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030123 FU / AL1 1 Catalyst for the synthesis of alkyl
mer capt an and process for the production thereof The
qB0ASENIFY el on rel ates to an oxidic catal yst
cont ai ni ng caesi um and tungsten for the synthesis of
al kyl 5 nercaptans from al kagol s and hydrogen sul fide,
and to a process for the production of this catal yst.
Met hyl nercaptan in particular iis an industrially
Cateduatt fom dheesvatbesdsyoff glkyle meFrapdans agf process
met hi oni ne as \A/efd,rashéoﬁgr&t@c:@ymhgséﬁe@f di met hyl 10
sul f oxi de and di nmet hyl sul fone. Today, it is produced
predom nantly from met hanol and hydrogen sul fide by
Theagireg@nan iaweaitalofs tredfa talsumaniammodidde: cHmlyst

t i.s. of t. thyl r.captan eral l.y take '
S TeaT oo R PR e, B e ha i g

ase t erat ures

- gy 33000 sa it an derkar® sy egsuhaysi rofgelve towdeii di ,ardh 250 a

e AP NI IR JEhgaRt %tfaqg;%ﬂ_, t he

reaction mxture contains the unreacte arting

subst ances and by- products, suych as e.g. dinethyl
Methwilg et Rdiatetify P2 sl 2 Tad Swén) %ﬁé@é t hat
iape ritkeit intdhedicisXte .2Q dort e edaithesisudh as

e.q.. nethane, car,ban noxi de, dr.agen .and ni.trqggen.
IR e et B Pomadi®, & YrEESRId Qi P s
suddomiigle minxt yhene thorl siild cmeon dwida vef fiitciien@rogfucside
, i ghe i bl ﬁ%zgj ity ded

pi%%%t%_e%ggt g%y?l c rZJaeécth%g%iZ%ngf ii‘ﬁ)et h r?\cﬁ %lnlﬁhd%g:%wen .
reGICiigE O FordtdiaH Qfgraéalﬁtlé’ﬁ,um i istederl oo adhesis
otfﬂ%@o?%&lr@q IMC{%}%&?)S@&E%?&% :tréfkess%ﬂ%{q'ﬁ 119N tofe gas

e nmethyl "'nercaptan faorned from_the reactiQon
BRRELRS CRTRG IO ESSt Fa e SRy it s rlh ft @nd e
prastsutelsao Hpdtheeandr gyind RButafrar cool i ng t he
reaction 30 gas m xture to condense the nethyl

Fiy G:cta%%% t-[l% irrpectrh S%e%%tag{:iatry f%%e ,l et%té ertaycti on
ot assi um tungst at Oor caesiumtungstate Is
mdgippEst icomdla iy sadded W eglaksidhisthrrting substances and by-

products, such as e.g. dimethyl sulfide and dimethyl
éther, as well és the gases that are inert in the context
of the reaction, such as e.g. methane, carbon anoxide,
hydrogen and nitrogen. The methyl mercaptan formed is

separated from this reaction mixture.

For the economic efficiency of the process, the highest

possible selectivity is demanded in the catalytic reaction
of methanol and hydrogen sulfide to form methyl mercaptan,
in order to keep the costs as low as possible for the
separation of the methyl mercaptan formed‘from the
reaction mixture. A major cost factor here is represented
in_parpiéular by the energy input for cooling the reaction

gas mixture to condense the methyl mercaptan.

To increase activity and selectivity, potassium tungstate
or caesium tungstate is conventionally added to aluminium
oxide as the support. The tungstate is generally used in

quantities of up to 25 wt.%, based on the tota; weight of
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oxi de as the support. The tungstate is generally used
in quantities of up to 25 w.% based on the total
080IEE mf 033 FU/ ALL1 2 the catal yst. An

i nprovenent in activity and selectivity is also
obtai ned by increasing the mglar ratio of hydrogen
sulfide to nmethanol. Ml ar ratios of between 1 and 10
are conventionally used. 5 However, a high nol ar

thet |96t 1965 trre s IanTHiQGtemMERde s Gfct ittt shyalrbgelectivity

isuldide dut dited eactind.d8¢HY &rrnchdius thei o r@}‘_eqlﬁc&ogen

ci.rcul ate Iar e quantities of gas. To reduce t
éﬂéﬁ%{ﬁ ledlHlGT MAtos 1 RSt yftﬂ%g]e(h are

csmlvfelrd:adrmm@t hanal. shoul d therefore deviate from1
only 10 slightly US-PS 2,820,062 relates to a

REASesS fon, (e pradustian, of coraanie Lhiols cif oo of
|cha{cata st O actlve aalumnlum OXIdl I'S dS
the \hidgiegsat sssliflie dmgdthet e dead lvee mistddece anrd al:hus the

rﬂ%ﬁpﬁkifngkuhé%é‘léyééMQJ@hé¥%¥g§‘HEE#E%;Mﬁéﬂge&Hcéfihe

the catalyst. Wth this catal tivities and
OSSR |1\Piptqte§eé¥’elr§6’nlfé3\)fedihd{5rr etétet i ke e ratd e of
s4Q0C dand dleahandili @500l 2.thBYeX dde RRiwiite from 1 only
?p i fication nentions various ways of introducing

%5 Ydssi um tungstate into the al um ni um oxi de.
Thus, inpregnation 20 processes, co-precipitations and
UpoPe i, Ri2higd 6dr ere Lmtrtsi duve c @srotz;@iaﬁg fappltltealmnduction of
0&@%5&% %%H%ﬁ%anﬁ% %%lc%t%a%% %y%gigfzggﬂfﬂe aluminium

pro uction of 'the cat yst econom cC

ogfrliec iLén &y o6k tth"e W|5'rlé’é‘e§§tfa§|’531%t Angfddepthas been added
isy At beSing.i t25 ol 1EB @832 Q&7 3Bl pdhay aﬂyadneagﬁeiglft of

o e b Aot BB s ey e ana

sdéecrtiibadieBhuse Paychtiservregi @ae Yiewottiurgsteatresratures of

b%gﬁeaﬁ%dgéﬁ%FV|t¥1%%noq62acq58§% ﬁrké%(xgpec%ﬁ%catlon

sel ecti Vi sane t I 'ncreasin
measdions varmdsoust efay@n@éntlmé:moawqmgj p-hteo potasswm

tungstate into the aluminium oxide. Thus, impregnation

‘processes, co-precipitations and pure mixings are

mentioned as being applicable. Little importance is
attached to the actuwal production of the catalyst for the
economic efficiency of the process for methyl mercaptan

synthesis.

In EP 0 832 687 Bl, the advantages of using caesium.
tungstate (Cs;W0,) instead of potassium tungstate (Kﬁﬂh) as
promoter are described. Thus, by using caesium tungstate,
increésedVactivity can be achieved with good selectivity

at the same time.

By ihcreasing the caesium tungstate concentration to up to
40 wt.%, the selectivity towards methyl mercaptan can be
increased to up to 92% without the activity being

disproportionately impaired.
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40 wt. % the selectivity towards nethyl nercaptan can
be increased to up to 92% w thout the activity being
cheropyt/ euat el y i npaired. 030123 FU/ ALl 3
According to the general opinion, the best selectivity
is achieved with catalysts iqn which the
al kali/tungsten ratio equals 2:1 (A V. Mashkina et
al., React. Kinet. Catal. Lett., vol. 36, No. 1,
RGN 1983)he SyTrabjaeinioint hehpriesentsehwehivbay is
dch i, Qi e caat%@é/sin %éh PEIRCeSBId Of C(tt.ttﬂﬁgsten ratio
production thereof, di sti ngui sh
SCAEAP R ARE A B ERYL AP Bt vl M ot 2 R CHRI
Teafti 0s wfl hyzly,ogen syl fise-1e4 netdwepl conpared with
the known cat al ysts, and thus |eads to better 10
congm ¢ .ef fici.ency of the rocess Thls obj ect 4 |s
rlglc [ gbv:’edztby %ﬁtehepr 5V oh B CHehI yst c%%? Grav ng a

ardtaal wat cald v getdass oxd el ctlwrmlo@almq:bmmftheﬂa@sfunwhlch

: f%“&féﬁ%ﬁﬁ%%&ﬂ@&*bﬁifHBva§ %é&f@l@?e§ﬂ&”%éfbctlv1ty with

tungst en articu
IS st alsios ef lﬂﬁirloqen e%tble@rcéﬁ 1§50 ugthanel jcqmpared

while etdigeamesidipit£amme gassrideds byo tihe: fof nul a
Cs'WOY, in |chx3| n|f|es<2t008andy

GYPNH S X IGNEL o HHe REASSZt contains this
conmposition in a quantlty of 15 20 to 45 wt. %

Terst iaduieart w&mamaﬁem%tm af evais Yo 25E to c86alyst

M % 1 ys
AP o oA Conpoly (T oot TReSperjon of
CHes ighpos thiuny et adisiium arrl aungzsten ehncarsium to

dﬂys&@?ﬁtﬁd < Girectdroned ey pUPPRIt ROdy. § 01 Preséicerably
Pﬁe catalyst in 25 the formof a sup orted cat al yst.
4 tlhézopr}oc}ucteis&f?cb?allc%t]mn%sjts Ci’nl e form of

extrudates or pellets, the powdered support is
Tihmroegmalced:ampoﬁmcbn/vi ddn tihe dxd it bed dmposhé | Doraata

f e
o6 LA oPL gy ngt s DeBesheety Ll ctepygies 2.4

to < 4.

The catalyst contains this composition in a quantity of 15
to 45 wt.%, particularly 20 to 36 wt.%, preferably >25 to
36 wt.%. In the case of a core-shell catalyst, these

proportions relate to the composition of the shell.

The composition of caesium and tungsten can be impregnated
directly on to a support body to produce the catalyst in
the form of a supported catalyst. In the production of
catalysts in the form of extrudates or pellets, the
powdered support is impregnated or mixed with the oxidic
composition and the intermediate obtained is then shaped.
If a core-shell catalyst is being produced, the powdered
support is impregnated with the catalytically active
composition and the resulting mixture is then applied on

to an inert support core in the form of a shell.
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30 support is inpregnated with the catalytically

active conposition and the resulting mxture is then
gl dxEFwry Hig an i nert support core in the formof a
shell. 030123 FU/ ALl1 4 The support materials can

al'so contribute to the catalytic activity in

i ndi vi dual cases. The Cs/Wratio is preferably < 1.9:1

to 1:1. Thus, the catalysts according to the

They SHERST tf @12 teial Al cdorr o cakandhat ai tth Hyrireferlytic

aptlifvidey tigy figrdnaldodl refgapt ans  contain a
hyper st oi chi onetric proportion of tungsten conpared

t cat.al yst fro r art
TG etget de RERRSHT 1 s Filed rat cHigs, EAS
ditghiers tpr epardridimontd helq)rmf@nﬂhlqn iy udesl zaéa.mttmrumf
| A s d td .v' d t '
TSP I, AL o W P SR s
aoe adfoiac ymeststics all dcad el e armdpart isttk b § twngsien e
ﬂ@a@w@mw% 'dbéaﬁeysoi | & orfrithe M&?%ﬁ@qm&gated

concentration of caesiumtungstate (CsZV\D4

W&ﬁsé’é‘eﬁﬁruﬁ tlur‘ﬂr,grs&?stéa offiSe¥Pn) t he sel ectivity of the
catal yst wit at the sanme tinme, |ower activity, when

Téxdsu§iteary tthﬁé iy SeHh o MBSO e QTh Qe didy RERESHRPLY
LGRES UM ANt &N i e URghanged gﬁJx}é“& fheatlm)ﬁaa?@dl bt the

selectivity I's unexpectedly d nstrated wt
seawe tiimee, 1Z®nqmcba®ddacanml\nn e Admora:htrsglysd: tmpared

R e S S el B idace
e&@:trlu\sllwqu ulshel Gai alhestpdec easd n@lheﬂfea{@%bﬁ&sfirﬁjnthe
the prior art. Furthernore, it has been found that

CORE CAEEPFIOP &fd Csa@lséd%ni Vit 57 teh el CoalTRk  sE2 B AAS bén

adirdaled o an '%%E& ?i?e {dn, at
ltur?gsten Pa ltn e cata ys%rlt?/use In tar#ahfe%rm a .
th@p[a@nlleedtm@t,allme,r iaT tahiidty t héleiure‘}ax:lelmsvely the

&gg?%ﬁctg%%g%%gwclg egnglreirechastea )gnldc 6%:' g ce}':lcet slrvuem content is

unchanged, a further increase in selectivity is

unexpectedly demonstrated with, at the same time,

increased activity.

According to the invention, excellent selectivity can be
achieved with very high loadings with the promoter,
without the activity of the catalyst decreasing, as known
from the prior art. Furthermore, it has been found that
the activity and selectivity of the catalyst can be
adjusted in a targeted manner by means of the alkali-
tungsten ratio. The catalyst is used in the form of a
supported catalyst, in which the surface is impregnated
with the catalytically active substance, or a core-shell
catalyst, in which a core is surrounded by a mixture of
catalytically active substance and support material.

Furthermore, extrudates or pellets in which the
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catal yst, in which a core is surrounded by a m xture

of <catalytically active substance and support

030xx3 aru / Ramt hernore, extrudates or pellets in which

the 030123 FU/ AL1 5 catalytically active substance -

is mxed with the powdered support nmaterial before

being shaped, or the latter is inpregnated therewth,
1LE$aefjl bé%&\?eatﬂllﬁ?tg e5 ngelml_@e#% 015}% d’&l?e dered

|nor anic ¢c Unds are used Su efi als™or

stdp}_:&)xctatrﬂwlafstt@étfcaﬁe G:eg:.ngSl %pél'cﬂ,@or AP 1lamickr is

preferabl so-cal l ed active alun1n|un1OX|de Thi s

RS S 1 hiyh SPedie i edr fitles o fpbriden

about 10 and 400 n2/g and consists mainly of oxides

of the 10 transition series of the crystall ographic

Tfasewvwt ol ding ni e od rdiec (cc;fmpcsirg:ls Wieramsed as support

cl.opedi a aof, . 1 nd strl stry 198 vol;
AR B Wit SR [l RO K el it agighy ' 2202
aord Izibfefdi-ab]z(y @b D1 ed mmw&mmllﬁﬁloim@e This
crystal |l ographic phases are 15 converted to the

WQRﬁﬁﬁﬂ%3ﬁ%ﬁ¥ﬂﬂ¥§zﬁ%ﬂhnﬁRﬁQHﬁ%ﬁu§R¥§%ﬁﬁ§ Q@m@%ﬂ%ﬁﬁQN%ﬂﬁUt
XL 10 NG A1 iy L SITRATALIRs: By TPE o J4-086e
Active alum niumoxide 1s commercially avallable for
tmm1y1ucm aemaueseatoﬁmsha rcm;asrtlaﬂulsog}rm it by sk T al
fornms.. Particula suita or th ction of_20
LSRR G ST B Il W PR e e o,
Textustdad 1alaHEm SR OXi 1088 B tx}mparzu,clpaa@b@ram:%p)f. Fhese
to 5 mm a specific surface of 180 to 400 nR2/g, a
Umanﬂiqimnaox&ﬂaﬂninﬁlwﬁﬁwﬁenﬁe 3nandxt, 2xﬁ1agda&d a

ul k d t f 0t 900 F th f
SR e g FHER L bl i S R e

S ' r 1?&% Ay Y, Neei dd&m

cat alli%;%{é tgjcﬁ:l}f/éljt%/ 0 atlhlé( p%ﬁklﬁfg% a}:lat a yls]?nhl ncr&easesen

tdlel ghitdmi naivnh dxnicteealss Mpssied doe twamgee oft utes abfumaraimhan
is used, i.n powdered fo

100 S B AR dprdte o Ry e DL g Lable

ot dlaystisst iextdpiiat es idnPeld 8fsrious grades and physical

forms. Particularly suitable for the production of

supported catalysts are formed piéces of granulated or

- extruded aluminium oxide with particle diameters of 1 to

5 mm, a specific surface of 180 to 400 m?/g, a total pore
volume of between 0.3 and 1.2 ml/g and a bulk density of
300 to 900 g/1. For the purposes of the invention,
aluminium oxide with more than 200 m?/g specific surface
is preferably used, since the catalytic activity of the
finished catalyst increases slightly with increasing
surface area of the aluminium oxide. This material is used
in powdered form, preferably for the production of the
core-shell catalysts, extrudates or pellets.

The agqueous impregnating solution for applying the

promoter can be simply produced from water-soluble Cs and

tungsten compounds, particularly tungstic acid {H,WO4) and
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The aqueous i npregnating solution for applying the
pronoter can be sinply produced from water-sol uble Cs

dﬂviz WPt ey, conmpounds, particularly tungstic acid
H2V\D4) and 030123 FU / AL1 caesi um hydroxi de
(Cs(OH)-H20). For this pur pose, for exanple tungstic
acid is suspended in water and dissolved wth the
addition of a base and heating. Caesi um hydroxide or
careatihey mmmesadds GQ:H aIP&@)dl §sal vbdsi punpber, afidrb

l@dcd’ﬂé Qi cni% ﬂpgﬁatﬂeq: aa(i'idj dJTssolved
(pronot er ut|o e3| ani ons
wlutfbeara%tldrrq aoflffa%rﬁmobﬂ@aww héae i thisioxide
o&U%&%ea: tQ:aesnLdnE @aﬁst% stogaltlaécﬁ&ils@&fl@cﬁ%n aﬁaﬁie%t %d
or ,car bona are prefera : nor.gani c, al so
C&F&’dﬁ}eé? tig %qrhti%% % té%%qlncsuaﬁ‘gmlah [promoter
ssdluttiican vmctaresaupd-l 2f1t8,t ahdlanibinse hadascH hatn ¢an
#h r| v ys%om&%te@el d%a}yt beyat trf |aq:al hceat tr e%t mantg of

e Cata i TPT egnat 1’01y ar e
rmt@faé:@ol qumeSThes@l@am iaudiades prefeddnates, are

égxgw' 46, AR I £ ﬂ%%e%rqla%l@rﬂasféé aldey
am nes e

npared Wth the prior art nolar ratio
S ted lgn ViHeP idrisgdd g ishe dgtidsus Withpregiaaihg to
ETe] l’ﬂHdéﬂet |]:%.s%t% ?;qia&dCSo%uplbet mtzﬂrénn oqz@tdcﬁtﬁﬂette?y by a
[Saesi ym tungs e W a rati o, o
T AR ar S R0 i S (CAIGBEE Gt L B
m@me@r@ftaml leess rireefie rakily liseaar mlmﬁearl:laweqs Er@1ladeo
phelictary blEIRHl nilic il d @ arkediys Jacr eased

tirvity ectrvit the cata ysts accdrdi ng
pta@ttlmhalxdefhtame%orﬁ@m@d:aﬁ ti thh & hlen i cgateal tysttde

m@%tﬁ Gleald Yo AN e R0 1R AUHL I8 Sifldi and
nmet hanol in the reactioon 25 gas. For the application
%(9?5 sq% t@@%t iy contrast

thechrisquas teay e tés qds Hogh wbtiilip Cs MPregnesdion,2 to 1,

ay J.pregnati.on, vacuum | nati on _an re. .
o B e T MErRg A i of R o & (o fond gatio of
lespr e@ﬁ@t |20rl£ct d ,t ke tplcade niyr & tth&n lortee .0 .18n it,hé scase

‘pQEsent. This leads to markedly increased activity and

selectivity of the catalysts according to the invention
compared with the known catalysts, particularly with low
ratios of hydrogen sulfide and methanol in the reaction

gas.

For the application of the promoter solution, various
impregnating techniques can be used, such as dip
impregnation, spray impregnation, vacuum impregnation and
pore volume impregnation, it being possible for the
impregnation to take place more than once. In the case of
formed pieces, the selected impregnating method must
enable the desired loading quantity of the promoter to be
applied with good uniformity over the entire cross

section.

- The promoter solution is preferably applied on to the

formed pieces in one or two steps by spray or vacuum
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formed pieces, the selected inpregnating nethod nust
enabl e the desired | oading quantity of the pronoter to

oz®i123amol i/ediwi th good uniformty over the entire
cross section. 35 The pronoter solution is preferably

applied on to the formed pieces in one or two steps
by spray or vacuum 030123 FU/ ALl 7 inpregnation. In
spray inpregnation, the aqueous inpregnating solution
lm@rgﬁﬂéyéénenIﬂospﬁéYsGmp@ﬁgnb@épés thenagsegum

ipReganat hgN ol adyead | er%§§a5@dl nC%%aEﬁé 4SbPSrtadbodies.
vacuum punp in a vessel filled wth the forned pieces.,
5 EﬁCBH@nFWﬁrﬁgH6§é°80nﬁ§9PF8H PEefREBT§qhSoGEeated using

alﬁabegmameg lﬁobuﬁb@@eltﬁQlS@EUWhQﬁ FE?SQngédI@h@ces
vVesse the ent re,c e_0 orneg pl1.ec

B CpE R EunpRe, RATnSEraeRoRo Anfor iRl R BERsEraging
Spént@@noftﬁeZSbéuZLbcuus suchedsahobi bhenvessekemngpl the
ehxlkgrcﬂﬁksgoak EérﬂbﬁCEQ%Q%Q % gagegear%qtﬂfkheBy

pre-dryin r a period hour s room
spdipéPatL u étthénuﬁmpmagné@ﬁ@snpﬁa@pénoérQd?eﬁp gvépurs,

theesothessnsaeti eakeh tpeploiRedrpkecesiCcan Be skangely or
@ualls%% Thus, the uniformty of the inpregnation

POVEF18*the cross section of the catalyst particles is

i nproved. The catal yst precursors thus obtained are

Bpr pirerdblyndr fed af perdcpenifod ob 10t bolBsheatr soatm 100

t%ﬁggg ngefgﬁngXiRig anééggiak eH?¥§1%H% over, the

cination | ace for
cxopér pegtopniotothe, f@@mpdepeﬁabsyc@ntbe5lﬁég@éYat 300

ehgaﬁ@gedpr@Bagabkxe4aglkermé§QCofA§he &ﬁﬁyhbna&h%n over
Eronnter is fixed on the alumnium oxid nd the base

FoRTFPAE PﬁﬁFéaﬁapﬁn§h§opaﬁﬁéﬁsﬁspaaé§FF8§eaSaﬁEproved
Teei venai/bt ﬁrla&er&Saﬂhﬂayoﬁﬁbhﬁﬁa|byebeWEe&thqgﬂrled

P eRuPE6r SodF s ho PhbCpRevaryFRgl JBr yPngoBnp e terably
168l tbniLag, C, mhpchemupeovés theldaabvmbletuthe Pesi dua
cg?b§EHE§oﬁnghen takes place for a period of 1 to 20,
preferably 1 to 5 hours at 300 to 600, preferably 420 to
480°C. As a result, the promoter is fixed on the aluminium
oxide and the base from the impregnating solution is
destroyed and driven off. A gas stream may optionally flow
through the charge of support bodies for the catalyst
precursors during the pre-drying, drying and calcining,
which improves the removal of the residual moisture and

decomposition gases.

The impregnation of the formed pieces can also take place

in multiple steps, particularly in two steps.

In a preferred embodiment, the solution used in the first
step then contains one to two thirds of the total quantity

of caesium and tungsten compounds provided.

In a multiple-step, but particularly a two-step procedure,
the precursor obtained in the first step is optiocnally not

calcined.
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deconposition gases. The inpregnation of the forned

pi eces can also take place in nultiple steps,

Qe woard |Iiin two steps. 30 In a preferred _

enbodi nent, the solution used in the first step then
contains one to two thirds ofg the total quantity of
caesi um and tungsten conpounds provided. In a

mul tiple-step, but particularly a two-step procedure,
Qe priseur 48 SHmE ASP19PRatd i r strydingp 409 gt o tien
P1lgradd teded RAGclIN IhdWddecNd F & hey st rihed for

ane i npregnation, drying and cal cination program
SLGISLEE BT Y95 Second step as described for the

one-step process. This nultiple-step inpregnation is

Therss vl e ipdret-shdrarimp regvert inirgh. o cadisigsl arpa destubarly
U 9 g dddNARE 2 ROV g Ad1e O TDLRT e SR XE LT e
oes not allow the Toading to be perfornmed I n one

sstlalpi ity ofaltde possidiar o x4y G988 ipportl Povdiks

W nlghe o W RETIARS Sl Wrionstegyeral times during
the 10 i npregnating operation (step a fromclaim11)

nd to, renove .partions of t resi dual isture .

oo Gt e P L dSh Sitiat e, A Gbaiet Suith the
irpmeenattine afolugr iton 204G albefioress ghimighntli® step b.
: t I, [ f th - f:al ySt,
llrr)r@)\%ﬁ r%al%fg1 %%Egg‘é:%p“. e@:t‘;eg:f teahéil}gﬁeﬁclaaclg% %e) céa Ci 1-h%d
Hegfogiee porr tafoner cfodthieng:e sHotuadx avdlsd unehike tgrn gfach of
163 X3laGfRrlie sRIUGed ILRRGAEANC & M EP-Bdrc
068 193. The calcination can also take place before
b2{@F6r 981 0&r OsH&DISTER Pt he production of extrudates

or pellets. 20 For the foll ow ng exanples, the

1di frher e duypdrofof atraTeradeadshad lumos il yox] dehd i sdedkr
tionbgaglp%l%_e\é\ieraes Uc%eed'shoe%qlzc%nlz%e/d%l‘l]ci%ed before or after
coating. For example, this type of catalyst can be
produced in accordance with EP~-B-0 068 193. The
calcination can also take place before and/or after

shaping in the production of extrudates or pellets.

'For the following examples, the different types of

commercial aluminium oxide listed in Table 1 were used.



Table 1 Properties of the al um ni um oxi de used

Al um ni um oxi de Al um ni um oxi de 11

o[ aghu{eﬁghpdiaAlcoa TypeSpheral ite 501ALD 350
Speci fi¢c310350 surface [nR2/g] Bul k density690 - 790590
- 660 [kg/nB] Water absorpt|%n0.500.58 [mM/g] Particle
di aneter2 - 51.2 - 0SS on ignition4.55.6
850C [wm.% 030123 FU / ALI 10 Exanpl es Conparative
exanpl e 1: 150 g al um ni ufebXedé | was i npregnat ed
with 21.0 wt.% caesiumtungstate (Cs2. OM4) by neans
of VaCUU”“P#%E%é?H%%;6¥Ltﬂé“% Al $m0bx18e progedure

were as prepar e the inpregnating

, ; St acidwer e[ suspended—in
44.5 g water and diss I8&6‘“&)9”@%%69111A1411@1fb1fun25%1de
anmmoni a sol ution and heating to 10 50C. | 74.6 g TI
Cs(OH) H20O were dissolvied in 37.3 g watef and ni xed

th. the Trrst solutiq The solutron W t hen
%§?9§%ﬁF?Eﬁr48 hour s |%@§C§§bered beake?&“*ﬁ% sol uti on
was then topped up with 25 g water to @ vol une of 234
To#re The al um ni um oxi dephes galidced AR a| g as%0 vessel ,
whi ch
Specific 310 350

surface [m2?/g]

Bulk density 690 - 790 590 - 660
fkg/m?*]

|Water absorption 0.50 0.58

[ml/g]

'Particle diameter 2 -5 1.2 - 2.4

[mm]

{Loss on ignition 4.5 5.6
1850°¢C

[wt.$%]
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15 had been evacuated to 150 nbar. By opening a tap,
the i npregnating sol ution was sucked into the
AR /gljﬁlsls vessel until the entire charge of
formed pieces was covered with the solution. After
waiting 15 mnutes and letting air into the glass
vessel, the solution not tak 20 up by the al um ni um
oxi de fl owed back into the beaker. During this
Eendtdson, 79 m of inpregnating solution were taken
up by the al um nium oxi de. The granules were dried for
' r. at. room tenperature in an air

oo S 459C for 3 hours 25 to renpve the
residual noisture. The granules were then calcined

1 B Homi igin mrde Gonpr dikee Bkl evith 21.0 wt.s

| Cemanati ey S| @ sk WS )T epeakad sWolrh va c36m3%

J oadi ng of t al ni.um oxi des with caesi um

A Pes SRS 4G (0195 B0 IS S M & 1
80 ogrsal um ni um oxi de | was inpregnated with 23.4 wt.%
pronoter (CS1,6Wy) by vacuum i npregnation. For this

I vmed j;C: [ - u ' :

B gl St Al CAf MR R IR O Gpetic
agrhfoies ss glusessieghd theddt i g 76 180T, areh . B 3 Cs{H) R0
ARt gdilssolaved dm 38 JnghotpitLrsAnd Mk ethMidut ey to
first sogoutl on.qH;ghe sol ution was _then sti r7\rN§d in a q
Poter dd - D&aker (HGr 8 WEEPs I1PREIZEAutPon ‘was % H&Fer an
i@ i whHeh £HQ sk9 s Matiein t e vl utel.of w234 tilen
l,nmpre i.on,, drying .and cal ci nati,on were . garrje u
SR Buods TR & P SR Rt v
tdeindé dppsas Upnpridgnatbedy wiate 253.@8 amvdbunks i ohdd el .
(Csl1l.3WD) by vacuum inpregnation. For this purpose,

188 R19riWNGSE gk i dreR A spalved dihss vessel, which

had been evacuated to 150 mbar. By opening a tap, the

impregnating solution was sucked into the evacuated glass
vessel until the entire charge of formed pieces was
covered with the solution. After waiting 15 minutes and
letting air into the glass vessel, the solution not taken
up by the aluminium oxide flowed back into the beaker.
During this operation, 79 ml of impregnating solution were

taken up by the aluminium oxide.

The granules were dried for a period of 1 hour at room
temperature in an air stream and then at 120°C for 3 hours
to remove the residual moisture. The granules were then

calcined for 3 hours at 455°C.

Comparative example 2:

Comparative example 1 was repeated with a 26.3% loading of

the aluminium oxides with caesium tungstate (Csz.oWO4) .
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44.5 g water and 177.7 g of 25% ammoni a sol ution. 79.3
g Cs(OH)H20 were then added and the sol ution was
ob@qbngb055Q§1 The solution was then stirred in a
cover ed O beaker for 67 hours. The sol ution was then
topped up with 5 g water to vol une of 234 m .

| npregnation, drying and calcination were carried out
as in preceding exanples. Exanple 3: 25 150 ¢
Egbowilei dm oxide | was inpregnated in a two-step

I mpregnation with a total of 30.5 wt. % pronoter
1668 &- Q¥GMXn19%_%§€H%”ﬁ'W%%eg&%&eaﬁatéﬁewq%%abbs4°&tt%e

procedure were tungstic acid were
PEeEsERded Crn- HOyY @Ymﬁﬁéﬁu%nHmPQQQQ@Eé%Pved by addi ng
126.5 g of 25% anmmoni a sol ution and heating to 50C.
F42. 4h9sCa(1OphE20 war.e @iiﬁabwedciacza 2e@e030Ep3nddd in

ALl 12 ter and m xe f.irs qutlo he
458 7 hRREL AR o Bt B Rl et 3 2586
ahoong a $héutsohuamdnhwa$lmnem0t6@p§d up - @lghc$q0@) H,0
@?Eeﬁ goﬁvgalﬂEESQf §3%€%Er Lhe akyagniymoxinde Mas ¢
ace | ass vess hat was evacuated to 150
Sﬁ%&FlOBy Eb@nﬁﬁéuélpépwaﬁhéhemwﬁﬁégﬁéﬁuﬁg SolCeVIEEFT Was

peHekedrbR uBt hbutke eRll @1uthangeael thenmedppieec®® with
s covered with hhe solutiaon. . After waiting for 15

18 AubaEesnlor 8t Ferg s PLi io§ e gl ass vessel, the
sol ution not taken up by the alum nium 10 oxi de fl owed
Ibpeckgnatdohhedbgdker anBurciaiginkhits copeeati ocarrigd wutofs

i%g?%ggggahege§8 ti.Qn were taken up by the al uninium

e granufFes were then dried for 1 hour at
roomtenperature and then at 120C for 3 hours, and
E i :for 3 hours at 455C. As a result of this 15
treatnent, 18.7 w.% pronoter had been deposited on

1bbeg gatmhystimpaktiiidel eswako ipprbehattiewseeond.s wt.3
prngoggnat 813W89)Iggregggﬁmngmpregnatlon

For this purpose, 88.9 g tungstic acid were dissolved in
44.5 g water and 177.7 g of 25% ammonia solution.

79.3 g Cs{OH)} *H,0 were then added and the solution was
heated to 50°C. The solution was then stirred in a covered

beaker for 67 hours. The solution was then topped up with

5 g water to a volume of 234 ml.

Impregnation, drying and calcination were carried out as

in preceding examples.

Example 3:

150 g aluminium oxide I was impregnated in a two-step
impregnatién with a total of 30.5 wt.% promoter (Cs; oWOy)
by vacuum impregnation. The details of the procedure were

as follows:

63.3 g tungstic acid were suspended in 50.7 g water and
dissolved by adding 126.5 g of 25% ammonia solution and
heating to 50°C. 42.4 g Cs(OH) -Hp,0 were dissolved in 21.2 g
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solution identical to that in the first step was
prepared and applied on to the already |oaded
oAty Hy fremithe 20 first step in the same way by
vacuum i npregnation. This was then followed by drying
again for 1 hour at room t erature, followed by a
3-hour drying at 120C. Finally, the catal yst

particles were calcined for 4 hours at 455Cin air.

w25 efEx amyl enikedexaing! €18 Wds stepediudd omi -t The IUdbion was
headiang Oled e, Bl dMdE Wdh dReRiE {ungst ate
(CS1. 4Wy). 030123 FU / AL]. 13 Exanple Exanpl e 3
SR tiepe atesd Whiarh traeds gy d’&&fhdoofg t"\l‘?eteralﬁﬂn%vtﬂfhum@ of

2B dgl Withrfe %&Qﬁﬂl@fﬂl{nul&@tﬁ eaa(s%lfg\éﬁ/)léa @@n%ast% Gresel
n'pe was re ate a ol oadl ng Q 8

R A i etk it e CRE e B gy the

Jhﬁ]:ﬁ:te@ﬁiﬂitl(lfg tsh*eluadm maﬂnsm»dlﬁei lin hnmmerthealannﬂne

‘éﬁgr f\%gimé§§> dévéyédy%{ qg%s %&HE%on

gnate d W|th a total
Arfrt@rroth@rlt(lml fcmz)yl)5 i redresy anrdprl@gﬁamgoralrrd-rmfeﬂéﬁe

dihed myLeghat 'tri'ga S i 2R Jcagcetnurﬂﬂﬁtwyc afd dalmrrﬁum
suspended in 76.0 g water and di ssol ved addi

fgl%’fedszOa g M aRFEatisn,

. 79012 @ﬂ&@lﬂﬂé@@ Ry Hogsalived we1e45bake@1 Wi ey ank

ép rst sol ution. soI i,on sth
Bttt IS Tt il Prex B oy, i (8 R 1"l
agyr awive s ewgreer agpray echd witisn the 1i2@SiCe divat |3ngicanda}t iaoal
c\éﬁ'cz_%elae f'l%er%o'ﬂo%dré %@%5‘5”50 a%o%t 'fé%tﬁad” SIS

oW ng imted water sorption, e granul es
té@@ltdle@ét tldd W theramateg madq@%wdawwectm the

da¥Rnegratiang igaldd i on, the granules were heated
several tinmes to 1100vv|th a hot air gun

‘To perform the second impregnation, an impregnating

solution identical to that in the first step was prepared
and applied on to the already loaded catalyst from the
first step in the same way by vacuum impregnation. This
was then followed by drying again for 1 hour at room
temperature, followed by a 3-hour drying at 120°C.
Finally, the catalyst particles were calcined for 4 hours

at 455°C in air.

Example 4:

Example 3 was repeated with a 31.4% loading of the

- aluminium oxide with caesium tungstate (Csi.4WOy).
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bet ween spraying with the inpregnation in order to
renmove portions of the residual noisture. 25 The
apai) s e werarLx hen stored in air for a period of 1
hour and then dried at 120C for 3 hours to renove the
resi dual noisture. The granujgs were then cal cined for
3 hours at 455C. Exanple 8: 30 150 g al um ni um oxi de |
was inpregnated with 31.1 wt.% pronoter (Csl.4Wy) by
i~pr egnati on. 030123 FU/ ALl 14 For this
pur pose, 123.0 g tungstic acid were suspended in
E2300n) g mfwﬁﬁ%@anwca vSaliitd o gl 15 ih g S @O0

AR08 S5 oo 175 ot L3 B S Do Ao ¢ he

al um ni um OXIde by vacuum i npregnati on as descri bed
Exan@depdriati ve Exanple 1. Drying and cal ci nati on were
carried out as in previous exanples. Application

el 3 L sThe fataldy stis ey 4 est %avafrh;f roeéaqfé to

their perforpmance data in the synthesis o
t%h PTGy Gg&F i m%%%&%nﬂwoy Thénstead

oy nitke silimias ype IdfxaliRe d i howestedd Nlassnisiie@)x ilddrer Wk
u%n 8 mminternal diameter and a Iength of 500 mm The

5 Catal yst bed of 76 m in each case was fixed in the
reacti on tube on both sides by inert beds of gl ass
Bgeawd e 7Fhe reaction tube was heated to the reaction
tenperature of about 320C using a double-walled
3JoRc keta 1\t 1 Rumd @;%rl% Io hias %le-gé%nta%%td 9&'{‘#{ taJ Qﬂﬁtaclarbf

be taken fromthe follown I'st:

3Pods ¥ - 6n PreRRESHd E&mp gnéy SPHRY: J«@.ngﬁai—lesased

on liquid MeOH) Reaction tenperature: 320C

To prepare the impregnating solution, 95.1 g tungstic acid

were suspended in 76.0 g water and dissolved by adding
190.1 g of 25% ammonia solution and heating to 50°C.

90,2 g CsOH-H20 were dissolved in 45.1 g water and mixed

with the first solution. The solution was then stirred in
a covered beaker for 48 hours. The granules were spraYed
with the impregnating solution while being rolled round in
a coating pan. Since, owing to the limited water
absorption, the granules could not take up the entire
liquid volume of the impregnating solution, the granules
were heated several times to 110°C with a hot air gun
between spraying with the impregnation in order to remove

portions of the residual moisture.

The granules were then stored in air for a period of

1 hour and then dried at 120°C for 3 hours to remove the
residual moisture. The granules were thén calcined for

3 hours at 455°C.

- Example 8:

150 g aluminium oxide I was impregnated with 31.1 wt.%

promoter (Cs; WOy} by vacuum impregnation.
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Weight ratio 25 H2S/ MeOH: 1.9 Pressure: 9 bar The
reaction mxture with the products nethyl nercaptan,

cHo®eihyy sulgfide and dimethyl ether and with the
unr eact ed startlng subst ances net hanol and hydrogen

sulfide i's 30 analysed by onljne gas chromatography.
The results of the neasurenents can be taken from
Table 2. As the results show, the increase in the
raedihim trongstsa e 1030123y Flidg ALlle 15 {dCes @y spended in
Jd0A4 ng 3V VALY, t j

x yfT% %zr{xﬁ&ﬁaseéoefdﬂldﬁ ancpullé rEE c_?maé:gd)lll’ IliX) were

and t riorate as a resul arative

Fathl demedipd <)y qftehdrgriogur t'@Q)rﬁQ)fCrt urgsteRilh hot
it Gt M I d e ased a]g;:pllrbd ARt O HO 4 heninium

ortlon of caesium a marked increase . in the
Og‘dt ¥ VO W BERARA Ot} E e i e, CORR BRetV e
Exﬁmgdkimjty This leads to an increase in yield of up
to 13% conpared with the prior art. The selectivity

ERR TR AT IR (AR T oL P

Sy Wgs t o about 97@6 with a S|nultaneous rise in
nmet hanol conversion. In the industrial synthesis of

@g@ﬂﬂgatmmgggﬁﬁgg@:this al so | eads to consi derable
CO0S 'saV|ngs in e separation of the reaction
r oduct n1unreactequ nethanol a d b roduct s.
o BT S BaErbEAtEt (51 1 GRINY (CDOrE
performance data in the synthesis of methyl mercaptan from

hydrogen sulfide and methanol.

The synthesis was performed in a stainless steel tube with
an 18 mm internal diameter and a length of 500 mm. The

catalyst bed of 76 ml in each case was fixed in the

reaction tube on both sides by inert beds of glass beads.

The reaction tube was heated to the reaction temperature
of about 320°C using a double-walled jacket with a thermo

oil.
The test conditions can be taken from the following list:

GHSV: 1300 h™ (based on standard conditions)
LHSV: 0.84 h! (based on liguid MeOH)
Reaction temperature: 320°C

Weight ratio

H,S/MeOH: ' 1.9

Pressure: 9 bar

The reaction mixture with the products methyl mercaptan,
dimethyl sulfide and dimethyl ether and with the unreacted
starting substances methanol and hydrogen sulfide is

analysed by online gas chromatography.

The results of the measurements can be taken from Table 2.

. As the results show, the increase in the caesium tungstate
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H Hx HHF-1HHHHHHHP-  1-- (D O H 1-- aHHHHHHH NNFj
~A,AOQ,AO HH' Nrt H 0 VWWWWAWKRNNNO

odo12 V\@ 7%9_) Hrt H(sNO1, ACnmi OAMColo u CD
O(ID%) )go WCC) - -1 0~rt 0001HO1ll D- 1001l ON(D ~D
Cot oal HHrnHo(nrn H O 15

(Cs2.0W04} loading improves the selectivity, but the
activity and the yield deteriorate as a result

(Comparative Examples 1 and 2).

If the proportion of tungsten in the catalyst is increased
in relation to the proportion of caesium, a marked
increase in the activity can be seen with, at the same
time, improved selectivity. This leads to an increase in
yield of up to 13% compared with the prior art. The
selectivity can be raised by increasing the tungsten
content and by increasing the total loading to more than
30 wt.% up to about 97%, with a simultaneous rise in
methanol conversion. In the industrial synthesis of methyl
mercaptan, this also leads to considerable cost savings in
the separation of the reaction product from unreacted

methanol and by-products.
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,Caims 1. Catalyst containing a catalytically active
< oxiddic conposition of caesiumand tungsten with a
3 nof'ar—+rati-o—of caesiumto-tungsten-of < 2:d. 5 2.
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support material inpregnated with this conposition. 3.
Catal yst according to claim1, consisting of a bul k
dforas alysy amiwhich the catalytically active
conposition is present on the support material. 4.
Cat al yst according to claim}; consisting of a
support body, the surface of which is inpregnated
with a catalytically active, oxidic conposition of 15
®Tm and tungsten with a nolar ratio of caesiumto
tungsten of < 2:1. 5. Catalyst according to clains 1
10 4,coherpst af¢r$@ﬂl¢mgté1aéaﬁé1pytfm<£aarly aéd:@lm OdelC
caesiumto tun #1 IS C; @h a]a%/
accordithf 1% 503%%%&% ‘é‘é‘bg‘?“ne‘% h“%& the"?
anountsst i@ df Tdedoud: o Fundateat wsf <@czording to
claims 1 to 4, characterised in that the oxidic

fonp(@s'lﬂah?‘sv\ﬁ @&P&’M% 48 ﬂgir%gltegei% Mf{yd,g §5a core-
3.4 thedly C35€13581Yf6a't alrys‘*!hiaé}toﬂf of HRP QWL d?ﬁér%rlm@feﬁfd
cl ai iFi th tthe, ca€dBfacd £11 p etk Nvd fk%mpési?@i&@ldhﬁ wiheh a

dic 030123 FU /. AL 18 t tity of
V5 LPUPRT At rawgzga"t%oé 36t 911 CeRe st

according to one or nore of clains 1 to 8,

Zhar dtterli yseid aicrr:dsﬂ'tia:tng hteo swilppion t1 boctyn ot s t drey supporiulk

To el atbari i e Ayl PO fer iR T

t hat Cane ssifpisgr tlsbcmye&ﬁn& hen sﬁ}mcﬁ‘wpm%rmfﬁrerlal
consists of alum nium oxide (A1203) . 11. Support

H00dy @ft SURRONdc Bt @Il RGO G NG, t@od Bi#ing of a
support body, the surface of which is impregnated
with a catalytically active, oxidic composition of
caesium and tungsten with a molar ratio of caesium to

tungsten of < 2:1.

5. Catalyst according to claims 1 to 4, characterised in
that the molar ratio of caesium to tungsten is < 2:1
to 0.8:1.

6. Catalyst according to claim 5, characterised in that

the ratio amounts to 1.9:1 te 1:1.

7. Catalyst according to claims 1 to 4, characterised in
that the oxidic composition corresponds to the

general formula
CsyWOy, in which

¥ signifies 0.8 to < 2
vy signifies 3.4 to < 4

8. Catalyst according to one or more of claims 1 to 7,
characterised in that it contains the oxidic
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10 9, wth a specific surface of 180 to 400 n2/g (BET)
and a total pore volune of 0.3 to 1.2 m/g. 12.

bseeessrhoy Ahe production of a catalyst containing
oxi di ¢ conpounds of caesium and tungsten, in which
the follow ng process steps gre carried out: 15 b) 20
25c) d) 30e) inpregnation of 'the support bodies or of
the support material with an aqueous sol ution

cont at@ipgs at soh ubh ea caesn uht Andf t Uhgise eh> wicotpound

in th§r9§§££§g¥c:§6w5ro§@rw{§;i 0o, pre-drying.of the

i npr egnat ed med pi eces obtained or of the fine
article size support material (catalyst precursor

t rdoRta ERpeR @ERFRINOPEP oPRE W YIoRE aef 10bries 2bole 8.
to resmyeatberisesi duatha®i ShalrSaphd PRl b&@) ChRathONsupport
for a peripod of 2 to 10 hours at.tenperatures of 300

to 600 ANt bbr @Rt ny® the TupPorita LaREdRIC grompRund.

i npregnated fine particle size support material wth ‘
B contzmlypst 1&ctcordbnan tdqclail e abtlya 20ct ¢ 0i 864 win %hat

of a E 1 .
compom T1 BT iRy O pEy SR, il Monsists of
nmeani hggtp ven apbide, (Adeélsbupon 5 f) the fine particle
size, inpregnated support material is then suspended

Wih $hoaedi sddP &F support material according to claim
9, with a specific surface of 180 to 400 m?/g (BET)
and a total pore volume of 0.3 to 1.2 ml/g.

12. Process for the production of a catalyst containing
oxidic compounds of caesium and tungsten, in which

the following process steps are carried out:

a) impregnation of the support bodies or of the
support material with an agueous solution
containing a soluble caesium and tungsten

-compound in the desired Cs/W molar ratio,

b) pre—-drying of the impregnated formed-pieces
obtained or of the fine particle size support
material (catalyst precursor) at room

temperature,

c) optional drying at 100 to 200°C to remove the

residual moisture,

d) final calcination for a period of 2 to 10 hours
at temperatures of 300 to 600°C and

e) obtaining the supported catalyst or the
impregnated fine particle size support material
with a content of 15 to 45 wt.%, preferably 20

to 36 wt.%, of a promoter of the general



10

15

20

25

30

known auxiliary substances and applied on to an inert
support core or extruded and conpressed. 13. Process
ggggéglﬁg yoaghai m 12, characterised in that the
steps a to c¢c and optionally d are repeated at | east
once. 10 14. Process accord|Q% to claim13,
characterised in that, when i'npregnation is. carried
out nore than once, the_ i mpregnating sol ution used
first contedmsosheidw THHOL hindshdkht ke aindt gnélede the
total ano es] u 15. Process
accordlngq?%aﬁ{ §§ 5%@ qagiVé n&g%g% %ﬁsed in that
t he support bodies or the support material are

spr ayég selie? af 12¢ near i ¢he t Heze nptephagiagedssrppebh

and, betwegféhese 14 e@ﬁé&@”éu%@@&edpﬁiﬁhoﬁﬁe Q&dlt‘ﬁon of
reS|duaI noi sture are. renoved at a tenperatu 0 of

up to 120CHfr & Fbit HgY ot B-2Pe3E n2ht PR Ig§ oggto an
Process actwsdi nguppoct acard 2or char aatiedi sed t@mphaﬁsed
the catalyst is tenpered after applying the

iﬁ’preﬁP@éSQS SYBPOLL 1 t%'g% afl) igft«t}ﬁa%g €e9§%85 tRechat

ext rusion or conpres oCess
produtlt¢ onters ab kje eerrdperbsonylired pracreppabed at
al kanphss@nghbydrogen sulfide in the presence of the
catalyst according to clains 1 to 10. 18. Process

r ing to claim 17 for t e, uctjon of
ST SHeoTUie o of tﬂ€+ SheRRaFeT B anin that,

hydrag&ﬁuﬁﬂ@rébmatlon is carried out more than once, the
impregnating solution used first contains one to two
thirds of the intended total amount of caesium and

tungsten.

15. Process according to claims 13 and 14, characterised
in that the support bodies or the support material
are sprayed several times with the impregnating
solution and, between these treatment steps, portions
of the residual moisture are removed at a temperature
of up to 120°C before moving on to treatment step b}.

16. Process according to claim 12, characterised in that

the catalyst is tempered after applying the
impregnated support material on to the core after the

extrusion or compression.

17. Process for the production of alkyl mercaptans by the

reaction of alkanols and hydrcgen sulfide in the

presence of the catalyst according to claims 1 to 10.

18. Process according to claim 17 for the production of

methyl mercaptan by the reaction of methyl alcohol
and hydrogen sulfide.



