1 Mo containing catal yst, a preparation nethod and a

nmet hod for preparing nethyl nercaptan The invention

relates to a process for the preparation of a Mo and

Te containing catalyst, and the catalyst itself,

useful for nethanethiol synthesis from syngas

preferably containing high anmounts of H2S. THE PRI OR

ART As an inportant chem cal educt for the production
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such as CO, 002 or m xtures thereof, sul phur and/or
hydr ogen sul phi de, and hydrogen, mhereby the reaction
takes place in the presence of a supported catal yst
conprising a) a Mo and a K conpound as active
conmponents, whereby Mo and K can be constituents of
t he sane conpound, b) a pronoter, wherein the
pronoter conprises Te02 c) an oxidic carrier.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The cat al yst
according to the invention conprises active
conponents, active pronoters and a support material.
It is directed to a supported catal yst conprising a)



ot her 'ire-containing TeO2-precursors are Said
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agents such as ethyl enedi am netetraacetic acid

(EDTA), while the anpbunt of chosen hel ati ng agent

added is 0.1-0.6 tinmes by weight as nuch as. that of

the carrier and nore preferably is 0.3-0.6 by weight.
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- .to change the step sequence: * (.3) A given quantity of
(NH4) 6Mb70244H20 and a given quantity of H6Te06 are
di ssolved in a given quantity of distilled water to
generate an aqueous solution. A given 25 quantity of
5102 is inpregnated for 8-10h, wth said solution
then dried at el evated tenperatures, especially at
100- 1300 for 4-6h to forma M-O Te/Si02 internediate
product; a given quantity of potassium conpound is
di ssolved in a given quantity of distilled water to
produce 30 an aqueous solution, into which a given
guantity of the chosen chel ati ng agent and anmoni a
wat er are added to adjust the pH val ue of the
solution to 8-10, with which the M-O Te/5i 02
produced above is inpregnated for 8-10h, foll owed by
drying at 110-1350 for 4-6h. WO
2008/ 031637PCT/ EP2007/ 055078 6 A conti nuous process
for the manufacture of nmethyl nercaptan is
successfully carried out by reacting a m xture of
car bon oxi des, sul phur or hydrogen sul phide and
hydrogen at el evated tenperatures and pressures in
the presence of 5 the above described catal ysts. The
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- The reaction conditions as well as purification of

the . product and the recycling of nbn reacted
conmpounds are generally known (US 4, 665, 245 /

EP- A- 104507; WD 152005/ 040082). The catal yst should
be pretreated with H2 or syngas(C0+82) for 8-10h
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WO 2008/ 031637PCT/ EP2007/ 055078 8 EXAMPLE 3 The

catal yst was prepared according to the nethod
described 5.in Exanple 1, but 2.000g of tartaric acid
was used as chel ating reagent and the carrier Si02
was replaced by y - Al 203. The evaluation results of

wohesosssd yst t hus prepared are shown in t abPEI/EE2007/055078

EXAMPLE 4 AND 5 10 The cat.al%st was prepared
according to the method described in Exanple 1, but

~the-quantity of H6TeO6was changed to be 0.486q and

0. 4329 respectively, and the chel ating reagents used
was EDTA in both cases, the weight ratio of the final
catal ysts thus prepared were Te02/ K2ZMJ)04/ Si 02
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T892 &dided .25 0 0MR 200803 1633PCH ERRA0EL08R0% & ermediate.
product; a given quantity of at least one chelating reagent
and K.MoO, are then dissolved in a given quantity of
distilled water to produce an aqueous solution, into which
a suitable amount of ammonia water is added to adjust the
pH value to 8-10. The intermediate product produced above
is impregnated with said solution for 8-1i0h, finally said
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200600486 AL 10 Table 1The evaluation results of the
catalysts in exanples 1-8. Exanple (catalyst)
Selectivity(% CO2/CH3SH Yield(gm e4t-11-1-1) Conv.
?ch%gﬁ g:;m CH3SH COS CO2 084 CH3SH COs Coz
Te
0.23 55.21 10.70 33.86 0.61 0(919&550&@%78

5

WQ280JSP1 59. 29

impregnated material is dried at elevated temperatures,
especially at 110-135C for 4-6h.

(2) When (NHg)eMo7022*4H,0 plus one of the abové—mentioned
potassium compounds are chosen as the preéursors of the
active compound, the order of preparation is préferably &8s
follows: first) a quantity of choseh potassium compound and
a2 given quantity of H¢TeO¢ according to the desired weight
ratio of Mo and Te are dissolved in a given gquantity of
distilled water to generate-an agueous solution. An
according quantity of carrier is impregnated with said
solution for 8-10h, then dried at elevated températures,_
especzally at 100-130C for 4-6h to form a He¢Te0s-K/S5i0;
intermediate product a quantity of a chosen chelating
reagent and-(NHﬁsMoﬂh444Hx)aré then dissolved in a
prescrlbed amount of distilled water to produce an aqueous
solution, the pH value of which is adjusted te €-10, by
adding a suitable amcunt of ammonia water. Said
intermediate product is then impregnated with said sclution
for 8-10h, followed by drying it at elevated teﬁperatures,
especially at 110-135C for 4-6h.

It is also possible to change the step sequence:

(3) A given quantity of (NH;)eM0s02.*4H0 and a given
quantity of HgTeOs are dissolved in a given quantity of
distilled water to generate an agqueous solution. A given
qﬁantity of Si0; is impregnated for 8-10h, with said
solution then dried at elevated temperatures, especially at
100-130C for 4-6h to form a Mo-0-Te/SiO, intermediate

‘product; a given quantity of potassium compound 1is

dissolved in a given quantity of distilled water to produce
an agueous solution, into which a given gquantity of the
chosen chelating agent and ammonia water are added to
adjust the pH value of the solutien to 8-10, with which the
Mo-0-Te/5i0, produced above is impregnated for 8-10h,
followed by drying at 110-135C for 4-6h.
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/Ssi02 =  25/9/100 2, K20/ W03/ 0. 25
55.15 11.30 33.30 0.60 0.0005 0.35 0.09 0. 19

WO 2008/031637 PCT/EP2007/033078

A continuocus process for the manufacture of methyl
mercaptan is successfully carried out by reacting a mlxture
of carbon oxides, sulphur or hydrogen sulphide and hydrogen
at elevated temperatures and pressures in the presence of

the above described catalysts.

The feed gas has preferable a hydrogen sulphidercontent in

the range of 50 - 80 Vol.%

It is preferred to feed the reactants carbon oxide,
sulphur, hydrogen sﬁlphide and hydrogen to the reactor in a
molar ratio from 1/0G/1/0 to 1/10/10/10, preferably from
1/0/2/2 to 1/0/10/10.

The reaction conditions as well as purification‘of the
product and the recycling of non reacted compounds are
generally known (US 4,665,245 / EP-A-104507; WO
2005/04£0082) . '

The catalyst should be pretreated with H; or syngas (CO+Ha}
for 8-10h preferably followed by sulfiding with H,S prior
to the catalytic conversion of carbon monoxide, hydrogen
and hydrogen sulphideé to methanethiol to obtain the Tel:

component of the promoter.

The evaluation df the catalytic performance of the catalyst
in the present inveﬁtibn wés-carriédVOut in a fixed-bed
tubular reactor with 0.5ml of catalyst per paés. The
experiments were perfomed under the reaction conditions of
CO/Hs/H,8=1/1/2, 300C, 0.2MPa and GHSV = 2000h™. The

products were analyzed by GC. All data were obtalned after

steady state conditions were achleved
The following examples illustrate the present invention.
EXAMPLE 1

Under stirring 0.648g of HeTeDs were fully dissolved in
10.0ml of distilled water, the pH value of the aqueous
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solution of H TeQ,; thus prepared was measured to be 4.1,
then 5.000g of Si0; were impregnated with the aqueous
solution of H¢TeO; at room Lemperature for 8h, followed by
drying at 120C for 5h to produce a dried intermediate

product.

Under stirring 2.068g of K:MoQ, were fully dissolved in 5.0
ml of distilled water to produce a K:MoO,; aqueous soluticn,
into which 5ml of NH:;-H.O were added, the pH wvalue of the
aqueous solution was measured to be 11.40, then, under
stirring 3.000g of citric acid were added to the aqueous
solution of K;MoQ, plus NH3-HpO, the pH wvalue of the K;MoO,
plus NHgﬁbO solution was measured to be %.26. Finally, the
intermediate product prepared in step (1) was impregnated
with the solution centaining citric acid K;MoO: plus NH;-HxO
at room temperature for 10h, followed by drying at 120C
for 5h to generate a catalyst comprising Te0,/K:MoG;/510,,
showing the weight ratio of 9/25/100. The evaluation
results of the catalyst thus prepared are shown in table 1.

EXAMPLE 2

(1) Under fast stirring, 1.468g of K,CO; and 0.648g of
H¢TeQgware fully dissolved in 10ml of distilled water to
form an agqueous solution, with which 5.000g of 5i0; were
impregnated at room temperature for %h, and finally dried

at 125°C for 4h to generate an intermediate product.

(2) 1.534g of {(NHy)M070z:+4H,0 were fully dissolved in 5.0
ml of distilled water under agitating to form an aqueous
solution, to which 2.000g of tri-ammonium citrate were
added. Subsequently, a suitable amount of NH;3-H:0 was added
to adjust the pH of the soluticn to 9.05. The intermediate
product prepared in step (1) was impregnated with said
solution at room temperature for 9h and finally dried at
125°C for 4h to produce the catalyst K;0/Mo03;/Te0:/510;,
showing the weight ratio of 20/25/3/100. The evaluation
results of the catalyst thus prepared are shown in table 1.
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EXAMPLE 3

The catalyst was prepared according to the methed described
in Example 1, but 2.000g of tartaric acid was used as
chelating reagent and the carrier 3i0, was replaced by Y -
21,05. The evaluation results of the catalyst thus prepared

are shown 1in table 1.
EXAMPLE 4 AND 5

The catalyst was prepared according to the method described
in Example 1, but the gquantity of He¢TeOs was changed to be
0.486g and 0.432g respectively, and the chelating reagents
used was EDTA in both cases, the weight ratio of the final
catalysts thus prépared were Te0;/K;Mo0,/Si0, =6.75/25/100
and Te0,/K:Mo0,/810; = 6/25/100 respectively. The
evaluation results of the catalysts thus prepared are shown

in table 1.

EXAMPLE 6

The catalyét was prepared according to the methédd described
in Example 1, but 5.000g of TiO, was used as the carrier.
The amount of HgTels; and the amount of K,MoO, were replaced
by 0.142g and 0.827g, respectively. The final catalyst
prepared was Te0,/K,Mo0:/Ti0, = 2/10/100.The evaluation

results of the catalyst thus prepared are shown in table 1.

EXAMPLE 7

The catalyst was prepared according to the method described
in Example 6, but 5.000g of Zr0O, was used as the carrier.
and the amount of HgTeO; and K.Mo0O; was replaced by 0.071g
and 0.414g respectively. The final catalyst prepared was
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Te0,/K,M00,/2r0;=1/5/100. The evaluaticn results of the

catalyst thus prepared are shown in table 1.

EXAMPLE 8

The catalyst was prepared accordiﬂg to the method described
in Example 2, but 5.000g of the mesoporous molecular sieve
MCM-£41 was used as the carrier , and the amount of KzCOs,
HeTeOs and (NHg) ¢Mo;024+4H,0 was replaced by 1.835g, 1.080g
and 2.454g, respectively. The final catalyst prepared was
K20/M0o03/Te0,/MCM-41 = 25/40/15/100.

The evaluation results of the catalysts modified with
different amounts of TeO, for methanethiol synthesis from

high H;S containing feed gas are listed in table 1.

As it can be seen the addition of TeQ, to K;Mo0./5i0;
catalyst increases evidently the activity of the catalysts,
which can find expression in the significant change of
conversion of CO and the vyield of CH3SH. The conversion of
CO reaches a maximum with 61,5% and a yield of methanethiol
of 0,39 g.mlee™.h™. Obviously, both the conversiocn of CO
and the yield of methanethiol do not correspond linearly or

regularly as function of the amount of TeO, added.
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Table 1 The evaluation results of the catalysts in examples 1-8.
Example Selectivity (%) CO/ Yield {g. Mlee™ B ggnv.
{catalyst) CH3SH
co
(%)
CH,q CHsSH | COS CO» CH,4 CHs5H CDs COs
1, KzMoO,/TeCs 0.23 ]55.21 [10.70 |33.¢86 0.61 0.0005 0.38 0.09 0.21 59.29
/810, =
25/9/100
2,K:0/Mols/ 0.25]55.15 [11.30 |33.3¢0 0.60 0.0005 0.35 0.09 0.19 57.26
TeQ;/5i0.=
i5/25/%/100
3, KMoO,;/Tels, 0.3C [48.70 |17.91 [33.08 0.68 0.0005 0.24 0.09 0.21 560.02
/Y —Al:0s
= 25/9/100
4, KMoQ,./ TeOs 0.24 [54.74 110.72 |34.590 0.60 0.0005 0.33% 0.09 0.21 56.02
/Si0=
25/6.75/100
5, K:McO4/Tel; 0.24 |54.50 £10.50 | 35.02 0.66 0.0005 0.36 0.09 0.22 57.52
/510,
= 25/6/1.00




0.08 48.40 14.05 37.47 0.77 0.0005 0.31 0.09 0.24
48.4 =10/ 2/ 100 7, 0.09 48.17 17.84 33.90
0.70 0.0005 0.27 0.10 0.19 39.6
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6, 0.08 [ 48.40 {14.05 }37.47 Q.77 0.06005 0.31 0.0% 0.24 48.4

1 KaMoO. / Te0, /T10;
=10/2/100

T, 0.09 | 48.17 [17.84 } 33,90 .70 0.C005 0.27 0.10 0.19 39.6

KMo,/ TeQy/ Zr0;
=5/1/100

8, 0.07 | 51.28 [11.83 | 36.82 0.72 0.0005 0.3% 0.09 0.28 61.5

Kz0/Mo03/Tel:/
MCM-41
-1 =25/40/15/100
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K2Mb04/ 7e02/ Zr 02 =5/1/100 8,
0.07 51.28 11.83 36.82 0.72 0.0005 0.39 0.09 0.28
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EXAMPLE 9

Figure 1 shows X-ray diffractograms of the catalyst TeO;-
K,;Mo00,/510; prepared by drying of the catalyst at 150°C and
calcination at 400°C as compared to the starfing materials
and the catalysts K;Mo0,/S10, and CoO-K;Mo04/510, [A) carrier
Si0,; B) HeTeOs; C) KuMo0,;/Si0»; D) TeO0,-K;Mo0./510; (prepared
with citric acid; drying at 150°C}; E} TeO,~

K.MoQ,/810; (prepared with HNOs; and without chelating
reagent); F) CoO-K;M00,/51i0:; G) Te0;-K:Mo0;/510;(calcined at
400°C): H) CoO0O-KMo04/5i0;(calcined at 500°C)]. The
diffractograms clearly demonstrate the distinct nature of
the Te-containing catalysts as compared to other catalysts

prepared on the basis of the system XK;Mo04/Si0;
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Claims
1. A supported catalyst comprising

a) a Mo and a K compound as active components, whereby

Mo and K can be constituents of the same compound,

b) a promoter, wherein the promoter comprises TeO; and

-and

"¢) an oxidic carrier

The catalyst according to claim 1, wherein the weight

ratios of the components are
Te0,/KMoO4/carrier = (1—20)/(1-50)/100 or
Te0,/Mo0s/K,0/carrier = (1-20)/(1-50)/(1-50) /100,

The catalyst according to claim 2, wherein the weight

ratios of the components are
(1) Te0,/KMoO,/carrier = (3-12)/(15-30)7100 or
(2) Te0,/Mo0s/K,0/carrier = (3-12)/(15-30)/(8-20)/100

The catalyst according to claim 1, wherein the carrier
is chosen from the group comprising S$iC,, Al,0s;, TiOg,
Al,03-8i10;,Zr0;, zeolites, carbon containing materials

or mixtures thereof.

The catalyst according to claim 1, wherein the catalyst

contains an active Mo-0-K center.

The catalyst according to claims 1 to 5, wherein the
catalyst is sulfided by exposing to an hydrogen

sulphide containing atmosphere.

The catalyst according to claims 1 to 6, wherein the

TeO, content is in the range from 1 to 20 wt.%.
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WD 20081031637PCT/ EP2007/ 055078 12 EXAMPLE 9 Figure 1
shows X-ray diffractogranms of the catal yst Te02-

Kj 4004/ Si Q2 prepared by drying of the catal yst at
150C and cal ci nation at 400C as conpared to the

starting materials 5 and the catal ysts szw,ﬁz&gmsfms
H6Te05; O '

WOHESEB'K2MD04/ S102 [ A) cg{rier 5i 02; B)

K2Mp04/ Si 02; D) Te02- K2M)04/5i 02 (prepared wth
citric acid; drying at 150C); E) TeO2- -
K2Mb04/ Si 02( prepared with HNO3 and wi t hout chel atin

eagent ). F 4/ SL B2 ccording to claims 1 to
S0 i §%?{C§§%[g?néed%%f2al 04068 1™
CoO K2 MpouyrSiso ng( EBPcFHES at 5000)]. The
diffractogranms clearly denonstrate the distinct
nat use ofmpireenieiagnsal dicryr ciatraliys merast conpdre d e
ot her’ catalysts pre $kSoRE LHEpSYSeMa Te
KoND04! 8102 2D J600 Db Tt Eo00s Osstra e T
d ai ms konkadapper £REPRERAI ST Shei 8P ng B A PRECUTSC
anci a K Genpoundoeasaasihy ecannporentschwaet2bys b KaAd

K can be consti tuent,s t a oundys 3ntdini
pr onot eI HEPS N He (%Ifrl“c;ﬁ@%éf” I:%np%ﬁ@ge%@wooz and and-

" c) an oxiaticoucslsri ek 2. The catal yst according to

claim1l, wherein the weight ratios of the conponents

ar SzngSi%}zf’/K%g?%iw Ebed Ea;(ﬁ're?rf())j/r‘( jho;}e) +H@0 ore step -
Te Mb03, carrier = (1- - : - " nBa Te
The cat diy<t °§@08Fdf“ﬁ§et%q%%g%ém%o,ﬁ%gﬁéi %9% %p%eﬂjggﬁt
rati os aforthe ndogponeneyndrerid) ardG2ARM)0EFRaPtEHTS0T
(3-12)/ (a]fg{ %0%,%&0.0 or 15(2) Te02/ Mb03/ K20/ carrier =
(3-12)/ (15- 36)/ (H-20)/ 100 4. The catal yst according

Broub T SS9, TR DS T3 RIS A165 7108

zeol'ites, carbon containing materjals or mxtures
t her &bf . ir@0rBnaTrHadc ahal 93T H% otidithgnt 8IEPGRH qolution
wher ei n jhe, Gatalystiaonbatdfp@n@aciiice ib- O Ko,

center. 6. The catal yst according t Lai .
wher ei n RJHE'éjU&'&t"‘lﬁfl'ygt‘%/(ilggs"?il‘i'ﬂli‘(iwl dle%ef%ggggsgg]é}tl%ga% :
hydr ogene sitaphiclecoprtratniag Be nsphece angbnhernpgiate

catal yst_according to clainms 1 to 6, wherein the Te02
cont ent ?%Cﬁ%rth(egrange fromlto 20 w.%

az) impfegnating said product {(a) with an aqueous
solution of K:MoQO, to produce a product {b). with
weight ratios of the components according to ratio
(1) and drying the said product (b} at elevated -

temperatures; or

bl) impregnating the carrier with an agueous solution
of a Te—containing compound which is a Tel
preéursor and of a K-containing compound which is a
K,0 precursor, drying said impregnated carrier at

elevated temperatures to produce an intermediate

product (c); and

b2) impregnating said intermediate product {c} with an
aqueous sclution of (NHs)eM07024 = 4H20 tO produce a

catalyst with weight ratios of the components
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WD 2008/ 031637PCT/ EP2007/ 055078 14 8. A nethod to
prepare a catal yst according to clains 1 to 7,
conprising the steps: a) inpregnating said carrier in
nore than one step with one or nore aqueous sol utions
conprising a fie 5containing conmpound whi Chﬁgf’EEZO 2078
ERRAEYS

wqQaes/isecur sor and a K contai ni ng conpound

as a 1(20 precursor and (ﬂllil4)6l\/b7024 or Mb03 as Mo

cont ai ni ng conpounds; or b) inpregnating said

carrier in nore than one step 10with one or nore o
aqueous sol utj.ons conp | I nLAgG G m
whi ch acts® Qd'sdlélqréct?z régu?géragﬁﬁ%ﬁo%?lg E%HPQ ed
met hod apcotditngldlo claim 8, conprising the steps: o
al) i npr egnating the carrier with an aqueous sol ution
150f a &Eéﬁéﬂyfﬂﬂﬁ RYI-GAIPOUAdr g cthd ssegofid02mpregnation
precursor dryi.ng sa re I

el evat ed 1; éarzgt N és%z&wgr o%ﬁ@é%ﬂ&?ﬁ er ﬁggﬂ%gt gf b to

pr oduct 1@) a2) inpregnating said product

(a) with an aqueous 20sol ution of K2Mbc04 to produce a
ﬁbOdQHé GO oM tdroidghty tat coainf 9t hécowiporditisting the

ding to rat 1 o
(b) B ERevan gt O ol Lot ) aghat hg -t he

carramoma maarreraque@mogélauu on 250f a
"re-containing conmpound which is a Te02 precursor and

Qf . aTke CAOERE DI NELQNRRUAG Whkth §5 v&le‘%ybiaecﬂleaet one

dryin d i t ed
T T3] SOblohy by PP o ion v

and 86b2)ntafpriegnatdmmpusdi-d i nt er medi at e product (c)

W th an aqueous sol ution of (NH4)6M7024 41120 to

HQOdﬁ'ﬁQ Ao G Al M5l Mty Wei ghbimatifsd afl t kéereby the
onmponents, WO 2008/ 031637PCT/ EP2007/ O%@O?% 321 ta 0,6/1

accoFH?h@t%‘Eﬁ RIS 2) S RGOGPy FRg™ saT & 1 hpr egﬁa ed '

produelatie twhertebyameepH val ue during the.second

1npregnation steps a2) and b2) is adjusted to a range

9%.8TE9 RdPnod according to claims 9 to 12, whereby the
chelating reagent is chosen from the group of citric
acid, fri ammonium citrate, L-glutamic and tartaric

acid or ethylendiaminetetraacetic acid (EDTA).

14. The method according to claims 8 to 13, whereby the
catalyst is sulfided by exposing to a hydrogen sulphlde

containing atmosphere.

15. A method for preparing methyl mercaptan in a catalytic
process by reacting carbon oxides, such as €0, CO;, or
mixtures thereof, sulphur and/or hydrogen sulphide, and
hydrogen, whéreby the reaction takes place in the

presence of a supported catalyst comprising

a) a Mo and a K compound as active components,
whereby Mo and K can be constituents of the same

compound,

b) a promoter, wherein the promoter comprises TeO;
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10. The method according to claim 9, whereby
adj usting the pH value is achieved by adding a

~sui tabl e anmbunt of anmmonia water or ammpnia. 11. The

met hod according to claim9, whereby at |east one
10chel ating reagent is added during inpregnation w t

WORISNBL6EDNt ai ni ng conpound. 12. The net hod 5@@5?@9%55078

to claim9 and 11, whereby®the chel ating reagent is
added in a weight of 0,1 to 0,6/1 relative to the
carrier. 15 13. The nethod accordi ng to claims 9to
12, whereby the chel ati ng reagent is chosen fromthe
gr oupcbfa%lqz’flldcl%&a&rtlfef anmonium citrate, L-glutanic
and tartaric acid or ethylendiam netetraacetic acid
(EDTApe mddhodThet mawtiod 1accorer o, i cMaimbterebies, of

wher ehy the.Z0catalyst is sulfided by exposing to a
hydr ogen sul phi de contai ni ng atnosphere. 15. A net hod

by Rttt ﬁwﬁ&@ﬁﬁﬁﬂﬁmp””“

‘m xtures thereof, sul phur and/ or dr ogen sul 61
B2 20007

and ngcﬂfio@géﬁﬁao/mérréﬁy the™ %%)a/ci% 50 Y AKESZPI
the presence of a supported catalyst conprising a) a -
Vb . anfle andt eaimound sds ast szer@rmpﬂmem,rlwheiebyhmen

and K can_be constit t sape~conpopnd,
a prbRETer2® WAt Bn ct%ﬁxgrﬁ tgfoco'f?ﬁ(r)l Sé'HS?L 280! Al%v\%SJ.Og,V

‘ 2008£@@11_‘653%7$}C'ﬁ£190210@7m®559¥8g116a‘éf)rla?\*]rsoﬁilfdf“éxwrres

carrigéredf: The method of claim15, wherein the
wei ght ratios of the conponents are

SFeoshans 150/ aréﬂé%%_%ﬁ?ﬁé§?£ Q%%%Q%gz%?Fla

The oethod thldﬂEal MUty afef8i nCohe OFaPiKERI¢S HHyRAE
fro”l;ﬁbsﬁh df{%@?}r |s%|lBg15é03deh}Q&og@n2@ie fed to the
203 02,

zeollt ,_car qa ,mat eri al,s,Qr
m xt GRSt Peridbi afSIag rHo?L é}rgl nsl:l ?b %8 10-

17, wherein the reactants carbon OXI des, such as CO
Co2, Toe metitad e 'dlivereof5 §al phurvbaRfdfo§es FGEpRI Aatio

' ?nd Q%dflﬂ’%%a?ﬁ.earft%g ctfgbbheok;e@éyhoiudr{lﬁ& m:c ,acosatém
from 0 to e e i s
TS L T ke I

15 tBPAPTSHEASE ¥ Y e e reactants
car b]@gadm(geieaqeasm:tfr@gt CO0: 22, torl M ¥tluddés t her eof,
sul phur, hydrogen sul fide and hydrogen reach from
1:0:2:2 to 1:0:10:10. _



