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2093365 CATALYST AND METHOD FOR SYNTHESI S OF DI METHYL ETHER This invention @
relates to a nethod for converting synthesis gas (Herr] and CO into: e
di methyl ether, and to a catal yst conposition for use in that conversion.

There are at present two major. routes for effectlng t he conversion of coal

via synthesis gas into liquid fuels conprising the well pubI|C|z 3{%

Fi scher#Tropsch process and a nore recently devel oped net hanol to gas %
process-such as that provided in U S Patent 3,928,483. The Fischer- Tropsch
process.produces a w de range of Clerr] to Clerr] products conprising

gases,  |iquid hydrocar bons, oxygenat es and mater Common to each of the

above processes is the oyg i é S
produ0|ng synt hesi s gas ; v ' ' .desi gn,
which is’'in turn influenced by coal propertles and pr oduct enthalpy A

recent review of gasifierr{igciHvehOmh Béxutbd 48! & ineShod PP cBh@ttehd Isshankis
gasi fiers which of ne Sﬁﬁ%ﬁﬁf E E?H£L QEF %n aV| at 1 vel 4

H2/ CO rati os resulSBFngef# qiﬂ Fodngita AYRF GMRPSHEIN t he
gasi fication oper #brase Ihibat cbaverston.s ecent advanced gaS| fiers operate at
tenperatures requiring r vely, 0 d Iom1.
steamto carbon ratios V\/(G’Iil'r% étar%gnastjl #gﬂeﬂ%hmégﬁ% ﬁﬂ ﬁ%&gﬁ@tﬁ#
syngas produced ufdayershenr of enadi visopwntheyisgee i@twj/iggj.d SWJG? 6eMPEigiNg nor e
usual ly, for the khghegl ptbii@ﬂzeamsmfrrdﬁs&h proce$s and faamoﬂe 28¢kriedy hin .
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both of which reqfatenta3;228083.at The Bischeriropsaiv process Prodiaes, a wige range
ext ernal water- ga%fs@l i;g %Beﬁﬁdh@fg EBmdﬁEfr?@%ﬁse% "ﬁcﬁ@i rl@ﬁ?ﬁh&ﬁoﬂs or |less

up-to 2 or nore woul antially cance y gains in i clency achi eved
by the nost advan8§¥pq‘i'ﬁ apd M8EPRnCcy gasifiers. A principal advantage to
be gained in produci ng diComndry itoeddehr of BvE)abdve prbtessks dis shegasrdigindiat it

has been f ound th%fﬂehée of the capital cost of producing synthesis gas (syngas,
' H,+C0). This varies with gasifier design, which is in turn
influenced by coal properties and product enthalpy. A recent review
-~ of gasifier technology has identified some high efficiency gasifiers
which of necessity produce synthesis gas having relatively low
Hé/tﬂ ratios resulting from utilizing low ratios of steam and |
oxygen in the gasification operation. Thus, the most recent
'advanced gasifiers operate at temperatures requiring relatively low
~ product recovery temperatures and low steam to carbon ratios which .
~ translate into high thermal efficiency. The syngas croduced under
_-these conditions may have ayHZ/CD ratioof 1 andhmore usually, for-
the highest efficiency gasifiers, of less than 1 and within the
- Tange of 0.4 to 0.7. Such low ratio syngas cannot be used directly
in present day conventional Fischer-Tropsch processes and methanol
syntheses, both of which require aH /Cﬂ ratioc of or greater than
2. Thus, any external water-gas-shift operation to increase a
H2/CO ratioc of 1 or less ub to 2 or more would substantially
cancel any gains in efficiency achieved by the. most advanced high’
~ efficiency gasifiers. -
A principal advantage to be gained in producing dimethyl
‘ether (OME) directly from syngas is that it has been found that this '




-e- conpound can be readily converted |nto gasol i ne boi i ng range

V\E drocarbons usi ng a class of crystalline porotectosilicates, ,represent ed .
by ZSM5 crystalline zeolite, for exanpl e as discussed in U S Patent

, 928, 483, wherein the fornmed net hanol is dehydrated and the ether product
is converted over ZSM5 crystalline zeolitg, Two publications dealing with
synthesi zing DME directly are British Patent 278,353 (1926) and German - :
O f enl egungsschrift 2362944 (1974). The British patent clains a process for
produci ng DME by contacti-ng synthesis gas (H2+CO) wi th a hydrogenati n%

catal yst and a I er at s.and pressures,
DIVE sgnt hesi s B@'ﬁ%ég%ac% ai e%gé‘ﬁ'ly on%%t%ﬁl Sﬁ@% ﬁé’ﬁ F%eacti on.
In the German pyduocazhansrisingea cdass 9§tcruetgin1iloe@oaommrléta®,smt hesi s
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230- 300C, 35508 debpdrating catalyss- €io ebevatay tempe:;aturea:aed PiresivEesp DME

observed. A cag £heL 1 BaR aawréal/ﬁné@ awenea @FQH& Gnbidt sRifd 6/3/1
i'mpr egnat ed on dson r oduced ce amouni s of DME at

230[err] C, 7008® 8390 '2 P'PH%{GF oncHhg ge Y8t (9P EiRedca
experi ments comethanell sﬁﬁl{'lddis cﬁﬁﬁbuﬁ&t drid%a QRAydrat 140 Yompihent § ihasreng been

F e o BlnblE, 4 G88 FRLE LA D86 ditablln Ll g0 Col Y
catalyst . comprising Cu/Zn/Cr, in an atomic ratio of 82/16/4 and
supported on ‘alumina, at 2509C and 9800 kPa to achieve a syngas
conversion of 77%, into a product containing‘24;2% DME, 0.91%
methanol, 27.3% CDZ’ 0.41% HZ’ 0 54% CH 4, and'a balance of
Hz’ €0 and N,. ' -

In more recent work, Sherwin and Blum reported in an

~Interim Report for May 1978 under the title "Liquid Phase Methanol",
prepared for Electric Power Research - Institute, Palo ‘Alto,

- California, the attempt to produce DME by adding gamma- alumina and
13X molecular sieve to a slurry reaction system containing a
commercial methanol synthesis catalyst. At 230-300°C, 3550-7000 kPa
and 2015-6915 GHSV, only traces of DME were observed. A catalyst

- comprising Cu/Zn/Cr in an atomic ratio of 6/3/1 impregnated on
Davidson 980 5102/A1 03, produced trace amounts of DME at
1230°C, 7000 kPa and 2000 GHSV. The feed charged in the above

' -experiments contained 50% H,, 25% €0, 10% €0, and 15% CH,.

It having been established that the direct converSion of
syngas into DME is technically feasible, and it being known that the
conversion of DME into gasoline bciling Tange hydrocarbons
comprising olefins and aromatics can be achieved, the problem
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conver5| on of OME into gasoline boi I I ng-range hydrocar bons conpri sing @
ol efins and aropgatics can be achieved, the problem - 12 -3- renained of v

_knproving the conversion of syngas into DVE to an econonically attractive
procedure. In accordance with the present invention, there are now provided
‘a catal yst conposition and a process for t he conversi on of syngas into DME,
‘the catal yst having reduced aging characterkstics and being regener abl e by
- oxi datye techniques to maintain its high level of activity sufficient to
sust ai Q_near equilibrium conversion of-syngas into DVME. The present
invention therefore provides a catal yst conp05|t|on conpri sing

o0 P Pl o oo e, O dadbay{RTTRE8 et tof B Bhrke oL B PR, 217 i"o?n
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conprises contacti ng, syn avin ratio o . and . water in
an anount “suf f i ATAKtdedR F@QV %‘pP%;tiSﬂyarﬁyﬂrp@%?FsdEQ’i %P%r?@?"?lﬁif"ﬂé’f
syngas, with a @hgdyihtotonpptreIdﬂhah&tdmmhﬁdu@émogingatha‘atemistmwre of

250 to 400[err] %n qé]ﬁgét g na c&iggﬁ*&bg%%%d& @gﬂgmb f%uh nent

to at |east 10%0 rrum conver sion o0 gas.
The syngas convéewb@foactﬁnétw ﬁv%frisilmt te systaln Reata pawiddpBirEneanversien
met hanol synt hegss | dHEh DME conbi nat ion‘with an acidic dehydrating
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hydrogenat i ng. CQpBaRRNLsH that” End ioric RgdA0nYAELEH)C1 Vi Teskhanbal | vel ¥
narrow | imts specl
and the atomic ratio Cu/Zn is from 0.2 to 5. 0, and an acidic
dehydrating component.
.The present invertion also provides a method for converting
~ syngas into an ether product which comprises contacting syngas
”having a H2/C0 ratio of 0.4 to 3, and water in an amount
. sufficient to compensate for any hydrogen deficiency in the syngas,
with a catalyst composition as described shove, at a temperature of
250 to 400°C, and recovering an ether product in an amount
equivalent to at least 10% of the thermodynamic equilibrium
conversion of the syngas. :

The ‘syngas conversion of the invention uses the metal
components of a methanol synthesis catalyst in combination with an
acidic dehydrating comporent. The catalyst compositions of the
present invention rely upon ‘the technique of co-precipitation of the
hydrogenating components, either alone or mixed with the dehydrating
component, the atomic ratio of the hydrogenating comporients Cu, Zn

“and Al being variable within the relatively narrow limits specified
above. More particularly, coeprecipitated components of Cu, Zn and.

_ Al are used in such relative amounts that'the ratio Al/(Cu+Zn) is at
least 0.1 and preferably from 0.1 to 2. A ratio of 0.2 to 0.7 is
more particularly preferred. At the same time, the ratio Cu/Zn is
fmmoztoso. o | o



ve. More particularly, co-preci pltated corrponents of Cu, Zn and Al are
%s d in such relative anounts that the ratio A/ (Cu+Zn) is at least 0.1 and
\'preferably fromO0.1 to 2. Aratio of 0.2 to 0.7 is nore part|culaply
referred. At the sane time, the ratio Cu/Zn is from0.2 to 5.0. -4- The
aci di c dehydrating corrponent of the catal yst conposition may be :
gamma- al um na, silica-alumna;, a ZSM5 t'§‘pe crystalline zeolite of hi gh
Si 2 content, a phosphate, titanium oxide in conbination with 'silicon _
oxide, a rare earth or a clay. O . these materials, gama-al unina i St

particularly preferred, especially-in an amunt conprising about 50% Of  t he

cat al yst corrp05| ti onTheTa@.dicmsiratén@momsgnﬂnheQ;ﬁ the @abalyglies of this
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reduction in processing costs. In this low ratio syngas operating _
environment it has been determined that the _hydrogen deficiency of
the low ratio syngas (HZ/CO of 0.4 to 0.7), can be remedied or
compensated by injecting steam into the catalyst mass separately or
in admixture with the low_ratio syngas. This added steam is subject
to a water-gas-shift reaction by'the catalyst composition, resulting
in a very effective and increased H /CO ratio gas in the catalyst
reaction zone. This particular procedure eliminates the need for

‘external water-gas-shift requirements to modify the low ratio
syngas, thereby further contributing to_the overall economic
improvement of the process.
) The investigations carried out in developing the present
invention for obtaining direct conversion of syngas into dimethyl
ether, and the concepts developed therefrom, have illustrated

_ dramatically that certain selected catalyst compositions consisting

of co-precipitated mixed oxides of Cu, Zn and Al mixed witha
suitable acid component such as gamma-alumina, provide high catalyst
activity and selectivity for effecting dimethyl ether synthesis.
More importantly, however, was the finding that these catalyst
compositions could be periodically oxidatively regenerated to
maintain the desired high catalyst activity, that is, the particular

¢
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et her, and the concepts devel oped theref rom have il ust rat ed dramatical | Yy, '
t hat certain selected catal yst conpositions consisting of co-precipitated Uf

i xed- oxides of Cu, Zn and Al mixed with a suitable acid conponent such a
gamma- al uni na, provide high catalyst activity.and selectivity for effecti ng
di net hyl ether. synthesis. Mre |rrportantly, however, was the finding that

t hese catal yst conpositions coul d be peri odscal |y oxi datively regenerated
to mai ntain the desired high catalyst activity, that is, the particular

-5- -catal yst conpositions of the invention can be maintained at hi gh steady
state activity for an extended period by relying upon particular oxidative

regener ati on ang, tlegéf GBI BP A FvBh fobl G e dktfbRbq U Ao For

exarrpl e, the ca Y#/ reaction zone nma e reg ener at
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‘the catalyst composition at a temperature of 250 to 400°C and
preferably at a pressure of 5000 to 15,000 kPa. If necessary, a

. quantity of water'may be mixed with the syngas feed or otherwise fed
to the catalyst to.supplement the hydrogen deficiency of the mixture

" by the water-gas-shift activity of the catalyst. An ether product,
éomprising a near equilibrium:quantity of DME, is subsequently
recovered by conventional means. The ether product of the process
is equivalent to at least 10% of thermodynamic equilibrium

~ conversion of the syngas, although it is generally possible to
adjust operating conditions to achieve at least 50% of thermodynamic
equilibrium conversion. o

The methanol synthesis/water-gas-shift component of the
catalyst compositions of the inventiun comprises Cu/Zn/Al prepared
- by coprecipitation of copper,_zinc and aluminum from a common

solution. A preferred method of preparation of this catalyst
component comprises dissolving nitrate salts of the metal
components, in the desired molar ratios and corcentrations, in an
aquequs solvent and subsequéntly adding excess sodium carbonate
thereto and precipitating the metal carbonates. The mixed
precipitate is then recovered, washed to remove soluble nitrates and
carbonates, dried and calcined. Of course, other soluble salts of



G\l i brium conversion. The net hanol -synt hesi s/ wat er - gas- shi ft conpohent  of
_tES’catalyst conpositions of the invention conprises Cu/Zn/ Al ..prepared by
copreci pitation of copper, zinc and alum pumfroma common solutien. A
Rreferred nmethod of preparation of this catalyst conponent conpri ses
di ssolving nitrate salts of the metal co#ponents, in the desired nolar
rati os and concentrations, in an aqueous solvent and subsequently addi ng
~excess sodi um car bonat e thereto and precipitating the nmetal carbonates.= The
m xed precipitate is then recovered, washed to renove sol uble nltrategaand
carbonat es, diHeefbtalcompbientsdnay 5§ utblized, impbace o6 trel pitvate sadts . the

metal components. ey be wiilized,] foft 1 h
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ganmma- al um n I'cates 1 nc I'ng clays and natural or synthetic
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game- al um na and Cr‘m‘é Ak bmﬁedmwfrmeacﬁanﬁstr disngrefeskbiyvad hin t he -

~approximate r 12 an |
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powders of the“two conponents, e|t er.
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Other useful dehydrating components include phosphates, titanium
oxide in combination with silicon oxide, rare earths and clays.
o The methanol synthesis and dehydration components of the
catalyst are combined by physical mixing of powders of the two
components, either dry or in a slurry, followed by pelleting or
extrusion, as appropriate. An inert or acidic binder may be
included-in'the mixture to improve pellet/extrudate’physical.
properties. Approximately 5 to 95 wt.% of the catalyst composition
should comprise the dehydration component, although it is preferred
to utilize from 20% to 70% dehydration component, based on the
weight of the catalyst composition, excluding any binder ‘therein.
As stated above, an especially desirable characteristic of
the catalysts of the present inyention,_which contain both methanol
' synthesis/water-gas-shift and acid dehydration components, is that
they are oxidatively regenerable, thereby prolonging their useful
lives well beyond that of other,'non-regenerable, catalysts.
Regeneration may be accomplished periodically or continuously,
depending on whether a fixed or moving catalyst system is employed
The basic technique for regenerating a spent catalyst is to pass an
- oxygen-containing gas over the catalyst while heating to an elevated
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properties. Approximately 5 to 95 wt.% of the catal yst conposition should <ZE£:
conpfise the dehydration conponent, although it is preferred to utilize ' :
from 20% t o, 70% dehydrati on conmponent, based on the wei ght of the catalyst
conposi tion, excluding any binder therein. As stated above, an especially
desirabl e characteristic of the catalysts of the present invention, which -
contai n both nethanol synthesis/water-gas-shifT and aci d dehydration

conmponents, is that they are oxidatively regenerable, thereby prolonging

their yseful lives well beyond that of other, non-regenerable, catalysts.

Regenerati.on may be acconplished periodically, or continuously, depending on
whet her “a fixed oFe’FRﬁFPh‘&eca?é’lSS‘s% Qe ntt §e@?ﬁ3P6§f[(-jed'?eq'ﬁ8 ?ﬁ’é% t echni que

for regenerating aemeraturest belyetabost tSa0PA ST adhyoeyiERded @peritihg pegied.over

the catal yst while heating o ap_eleva e t 250 to

540C, it being pr 2%‘%#?@%@'8@%“@5 b?e%'ggﬁ'feg r _g%r éeY%'\%vqg‘gé&g‘t &{:?EB%"‘%’ o& any
ext ended oper at i ngniidr there 1@ brepkibraughof Kibg okrgensaentaiaing segegerating

relatively short hge or until there is a breakthrough of the

Chacatalyst. it has beer LM G GRtIoEh ERRMETREioRor dbeRERLISE 4 9% o
contacting the fréeérn foond diozied impordénytst 1frbb esseniiel| et avaidicentactiing ng
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particul arl'y wher &OF R¥apRlie Hst TosFpds argreciag ihes Teashdy cegaremated err] C. It
b e s et o oagh ubarg xaes tapet ndnanta e 1 <
whi ch, Enitally, st B 98 fsed; ardicdatly khéte At PedeRTRERE SGR1s
t enper at ure and/ oPrcéxgeeds R266°Csonflods tArefiexsed; Hbersfiogas toceontast dbni exygen
near thernodynam geyddfairfedotatidYfst with a reducing gas such as a syngas feed or a
| diluted syngas at a temperature which, initially, is from 175 to
about 235°C and thereafter to raise the temperature and/or change
the composition of the syngas feed to achieve néar'thermodynamic
~ yields of DME. - -
" As mentioned above, dimethyl ether synthesis offers decided
advantages over other Fischer-Tropsch and methanol syntheses since
- it particularly lends itself to ufilizing a syngas relatively low
Hy/C0 ratio, for example of H,/CO = 1, with high selectivity to
products convertable to liquid fuels or chemicals. This particular
operation can be used to advantage in cohbination with any of the
~ new high efficiency gasifying operations producing low ratio syngas
by the injection or addition of water (steam) with the low ratio
~ syngas feed passed into contact with the catalyst of the invention
and suitable for DME synthesis. In this operation, the
water-gas-shift capability of the catalyst is used to advantage.
The DME produced may subseduéntly'be converted into gasoline boiling
range hydrocarbons by contact with ZSM-5 or similar crystalline
zeolite material by methods désCribed in numerous publications.
| The direct synthesis of dimethyl ether from syngas can be
utilized with considerable ad?antage:in many different combination
operations. That is, the economic formation of dimethyl ether using



nti oned above, dinethyl ether synt he5| s offers decided advant ages over

.' 3 ' Fi scher-Tropsch and met hanol syntheses since it particularly |ends’
elff to utilizing a syngas relatively low H2/CO rati o, for exanple of
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/ = 1, with high selectivity to products convertable to liquid fuels or -

chem cals. This particular operation can bg- used to advantage in

conbi nation with any of the new hi gh efficiency gasi fying operations
producing low ratio syngas by the injection or addition of water (steamn)
with the | ow ratlo syngas feed passed into contact with the catalyst ‘gd. t he
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consi derably i Ry4RBRPS! hh Udd trfbﬁa%sﬂtogf'ctheo f%H eropteQ 1ol g&dpng of

wat er V\nthlowratlosnas asa 1 NCl I ncre S|ng syngas
utilization bylprFgase c‘}%etlf?é 19 9ft Ho4 Q027850 gﬁr%' R f@? 5%“?95 P
addi tional hydsyrgas. cortersiddi dpeestionr g tbt atollesdte acif/ed muerofoper ation is

* Gonvers; on operat fon dieSEHEEE R B SPhtraS s dr A brélent R SMRRC
- of the syntheshay bf unggagad- e h-butylemethyd mrbgBMEbMdmCtbOn wibth @ net hyl
ether (TBMVE) by,stapté 'aQBoﬁUlt hewghsad tabltansl ceh%tnsmhcﬁfu blmmwch or
\émat QI sgflnch_e_ﬂeol | nawyipropene, %ymatirﬂz g eneid c.)ataiystl.ZITnhg acr.ltdaCI
catalyst may be sulfuric acid or another_mineral acid, with or
without a support material. An acidic ion exchange resin may also
be used as the acio catalyst. Phosphcric acid on a support material
'may also be used. The operating temperature may be from 50 to
300°C, with a temperature of &0 to 150°C being particularly
: .preferred. A pressure in the range of 300 to 5000 kPa is suitable
for the operation. o .
_ Alternatively, the syngas initially obtained from a
_ gasification operation can be converted to a product rich in
dimetnyl ether in a catalyst slurry reaction system, in which the
metal and acid components of the catalyst are surrcunded with or _
suspended in a high boiling liquid phase. Liquids for such a system
include minerals'oils, oil products of Fischer-Tropsch synthesis
such as a portion of the decant oil product, and lubricating oil
" base stocks. The solid catalyst components may be used as combined
particles or as separate particles of the metal and acidic
components. In this liquid phase operation, the temperature will
generally be from 260 to 343°C and the pressure will generally be
from about 7000 to 14,000 kPa.



catal yst- may be sulfuric acid or another mineral acid, with or without a- (. (?’
support material .- An acidic ion exchange resin nay al so be used as the

@acid catal yst. Phosphoric acid on a support material may al so be used. The -
"operating tenperature may be from50 to 300[err]C, with a tenperature. of 60
to 1500C being particularly preferred. A pressure in the range of 300 to

- 5000 kPa is suitable for the operation. 9= o e _
Alternatively, the syngas initially obtained froma gasification operation’
can bg_gonverted to a product rich in dimethyl ether in a catalyst slurry
reaction system in which the nmetal and acid conponents of the catalyst are
-sur[].oundedtvw th o ZUSp?miQﬁei,ntﬁ? fmgrp::aauéﬁ Rdy Laeqewg?mﬁeo m_?hhﬂwld@for

such a systeminclude mperals ojls, oi roduct s ,of Fi er - Trpps

synt hesi s such asreécgé\gt&)ﬁlg? "‘#@t dacth: g’fﬁsP"‘fﬁ g& R ?C%ﬁﬁa{ﬂﬁf’fta%ﬁg oi |
base stocks. Theatalystt mayt bé \phosphorps pentaxideydistrimted an kimsbigua,

particles or as ﬁ@f&&%?ur@.?}uﬂ iﬁgﬁtﬁﬁmré&eemhﬁ*ﬁﬁéﬂ%’a%cqrfaﬁ%gﬁ?nemS' I'n |

this liquid phase operation, enperature gener a é rom 260 to-
343[err] C and t heryseaddine zgplitey e ferepneyaliaes ol frem @heut; 889 %0oabwtooo kpa.

Further, the DVE aygeciuehd tRprdus®nferiondldon teiloq000 kPy withoenegalily be t h
water in the presence of an acid catalyst. ~The. catal yst may be phosphorus
pent oxi de distri BEBY on ki esel guhr, silica-alumna, alumna, reduced

tungsten oxi de or. an aci$tiddyRirhhet,nthe SYE iproduct naynberzaagted oith osygembout
somor ol be cao Y Sprafiies o Bl Speinat dptonl BBk T 1 e
gxygen i % the pr @e?ﬂ?&‘%‘?‘"’h _t’ﬂ?p%@?pe(’:‘a'f%ey@% %?W%%HE,&Q%@%?%&C pd Shen
an operation, theressgrer ftom $00Thy 308 kPaum Hodstals60pdssiblz0keruskGungstere
Dobrnatt on-w th e JCPES LIl fitn HEORISE BB ARHBEERPS e
al umi na, silica- Meteried sechiae sdupinas . siléparalyping or kieselguhr. Similarly,
' S silver or silver promoted with small amounts of copper may be used
as a catalyst. When using a silver catalyst, temperatures of 600 to
800°C and pressures of 300 to 800 kPa are preferred. Also, a '
'~ catalyst mixture comprising iron promoted with molybdenum (18%
'Fe'2'03 + 82% Mq03 by wei'ght) ‘may fpe employed at temperatures of
350 to 400°C. T ‘ |
In ancther altefnative, the OME product may be converted
into liquid fuels, relying upon an olefin intermediate product of
OME conversion as feed to the liquid fuels conversion operation.
That is, the DME product is converted at a temperature of 343 to
425°C, and preferably at least 370°C, into an olefin intermediate
product by contact with a crystalline zeolite represented by HZSM-5
crystalline zeolite. The olefins formed may be branched or straight '
~chained olefins, depending on the conditions employed and the
| catalyst activity_, and may be particularly restricted to boil within
the gasoline boiling range. On the other hand, the operating
conditions and catalyst may -be selected to produce an aromatic-rich
~gasoline product from the olefins formed. Upgrading the alefin
intermediates to a jet fuel product, by the combination of olefin
oligomerization or olefination and hydrogenation, is also possible.
Oligomerization of the olefin intermediate may be accomplished at a




er or silver pronoted with small anpunts of copper nay. be used as a,
glyst. Wien using a silver catalyst, tenperatures of 600 to 8000C and
egsures of 300 to 800 kPa are prefer ¢d. Also, a catalyst mxture
rising iron promoted with nol ybdenum (18% Fe203 + 82% M3 by wei ght)
may -be enployed at tenperatures of ;350 to 400[err]C. |n another :
al t ernat 'tié@eﬂa@&ré]\/gfpgwuas EBYutD25PRY €4t edei i opééfaﬂtaa fuee| &mplig! i ng
upon an Q In intermedi ate product of DVE conversion gs 38 é@cb%% |-L-QUI d
fuel s cobemperaspre pef a2fQnto T3RQ°Ci &nd; 7 BEFESTHS Rfct 140 ' -

t enper at W&Oéax%ﬁaé%&Zﬁ@réh@m&wmi esmldlefiris |ﬂaa$bn:37ﬂtefﬁéﬁ :Jtnto an’
olefin internediate. gro ontac vmthacr stalh_nlsz iéﬁfe
r epr esenti&d 98515aR4R1 KO F?é |'fqe ) &
br anched pgog Sirl amghéatalmsﬂed:n@bsﬂm, dépeaellg@romay e csedlias ¢he ampil oyed .

and the cagaég SCti ﬂ}fi may --be particularly restricted to boil

within tf@ ng range. On the other hand, the operating
condi ti ons and c'ﬂueal yeynthesis befsebknﬂma tﬁ-’qm otibee r&ﬁ tc-i$chan
gasol ine h 0 56“%5 q_bg& 0OLRE i Production
i nt er meditat estoa e f(grélé uct, ythe nblnatlon of- ol'efin
ol i gorer iofat vamious sherigadt |@Pﬂséi-h'éu¢\'§'i§r odERachesh olefinss agematisse and

Qi gonericaghi e Bbility thidd rhata&fsl dig aeﬁaeembsim&msaam -
10 - terrperature of 15to abouy 2,50 err C eferre.q:t oy a
t enper at FRsabystysmplqyedsor dny ﬁfg)c(/\h |

carrying z@ébgﬁﬁ&dowr@rmtr@rbﬂfoldfﬁeﬁs nfrcmo ahyrsmqm fi.mla,dmtmxs to

desirable_to cof ef'd ter t o nmai.nt 59 %, f.r 15 in
t he cat alt§‘9 c aﬂ% gLﬁ?r aﬂr%cg%e)%ls%d aéﬁ?ﬁg Ogtc)l cat alyst
support retané aéthéﬂse 1rsyﬂluehewmerofprouidéd nky Pulokished e Eurggeanp Fatiert i s
an i nter% af @ conbination of steps |eading to the production of
vari ous T eal const | fuent s, branched ol efins, aromatics .and gasol i ne

boi | i ng range maiBr iyets a:mmdahgemt iverct Mareasted EYRERS iRy separat
from the DME product. The unreacted syngqas, normally having a Hzlco
ratio of at least 1, com:ams substant:.a.l amounts of Q0. Such a
syngas compos:.t:.on ‘may be used to advantage m a F:.sdaer—'rropsch
syngas conversion operation utilizing iron, cobalt or ruﬂ:emum as the._
Fischer-Tropsch catalyst metal component. In this mamner, it is
poss1b1e to convert the unreacted syngas from the DME synthesis, in a
Fischer-Tropsch syzrl:hes:.s operation in ‘the presence or absence of a_

water-gas-shift metal component.

' In any of the processes described above, it is possible to
recycle unreacted syngas to the PME conversion operation either before
or after CO; removal, ‘as required, and with or without the further.
addition of water to the recycle gas. Also, the total unreacted qas
comprising OOy may be passed to F:.scher—'rropsch syngas conversion
- operation with or mﬂmt cofed wata: and reacted to form a broad
spectrumofptod\nts,aslshmnintheart _ :
The :Eollmng Examples 111ustmte the invention. The words

"WYOOR" and “PYREX" used in the Examples are registered Trade Marks.




recodgni zed that,_a m xture of olefins fremany source, in addition to t
produced from DVE, may be reacted with methanol to form high octane et

in the manner provi ded by published European Patent Application 26041. In.
yet anot her alternative, unreacted syngas is separated fromthe DM . =
pfoduct . The unreacted syngas, normally hgkhng a H2/Co ratio of at |east

1, contains substantial anounts of C02. a syngas conposi tion nmay be
used tggadvantage in a Fischer-Tropsch syngas conversion operation

utilizing iron, cobalt or rutheniumas the Fi scher-Tropsch catal yst netal
conponent.  In-thi's nmanner, |t |s pOSSIb|e to convert the unreacted syngas -
fromtheDl\/EsyE}MEs_-l epars ' Ak COPIS ated gakplvgt in t he

presence 0& absegcg OL ™ &ﬁedlj%ssélsdtﬁén %?tt'ﬁe ﬁﬁﬂlaeé‘@%'f‘ alutﬁliﬁw @éppb?te
processes descri a e SSi cle reac ed. s as to

t he DVE converslaﬁ‘ﬁ %ﬁtfn?}r? qo@fs 9L éﬁég 6§§ d”rivgg’g was
required, and vvaddted)anvaquanust_sohntiﬁmrdfhh.rUSaMemmmsodiwnatarbonate: he recycl e
gas. Al so, thﬁré:fi 2tatibh SRt S4hr988 dul R b§'-.”9_HQ°%i£W P&atAgssednd

Fi scher - Tropsch syngas conversion operation with or Wt out cof ez wat er and

reacted to forrrPE dbates jas CPeARdy f FiJEBERfLt Washed and prigaptad, with wakar tahe
fol | owi ng Enpl egemdveussluble rilbsatiesVarid tatbonatel)eantbtien d¥AAOR: ngeUumYREX"

used in the Ex r -11- Exanple 1 -
Preparati on of "&?@ﬁﬁé\leca%gﬂ-%ﬁ ?tﬁugg %tl\/?ﬁat‘?@s?mrg an aqueous sol ution of -
the nitrates of al um ntﬁwﬂilﬁﬁtbpbretaﬁtl synthesis gatalystawasiprepazed dy115, 0. 12
and 0.12, respeeamamtug ehBs) aeftsaer RAeRQLSireq! p&waea & 4 t‘zdéiebes of

PRtk AR TNETUACTRY A RN TICTN Ryt oA R
water to rermvepeblehbl'ﬁo a0+30amesh.and car bonat es, and then dried in a vacuum
Example 2 - Preparation of Cu/Zn co-precipitated catalyst

' (comparison)

Using the procedure of Example 1, a co-preoipitated Cu/Zn
mixture having a copper/zinc ratio of 1/1, was prepared. The
co-precipitated Cu/Zn pair was recovered, washed and dried as
described above and then calcined at 343°C.,

_ A DME synthesis catalyst was prepared by combining equal
weights of the calcined Cu/Zn powder with a powdered gamma-alumina.
The mixture was then pelletized and sized as described in Example 1.
Example 3 - Preparation of Cu/Zn/Al mixed catalyst (comparison)

2 Parts by weight of the Cu/Zn co-precipitated pair
prepared in Example 2 were mixed with 1.5 parts by weight of
aluminum oxide and the mixture was suspended in water. The
suspension was mixed in a blender to prepare a high shear slurry.
The mixed solid was recovered and calcined as described above. This
is essentially the method of preparation described in U.S. Patent
3,790,505. The ratios of the metal components Cu/Zn/Al were
1/1/1.5, respectively.

The Cu/Zn/Al high shear: mixture was then further mixed with
powdered gamma-alumina on an equal weight basis, pelletized and
sized as described in Examples 1 and 2.

catal yst renployed. . In addition to the above conbinations, it.is also @
h




oven and calcined for 6 hours at about 280[err]C A di net hyl ether - -
hesis catal yst was prepared by conbining equal weights of .the cal ci ned

er and a powdered gamma-al um na, pelletizing the resultant mixture and. s
hing the pellets to 10-30 nesh. Exanple 2 - Preparation of Cu/Zn
co-precipitated catalyst (conparison) Using the procedure of Exanple 1, a
co-precipitated Cu/Zn mxture having a cdgper/zinc ratio of 1/1, was
prepared. The co-precipitated Cu/Zn pair vas recovered, washed and desed

as. descri bed above and then calcined at 343[err]C. A DMVE synthesis caldlyst .
was prepared by conbi ning equal weights of, the calcined Cu/ Zn powder With a

powder ed ganmma-al um mord"&e tB‘ t@sﬂr&eﬂféﬁtél%i‘c I&Gﬁbdstitm 6ﬂ¢x§¢;¥l‘é§ BS-
described in gxaﬂgp:{ Pre atl re -of l:[Z = mxed cat al yst
(conpar i son) s LHEFe 8 sed)a ‘f'eré'" By &CE? 53!% pai r prepared
in Exanple 2 cmpmeutsammhtderﬁﬁedarapidb;atatysj;hloadﬂn@lamm pustrestimget and t he .
m xt ure was pﬁﬁ& WHae der. to -
prepare a hi 3%% ea dar'?urr e mxegHso |gei%/§,§ recg]\ﬁérggndixgﬁgefg cined as
descri bed aboRegenemation go ﬁ'ﬂﬁ At UFh@%%'q%‘E e prtaddptat i 8P described in
U.S. Patent 31:e'é&6015%s 400 emni ahlnmgﬂi shb evasehade €foaparss am Q0/ Fow Al ver e

i xed vi th* peRhlE el R Al bt R BGAE Bd ' 882 SOEN, L DS
si zed as desdrhemmmlh wmonbng sbe endhre length ofl zhe |hedoefieatalystest t he
eroreact o LTSI ) S e g ol
| oadi ng and Prgrﬂ a 'F"Ea"&ft%iug{bﬁemmﬁ?% ei@? |°3£|§Jdcy§%§$°tdi B, fged

-gas m xtures reld iregkase by iVycor @ldss iwoob suppdried by Byrexbtm@st filldag al yst.
The - the reactor voids. Temperature was maintained by a proportional
band controller with a thermocouple located in the furnace wall near
_ the reactor During use, premixed I-i2 and co were compressed and
"~ fed through activated charcoal traps (the charcoal being necessary
to remove traces of iron carbonyl present in the feed gas
cylinders). Constant gas flow was maintained by a thermal mass flow
controller and reactor pressure was maintained by a back-pressure
regulator downstream of the reactor and liquid traps.

All catalysts were initially pretreated in the reactor at
204°C in an Hy/N, stream (100 kPa, GHSV = 1500), the hydrogen
content of which was slowly increased from 0 to 2 volume percent,
then to 8.5%.

The catalyst was cooled in an inert gas stream to a -
"temperature below 49°C, the reactor feed switched to synthesis gas
at the space velocity and pressure of the Tun, and temperature then
increased. ,

Typical run conditions were H /CD feed ratio = 1, 10_,000
kPa, 315°C, and GHSV = 4000.

Oxidative regeneration of the catalyst was carried out as

follows: _ : .
. ' 1. Depressurize the reactor to atmospheric pressure and
flush in helium



Cny

j .

‘«entire length of the bed of catalyst therein. A 3.0 cc .catal yst bed (90

| ong) was centrally positioned in a 300 mmvertical tube furnace. The
catal yst bed was held in place by VWcor gl ass wool supported by Pyrex tubes
filling the reactor voids. - Tenperature wa 3ma_i nt-ai ned by a proportional
band controller with a thernocouple |ocated”in the furnace wall near the
react@r; During use, prenixed H2 and -CO were conpressed and fed through
activated charcoal traps (the charcoal being necessary to renove traces of
iron carbonyl present in the feed gas cylinders). Constant gas flow was .

mai nt ai ned by a. t her maR- mEddts RoRVIEE AT PP OXYgRD Froge fonkrine ot vadume
mai nt ai ned by aldpatiteRyiitenrcatabyst o, Doovistsmsao) @t $TR¥litsact or and

l'iquid traps. : | yst € dui fial Ly .p L, tor at
2040C in an H gé}fg)ﬂ%}agérég%%o‘b{t%#ﬂ&@; é%go ﬁq'f"é]‘% E@@P@g?ﬁ cont ent
of which was sl|tempgratute efsaeputr 288 6o t3432%Cw ol une percent, then to 8.5[err].
The catal yst was cool ed, i F13dh aAé®Prefdlivisé tPadNayiste tbClB)D0A KtaCWLRl OW
49[err], the reﬁeﬁhor feed swtched to synthesis gas at the space velocity
and pressure of ¥ un, and tenperature then increased. Typical run

condi tions were H err] ACOBriney synithesis gas iMioOfhe kdamtoB EoOfesumadreaeBon—

4000. Oxidativ [ ' ' |1 . 1.
ot v SS80CAR BTy LA 1O G ol ol v 1

Depressuri ze the feactor I n hel'lum

-13- 2. Elute aFesgter tB¥°'-'HD(P/o"§Sl§fogféﬁ qgnsainercehhaihey abrl0politees pen

liter/liter catphtestof(batalyd®Q@ndidtcasoHdlvest koad. STP/ I iter catalyst) at 100

kPa with heliumat a GHSV of about 60 %‘&e% 46

Using the reactor system described above, each of the

~ catalysts of Examples 1-3 was brought into contact with a syngas
feed stream (H,/CO = 1) at 316°C, 10,000 kPa and GHSV = 4,000.
The reactor effluent was analyzed periodically to determine the
level of syngas conversion and attempts were made to oxidatively

. regenerate each of the respective catalysts during the runs. The
‘results obtained are set out in the accompanying drawings as plots -
of syngas conversion againét time on stream for each catalyst.

Curve I represents the behavior of the Cu/Zn/Al co-
precipitated catalyst of Example 1. The run was followed for 60
days and the solid hointé'on the curve indicate the oxidative |
regenerations of the catalyst. | o _

'Curve II shows the performance of the Cu/Zn co-precipitated
catalyst of Example 2. Again, the solid points indicate attempts at
oxidative regeneration of the catalysf. As will be spparent from
the plot, the Cu/Zn co-precipitated pair (Curve II) became
‘inactivated much more rapidly than did the Cu/Zn/Al co-precipitated
catalyst (Curve I) and, in contrast to the Cu/Zn/Al catalyst, was
unaffected by attempts at régeneration.

o Curve III shows the result obtained with a Cu/Zn
co-precipitated pair which has been physically mixed with Al by
high-shear slurry.technique (Example 3). As before, the solid
points indicate attempts at oxidative regeneratidn. This catalyst

reactor ‘was 400 mmin length and was made froma 9.5 nm-00 304 stai nl ess
steel (SS) tubg with an annular 3.2 mMm-OD 304 SS thernowel |l running the



té\perature of about 288 to 343[err]C. 3. Fl usk and pressuri ze the system
Ia¢mp,000 kPa with.-helium 4. Bring synthesis gas into the reagtor to

’the reactor through a "buffer™ container of heliumat 100 liters per
liter of catalyst and at a GHSV of 4000. Exanples 4-6 Using the reactor
system descri bed .above, each of the catalysts of Exanples 1-3 was brought
into contact with a syngas feed stream ([err] CO = 1) -at 3160C, 10, 000- kPa -
and GHSV = 4,000. The reactor effluent was anal yzed periodically to Al
determine the | evel of syngas conversion and attenpts were nade to R
- oxidatively r SRR t :h i al y : | the . runs.
The results o ?Séléﬁég%glr:e_ setg%'a't Qﬁ"r%’lgﬁ@eg% 18 areh aé-h?%%u%géﬁgsﬁ%rots of

_ conpanyi n
syngas conver 8 FaERkR Rst _PPV#éiaérf'ﬂé‘F%%lﬁffdeethdﬁthﬂ'ﬁl GusiZn padrydoes
rEipr elsent1 s tT Eﬂob@&aviaer e lakru_agm ! %Herﬁ@j:lilby gs:-itoﬁh tit lensb(j‘ca?ai/}ta;st of .
anple 1. run ~ al, an e solid points on the
curve indicat go-fq{gc}éﬁiag% sgﬁgﬁgn@r ?“gﬁgs"nf the catalyst. Curve Il shows
_the performance of the Cu/Zn co-precipitated catal yst of Exanple 2. Again,
the solid points indicate attenpts at oxidative regeneration of the :
catal yst. As will be apparent fromthe plot, the Cu/Zn co-precipitated
pair (Curve |l) becane inactivated nmuch nore rapidly than did the Cu/Zn/ Al
co-precipitated catalyst (Curve I) and, in contrast to the Cu/Zn/Al
catal yst, was unaffected by attenpts at regeneration. Curve Ill shows the .
result obtained with a Cu/Zn co-precipitated pair -which has been physically
m xed with Al by high-shear slurry. technique (Exanple 3). As before, the
solid. points indicate attenpts at oxidative regeneration. This catalyst
-14- : : -

restine reaction at 315/ err] C and 10, 000 kPa by passing a 100% syngas stream

-
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is seen to behave very S|mlarly to t he @/Mpalr of

-Exarrpl e 2. Physical mxture of the Al witht s not provi de
£ he oxidative. regenerab| ity shown by the "E tated cat al ys '
of. Exanpl e 1. -15- CLAIMS: 1. A catal yst c‘brrp}osnt I ®n I si ng

“co-precipitated Cu, Zn and ‘Al .conponents in anounts such that the atonic
ratio AI/(Cu[err]Zn) is not less than 0.1 and the atomic ratio Cu/Zn.is
fromO0,2 to 5.0, and an acidi c dehydrating-Xssnponent. 2. A catal yst _
corrpowlon according to claim1, wherein the atomic ratio Al/(Cu+Zn) is
from0.1to 2.0. 3. A cat al yst conposition according to claim2, wherein
the atomc ratio Al/(Cu+Zn) is fromO0.2 to 0.7. 4. A catalyst conposition,
according to ang mme:of clainms 1 to 3, wherein the acidic dehydrating
conponent is gammE-arunina; silica-alumna; a porotectosilicate; a clay; a
natural or synthetic crystalline alum nosilicate; a crystalline zeolite
having a high silica cdnt mcataidshmnsitmmtomnising)f 1to 12; a

| phosphate; or-titania bH irtgtéd)'ﬁuwir{"aﬁi IAZC&\WB@“érQEqErﬁ%M;‘tSrS@hCI ay.

5. A catal yst corrp03|t accor erel

dehydrating conpiteHie atonignratia Mﬁ(ﬁ‘éﬂ'z"é i%“@%ﬂ&ﬁ?stthaﬁcﬂréoéﬁq toe akemls di ng
to any one of cfai&saﬂzhmérﬁe;mm $J0; ead di c dehydrati ng conponent

conprises from5 to 95 7. A catal yst '
conposi tion according Fﬁegﬁg'gi *ERV?%E’?'E gg%?géédm di ¢ dehydrating conponent
conpri ses from 20 to 70 wei ght percent of the conposition.

2. A catalyst composition according to claim 1, wherein
the atomic ratio Al/(CusZn) is from 0.1 to 2.0.

3. A catalyst composition according to claim 2, wherein
the atomic ratio Al/(Cu+Zn) is from 0.2 to 0.7.

4, A catalyst composition according to any one of claims 1
to 3, wherein the acidic dehydrating component is gamma-alumina;
silica—alumina, a porotectosilicate- a clay; a nat_ur_al or synthetic
crystalline aluminosilicate; a crystalline zeolite having a high '
silica content and a Constraint Index of 1 to 12; a phosphate; or
titania in combination with silica, a rare earth or a clay.

5. A catalyst composition according to claim 4., whemin
the acidic dehydrating component is gamma-alumina. .

6. . A cetaiyst composition according to any one of
claims 1 to 5, wherein the acidic. dehydrating conponent comprises
from 5 to 95 weight % of the composition.

- 7. A catalyst composition according to claim 6, wherein

the acidic dehydrating component comprises. f’rom 20 to 70 weight
percent of the composition.



A cat al yst conposition according to any one of claims 1.to 7, wherein, A
@\ co-precipitated Cu, Zn and Al conponents are oxides. 9. A nethod for 1

erting syngas into an ether product whi ch conpri ngas
ng a H2/COratio of 0.4 to 3, and water in an ar{mﬂlﬂmmﬂﬂﬂllﬂw
conpensate for any hydrogen deficiency in the syngas,*w¢ hta tatal yst

conposition according to any one of cl ailfg.1l to 8 at a tenperature of 250
to 400[err] C, and. recovering an ether. product in an amount equival eng to
at least 10% of the “t hernodynani c equilibrium conversion of the syngas.-l 10.
A nmet hod according to cIa|m9 wherein the syngas has a H2/ CO ratlo of 0.4

to 0.7. -11. A method_ac :

t enperature, pressurg and %ﬁgg%g OC|?l&ar8£ecasiJ8%¢1dnté nywﬁﬁé g'ltrkr:cer product i,s-
‘obtained in ate anmhmhthe&%nmcﬁoi@teﬂ daiat Zv@0d L EOMPOPRSBER nani ¢

equi librium camggga on of the syngas. 12. A nmet hod according to any one

of claims 9 to 11, wherein the catalyst is regenerat.ed by contact with an
oxygen- containing gas at 250 to 540[err]C. The text of the specification
has been repr oduced By Fhmethodpfdmgonvest ingosyngast intor anyiekber PypeEript . It

may contain n lat ul/eo" 8248 of Bh& teri gi nal
typescri pt.con igﬁ’n s%&g%tigﬁeﬁ{@ag I'fafv%ngg‘lans /Z? df an t hﬁyé)r em ses of
the Patent Of¥i @ed wa er in an amount. sufficient to compensate for an

deficiency in the syngas, with a catalyst conposition according to
any one of claims 1 to 8 at a temperature of 250 to 400°C, and .
recovering an ether product in an amount equivalent to at least 10%
.of the thermodynamic equilibrium conversion of the syngas.

10. A method according to claim 9, wherein the
syrgashasaH/CO ratioofoatoo7.

ll. A method according to claim 9 or claim 10, wherein the
'temperature, pressure and space velocity are such that the ether
product is obtained in an amount equivalent to at least 50% of the
thermodynamic equil_ibrium conversion of' the syngas. '

12. A method according to any one of claims 9 to 11,
'wherein the catalyst is regenerated by contact with an oxygen-
,contaming gas at 250 to S540°C.
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Tt;;ezgn:f eI:pw contain a few amendments which are difficult to read. The original

typescript containing these apendgents msy be inspected on the premises of the Patent Office



