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' routes for effectlng t he .conversion of coal via synthesis I d
Juels, tonprising the well publicized Fischer-Tropsch (F- Tﬁ@@i@éﬁ
nor e recently devel oped net hanol -t o-gasol i ne process such as that described
in U S.7Patent 3,928,483. The Fischer-Tropsgh process produces a wde range

of [.err] products conprising gases, |iquid hydrocarbons, oxygenates and-
wat er. Common to each of the above processes is the overriding influence of
the eapital cost of pr oduci OMSI&)N;QFss%gM%TH&ET@. Thi s varies
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ratio is | ess tliguid hydrbcarbons, omgmahmanﬂ \ﬁtent 0.4 to. about 0.7. Such
l.ow ratio syngas cannog d EA ¥ [ n € i onal
- F-T processes and.net hanﬁ@nssént eﬂée"s'mdgé %ﬁq?t%ﬁ%%% iﬁldc;ﬁ% %ﬁfﬁ I 0S
_equal to or grdaftuencraef the Teapd tak wosktaf mdunéﬂersygﬁae@ﬂ gas {s¥ngasson t o
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f or exarrpl e as uiiizingelbw matics oPsteam ahdoowygen3in whergasification. 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
produced under these conditions may have a hydrogen/carbon monoxide
ratio equal to 1 and more usually for the highest efficiency
gasifiers the ratio is less than 1 and within the range of about 0.4
to about 0.7. Such low ratio syngas cannot be directly utilized by
present date conventional F-T processes and nethahol syntheses, both
of which require HZICD ratios equal to or greater than 2. Thus .
any external water-gas shift operation to increase a low ratio
syngas of 1 or less up to 2 or more would substantially cancel any
- gains in efficiency achieved by the most advanced high efficiency
gasifiers.

A principal advantage in producing dimethyl ether (DME)
directly from syngas-is that this compound can be readily converted
into gasoline range hydrocarbons using crystalline zeolites
represented by ZSM-5, i. e. those having a ccnstraint index of from 1
to 12, for example as discussed in U.S. Patent 3,928 ,483, wherein
formed methanol is dehydrated and the ether product is converted

- over ZSM-5 crystaliine zeolite. |
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stalline .zeolite. -2- A problemencountered with the synthesis of
hanol from syngas is the rather |ow equilibrium conversion (carbon -
ef ficiency) achieved. To attain satjsfactory yi el ds i'n conventj onal :
Y met hanol syntheses, it is necessary to recycle | arge anpunts of unreacted .
'hydrogen and car bon monoxi de. This factor significantly affects the '
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: at duo% to form dimethyl ether._ '

For ‘example, U.S. Patent 3, ,894 102 teaches a two stage
process for the conversion of synthesis gas to gasoline wherein
synthesis gas i's contacted with a mixed methanol-synthesis and
acidic-dehydration catalyst to produce a first stage product
comprising dimethyl ether and then contacting the intermediate
product with a ZSM=5 type catalyst in ‘a second stage to produce
aromatic. hydrocarbons. Any methanol synthesis catalyst may be.
employed in the first stage catalyst although a preferred
composition is a. mixture of Zn/Cu/Cr/rare earth oxides present in
the following relative amounts (weights of metals) 50-70 parts Cu,
50-25 parts Zn, and 5-15 parts each of Cr and rare earth. The
Cr/(Cu+Zn) ratios- of such compositions range from 0. 07-0.3. .

The syngas employed in the method of U.S. Patent 3, 894 102
had a relatively high H2/C0 mole ratio. An important further
improvement attainable with the’ dimethyl ether displacement reaction
in the context of syngas conversion over methanol synthesis
catalysts is taught by u S. Patent 4 ,011,275 which discloses the
conversion of syngas having a H2/c0 mole ratio of O. 8 to 1.7 over :
the two-component dimethyl ether synthesis catalyst. Not only are
syngas conversions higher far dimethyl ether/methanol synthesis than
for methanol synthesis alone, but maximum equilibrium conversions
for the dimethyl ether/methanol_synthesis are obtained at teed @as’

-@ded'rré_t hanol is dehydr at ed and the '_et her _p'r oduct is converted over ZSM 5
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had a relatlvely "hi gh H2/ CO mole ratio. An i nportant further inprovene
'attalnable\Mtrlthe di et hyl ether displacenent reaction in the context
syngas .conversi on over nmethanol synthesis catalysts is taught by U S
Patent 4,011, 275 whi ch disclases the conversion of syngas having a
-[err]ngke ratio of 0.8 to ‘1.7 over the two-conponent dinethyl ether .
synthesis catalyst. Not only are syngas edrversions higher for di net hyl
et her/met hanol synthesis than for methanol synthesis al one, but maxinmum
equi Hi.bri um conversions for the di nethyl ether/ methanol syntheS|s are
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Met hanol synt hesis cat alé/sts S e use I n t atter prQcess

i ncl ude any covRFeRtveFsanticibutsd;to Wesinternal watepgpssdlifit, FeartioReaches
that dinmethyl itheen rehg itﬁeara‘g s‘omerafathdct"x@esslmetm (prodicd mege m xture

cont ai ni ng. rr nt act u ver ndi t.i ons over
Cu/ Zn/ O net %ﬁ%?ﬁg& 5‘5 tﬁrﬂfgaf' ‘ﬁ%w %%"?Cﬁ f"?ﬁfq'
Cd-err] cont erdatadystsisaid &bi beauSefulhén Cthecbﬂttart prﬁcesseirfoéede @nay. The

pat ent teaches of water 'in the reacted gas is undesired
because it i nhl%kb?étitr?ggﬁggnag drat ion, thereby limting the per-pass

conversi on to. di met hyM.8« Réﬁenﬁ\lév@ﬁ&:ﬁ@? chrther dgaches that dimethyl ether
- may be produced fmn_ a hydrogen-deficient feed mixture containing.

€O, CO, and H, by contact under conversion conditions over
CwZn/Cr methanol synthesis catalysts and alumina providing that the

._coé content is low relative to the CO content of the feed gas.
The patent teaches that the presence of water in the reacted gas is
undesired because it inhibits methanol dehydration, thereby limiting
the per-pass conversion to dimethyl ether. Nevertheless, steam

~ addition is said to be useful when CO is in "substantial excess"
relative to hydrogen. Suitable methanol synthesis components for
the prdcess disclosed are said to include eopper-based catalysts and
zinc- and chrome-based catalysts. A Cw/Zn/Cr methanol synthesis
' component having an atamic ratio of 82/16/4 was employed in the
examples. The Cr/(Cu+Zn) ratio of this catalyst is 0.04. No

- methods of catalyst preparation are disclosed.

U.S. Patent 4,096,163 suggests the conversion of syngas to
hydrocerbon products“pver_a_catalyst comprising a methanol synthesis
component and a ZSM-5 type zeolite compohent.- No particular

~ methanol synthesis catalyst is described as being especially
desirable. : - _

: In additior, Sherwin and B8lum have 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 OME by adding gamma-alumina and 13X molecular



Ntion i.s said to be useful when COis in "substantial excess relative

ydrogen. Suitable nethanol synthesis conponents for the process

| osed are said to-include copper-based catal ysts and zi nc- and

_ one- based catal ysts. A -Cu/Zn/ Cr net hanol synt hesi s. conponent haV|ng an
’aton1c rati o of 82/16/4 was enpl oyed#tn the exanples. The O/ (Qi+Zn) ratio

- 6f this catalyst is 0.04. No nethods of cat al yst preparation are discl osed.
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are required to maintain the activity of the stabilized catalyst.

The catalyst may be prepared by any conventional procedure.
'Coprecipitation of Cu/Zn/Cr components is exemplified in the
specification. The composition o_f the catalyst (other than the Al
content) is not disclosed to have any particular effect. The
Cr/(Cu+zn) ratios of the exemplified catalysts range from about
0.2-0.6. ‘Suitable H2/C0 molar ratios in the feed gas are
disclosed to be within the range of about 0.3 to 10, Syngas employed
~ in the examples had & H/CO ratio of 3.
The feasibility of the direct synthesis of DME was
~ initially demonstrated by a physical mixture of Cu/Zr/Cr containing
a rare earth promoter and gamma-alunina. Synthesis gas with an
Hz/co ratio of 4 contacted the catalyst at 3159C, 50 atm.a. 1440
- GHSV and the conversion obtained was 31.5% (86% of equilibrium)
: The product contained 22.1;% OME, 0.93% CH30H, 29. 0% Cl)2 2.0%
HZO’ 3.2% light hydrocarbons and a' balance of H2 and CO. The
above catalyst was also tested with H2/CO -1 at 315°C," 103 atm.a.
and 4400 GHsv. The conversion dropped from 60% (75% of equilibrium)
to 40% in 30 days, indicating rapid aging of the. catalyst. -
Attempted reactivation with H2 at 315-400°C failed.
' Catalyst aging is a signiflcant problem in known dimethyl
ether syntheses, since aging severely limits the comnercial
practicability of what is otherwise a hig'lly valuable process. The '
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Ere reqwred t'o maintain the act|V|ty of the stablllzed catal yst. The @

atal yst may be prepared by any conventional procedure. Copreci-pitation o
dcul znl o conmponents is exenplified in the specification. The conposition
of the-satalyst (other than t he ‘Al content) %s not 'di scl osed to have any .
partic_ul-ér effect. The Cr/(Cu+zZn) ratios of The exenplified catalysts range
from about .0.2-0.6. Suitable H2/CO nolar ratios in the feed gas are

exanples. had ;3%%’85 10 9E0el 1800 B B e JRPRIMBIRLQY 10 Che
syntHesi s of & process ofary the regeneratien 9f aggsf\;ygtaﬁarstmwmghéﬂaye :
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provide a reliable an ommer ci a e process e regéneration of
‘aged cat al ysts ¥@gheAOURSe becone deactivated by use in-dinmethyl ether-

synthesi's, thereby ren(iﬁ'th&ﬁ& BSe ‘42! ﬁaso'i'EE@&ﬁzE@rt@\eeGQé‘%'f‘ &3 ¥atalysts
attractive. The rgrﬁ ent i nvention 1 s based on the observations that y

catal yst aging % iz gthesy sEbiesis ndhe fﬂr‘ﬂ‘-@%ﬁrﬁp between gatalyst
cumpositlon, especially its Cr content, and catalyst aging has not

- apparently pre_vio_us_ly been appreciated. _
| Accardingly, the present invention provides a process for
:converting synthesis gas into dimethyl ether which compnses
contacting synthesis gas at a temperature of from 232 to 399°C with
a catalyst composition comprising coprecipitated Cr, Cu and In omponents
and an acidic dehydrating component, in which the atomic ratio '
Cr/(CutZn) is from 0.1-io 1, and subsequentty regenerating the catalyst
composition by éontacting it with an oxygen-containing gas at from
38 to 538°c. | |
The 'syngas conversion of the present invention uses the -
metal components of a methanol synthesis catalyst in combination
with an acidic dehydrating component. The catalyst compositions used
in the process of the present invention rely particularly upon the
technique of cnpreczpitatian of the. hydrogenating cowponents either
alone or mixed with the dehydrating component, the atomic ratios of
Cu, Zn and Cr being variable within the relatively narrow limits
specified above. More particularly, coprecipitated components of
Cu, Zn and Cr are used in such relative amounts that the ratio
- Cr/(Cu+2n) is from 0.1 to 1.0.and more preferab’ly' from 0.25 to
0.75. A ratio of 0.5 is particularly preferred. On the other hand,
the ratio of Cu/Zn is preferably from 0.5 to 3.0.
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S 'yst as the met hanol synt he5|s corrponent of the di nethyl ether ,
{ hesi s catal yst, and that catal yst-activity can be maintained at a high
|} sufficient to sustai-n.near equi i bri um conversion of synthesi s gas

peed/by enpl oying particular oxidiative regeneration t echni ques., Al t hough
‘theart has recognized the use of sugh catalysts in dimethyl et her - _
synthesis, the relationship between catalyst conposition; especially its C

content, and catal yst aging has-not apparently previ oust been appreci at ed.
“Accordingly, thmepaem;i.ntdehydeatim pomponent oz lmmasmp‘portir@vertl ng e

‘synth t th é-!
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Cu, Zn vari a narrow [1mts specified

above. %r@%‘éﬁﬁtﬁﬂnr}rlyTh@o'p"F%é'ﬁBiQﬁgéBOMp%efﬁpﬁQrf €8,32Zn and O are
‘used i Nm@rec Pré fdrably FramoLs! 'éotilatHé\JEQer?ltitOiQfddrﬂlclﬁ%):l s from0.1to 1.0

and, o & eched S £ i o ) T Ao B 2 ¢,
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efficiency gasifiers as discussed above, and such a source of syngas
' can result in from 30 to 40 overall percent reduction in'proceSsing
costs. In this low ratio (£ 1) syngas enviromment, it has been
determined that the hydrogen deficiency of low ratio syngas having
| ratios H2/C0 from 0.4 to 0.7 can be remedied or compensated by
- injecting steam (HZO) into the catalyst separately or in admixture
with the low ratio syngas charged. This added steam is subject to a
water-gas shift reaction by the particular catalyst composition '
‘employed, resulting in a very effective and increased H2/C0 ratio
gas in the catalyst reaction zone. This particular operation thus
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
process of converting syngas into dimethyl ether and the concepts
_developed therefrom have illustrated that certain selected catalyst
compositions consisting of coprecipitated mixed oxides of Cu, Zn and
Cr mixed with a suitable acid matrix 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 - B
particular catalyst composition used in the present invention can be o -




' material .of the catalyst corrp05|t|ons may be garma alum na, silica-alumna/.:;
a ZSM 5 crystal I'i' ne zeolite of high [err] content, a phosphate, .titanium 2/
$xide in conbination with silicon oxide, a rare earth or a clay. O these

- materials, ganma-al um na i's particularly preferred, especially in an anmount
conpri gi'hg about 50% of the catal yst conposition. The dinethyl ether
synt hesi s techni ques of this invention are-%f special interest since the
ratio H2/ CO may be less than 1 or greater than 1. Thus the ratio H2/CO nay
be from0.5 to 3, nore preferably from0.5 to 2. However, it is
par ti-cul arly pmeintladeeﬂ @b high steagusstate antivitv foroan exterded; pparatingi nce
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less than air with a relatively short contact time or until there is
‘a breakthrough of the charged oxygen-rich gas. There is no evidence
that this has previously been achieved. When using a coprecipitated
catalyst as herein defined, it has been found that the catalyst can
be successfully regene:ated at a temperature of 38 to 538°C, it

being preferred to employ temperatures below 538°C for any extended
operating period. Foliowing oxidation dr regeneration of the
catalyst, it,is important, if not essential, to avoid;contacting the
freshly oxidized catalyst with a high-temperature redueing gas. '
That is, reducing the freshly regenerated catalyst with hydrogen, a
hydrogen-carbon mnnoxide mixture or any other reducing gas should be
avoided, particularly where the contact temperature is equal to or
above 260°C. It is preferred, therefore, to contact the
oxygen;regenerated catalyst with a reducing gas such as a syngas
feed or a diluted syngas initially at a temperature of 177°C to

about 232°C and thereafter raise the temperature and/or change the
composition of the syngas feed to achieve near thermodynamic yields .
"of DME. -

Regeneration of the catalyst- may be accoﬂplished
periodically or continuously, depending on whether a fixed or moving
catalyst system is employed.' Furthermore, conversion of the low



Y .n|ei ntai.n the desired high catalyst. activity, that is, the paJtlcuIar

‘al yst conposition used in the present invention can be - 7- mai ntai ned
ay/ -high steady-state activity for an extended operating period by relying
tpon particul ar oxidative regeneration and pretreat ment technlques of
{refatively short duration. For exanpd=e, the catalyst in the syndgas. reaction:
-'zone may be regenerated thereln or- it may be passed through a separate '
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“mai nt ai ﬁafd@s?}f% é%] maYt li"?/letl} echid YodsT: oF3dually HecTeasi@ger at i on of the

~ catal ysccrtweesh:fmcendltt)icbe bedom@gis:hndumm@digiﬁﬁsjgﬂu%hiﬁﬁ%aséﬁml nu]pus S!?"
~an inte 0 en on mhether a fixe
bed or e BaEyst e bTRGRE (RCuor RN Gse A ntteR? RN 7 |1
exanpl e9f tthme helferecqequum oxislative regenenatienal Jhus ¢hamxidatisveadm xed

W th gaFaHe | ty for

achi evin gé{)ésl{ﬂoﬁg%ﬂeq%]er d?ﬁggnﬂyiel eI”JS,I Ek% %@%ﬁ%y per| o _ -

" regener Ee"éﬂe & §xelheIns \qrente, beoayeided ahauti eatedystis of oxygen
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m Xt ur ecatalysty activdtyt educi ng gas shoul d be avoi ded, particularly where the

contact. tenpergpy rp%esénte(iH%nfignois described and illustrated in more |
detail below with reference to the accompanying drawings, in which

* Figures 1 to 4 illustrate various aspects of

co-feeding water with syngas to the catalyst
. Figure 5 is a block flow diagram of the conversion of
- syngas into liquid fuels; :
Figure 6 illustrates the effect of catalyst '
.compositicn on catalyst decay; :
" Figure 7 illustrates the effect of catalyst

preparation on catalyst performance,

Figures 8 and 9 illustrate aspects of catalyst

'regeneration- and

Figures 10 to 14 illustrate aSpects of catalyst

_preparaticn and compositicn cn catalyst

perfcrmance. ' : .

As mentioned above, dimethyl ether synthesis effects
decisive advantages over other F-T and methanol synthesis operations
since it lends itself particularly to utilization of relat:wely low
ratio syngas, and this particular f'eature can be used to advantage
in combination with any high efficiency gasifying pperaticn
producing low ratio syngas (H,/CO less than 1) by the injection or




' above 26Q[err] - s preferred therefore to contact the 2,&?.
oxygen- regenerated catalyst with a reducing gas such as a syngas feed or \a
gliluted syngas initially at a tenperature of 177[err] to about 2320C and -
thereafter raise the tenperature and/or change the conposrtron of the
syngas A£eed to achi eve near thernodynanic .giel ds of DME.- Regeneration of -

t he.catal yst may be acconpl i shed periodically or continuously, dependi ng on
whether a fixed or noving catal yst systemis enployed. Furthernore,
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Figures 1 to Asﬁehhqﬂthair%r\éﬂéé@'piemﬁ SItoisCéinEﬁéﬁt' BBeMFbEE thath syngas
1o the catalyst, Frrgure > 35,8 D wll'rgt\:Nldrlnaxg t%rar:_‘ogmtsgefo(‘:___onzﬁosr op (%f :
“syngas into | iMRAMUT gepyersions a e sone awe
o comparable total pressures.

The direct synthesis of dimethyl ether from synthesis ges
can be utilized with considerable advantage in many different
'combination operations, that is to say the_economic'formation of -
dimethyl ether from low ratio syngas obtained from an efficient
syngas generation or obtained by igngggg gasification of coal, is
particularly Anstrumental in competitive routes for producing
' specific chemicals and/or hydrocarbons varying considerably in
' composition
For example, the co-feeding of water with low ratio syngas
has a principal effect of increasing the syngas utilization via the
shift reaction with excess CO to form additional hydrogen. An |
additional but eQUally unimportant effect of the co-fed water is an
increase in the H,/CO ratio of the recovered effluent of the
~~ syngas conversion .up to at’least.a.HZ/CO ratio of 1. This effect
of upgrading the H2/C0 ratio in the recovered effluent is
illustrated in Figure 2 of the accompanying drawings, which is a
graphical representation of the HZ/CO ratio of the exit gas from a
syngas conversion catalyst zone, against moles of water (steam) fed
to the catalyst per 100 moles of syngas. The initial H,/CO ratio
was O .67, the temperature was 316°C and the pressures were 50, 75
and 100 atmospheres.’ : ' S
The DME product of the synthesis of the present invention _
may be upgraded to methyl t-butyl ether by reaction with a suitable
alcohol, for example, t-butanol or by reaction with a branched



qure 6 Tdlustrates the effect of cét al yét cc;rrposition on cat al yst‘deéay;
pogure 7 illustrates the effect of catal yst preparation on catal yst
et f ormance; Figures 8 and 9 illustrate aspects of catal yst regeneration;
',atﬂd_Eisjgur'es 10 to 14 illustrate aspects of catalyst preparation and -
fconmpoSition on catalyst perfornmancerl8&s nentioned above, dinethyl ether _
" synthesis effects decisive advantages over other F-T and net hanol synthesis
operations_since it lends itself particularly to utilizatjion of relatively
| ow T at PHEPngERE exampleni Z-meshyirzaprene Pgéf{ﬁl\égc%(haﬁéd _L??j(’éalxsd'--adyan.t age i~
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- cat al ysan acidiedogasxchange reafrapiori phospBoriic heibdnt @ sugpartt age. Figure 1 of

o cony RBATHLO TR YelirP gl by WAPPESOAE e U L) o
ol es of tepReratuzaf (frem G03¢ Lo dAR°GPring Partiqulasly preferretne A2/ CO rati o
was 0. 6gressife oMPEIMBUES S0RStmoLphered 13MsbitBBLFES StHi8Sopiati&?y., 75 and
100 at nospheres. As .can be seen [rom Figu t he_canversi on goes 't hrough
“a maxi mum whi c “sﬁ'i“?&‘?-"'t’??"ﬁ?ﬁﬂe Fe?yé'ﬁﬁg.e{éﬁ%mys%?aleﬁgf&?'.'.'s?eam with.
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. system, the metal and acid components of the catalyst are surrounded
* by or suspended in a suitable high boiling liquid phase, for example
a mineral oil, an o0il product of a Fischer-Tropsch synthesis such as
a portion of the decant oil p_roduct; and a lubricating oil base
stock. The solid catalyst components may be used as combined
particles or as separate particles of the metal and acidic
components. This liquid ph'ase operation will generally be carried
out at a tempera_tui'e'of from about 260°C to about 343°C at a
pressure of from about 68 to 136 a_t_mo_s_pher_es. . ) _
In yet another process, the DME product may be converted
into methanol by reag_:tion with water in the presence of an acid
catalyst. The catalyst may be phosphorus pentoxide (P,05)
distributed on kieselguhr, silica-alumina, alumina, reduced tungsten
oxide or an acid crystalline zeolite. The temperature will
: gerierall_y be from about 204°C to about 371°C and the pressure will
generally be from 10 to 100 atmospheres. - - _
. AltematiVEiy,'_the DME product may be reacted with oxygen
in the presence of a cop'pe'r ca'taly_st'to form formaldehyde. In such
an operation, the tenlpe:ature_ may be from about 600°C to 720°C and
the pressure from 1 to 5 atmospheres. Instead of the copper
catalyst, there may be used tungsteh oxide in conbinatidn with
phosphoric acid distr_ibut_ed ina -ca:riér material such as alumina, .
silica-alumina or kieselguhr, or silver alone or proino'ted '_wi_th small
amounts of copper and silver. When using a silver catalyst, the
temperatures will generally be from 600°C to 800°C and the pressure
- from 3 to 8 atmospheres. -Still further, there may be used a | .
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can be utilized with consi derabl e advant age in many different combination
operat i'ons,.that «is to say the econonmic formation of. dinmethyl ether from

tow rati o syngas obtained froman efficient syngas. generation or obt ai ned”.
by in situ gasification of coal, is particularly - instrunental in
conpetitive routes for producing specific chem cals and/or hydr ocar bons
varyi ng. considerably in conposition., For exBwle, the co-feeding of water
with low ratio syngas has a principal effect of increasing the syngas
utilization-via the shift reaction with excess CO to formaddltlpnal
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of frome60[err] to 15 elng particul a rre

‘the opera

nditions and catalyst may be selected to produce an

aromatic-rich gasoline product from the olefins formed. Still
further, the olefin intermediates may be upgraded to a jet fuel
product by the combination of olefin oligomerization or olefination
and hydrogenation. Oligomerization of the olefin intermediate may
be accomplished at & temperature of from 175°C to about 250°C, it
being particularly preferred to employ a temperature of from 200 to

220°C and a pressure of from 10 to 100 atmospheres.

When effecting :

the oligomerization of olefins to form jet fuel, it is desirable to
o-feed water and to maintain about 15 to 18% free P 05 in the
catalyst composition, "Kieselguhir may be used as the acid catalyst

support material.

The synthesis of olefins from the DIVE product is an
intermediate step in a combination of steps leading to the
_production of chemical constituents, branched olefins, aromatics and
gasoline boiling range materials ‘depending on reaction conditions
and catalyst employed. In addition to the above-defined _ .
combinations, it is also recognized that a mixture of olefins from
any source in addition to those produced from DME may be reacted

with methanol to form high-octane ethers.

In yet another alternative, unreacted syngas may be
separated from the DMVE product This unreacted syngas, normally
having a Hz/co ratio of at least 1, comprises substantial amounts

- of C02

Such a syngas composition can be used to advantage in a



gr:e sure.of from3 to 50 atrmspheres IS swtable for this operatiogn. In
Q ngdt her process, the syngas initially obtained froma gasi fication
eration can be converted into a product rich in dinethyl. ether in a
/cat al yst slurry reaction system In such a system the netal and acid
_conponents of the catalyst are suxmunded by or suspended in a suitable
high boiling |iquid phase, for exanple a mineral oil,. an oil product of a .
Fi.scher-Tropsch synthesis such-as a portion of ‘the decant oi | product,  and
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converted intqQ net an{ by reaction with water in the presence of an acid

- cat aI?'%jt %‘@ 'may be phosphorus pentoxi de (P205) distributed on
ki esel guhr, <in anyaofl tine rabovellprocesses;emreadtedjsgpgwmawbée or an acid
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press‘Eﬁ“@r\‘F-H?ﬁ €0y % B A9 853 FisgRer-Jgopsch f¥@@Spper catal yst, there
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may be use )
_ following the processing procedures of the invention. A low ratio

syngas having an Hzlco ratio of 1 or less is charged to the

process by conduit 2 for conversion thereof to dimethyl ether in

zone 4, Water is charged separately—to zone 4 by conduit 6 or

passed by conduit 8 and mixed with syngas in—conduit 2 before
. passing to DME synthesis zone 4. 1In zone 4, the conditions of

temperature, pressure and_space velocity_are selected to produce a

product rich in DME but”containing somé methanol. Zone a'also |

encompasses a separation facility wherein unréacted syngas and COZ

are separated from the DME-rich product. Unreacted syngas and coz - -
are recovered by conduit 10 for further treatment. The DME-rich

~ product comprising methanol and 002 is recovered and withdrawn by --

conduit 12. The DME-rich product is passed by conduit 12 to zone 14 o
where the ether is converted into_gasoline boiling range olefins

and/or aromatics by contact with a crystailine zeolite catalyst

represented by ZSM-S. Methanol in the recovered BME product is also

converted to gasoline boiling range materials by contact-with the

zeolite catalyst. The reactions contemplated in zone 14 are those

of olefination, polymerization and aromatization under operating f

conditions particularly ‘selective for the purpose with ‘the catalyst

employed. The zeolite catalyst component may be provided with- some
hydrogenation activity by the addition of one or more of cobalt - -
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-11- ,catalyst mixture conprising iron pronoted with nol ybdenum (for exanpl 6
18% [err] + 82% NbCQ3 by weight) at--a tenperature of from 350[err] to
400[err]. Still further, liquid fuels may be prepared, relying upon an

ol efin .internediate product of DMVE conversion as feed to a liquid fuels
convers‘ i on operatlon That is, the DME product is converted at a
temperature of from 343.to 4270C and- pref et & y of at 1east 3710C into an
ol efin. i nternedi ate product by contact with a crystalline zeolite

db o f f d . '
JEBTEREnt e b ! R b B A S Do
‘enpl oyed and tmanweaemd makyodenum. a%rdoé,afiré.ol gndtmrlamn’ahim @h@lig\asol i ne
boiling range. b@ili%n?édg\éepb’odutlﬁ'elé)ﬁ gaso & protgre&%taﬂf' ﬁﬁ%aédq&%ti‘aé/ be B

.selected to pro uce an aromatic-ric rom-t I'ns
formed. Still by fONAEIt 16ke ol efin internedi ates may be upgraded to a j et

fugl th(r]I oduct by the ComMel emiiceid of /me{mgasldoggﬂﬁihtgmo Oﬁeét{veeé@fﬂrgﬁt ion
t e, ol efli nter i ate may be

and Y ogenat b8 aChy SR 3h) UL Bhaselcel ohe e, Romltig s "™ 05, o
particul ar:cyf pF &saheretropscle qatalyst wikenednather e?rﬁchte:tcsyngﬂﬁ .itmtﬁéltmt@senuél gn

ressure of fr
.gf olefins to ?fnr m | Ig'% #ue? d£5| ré%%%eﬁoéog% #g%ggpe{%k)ggpﬁézoag
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source in addi#¢addte on neidicpeanniendnatevialDnediftiedbto raddnsiedthanadtinIWanol
‘to form hi gh- ogf 3R8 fHdiGidual components within a desired range. The
Fischer-Tropsch component may also be in admixture with a
_crystalline zeolite represented by ZSM-5 crystalline zeolite to
effect conversion of the syngas into particularly gasoline boiling
range components. The catalyst employed in zone 18 may be ina
fluid grid or fixed catalyst bed resctor system or suspended in a
liquid phase reactor system. ' In this manner, the syngas may be
converted over a Fischer-Tropsch catalyst such as iron modified with
potassium to produce a mixture of C1 to C50 carbon components '
comprising alcohols, oxygenates and hydrocarbons. The
- Fischer-Tropsch synthesis is normally carried out at a temperature
of 149 to 427°C and at a pressure of from 3.5 to 156 atmospheres.’ _
The products of the'Fischer—Tropsch'synthesis are normally separated
to recover Cy and lower-boiling components from gasoline boiling
range\material and a higher-boiling decant oil product. Oxygenates
‘are recovered in a water phase and thereafter converted with ZSM-5
to hydrocarbons.
 The upgrading of the product of Fischer-Tropsch synthe51s
may proceed along a number of different routes described in recent
publications. It is particularly desired to process the
Fischer-Tropsch product in accordance with one or more of these
pﬁblications to obtain LPG, gasoline and diesel fuel products.
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In yeL anot her alternative, unreacted syngas may be separated from the DVE

product . Thi s unreact ed syngas, nornmally having a H2/ CO ratio of at |east

' npri ses substantial anpunts of C02. Such a syngas Corrposition can be:

L to advantage in a . -12- Fischer-Tropsch syngas conver'si on operation -

- ATilfzing iron or-cobalt or Fut heni un,a as the Fischer-Tropsch netal _
‘corponent. Thus, the unreacted syngas of t he DME synthesis can be converted

~in a Fischer- Tropsch synthesis in the -presence or absence of a water-gas
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br oad sptectml.qnesf des:m:lbedsi.n U.S. Pateritsf 4;0413094%0W,045 B3Qurand5 of the

acconpany ioag &4 ratively, the pratubBSE the FIAAE: AThbetk, f ow diagram
of a pl ant br rading syn é fo rocessin J.p rocedures of the
i nvent i osyntlvasicwnamheosssafgﬁgd m/thgt Qﬁs‘[‘&"ﬁ] @flriagumatsr al @nd|ess s
charged iduekhsoiliAG HatePialC a6l irbcesded bpcuheetéémmﬁésewoj 8.0 di met hyl

bassed (RALEDRRId tnf}ad'%@E%??ﬁsiﬂ&nziie'%#fﬁ&ﬁ%ﬁ?-z fedtal't © o
passi ng ﬁi@h%dﬂﬂxh@ethan gasokine andreferred!totdse tberdhchnbrdg.jgz “a(r:rﬁelrﬁt llélr\/E
DS rBRee 8 e YEbREH ) 3nd Y RAhEdlesnoP 1R udng o0uct 1 Ch 10 DV
wher ei n 4,044 ;084 d4 §3A6g829 2460335325 & ,069 6485 cand KeRTLBZ4DNVE-rich - pr oduct .
Unr eact ed Syngamﬂ% @ﬁé&éssﬁﬁf dr2aigeiieRt ¥ FEQIYE 5t arld 1hOdecortiitdy

treatnent. The
with a. specific method of operation, the syngas comprising coz is

processed over a Fischer-Tropsch synthesis catalyst in zone 18 to
produce a product effluent comprising alcohols, oxygenates and
hydrocarbons. The-prcduct_effluent is,separeted'in zqne 18 to
reccver hydrccarbcnsrwhich_are passed by conduit_ZO to zore 22, In
' zone 22, the”hydrocerbons_ere:ccnverted over one or'more catalyst -
masses comprising a crystalline zeolite represented by ZSM-5
crystalline zeolite providing a,pore_cpening of at least 5
Angstroms, a silica to alumina ratio greater than 12 and a
constraint index within the range of 1 to 12. In this catalyst
operation, temperature and pressure conditions are selected to
achieve upgrading of the charged hydrocarbons to form LPG, a
relatively high octane gasoline, diesel and/or jet fuel of desired
- freeze and pour pcint_characteristics. The conditions of cperation
may be varied considerably, depending on the particular hydrocarbon
‘fraction treated and the desire to produce one or more fractions of
LPG, gasoline of higher octane rating,'diesel'and Jet fuel products.
The tests described below were carried out in-a
" microreactor. with related system cemponents which. permitted rapid
catalyst loading and pretreatment and ready edjustment cf,reecticn_;
conditicns, feed gas mixtures and regeneration conditions without
disturbing'the;catalyst,-_The reectdr.was_400'mm_in'1ength and made .
from a 9.525 mm external diameter 304 stainless steel (SS) tube with -
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product conprising nethanol and CI)Z S recovered and wi t hdrawn by ‘
-condui-t 12.- The -DME-rich product is passed by conduit 12 to zone 14 where
sthe ether is converted into gasoline boili ng range ol efins and/or
~aromatics by contact with a crystalline zeolite catalyst represented by
ZSM 5. Met hanol in the recovered- - DVE product is also converted to gasoli ne
boiling range materials by contact -wt h Ljs zeolite ‘catal yst. The .
reactions contenpl ated in zone 14 are those of ol efination, poI ynmerization
and -aromat i zati on under operating conditions particularly seI ective for the
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ot Tvi Ty by JemiBorancd of thASE Br fatelyst sharein. A 30 o BETaCRCBRKOT

- pa: I ggr um r u¢se mmubong)heas lmentrﬂrlyumsi(tdrpmerlr inza 300 mmvezbical &ube _
E‘écﬁlv;e?QSmasAf%Ee%ig{gP@%?ﬁﬁ §§§H§% %ﬁff i‘*”@lﬁ bg%é%%ﬁﬁé s'
err]./ CO syngsepod iy PyfFexe s €ibliage rent ¥0 y Temnes Lﬂ-ﬁ)'a S
passed to zong,; jn%afﬁl%&)'bﬁé oot 15R0P ‘el R F I WIEh aVRRéMdBolfte

enriched syngas int ed water 1S subjected to a

Fi scher - Tr opsta¢ategeirot yfrﬁ-g'a@%m#érf!ﬁaé‘ntheméaﬁ‘é@et|@#§"§0%rrﬁ¥%jé@d
zone 18 are t %ﬁdocf:o Erascear fﬁas Rd Spea! Bifidugh PicRvaEsH inatddd), tegdal t and

- rut henj um cat yst artrcu ar althou h ot her corrgo&e;’nGﬂ uch.as osm um
and rhodi um aR8lcYRs DELPSAFY Hta IPPOVYRy TTRRRR2 C3FRO Wi her hand,
the Fischer- Tﬂiﬁ@ﬁb iFethb RRAPGAE eylimiert}, | lu‘.oﬂﬁltarrtt gas fliowlwas zeolite or
acidic carrier t i.fie toa ust IVI yof indi vidual -
conponent s wi Tke g"%fgbiyr%gﬂ? mass o, %@’H‘@P-. 038 Fré%ﬁ’@ﬁ? Sy al so
‘be in adm xt ufas waiditzined st al badlepmeeregedatamerdbedshpaﬁw Bherystalline

_,Eg?: : LS to eféea% oroa}\\ﬁeifduci'd Q{.-a&sr]e syngas into particularly gasoline |

_ In the following tests, those catalysts identified by the
numbers I, II, IIi, v, VII, I-ll; IX and X1V are in'accordance with
the ','invent'ion, the other ‘catalysts being included for comparison
only. _ - ' -
‘I Catalyst P aration and Pretreatment |

Catalysts I to VI were prepared by coprecipitation of the
desired metals from hot (85-90°C) aqueous solutions of the nitrates
by the slow addition of hot aqueous sodium carbonate_ (>>100% excess
carbonate). | " |

The precipitate was filtered and washed until f‘ree of
carbonate in the wash. The washed precipitate was dried in a vacuum
oven (70°C) and calcined in air for at least 6 hours. Spot analyses ,
of the calcined powders for copper, zinc, chrome and sodium
indicated that the metals were present in the final material in the
same ratios as in the initial nitrate_eolutions and that sodium had
been essentially removed. Details of these preparatidns are set out
in Table 1 below. ' :

The calcined powders (-80 mesh) were then each physmally
mixed with an equal weight of powdered gamma-alumina as acidic
dehydration component (which had been calcined at 538°C for at least
6 hours) and the mixture was machine pelleted and crushed to 10/30

. mesh. '




amge conponents. The catal yst enployed in zone 18 may be in a fluid grid
i xed catal yst bed reactor systemor suspended in a |liquid phase reactor
em In this manner, the syngas may be converted over a Fischer-Tropsch
a¥al yst such as iron nodified widh _potassiumto produce a rixture of Cl to
C carbon conponents conprising a‘| cohol s, oxygenates and hydrocarbons. The
Fi scher-Tropsch synthesis is nornmally carried out at a tenperature of 149

to 427[¢ t f Th d -
of ol Bt apEef synﬁl‘%ﬁ%@s%@%ﬁr%&“@s*@ﬁ'ﬁﬁ B en e L o s

| ower pbetreatgdcmmemactbroaﬁ @04} iineca meF Yo $ECERI W and a et
hi gher, gﬁ@éﬁ &) whb&é!vighirodeky BeRlats féseu&eqmseer&m a vat er

phase réafter converted Wt dro aréons The upgradi ng of’ | _

" the pnoquease@!r brumsémmpwfosyhtmﬁet pao@e dveABE® 2Wunber of o
g;fs :‘fr 2.0 SSvél%ﬁﬁt rxbeQ‘hé;prfe‘t?@ﬁedpébt tw&sschbﬁ mlﬁ“rﬁdWC{JLag Ing . |

nor e e@gﬂf)gﬁ Q:gﬁfg\lhzé? g%%fag %P&é gaso #éhbegggg&%%eggl f uel

pr oducs)mgas at the pressoreapbespanegvelticiyy tdesized cangk 8@ syngas obt ai ned from

t he D“ﬁm@ ‘achi eved by the ‘techniques described in U S.

Pat ent’S Xg%gﬁ-%;né%ﬁfg 338; .and 4, 159,995, and/or: the toﬁ1 roduct of

.the Fischer- Tr%;ﬁybth%ymt@y% Gﬁa}abestpmbs@édnmparﬁe CENG f‘lﬂés descri bed

in US§ - %Eéd‘lneftﬂﬁr@ﬁb deptnaséael y, the

pg?'tftﬂ'fa ltz‘l"‘g@ﬁka%té Sreprésihit anﬁé

-+ product er- Tropsch s esi.s ed hat gasol i ne
boi | i nEpPTrkhe Exampid | Sﬂfeﬂlyﬁsl‘ﬁ%éai&t@? %%98 Eiﬂﬁ‘ Bi e techni ques
_ ﬁf E Sresaif:ﬁﬁﬁ ﬁd%hgwwfnﬁﬁ?an £q04P we:‘.@nt a:"ﬂigérlﬁiﬁléiilha,l\/aéerl al
i gher i ng than ol i ne eferre a ecant _0i | product nay.
“be pr % hrﬁ"{ﬁ’ué 135 pgféﬁ:tn Eeiéb%eg with af
: apparent density of 1.05 gm/ml The Cr/(Cu + Zn) ratio for this :
catalyst was 0.5. : -
' A3 ml portion of Catalyst VII was loaded into the tubular
reactor and was pretreated and put on stream in the manner described
above.

An additional catalyst (Catalyst VIII) was also prepaled
as follows a solution was prepared by dissolvmg the amounts of
Cu-, Zn- and Cr-nitrates indicated for Catalyst VI in Table 1 in 170
ml of water; a precipitate was obtained when 41.5 ml of NH, o '
(29%) solution was slowly added, the pH reaching 7.5; this

precipitate was washed three times vuth_ 1 to 1.5 liters of water,
dried in a vacuum oven (lkb"’C) and calcined at 3579C; a portion of
the resulting powder was COlTblned with an equal weight of

| gama-alunina, pelleted and crushed, and a 10/30 mesh portion .
selected. The resulting DME catalyst differed principally from that
of Catalyst VI in that the metals in the methanol catalyst component_
were precipitated by ammonia rather than carbonate



2 044,064; 4,046, 829; 4,053,532; 4, 059 648; and 4,071, 574.

In the

processi ng’ arrangenent of Figure 5 and in accordance with a specific net(ggégga
of operation, o

Fi scher - Troosch synt hesi s catal yst
conpri sing al cohol s,

separated in zone 18 to recover

to zone 22.

In zone 22,

the syngas conprising [err]

hydr oc
t he hydrocarbons are converted over one or

oxygenat es and hydrocar bons.

is processed over a

.in zone 18 to produce a product effl uent
The product effl uent
bons which are passed by conduit 20

is

nore

cat at yst nMasses conprising a crystalline zeolite represented by ZSM5

crystalline zeolite providing a pore opening of at
silicato alumna ratio greater than 12 and a constraint

range of 1 to 12.

“formLPG ,
desired freeze and pour

a relatively high octane gasoline,
poi nt characteristics.
dependlng on the particul ar

In this catal yst operation,

may be varied considerably,

fraction treated and the desire to produce one or
gasol i ne of higher. octane rating,

descri bed bel ow were carried out.

systenlconponents'mhich permtted rapid catalyst -

di esel

and jet fuel
ina. . mcroreactor with rel ated
| oadi ng and pretreatment

‘and ready adjustnent«ni reactlon condi tions,
ﬁb’ihe cat
400 mMmin length and ﬁﬁ&é froma 8% nm externa
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l east 5 Angstrons, a

i ndex mﬁthin the

tenperature and pressure
conditions are selected to achieve upgradi ng of the charged hydrocarbons to

d

i esel

and/or jet fuel 'of

The. condi ti ons of operation

no

*Analysis of final metal composition indicated 3 atom percent lagt

on the methanol catalyst components.
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products. The tests

feed gas m xtures and
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i nt-ai ned by a proportional band control ler W|th a therrmcoupl e located in
the furnace wall ‘near the reactor. During use, prenixed H2 and CO was

"(’: npressed and fed through activated charcoal traps (the charcoal was
Aecessary to renove traces of iron carbonyl present in the feed gas
‘cylinders). Constant gas flow was naintained by a thermal mass flow

controll er and reactor pressure was -HH nt ai ned by a back-pressure regul ator

downst ream of the reactor and liquid traps. I'n the foLLowi ng tests, those

catal ysts identjfi by the nunb VI | err IXand XV~ .
are |% accordarﬂ?’e”‘iﬁ H’yet fieen %G%ﬁ{aaﬁe 'hgh%t%"gp"?%ﬂ'& S Afs 'B%l ]ng i ncLudeds

for conpatdlysts oaried) Thid @npbledPtonzardsons) tanpe Rude refathent Catal ysts |

8o BRSO S ARSI LA AR SRR

' aqueouseﬁfzhtuafW%m@iﬁom(ﬁb/(sémﬂﬂ‘smm&)s The precipitate was

filteregdsanpd fl thafdc%@rﬁtiﬁér bonate in the wash. The washed o
pr eci pi é FI{Herr and calcined.in air for at
Jeast 6 hours. Theagingghazactenistins Q;fa geh&d pere guantified, zinc,
chrone Bylcl:h‘éogldﬂﬁ aasbr.qat@di wibata tpmet Gt 3h S(\VE@He(1PQ9 3 ardrsug ddys fi nal .
-mat eri-al hes pelnltlal |traie solutlons and t hat

sodi um ﬂ'&os 55?1 @1 wb{;’eﬂ e gpyerv 8 Parations are set

out i-n Ea‘b)etsio:betbo’ahathBedﬂzdtedrm #unrmhedm&niEOequiihbrimr e Theen each
ey e apboatIE ek Wiy s10pg el (B8P Bh el U 0%, 20 RO
hour s) Qeattihatmem@m-naE‘hi%@Oﬁ@ntetwleﬁoW'@mm&eFéy m3t80 mesh.
expression _ _ : :
K = K, ebtv Qo .
where K is an empirical reaction rate term; K is the value
of this term for fresh catalyst, b is the decay parameter and t is
the time on stream, is substituted into an empirical reactor model
| 1n (1 - X/Xeq) = = K/GHSV (2)
where X is the observed total molar conversion of H2 + CO, Xeq is
the equilibrium value, and GHSV is the gas hourly space velocity for
- the reaction. Substituting equation (1) into equatmn (2) and
linearizing ‘gives the expression :
~1n (= 1n (1 - X/Xeg)) = 1n (K /GHSV) - bt (3)
In Table 2 below, details of the experimental conditions |
for each of the six catalysts described in Table 1 are presented
along with the values of the decay constant (b) obtained by a
least-squares fit of the reaction expression of equation (3).
Figure 6 of the accompanying drawings, the value of the decay =
constant is plotted against Eh_e chrome composition of each of the
six catalysts as expressed by the ratio Cr/(Cu+Zn).

*



~-16 Each of the. resul ting catal yst conpositions was then pretreated in (Eg?él/

reactor at“204[err] in a reducing [err] stream (1 atnosphere, GHSV 1500)
Whose hydrogen partial pressure was slowy increased by raising the

" hydrogen content fromO to 2 volume % and then to 8.5 volume % The
pretreated catal.yst was then cool ed to betb¥~490C in an inert gas stream
~the . reactor feed switched to syngas at ‘the pressure and space velocity -
desired and the tenperature increased. A further catalyst (Catalyst VII)
was prepared as follows: a portion of the carbonate-preprecipitated

‘met hahol conponent . used for ‘the Exanple Il catalyst was cal cined at 260C;, a.
~portion of the resulting powder was conbined with an equal wei ght of

gama- al um na, pelleted and crushed, and a 10/30 nesh portion selected with
an apparent density of 1.05 gmm. The Cr/(Cu + Zn) ratio for this catal yst
‘was 0.5. A3 m portian of Catalyst VII was |oaded into the tubul ar reactor .
and was pretreated-and put on streamin the-manner described above. An

addi tional catalyst (Catalyst VIII) was also prepared, as follows: a .
sol ution was prepared by dissolving the anobunts of Cu-, Zn- and Cr-nitrates
indicated for Catalyst VI in Table I in 170 ml of water; a precipitate was
obt ai ned - when 41.5 m of [err] (29% solution was slomﬁy added, the pH
reaching 7.5; this pre udgate mas.mashedgihree times with 1 to 1.5 liters:
of water, driedSn a vgz SDven 4 #4000 d calcined at 357C, a portion of
t he resultrng powder was conbi ned with an equal wei ght of gamma-al um na,
pel | et ed and crushed, and a 10/30 nesh portion sel ected. The resul ti ng DMVE
catalyst differed prin ly fra %p1:hat ob-CataIyst VI in that the netals
in the nethanol:cataly —ggg@onen : Jere p:ecrprtated by ammoni a rather 't han

carbonate ;]
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B8\ As will be seen from Table 1, t'he conpositions of the catalysts -
ijed. This enabl ed conparisons to be nade of the effects of chrone
osition at three simlar Cu/Zn ratios and the effect of Cu/Zn :
. osition at simlar chrone | evel:zo_l | Catalyst Aging Characteristics
The aging characteristics of each catalyst were quantified by the slope

associated with a plot of In (- I'n (I-Q) versus,days on stream where Qis.

Eﬂe rafd io of th@omf)e%rseeﬁbstts alt isratp’pare@\t?ﬁmmfwsﬂ efﬁﬁna?et ed f?r o -
- therno i libri ive o sl o s, t,he ay rate for .
‘an expo%%%??glﬁﬁ'eﬁmﬁé E;#Zgg t‘Eﬂ‘ﬂ:@B‘?g‘r ésblftc’s Wf&n the detdy

- rate exp/gseitmanpreferked s:ra(CuainD rratab méabbzut)m.Bat deviatlionserr] is the

val ve Ofedatind BRI LSRN ugl Lz O )" By FEE cBRANTAFR, and ¢ 1S

t he Irical re el where X .

i s the amridablia mebhanoln@afalyebrpzepanemotheq éhar] by cmrexdedtatiome
equi | | Dt i@l ddcae i B Yoint zwafwahyse Rgefy @kacyf v for ¢ he

reacti on. Substltutln atlon eg nt o_equat| aon ?&; d l'inearizing gives
t he exp‘F%@s cePpris ﬂg m%ﬂfﬂ ALy sathat dheadingyperi ment al

- condi t isemavier oeaeétaiystéwe:uhsmaammaasw@aefeﬂaeMel nFéade 1 are presented
"o - ieminkatiayind BEediSSRY GRIBHARY 6P BB BE SeabboRatTh SuareS

acconpaprechigi thtion rugsactivlityvﬁweomﬂrashed.deealomnmmrsim pl ott ed agai nst
ﬁgtel ghgﬁf?ﬁgﬂg%éi%&ﬂa fir %ﬁ&*ha%i%tepféﬁ&r%at@ Wihoni®S expressed by the
o precipitation (see below and Figure 7 of the accompanying :

drawings). Carbonate precipitation was thereafter: adopted for

catalyst preparation. :

III Catalyst Regeneration :

It was recognized at an early stage in the development of

the invention that above about 288°C, the aging of a DME syrthesis

catalyst is associated mainly with aging of the methanol catalyst.

components. The detailed aging mechanism of methanol synthesis -

catalysts is not known but causes for aging can be assumed to be (1)

coke deposition, (2) catalyst phase_changes, and (3) changes in

oxidation state. ‘A fourth passibility is the strong competitive

sorption of CO, especially when Hz-lean feeds are used.

Some exploratory studies on copper-based DME synthesis.

catalysts provided the following observations: (1) a spent

catalyst, aged.for 20 days, which had lost 30% of its activity,

analyzed 1.3% coke (0.001% of feed); (2) calcination of this

catalyst in air at 538°C for 16 hours led to further deactivation;

(3) samples of spent catalyst showed no CO chemisorption capacity; |

and (4) treatment of the spent or aged catalyst with H, was not

effective in restoring activity. The state in which the components

of the. active’ catalyst exist is not kndwn, but there is evidence to

suggest that when copper is reduced to its metallic state, the

catalyst is no longer active and a catalyst which has been subjected

to too severe oxidation treatment is also not active.. Also, it has

been suggested that the active catalyst is one in which copper
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-20~-Fromthes'¢-tests, it is apparent that cat'alyst perfornmance is best fo
conp03|t|ons of C/(Cu+Zn) ratio fromabout 0.1 to about - 1.0,

with a preferred Cr/(Cu+Zn) ratio of about 0.5. Deviations fromthis ' o
behavi or occur for-low Cu/Zn (0.5) and for a commercially avail able

met han6l “catalyst prepared other than by cggre0|p|tat|on It was al so

determned froma study of cat al yst aging ta of, catal ysts conprising 25,
50 and 83@6[err] that the aglng behavi or of catalysts w.th 50% al um na is.

preferable. FoL A ARITascaa el & o Bt sbigpesidechtalysagmonia or

car b@'ﬂat e pr EC Vit Wds. cont rast | ower - COI’]VE,‘I’ sion

activity was f3mna0T-¢29 9793t in yb#cmﬁe%QOﬁWfa%ri"az@q é’éﬁpﬁp&ﬁ% (éeé
bel ow and Fi gugs pé e bheives eapeit 1 CleBHOn O/ Zn 1%6 adrel preci pi tation
il

was thereafter_a ed fo catal arati.o L LI t  Regenerati-on
It was recogniZ¥ %‘55 “%jf' 3!’\'}@7 eS e 49[@ | o

@ invention
t hat- above abOlttﬁrtaBBI eme] quanhﬂtatgyagabsbrptmsm hyeaus soliukigns iss

associ ated mai fe tah Th

detail ed agi ng '%Bl’n %#g%%kgﬁgtirhtgng?&% esl gq%iatdﬁgosntcgnflgeﬁgééﬁgnomﬁ but
causes for agi InprganichEhemistmpt, 20dikd. (,1§n1'&3‘§%i&!'690@4‘-‘111 orkondon, dd68) yst
phase Changesn%a;qéda§§) ?H@é’%scém%ngéégééhlé’ﬁédsﬂ?étetheﬁofsg%ﬂ gopossibility is

the strong co tive sorptlon 0 | n are
used. Sone expFeMiserREigR RAPESLIY, Of Hisera %jﬂég % ﬁﬁgﬁ%
provi ded the f@id amégoeb@wwaimmsdldtﬁnaufspm aseatpst aged for 20

days; which had | ost Ooo/%gf ftggt %Ctﬂnainttgin %ﬂg' X&i@iﬂy 3¢ &%M%z@%ﬁrﬁf

feed); (2) calcinatio
catalysts used in this invention over an extended period of

operatlon, the following tests were carried out.

Oxigation trestments of the Cr/Cu/Zn/¥-ALG; catalyst
compositions were carried out by connecting a vessel containing pure
or dilute oxygen in an inert gas (helium) to the reactor inlet. |
Inert purge gas was then charged to the vessel, diffusively mixing
with and carrying its contents to the aged catalyst. After oxygen
treatment, the vessel and thé_reactor containing the catalyst were
brought to reaction pressure and temperature with helium. The'feed
stream inlet was then switched to syngas. Diffusional mixing in the
vessel upstream of the reactor resulted in a gradual shift to
primarily syngas concomitantly with a'température adjusted

reaction. With this system, the frequency, duration, partial
pressure and amount of oxygbn used during regeneration were varied.
Oxidation studies conducted'in_thié manner established a
regeneration operation which reactivated and substantially
stabilized the dimethyl ether synthesis catalysts.’

Initial studies were conducted on a Cu:Zn:Cr = 1:1:1+50%
gamma-alumina catalyst aged for 105 days to 20% conversion (the
catalyst of Example II). _ :

The minimum effective oxygen partial pressure for treatment
at reactor conditions (100 atm. GHSV 4000) with a 100
liter/liter-catalyst pulse was determined. Treatments at four
oxygen partial pressures (0.1, 1, 4 and 2 atm.) were'performed at

_ high (100 atm.) total pressures and a temperature in the range of |



“-. es of spent catal yst showed no CO cheni sorption capacity; and (4)
atment of the spent or aged catalyst with [err] was not effective in

. egtoring activity. The state in which the corrponents of the active

“.cat al yst exist is not known, but thkZ2-e is evidence to suggest t Hat when
copper is reduced to its rretalllc state, the catalyst is no | onger . active
and a catal yst which has. been subjected to too severe oxi.dation treatnent

i s al s@ORJ0 3289Cse. The FBsults plakaiped Areusywardzed 1At thend1est ifour cat al yst A4s
one i nexﬂtplbsc@m‘able 3 b@ﬂow eXAﬁtte? Eg&bﬁaﬂi@h”iﬂi&? doﬁ@@rsifoﬁé exarrpl e,.mw

Jour nal _of t al 07 4 lch a solution of [err] in ZnO

was relBre & ?’F%ebh‘?é g‘é‘f Vet ?Z’Fﬂﬁenﬁﬂtfﬂd [err] and
Cu/ ZnQOtatalysts aubsequesntly amdhaﬂcth p:;ojebaed s:oovemiipos Selaking ber, the

AT | ARG R stk ol AL 1S el 25, fouaht by

I nt ersepmneetptmt oxygendeartiabawespures gomterhthan 0. batmb@ru)eﬁul ated that = °

- the | oggog 10 &hsermso& ﬁ” C%%aﬁi-éﬂér?édt#b? Eﬁéa%tn&ﬁé a%nﬂigﬁmus catalyst
eF

activi h%/ an be ass ction err]. st In an effort

to mai F?ﬁ-?”&@t? Gﬁﬁﬁﬁlﬂfﬁ o%’c&?y‘sqlb'"%%ed inthis
i nvention overTrientoualevdmheBeof @stygén epAtayting, theheatalysbvdurangest s were

conposfreRtre Rl bt Bkt FEReS 8t B ot SJ’V%@’ LEESHEE 1 g pure or
di | ut eexampjes dfhTable n3st Igatheqsecregeneratidnse theaokygen paﬂuall nert purge
9% bopredtple A, fethibla b iR 1| atisphei RbleVE I 1 B0 C20 LY 09,
t he r ehenmreratige erﬁr#goﬂf@téﬂ'ﬂ aﬁrygtmen&rvasoriaomseﬁa rIéianlbhepressure and
t enper gigéred ﬁrJ&mhﬁHUlBTTB thae trﬁ.eéatalyst activity dropped as

evidenced by changes in conversion following oxygen treatment of the

oatalyst. For example, after 108.8 days of operation the catalyst

was oxygen regenerated and its activity restored 'to a conversion

level of 47.6. The activity then declined to a conversion level of

37.4 and after 114 .0 days of operations its activity was restored by

oxidation to a conversion level of 47.1. After being treated with

large volumes of oxygen as provided in the last three examples, the

. catalyst activity was restored to conversion levels of 55.8, 56.6
and 44.8.
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.
streaminl et was, then switched to syngas. Diffusional nmixing in the vessel @
upstream of the reactor resulted in a gradual shift to -primarily syngas
gonconi'tantly with a tenpérature adjust®@®Teaction. Wth this system the
frequency, duration, partial pressure and amount of oxygen used during
regenefation vere varied. Oxidation studies conducted in this manner °

establ i shed a regeneration operation which reactivated and substantially
stabi'lized the di.methyl” ether synthesiw catalysts. Initial studies \iere
conducted on a Cu: Zg: O = 1:db1+50%gé'ﬁ§£um A3 &® al yst aged for 105

days—t o 20% conver sRon~t he &at al yStinak Fmanpl e FI§3F The nini num effective
oxygen partial pressure for treat ngn reactor conditions (100 atm GHSV

t  at
- 4000) with a 100 liter/liter-catal ) % LRwas ga ey ni ned. Treatments at
~four oxygen partial pressures (0.1 R

QG 2 a8 QR were perfornmed at high
(100 atm) total pressures and a tenperature in the range.of . -22- 307 to
338[err]. The resul obt ained areSsu [ Z8d 1 Notdi@ first- four exanpl es of
Tabl e 3 bel ow. Afte@ regenei@ff on, §ABik &M Bonverss @ns were enhanced by as
mich as 140% HoweVEr, The ®eFener at@P &P yst sS“Fusequent |y aged, with
proj ected convergf ons relaxing to grenggeneration | evels after about 10

‘days. It is the2lefore apparent thg‘igcﬁ( pqpart%& Pressures greater than

0.1 atm and of out 1 to 4 atm ermm Nare $referred for treatnment at
hi gh total pres e and 100 liter-gas/liter-catal yst pul se volunes. The:

- total vol unes of"px®gen- contamt i NG QN Byst ROy regeneration were
then increased a4 PRoVided i he PERIQ Gwesd exdBR®s of Table 3. In these
regener ati ons, t;ﬂe oxygen partial pressure was retained at about 1 :
at mosphere; hows¥er, the tenperat uNscﬂ Qesgoxi cl_auqn treatment was -
increased. It @ | be . NARQ N Ng® -
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Sgrved from Table 3 that the catal yst activity dropped as evidenced by
ariges in conversion follow ng oxygen treatnent of the catalyst. For _
ifpl e, after 108.8 days of operation the catal yst was oxygenregener at ed
(A its activity restored to a conversion level of 47.6. The activity then-
"“declined to a conversion |evel of 34 and after 114.0 days of operations
its activity was restored by oxi-dation to a conversion |evel of 47.1. After
being treated with large vol umes of oxygen as provided in the last three

géarrpl ez 42 hg CAtsdcRd ﬁ@bh&dﬂeﬁ«@&uﬂﬁsﬂ@r ectd-cznc@mensmn |B34pl s of 55. 8,
an

cpué
3201 SN sty SE i) JRad, A 88 el AuA FoRoRPpEsie 200,

. conver siwas pursuedy ‘s Oariing elevengcydtlescof oxddatsivef pmbseéa(l \aemp es (1 atm

Egﬁs]erg%gﬁgﬁv\g%@ ﬁ&ﬂﬂ%&@%ﬁéfﬁ%@%ﬁ-}‘éfﬁﬁ&?{ﬂ&é %@%Hg %2 ggys and 104 and -

108 day$onensipas weze | maipkainedi slover 43% reRetwaeni 9% @ndelDla daysiandi ni num
 conver sijap drov shg %Ey§4%iﬁlil?axﬁ%ﬁilﬁ%§<m’éﬁlvlo€re%%ﬂ&4m& itaenddis OXi dat i ve

| se vol une s reduce [1ter/]1ter ring thIS 3-day
Dot § od. PERh AL, COATSARn FLEym S, 4% (xBo4% cBOtugeniilc atR Aght hat ¢ he
nore sedeys, (thooNidative pulse eoluey was a:teaa.ceub #2) oxygen treat rent is

Por | onedtter it Een-aRraRsE - Iubrthd (PR N heriods AER AR o1 5 o ¢ cat
fresh cdrem y2k. to P8%, clearlystingioatingetnaé the more rspvete s(lﬂﬂeat ment .
i ndi cat ?ﬂtéﬂ/ﬁﬁé‘r—ch&aﬂ& af Q986R! @zbo&yggﬂ "PegbRdlit 14 r]ﬁei’erred. |
After 68 days in ‘this experiment, the oxidative pulse was
followed by the hydrogen,treatment progedure_used to ﬁactivate" or
pretreat fresh catalyst. The catalyst_performance following this
treatment indicated little, if any, regéneration improvement. The
hydrogen treatment used was apparently sufficient to deactivate
~those sites regenerated by the oxidative step. :

' During the last two cycles (107 and 108 days), the
oxidative treatment was conducted at a total pressure of 1
atmosphere with pure oxygen instead of 100 atm. at 1% oxygen. No
major differences in regenerated'Catalyst conversion activity were
observed. So long as the initial partial pressure of oxygen in the
pulse was maintained at about llamtosphere; it appeared that inert
gases could be used to maintain any practical total pressure (1-100
atm.). '

In a third study, fresh catalySt'(Cu:Zn:Cr = 1:1:1+50%

alumina) was initially subjected to 3-day and daily regeneration
cycles (1 atm. 0,; 100 atm. total; 100 liters-0,/liter- |
catalyst; 293-343°C; GHSV (02) 70-600) for reaction conditions

_at high space velocity (GHSV 4000, 316°C; 100 atm.; H2/C0-1)

Then a daily regeneration schedule fbllowing a no-regeneration
period was conducted for reaction cond;tiqns at low space velocity
(GHSV = 2000; 316°C; 100 atm.; H,/CO=1) with a long period (24
cycles) of daily regeneration (1 atm. total; 1 atm. 02, 100
11ters-02/liter-catalyst, 293-3439C; GHSV (02)-70-600) This

»
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hydr.agen treatnent used was apparently suff|C| ent to deactivate those sites
regenerated" by the oxidative step. During the last two cycles (107 and 108
days), the oxidative treatnment was conducted at a total pressure of 1 _
atnmosphere with pure oxygen instead of 100 atm at 1% oxygen. No nmj or

di fferefices in’'regenerated cat al yst conversion activity were observed. So
long as the initial partial pressure of oxy I n tthe pul se was nai nt ai ned

at about 1 antosphere, it appeared that .inert gases could be used to

i nt ai ct third study. fresh
ot abost (8 ooy Shge' SHabie HRRRHICR. o¢ B Se et o gl gdbtton, y °°
and daily regemandie maintained tyldatly régeneratiod0 athe resulds; ofl@bis test
lit 02/1it ty, 4, 0) f ti
condi 1 ons. at  REreLo ol . PRucR 61 He SShBipeiAg ardltdlyy To Teaction
H2/ CO=1). Then a dai | yIn &y&uetheri ’@ﬁﬁtscﬁ%myéthéMVﬁﬁ ﬁge%atﬁs fazy 68 daysi om
peri od was condusbafl wieh de?i@dicoﬂx.{dﬁw#é 'r‘éﬂéne”fatkéﬁs SPAEE Nl Eefadt@f.ﬁV =

2000; 316 t
dai |y reg[eﬁre;LFPBaﬁ( %"g]t‘*ﬁ t alat""l pé??ﬁ”rfer?]t%%aﬁpq%“ Or°>f( g”‘%” e%f’a‘?g/st
293-343[err]; Gyﬁthe(sla)ga'é)wﬁﬂﬂb rdticsof H,725-ofS holwS(mbbat) ahdld @HSpeafat i on

oL casentt 1Y )b 0B oA Al T Y th Rl e

acconpanyi ng d280@ rtps. 30 toad? & tays onestreadat zﬂeymdmzl oxidat ive eegenrtation 50

days-on Streamow soﬁétaﬂ 5€ was Q@édnﬁfiérﬁﬁefﬁrtﬁb' Hfg‘f‘ ?’Bp@i‘%tf Ct'O”
condi ti ons vver atm pressure, a tenperature o err ee
synt hesi s gas 'a ratio of H2/CO of 1/1 (nolar) and a CGHSV of 4300 for

the first 28 days on saJearpr ?canfmu: 28 Qaydtdn debbamenﬂwéeméme% to 49.5

n stream Peri odi c OXI dati v ener,ati on
- days.o nerat%. rocedure was:

1. Flush the reactor with helium at 100 atm. pressure.

2. Elute a 1% oxygen-in-helium mixture at a pressure
of 100 atm. from a container of volume 100 (1/1)
liter/liter catalyst (i.e. 100 1-02 at STP/1
catalyst) at GHSV of 7000 (catalyst temperatures
‘'were maintained between 271°C and about 316°C
during this step)

3. Flush with helium at 100 atm. _
4. Bring synthesis gas into the reactor to resume
' reaction at 316°C and 100 atm. by passing a 100%
syngas stream to the reactor through a "buffer”
container of hellun 100 1 catalyst at a GHSV
4300.

8. During oxidative regeneration after 28' days: -

1. Depressm'ize the reactor to atmospheric pressure
and flush in helium.



Mifk ca al'yst was acconplished in the follow ng two operating nodes: A
erb st 28 days on stream the oxidative regeneration procedufe was:
sh the reactor with heliumat 100 atm pressure. 2. Elute a 1%
Ng helium nmixture at a pressure of 100 atm froma contai ner of
"-oI unme 100 (1/1) liter/liter catal ysje(i.e. 100 1-[err] at STP/ I catalyst)
. at GHSV of 7000 (catalyst tenperatures vvere ‘mai ntai ned between 2710C and
about 316[err] during this step). 3. Flush with heliumat 100 atm 4.

Bring synthesis galszJ glEDuﬁ&a pEkzet of M%{@%h BR fl‘éﬁlct a'tdr?rﬁtéinélgpgu?][‘gr 1002_ ;: )

atm by passing a | 00% a e.reactqr C

cont ai %elro of hgl ium 10?5&1/"}"% iﬁ%‘ggfp%ﬁ §f)’§f386 -egl 8%81(11 t8ES oxi dati ve

regeneration after 28 Gzyak S]P/mPre.‘m'.alyszhél abel atmospheréo at n}))/sg)n)e/ggﬁ o
and flush in P 0

D contai O#I ter/ PI ter c '; &I@/ I%feéﬂq%goéqq Fga

a contai ner of vol une _ s [err] at
STP/liter catalyst) at' ?“m qetum OW tZSOPﬁIandnﬂ&"Ca GHSV of about

600 and tenperatures of betvveen about 2600C and 316[err] 3.  Flush and
- pressurize the syst m'{. 460, atm w,th Resune 100% syngas

charge to the react ra ?n%tp%s%r&ﬁﬁrﬂ'ﬁ ﬁ{f;s'?FﬂHE‘)A“éBo%"é"-aH%ltﬂ hen drop
t he helium. ._

' 4. ' Res_ume _100%. syngas charge to the reactor as pér
. step 4 operating mode A above and then drop the
: _G-lSV to the desired value of 2000 (or 3000).

_ It was. fcund that while 3-day cycles were not effective in
~ maintaining stable operation at 4000 GHSV, a week of stable
| operation at 56% conversion (70% of equilibrium) was maintained with
_ daily, low severity regeneration cycles._ Statistical correlation of
this data indicated essentially "steady state" activ;ty.

At the lower feed rate (GHSV = 2000), catalyst aging was
present without regeneration. However, daily regeneration allowed
the maintenance of essentially equilibrium conversion (79% vs. 80%)
for 20 days of operation (24 cycles). Material balances were
performed at the end of each cycle. Aging was nct statistically
significant

A major conclusion of this catalyst study is that above 50%
equilibrium conversion levels and up to substantially 80% conversion
' levels can be maintained with stable catalyst behavior for dimethyl
ether synthesis. However, periodic or a relatively continuous, low
severity oxidative regeneration of the catalyst is desirable tc
maintain this conversion level. |
In a final test, Catalyst VIII (ammcnia precipitated) was
operated for several days at the nominal reaction conditions of 100
atm. pressure, a temperature of 316°C, a synthesis gas with a feed
ratio of H,/CO of 1/1 (molar) and a GHSV of 4000. The performance
- of Catalyst VIII is compared with that of Catalyst VI in Figure 7 of
the accampanying drawings. _ -



GHSV to t.he desired val ue of 2000 (or 3000) It was found ‘that while 3-day"

cycl es wer e’ not effective in maintaini ng stabl e operation ‘at 4000 GHSV, a
yveek of ' stabl e operation at 56% conver si on (70% of equilibrium was
mai-Atained with daily, |ow severity regenerati on cycles. Statistical
correl aficon of this .data indicated essentially "steady state" activity. At
the lower feed rate (GHSV = 2000), catal y5127a:g| ng was present w thout
~ regeneration. However, daily regenerat i on ‘al |l oned the mai nt enance- of
essentially eqw l'i bri um conver sion (79% yS. 80% for 20 days of operation
(24 ‘eycles). fhectg : on Beganeratdon of each cycl e.

Agi ng was not stati st Imh*bmgéudabmﬁﬁ thé\ dﬁtmalqeylcdmzh@rpzeﬁeﬁdy of Cr
catal yst study

t hat, . above 50% U|I|br| o ver ey, sadu
Cabot ant i ol Iy’ SboHEoRSroR0sY svRmsid tomohettaf ofhe ittt retfed AR 0.
behavi or for dofrethitgl ireehtiorsand fofsthe elﬂﬁemab/ef tnnecomr.ecdpmataom el at | veI y

dosirabi o to rRrHERELhFETed ey Ind RICARS B BrtbE SRBE o Sy ot i

(anmoni a pr eci prargretionsato guéd axddative tegrpenstignywers studiedoniOekail

reaction condi gf ae. éﬁtal?@t %Blfiéﬁﬁﬁw anét‘i?ﬂlﬂ afe”s%toéu@iﬁ[ﬁdle 42
synt hesi s gas 1 %;a GHSV of, 4000.

d ratio
The perfor mncﬁ%gi@%ﬁ'y the ?X“%Egg%ﬁﬁﬁ?%éﬁ om Rysical |
Figure 7 of thmmesrmmgqm parts byweight -0?7 -la\luﬁiriaeehdd mebihariol s t

b esence of G CHESTRE e tREIBEL i AL X %ﬁb%%%a%geq Pt SRrerataniats,
cat al yst of tho® the\eafZnier amdCwiZnl Ak cofp inations wikth ce:pees: |l\pémg i on
Ppreparation tegdmpdse (Fiksl 'PRSPYTeem QW finsOdf thal Aletate salts, followed
by calcination at 260°C. Catalyst XI was prepared by carbonate
coprecipitation of the Cu/Zn pair followed by calcination at 343°C.
Catalyst XII was prepared by carbonate precipitation of the Cu/Zn
pair, calcination at 343°C, and highesheardslurry'mi*ing with Al in
-a water suspension in a Wang blender according to the procedure
described in U.S. Patent 3,790,505. Catalyst XIII was prepared by
carbonate precipitation of the CwCr and Zn/Cr pairs and subsequent
" -mixture of their calcined (260°C) powders. Further details of these
catalyst preparations are similar to those described above, for
example all catalysts were activated with dilute, low temperature
" hydrogen in a manner designed to avoid undesired exotherms. '
. Syngas conversion studies were conducted on these catalysts
in the apparatus described above (316°C, 100 atmosphe:es, H2/C0 =
1 and GHSV = 4000, except for Catalyst IX where GHSV = 4000 to day
28 and then GHSV = 2000) Periodic oxidative regeneration were .
performed according to the dperatidn mode "B", described above,
except that the temperatumes were from 288 to 343°C.
The regeneration behavior of the Cu/Zn/Cr base case is
illustrated in Figure 10. As with the data illustrated in Figure 8,_
this data shows the renewed activity resulting from oxidative
regeneratidn of Catalyst IX. Constant conversion can be maintained
with sufficiently frequent periodic regeneration.



Hr synt hesi s cat al yst s were pelleted from physical mxtures of equal

X-fere prepared by the coprecipitations of the CG/Zn/C or Cu/Zi/ A
conbi nations with excess Na2CQ03 sol %8on (fi nal pH-9) from solutions of the
‘nitrate salts, followed by cal CI natlon at 260[err] Catal yst Xl was

pr epared by cariorae copeecBLalipn: O e U fhpals fallowed by o

‘pr eci pi batcompandd uhd—‘@uﬁré’a ma'and ]dahttmathecsitaatﬁztﬁ[nberq thend hi gh- shear

The pr ol ild dofhnt, In ¥ AAEE 12 ﬁ?@hggﬁﬁsﬁsﬁ&%ﬁmﬁ agecgLine to.

. prepar equite simblagat é*qyeserpmumﬁiﬁtenshérWSpnhﬁuetz #hirs and

subsequ erf@réﬁiﬁneo?f(:attﬁfyét ﬁ@'ﬁdﬁ?ﬂu{@.@%er 'Thhsp%hdfésessEH&dler det ai | s of _
t hese catal yst &/ arations a V%lag%l%r th gfi %sc bed above, for
exanpl e that they ;Et%mﬂ@%"% 1 h"‘m EHC {AERPEYeFSur e hydr ogen -
~in a manner designed to avoid undesired exot herns. Syngas conversion
st udi es were conduct ed on these catalysts in the appar at us descri-bed above
(316[err], 100 atnospheres, [err]/CO = 1 and GHSV = 4000, except for
Catal yst | X where GHSV = 4000 to day 28 and then GHSV = 2000). Peri odi c
oxi dative regeneration were performed according.to the operation node "B",
descri bed above, except that the tenperatures were from 288 to 343C. The
regener ati on behavior of the Cu/Zn/ Cr base case.is illustrated in Figure
10. As with the data iliustrated in Fi gure 8, this data shows. the renewed
activity resulting from oxidative.regeneration of Catalyst . | X. Const ant
conversi on can-be maintained with sufficiently frequent peri odi c
regenerati on. - 28- ' _

s by weight of [err]-alumina-and a methanol conponent.  Catalysts IX and



The effects of- copreC|p|tat|ng the nDdlflers Cr and Al can be conpared in
Fi gures 10° -and 11 W th the situation where the nodifier is absent in Figur
12. Inji'tial conversion activities are quite sinilar. However, when
modifiers are absent even initial regeneration of Catalyst X was
fruitless. Thus, it is essential that tlag_Cu/Zn conponents be stabilized
with structural pronoters. - 29- 3 | ncorporation of an Al nodifier
by phy5|cal mxing is illustrdted in Flgure 13. Activity and aging of this
cat-alyst (Catalyst. XI1) closely parallel .those of the unnodified Catalyst

Xl (Figure 12). The aged catalyst could not be regenerated. Cearly, the.
nmodi fi er nmust be coprecipitated with the active netals. The case for which
‘hal f of the nodifying chronium was copreC|p|tated wi t h- coppér and.the ot her
hal f coprecipitated with zinc and the resultant cal ci ned powders conbi ned
with the dehydration conponent to forma DVE catalyst (Catalyst X I1) -
supports this conclusion. Wile less active, this catalyst was" regenerable
as illustrated in Figure 14. The greatly reduced activity of this

- conbination is consistent with the hypothesis what the active nethanol
synthesi's site involves caflper in solid soluti%h with the zinc oxide phase
‘of the net hanol conponent. quprSC|p|tq£ed dBEZﬁ/AI based DVE catal ysts
appear to be initially. cha&acte |zedm a hi recovery . activity-

(activity after regenerati r% t Rda t = Cr g jged counteraprt (Figure 11
vs. Figure 10). However, gfqgr 4| M0 qg perwqyghnd 4 oxi dative treatnents '
the Al. nodified catal y§ wggin 3I;Qng§r“regé'aeg_go e. . :
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tcycl es.

At y-,' the copreC| pitated Cu/ Zn/Cr based DIVE catal ysts of this invention.

-remarkable stability to regeneration. Steady high conver si on has

observed at GHSV=2000 for 80 days and over 45 cycl es. Even at :
SV=4000, the catal yst was oxidatively regenerable after 125 days and 5 -

Fi gure 9 illustrates data cqbhected to identify the severity:

(tenperature) limts for.oxidative regeneration. Conversion was carried out

‘at 316[err],

100 at nospheres and GHSV- 4000 using a syngas of Hz2/ CO=l over a

Culzn/ & (1.1 mdiaéﬁﬁi%ﬁt@fléﬁtm mesﬂﬁrabygsrhhyegga ielle yere as fol | oves

100

316

2 e**
1 .
510 -

. 100 |

3164
'i'ﬁustTr%QBé’ rat ure[.le.':[r Acgg %?Sajr{deag ng of try@ocatalyst 1 ¢

(Catalyst XII)16Iosely parallel thdsel of the unmodilfied Catalyst :’:,%9 100
(Figu1%9§2) she aged catali% could not be regen?ated. Clearly, 100 h

the modifier _must be coprecipitatedoﬂ.th the activediBtals. 1f
| yst ages or
case for which ha%]f ofrtdweS modifying h¥m nga%a ve)

104 d to % conver sion
Gﬁv—iggﬁpwgpk eg 9‘\’/ﬁ'ﬁ’4era?"QG!I'B@Wrc%#lfbéomﬁpiwdrwéher ation
t enper atimee andathee deéultant Baleonddl ﬁdér]s cﬁ&ﬁﬂé@rvﬁlthotheat above 5100C

rEfefsgICE eg?ﬁ%&'g?g‘%ﬁ%ﬁmpg rfgﬁkma z#%#i@%at al yst activi ty. Vv

supports this conclusion.’ while less active, this catalyst was
regenerable as illustrated in Figure 1l4. The greatly reduced
activity of this combination is consistent with the hypothesis that
the active methanol - synthesis site involves copper in solid solution
with the zinc oxide phase of the methanol component.

Coprecipitated Cu/Zn/Al-based DME catalysts appear to be
initially characterized by a higher recovery activity (activity _
after regeneration) than the Cr modified ‘counteraprt (Figure 11 vs.
Figure 10). However, after a 40 day period and 4 oxidative
treatments, the Al modified’ catalyst was no longer regenerable.

~ Clearly, the coprecipitated Cu/Zn/Cr-based DME catalysts of

this J.nvention exhibit remarleable stability to regeneration. Steady

high conversion has been observed at GHSV-ZOOO for 80 days and over

- 45 cycles. Even at GHSV=4000, the catalyst was oxidatively

regenerable after 125 days and 5 cycles.

Figure 9 illustrates data collected to identify the
severity (temperature) limits for. oxidative regeneration.
Conversion was carried out at 316°C, 100 atmospheres and GHSV 4000

_using a syngas of H2/C0=l over a Cu/Zn/Cr (/. l/l)-based catalyst. :

Regeneration conditions were as follows..



hl—lydrogen_de.-f,ici‘ent syngas (H2/ CO<1) as i-s produced by present day o@‘ T
times preferred nore economc gasifiers can be utilized to sone S
consi der abl e advantage by a sel ective conversion to dinmethyl ether (ON R
With appropriate synt hesj s catalysts In such an operation, water can be
co-fedsalong with low ratio syngas for conjzact with sel ected ONE synthesis:
catal ysts where by virtue of the water-gas-shift activity of conmponents of
sel ected DVE catalysts it is converted with a I|k§ anount of CO to hydrogen
plus [err]. Sypgas TémgeratiieQnogan Mressupe pwes. and2pmoleeynol e ratio of a
H2/ GO ef fl uent™Trom  he Synt hests step upgraded In this manner as

il lustrated ina%he case3bd equilibrium ¢@hditions in B.jures 1 and 2,
referred to abgve. The raded H2/ CO rﬁ&¥o gas recovgred fromthe wat er
co-fed DCE synthesis ste necessarily contains other gases, principally
.C02. Because of the sevéE@ equi | i brium aIty of suck C02 diluent on ONE
conversion, utylizationzgf this syngas -32- notp be best effected by
.recycling this Q02- cont ing gas to th DNE synt hesi t ep. acconpani ed by
the necessary 5ﬁr|f|cat %£ of the recycied gas. Recov d unreacted syngas
streans, conprfsing appBspriately upgr-aied H2/ CO rati d08yngas, can
-alternatrvely e passed gg conver si on sgstens I n mhicgﬂﬁonver3|on activity
is not equili iun}lini?ed (as is the case of DMVE) .and Wwhich can (perhaps
with less seldetivity) B101ize the recokered unreactedO8yngas stream A
secondary reacfion systgfgparticularly guitable for cqpg#iing this

C02- cont ai ni ng_syngas conprises a Fischer-Tropsch conversion unit utilizing

one of Fe-, Cod or Ru-t synt hesi s catal ysts. Suchlaosecondary synthe5|s'ire

_catal yst systen1a||oms for optimumutilization of the recovered DMVE recycle

syngas with mp Icn%alys‘c ages for 104 days to below 20% conversion
*+ for runs “a" to "e" (122 days) GHSV=4300
#+* followed by H at 204°C

It can be seen that regeneration temperatures varied from 293 to
~ 510°C. Regeneration at above Sloéc'resulted in decreased, and

presumably irreversible, catalyst activity.

V_Effect of co-feeding'water'with hydrog;n-deficient syngas

Hydrogen deficient syngas (HZ/COAQI) as is produced by
present day and some times pmeferred more economic gesifiers can be
utilized to some considerable advantage by a selective conversion to
dimethyl ether (DME) with appropriate synthesis catalysts. In such
an operation, water can be co-fed along with low ratio syngas for
contact with selected DME synthesis catalysts where by virtue of the
water-gas-shift activity of components of selected DME catalysts it
is converted with a like amount of CO to hydrogen plus C02
Syngas utilization can be improved and/or the mole ratio of a
H2/C0 effluent from the DME synthesis step upgraded in this manner
as illustrated in the case of equilibrium conditions in Figures 1
and 2, referred to above.

The upgraded H /CO ratio gas recovered from the water
co-fed DME synthesis step necessarily contains other gases,
principally coz Because of the severe equilibrium penalty of
such CO diluent on OME conversion, utilization of this syngas may




AQe i nterstage [err] renoval. such a systemi's |IIustrated i.n Figure 5,
bed above. The.upgraded syngas effluent fromthe DME sequence i s
ularly suited for subsequent utilization in a Fischer-Tropsch

pased catal yst operation.. In Industrial and Engi neering Chemstry -

o E‘Process Research and Devel oprrent 135(4) 1976, it is suggested that benefit

I s obtained fromincreasing both the [err]/COteed ratio ([err]/CO<6) and
the level of [err] at the F-T reactor entrance. Decreasing the ratio of

lerr] (ipgt be'dt%'teélﬁﬁeﬁﬁed €Hyr l‘éc%hﬁ@‘th@?.' -Bostasni gﬁgrtlpfthfeor mation. .
‘Al so sel ectrvrt\é rocar bon roduts to neg E ecreased as - S
[err] iME Syike S‘H#'GE ?Ré@??"! ied by 4he; NREESSATY: I'?Hr %‘?" Prof&n st age " of

_ a two- sieegelep@ast i on envisioned here when the [err]/CO rati o and the
. C02-content of  t e e re increased as a .
result of H20 COH$%°V§§$%%§g %éé g"ég%g s%%quﬁéé\égfsgps] /CO ratio recovered
f r om orappappriatelyupgraied ? Qo astimsmsedwymghsrmévehpbeat i ng without
S water Gog &C\:dTE &‘?s%& éﬁ{)iﬁr\mﬁ ﬁrgﬂdhygét’ﬂ‘i@ Q4 pyge in the

secondary uni e accorrF rate wat er - gas- shi ft
react i Gifud i”“"bﬁﬁq“iitgd ei%ctGﬁo?ﬁ%aP ymﬁérﬁ@i/l!ﬂ @n/ceo (ResbAPy water with
| ow ratwitthsyéaaeewaeﬁ )Outmz@l\&xesreeds\eiea dﬁieactedT ﬁw CI fic secondary

\r,)\n_r f)lcess co % 935)! f%&?ﬁé%iﬁtlés' n%tli@éar % §.31ta sed catal ysts -

OFati o syngas such
as pr omoﬂwelrﬂ;ngt treiseC gi-u:amta:trriom $ynga®\dompy Déde ai Bisz:heo-Tropacrunder st andi ng

char ged Pry B EHORNG PR FRC, Lk B S tile fitffhedds 1S T, (S TG e

_ charge syngas

bel ow. catgbyatse awshna seconganyr synthesds Watalyste systega lowsufer be -
constr jpiefum @stiﬂiz%‘t%ﬁ%? aed %covered DME recycle syngas with minimal
or no interstage 002 removal. Such a system is illustrated in
'Figure 5, described above._ - :

The upgraded syngas effluent from the DME sequence is
particularly suited for subsequent utilization in a Fischer-Tropsch
iron-based catalyst operation. In Industrial and Engineering

“_Chemistry - Process Research and Development, 15 (4) 1976, it is.
suggested that bernefit is obtained from increasing both the H, /CO
" - feed ratio (H2/00<:6) and the level of Co, at the F-T reactor
entrance. Decreasing the ratio of (Pog’Prz )3 (i.e.,
increasing H2/00) decreases undesired carbon formation. Also.
selectivity of the hydrocarbon products to methane is decreased as
002 increases. Thus benefit is received in the Fischer-Tropsch’
stage of a two-stage operation envisioned here when the H2/co
ratio and the C02-content of the recovered interstage syngas
- stream are increased | as a result of Hzo co-feed to the DME stage.
_ The syngas H2/C0 ratio recovered from or rejected by a
DME unit as unreacted syngas when operating without water co-feed -
may not be sufficiently rich in hydrogen for use'in_the secondary
unit. Upgrading can be accomplished in a separate water-gasrshift-
reaction unit - but is more economically achieved by co-feeding.
water with low ratio syngas passed to the DME synthesis unit. The
specific secondary process comprising aF-T synthesis using. Fe-, Co- _
or Ru-based catalysts will normally requrre a 1 or higher HZ/CO _ | -



. . o .
For -syngas feeds.-of H/CO nole ratio, r, less than 1, water can be -co-fed -
~with this 'syngas to a dinethyl ether synthesis reactor in ampunts given
[«err] where Sis the nole ratio of [err]/CO and the stoichionetry para
“r' has an arbitrary value constrained by the relation of r r' 41. . The
ratio.df [err]/CO effluent fromthe reactor will increase as Sis _
i ncr.eased. The linits on S can. be- expressed}j n.terns of idealized behaV| or,

as follows: 1)  the upper linmit on S, S<1, 1s established by the fact that,
were conpl ete shift of COwith [err] to [err] and [err] to occur, in the

case™of Sal, ngofD e Chyhgs®isiich s Maewwtﬁémmaeﬁtthmsheaet he
syngas st oi Chl onet r ar anet er rrpeq; :tgg n| f I canc D rret hyI

et her stoichi oﬁﬁ"t'?rysagtﬁtéppat"\@s”@% Gtor § o =l
When the nol ar bélﬁ&doradidtatés the leVelveft eatemtbege Ichai‘dad wb&msyngwnt [er r

woul d yield an - H re hi ft
conpl etel y vm t Hggﬂfg\%b éé?cgsgﬁ&g%g@r %f %’nés?ﬁz iig")'gtt%%té?% 1i hﬁé
r' wherein r' <rthe>qmest;erf vakerr copfledewidin thehsyngas: showls be onstrained), efs:
hand si de of € e positive. The Iimts and concepts discussed
above are, of gg%ﬁrds%dl(b%h PI zed - with their actual val ues_ depending on the
conpl ex equi | i bri um and F@yneingas keedsi ofr HefCOmpiey FabLo iy hlassc R hdvor s as

-34- catal yst Ryp@ssadt Ea-cﬁé@i' ¥itho this |§ PﬁéasCQﬂpa iggabtHid etH¥r Sydthesis

predictions.  For ,a specific re toB configuration and synt heS|s
reactor anounts g .

r'-r 45 {1
+ I S :
where S is the mole ratio of H,0/C0 and the stoichiometry
parameter r' has an arbitrary value constrained by the relation of
r<r'&l. The mole ratio of H,/CO effluent from the reactor will
increase as S is increased.
_ The limits on S can be expressed in terms of idealized
| behavior, as follows:
' 1) the upper limit on'S, S(l is established by the fact
‘that, were complete shift of CO with Hzo to l-l2 and CIJ2 to
occur, in the case of S=1, no CO would remain for subsequent ether
- synthesis. .
2) the syngas stoichiometry parameter, r', has important
significance, Dimethyl ether stoichiometry anticipates a molar feed
ratio for H,/CO of r'=1.0. When the molar feed ratio, 1, is {1,
water co-fed in ‘the molar amount - : -

L. -
would yield .an'_effective H2/'CO r_atio of 1.0 if all co-fed H,0
were to shift completely with available CO to form H, and coz.

3) the lower limit on r' wherein r'4r expresses the
requirement that the numerator of the left hand side of equation (4)
be positive. _
~ The limits and conoepts discussed above are, of course,
- idealized - with their actual values depending on the complex -

equilibrium and dynamic behavior of a reactor with such factors as



eperstlng paraneters ext ensi ve varlables such as syngas conver sion or
ew ratio at the reactor exit .can be correlated with the water co-feed
p .

eter (S). Wth the aid of such correl ations the desired S value in
: & range specified by equation (4) can be determ ned. Such «correlation is
~f1lustrated by the follow ng sequence of tests. Two further catdlysts, XIV -
and XV, were- prepared in two parts. -3&Lrst, a methanol conponent was . '
prepared by co-precipitation of three netal corrponents from an aqueous _
stirred sol ution of their nitrates by the addition of excess hot : -
(85- 90[ eatalystobypasscanc dbackmixing Ufurther Tosplicating mgpriardi pi t ate was )

vashed, SAEAIIENS, CPhE| 41 SecriB M3 okt dura U5 SrieL gLy £omPONont

were theén ground to powd part by
wei ght GPEERIHIE- RATBAFRTSpomfensi\e vaRiables: sufinag)ayngas coprersien) . Cat al yst

X g hﬁdoi! afaﬂiocéﬂmh&eféad%ﬂ@{itgcaﬁ g mia%@mﬁ thb oopper, 4 ne
an cnro a onpone prepare rom equa
‘atom aﬁﬁntﬁ 50'8%133%’@‘“5{\?/? [Eq r’({ﬁél Eu&n" pen corEglatiansuthe initially
act i vat desimedcSnitalaei iy the riangenspeet 1669 Gqusthom (Y dspoBe/ i nert gas

stream \gggesﬁghéairogen conposition was slowy increased to 2 vol une percent
and t hen Vol une percent and then operated at synthesis conditions

for extended péﬂ@dgmeﬂhtm Ladilduskratedi be thegfoldosingseqienese oxi dative

regener gpiguagsvere carried out by purging the reactor with inert carrier;
[ ul se- of oxygen of 100 liters STP/liter

(F:)ZtSZ: ;gt o;;ar at Mﬁ'ﬂ St %‘?3&?@: XIY argef Ve wese grepated dn3® err] and a -
space vparks. tyFﬂtsftf,l8Imelthanblsbaﬁwﬁnt)rvla\seﬁﬁedab€d By célapﬁar Hatlhe Cgt ?! gflts
W th oy A AREH sk (Pl ofin wh SayeBis is cfﬁ”hiﬁqrfaééb‘%&éf.”oh under
the f ol hbtuatgs rayritheladddhitint ofrexcess dwE, (85-994C hisodiGiiSdrivdrated on -
. solution. The resulting precipitate was washed, dried and calcined
at about 260°C. : :

These methanol conponents were then ground to powders and
each was combined with an equal part by weight of gamma-alumina
powder (ground American (_:yanamid SB #464). :

Catalyst XIV had a methanol component -prepared from equal
amounts of copper, zinc and 'ohromium.' Catalyst XV had a methanol
component prepared from equal atom amounts of copper, zinc, and '
aluminum. '

Both catalysts were initially activated by contacting at 1
atm. and 204°C with a hydrogen/inert gas stream whose hydrogen
composition was slowly increased to 2 volume percent and then to 8. 5 '
volume percent and then operated at synthesis conditions for
extended periods with periodic oxidative -regen'eration.' These

- oxidative regenerations were carried out by purging the reactor with

- inert carrier; passing over the catalyst a pulse of oxygen of 100
liters STP/liter catalyst at atmospheric pressure, a temperature of
288 to 343°C and a space velooity sufficiently slow to prevent

" thermal danage of the catalyst' and then gradually displacing an
inert purge stream at reaction conditions with syngas charge. |

Catalyst XIV was operated with daily regeneration under the
following nominal ‘conditions: 316°C 50-54 atm; GHSV (based on
'syngas) 1000' H2/CD mole feed ratio = 2/3 and at various levels



syngas) = 1000; [err] nole feed ratio = 2/3 and at various levels _-35-
. of co-fed vvater ‘As indicated in Figure 3, the water co-feed | evel was
varied throughout the period of the experiment. In Figure 4 the result
this experiment are correlated with the anount of water co-fed per unit
amount of. CO f'ed, S. . for two variables - the reactor exit H2/CO nole ratto
(A) and the tot aI syngas.conversion in terggs.of [err]+CO reacted (B) - and
the observed val ues are conpared with those projected for thernodynam c

equi I brium conversions at appropriate feed conditions. Results such as

t{lgse* pr etSﬁnt eeflda.fw%eeﬂ CAB i?ﬂi@%iet@ mﬁd-'ibgfe tﬂ]etm%teit:”cgﬂ-ffbﬁéfm |

et her. synt hesi s sys erge al ontac rr

with sy%t hesi s¥ y f&} S:LF‘TUQEPB Esﬁthﬁt tév exgﬁréggn Egg'l 8dg iﬁ"

"~ water co-feed t-wﬂ]tsocif‘ @h2H expeﬁn[eatrqﬂeca)medaeed)métlsmr‘e mliouﬁﬂ aft mabgrher es
d i odi cal b 18

and periodi ca L% '%?t %‘ﬁ%{é"‘é raer&% Sttuo \%ﬁ‘é g@%&grt er

regener ation an out
ef fluent [err]exdd Hgl@ mole c:asio C(A853ﬂd1&h%eﬁ°§§1 eeyngemm@nvertﬁioah@ tesws

ratio. Conpar bF@FSC@freTaEQed)QB?U/%Hd 6éHe! a@ﬁrv&ewdm@arrat msmpaaeb GaeNer sion

for this run on- C&t al ndi.cate a diver rom equi)ibriumsimlar
to that correl 5$9s¢ p@/jee&%ﬁiogtt%r@odynami%@q &EL% mﬁqﬁﬂ’?ﬂ SEAYER
SYNTHESI S PRODkjsppifatdOebtd AbridiR iGh$INREVILteNsehT 46 hbs&\preBémted in

Figure 4 can be obtained for the particular dimethyl ether synthesis
system of interest.

Catalyst XV was contacted at 316°C with synthesis gas of
'H2/c0 mole ratio = 2/3 for an extended period at a water co-feed
level of 0.25 mole H20/00 and a pressure of 54 atmospheres and
periodically oxidatively regenerated. Catalyst behavior 18 hours

- after regeneration and after 30 deys of contact is set out in Table

5. The effluent H /CO mole ratio of 0.85 indicates enrichment of
the feed ratio. Comparisons of the observed effluent Hz/CO ratio
and conversion for this run on Catalyst XV indicate a divergence
from equilibrium similar to that correlated for Catalyst XIV.




67 H20/CO 6. 25

. IO\ICO\IDITIO\IS DAYS CPR . S . 300TRXR[err]
P ATM - . 54 GHSV ' o
- 1200 VHSV. © © 0.98 KG L/HR -
- .95 REACTOR PRODUCT DISTRIBUTIO\I (WF.% [err] iy
1.9 CO ' ... =36- 31.3 [err]
45.5 [err] | o . 0.56 [err]
19.3 [err] . o . - 1.3 [err] —
'0.10 [err] - - . . . 0.04 CONVERSIONS, (MOLE X) %@
52.2 CO : ' TABLE 5 62. 3 TOTAL _ ' .
58.3 SELECTI'VITIES: D/ ( D+M : . 98 SPACE Tl ME YI ELDS:
KG L/ HR S DIMETHYL ETH@R1§15rn-|Esrs3ﬁROdLET§ final test, a tubular
reactor was operated as” a r ; TOR rsrem using a cat al yst
conposed of the corrpresse ers.o [err]-alumna in a wei ght
ratio of - S : CATALYST XV
. W/a - . 67
- Ho0/CO ' . 0.25
REACTION CONDITIONS : -
DAYS OFR 30.0
T RXR °C- = _ ' ' 316
. P ATM. 54 .
WHSV . S _ ' 0.98
KG/L/HR - 0.95
EPGTOR ERODUCT DISTRIBUTION (WT. %)
CO 31.3
© 45,5
H20 0.56
OME 19.3
CHzCH 1.3
CHy 0.10
- Ga+ 0.04
CONVERSIUNS, (MELE %) . :
_ [":'g | | - 52.2
TOTAL | S §§;§
SELECTIVITIES: - S _
D/ (D+M) : 98

SPACE TIME YIELDS:
KG/L/HR 0.195



1/1; ‘pressure ([err]+CO = 27 atonobspheres; WHSV (based on H2+CO to netal)

10. 3; and terrperature 3200C and the followi ng results were obtained:
[err] + CO conversi on 89% hydrocarbon products distributed as nethane
21% [efr] 37% and [err]+ 42% Simlar results are to be expected if the
feed to the reactor conprises syngas with-#=err]/CO nole ratio of 1 and
di'luent [err] provided that the inlet [err]+CO partial pressure is.

mai nt.ai ned at a similar |evel (27 no eres The recovered, unreacted
syngas effluent fromima final rg‘%&ttsl Bnt'g’;g %E?‘Fg"‘@%t"&?%tt edy3% }escri bed

above can be aﬂscr@trevlrdpscwmhlswtbﬁ/@wgfa watelystt compbsed dfl gher by the

co-feed of an appropri ate.anou ery Fr u r feed

rate which regﬁ'&&e E?Pe?ﬁwﬁrﬁ B tBEQV%S Ta&uﬁ?{&ﬂ #%‘fi@%t B'.?gj %Vc%ttrgd to be

0.31 nol e [eri}10Oredpectively.a Theereddtion condibiars \!Bltamﬂyt@gée%berat ion in

acoor dance W theddLow iV BRdde X0 b0y 3L PR R ndy BBl Y (caSedaial yst XI V
2h err

i s operated as scri béd feed l'e ratlo of 0.31

t her eby produbptR Zoometadhy l@t?beﬁ"ﬁrm?é‘amf?h- 20% andokhs, faklowdBgyer si on
and a recover pgdg itk waRt ostdInaE: s%earmmt@ﬁveasjﬂ{ SCaomyl Ay aﬁcagb@-f about 1
e

which is SU|tabIe for u fe el - IS pergLion.
"CLAIMB: 1. A PFoAusts ﬁrt@ﬁ:\?arﬁ mgt Q%ﬂ?t?r@é‘ gz@ésg?ﬂ éna Qﬂﬁ ﬁ?* et her Whl ch
conpri ses constnilargresulteitestgde expertednifetie feeddfo themeasor o 399
Terr] with a ¢ on,C Cu and Zn
conponent s an&aﬁ‘lig%oﬁ%@ag%myf'a ﬁﬁgéﬂggaﬁp%nenggp&feimﬂﬁdﬁ&%&q @ &fic ratio
Cr/(Cu + Zn) peovidech that the inlet HopeCQ pasbinleptessuregimeaintaiged ik 8at al yst
conposi tion b.y’%@%@%afé‘)éj_g(ﬁ a%ébh@f’eé)xyge” containing gas at a tenperature
of from38 to
- The recovered, unreacted syngas effluent from the DME _
reaction system using Catalyst XIV described above can be adjusted
to comprise HZ/CO of mole ratio 1 or higher by the co-feed of an
appropriate amount of‘ water. From Figure 4A, the water feed rate
which results in an effluent H2/C0 mole ratio of 1 is projected to
be 0.31 mole H O/CO. Thus, in a specific example of a two-stage _'
operation in accordance with this invention as illustrated in Figure
5, the Catalyst XIV is operated as described above with a feed
H,ZOICO mole ratio of 0.31 thereby producing a dimethyl ether
product with about 47% syngas conversion and a recovered effluent
syngas stream with a HZICO mole ratio of about 1 which is suitaole
for use as a feed to a Fischer-Tropsch operation. -

M 10,. respectivel)y. *The reaction conditidns were: [err]/CO feed ratio = @



process according to claim1, Wwherein the catalyst 15 regenerated at

_a' enperature of -from 288 to 454[err]. 3. A process ml

, g the catalyst is regenerated at a terrperaturemmmm wgmﬂ
f~3 ﬁ ry]. 4. A process according to one -of clains*l o e el=n after
c.regengration, the catalyst is contac with synthesis gas at a tenperature

of Trom 177 to 232[err] and wherein the terrperature i s subsequently
|ncrea5ﬁgA %the tenperature of the conversion process. 5. A process
accordi ‘any one of claims 1 to 3, wherein after regeneration, the —
- catal yst is conlactlegrogdss §gmtdmaselsti@gssyhtlhe5ed gast intan dimetttlylgas ‘at a >

TSP bl YA WBf e oS RRELAT L NERLELS) Bl IRCH Eldetab 0 BRTPECT L

of the foomia32ote 3(99 0 avitbne svatadystpcomeesition CAﬂmifééﬂs‘:QﬁeebT'dl ng to any

- one -of geive Er} Q:u5andMiﬁr€8 ohertsCand @ ici@ﬁ): &fh98i"£tih§tédhp9$eﬁt|)e catal yst

-corrp03|t| omc o is fromO0.5to

rom 0 at
3.0. .7. {’}T’d’geg? éﬁfﬂr‘drﬂbﬂ’t Srg‘rﬁy Br#és ?Oé/ 1“?6‘ é Merein the acidic
dehydr ahuhgemmmcegemi-atm ché adayatystscmmati@huhy reantéct iAg pito adsls

accordi e t 0% by wei ght of .
- the cat gﬁys’ﬁggéﬁép‘{g‘stlz "i\“ﬁ 5@1 4t ;]e“gggrsgg accorg'abn magﬁcﬁte of clains 1 to
.8 wherein the cvprncpmdeetsedcmuwao emmaerwrenm thecpatalystyis

Ca honel SageREEl B 8L e oP it ot o AR, 12t e ©f Lhe et
» precipitate in 3ir Aapmessnwmmﬂﬁngtm‘chtnuﬂ Zﬂ'ﬁ{relin]tﬁa)ce’ealp«srtl bsl
‘exceedi PQg&E?HEeaﬁ o4 Cenperature'br From 293 to 343°C. |
4. A process according to any one of claims 1 to 3,
wherein after regeneration, the catalyst is contacted uth synthesis
s at a temperature of from 177 to 232°C and wherein the
. temperature .ts subsequently mcreased to the tenperature of‘ the
conversion process.
. 5. A process according to any one of claims 1 to 3
wherein after regeneration, the catalyst is contacted with synthesis
- .gas diluted with an inert gas at a temperature of from 177 to 232°C
and wherein subsequently the tenperature is raised and the '
concentration of the synthes:.s gas is Aincreased to those of the
conditions of the conversion process.
6. A prccess according to any one of claims 1 to 5, .
wherein the Cr/(Cu + Zn) atomic ratic of the catalyst canpos.ttmn is
- from 0.25 to 0.75 and the Cw/2n atomic ratio is from 0.5 to 3.0.
7. A process according to any one of claims 1 to 6,
wherein the acidic dehydrating coaponent of the catalyst is
_gama-alunma
8. A process accordmg to claim 7 wherein the
gamma-alumina comprises 50% by weight of the catalyst composition.- .
' S. A process accordmg to any one of claims lto8 wherern
the coprecip:.tated catalyst components are prepared by
carbonate-coprecipitation from & solution of the nitrates of the
metals, washing the preclpitate to remove carbonate, and calcining
the washed precipitate in.air at a temperature of about 2609C for a -
period exceeding about 6 hours. - |

b
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~¥39- 10. A pr-ocess according to any ‘one of cI a| m 1 in the

synthesis das feed-has a H2/CO nol gr ratio of from I u t lm | _
process accordi ng to any one of “cl ains 1 to 9, vvher gas \

feed has a H2/ CO nol'ar ratio of from0.5 to 2.0. 12. A process accor di ng to
any one ‘of*<claims 1 to 9, wherein the synthesis gas feed has a [err]/CO -

melar ratio of fromO0.5 to 1. 13. A process3®&ccording to claim 12, wherein

water is fed to the catalyst with the synthesis gas, -the amount of water
being sufficient to su§|’ol ement the hydrogen defi ci enc¥ of the synthesis
gas.>14. A process acc&idi Agprosess scaedingvkeeay ronenel okeins lotovdter is

from0 to 50 Wh@feﬂ?théggnﬂmssg @s Fekd Makhe ergym hR3as 19880 of>frdh BL9CESS

according to any one of ains 12°to 14, where¥n synthesis gas having a'
H2/ CO mol e ratitd,30- less than 1. and water in an anount defined by the
relationship [err] in yi ch grocess I‘aecarﬂimgrwlany% o0 cladms '1 ite BN

roduct sonpr | PRGN Wit Ayitsta s feed FRbIn Py R RelELBES O B0 Bea
claim 15, wherdéomn20. is 1.0. 17. A process according to claim15, wherein

unreacted synt he5| S gaﬂ com&bgg(ﬂgggr%% iﬁgl t&% B{»q?_?mg ldwe; hyl et her

and net hanol . g@eocess accor wherein the
unreact ed synt I"!BQ@”Q 5 RS ?Eqbeﬁr%n“g@:q meharx Fatig afhExem Oyds
feed. 19. A pregeps according to claim 18 wherel n the unreacted synthesis

gas has a H2/ QO mole rgfiojof at | east & 5t claim 12, wherein water is fed

to the catalyst with the synthesis gas, the amount of water being
sufficient to supplement the hydrogeh deficiency of the synthesis
gas. S |
.14. A process accarding to claim 13,'wherein the amount of
water is ficm 0 to 50 moles per 100 moles of CO in the

synthesis gas.

- - 15. A process according to any one of claims 12 to 14,
wherein synthesis gas having a H2/co mole ratio, r, less than 1

and water in an amount defined by the relationship

r''-r &S ( 1
+ r' .
in which S is the mole ratio H20/CO and ' is an arbitrary value
‘constrained by r £ r' &1, are converted into a product con'prising
dimethyl ether and methanol.

l6. A process according to claim 15, wherein r' is 1.0.

17. A process according to claim 15, wherein unreacted
synthesis gas comprising CO is separated from the dimethyl ether
and methanol. ‘

 18. A process according to claims 15 to 17, wher‘ein the
'unreacted synthesis gas has a higher H2/CO ratio than the
synthesis gas feed. :
' 19. A process according to claim 18, wherein the unreacted
synthesis @s has a H,/CO mole ratio of at least 0.85.
o 20. A process according to claim 18, wherein the unreacted
synthesis gas has a H2/CO mole ratio of at least 1.0.



-A process accordlng to cIa|n118 mhereln the unreacted_synfhesis gas
s\a H2/ CO nole ratio of at |least 1.0. .C L -40- 21. A process

ding to any one of clains 17 to 20, wher éin - the”lﬂWﬂH m"ﬂlllml si s X
33 /s contacted with a Fischer-Tropsch catalyst and ﬁ
pgduct m xture of carbon-hydrogen conpounds. 22. A process adboﬁdlﬁg to-

claim 21, wherein the Fischer- TrOpsch catal yst conprises an Fe, Co or Ru - *
conponent. 23. A process according to claim?22, wherein the catalyst also,

.

~conprises a zeolite. 24. A process Ccording to cl'ai m 23 whe'rei nthe ~.
zeolite is ZSM5. = kot
' ' .21. A process according to any one of claims 17 to 20
wherein the unreacted synthesis gas is contacted with a
Fischer-Tropsch catalyst and converted into a product mixture of
carbon-hydrogen compounds.: = - -/
22. A pmocess according to claim 21 wherein the Fischer-
Tropsch catalyst comprises an Fe, Co or Ru component.
23. A process according to claim 22, wherein the catalyst
also comprises a zeolite. ' :
25. A process according to claim 23 wherein the zeolite_

is ZSM-5.




