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A CATALYST AND PROCESS FOR THE SYNTHESI S OF
C2- OXYGENATES BY THE HYDROGENATI ON OF CARBON MONOXI DE
wabdos/onersent i on i nvol ves catal ysts for the syne¢iE&B2003/002692
C2- oxygenates by the hydrogenation of CO In nore
detail, it is about a multi-conponent catalyst based
on rhodium for the hydrogenation of CO to produce
et hanol , acetic acid, acetal dehyde and acetic ester.
This invention also involves the synthesis process of
the catal ysts and process of C2-oxygenates synthesis
fromsyngas under mld conditions. Wth the decreasing
oil resources in the world, increasing prices and
consunption, the exploration of new energy resources
beconme urgent worl dw de. Anong the C2- oxygenates,
et hanol becones nore and nore i nportant as hi gh-octane
nunber clean fuel and additive in gasoline. Therefore,
the direct synthesis of ethanol from syngas attracts
wor |l dwi de attention. In recent years, Rh-based

catalysts with nulti-pronoters have been studi ed
ANCATIAL ST AN PROCERS FORVZTH SYNTIE SIS PIHC % Y GENATES

oot ont BT TOCENAMTN HEERIUAIN TNk

Pr QRRLigEnoh MMy e catalysB&MBr the syhtResiOIABASH c@Rsles by the
\162145438n t he cat gig/s}is basedyﬂé)n - Wn- Ir-gﬁl in }tfhe

hygrtgenationfof {58 Jgeredetaily i it ahout 9§t1%hﬁa@éanqm caplysippsed on
rh%igl&l'fo% nﬁtpglé]r%ﬁ 1%gt g %q ggpqg c% ethangl%aéel%li LA %é@h&]yde and

acéidsagt eri stic of the above cat alysts is a h| gh
| oadi ng of Rh. Thus.the |ow tinme space productivity of
(7 Tb;syg@mpe slspanvalvfisithe psdiesinparress Mehn renlvels snd phroess of
I
Czc(?axyt%ﬁﬁéa%%s as %}%Q? gr.oish !ﬁ%éuﬁd&?m&lﬁ%ﬁ&%ﬁé applications
With the decreasing oil resources in the world, increasing prices and consumption,

the exploration of new energy resources become urgent worldwide. Among the Cs-
oxygenates, ethanol becomes more and more important as high-octane number clean
fuel and additive in gasoline. Therefore, the direct synthesis of ethanol from syngas
attracts worldwide attention. In recent years, Rh-based catalysts with multi-promoters
have been studied widely and many patents have been publi‘shéd. For instance,
supported catalysts based on Rh-Fe in the patent GB1501891; the catalysts based on
Rh-Mn, promoted with Mg or Ir and Li, in J6148437 and J62148438; the catalysts
based on Rh-Mn-Ir-Li in the patent of J59227831; the catalysts based on Rh, Mn, Fe, Li
in the patent of J6032733; and the catalysts based on Rh-Mn-Fe promoted by Li or Na.
A common characteristic of the above catalysts is a high loading of Rh. Thus.the low
time space productivity of C,-oxygenates per unit thodium and the high costs of catalyst
synthesis limit the industrial applications of the catalysts.

The invention is to provide a catalyst and process for the synthesis of C,- '
oxygenates by the hydrogenation of CO. |

The other purpose of he invention is to provide a synthesis process for the

catalysts.
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The invention is to provide a catal yst and process for
the synthesis of C - oxygenates by the hydrogenati on

wW@R00e@07Ihe ot her purpose of he invention is tRCPGBI0MO02692
a synthesis process for the catal ysts. The invented

catal ysts have | ow | oadi ng, of rhodium and
acirhmmyntectn@takyausémayq Jow leading phehedampeand wégfgfrf?mm fhey

catégﬁﬁ ggrg]arr%% YEhY %ﬂt WTP&NE%ESJ g%ﬁgﬁ%& Yfle 1'n§ent?3d catalyst is

coﬁbkéﬁdbfﬁ@i—l&ﬂn Ieé M]BVIE/SI(SZLEﬁﬂiDr@Sh&Jn Moris hlikali metalselmems such as
stated_in the invention, hlt oad%r}%

Li phbT@, Mmis Bugr Ir. 393 stfﬁ?%p@pgm\@n@orxg q@)@/gﬁgt qlhgg of ritodium 1is

0. ]85%]: x[f?eg g% ) ola%é’dn%@ ?6 angﬂlto 781599, Phe W@fgﬁhrdtl% of l\flqn/Rh is

éra nore preferably 1-8

"0.3M2 gﬁéfefabﬁdo s Oaafnd meore prefer@ily 108.5Thpweight Wbtiypg of Fe is 0.01-

NOU N TICTECETR N L e
0. (glo g%fgfe%fb?}; ? 0. ébﬁén%r@prei@?ﬁa]%'(ﬂm 2.1 @hé Qfeﬁgfht MRORIT NLFRN is

2-0.8 ahd nore preferably
0.013; Prefer amy ocx-disrgd mrapmf@ﬁldmoéd()énbg@nrd@gtto e prefpeed

present vention, the invente t S not :
@ ﬁ@mrﬁ%@vwwf TN Sass 26 SolPlie agicives

r‘,?%%ﬁ the catalysts is described as follows: The

“Ta sts are prepared by the inpregnation nethod. The

pr dhe madyiamtmq)hnﬂsw\bu ile dotalysts-is dpscagadias HHowBut

t
T ort e e batge BirpL e R L PR ot o daS RfGAblsa R
willil baLESmPregRithR r bk s‘%e%‘@dlé/ealm;ﬁegﬁff&@ Wniso, pdseiblel. nISHeQﬂélﬁlrsors

anmoni a coordi naf ed chlorides, carbonyl grou
fox:dxarcdmpan@ds arttle eatelystyhen bothlerdes, pismics er wheedissdyablon

(ﬂ)‘gﬁé g%ﬁlg%/ ?[?%% %@Egﬁ%o%&%e c%h(l)orggrég ahﬂ)%lyh group coordinated
an@l%‘%@' Wil Diveh R al be Gkited Odr non aqueous solvent such as methanol.

When the co-impregnation method is used to prepare the catalysts, the precursor
compounds are dissolved into a solvent. Then the solution with a certain concentration
is impregnated onto the silica gel support. A minimum amount of the impregnation
solution is required to submerge all support of the silica gel. When the method of the
step-wise impregnation is used, the corresponding compounds are made into solutions

with certain concentrations, these solutions are impregnated onto the catalyst support of

' the silica gel stepwise, or several compounds are made into a mixture solution, which is

impregnated prior to the rest solutions of corresponding compounds.

The drying temperature is 283-473 K, with the drying time of 2h to 20days. The
drying time is related to the drying temperature chosen. When the drying temperature is
373-393 K, the drying procedure can last 4-12h. The dried catalyst can be calcined at
473-673 K for 2-20h, but it can also be used as catalyst precursor direcﬂy. This catalyst
precursor needs to be reduced in pure hydrogen or hydrogen-containing gas. The
invented catalysts show a high space time yield for the C,-oxygenates.

The catalysts for the C,-oxygenates synthesis from syngas are first activated in-
situ in a Hy, flow at SV=100-5000h", preferably 500-2000h™'; T=500-750 K, preferably

2
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conmpounds are dissolved into a solvent. Then the

solution with a certain concentration is inpregnated
wo@ni06/004183 si | i ca gel support. A m ni mum anount POf/GBRE®4/002692

i mpregnation solution is required to subnerge al

support of the silica gel. Wen the nethod of the

5736épKuPsd.1 F@p} @é«ﬁ%@,lpmfeliabh’d%]e@ 0.8 8P%orres pondi ng
R Sy Ao pIRE n%tei%%g,ﬁ&hé&@ﬁow oGk dbave Rh based

Ions are | regn onto

catfaiwts Ged @'rx)iéd oupEer ﬂouetvmgrmnémbm: &=4@B- 786 é@mrsfexab@r 473-623

several conpounds are nade a m xt 0
Kl éni 3. N pEgab S N i e Fasbno 4GB b ipreferably
[ dgture is
2. e R R o B PO e, The
Exgﬁ@,ﬂ]@g time is related to the drying tenperature
chosen V\hen t he, dry| ng te era% lIIr i.s 373-393 K5t he
ympiled: e PrEPARARIORIHOLES ¢ ESALAYRY dried catal yst
cagyp gh‘&?L@ Bﬁqs r‘égg’a‘c&%?y Kedeiin dmé@ht.of By taqhéou@ @dlution of
al $0° be used as ca?

recursor directl Thi
RHCAL, ﬂl{ﬁtMm’l‘@Qi,ﬁﬂNO@MNO&b Hﬂr@ledwb@b 1$ follomied by drymg at 383

K Bt 156 ViR AR b RS eBan e retpparep Tognd b l-0.05% Fe-
0(9%0 }’9%%}%,%%@2@3& sk@habysts for the C2-oxygenates

syn eSIS rom syngas are first activated insitu in a

xﬂzn@bammsvsumlsmrﬁmtynmegam@bl y 500-2000h 1 ;
0- 750 K, fer abl 673 :
or APEFURR ol f (0GP URY i) BogRu G appgbnt SButon of
Rtg:% y&%fﬁé%ﬁmmﬁsmmgamgy@gaﬁd dgbdg 3L €orfdh. Thus a
ase

cat a are carried out under follow é:]
catabystipf 1% RS- 1%M7131 1 Fer- 0 e LeP b /%P isggaged (weight ratio).
P=1.0-12.0 MPa, preferably 2.0-8.0 MPa; volune ratio
E 1.0-3.0, preferably 2.0-2.5; space

velggi 'th\éa' %%%ﬂ@@ ORMpregrakeitsr Addrininl 060+ 3560 &iuebus solution of
Exanpl e 1 the preparation proceséstor hﬁl
RleGlt. aHy@; Mn(N 03)2, LiNOs3, Fe(NOs3),, HoIrClg and dried at 38 for 6h. Thusa

catalyst of 1% Rh-1% Mn-0.05% Fe-0.1% Li-0.5% Ir/SiO, is obtained (weight ratio).

Example 4:

The silica support is impregnated by a certain amount of an aqueous solution of
RhCl3.xH,0, Mn(NOs)z, NaNOs, Fe(NOs),, I—iﬂer and dried at 383 K for 6h. Thusa
catalyst of 1% Rh-1% Mn-0.05% Fe-0.1% Na-0.5% Ir/S10; is obtained (weight ratio).
Example 5: |

The silica support is impregnated by a certain amount of an aqueous solution of
RhCl3.xH,0, Mn(NO3),, LiINO3; Fe(NO3)2, RuCl; and dried at 383 K for 6h. Thus a
catalyst of 1% Rh-1% Mn-0.1% Fe-0.075% Li-0.5% Ru/SiO, is obtained (weight ratio).
Example 6:

The silica support is impregnated by a certain amount of an aqueous solution of
RhCl;.xH,0, Mn(NO;3),, NaNOs, Fe(NOs);, RuCl; and dried at 383 K for 6h. Thus a
catalyst of 1%Rh-2% Mn-0.05% Fe-0.1% Na-0.5% Ru/Si0, is obtained (weight ratio).

Example 7:
The silica support is impregnated by a certain amount of an aqueous solution of

3
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wo-eobloa)’23 H21rCl 6

The silica support is inpregnated by a certai n anount

of an aqueous sol ution of Rhd 3. xH20O, M (NCB) 2, Li NGB,

which is followed by dryipPgr/aB2®8802692
K for 6h. The obtained catal yst has a chemni cal
conposi tion 1% Rh=l %vh- 0. 05% Fe- 0. 075% Li % |

RIECI W QY0 o) NEenRENG »3: Helgleapitried 73 b B dusdh s o

J; N l4ih6, 0

el G | SR Ve 2o FE S ARG b 5 o?@%ﬁ%%w%@“g“

rafib){ NOB) 2 Li NGB, Fe(|\|(13)2 H2IrCd 6 and dried at 383 K

Cfor 6h. Thus a catal yst of 1% Rh-1% M-0. 1% Fe-0.075%

|s obt ai ned (wei ght ratio). Exanple 3:
Th efh%' 110?1@11 gijeg‘n%eﬂ 'BPraecgﬂﬁh %ﬁ‘lotaﬁt @f afhea[qtu@dnfb solution of -
aq ueo lutfon of NOB) 2,
thﬂrj]lléd&)BIgOFe(lilk!EBs) ﬂ)llomﬂrb@cﬁylag dt I3 Ié(ﬂora&h 3@3 qbtalm eHialyst
Thus % Rh- 1% Mh- 0. 05% Fe- 0. 1% Li - 0. 5%
CQ“@F’@W&%@%@%I{W@ (#%ght ratio). Exanple 4 : The )
C§hhbﬁ§ox§ﬂ9%bie23 i npregnated by a certain anount of
ution of Rhd 3.xH2O, M1(NO 3)2, NaNO3, -
Fe (T4@3)1R22 satzpqrdsamamgndﬁed bm aZert@g INKUNLPT BHAquUTpFssORition of

Rp@fgggétaﬁgé/lrw&# I?ogsgeid iy F%{)?%;l Ié f\lx?rglg) ’?hﬁslar éa?él?st%f

IRAHBPOL b/ Si0, PRGN el @tGRrtai n amount of an
aqueous sol ution of A 3- XH2O, Mi(NGB) 2, Li NGB

M@Mand dried at 383 K for 6h. Thus a

| s ”@t%zl %ésap}(%% %H%J%fgg{a g %f%l.:cgﬁalg o 21143 b af aq%é%@%ﬂt% of
RhCls.xH,0, Mn(NOs)y, LiNOs, HyIrCls, which is followed by drymg at 383 K for 6h.
The obtained catalyst has a chemicals composition 1% Rh-1% Mn-0.075% Li-0.5%
Ir/Si0O, (weight ratio)

Comparison Example 4:

_ The silica support is impregnated by a certain amount of an aqueous solution of
RhCly.xH,0, Mn(NO3),, Fe(NO;3),, followed by drying at 383 K for 6h. The obtained
catalyst has a chemical composition 1%Rh-1% Mn-0.05% Fe/ Si0, (weight ratio).

Comparison Example 5:

The silica support is impregnated by a certain amount of an aqueous solutions of

RhCl.xH,0, Mn(NOs),, LiNOs, HyIrCls, which is followed by drying at 383 K for 6h.

" The obtained catalyst has a chemical composition 1% Rh-1% Mn-0.075% Li-0.5%

Ir/Si0, (weight ratio).
A series of comparative performance tests were conducted with 0.4 grams
(~0.8m!1) samples of the catalysts (20-40 mesh) from the Examples. The testing

apparatus consisted of a small fixed bed tubular reactor with an external heating system,

-which was made of 316 L stainless steel with 340 mm length, 4.6 mm inner diameter.

The catalyst was in-situ reduced in a flow of Hy before test. The temperature was raised
at 2 K/min from room temperature up to 623 K, and then held at constant for 1h. The
H, flow rate was 4)/h at atmosphere pressure. Then the catalyst was shifted mto syngas

(H,/CO =2) after cooling down to 523 K, and reacted under process conditions of

4
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The silica support is inpregnated by a certai n anount

of an aqueous sol ution of Rhd 3- XH20, M(NGs) 2, NaNGCB,
wWo-eqoblo®)723 RuCl 3 and dried at 383 K for 6h. ThRST/&@B2004/002692

catal yst of |%Rh-2% Mn-0.05% Fe-0.1% Na-0.5% RWsi Q2 is

L A e T
R

solutipcRhtaining 05 Ygendies oRoinEd wos analysedofHlimoby VagpoCP-3890 gas

obt ai ned, (wei ght Q). Cor j I o Th
CHgPTRE e BT A s B RCBRE B SOy Cae R o
i : il (Hedn¥iyesd byaiin CB-F30DIGuedh
mg&h%?t}%ﬁg%iﬁﬂ@ﬁ%%l %gfvg{s Ogﬂ Tlgle obt a}}Nged catal yst . ’
Poopaki Q% solumniaglFHUSidezcionei ght rati o). Conpari son

Exanpl e 2:. The silica s ort is | .
cer {Tg}?%c m?\?ericfrmgﬂceﬁqou @geuesf( aléngfeu(%al 0#%%&%%0?%)@ %ﬁs B
2RI ) listedl ihawerd by drying at 383 K for 6h.
Thus a catal yst of 1%h-I % M/ S O 2 is.obt

Cned .
( weThstresuligan ble @bw Hhat WCEXWCES@QCUTHE o ﬁ{einegample catalysts

RS e PRSI P BB D TG e
10e@iE GF Bhodtdih e loiver &l theuadlybysyelthelis gravess3i8 3itkple o Th6 thodium

The obt ai ned catal yst has a cheg’gﬁal@ c%positi.on 1%
efifigiencypivihe oxanmisoplyst. 150hYipysty bghen By He cogmpagson example

ca&)ﬁ%?,r\{f ﬁpis%mlix?g £&t the industrial applications.



The silica support

of an aqueous solution of R id 3. xH20, M(NO 3) 2,

WO-2(0h B} 2,

is inpregnated by a certain anount

foll owed by drying at 383 K for 6hpPCTIE82004/002692

obt ai ned catal yst has a chem cal conposition | %Rh-1%

ﬁl' gl %%éida?f&th nd X&ﬁh&'ﬁt pe%k%ﬂcm@ k§ﬁ§1@(ﬁ@§§ and the

coﬂ@mbneiamnleammmts* sol uti ons of RhCI 3 xH20 I\/h( NO

3) 2—L+-NO-3—H2}r whi-eh—-s—folHoew —ayh —
MK or oh. The BechrREal GORASYD ?nae Sbseg | Selectivity
cofrpoGataliysin 1% Rhl- 186 dutalgst G76igh1 Yo, 01.65)0 | r/ 8kek (wei|ghtC%
‘rafio). A series pf conpsse$io2e perfofnmance tests vere
copducted with O. I 9,8 §an1les he
caf al 1£30- 40 rregt‘fﬁ?‘rlc/ﬁg{[’h@()&é %%Et esti ng62'2
apparatus consi stge Jed t ubul ar
reactor with an eK eﬁlnools(ysgab()ﬁél E?st em whi ch was
made of 316 L sta nI ess steel wth 340 mmlength, 4.6
m| i negamplieadret er|  T¥eRbdVaMps0.00&%0 i h- si t 453. duceg i §0.4
a flow of H2 before test. The tenperature was raised
at{2 Kf'mn from roorrLli@rmgqg@qr%Fbo to 623 K, and then
hel d at constant for Ih The H2 fl ow Late was 41/ h iat
at posphere pressure. tal yst i fted
i n gwga I H2/ co =bYo Bgtlgeﬁ &l%g down f@g 423 k,| 601
an:l react ed under| process conditions of T=593 K, P=3.0
MPa, SV=I SOOCh"1 forL#68.5% he)off4 Bent | passed thr ough a
cowdenser filled With 150 rd_dei oni sefd water which
cap e th Xygepat es, bl Re aqueo ol utijon
coh gﬁ?‘ﬁ“ﬁ@ oxygena tes?({p{{gqrféyw& /zn Al yse?%‘?f-l i fje 004
by Var| an CP- 3800 a M th an FFAP
colum, using FID d i@cpénﬁiﬁwg%f/pgﬁt( nol as an ]
i ntfernal standard taip oh-lin al ysed
by | vaFxampler 3800 dﬂp al\’%ﬁf’s&a ¥ QB col §380anu_Top 583
det ect or.
Li-0.5% Ru-0.1 % Fe
Example 6 1 % Rh-2% Mn-0.1 % 432.7 574
Na-0.5% Ru-0.05% Fe
Example 7 1.5% Rh-1.5% Mn- 509.1 64.3
0.075% Li-0.5% 1Ir-0.1 % Fe
C example 1 1%Rh 35.5 16.3
C example 2 1% Rh-1% Mn - 270.3 34.9
C example 3 1 % Rh-1 % Mn -0.075%L1 331.6 56.8
C e)::ample 4 1 % Rh-1 % Mn-0.05%Fe 3333 40.0
1% Rh-1% Mn- ‘
C example 5 0.075%Li-0.5%Ir 397.5 59.0

*The reaction conditions: Hy/CO=2 (volume ratio), pressure 3.0 MPa;

temperature 583 K; the space velocity (volume) 13000h™.
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The catal ytic performances of the exanple catal ysts
and the conparison exanple catalysts are listed in

waawb®oaz33 The results in Tabl e show that the artT/GBR04/002692
and selectivity of the exanple catal ysts for the
synthesis of ethanol, acetic acid and acetal dehyde are
hi gher al t hough the | oading of rhodiumis | ower and
the catal yst synthesis process is sinple. The rhodi um
efficiency of the exanple catalysts is obviously
hi gher than the conparison exanple catal ysts, which is
prom sing for the industrial applications.Table 1 -
Conparison of the catalytic performnce of the exanple
catal ysts and the conpari son exanpl e catal ysts* *The
reaction conditions: H2/CO=2 (volune ratio), pressure
3.0 MPa; tenperature 583 K; the space velocity
(volune) 1300Ch 1 .Clainms : 1. Catalyst for the
synt hesi s of C2-oxygenates by the hydrogenati on of CO
consi sting of conponents Rh-MWh-Fe-M 1- M2 supported on
silica wherein ML can be Li and/or Na and M can be Ru
and/or Ir, wherein Rhis 0.1 to 3% by wei ght based on

thgitotal catal yst wei ght and the weight ratio of

Vi Rh: 0. 5-12, _ the weight ratio of Fe/Rh: 0.01-0.5,

1.t he @ethlybt for o i sgniBeEL M C,-Ox @bndtes b dlevhg)ldgj'genaitam (Ef @ﬁ)

cqg%{sggg, gg coééé@g@qsz' %91%16%5 &Flgsrw,@tagxg G ﬁgcr;z? ‘% erem  Zanbe Li
R GRY 2ld 9 TCQ‘I ‘P]@Rﬁ ‘3{)&5’5{ ANwRBLR RER BV 1R Wi Bk Hab&1 on the

conpounds e correspondlng conponents oOf desired
to&ﬂnamlystiwexghtl an@nt s, i npregnating the solution onto the
st g%elg%t ratio of Mn/Rh: 0.5-12,
the weight ratio of Fe/Rh: 0.01-0.5,
the weight ratio of My/Rh: 0.01-1,
the weight ratio of My/Rh: 0.1-1.0.

2. Process for the preparation of a catalyst according to claim 1 comprising the

preparation of a solution obtained by dissolving the compounds of the corresponding
components of desired amount in solvents, impregnating the éolution onto the silica gel
catalyst support, which is followed by drying at 283-473 X for 2h-20days.

3. | Process according to claim 2 wherein the compounds used are dissolvable
chlorides or nitrates and the solvents are water or non-aqueous solvents.

4. Process according to any of claims 2 to 3 wherein the silica gel is produced by
sol process and then heated in a basic solution, followed by drying and/or calcinating.
5. Process according to' any of claims 2 to 4 wherein the compounds used are
ammonia coordinated chlorides or carbonyl group coordinated compounds.

6. Process according to any of claims 2 to 5 wherein the solvent is methanol.

7. Process according to any of claims 2 to 6 wherein the catalyst is reduced in-situ
in pure hydrogen or hydrogen containing gas at 573-673 K for at least on hour.

8. Process according to any of claims 2 to 7 wherein the impregnation is done

either by co-impregnation or stepwise impregnation of all components.
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catal yst support, which is followed by drying at
283-473 K for 2h-20days. 3. Process according to claim
WQ 200087 t he conpounds used are di ssol vabl e ptil/cBR2@e®02692
or nitrates and the solvents are water or non-aqueous
solvents. 4. Process.according, tq any of clains .2 ta
9. nerGPFSt ARCIEHGE S & Shar e St Bye apepRbRdscifigd out
atbhamikadtegiehBe.a basic solution, followed by drying
and/ or calcinating. 5. Process according to any of )
16| ai Gatalgstifor the whethedinof Geoxsgrpiieheisainaldd bareroceasmasardng to
cQ r%inaé§d chl orides or carbonyl group coordi nated
m%&ﬁﬁ thd .0%2 Process according to any of clains 2 to

115 Whggeaif dabyss atoopdlhg tSanedtioai@k 1 of 9 fBF Meegsthesis of Co-
according to any of c%ains 2 to 6 wherein the catal yst
oXygenases fewd symhesis g8Si n pure hydrogen or hydrogen
ont@aj nj S . B7.3- - - :
1oy ocQl Qe R FT Rt AP R BORE pAI Bl
ackfichgdedridanciicadéne ei t her by co-inpregnation or
stepw se inpregnation of all conponents.9. Process as
claimed in claim8 wherein the stepw se inpregnation
is carried out at an arbitrary sequence. 10. Catal yst
for the synthesis of C2-oxygenates obtainable by a
process according to any of clainms 2 to 9. 11. Use of
a catal yst according to any of clainms 1 or 9 for the
synt hesi s of C2- oxygenates from synthesis gas. 12.
Use according to claim 11l wherein the oxygenates are
mai nl y et hanol, acetal dehyde and acetic acid.



