced net hagol , ki met hyl et her and water and
gaseo process phase cont ai g unconverted synthesis gas and g part
of proguced di net hyl her, Which process conprises further stegs of
separafing 15 t he gaseo bhase] €d | i qui d phase; pdssi ng
the |i d phase to a firsgmdijsti| & on unit and distilling of|f @
top pr t stream contai ni ng di net hyl et her and net hanol and g
Wi t hdr ng a bottom stream cont ai ni ng met hanol and water; 20
passing the bottomstreamto 4 secpng distillation unit and
di stil ki ng off a net hanol cona{ai ni ’I%St ream i ntroduci Hg t he
nmet han@l into a purge washi ngjunit washi ng the gaseou
proces$ phase with the nethangl a purge waslgd ng unit and
wi thdrgawing fromthe unit a 2 V\Pgl stream offdgret hyl ether ang
met hangl ; converftingl aLpart of the @tEnol in the wasHi ng
streamjt o di net hyl ether and terfin a catalytic e8/ drati or
reactof by contact with a dehydrat]on catal yst; Wi t hdr gwi ng
fromthe dehydration reactor profuct 30 striegam of di net hyl ¢t her},
wat er @nd unconverted net hanol’; and
I
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conbi ning the top .product streamfromthe first P«'“'Wd
with the product streamfromthe dehy- dratio
conmbr ned product stream of fuel 35 gr ade di net hyl
296/ 23755 PCT/ DK96/ 0004
- 15 - The proocess of claim1, wherein a partgK

~gaseous proci!E'Bhase i s Y%?W%M?WW‘PW eac-
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tion of fuel grade dimethyl ether :
from a hydrogen and carbon oxides [
containing synthesis gas, wherein Purge
the synthesis gas is converted to Wash

a mixed process gas of dimethyl 7-
ether, methanol and water in one or 21 : 10A
2A

| more catalytic reactors in the pres-
ence of a catalyst having activity

: i1
both in synthesis of methanol and ] MTD -
methanol dehydration; the mixed -—E Puicrade 10
process gas is cooled to obtain a - nu. Separator

liquid process phase containing the o MaOH/DME

produced methanol, dimethyl ether Rescions

and water and a gaseous process DME MoOH
phase containing unconverted syn- Cokmn Colamn
thesis gas and a part of produced
dimethyl ether, which process com- _
prises further steps of scparating :

the gaseous phase and liquid phasc; : L
passing the liquid phase to a first 1
distillation unit and distilling off
] a top product stream containing
dimethyl ether and methano! and
withdrawing a bottom stream con-
taining methanol and water; passing the bottom stream to a second distillation unit and distilling off 3 methanol containing stream, introducing
the methanol into a purge washing unit; washing the gaseous process phase with the methanol in a purge washing unit and withdrawing
from the unit a washing stream of dimethyl ether and methanol; converting 2 part of the methanol in the washing stream to dimethyl ether
and water in a catalytic dehydration reactor by contact with a dehydration catalyst; withdrawing from the dehydration reactor a product
stream of dimethyl ether, water and unconverted methanol; and combining the top product stream fromi the first distillation unit with the
product stream from the dehydration reactor to obtain a combined product stream of fuel grade dimethy] ether.

eofz 7-%, 1@ —1&§



