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THE SYNTHESI S OF THE M CRO POROUS SILICA GEL AND I TS
APPLI CATI ON TO THE PREPARATI ON OF CATALYSTS FOR C2
WOXGRNAIES SYNTHESI S FROM SYNGAS Thi s i nvent i P€T/GB2004/002701
i nvol ves a preparation nethod for catal ysts using
m cro-porous silica as a catal yst support-. In nore
detail, a mcro-porous silica is produced fromthe
particle silica with snmall pore size produced by the
sol technique and used as a catal yst support for
rhodi um based catal yst, which is used in the synthesis
of C2 -oxygenates by the hydrogenation of CO The
synt hesi s of C2-oxygenates by the hydrogenati on of CO
has attracted extensive research attention in recent
years all over the world. Silica is found to be a good
support for the rhodi um based catal yst for the
synt hesi s of C2-oxygenates. These silica particles are
usual Iy produced by the sol technique. The BET surface
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synthesis process for micro-porous silica.

The invention is to provide a method to synthesize micro-porous silica as a
catalyst support, in which the pore size is enlarged, in order to improve the catalytic
properties of the catalysts for the synthesis of C,-oxygenates.

The technique employed in this invention is to treat the small pore silica which has
been produced by the sol technique in aqueous basic solutions or organic solvent such
as methanol, and thus the pore size is enlarged. The obtafned silica has a BET surface
area of 150-350 m*/g, preferably 150-349 m?*/g, an average pore size of 100-300 A,
preferably 101-300 A, and a pore volume of 0.9-1.1 ml/g. The particle size, pore size,
BET surface area and pore volume can be tuned by varying types of alkali compounds

and their concentrations, treatment temperature and duration. In this way, the obtained
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oxygenat es by the hydrogenation of CO or for other
catal ytic processes which need m cro-porous silica as
W b@coet7al yst support. 1. The silica particl esPCTGBRI08/002701
invention can be in any range of particle size, which
can be obtained by a widely known sol technique, or
siliGoamke ekl asp sppoit Sorsiodivasbasbd sz&alw';ttfhr thesyptaesis of €:-

th f d f
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temperature and the concentration of the basic solutions. When the treatment

eopligss There is

temperature and/or the concentration of the basic solutions are low, the treatment can be
prolonged. When the treatment temperature and/or the concentration of the basic
solutions are hi éh, the treatment duration can be shortened accordingly. Ata high
treatment temperature, a high concentration of the alkaline solutions and a prolonged
heat treatment in the alkaline sélutions, the obtgined silica will have a larger pore size
and a smaller surface area. The preferable héat-treatment duration in this invention is 1
hto 5 days. The exact treatment duration depends on the types of alkaline solutions,
treatment temperature and the precursor silica used.

In this invention, a mechanical stirring or gas flow agitation can preferably be

employed during the treatment of silica in alkaline solutions, in order to obtain more
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heat treatnment in the al kaline solutions, the obtained

silica wll have a larger pore size and a snuller
waebaee3ar ea. The preferabl e heat-treat nent dRCEHGBRV4/002701

inthis inventionis 1 h to 5 days. The exact

treatment duration depends on the types of al kaline
homogdtouosifica pardelesrent tenperature and the precursor
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synthesis conditions).

The process for the Co-oxygenates synthesis from syngas using above Rh based
catalysts are carried out under following conditions: T=473-723 K, preferably 473-623
K; P=1.0 -12.0MPa, preferably 2.0-8.0MPa; volume ratio of H2/CO=1.0-3.0, preferably
2.0-2.5; space velocity=1000-50000 h'; preferably 10000-25000 h;].

Examples:

The examples shown below is to explain this invention, but not to restrict the

invention.

Example 1
20 g silica which has been prepared by the sol technique and has a BET surface

area of 380 m*/g, average pore size of 98 A and pore volume of 0.86 ml/g is chosen.
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P-1 atnosphere to 1.0 MPa, preferably 1 atnosphere to
0.5 Moa (prior to use under synthesis conditions). The
w@eweosrs3f or t he C2- oxygenates synt hesi s from BYFG&2004/002701
usi ng above Rh based catal ysts are carried out under
follow ng conditions: T=473-723 K, preferably 473-623
THE; sidé-dfGhe det p@MEB:s ipinethe Falgk v 20-80 SndMPahe vidical imdxppﬁd iato a

f Hz2/ COl f bly 2.0-2.5;
m%@e;esé%e water. ansﬁ% r%&&rd%@ @Oz%é@dzﬁﬁpice Vf/ﬁﬁ%&ebam salt
vsgh?ca%ﬁfgﬂli%e@ fﬂ%d@zﬁlsBWuhlslé)ﬁonﬁ&@is%é%héJ‘bﬁ Hy’Wz?cht drfNirying

not to’restrict the invention anpl e
atsliZD‘iCCB petfoohed) dsnbeemigpeparsdilisy. Aheqesiodd am«ztkm |0ﬁ &&aCls,

valSelot i8e- mafeNGS biisaset Soogrigrg s dbiaed Sice,
foﬁmédaﬂy a-%gsétzlgoqu errBeh O€he &ﬁﬁlﬁé&bzﬁﬁyhshab B ch&ﬁlcﬁfi&gﬁposmon

he silicais dipped into a m xture of
ofg%ghv]/%é&n QNGS%derJ%%)l@I‘S)QBdb}’WIgQOC for 12 h, the

erIO/fgf the basic salt vs silica being 13, 6. The

sodi um hydr oxi de i s washed out by water and

dr Yiongsiida w0 Gad SeeRPrdpardias) thé 61AkIMi e @h@ hROE BET surface
,S|I|ca @reqwred am)unt 3, M(N3B Li NO3
(

RhC 2
aremef J2O(MICR)aveiBEe PPTSHiZef 38 deandpare Y hwpeey; damg/gés chosen.

obt ai SJAN a foII vvedb n t
TG i gefindn BREDeE b DI FRESE 1B g2
mRfart o?90B '\&t&%ﬁ%cbhceﬂtr@t@ﬁ’faﬁﬂioih@ hi@yxieiaghsIC foriamp ke
2 20 %@SI I i ca which has been prepared by the
meldh of Be fhasig et wndlisreleing BETTkanesided agreepign hydpxady iy washed
I
ou%%? Rxﬁgeg eaﬁg d%;llzé é%zegfoxgg&% ﬁ 1@66 %}r J%rxﬂgg Ingfzrlo npo%ﬁuéglfl&
r an@ﬂ:qofrecfﬁné@ltmfmmﬁh&n@\l (])3)2(.,‘ a1N@3 ﬁhcbwoghts@hmon is used to
m xture of 90 g water and centrated a
conr i apblg Pl FUice 1o RECRUBA LR ETHa T Ebs al ¢
ol L AR EL £ohehca B ERbABAL oRRARNYANT V650K 1 19 055
ed wat er rying is perfornme
Fef/S)OZE(bhweight)n ng mcro-porous silica. Arequired
amount. O RhCl 3 , Mi(NGB)2, LiNG3 and Fe(NOB)2
E—@&‘—éﬁ-on is used to |
20 g silica which has been prepared by the sol technique and has a BET surface

area of 380 m%/g, average pore size of 98 A and pore volume of 0.86 ml/g is chosen.
The size of the gel particles is in the range of 20-40 mesh. The silica is dipped into a
mixture of 90 g water and 2 g potassium hydroxide at 95 °C for 21 h. The residual
potassium hydroxide is washed out by water and drying is performed at 120°C, forming
micro-porous silica. A required amount of RhCls, Mn(NOs3);, LiNO; and Fe(NOs),
solution is used to co-impregnate the obtained silica, followed by drying at 120°C for 6
h. The obtained catalyst has a chemical composition of 1 % Rh-1 % Mn-0.075% Li-
0.05% Fe/Si0O; (by weight).
Example 4

20 g silica which has been prepared by the sol technique and has a BET surface
area of 380 m*/g, average pore size of 98 A and pore volume of 0.86 ml/g is chosen.
The size of the gel particles is in the range of 20-40 mesh. .The silica is dipped into a
mixture of 90 g water and 1.8 g sodium carbonate at 95°C for 24 h. The residual
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co-inpregnate the obtained silica, followed by drying
at 1200C for 6 h. The obtained catal yst has a chem cal

w@ wpoai7sé on of 1% Rh-1 % Mh-0. 075% Li - 0. 05% Fe¢18iG82004/002701
(by weight). Exanple 3 20 g silica which has been
prepared by the sol technique and has a BET surface

scglien caxbo3BOisndsied avtdryvagatepardadrginges pdrf@tied aahZD° Lo faming

P PPENBSIG i cuHEE B of Rogb ATy TNDignfea oy,
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hydr oxi de at . The residual” potassi um
h.hyle oixhiged paial\watsl‘med Cbgmld@ycqmn@rtloam 1d6yRnk 7 Mn-0.075% Li-

rforaed.at 1200C, formng mcro-porous silica. A
0-?5@}%{%@ Q’ﬁfo%%gm RhCl 3, Mh(NOB)2, Li NOB and Fe(NCB) 2
Eﬁé)ﬂnﬁIeiS)n is used to co-inpregnate the obtained silica,

owed by dryi ng%hat 1200C for 6 h. The obtai ned

catfhtr%mreﬁamoanthf @axHgd oV Q1) n A0, F )z 1anggH, IrClg

-0.075% Li - .0, 05% k&
B B e S AT T )
d@mﬁ dﬁago*@ 1BEE bs Uﬂlfe&ib@alﬂdfcﬁc&tdlffst B&Oa tHehg caldvafpagieopof € % Rh-1

pore volune of 0,86 m/g is chosen.

and

‘V'IMé 05(?725e/°bf OtlﬁfeF@Qﬁ%éT/@pE(ké’sW"rlgthn the range of 20-40
E le6The silicais dipped into a mxture of 90 g

nd 1.8 g sodium carbonate at 95C for 24 h. The

Arrequidah&mdt o RI0CH RBlh@f Mn(NOW@ShN@3 pEct(Nb)é)zvmlﬂGRuCagl gblution is
ying.is perfaormed at 1200C, form ng mcro

u%erht@ e%lmmeg@aﬁrlwé&@@&med@ rpeCExagplf/( ﬁq@gwﬁg %mdmeg at 120°C
0, BNkt B ) 2o s EETon R 711 75

LiFOLé Yo~ éJSﬁ(eEukSaLf)ﬁ(Welm a cheni cal conp03|t| on of 1

% | Mh-.0. 075% Li "05% Fe/ Si O2
o o RE T MRt iy VP agr g 60 AT JONRRE R AT EhtBined by
MidrDiBritiEeA NP 01 mfﬂsﬁﬂlgnﬁeﬁﬁﬁﬁ&ﬁebﬁn@g dto

co-inpregnate the silica obtained in the npl e 4,
Choiphoseiexamples:i ng at 1200C for 6 h. The obt ai ned
C;;at al yst has a chem cal conposition of 1 % Rh-1

A required amount of RhCls, Mn(NOs),, LINO3, Fe(NOs), solution is used to co-
impregnate the original silica used in example 1 (BET surface area of 380 m?/g, average
pore size of 98 A and pore volume of 0.86 ml/g), followed by drying at 120°C for 6 h.
The obtained catalyst has a chemical composition of 1% Rh-1 % Mn-0.075% L1-0.05%
Fe/SiO, (by weight). |
C8

A required amount of RhCls, Mn(NOs),, LiNOs, Fe(NOs3), solution is used to co-

.impregnate the original silica used in example 1 (BET sﬁrfa’ce area of 380 m?/g, average
pore size of 98 A and pore volume of 0.86 ml/g), followed by drying at 120°C for 6 h.
The obtained catalyst has a chemical composition of 3% Rh-1 % Mn-0.075% Li-0.05%
Fe/Si0; (by weight). | |

A series of comparative performance tests were conducted with 0.4 grams
(~0.8ml) samples of the examples catalysts (20-40 mesh). The testing apparatus

consisted of a small fixed bed tubular reactor with an external heating system, which
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% Mn-0.075% Li-0.1 % Fe-0.5%I1r/Si Q2 (by weight).

Exanple 6 A required anmount of Rhd 3. xH20 , Mi( NOB) 2,
WQ2MEBP07B£( NO3) 2 and RuCl 3 solution is used tBCT/GB2004/002701

co-inpregnate the silica obtained in the Exanple 4,

foll owed by drying at 1200C for 6 h. The obtained
wasimaty sf 3 Itals staintése Bicebivith A asn length, 656 fvikherldifmeter. The

0.075% Li Ol%FeOS%R/S|02 ght). The
%@ﬁt&ﬂsﬁ%é@ sduged matoy et Hapelos g ﬁwtﬁapgaw Wagraised at 2
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dsor pti on-desorption techni’que. Conpari son exanpl es:
HCYIO)A( raequasréeldh airmmnsphefR€sutd, ’lMe(l N@C)aZalyt’.IIW‘mhlfted into syngas

e 2. solutjon is u 0 natethe orj.gi nal
CEFER GeRtesating i e 325 rein GofPa oG aceds cTbfort or
TQ%QK PYEHRES, PPLEIR0E (4 B TR aiileRYaSscu Qflc_:ﬁndenser

.86 mM/qg), followed by drying at 120Q0C for 6
ﬁbtﬂ withd 80 vdtodicylistdelrassed mm’ﬁha onEgﬂmpt¢§|cpnmnumis ftom the

-l % Mi-0. 0750 Li -0 059 Fe b i.ght) . A
o{ gy St AV R R falies? Melsoredysr e
acﬁfebtﬁ éo%hdnscoﬁ%ﬁng 0x Bfé@anaﬂ@g Gﬁkﬁﬁk@ waBenyied gtaling bl Vasian CP-
used in exanp surface area of 380 n2/g
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r at _12Q0¢ f

ol o, S AL Pt 1 By cBofrog g wina
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series of conparative performnce tests were conducted
pefarmance(sypthess ¢LC:-SRiIgEnaanby b hyfrogarationaisi@sare shown in
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extEigrabdingadatalgsts yigiperted v thehwa - pmdes gifica3otitBinkd in this
stainless steel w.th 340 mm.|ength mm i nner
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romroomtenperature up to t he
efftctive singmdvd e cetakyticpuopertidsef the catalysts, which opens a new way to

obtain silica-supborted ‘catalysts.
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H2 flowrate was 4 1/ h at atnosphere pressure.

Then

the catal yst was shifted into syngas (H2/ CO =2) after
weombioog3down to 523 K, and reacted under procBSEGB2004/002701
conditions of T=593 K, P=3.0MPa, SV=ISOOCh"1 for 4 h.
The effluent passed through a condenser filled with
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*Reaction condi tions: H2/ CO =

134

t
2

o
A>3 oSUT

he

\vxe) III

IIC

dwygr ogengbizon of Go& -

(volunmel ratio), GHSV =

12000 h 1, 3 OH_+ CH3CHO +
CH3CBOH + tr gé oxy genaﬁg’élof CB a%aézz + *58*4 {T3= 4625
dlUUb, thejother nditions arejthe sa  NEasSUurements
nmet hgds: - BET9_speC| fic WMarface|aregs ASTM4D3663499 270.5
standard test nethod for surface area of catalystls and
catal yst carriers

C8** 9.8 380 0.86 40.5 340.1

*Reaction conditions: Hy/CO = 2 (volume ratio), GHSV = 12000 h, 320 °C, 3.0 MPa.
Cy-oxy = C,HsOH + CH3CHO + CH3COOH + trace oxygenates of C; and Cst

** T=310°C, the other conditions are the same.

Measurements methods:
- BET specific surface area: ASTM-D3663-99 standard test method for surface
area of catalysts and catalyst carriers
- Average pore size: ASTM-D4641-94 for calculation of pore size of catalyst
+from nitrogen desorption isotherms.

- Pore volume ASTM-D4222-98 for determination of nitrogen adsorption-

desorption isotherms of catalysts by static volumetric measurement.

- - Particle size distribution: ASTM-D4513-97 for particle size distribution of
catalytic materials by sieving.
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Aver age pore size: ASTM D4641-94 for cal cul ati on of
pore size of catalyst fromnitrogen desorption

WO sobien7sss. Pore vol une ASTM D4222-98 for det epai/aBR008/002701

of nitrogen adsorptiondesorption isotherns of

catal ysts by static volunmetric nmeasurenent. - Particle
size distribution: ASTM D4513-97 for particle size

di stribution of catalytic materials by sieving.d ains:
1. Mcro-porous silica having a BET specific surface
area of 150 t 350 nR/g, preferably 150 to 349nR/g
preferably 200 to 300 n2/g, an average pore size of
100 to 300 A, preferably 101 to 300 A preferably 150
to 250 A and a pore volune of 0.5 to 1.5 nl/g,
preferably 0.9 to 1.1 m/g. 2. Method for preparing a
m cro-porous silica according to claim1l wherein raw
silicais heated in a basic solution, followed by
drying and/ or calcinations. 3. Method according to
claim2 wherein the raw silica is produced by so
techniques with a small pore size. 4. Method according
to any of clainms 2 and 3 wherein the basic solution is
a basic salt chosen anongst hydroxi de, carbonate,
(laiomr bonate, formate or acetate of alkali netal or

t th t hod I t
1ol ar e o T aBicRc pTaoR e S S ke
pi?&&r@@%/' 1400 @49&&% BMC@E?%Q Ité 90@ 912,%”Xn Her£dedoi® size bP160 to
wherein the nol ar percenta basic salt to

380 1A, preférsbly 100 t3004 Apmfg m ysozotzéo Beand aporyyohwee of 0.5 to

n alrr52t06v\here|nthe basi c
13%Pﬁ&ﬂgﬂgﬁéggﬁ9§%8 solution with a pH of 8 to 14.
28. Mardiegh ﬁ??féﬁ)@hﬁ‘@a hﬁcr@fpbr&fs silici dBordinkQo ¢lapharehdiein raw

the heatin erature of the basic solution is 50 to

sTige @cheaﬁriem efoasnc Wlanon,éolimy Gyingended calewsieisng to
zany %etﬁocﬁacngrdz g t% c‘?axw {;Vﬁéx@m tﬁg r'fRX? gﬁlk&‘% p%d\lclgg b9%§f ¢

techniques with a small pore size.
4. Method according to any of claims 2 and 3 wherein the basic solution is a basic
salt chosen amongst hydroxide; carbonate, dicarbonate, formate or acetate of alkali

metal or ammonium or a mixture thereof.

5. Method according to claim 4 wherein the alkali metal is lithium, sodium or
potassium.
6. Method according to any of claims 2 to 5 wherein the molar percentage of the

basic salt to silica is 1 to 30%, preferably 2 to 15%.

7. Method according to any of claims 2 to 6 wherein the basic solution is an
aqueous solution with a pH of 8 to 14. (

8. Method according to any of claims 2 to 7 wherein the heatlng temperature of the
basic solution is 50 to 200°C, preferably 80 to 130°C.

9. Method according to any of claims 2 to 8 wherein the heating of the basic
solution lasts for 1 hour to 5 days.

10.  Method according to any of claims 2 to 9 wherein the raw silica has a particle

size of 0.1 to 8mm.
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solution lasts for 1 hour to 5 days. 10. Mt hod
according' to any of clains 2 to 9 wherein the raw
W@ Rloboa07Bas a particle size of 0.1 to 8mm 11. BEal/aBY®k/002701
for the synthesis of C2 oxygenates from syngas
conprising a meroporous silica support according to
1€l ai auéhlyan@r fleaghiheyis $2C, beydeasted BbmRFyBPAT dotthrRing a micro-
catalﬁst according to claim1l wherein the obtained
peroey siligroripnert sfqordiagiteclampd @ghataseimyi t h sol utions of
hod nd. ot I
lfpr onwmo%%jo%%r%Pgmrgs%jgart?lg:Trt%@&J)IngQo gﬁ ﬁ%é%&?‘lﬁéﬁﬁ g}?e obtained

mé@b @loruas isihes is ikipredviatddoditiasuloti ehis g rliodivh aalﬁhﬁd’.ot\hhﬂfﬁismon
the rhodiumsalt is dissolvable rhodiumsalts such as
mefb saliskRcpIoBOfe PEeCHIsoFN.oailaweh by Aring angforLalgingtigng

"{fl' 3 er Ehod]a%%%rgﬁ%;{?g a2h99 vg{da'?%n i I‘ﬁga]uﬂf saﬁlléhﬁol%gcfl@gﬁ)dium

erelin yst a I've 1S one or sever
saliss8c asahbéunedhidridealbot shoditmh nasitd, baNSIitiucntharbAI
salts, rare earth netal salts lkali nmetal s

141 kaMethogracroramedp agw Pt daimss! 2 apdt Rouhesiadhes Yf‘f&dgltwe is
ot 5&‘5@/%&1 c}gmiggssw t&lastaﬁé g«f‘c&l aeeiqhgxha/@ﬁfe&l eenfs Phe eartcho metal

sever a ISSO e netal salts suc
sdfis, alkAh meia] safts an&/alk@b cafimmetad saltsi , Na, My, Ba 16
5 wher ei

di f cl
14 co! %‘R?%%%%%{'@%%ﬁo Sl 14 sifetein Itb%ﬁ@éyﬁ@fl B sttt of

dM&ﬂ%}@m@fa?m@%u&h@s 15 @063 e, Nif TINQEh@%@@%pm@I NaoMg,
any of claims 12 to 16 whefein the catal ysts are dried

Bat room tenperature to 150C, preferably 30 to 130C,

to 20.d | t. 150 to 5000C
10 or Bl oBrg g5 aad ObieiRs 121805 s vy S Rgapation or
stBSORE GhteghAiod MetBdd Bhdéd® pképakOthd Catehigr.ei n the :

m cr o- porous silica suP port is prepared according to
1any Methodaiceqrdmgtte anpo qﬂglmsdé&tﬁllﬁsvhemn theeatalysis pegiried at

I’OOOH"I tegg)era?ﬂ%enaiﬁg’ Bpe?egggl %@St%g Oglf, ?c?rbll a;?&&’%ﬁ' B &feined at
lﬁDtbOSOOP(D,Q)rE&ra@WZ(OIT to0459i°Wsfoi 1 @50 BI f or t he synthesi s

of C2 oxygenates from syngas
18.  Method according to any of claims 12 to 17 wherem the mlcro-porous silica
support is prepared according to any of claims 2 to 10.
19.  Catalyst for the synthesis of C; oxygenates from synigas obtainable according to
any of claims 12 to 18.
20.  Use of a catalyst according to any of claims 11 or 19 for the synthesis of C,

oxygenates from syngas.



