1 Reaction vessel and method of use The invention relates to a reaction vessel suitable for carrying
out an exothermic reaction of a liquid reactant with a gaseous reactant to form a gaseous reaction
product 5 at elevated temperature and elevated pyessure, wherein the residence time of the gaseous
reactant in the reaction vessel is increased by non-pressure-bearing internals. Such a reaction vessel
is preferably used for preparing hydrogen sulphide from sulphur and hydrogen. The reaction 10 vessel
contains internals which increase the residence time of the hydrogen in the liquid sulphur, with the gas
being collected in parts of these internals and subsequently being dispersed again in the liquid
sulphur. Hydtegert Solphitkss meartivdlanss-aedhduStriadly 15 important intermediate, for example for
the synthesis of methyl mercaptan, dimethyl sulphide, dimethyl disulphide, sulphonic acids, dimethyl
sulphoxide, dimethyl sulphone and for numerous sulphiding reactions. It is nowadays obtained
predominantly for theTrefiRing S fetrolel dhd Tatiral 90 Ja S5t afSo ByPRebttid 8 sulphur and
hydrogen. The symthesissefthydroger suiphidefromethé slementsshyidrqgenl andsatphutis usually
carried out kysingroduefioneofaydragendnte the, liguid:sulphur and subseguentreactionin the gas

phase ip a downstream reaction space. Both 25dcatflgsed aéld uncatalysed p{locesses are known
here. TRe syhth&si§ 6Fhydrogentauiphide Ts G80alf carfed gubi=esute, wherein the

residence time of the gaseous reactant in the resaction

vagsel is increased by non-pressure-bearing internals.

Such a reaction vessel is preferably used for preparing
hydrogen sulphide from sulphurxr and hydrogen. The reaction
10 wvessel contains internals which increase the residence time
of the hydrogen in the ligquid sulphur, with the gas being
collected in parts of these internals and subsecuently

being digpersed again in the ligquid sulphur.

Hydrogen sulphide in particular is an industrially

15  dimportant intermediate, for example for the synthesis of
methyl mercaptan, dimethyl sulphide, dimethyl disulphide,
gsulphonic acids, dimethyl sulphoxide, dimethyl sulphone and
for numerous sulphiding reactions. It is nowadays obtained
predominantly from the refining of petroleum and naturai

20 gas and also by reaction of sulphur and hydrogen.

The synthesis cf hydrogen sulphide from the elements
hydrogen and sulphur is usually carried out by introduction
of hydrogen into the liguid sulphur and subseguent reactioﬁ
in the gas phase in a downstream reaction space. Both

25 catalysed and uncatalysed processes are known here. The
synthesigs of hydrogen sulphide is ususlly carried out in
the gas phase at temperatures of from 300 to 600°C and
pressures cf from 1 to 30 bar. The industrial production of
hydrogen sulphide Ifrom the elements proceeds, according to

3¢ Ullmann's Encyclopedia of Industrial Chemistry, Wiley-VCH,

2002, at temperatures of 450°C and a pressure of 7 bar.

GB 1193040 describes the uncatalysed synthesis cof hydrogen

sulphide at relatively high temperatures of from 400 to



the gas phase at temperatures of from 300 to 600C and pressures of from 1 to 30 bar. The industrial
production of hydrogen sulphide from the elements proceeds, according to 30 Ullmann's Encyclopedia
of Industrial Chemistry, Wiley-VCH, 2002, at temperatures of 450C and a pressure of 7 bar. 2 600C
and pressures of from 4 to 15 bar. It is stated that the temperature required is detelmined by the
pressure at which the synthesis is to be carried out. According to that text, about 500C is required at a
pressure of 9 bar. 5 An important factor in the preparation of hydrogen sulphide from sulphur and
hydrogen is, in particular, the temperature conditions. High temperatures are necessary to achieve an
equilibrium st&te iR vieh BiRBRFTERo Of hfdiggeh stlphif obaboutL:1iis estavlisHed rethe gas 10

phase. Only this makessthe-synhesis.of pure hydrogea suiphide possible. Asdbepressiike increases,
the tempera we has.to be increased greatly corresponding to the vapour pressure curve, of sulphur in
order to achl%ve%ﬁ}e d%sirggf%%ﬁa%?%éﬁo"gf %?L j%%hecggg b%égsgugVe%gr%cgﬁ%%lﬁffé:r%nggg in pressure
of, for examplXt bt iesS A 6f gréat RRporFated C SSR188792 Yesérifed?aProcess variant for
the preparation of hydrogen sulphide, in which high reaction temperatures are avoided by means of a
comparatively:camplicdted 20fairangement-ofea pluealiy of feactors ingériegsHigintepipttatures are

specifically avaiged:there becayge:0f gerngsaionproblems, SSSR. 190793 rgports severe corrosion of

the plant at temperatures of 400C, upwards. __,
P Eeﬂ%eré&ure congi%%ons. High temperatures are necessary to

achieve an equilibrium state in which a molar ratio of
hydrogen:sulphur of about 1:1 is established in the gas

10 phase. Only this makes the synthesis of pure hydrogen
sulphide possible. As the pressure increases, the
temperature has to be increased greatly corresponding o
the vapour pressure curve of sulphur in order to achieve
the desired molar ratio of 1:1 in the gas phase. Even small

15 differences in pressure of, for example, 1 bar cr lesz are

of great importance.

CSSR 190792 describes a process variant for the preparation
of hydrogen sulphide, in which high reaction temperatures
are avoided by means of a comparatively complicated

20 arrangement of a plurality of reactors in series. High
temperatures are specifically avoided there because of
corrosion problems. CSSR 190793 reports severe corrosion of

the plant at temperatures of 400°C upwards.

Us 4094561, too, reports severe corrosgion at tempsaratures
25 of from 440 to 54C°C in the synthesis of hydrogen sulphide.
The synthesis is therefore carried ocut there at

temperatures below 440°C.

The article by B. Glaser, M. Schiltze, F. Vollhard:t on
“Auswertung von Daten zum H;S-Angriff auf Stdhle bei

30 wverschiedenen Temperaturen und Konzentrationen”, Werkstoffe
und Korrosion 42, 374-376, 1951, states that in the case of
plants in which corrosive attack by H:S is to be feared at
elevated temperatures, this is significantly hindering the

further develcpment cof such plants. In particular, a move



US 4094961, too, reports severe corrosion at temperatures 25 of from 440 to 540C in the synthesis of
hydrogen sulphide. The synthesis is therefore carried out there at temperatures below 440C. The
article by B. Glaser, M. Schutze, F. Vollhardt on "Auswertung von Eaten zum H2S-Angriff auf Stehle
bei 30 verschiedenen Temperaturen und Konzentrationen", Werkstoffe und Korrosion 42, 374-376,
1991, states that in the case of plants in which corrosive attack by H2S is to be feared at elevated

~ temperatures, this is significantly hindering the further development of such plants. In particular, a
move 3 to highetiegperateasana thisan imgrovemeniin theceeonanmins of theceerresponding

processes hasdilsHpdieesuiaslout snes e ase yeendaus sauoriendamags.ad thus

downtime of the plants occurs even after short times.” The temperature and the H2S concentration are

named as main #&dorUhfIFeMGTy e EoHHSsi6R SSeperidifg on e FRHEI U o EGen sulphide, it
can be highlysadvantage cdiswa piovide the hgdmigentsulplude as redatarel g highrpreksure and not have

to compress i sgparataly. NheRERAAMICSOTING PEORESSE KeAURS ¥ERLIOW: capital and gpekating costs.

Here, major cost factors are, in partjcu ir, the outlay for a(ggarat_uses and machinery and also the
energy consﬁﬁpﬁ%ﬁ%rfﬁec Redi8 andiréathent OF th &5&%@0&3 mixture. For example,

operation of compressors and of heating and cooling circuits consumes a large amount of electric
power. Sumnky$H-dneaspectBterbUs Pr6Vides & REcESEHEP PRépaTt i ciBgert Suphitle from
sulphur and hydregermatpressuresaafeoadat &) preaciidn vassehgompsisingspasavigief Bydrogen into

liquid sulphur in fhe keactionyessel, whereiphe raaclion yessel camprises an arrapgement of

non-pressure-bearing inteérnals; wherein the hydrogen which is dispersed’in the liquid sulphur phase is
collected at I PERERYhe non-pressure-bearing internals and subsequently becomes dispersed
again in the liquid sulphur; wherein 3 to 100 non-pressure-bearing internals are arranged above one
another; whef3is e RORPEESS PEL A PIRRSAES dTeaH HiEeRIiTFsTYL Pt eePdUds?er cGBV@rns, or
plate construglissawitthgas esltectorssand gas Ra-distititars -eepackings, orgombinations thereof;

herein the nop- iquidl spllphur: in th
(emperature STRG CbArebouCbeae Mo ale FLAB0C SrehE BTt B

pressure-beafih§ Wttt tRE F&BloFAIEEIBPISICASGE T is1f SHECTIRE ifehtibh %6 pRside a
reaction vesselfand:a m@e&ssifngtlmpremxaﬂm’eof I‘mirogmﬁplp&ai,deomnmmrmd hydrogen at
pressures of 2 5haruithout seyeresgorsien ALPIESSULRsheatng PaHs QeEWTINGAS MEgsult of high

temperatures. .
large amount of electric power.

Summaxry

In one asgpect, there is provided a process for preparing
hydrogen sulphide from sulphur and hydrogen at pressures of
> 5 bar 1in a reaction vwvessel, comprising passing of
hydrogen into 1liguid sulphur in the reaction vessel;
wherein the reaction vessel comprises an arrangement of
non-pressure-bearing internals; wherein the hydrogen which
is dispersed in the liquid sulphur phase 1s collected at
least partly in the non-pressure-bearing internals and
gsubsequently becomes dispersed again in the liquid sulphur;
wherein 3 to 100 non-pressure~bearing internals are
arranged above one another; wherein the non-pressure-
bearing internals are 1in the form of upturned cups or

caverng, or plate constructions with gas collectors and gas



The invention provides a reaction vessel suitable for carrying out an exothermic reaction of a liquid
reactant with one or more gaseous reactants, in particular one gaseous reactant, to form a gaseous
reaction product at elevated temperature and elevated pressure, wherein the residence time of the
gaseous reactant or reactants in the reaction vessel is increased by non-pressure-bearing internals. It -
will be clear to a person skilled in the art that the liquid reactant generally goes over into the gaseous
state before the reaction. The non-pressure-bearing internals are 4 surrounded by the liquid reactants.
In the contextdafdthe ipraparation f hydragendssulphide othiedinteriala increase: the; resigeneertime, in
particular of the fydrogen, indhe iguid sulnby- IHF&%@E&?BS é%@&ﬁf&&?&_&&a%y%@ﬁdeaﬁ

partly collected in these’internals and subsequently become dispersed again in the'liquid sulphur, if

they have nofhediEdrvétsdl RS hFdrogER Sulphite it tha bubRfing Of ApafTRNNRto liquid
sulphur, the Ig=hydmogen eeomes satiwratedt With @asedus belphemped s comvextedtih® hydrogen

sulphide in a straagly,exothermic teaction in the gas pbase 1 Hhis ¢an hejaceglerataghby-maans of a
catalyst or can also be carried o%t W'%’]OUI catalyst at si%nificantIX 2%_i}gher temgeratures. To t[ansfer 15
S

sufficient sulpjl"ﬁjr%oq}i’é%(ég pCF\ Een sl 1ilg lBPestSuréD and a i p?é‘t%nco\ﬁé\algﬁs?on of

ad I
ieve c%m
hydrogen, higi@nsparatres spréferaipaliovetoos; ire nefesuady odeweverl Bhe egotheemic nature

of the reactiopprodkGesSMMuehheat that- ageardingrtedhe prigr grixata w9 temperaiuke-etthe liquid
sulphur of about, 400G, femperatures signifisaniy above 450C acaut locally Inreacior regions above
the liquid sulpqnur. These lead B great stresses on the materials and corrasion and make technically
complicated oliRgHeces8R§T 25 W&’ tor concepts which help avoid high overtemperatures on

pressure-bearing parts have now been found for such exothermic syntheses at elevated pressure. At

the same tim&Hecalrowvsrteperaures fethesregircofithe intearls am:dtiligedean Zotargeted manner to
make rapid apdyrving out an exothermic reaction of a liquid reactant

with one or more gaseous reactants, in particular one
gaseous reactant, to form a gaseous reaction product at
elevated temperature and elevated pressure, wherein the
regidence time of the gaseous reactant or reactants in the
reaction vessel 1is increased by non-pressure-bearing
internals.

It will be clear to a person skilled in the art that the
liguid reactant generally goes over into the gaseous state

before the reaction. The non-pressure-bearing internals are



30 complete reaction of the hydrogen with a high space-time yield possible. In addition, this reactor
concept allows the heat of reaction to be utilized for heating and vaporization of the starting materials,
here sulphur. In this way, the starting materials themselves can be utilized 35 for heat integration. 5
As a result of the inventive arrangement of non-pressurebearing internals, the sulphur-saturated
hydrogen which is finely dispersed in the liquid sulphur phase is collected again there as contiguous
gas phase. The residence time of a the gaseous reactants in these gas collection regions or gas
capture structures is significantly increased, i.e. by a factor of from about 3 to 20, in particular 5 to 15,
compared to the residerce timetdfastending gas:bulsbles in reactors without internals. If the
residence time of the 10 hydrogen in the liquid sulphur is too short, hydrogen enriched with gaseous

sulphur collects inthe segion-aboye the lquic-sulphurin.the reacier-apd reagts (@ folm hydrogen
sulphide. It fojllot\{vgr%% Sthisntggt gesactigg eyessg!_LS v%ithout the interpals according to the invention 15
become heated strongly above the liqui surp%ur%yl%ﬁg heal fiserated Sihce THe 2heRy cathot be
removed satiSTEEIGHIFAESorEiry thltfe I8vention ne reddtorumbeatesentess thexspace above the
liquid sufphur-beeause:ef the inereased residenge time indhe region of the 2Qdeactor which is filled

with liquid sulphur, Accarding.to_the invention, the heat liberated therefore leads to an, increase in
temperature to afigve 450C onli v%%?ﬁnq(t?h%nga c%l?e%%ﬂ% reéd"lgﬁg ro“?’%ésa %Jfﬁ_lrel&ru%%e where the
increased termpratBre Brathdies thé ré&Q0MaNE tHecss bassriArionestsetbliur- Due to the local

limitation of thedeacton and thusithe overtemperatures which arise in the region of the internals, the
entire pressure-bearing reaction vessel and in particular the region above the liquid sulphur is not

heated to terperataresiof 2480C 8 of hydrogen into liquid sulphur, the
10 hydrogen becomes saturated with gaseous sulphur and is
- converted into hydrogen sulphide in a strongly exothermic
reaction in the gas phase. This can be accelerated by means
of a catalyst or can also be carried out without catalyst
at significantly higher temperatures. To transfer
15 sufficient sulphur into the gas phase even at hich pressure
and achieve complete conversion of hydrogen, high '
temperatures, preferably above 400°C, are necessary.
However, the exothermic nature of the reaction produces so
much heat that, according to the prior art, at a
20 temperature of the liguid sulphur of about 400°C,
temperatures significantly above 450°C occur locally in
.reactor regions above the liquid sulphur. These lead to
great stresses on the materizls and corrozsion and make

technically complicated cooling necessary.

25  Reactor concepts which help avoid high overtemperatures on
pressure-bearing parts have now been found for such
exothermic syntheses at elevated pressure. At the same
time, local overtemperatures in the region of the internals
are utilized in a targeted manner to make rapid and

30  complete reaction of the hydrogen with a high space-time
yield possible. In addition, this reactor concept allows
the heat of reaction to be utilized for heating and
vaporization of the starting materials, here sulphur. In
this way, the starting materials themselves can be utilized

35 for heat integration.



30 damage to the material caused by these elevated temperatures is thus avoided. According to the
invention, the collection and dispersion of the gas phase within a reaction vessel can occur once or
preferably more than once as a result of the arrangement of the internals. In 35 particular, from 3 to
100, preferably from 3 to 50, gas collection regions are arranged above one another. Gas distributors
can be installed in between. S The residence time of the gaseous reactants hydrogen and sulphur, in
particular of hydrogen, in an internal acting as gas collection region or gas capture region is preferably
from > 0.5 s to 60 s, particularly preferably 5 from 2 to 60 s, in particular from 3 to 30 s. The
temperaturedprévaikag itthefgasieoliettion regions or e ertemals Eam be tporesthram £50C. These

temperaturesavauld ot bedelerable ferthespressure-hearing-outer wall fareorrgsionand safety

reasons. If afglgéaﬂgy 8f' gas %gec p%uretsrgrucilires are ar _eg inﬁ reaction Veit el, theéare
preferably afranged in the flow direction of thie ascending Rydrogen: T fie sz th& gaS Collection or
gas capture¥dhirfies bEHHR Rblividi istambls €aF indtease, derreass oframainttonstanf. Preference

is giversto aptlkb insreasedn:the colaetionyolumes 4n Haesflow ditectionin order to compensate for the

reaction tim%g@i%g@%ewglaé%%%@uggorﬂ én ggrgggg_%@ggeﬁ&% h#dlrolgen co&centratio%in the
[ Y 0

hydrogen/sulphur %és mixture by an increased residence time. 2C o avoid ?erhp%r’a?dresyabove 450C
on thepress@ire-BEaMTY Ralls BPthébastel dubto Hie exbthefficisatie obtheredttion, the internals
are surroundechby tigdidtsulphuer. Taeigaseollectiorregions asdassgciaied interpalssare-cooled by

the surrounding ligyidssylphuy, 25 1n.8 preferved empodiment. ofthe invention, a flow distribution of the
liquid reactant, in particular of the sulphur, which makes circulation o?\t%e_ sulphur andthus good heat
distribu?ionaﬁ%’égfﬁ%‘?? re&lizeR® I pEHCH T RN € paftfto d SibulaisABPEERhur in the

enriched with gasecus sulphur collects in the region above
the liquid sulphur in the reactor and reacts to form
hydrogen sulphide. It follows from this that reaction
vessels without the internals according to the invention

15 become heated strongly'abové the ligquid sulphur by the heat
liberated since the energy cannot be removed
satisfactorily. Accoxrding to the invention, no reaction
mixture enters the space above the liguid sulphur because
of the increased residence time in the region of the

20 reactor which is filled with ligquid sulphur. According to
the invention, the heat liberated therefore leads to an
increase in temperature to above 450°C only within the gas
collection regions or gas capture structure where the
increased temperature promotes the reaction and the

25 wvaporization of sulphur. Due to the local limitation of the
reaction and thus the overtemperatures which arise in the
region of the internals, the entire pressure-bearing
reaction vessel and in particular the region above the
liguid sulphur is not heated to temperatures of > 450°C and

.30 damage to the material caused by these elevated
temperatures is thus avoided. According to the invention,
the collection and dispersion of the gas phase within a
reaction vessel can occur once or preferably more than once
as a result 0f the arrangement of the internals. In

35 particular, from 3 to 100, preferably from 3 to 50, gas
collection regions are arranged above one another. Gas

digtributors can be installed in between.



30 liquid-filled space between the internals and the pressure-bearing outer wall. The circulation and
heat balance in the reactor can also be controlled in a targeted manner by the place at which the fresh
sulphur is introduced and/or by recirculation of ungeacted sulphur. The sulphur feed and 35 recycle
streams are preferably used for cooling the inside "7 of the pressure-bearing outer wall and for cooling
the product gas. The gas collection regions or gas capture regions and associated internals are
preferably fixed on one or more 5 internal tubes and are static in the pressure vessel. Manufacture and
assembly of the reaction vessel are carried out using methods known to those skilled in the art, for
example welding. irethisleontext litis likBwiseepgssiilete usessuitahles1 G-additignal materials for

surface treatmertnihe jqinipg.of components forexample additignal welding materals, The use of

special materials or ceraqu’cs is,also advantageous here because of the high temperaturés. If

conventionalstainfess SlealiE Usd o the Jas Eaftiife TARIUERIrES%hRIs breferably employed there
- with a corrosisreéggisiement obmoredhan 1 rim. 49 apreferrediembadihyent:of fle #ivention, the

internals arednsialled se that theyicandg-pulled aut of the reactgr frgmgthetgp, for example with the
aid of a crang, I2‘710D gpgtiﬂ\l(egtionr g%ovi es a process for the exothei reaction of a liquid reactant with
one or more GASBOLS Feactants to ToLM 4 gaseous feaktion prodict at Sevaidd °ns or

the internals can be more than 550°C. These temperatures
would not be tolerable for the pressure-bearing outer wall
for corrosion and safety reasons. If a plurality of gas

10 capture structures are arranged in a reaction vessel, they
are preferably arranged in the flow direction of the
ascending hydrogen. The size of the gas collection or gas
capture volumes of the individual internals can increase,
decreagse or remain constant. Preference is given to an

15 increase in the collection volumes in the flow direction in
order to compensate for the reaction time which slows with
the reduction in, for examplé, the hydrogen concentration
in the hydrogen/sulphur gas mixture by an increased |

regidence time.

20 To aveid temperatures above 450°C on the pressure-bearing
walls of the vessel due to the exothermic nature of the
reaction, the internals are surrounded by liguid sulphur.
The gas collection regions and associated internals are

cooled by the surrounding ligquid sulphur.

25 In a preferred embodiment of the invention, a flow
distribution of the liguid reactant, in particular of the
sulphur, which makes circulation of the sulphur and thus
good heat distribution possible is realized. In particular,
attention is paid to a circulation of sulphur in the |

30 liguid-filled space between the internals and the pressure-
bearing outer wall. The circulation and heat balance in the
reactor can also be controlled in a targeted manner by the
place at which the fresh sulphur is introduced and/or by
recirculation of unreacted sulphur. The sulphur feed and

35 recycle gtreams are preferably used for cooling the inside



temperature and elevated Pressure in a reaction vessel, wherein the residence time of the gaseous
reactant(s) in 25 the reaction vessel is increased by non-pressure-bearing internals and the
non-pressure-bearing internals are surrounded by, the liquid reactant. The invention likewise provides
the preparation of hydrogen sulphide from hydrogen and sulphur at elevated pressure and 30 high
temperatures using the reaction vessel of the invention. The temperatures in the synthesis of hydrogen
sulphide are in the range from 300 to 600C, in particular from about 8 400 to 600C. At the
pressure-bearing parts of the reaction vessel, the temperature is below the temperature which is
established atthelistermals sprefefabbrnotgreatertham 450G parfioulady preferablydess than 450C. 5
Temperaturgs,akeye-45QG, in particular up to 600C, preferably prevail in the gas collection regions or
gas capture regions or the internals. The surfaces of the reactor which are not covered with liquid
sulphur are ﬁfeer%bl Igg%tfgc%blogg t@g Iil uidslg sul hgr ca:md re not heated to temperatures above
450C. The shape Fihe reaction vessél and the internals is Aot suulb?ecﬁ%laonrifgpgrﬁ lar restrictions.
The vessel prERSAEIT S 4 eyifidirafshdse PR femplessirebearing iptetnals detimgas gas
collectian reginns o gasthi-eaptureiregiens can.ifor exarple, be asesent indhe farm of upturned cups

or cavers, platg canstielions wiaas, selpdtarsand gas distiigyiors, feds of packing lgments or
hollow bodies, Eackings, monoliths, knittedS or combinations t \ereof, -
out using methods known to those skilled in the art, for

axample welding.

In this context, it is likewise possible to use suitable
10 additional materials for surface treatment or the joining

of components, for example additional welding materials.

The use o special materials ox ceramics is also

advantageous here because of the high températures. If

conventional stainless steel is used for the gas capture
1% structures, this is preferably employed there with a

corrosion supplement of more than 1 mm.

In a preferred embodiment of the invention, the intermals
are installed so that they can be pulled out of the reactor

from the top, for example with the aid of a crane.

20 The invention provides a process for the exothermic
reaction of a ligquid reactant with one or more gaseous
reactants to form a gaseous reaction product at elevated
temperature and elevated pressurse in a reaction vessel,
whereln the residence time of the gaseous reactaﬁt(s) in

25 the reaction vessel is increased by non-pressure-bearing
internals and the non-pressure-bearing internals are

surrounded by the liguid reactant.

The invention likewise provides the preparation of hydrogen
sulphide from hydrogen and sulphur at elevated pressure and
30 high temperatures using the reaction vessel of the

invention.

The temperatures in the synthesis of hydrogen sulphide are

in the range from 300 to 600°C, in particular from-about



20 Figure 1 shows an example of an embodiment. A person skilled in the art can make a free choice of
the process steps to be combined for the preparation of hydrogen sulphide, with a plurality of reaction
vessels according to the invention and various apparatuses for 25 separating off by-products or
unconsumed starting materials also being able to be combined. In general, the process is carried out
at a pressure of from 5 to 20 bar and hydrogen is passed at this pressure into liquid sulphur in the
reaction vessel of the 30 invention. Furthermore, the reaction according to the invention, in particular
to form hydrogen sulphide, can, according to the invention, also proceed in the presence of a

heterogeneouso 9«catalystknown-perse this is.peeferably:a.sulphyr-resistant hydrogenation catalyst
which prefer%glg/scoinpr{sr?g atg%%(%réguch as silgcg oxide, aluminium q_xide, zirconium oxide or
titanium oxide and CONtAINS one B MoFe of the 5 active elenientS TREIyBAERGMYHIEKS!, tthgsten, iron,

vanadium, c65&t shighirdséleniupg phdsphordss arserd aminmanyrand bismuthr Théeatalyst can be
used either ia3be diguig-phase.ardp the gas phase: The eatalyst can bepresent in the form of beds of
pellets, as pewder ended_10.in th iggtj,d' sulphur, as coating on packi lements, monoliths or
knitteds.nghe_ %g%?é%%%ﬁn g I%](E:)éjtg a?ftgone or r%l%rép p aces }ﬁaﬁﬁ% rlé%iﬁan%/qéggg.’ The catalyst is
preferably |0eafFRARe IntefifES Acting asifastate S0n- Ryl Tersrse comsete conversion of

capture regions or the internals.

The gsurfaces of the reactor which are not covered with
liguid sulphur are preferably located above the ligquid

10 sulphur and are not heated to temperatures above 45000 .

The shape of the reaction vessel and the internals is not
subject to any particular restrictions. The vessel
preferably has a cylindrical shape. The non-pressure-
bearing internals acting as gas collection regions or gas

15 capture regions can, for example, be present in the form of
upturned cups or caverns, plate constructions with gas
collectors and gas distributors, beds of packing elements
or hollow bodles, packings, monecliths, knitteds or

combinations thersof.
20 Figure 1 shows an example of an embodiment.

A person skilled in the art can make a free cheoice of the
process steps to be combined for the preparation of
hydrogen sulphide, with a plurality of reaction vessels
according to the invention and various apparatuses for

25 separating off by-products or unconsumed starting materials

alsc being able to be combined.

In general, the process is carried out at a pressure of
from 5 to 20 bar and hydrogen is passed at this pressure
into liquid sulphur in the reaction vessel of the

30 invention.

Furthermore, the reaction according to the invention, in
particular to form hydrogen sulphide, can, according to the

invention, also proceed in the presence of a heterogeneous



15 hydrogen, a catalyst bed is, in a further embodiment of the invention, installed above the liquid
sulphur and all gas capture structures. A catalyst bed enclosed by the liquid sulphur is also possible.
Instead of pure hydrogen, it is also possible to pass 20 impure hydrogen through the liquid sulphur.
The impurities can be, for example, carbon dioxicke, hydrogen sulphide, water, methanol, methane,
ethane, propane or other volatile hydrocarbons. Preference is given to using hydrogen having a purity
of from > 65% by volume to 100% by volume, and 25 from > 98% to 100% by volume of the hydrogen
used being converted into hydrogen sulphide. The impurities in the hydrogen or their reaction products

are preferably; nat;separated off before the synthesis ggg@tg¥_la@gg%ptgg byt jeftin the starting

mixture. The sulphur used can also 30 ¢ontain vari'lous impurities. Overall, tge invention, can firstly
PossBie” éspécially at

make more EESHOMICAI opRTATIGH Bt prodiictih BIaNts foF Hydrogen sufdtid
pressures of> Surarp sincethé reactiohlvasse| reguires |itlemaintenance dad repairscanidi835 does not

have to be pagthsar sempletealy raplased avenn 20 afier prolanged operalionover adpumber of years or
decadeg. As a result of the reaction Xe%scfl according to tpe invention, the occurrence of
crive elemen,% it SLUL, n%% e Fﬁn Sren ety
overtempera?tures on pressure- earlng parts’is ‘avoidéd and the ﬁant sdfety is
vanadium, cobalt, sulphur, selenium, phosphorus, arsenic,
antimony and bismuth. The catalyst can be used either in
the liguid phase or in the gas phase. The catalyst can be
pregent in the form of beds of pellets, as powder suspended
10 in the liguid sulphur, as coating on packing elements,
monoliths or knitteds. The catalyst can be located at one
or more places in the reaction vessel. The catalyst is
preferably located in the internals acting as gas
collection regions. To ensure complete conversion of
15  hydrogen, a catalyst bed is, in a further embodiment of the
invention, installed above the liguid sulphur and all gas
capture structures. A catalyst bed enclosed by the licuid

gulphur is also posgible.

Instead of pure hydrogen, it is also possible to pass

Z2C impure hydrogeri through the liquid sulphur. The impurities
can be, for example, carbon dioxide, hydrogen sulphide,
water, methanol, methane, ethane, propane or other volatile
hydrocarbong. Preference is given to usging hydrogen having
a purity of from > 65% by volume to 100% by volume, and

25 from > 928% to 100% by veolume of the hydrogen uged being
converted into hydrogen sulphide. The impurities in the
hydrogen or their reaction products are preferably not
separated off before the synthesis of methyl mercaptan but
left in the starting mixture. The sulphur used can also

20 contain various impurities.

Cverall, the invention can firstly make more economical
operation of production plants for hydrogen sulphide
possible, especially at pressures of > 5 bar, since the
reaction vessel reguires little maintenance and repairs and

35 does not have to be partly or completely replaced even



5 increased thereby because reduced corrosion in this region minimizes the risk of material failure and
the probability of accidents due to loss of containment of hazardous materials. This is of particular
importance in the case of very toxic materials such as hydrogen sulphide. 10 Comparative example 1.:
1000 standard 1/h of hydrogen were fed continuéﬁsly via a frit at the bottom into a tube which had an
internal diameter of 5 cm and was filled with liquid sulphur to a height of 1 m. The consumption of
sulphur was compensated 15 for by introduction of further liquid sulphur so as to keep the fill level
constant. Sulphur separated off from the product gas stream by condensation was recirculated in liquid

form to the upnes regionehihedubg Wak theimoseuples-foraeasuting the temperature were installed

20 at interv%gg%gé:m ggove the Iiclutid g%llptr}gjr. While the reactor was bein geatedFelectrically to

: . £ .
400C via the outer wall, a urﬁforrr%st%mperature ‘of about éSPC%%VSaelleda Within the su p?lur. However,

the thermocbtifled atRivelthe sufghir rdie e i SdmoH e hATEr SRS ©F 52002 25 Furthermore,
new samples:of conventienal Stainleas steel £1 457 1J were placedaatiheaposipnafmadmum
temperature;ahqy, iqui u ing time._ t 400 k& he steel samples were
taken o%t anjd disﬁ%@ygﬁ 2%]\%%; Eggrr%%qéﬁgn%%n%%&f%tﬁ%%}r% %%#}at%g a%tldS 35 \?\/%%gcl)ﬂl? loss.
Comparativ8EXalfiAe 2: EotnparativeéxamprF 1 Wasiispeatetl BRdheHeigitdraRe fiddid sulphur was
increased to>4 mcEielzalus afdke maxXimem teinperatzrerabave thé lnaksulphyr remained the

same. Severg, c@irosion phenomena @@vtgé%egeu&rsgqﬁx@s&%ﬂé@qme%%oww% example 3:

Comparative example 2 was repeated with 15% by weight of a ,
very texic materials such as hydrogen sulphide.

10 Comparative example 1:

1000 standard 1/h of hydrogen were fed continuously via a
frit at the bottom into a tube which had an internal
diameter of 5 cm and was filled with liquid sulphur to a
height of 1 m. The consumption of sulphur was compensated

15 for by introduction of further ligquid sulphur so as to keep
the £iil level constant. Sulphur separated off from the
product gas stream by condensation was recirculated in
liquid form to the upper region of the tube. Wall
thermocouples for measuring the temperature were installed

20 at intervals of 10 cm above the liguid sulphur. While the
reactor was being heated electrically to 400°C wvia the
outer wall, a uniform temperature of about 397°C prevailed
within the sulphur. However, the thermocouples above the
sulphur indicated a maximum temperature of 520°C.

25 Furthermore, new sampleg of conventional stainless steel
{(1.4571) were placed at the position of maximum temperature
above the liguid sulphur. After an operating time aof about
400 h, the steel samples were taken out and displayed
severe corrosion phenomena in the form of flaking and

30 weight loss.
Comparative example 2:

Comparative example 1 was repeated but the height of the
liguid sulphur was increased to 4 m. The value of the

maximum temperature above the liquid sulphur remained the



5 pulverulent Co3041/1003/Al203 catalyst being suspended in the liquid sulphur. The value of the
maximum temperature above the liquid sulphur remained the same. Severe corrosion phenomena
likewise occurred on the steel samples. Example 1: 10 Comparative example 2 was repeated with
three gas collection regions in the form of UpturnHj cups being installed in the region of the liquid
sulphur. There, the ascending gas was collected with a residence time in the range of 10-50 s. The
temperature measured above the liquid 15 sulphur was the same as that in the liquid sulphur. No
overheating was observed. FurtheLmore, no corrosion phenomena could be discerned on the steel

samples abeygrthe liguid sulpher-Hhe senyersioneihydregenindbepreductgaswas determined by
means of GC ane ysgs %nq found to be 20 > 60% (at a sulphur temperature of 400C, analogous to the
comparative example?, £'9096 at 420C and > 96% at 440C. Example 2: Comparative example 2 was
repeated with a bed of ceramic packing elements having an external diameter of 5 mm and a 25 gap
volume of tHe BEIRTE bf 7696 B&Mg ifistalied in the region of the liquid sulphur. The value of the
maximum temperature above the liquid sulphur was only 5C above the set sulphur temperature of .
397C. FurthErmaRs HoiatrGsisRphensnienhd cotREbE Wscekred 6h th&stest sahiplestalove the 30

sulphurs The,gorversivamef hysiogeroiyy the; product gasswasdetesminatbby arenns-of €@ analysis and
found to be >99%.;The examplesghow 1hat, ag a result of the jayeption, e, 12e 1nove
the liguid sulphur remained the same. Severe corrxosion

phenomena likewise occurred on the steel samples.
Example 1:

10 Comparative example 2 was repeated with three gas
collection regions in the form of upturned cups being
installed in the region of the liguid sulphur. There, the
ascending gas was collected with a residence time in the
range of 10-50 s. The temperature measured above the liguid

15 sulphur was the same ag that in the liguid sulphur. No
overheating was obgerved. Furthermore, no corrosion
phenomena could be discerned on the gteel samples above the
liguid sulphur. The conversion of hydrogen in the product
gas was determined by means of GC analysis and found to be

20 > 60% {at a sulphur temperature of 400°C, analogous to the

comparative example), > 90% at 420°C and > 96% at 440°C.

Example 2:

Comparative example 2 was repeated with a bed of ceramic
packing elements having an external diameter of 5 mm and a
25 gap volume of the pellets of 70% being installed in the
region of the ligquid sulphur. The value of the maximum
temperature above the liquid suliphur was only 5°C above the
set sulphur temperature of 387°C. Furthermore, no corrosion
phenomena could be discerned on the steel samples above the
30 sulphur. The conversion of hydrogen in the product gas was

determined by means of GC analysilis and found to be > 98%.

The examples show that, as a result of the invention, the



strongly exothermic reaction is complete within the region of the internals or gas collection regions
filled with liquid sulphur and does not occur in the gas region above the liauid sulphur. As a result, no
corrosion due to high 5 overtemperatures occurs there. The hydrogen sulphide formed is of high
purity. 13 Claims 1.Process for preparing hydrod@n sulphide from sulphur and hydrogen at pressures
of > 5 bar in a reaction vessel, comprising passing of hydrogen into liquid sulphur in the reaction
vessel; wherein the reaction vessel comprises an arrangement of non-pressure-bearing internals;
wherein the hydrogen which is dispersed in the liquid sulphur phase is collected at least partly in the
non- pressuee-beaiing intemals:and subsequently bacomegdispersedragain imbedigyidsulphur;
wherein 3 10,100 non-pressure-bearing internals are arranded above one,gnother; wherein the
non-pressure-bearing internals-are in tHe form of1 upturned cups or caverns, or p‘fézte constructions with
gas collectors-aid §as @isthibtitors orinrkintRlortembinatibrid thessst, region above

the liguid sulphur. As a result, no corrosion due to high
5 overtemperatures occurs there. The hydrogen sulphide formed

ig of high purity.



wherein the non-pressure-bearing internals are surrounded by liquid sulphur; and wherein the
temperature of the non-pressure-bearing internals is > 450C and the temperature at the
pressure-bearing wall of the reaction vessel is < 450C. 14 2. Process according to Claim | carried out
at a pressure of from 8 to 20 bar. 3. Process according,to Claim 1 or 2, wherein the reaction is carried
out in the presence of a catalyst. 4. Process according to Claim 3, wherein a sulphur-resistant
hydrogenation catalyst which preferably comprises a support such as silicon oxide, aluminium oxide,
zirconium oxide or titanium oxide and contains one or more of the active elements molybdenum,
nickel, tungsten, iron, vanadium, cobalt, sulphur, selenium, phosphorus, arsenic, antimony and
bismuth is useel 8imeocess according to Claim 3 or 4, characterized in that the catalyst is located in
the non-pressurebearing internals acting as gas collection regions. 15 Reaction Vessel And Method

Of Use Abstract.5 Th&iﬁue@t@mwageﬁégmmgti@ym&ﬁﬁm which-hyskogengulfidedsproduced

from sulfur and hydr%g%j gl T,Hea(ga \éﬁ I |scp£art|alg/ %r entlrely madeof a materlal that is
resistant to the reaction mi ur ompoun s an ments thereo Said Vedsel Ao —°
vegsel comprlslng passing of hydrogen into liguid

sulphur in the reaction vegsel;

wherein the reaction vessel comprises an arrangement

of non-pressure-bearing internals;

wherein the hydrogen which is dispersed in the liguid
sulphur phase is collected at least partly in the non-
pressure-bearing internals and subsequently becomes

dispersed again in the liguid sulphur;

wherein 3 to 100 non-pressure-bearing internals are
arranged above one another;

wherein the non-pressure-bearing internals are in the
form of upturned cups or caverns, or plate
constructions with gas collectors and gas

distributors, or packings or combinations thereof;

wherein the non-pressure-bearing internals are
surrounded by liquid sulphur; and

wherein the temperature of the non-pressure-bearing
internals is > 450°C and the temperature at the
pressure-bearing wall of the reaction vessel is

< 450¢°C,



10 maintaining said resistance at elevated temperatures.

14
2. Process according to Claim 1 carried out at a pressure
of from 8 tc 20 bar.
3. Process according to Claim 1 or 2, wherein the

reaction is carried out in the presence of a catalyst.

4. Process according to Claim 3, wherein a sulphur-
resistant hydrogenation catalyst which preferably
comprises a support such as silicon oxide, aluminium
oxide, zirconium oxide or titanium oxide and contains
one or more of the active elements molybdenum, nickel,
tungsten, iron, wvanadium, cobalt, sulphur, selenium,

phosphorug, arsenic, antimony and bismuth is used.

5. Process according to Claim 3 or 4, characterized in
that the catalyst is located in the non-pressure-

bearing internals acting as gas collection regions.



