USE OF A MOLYBDENUMt BASED CATALYST FOR THE DI RECT OXI DATI ON OF SULPHUR
COVPOUNDS TO SULPHUR AND/ OR SULPHATES AT LOW TEMPERATURE 5 The
present invention relates to catalysts for the treatnment of gases,
especially of industrial gaseous effluents containing sul phur conpounds,
wth aviewto the catalytic conver si on of these conpounds to conpounds
that can be easily renoved. 10 It relates nore particularly to

catal ysts for the dbﬁﬁchQ?:%ﬁi&gﬁﬂﬁﬁmh¥g§9§§§§§#%?§%dﬁ? oTﬁﬂlphur and/ or

to sul phates. Desul phuriz gases ow concentrations

of hydrogen S“'pB&QﬁCEa@X??gﬁiPﬁnﬁﬁdSﬁﬁPﬁﬁkaEbﬁPgﬁﬁﬁbOﬁaﬁgﬁ%gﬁﬁﬁs t r eat ment

Is applied in various fie e case of constrairnts re to the
protection of the ey A StinpaAisd Yo trow? 'isliskadrkd rom G aus units,
also called "tail 20 gas" are increasingly subjected to an additi onal

treatment known as tail gas treatnent. The residual conpounds in these tai
gases (sul phur vapour, sul phur dioxide, organic sul phur conpounds such as

CS[err], sCOS) can bemmopedsbyt2SinventidtydnreQarals Ofot Ocdyall pges

sul phide and then this hydrogen sul phide is converted to el enmental sul phur

and/ or sul phfes.the itrealtmentosst bigases,enesseciallby bife Paddistrial
gaseous effluents containing sulphur compounds, with a
view to the catalytic conversion of these compounds to
compounds that can be easily removed.

10 It relates more particularly to catalysts for
the direct oxidation of hydrogen sulphide to sulphur
and/or to sulphates.

Degulphurization of gases containing low

concentrations of hydrogen sulphide has experienced

15 notable development. This treatment is applied in
various fields:

- in the case of constraints related to
the protection of the enviromment, effluents
originating from Claus wunits, also called "tail

20 gas" are increasingly subjected to an additional

treatment known as tail gas treatment.

The residual compounds in these tail gases
{sulphur vapour, sulphur dioxide, organic sulphur
compounds such as CS,, COS) can be removed by

25 hydrogenation to hydrogen sulphide and then this

hydrogen sulphide is converted to elemental

sulphur and/or sulphates.

It is also possible to envisage, at the exit



2. of the last Caus reactor, using a deliberate shift of the
Herr]S/SJerr] ratio and then passing the effluent over a catal yst
allowing the remaining SO err] to be converted to sul phur via the C aus

reaction 5 (2 Herr]S + SOerr] -4 3/x S[err] + 2 Herr]O. A final
- stage of direct oxidation of H2S to sul phur and/or sul phates then conpl etes
the treatnent; - deposits (nat ural gas, geot hermal sources)

cont ai ni ng gases pat ural | ﬁal | Bl @eggg\%%gm\g ] nty ahie(ig_b%trg@édrogen

sul phide are also treated n sone cases a r1zation based on a

Claus process is fpupd tgx bendi fﬁ,bgsbt Pht¥ehAdPeRehD! Sadih@ RiRCEss for
direct conversion of hydrogen sul’phidé to sul phur and/or” sul phates is

preferable. 15 effiuent dP6r aPEéLE&IYst ATVEMAPthe dPah&iniNgtSo, the
processes using the final reaction of conversion of hydrogen sulphide to

el enental sul phuto badconvelrdediultthad oy tWia ptREcatausl r@addon and in
particular at a tenperature |ower than the dew tenperature of 20 sul phur,

i.e. lowes than 17(9[&ls]L sbhe-adyant gge+oR WDOKL NG atirdiChsBagemMeF at ure
is the ability, on the one hand, to recover the sulphur in liquid or solid

formin the porosgiyeet bREaseishyst AR tLEullphuet Rela /AN duihatldisd t the

t hernodynanmic equilibriumin the direction 25 which promptes the reaction
of sul phur fornmatthén toMpPYetes!t ke Skhosdementyg of a process of this kind is

that, sinultaneously with the formation of
- deposits (natural gas, geothermal
sources) containing gases naturally exhibiting a low

10 concentration of hydrogen sulphide are also treated. In
some cases a desulphurization based on a Claus process
is found to be Adifficult or even impossible and a
process for direct conversion of hydrogen sulphide to
sulphur and/or sulphates is preferable.

15 The present invention deals with the
processes using the final reaction of conversion of
hydrogen sulphide to elemental sulphur and/or to
sulphates in the presence of oxygen, and in particular
at a temperature lower than the dew temperature of

20 sulphur, i.e. lower than 170°C. The advantage of working

at such a temperature is the ability, on the one hand,
to recover the sulphur in liquid or solid form in the
porosity of the catalyst and, on the other hand, to
shift the thermodynamic equilibrium in the direction

25 which promotes the reaction of sulphur formation.
However, the shortcoming of a process of this

kind is that, simultaneously with the formation of



3 elenmental sul phur, sul phur dioxide is frequently produced in
parallel, and is not retained on the catalyst, resulting in a loss in the
gas purification yield. 5 Thus the catal ysts of the prior art do
not nmake it possible to ensure the best gossible conversion of H2S with the
maxi mum sel ectivities for sul phur and/or~sul phates and a m ni num one for
SO[err]. An aimof the present invention is to provide 10 a catalyst which

makes it posg |ncr3§ e_t he c ver5|o .0f . 528 whil e du0|n t he
conver si on tosga‘%?ﬁ to® Fitum WE + nSIGFHE8 3 daf %ﬁu&n 81 phur
compounds at. | gyl SLRCT A Ur Ol G Pigher Sckihog 150 eG5k0) - 15
In particul arm %%} " present invention 1S to provi

catal yst whi ch, (g étltregai't% tiQ oéJt 8b8s2 s0CHIRE Gls /Qﬁ\é‘i"f%ﬁ%l%
Herr]S close to 100 % and an SO err] yield close to O %in the course of

the reaction gpfjaed above. 20 Wth this aimthe invention
relates to the use, for the direct oxidation of sul phur conpounds to

sul phur ansl/ or sul phat esh@é &heerpeialyEts | efercHehapridh| arit] @o photer abl y
| ower than 150[err]C, of a catalyst conprising an active phase incl uding
nol ybdenum angialee 25t pappbblebtsednsuréi thai besdi posdéblez icoaveraionsi | i ca,
of H,S with the maximum selectivities for sulphur and/or
sulphates and a minimum one for SO,.
An aim of the present invention is to provide
10 a catalyst which makes it possible to increase the

conversion of H,S while reducing the conversion to SO,

to a minimum during the direct oxidation of sulphur

compounds at low temperature (T < 170°C, preferably

T < 150°C).

15 In particular, an aim of the present
invention is to provide a catalyst which makes it
possible to obtain a degree of conversion of H,S close
to 100 % and an SO, yield close to 0 % in the course of
the reaction defined above.

20 Wwith this aim the invention relates to the
use, for the direct oxidation of sulphur compounds to
sulphur and/or sulphates at a temperature lower than
170°C, preferably 1lower than 150°C, of a catalyst
comprising an active phase including molybdenum and a

25 support based on titanium dioxide, =zirconia, silica,
silica-alumina or alumina, the =said silica, silica-

alumina and alumina exhibiting a specific surface of at



silica-alumna or alumna, the said silica, silica- alum na and al um na
exhibiting a specific surface of at 4 |east 20 nferr]/g and a total
pore volune of at least 0.3 cnferr]/g. O her details and advant ages of
the invention will appear nore clearly on reading the description 5 which
follows. The invention relates first of 4ll to the use, for the direct

oxi dati on of sul phur conpounds to sul phur and/or sul phates at a tenperature

| ower than 170[err] C _ preferably |ower than 150[ery]C, of_ a catal yst 10
conpri si ng ant<&tY vgopﬁbZ% iﬁﬂ;‘* udi n§ohdty bBRREm sfpoPt bggéﬁton

titani um di oxd' d3e zi,rconia, silica, silica-alumna or alumna, the said
silica, silica- acfnbfr?ha and alum na exhibiting a specific surface of at

least 20 nferr]/g and aq%}?%ﬁ'd&oéﬁ erﬁ‘émacﬁ)xﬁa:?én%ﬁ%zc%fn 3%%Oi§vgﬂize££]/ g.

The catal yst accordi ng e 1 nvéention has a ased actirve phase

whi ch may be _jn4h I I e axi t heas : of
nol ybdenum i“’tﬂblei %55%3?5?%?%f OC?L t requ[.'a??erp%% %&Zé:h%ﬁozslg%?%%?“é?anpl e,
from nol ybfleqgdi testows Ul phate or chloride or an ammonium salt. The

nol ybdenum el enent cont ent of the catal yst according to the
invention is generally ¥ie invention relates first of all to the

use, for the direct oxidation of sulphur compounds to

sulphur and/or sulphates at a temperature lower than
170°C, preferably lower than 150°C, of a catalyst

10 comprising an active phase including molybdenum and a
support based on titanium dioxide, =zirconia, silica,
silica-alumina or alumina, the said silica, silica-
alumina and alumina exhibiting a specific surface of at
least 20 m’/g and a total pore volume of at 1least

15 0.3 cm'/g.

The catalyst according to the invention has a
molybdenum-based active phase which may be in the form
o_f at least one oxide or at least one salt of
molybdenum, it being possible for the latter to be

20 chosen, for example, from molybdenum nitrate, sulphate
or chloride or an ammonium salt.

The molybdenum element content of the
catalyst according to the invention is generally at
least 1% by weight relative to the catalyst,

25 preferably not more than 50 %, still more preferably
between 2 and 30 %.

The active phase of the catalyst according to



least 1 % by weight relative to the catalyst, 25 preferably not nore
than 50 % still nore preferably between 2 and 30 % The active phase of

t he catal yst according to 5 the invention nmay additionally include at

| east one el enent ot her than nol ybdenum _chosen from iron, titanium

ni ckel, cobalt, tin, germanium gallium?3ruthenium antinony, niobium
manganese, vanadium 5 chrom um phosphorus, zinc, bisnmuth, the al kal

JEUrT Uy AerHe  AGPBEARE Bevio AR L ha s oEEuAPC A, JeRAtncoRBr m of
content | of STERSHEN ST | bRk PR EIbadintt s Sndteky BEORT - nbEPRa0 % by
wei ght rel ati e t, abl y. at : 00 St e
preferably aty%%r%% %%%@wf' <E)éﬁ;ﬂ“I’heé(:'f»‘lt"?}iopgg ?hg%g%,h%' ca%%lh'%/s '
accordi ng t0 i fighdfiMa! | OBnEBYoRP, PaSedbeime! Udirarfdd&,0Ni fandlilkd;

silica-alum na or titapiun1diOX|dg. The.alun1na,.5|llca or.s!llca-afunina
of the catml wsirceiaal di PRosPhdhes | N¥eAt| oBignah,t T sPBedfi cméLa1gurface

(SS) of at least 20 nferr]/g, preferably of at least 40 nferr]/g, stil
mor e pref er alynous, athed efbkalilfé- ¢4 £tH |hftals group, the rare-earths
group and yttrium.

As with molybdenum, these elements may be
present in the form of oxides or of salts such as

10 sulphates, nitrates or chlorides.

The content of element (s) other than
molybdenum may be at most 40 % by weight relative to
the catalyst, preferably at most 30 %, still more
prreferably at most 20 %.

15 The support of the catalyst according to the
invention may be based on alumina, zirconia, silica,
silica-alumina or titanium dioxide.

The alumina, silica or silica-alumina of the
catalyst according to the invention exhibits a specific

20 surface (SS) of at least 20 m’/g, preferably of at least
40 m’/g, still more preferably of at least 100 m'/g.
This specific surface is a surface measured by the BET
method.

A surface measured by the BET method is

25 understood to mean the specific surface determined by
nitrogen adsorption in accordance with ASTM Standard
D 3663-78 established from the Brunauer-Emmett-Teller

method described in the periodical "The Journal of the



This specific surface is a surface neasured by the BET nmethod. A surface
nmeasured by the BET nethod is 25 understood to nean the specific surface
determ ned by nitrogen adsorption in accordance with ASTM Standard D
3663-78 established fromthe Brunauer-Enpett-Teller nmethod described in the
periodi cal "The Journal of the 6 Amer?can Chenical Soci ety", 60, 309
(1938). The alumna, silica or silica-alumna of the support of the

| di he J : L e I
ol e (v Bt Ebas qusd R Paiaeh S G o | enet b4
cnerr]/g, still nore .ﬁgeﬁggz\{/%?ixa Ofsg‘.%i‘&a Io?casé&.li]caf-'gl‘?{n[&]réa?'?%mh TPV

I's neasured as foll ows: te of € grarn density an e absol ute

density are Jineds t Raegr égeﬁipgi_ Sealdit & D%edeﬂﬁ%h@%ﬁr e

nmeasured by t 10 pycnonetry nethod wi th mercury and lumrespectively,

‘and the TPV iadiiefshdliy hexhobith aa [t&Svdl ASGHE dvBEuh FTVAf &6f ede
alternative formthe 15 alumna, silica or silica-alumna of the catalyst

accordi ng 3 0 Tdust NVENt e g X préifesad1yolbEmatofllayten .of <M’Agpt seigneat er
than 100 A, known as V[err], greater than 0.3 cnferr]/g. The vol une of the
pores of di ankdmws pmsfexrably of at least 1 cm’/g. This TPV is

measured as follows: the value of the grain density and

of the absolute density are determined: the grain (Dg)

and absolute (Da) densities are measured by the

10 pycnometry method with mercury and helium respectively,

and the TPV is given by the formula:

According to a preferred alternative form the
15 alumina, silica or silica-alumina of the catalyst
according to the invention exhibits a volume of pores
of diameter greater than 100 A, known as V, ,, greater
than 0.3 cm’/g.
The volume of the pores of diameter greater
20 than 100 A represents the cumulative volume created by
all the pores of size greater than a diameter of 100 A.
This volume is measured by the mercury intrusion
technique, in which Kelvin's law is applied.
The catalysts according to the invention are
25 wusually in the form of beads; nevertheless any form can
be envisaged, especially extrudates, crushed products,

monoliths and honeycombs.



20 than 100 [err] represents the cunul ative volume created by all the pores
of size greater than a dianeter of 100 A. This volune is neasured by the
mercury intrusion technique, in which Kelvin's lawis applied. The

catal ysts according to the invention are 25 usually in the form of beads;
neverthel ess any formcan be envisaged,'%specially extrudates, crushed
products, nonoliths and honeyconbs. 7 These catal yst supports can be

obt ai ned by any techni e known, t person skilled |n th art of ar as
alunina is concerned, tHe-al uﬁ?ﬁgfﬁﬁﬁdésr“pp"é%ﬁ o§2R P 2’8’

mat eri al fq LRI It obt ai ned by
conventi onal p?ocesseg'qg{mﬁ&a% he prggftgrp’?‘afs?%ﬁagp églnméreoggg's and t he
process enpl oyi ng rapi ¢ QeiFy 4 Ofh @hi L 1saEH5b%§nathQﬁﬂ¥'Q ych as

Bayer hydr at e (hydragllllte) Th|s atter alumna is that pre erred 10 in

the inventi opowderdl U@n&ﬁo?%ads age | e&awﬁﬁ? theycealr | GFGRL € £RQM
form ng by coagulatron as drops. This type of beads can, for exanple, be

prepared accerdipagaiticde égachheyg OfuPsdLt S malh A-Ke 012p8ained EFby 15 0
097 539. The control of the porosity can be carried out in particular

accordi ng toconrentdicend gastiddses isudintanttieP-gede (Ot £ yox oggll at i on
as drops of a
process and the process employing rapid dehydration of
an alumina hydroxide such as Bayer hydrate
(hydragillite). This latter alumina is that preferred
10 in the invention.

If alumina beads are involved, they can
originate from forming by coagulation as drops. This
type of beads can, for example, be prepared according
to the teaching of patents EP-A-0 015 801 or EP-A-

15 0 097 539. The control of the porosity can be carried
out in particular according to the process described in
patent EP~A-0 097 539 by coagulation as drops of a
suspension or of an aquecus dispersion of alumina or of
a solution of a basic aluminium salt which is in the

20 form of an emulsion consisting of an organic phase, of
an aqueous phase and of a surface agent or of an
emulsifier. The said organic phase may, in particular,
be a hydrocarbon; the surface-active agent or
emulsifier is, for example, Galoryl EM 10®.

25 The supports in bead form can also be
obtained by agglomeration of an alumina powder. The

agglomeration in bead form is performed directly on the

alumina powder using rotational technology. Rotational



suspensi on or of an aqueous dispersion of alumna or of a solution of a
basic alumniumsalt which is in the 20 formof an enul sion consisting of
an organi c phase, of an aqueous phase and of a surface agent or of an

enul sifier. The said organic phase may, in particular, be a hydrocarbon;
the surface-active agent or emulsifier is, for exanple, Galoryl EM
10[err] 25 The supports in bead form can also be obtained

b | t f L umi, . _Th | tion in pead formi
per for ned di rEREFORIY S alRHREovifor BERRn G WO SFHIBARY ctANBFIGE
Rot at i onal 8 technol is_intended t ' toi ich th
200t omor at i orFTR. BEPLAPRERCHILILE | RG" AR OBy P 1 or o PAPERCEn
contact and igy,r ég%ﬂ%@edtiﬁ'fcogégﬁf:gt?ﬁ& | e AN bager Ot ary

drummay 5 be nenti as equi pnment o ype. This type of process

makes it possipi&1£0 PhbAHAGRASH I 1 LA I 2hhedndl A ANSased RALe

di stributions, these dinensions and these distributions being generally

created dugi nget henkgehederal i equsbrese be ©oNE rebpel Ihilhecos uses of
the pores of given dianeter can also be carried out during this

aggl oner at i onpBbEges bymakesppriapr i poes Ho ¢St gBnt otdie cbédds f | edichat e of
the al um na powder and optionally of water, of the speed of rotation of the
apparatus or chmtrglléd |dimenkixinsn axid pore distributions, these
dimensions and these distributions being generally
created during the agglomeration stage. The control of
10 the volumes of the pores of given diameter can also be
carried out during this agglomeration stage by an
appropriate adjustment of the entry flow rate of the
alumina powder and optionally of water, of the speed of
rotation of the apparatus or during the introduction of
15 a forming initiator.

If the supports are alumina extrudates, they
can be obtained by blending and then extrusion of an
alumina-based material, it being possible for the said
material to originate from the rapid dehydration of

20 hydragillite or from the precipitation of boehmite or
pseudoboehmite alumina. The control of the porosity of
the extrudates may be carried out using the operating
conditions of blending of this alumina before
extrusion. The alumina may also be mixed with pore-

25 forming agents during the blending. To give an example,
the extrudates may be prepared by the preparation

process described in patent US-A-3,856,708.



15 a formng initiator. If the supports are alum na extrudates, they can be

obt ai ned by bl ending and then extrusion of an alum na-based material, it
bei ng possible for the said material to originate fromthe rapid
dehydration of 20 hydragillite or fromthe precipitation of boehmte or

.pseudoboehm te alum na. The control of the porosity of the extrudates may
be carried out using the operating condi tions of blending of this

alumi na before extru5| The a X &y

Lorning aggnhj during t cﬁﬂﬁgﬂﬁl Efgéféigﬁxanp sg?%tkg§gzgagfgs7ggy
e prepare emRie 4 r S o e

9 If the al um¥1eé}]su§ ogﬁgﬁar%%ce?ugﬁgﬁ ma'%(sar%gﬁ t ey%yg% |g|y% romthe

crushing of gy, oRe Kfsdd UHAXAAICd SRS ha, swsb aaxa&sieexaﬂm‘as beads
obt ai ned by any type of process (coagul ation as drops, 5 rotary pelletizer

or drum, or Jytifed ueaass. t}Eé N igrdcddfs t (BbdIIe foh Ods t Bk8&pS§| Ushed
C

material is perforned via the oi ce of the alum na-based material which is
crushed t & ohictidry t pelMetéver tde fdrm)qf bie oM REtIwdtEss, Thet he

porosity can be created by various nmeans, such as the choice of the
particle sizewmitidie afuntiha powmdeityr dfie thilsi ngroshedveraddexdladni ha
- powders of different
performed via the choice of the alumina-based material
which is crushed to obtain it.
wWhatever the form of the alumina supports,
10 the porosity can be created by various means, such as
the choice of the particle size of the alumina powder
or the mixing of several alumina powders of different
particle sizes. Another method consists in mixing the
alumina powder, before or during the agglomeration or
15 extrusion stages, with a compound, called a pore-
former, which disappears completely on heating and
which thus creates a porosity in the supports.
Pore-forming compounds emploved which may be
mentioned by way of example are wood flour, charcoal,
20 sulphur, tars, plastics or plastic emulsions such as
polyvinyl chloride, polyvinyl alcohols, naphthalene or
the like. The quantity of pore-forming compounds which
are added is not critical and is determined by the
desired pore volume.
25 The support may also include additives to aid
processing and additives for improving the final

mechanical properties.



particle sizes. Another method consists in mxing the alum na powder,
before or during the aggloneration or 15 extrusion stages, with a conpound,
called a pore- former, which di sappears conpletely on heating and which
.thus creates a porosity in the supports. Pore-form ng conpounds enpl oyed
whi ch may be nentioned by way of exanpl &%re wood flour, charcoal, 20

sul phur, tars, plastics or plastic enulsions such as polyvinyl chloride,
pol yvi nyl al cohol s, nap al ene or the || The uantlty of pore-form ng
conpounds whi ch are add‘é%ﬂrt&"?ﬁﬁ E?PY?EE’!“’%%lese S¥Rfined §°Fﬂén€esi red
pore vol une. u ort nay ? i ncl ude_addi ti 0 aid

Th
processi ng ancfcmc{"ﬁ/sesw %r?; f"ﬁ‘e fal PﬁSEﬁﬁﬁF&SP pf peFf‘Fes
10 Additives c%%\gs}%%]ogﬁl ! §L9¥ﬁ?ﬁeﬂl nven sﬂeg L& Qigggsé-ﬂ?&' bwCefged in

the preparation e cata y 1 on. ese ad I'ves endow t he

past e obt ai naghdve bheadiAde wbih Tageliag Gl ARECTFed Vikehiestgesll L od
i3

to the formng. By way of exanple theré nent i oned especially

cel | ul ose,5 caplbiety MaklY! setdd! @£, tRar bfwﬂdy 89/ lw&;QS%f téir.!mﬁlla

xant han guns, surface-active agents, flocculating agents lik
pol yacryl am dgfere&ar bpaybl able, stnidrtdiRshedl0 SépédLaBly d, aena%géyc

al cohol , pol yvi nyl al cohol,

carboxymethyl cellulose, carboxyethyl cellulose, tall
0il, xanthan gums, surface-active agents, flocculating
agents like polyacrylamides, carbon black, starches,
10 stearic acid, polyacrylic alcohol, polyvinyl alcohol,
biopolymers, glucose and polyethylene glycol. The
quantity of these additives may vary between 0 and 15 %

by weight relative to the weight of the catalyst.
It is possible furthermore to use additional
15 constituents capable of improving the mechanical
properties of the formulations. These constituents may
be chosen from clays, silicates, alkaline-earth metal
sulphates, ceramic fibres and asbestos. These
constituents may be employed in gquantities by weight
20 relative to the support which can range up to 99.5 % by
weight, particularly up to 60 %, preferably up to 30 %.
Following the forming, the alumina supports
obtained can be subjected to various operations
intended to improve their mechanical strength, such as
25 maturing by being kept in an atmosphere of controlled
moisture content, followed by calcining and then by
impregnation of the support with a solution of one or

more acids and a hydrothermal treatment in confined



bi opol yners, glucose and polyethylene glycol. The quantity of these
additives may vary between 0 and 15 % by weight relative to the weight of
the catalyst. It is possible furthernore to use additional 15 constituents

capable of inproving the nechanical operties of the formul ations.
These constituents may be chosen fromclays, silicates, alkaline-earth
net al sul phates, ceramc fibres and asbest os. These constituents

may be enploye%min ggantities by weight 20 relative to the support which
can range up t6 9%5%855 by weight, particularly up to 60 % preferably up to

30 % Follow ng the forglﬂgﬁggpeégégpr@hégﬁpggyio tE%EE?kégggggfﬁﬂijCtEd

to various oper at lons inten to 1 nprove el r nechnani ca such

as 25 maturing,b¥obekng-kegtibd MMaatapsphege of controlled noisture
content, followed by calcining and then by inpregnation of the support with

a solution of one or nNofReACI dhedNCeANEE©! N8GERbrtr edldTeNbasdqCcoO Ned
at nosphere. Finally, after these various treatnents the supports are dried

and cal ci ngd. tYé&niuhhdiocsdide vyt mauphe tobt&inddiskg¢ =iy Sméthedi Wwh
dioxide it may be obtai ned by any net hod of preparation known to a person
skilled in thpreparatbonekaophe taccar gengoho skiid ledadhi nghef adbeurfient s
EP- A- 038741 and EP- A-060741.
example according to the teaching of documents EP-A-
038741 and EP-A-060741.
The catalyst according to the invention may
10 be in the form of beads of diameter between 1 and
10 mm, preferably between 1 and 6 mm, or in the form of
extrudates of cross-section of between 0.7 and 5 mm,
preferably between 1 and 3 mm.
The deposition of the catalytic phase or in
15 the support may be carried out by any method known to a
person skilled in the art. It may be carried out, for
example, by impregnating the support already prepared
with the catalytically active elements or precursors of
these elements, or by mixing catalytically active
20 elements or precursors with alumina or titanium dioxide
during the forming of these materials. In the case of
alumina the deposition of the catalytic phase in the
support can also be carried out by coprecipitation of
alumina and of the catalytically active elements or
25 their precursors.
In the case of deposition by impregnation,

this is done in a known manner by placing the support

in contact with a solution, a sol or a gel including at



The catal yst according to the invention may 10 be in the form of beads of

di aneter between 1 and 10 nm preferably between 1 and 6 mMm or in the form
of extrudates of cross-section of between 0.7 and 5 nm preferably between
1 and 3 mm The deposition of the catal ytic phase or in 15 the support may
be carried out by any nethod known to a]ﬁ%rson skilled in the art. It may
be carried out, for exanple, by inpregnating the support already prepared

wth the catalglieably ARG QLBRY % Pl eGHLaghe b WiRpceskeTBl s, o

by m xi ng cata rca elenent’s or precursors w um na or

titaniumdi o ',gfdgu&.ncgftggjhg ocgin'(z;f &;e t%ﬁ%&ﬁt eélihéaét&sdzrg.t he case of

al um na the deposition of the catalytic ase In e support can al so be

carried out by coprecipph@t igpefeidindiMika gofephiive StAldd | R YRCtive

el ements or 25 their precursors. In the case of deposition by inpregnation,

this is done édariksOvhe TRABROrRY iRl aCi dikdhRirfetDPASluhe 68NE3LLtWonh a
solution, a sol or a gel including at 12 | east one catalytically active

el ement i nst hef f @t Déadki dhedl pPbctbbrolof a0ncatdlytidd1 1 caditivies. The
operation is generally carried out by soaking the support in a determ ned
vol une of soleléement. oA afolwddsin oo pr gowesorscaf of cat slaphlydlilcplast i ve
active element is intended to mean a solution of a salt
or compound of the element or of at least one of the
elements constituting the catalytic phase, these salts
10 and compounds being decomposable by heat.
The salt concentration of the solution is
chosen as a function of the quantity of active phase to
be deposited on the support.
The impregnation surface of the active phase
15 1is determined by the solution volume which is adsorbed.
The adsorbed volume of the catalytic phase is thus
equal to the total pore wvolume of the support to be
impregnated. It is also possible to impregnate the
support by soaking it in the solution of precursor of a
20 catalytically active element and to remove the excess
solution by drip-draining.
According to a preferred method the active
phase is deposited by dry impregnation.
The support may subsequently be subjected to
25 an operation of drying and optionally of calcining. For

example, the catalyst may be calcined at a temperature

which is between 200 and 1000°C, preferably between 300



el ement. A solution of a precursor of a catalytically active elenent is

i ntended to nean a solution of a salt or conpound of the el enent or of at

| east one of the elenents constituting the catal ytic phase, these salts 10
and conpounds bei ng deconposabl e by heat_,_ The salt concentration of the
solution is chosen as a function of the Hﬁantity of active phase to be
deposited on the support. The inpregnation surface of the active phase 15

i s determ ned bg %Hg sol ution volune which is adsorbed. The adsorbed vol une

of the catal y&P & is thus equal to the total pore volune of the

support to be inpregnated. If is also possible to inpregnate the _support by
soaking it in the sol utfbn ofs pr&f‘tﬁ%orPGFs&bgﬂ catl ytﬁg%%ﬁq*y aé’tl'ﬁ%

el enent and to renpye the gxce solution by drip-draining. According to a
oroferred met RBAFRRECE (WAEnARE | SAHEpJEFRREF by AAEFT nhFediil | GIPeRrhe

cupport e sabscaanl ot il L aiodll RhaRPR U, b,

optional ly of gy 0 nple, ¥ ysSt ™ n cal

temperaturg Whlohebs Ve hn20man bdRBke ! Thta R 25P! iR 200

13 and 800[err possi r epeat t hese oOpérati ons

W th the samegguppeek, afhetn! hapagabgen

Thus, according to an alternative form, an

»{

alumina support may be impregnated with a molybdenum
compound and calcined. This support may subsequently be
10 treated with another element such as defined above.

When the deposition of the active phase is
carried out during the forming, the catalytically
active elements or their precursors are mixed with the
alumina or titanium dioxide raw material before it is

15 formed.

The invention also relates to the use of the
catalyst described above for the direct oxidation of
sulphur compounds to elemental sulphur. This use makes
it possible in particular to treat effluents containing

20 quantities of H,S which are lower than 2 % by volume.

The times of contact of the reaction mixture
with the catalyst may range from 0.5 to 20 s,
preferably from 1 to 10 s, or even from 2 to 8 s, these
values being given for the normal conditions of

25 pressure and temperature; the direct oxidation is
preferably conducted with a contact time of at least

3 s.



dried and cal cined and to deposit a nunber of elements 5 successively on
the support and on the determ ned surfaces, which may vary. Thus, according
to an alternative form an alunm na support nmay be inpregnated with a

nol ybdenum conpound and cal ci ned. This support may subsequently be 10
treated with another el enent such as defihed above. Wen the deposition of
the active phase is carried out during the formng, the catalytically

active elenments or theip_precyrsors are mxed with the alumna or titanium
di oxi de raw nateri al be%%ré'l i tF% 1§%F3r%%‘f PRE i TRelB o aTET e es to

t he use of th&PfgﬁalX%§g%$sCLLQe$ﬁgg8veaaaggzgeF?inggsgﬁid%bggn Qﬁm§ulphur

COI’TpOUﬂdS to elenenta phur. I'S use nma SSI e I'n parti cular to

treat effluentg, sPpLAi DEBErdPngualt LhbeInfbnkRSn "itCl Rehpe@URhrbhdyE 2 % by
7E o

vol une. The times of contact o e reaction mxture wt e catal yst may

range from 0.5.{0:880 Ssq PL %fder%%é’c;f r ‘E[‘ﬁ‘el {:gxlnégrétuf’é HE fxfe‘%@z%btlsrdB S

t hese val ues berng given tor the normal con rons o pressure a
tenperature; the direct jdation is preferably conducted with a contact
time of atgle grex Eﬁan géh‘fh a first step the gas to be treated, to

In a second step the sulphur-laden catalyst
is purged with the aid of an oxygen-free gas at a
temperature of between 200 and 500°C.

This process applies particularly well to the

10 treatment of gaseous mixtures with a low content of HS,
because the reaction is highly exothermic and a large
rise in temperature would, on the one hand, result in
the vaporization of at least a part of the sulphur
produced by the reaction and, on the other hand, the

15 oxidation of HS would be less selective; larger

quantities of SO, would be formed.



whi ch oxygen has been added, is passed over the catal yst according to the

I nvention at a tenperature of between 50 and 170[err]C, the tenperature is
preferably 5 | ower than 150[err]C. In a second step the sul phur-I| aden
catalyst is purged with the aid of an oxi en-free gas at a tenperature of
bet ween 200 and 500[err]C. This process %plies particularly well to the 10
treatnment of gaseous m xtures with a low content of Herr]S, because the
reaction is highly exot rn1c

: : : | | h
one hand, result in the SporF§Zg°8ﬁn%¥g2F&%§§§%natSgaﬁuﬁ%rF% Wgﬂl ?n the
produced by tQﬁveﬁéﬁghoﬂléﬂguronh&@@vgihei h2e o? gffléc |dat|on of H2S

woul d be uahtit err woul d be forned.
15 The follﬁﬂhﬂgLESexanples |IIustrate the invention wthout,
however, limting I1ts scope. EXAMPLES Preparation of catalysts according to

the 'nvent'onP§eparatlon ofTegtﬁhﬁééﬁtEébéiafﬁgoéotEﬁesﬂﬂPQﬁéﬁoﬁ”p|Oyed are
collated in Table 1. Table Type Specific Total poreParticle

E/L%”] surace vol ume phe o&ia&&ctens(tqras{serdﬂ/ the ( BLpbblrte) empiderr]/ g)

are collated in Table 1.

Table 1
Type Specific {Total porelParticle |V, .
surface |volume size (em’/g)
(m’/g) (em’/g) (1)
1 |Alumina beads |192 0.71 2.0-3.2 {0.45
2 |Alumina beads |114 1.05 2.0-3.2 10.92
3 |Alumina 231 0.60 1.6 0.37
extrudates
4 |TiO, 124 0.36 3.5 0.27
extrudates
10 Various catalysts are produced by

impregnating these supports with dJdifferent salts. The
impregnation is carried out dry. The drying and
calcining conditions depend on the mnature of the
impregnating salt and are shown below:

15

- sulphate: drying: 15 h at 120°C



1 Alum na beads 192 0.71 2.0-3.2 0.45 2 A um na beads 114
1.05 2.0-3.2 0.92 3 Alumna 231 0. 60 1.6
0.37 extrudates 4 Ti Q2 124 0. 36 3.5 0. 27
extrudates 10 Vari ous catal ysts are pr oduced by

I mpregnating these supports with differ salts. The inpregnation is
carried out dry. The drying and cal cining conditions depend on the nature
of the inpregnating salt and are shown bel ow. 15 - sul phat e:

dryi ng: 15 h at 120[ err] caleimingi cining b at 3P{HCyt 350[err]C
nitrate: dryi ng: 15 h at 85[err]C cal cining: 3 h at
500[ err] C acetat e:nitrategdryi ng: drying: 15 h atl320[ak% r§TC5

cal ci ni ng: 3 h at 40[err] C ammoni um hept a- nol ybdat e: dryi ng:

15 h at 120[err] C cal ci ni ng: cal®idin®dO0[ err]LHGt s500°C The salts
enpl oyed for the various netals are the follow ng: - mol ybdenum

ammoni um hept anol yhdat gre( NH errlafeigsd Ml erl d ef§ 1y -at 14600

sul phate or nitrate
5 calcining: 3 h at 400°C

- ammonium hepta-

molybdate: drying: 15 h at 120°C
calcining: 3 h at 500°C
10 The salts employed for the various metals are

the following:

- molybdenum: ammonium heptamolybdate: (NH,) Mo O,
- iron: sulphate or nitrate
15 - cobalt: sulphate
- nickel: sulphate or nitrate
- manganese: acetate
- calcium: sulphate
- phosphorus: phosphoric acid

20

The beads impregnated both with molybdenum

and with another element were first of all impregnated
with this other element and were then dried at 85°C for
15 h. They were subsequently impregnated with ammonium

25 heptamolybdate and then dried at 120°C for 15 h and

calcined at 500°C for 3 hours.



- 15 - cobal t: sul phate - ni ckel : sul phate or nitrate

- manganese: acetate - cal ci um sul phate - phosphor us:
phosphoric acid 20 The beads inpregnated both wi th nol ybdenum and with
anot her element were first of all inpregnated with this other el enent and

were then dried at 85[err]C for 15 h. Th%?/ wer e subsequently inpregnated
w t h anmoni um 25 hept anol ybdate and then dried at 120[err]C for 15 h and
calcined at 500[err]C for 3 hours. 17 Catal ysis test The procedure of
the catalysis test takes place in three stages. 5 The cat al yst
is first of a Itﬂgjgcig_tggsg:o a preaging in order to test it in standard use

conditions. THLS preaging is a prelimnary sul phating treatnent at

140[err] C by passing fop,a20 DpyLSa@Pe €fd¢ UeRle WRQEE1UERR CO Sigdd by
volurme is: 10 1.59%0 H[eerr S 2.4 %o¥E a}%rr] 3 %o‘% ﬁkerr]o
66.1 % of N epilcéSin three stadBg. catalyst is next subjected to
a

5 The catalyst is first of all subjected to a
preaging in order to test it in standard use
conditions. This preaging is a preliminary sulphating
treatment at 140°C by passing for 20 hours an effluent
whose mean composition by volume is:

10 1.5 % of H,S
2.4 % of O,
30 % of H,0

66.1 % of N,

15 The catalyst is next subjected to a
regeneration at 300°C by passing for 6 hours an effluent

whose mean composition by volume is:
30 % of HO

70 % of N,,

20
then passing for 8 hours another effluent
whose mean composition by volume is:
2.6 % H,8
30 % HO
25 67.4 % of N

2

Lastly, the direct oxidation reaction is



regeneration at 300[err]C by passing for 6 hours an effluent whose nean
conposition by volune is: 30 %of Herr]0O 70 % of Nerr], 20 then passing
for 8 hours another effluent whose nmean conposition by volune is: 2.6 %

Herr]S 30 %Herr]0 25 67. 4 %of Nlerr] Lastly, the direct

oxi dation reaction is 18 conducted at ﬁ40[err]C by passing an effl uent
i ncludi ng: 2500 ppmof Herr]S 4000 ppm of Qerr] 30 % Herr]0 5

69. 35 % of N[err%i During this |ast st conver5|on Jerr] and the
S err] vyiel depBRpFtafea é?;ﬂr%omf RSt %a?:’h YepF Ginod *and a
contact tinme of 4 s or 25 The results are collated in Table 2. 19
Table 2 2500 ppm of HS

4000 ppm of O,
30 % HO
5 69.35 % of NM..

2

During this last stage the H,S conversion o

and the SO, yield B are measured for a reaction time of

3 hours and a contact time of 4 s or 2 s.

The results are collated in Table 2.



Contact.tinme: 4 s Contact tinme: 2 s Catal yst conposition [err]: H s
[err]: So, yield [err]: HS [err]: SO vyield (nature of the
conver si on conversion inpregnating salt) BEADS 1 (al um na)
3.8 % N (sul phate) 98 22 26 3.8 %
Co 99 34 19 99 41 3.5 % Mh
35 4 33 4 1.9 % Fe (sul phate) 97
23 86 16 6.9 % Fe (s hat e) 97 81
91 41 5.9 % M (TL‘J’IJ‘%% 0 64
0 15.2 % M 03 66 5.9 %
Mo 100 Contist t:.me° 4 &0 Contact tige&: 323s%|Fe
(ni trat e) 10. %Mo . 160 166
13 1.6 % Fe (ﬁﬁaﬁ%ﬁt §°“T8‘?‘71% Mp o HS |B: S0, yield 1oe= HS | PB: sogyield
100 {207 2% P8, (i tr pesyeIESom| o6 Mb conversion 100
12 geres 05 %Fe (nitrate) 14 8 %h
83 8EADS 1 (alumiBa) 1 1.0 %P BEADS 2 (alunmina) 8.2 %
(%o} 99 9 100 2—1—06-Nk
(nitrate) EXTMRUDATES Gulphakedna) 1%8 1 % Mo 22 96 1086 8
96 I @2y e (nitlarel 15 P 7o 00
c 168 15 39 31 99 ar

3.5 % Mn 35 4 33 4

1.9 % Fe (sulphate) 97 23 86 16

6.9 % Fe (sulphate) 97 81 91 41

5.9 % Mo 100 0 64 0

15.2 % Mo 93 0 66 0

5.9 % Mo 100 25 99 27

3.3 % Fe (nitrate)

10.7 % Mo 100 4 100 13

1.6 % Fe (nitrate)

18.7 % Mo 100 8 100 12

0.7 % Fe (nitrate)

15.0 % Mo 100 12 92 13

0.5 % Fe (nitrate)

14.8 % Mo 83 4 59 1

1.0 % P

BEADS 2 (alumina)
8.2 % Mo 99 9 100 4
2.1 % Ni (nitrate)
EXTRUDATES 3 (alumina)

15.1 % Mo 100 8 96 11

0.29 % Fe (nitrate)

15.0 % Mo 100 5 100 15

0.58 % Fe (nitrate)

EXTRUDATES 4 (titanium dioxide)

3.9 % Fe (nitrate) 100 50 97 43

4.2 % Ca

6.0 % Mo 100 0 67 0




0.58 % Fe (nitrate) EXTRUDATES 4 (titaniumdioxide) 3.9 % Fe (nitrate)

100 50 97 43 4.2 % Ca 6.0 % M

100 0 67 0 20 4.1 % Ca It is found that
virtually all the nol ybdenum based cat al %sts make it possible to obtain a
good total conversion of Herr]S while r Quci ng the formation of SOerr] to
a mnimm 5 On the other hand, the catalysts of the prior art
exhi bi t eithe;1 f‘,/gngd coRv-ersipha—of—H-err}-S-but—similtanrequsty—a-high yiel d
of SO err] (I[rke ﬂﬁ‘ose based OE Co, Fe and Ni), or a lowield of SQerr]

but a poor conversion oftH2§ Epbikd thatevbatualdy ak).the 21 CLAI M 1.
Use of a catalyst for the direct oxidation of sulphur conpounds to
el emental sul pR4¥PAaBRErPrsed rphal st makechpepassible oberobhain a

170[err]C, 5 characterized in that the said catalyst ,conprises an active
phase i ncl udi H§°foF9badnGRPERTS20BUBHORS pkide reducing the

formation of S0, to a minimum.

5 On the other hand, the catalysts of the prior
art exhibit either a good conversion of H,S but
simultaneously a high yield of SO, (like those based on
Co, Fe and Ni), or a low yield of SO, but a poor

conversion of HS (like those based on Mn).



on.titaniumdioxide, zirconia, silica, silica-alumna or alumna, the said
silica, silica-alum na and alum na exhibiting a specific surface of at

| east 20 n2/g and a 10 total pore volunme of at least 0.3 cnferr]/g. 2.
Use according to claim1, characterized in that the direct oxidation is

carried out at a tenperature |ower than %%O[err]C. 3. Use accordi ng
to claiml or 2, characterized 15 in that the active phase of the catalyst
i ncludes at | east one oxide or salt of hM denum 4. Use accordi ng
to any one of clainms 1 to 3 character?gg n that the catalyst is in the

f orm of beadslof dlanetgr mgegagafggtlg gn%%ggéigégp %xfg pg&xeg 1 and

6 mm 5. Use accor 0 an ne o aracterlzed in

that the cat aLMi{o b mebBﬁnﬁQr%oéléﬁéﬁﬁgft &ﬁ%&ﬁ uf’ @3878£CtH0n of between

0.7 and 5 nm pre erab between 1 an Use according to

any one of cl h e bdenum el enent
co%tent I s at ﬂgg%t%996 . Eé Eggﬁégg gg%ga%?éﬁné?péd @6by 22 wei ght

relative tg thgacal tla%i%aghin tpat tHECeAEAOLALALE BBk EREgTaglal e 1 LO

6, characterize e ac I've phase™ of u es at | east
one el ement oLbesvEhaRadB! ¥RE€A4¥hg molybdenum and a support based

on titanium dioxide, zirconia, silica, silica~alumina

or alumina, the said silica, silica-alumina and alumina

exhibiting a specific surface of at least 20 m’/g and a
10 total pore volume of at least 0.3 cm'/g.

2. Use according to claim 1, characterized in

that the direct oxidation is carried out at a

temperature lower than 150°C.

3. Use according to claim 1 or 2, characterized

15 in that the active phase of the catalyst includes at
least one oxide or salt of molybdenum.
4. Use according to any one of claims 1 to 3,
characterized in that the catalyst is in the form of
beads of diameter between 1 and 10 mm, preferably

20 between 1 and 6 mm.
5. Use according to any one of claims 1 to 3,
characterized in that the catalyst is in the form of
extrudates of cross-section of between 0.7 and 5 mm,
preferably between 1 and 3 mm.

25 6. Use according to any one of claims 1 to 5,
characterized in that the molvbdenum element content is

at least 1 % by weight, preferably at most 50 % by

A ) O



5 chosen fromiron, titanium nickel, cobalt, tin, germanium gallium

rut heni um antinony, niobium nmanganese, vanadi um chrom um phosphorus,
zinc, bismuth, the alkali nmetals group, the al kaline-earth nmetals group,
the rare-earths group and yttrium 10 8 Use according to claim?7,
characterized in that the content of ele%%nt(s) ot her than nol ybdenumis at
nost 40 % by weight relative to the catal yst.

weight relative to the catalyst.

7. Use according to any one of claims 1 to 6,
characterized in that the active phase of the catalyst
includes at least one element other than molybdenum,

5 chosen from iron, titanium, nickel, cobalt, tin,
germanium, gallium, ruthenium, antimony, niobium,
manganese, vanadium, chromium, phosphorus, zinc,
bismuth, the alkali metals group, the alkaline-earth
metals group, the rare-earths group and yttrium.

10 8. Use according to claim 7, characterized in
that the content of element(s) other than molybdenum is

at most 40 % by weight relative to the catalyst.
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