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 hy;iatroduction.of hydragendnte the liguid:sulphuu and subsequentreactionsin.the gas

hase ip a downstream reaction space. Both .
P Q at e&evateg'tempégature and elevated pressure, 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



25 catalysed and uncatalysed processes are known here. The synthesis of hydrogen sulphide is
usually carried out in the gas phase at temperatures of from 300 to 600C and pressures of from 1 to
30 bar. The industrial production of hydrogen sulghide 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 sulphurcdyd Ry dregertis siyp@ticdar, tieTerfperatdle corditions. Higtstertigstatures are
necessary ta-aehievepa-equilikriuna gtate da whichia nalar radie of hydragen:sulphueofabout 1:1 is
established j {he 035,40 phase.Qal tis 1akes iheayifiesis of pugeiydrggen suiphide possible. As
the pressure increases, the' temperature has to be increased greatly correspond%g 0 the vapour
pressure culv@dt sufiititht in ordertolachidE thesdesiredimsiae st 6f P i theégas phase. Even
small 15 differences in pressure of, for example, 1 bar or less are of great importance. CSSR 190792

describés a processvariant faTahe preparatior af hedragen sulphide Hpdvhigkhighreaotide
temperatures.ase aygided by meansefacemparatively complicated » the
temperature conditions. 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



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
400C upwards. US 4094961, too, reports severe corrpsion 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, 199 ostaiemtnat ttheseasenfplaatsdn vinieh aorrdsige attagkehy H2S isie be feared at

elevated tempealies i Sgnificantb hipdering fhefusher develggment ofsush pigats, I

particular, a move 3 to higher temperatures and thus an improvement in the economics of the

corresponding Pr&Ces¥eE HEsTHithetd Hdertruféd SutSRBE IFRRSc&E-FameRBode 8/ Esion damage
and thus dowatithetafithe qitants DoeursfevEreaftdrashiost tmesiEhestemperfture agldcthe H2S

Concentraﬂorkq&ﬁe@m@%@SE@_ﬁ@é@%@t&@ﬂgggci@ﬁéhﬁz@r@&%@ﬁpﬁﬁg}g gn-the,fupiher use of
hydrogen sulphide, it can be highly adggnteigeous togrowde the hydrogen sulphide at relatively high

pressure and ot FavE 16 26press it 55 ?&@STH BcoomiEdB'the process requires very low

capital and operating costs. Here, major cost factors are, in particular, the outlay for apparatuses and
machinery ardEaI§8 e enemyy demsttiptonfor e Shihesis an§®reairheht6fthe starfiig gas
mixture. For exarpplenhoperation ot egampressoss pnd-of deatihg angoolirg cCikalits:darswmes a large

amount of elegiric power Symmary In.ane, aspedisthere is,atpvided a.prasessdor preparing hydrogen

sulphide from sulphur and hydrogen at pressures of > 5 bar Iin a reaction vessel, comprising passing of
hydrogen intd*fRfdGRHAr 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 phasé@ecliRersiracigasipartly iPHRCREF prEsButa-bRalfig hte AvalS and sabséqdently
becomes dispgssed agai ipdae Hquidstiphuta wherein Sctofrans peassura-hearing internals are
arranged aboyg ane aneifier; wherelndhe nop-pressiehearing Inteuals, g infbe orm,gf uptumed
cups or cavems, or plate constructions with gas colfectors and gas

also the energy consumption for the synthesis and treatment

of the starting gas mixture. For example, operation of

compressors and of heating and cooling circuits consumes a

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



3a distributors, or packings or combinations thereof; wherein the non-pressure-bearing internals are
surrounded by liquid sulphur; and wherein the temperature of the non-pressurebearing internals is >
450C and the temperature at the pressure-bearing wall of the reaction vessel is ¢ 450C.It is an object
of the invention to provide a reaction vessel and a process for the preparation of hydrogen sulphide
from sulphur and hydrogen at pressures of > 5 bar without severe corrosion of pressure-bearing parts
occurring as a result of high temperatures. The invention provides a reaction vessel suitable for
carrying out afiexathewmicreactian gkba kquiddeaetantwithoneiassorehgasestls reaetants; in
particular one.gasenus reactant, 1o faum a,gaseausreaction product gelevaled tempetalyiesand

elevated pressure, wherein the residence time of the gaseous reactant or reactants in thé reaction
vessel is incrEAs&I By nofiBte 48t hearingintetARIS R Wit Be Rleal i aidts & SRifted i the art that
the liquid reatteatgegeratly gors byern mto tHe §aseeusistateshaferngptieareactom tThene

nhon-pressureghearing ipternals alg 4sufrodpdes by-the liguidfeactants; In the conigxt-ofithe
preparation of hydrogen sulphide, the internals increase the residence time, in Particular of the

hydrogen in thé Iiaﬁiaoﬁﬂ F. ?%etg%%e%ﬁg FEAARR: &b Rea¥ants isa)arreegﬁgagtnpa\?ﬁf %Sllrected in
these internalrehdsplsEeRentl becoime disgassd tgain nthatiduidsstipu Paieiehawenot been

converted intg-hygraaenssidprigda Byeng the pubbling-efhysirogensinga HquigdSudphursthes1@ hydrogen

becomes satyrated with gaseous sulphur and is.converted into hydrogen sulphide in_a strongly
exothermic reaction 1 the Sas hase, This can JE)J(ena?cc]%fle‘!‘?atsedolcg:y Means of ascaatlal§setsc13lr can also be

carried out witfodtc&a MRS RSy higher temperatures. To transfer 15 sufficient sulphur into
the gas phase even at high pressure and achieve complete conversion of hydrogen, high
temperaturestpreferabiynabove $00C idesnecessant Howeressthé exeiiermie nlture of the reaction

produces so myeh-heal that-aceordingitadhe pHoradcatidn 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



20 temperature of the liquid sulphur of about 400C, temperatures significantly above 450C occur
locally in reactor regions above the liquid sulphur. These lead to great stresses on the materials and
corrosion and make technically complicated cooIi%? 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 vaporizatioedf the stastiig materialszhererstdphur. In this way, the starting materials
themselves can be utilized 35 for heat integration. 5 As a result of the inventive arrangement of

non-pressureheating internals-thersulphur-satyeated hydragenwhichds finelydispersed jnthe liquid
sulphur phaseg%é:%%(itgdftrggirneghs%e %ecopéiglgggs gas hase. The residence time of a the gaseous
reactants in thesé gas collEction regiors or §as capture strictures T §ighificaRty nceaset®ie. by a
factor of from¥FEGEETo 20, ikartiédai 5 615, compaldtbtothegesiklenes tingeof ascending gas

bubblesin reastors avithout intarnals df theaesidenee time-efithe Q. hydregendn the liquid sulphur is

too short, hydrogen ¢ rﬂch{gﬁ&/vi]éh gaseous sylphur collects.in the region above the liguid sulphur in the
reactor and reacté.to%foLm ydroaen ‘é%?bﬁge?lt #oﬁg\?vrg?roérﬁ fhs Jfﬁq’a%t%e%gﬁ&r? végsetrﬁ\?/ithout the
inEHnaBEﬂﬁ%ﬁﬂﬁd@oﬁﬂéﬁﬁ%ﬁﬁoﬁf they have noct been converted into

hydrogen sulphide.

During the bubbling of hydrogen into ligquid 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.



15 become heated strongly above the liquid sulphur by the heat liberated since the energy cannot be
removed satisfactorily. According to the invention, no reaction mixture enters the space above the
liquid sulphur because of the increased residencestime in the region of the 20 reactor which is filled
with liquid sulphur. According to the invention, the heat liberated therefore leads to an increase in
temperature to above 450C only within the gas collection regions or gas capture structure where the
increased temperature promotes the reaction and the 25 vaporization of sulphur. Due to the local
limitation of the reaction and thus the overtemperatures which arise in the region of the internals, the
entire pressére-Bediffgirdactibn Vesserarinipatieuar thesregion abovetheslivrid sulphur is not
heated to temperatutes et 2 489Csand 80 damage to-the-materiahcaysed by thege;elevated
temperatureg is thus %%%E%%%. %%coirginghtg ﬂi‘i invjz_egtigp1 the collection and disiirsion of the gas
phase within a reaction vessel can GCCUr OnCe GF | SrefeTAbly Mbré Haonce 55 ATESUIEST the
arrangement&f e HFGAGIS? in 35PakEEiRas roRF3 261200 - pfaferabhypfrdsne ¢ Sdrgasséollection
regionssare atranged above oaecansiher. Gaswdiskibuters canbeinstalled:in between, S The
res_ldence t|@§§fég%gg§gqg%£%%%9tg yyggogs ;r)%%ri(% fgl%rl\g%;n Ilaé'[lL%ular g}hydr%qe% in an internal
acting as gas collection region or gas capture region is preferably from $U:5%1060 S, palftlcularly
preferably 53rd 250%6(@s, inGPRtiéhnarfrorh 3t 360 s. TheRemiperathfds prevailihg in the gas
collection regions=orttie tntethals can:htemore thanbo(C sEreseitemperatures Mg netbe tolerable

for the pressurgzhearing, qutarwall for.carrosion ang safety reasons, If.a plurality of gas

10  hydrogen in the liguid sulphuxr is too short, hydrogen
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.



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, decrease 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 example, the hydrogen concentration in the hydrogen/sulphur gas mixture by
an increased residence time. 20 To avoid temperatures above 450C on thepressure-bearing walls of
the vessel due to the exothermic nature of the reaction, the internals are surrounded by liquid sulphur.
The gas coll&8tnregictsrand asseciatbdintergals are cooleddnathessussatmsling liguid sulphur. 25 In

a preferred embgdiment of the.inventign,a flewdigtribution of. the Jiquid reactant, in particular of the

sulphur, which makes cirfulation of the sulphur and thus good heat distribution possible is realized. In

particular, atfention is paid-fo-a tircutafisn 9F siipharih 30 Fquid FfedSpace between the internals
- and the presbirefBeadng obitermwall. Thie circutatioh and heattbataricerinthpredetosban also be

controlled in atargeted snanney, by theplaee at whichahg fresh.sulphurds intreduced and/or by
recirculation Qéugreaé;ted esglphrugv'léhei sulﬁhur qu,g and 35 re:iylcle streams are preferably used for
cooling the insidé 7 of the pressure-bearmg outsr waff ahd f6rcssiing e Predactyasr The gas
collection reibfs dF asEapturedfegivhsditkassociated e rn aTs are pretetadhafixetken one or more
5 internal tubes:amrt ate-stadicds the grassure yessed Mandtachyerand.-assemply of the reaction vessel

are carried ot psing,pgthods kngwn to-thoge.skilled,in the art, for gxample welding,

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



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 of special materials or
ceramics is also advantageous here because of the high temperatures. If conventional stainless steel
is used for the gas capture 15 structures, this is preferably employed there with a corrosion
supplement of more than 1 mm. In a preferred embodiment of the invention, the internals 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 exothei reaction of a liquid reactant with one or more gaseous
reactants to fol nt lasgasesusuractior productat elevateditempéraiore and elevated £ressure in a
reaction vessglwhereip 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 q(Ej%;aetcjzlta[ﬁ{ts. T@gqiﬁj\é%ntion likewise provides the preg%ration of hydrogen sulphide from

hydrogen an &wr ate evatgéi %I?egseﬁ(leoég% 30 h%ﬁster%% ralﬁreesrueﬁﬁé) e Féction vessel of the

invention. THE&MSIEraResd T g yRthasie st Farsgenisulghidedren tiecrangerfrons 300 to 600C,

in partictilar frameabeult tubes and are static in the pressure vessel.
Manufacture and assembly of the reaction vessel are carriasd
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



8 400 to 600C. At the pressure-bearing parts of the reaction vessel, the temperature is below the
temperature which is established at the internals, preferably not greater than 450C, particularly
preferably less than 450C. 5 Temperatures above,450C, 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 preferably located above the liquid 10 sulphur and are not
heated to temperatures above 450C. 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-pressurebearing

internals actingoas-gas oolkection regions or.oas 1% captyre: regions ¢an, fpr example, be present in the
form of uptuweesdsce%ps %Irhceave&ranszj é)rlgtg coenstrucgg S With-ﬁqas coIIector§_ and gas distributors, beds of
packing eleménts of hollow bodies, packings. monoliths, khitted§ 8P CoRBInEL SHS thErett. 20 Figure 1

shows an exafi#e bf ahxdnisodiment JA person skillserinthe sirflcamafalera freecholcerof the

process stepsstocle, cembineeh fok #ie, preparatienh of hydkagen sulphide; avith a plurality of reaction
vesselsaccoydi the invention and, various apparatuses far 25 separating off by-products or
unconsaamed g%gl%n%aﬁ]%%%r?arégﬂ%ebé%% z%’le %(?l b& &om (lzn%qf Tn E]%néf)al,g t%% [S:YOCESS is carried out
at a pressur@ot feht5 1 2D raht hydrbhen & fasset @ UHsPresswecnt kyuigseiphur in the

reaction vessekafithe 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



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 9 catalyst
known per se. This is preferably 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 5 active elements molybdenum, nickel, tungsten, iron, vanadium, cobalt, sulphur,
selenium, phosphorus, arsenic, antimony and bismuth. The catalyst can be used either in the liquid
phase or in the gas phase. The catalyst can be present in the form of beds of pellets, as powder

suspended 1Q in-the liquid, sulphur, as.coating; on packing elements, manoliths gr knitteds. The catalyst
can be located at one or more places in the reaction vessel, The catalyst i%freferably located inthe
internals actirig’as 53%%orﬁé’éfm?\gr%‘b?o%?%ocﬁjfﬁﬁé’%‘éﬂﬁfét‘é ORVErSTONTof 15 HYdroigen®a catalyst

bed is, in a fartherembodiment efthe Invartionyinsialledabovierthentiquid Sglphar andall gas capture

structures. Asgatalyst bed enclosed bythediquid sulphis is:alsepossiblesdnstead of pure hydrogen, it
is also %ossiblgto pass 20 impure h)idrgf?en through tﬂeéiquid il%pr;ur. The imlfl)urities can be, for
examplé, carbon dioxit e‘?rﬁ%r"osgerﬁosﬁfp ieeflﬁ/n\/aterf”(r:ne? andi}*“ Tane, ethang, propane or other
volatile hydrégafsdrisPreferenke is FeitorusiAg hydiogen mavisgapurty of i8R 65% by volume
to 100% by yalum@@ndand 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 onn 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



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 not separated off before the
synthesis of methyl mercaptan but left in the starting mixture. The sulphur used can also 30 contain
various impurities. Overall, the invention can firsﬂ)? make more economical operation of production
plants for hydrogen sulphide possible, especially at pressures of > 5 bar, since the reaction vessel
requires little maintenance and repairs and 35 does not have to be partly or completely replaced even
10 after prolonged operation over a number of years or decades. As a result of the reaction vessel
according to-thedaventionthe aceyeance: okovertemperatues.onJressykesbearing parts is avoided

and the plan ety is 5.increased t reb)é because reduced corrosian in this region minimizes the risk
of material fé%%%t’ééagnsd' th}éspr%bgﬁﬁﬁ{/%f ésccic%%nets la%aec%llggls St csosn?%inar'ﬁ:ecn?rocf a%a%]%us materials.

This is of pafticuldFirforidtite ihthe €85E-6F FEREIOXTc RERTISBsER A8 hyaragen sulphide. 10
Comparative exampie: 14000 stansiard 4/ni of Bydrogea werte fed sopliaxausiy viacs frit ait the bottom
into a tube which hadean intenal glameter, s £ovaadwasdliegarih lauduiRnyrdg afeiont of 1 m.
The consumption of sulphur was Compensated .

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 teoxic 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



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 upper region of the
tube. Wall theimocouples for measuring the temperature were installed 20 at intervals of 10 cm above
the liquid sulphur. While the reactor was being hékted electrically to 400C via the outer wall, a uniform
temperature of about 397C prevailed within the sulphur. However, the thermocouples above the
sulphur indicated a maximum temperature of 520C. 25 Furthermore, new samples of conventional
stainless steel (1.4571) were placed at the position of maximum temperature above the liquid sulphur.

After an opesating. timewrf-about 40041 dhe steel samples wete: takenoutanekdisplayed.severe
corrosion phsegggiensaaizg thgsform of flaking and 30 weight loss. Comparative example 2: Comparative
example 1 was repeate&jﬁut the height of the liquid sulphur was increased to 4 m. The value of the
maximum temperature above the liquid sulphur remained the same. Severe corrosion phenomena
likewise occuffER%THe Ste8'EMmpes: Comparative example 3: Comparative example 2 was
repeated with 15% by weight of a 5 pulverulent Co3041/1003/AI203 catalyst being suspended in the.
liquid sulphéeTRE VA€ 6f Breemaximumviamperatrd 8Bove. the Iitid BilpHet $érhaiméddhe same.

Severexorrgsionphenemensolikewiss oscured-an e steebsamplesispended in the
liguid sulphur. The value of the maximum temperature above
the liguid sulphur remained the same. Severe corrxosion

phenomena likewise occurred on the steel samples.

Example 1:

10 Compardtive 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



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 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 sulphu}?No overheating was observed. FurtheLmore, no
corrosion phenomena could be discerned on the steel samples above the liquid 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 400C, analogous to the comparative example), > 90% at 420C
and > 96% af 440k Examplerk Lampataiive example 20mas epeated with a-bed stearamic packing
elements haying an external diameter of 5 mm and a 25 gap volume o]%ylelgglle“tg of 70% being
installed in thé region ol?‘fhehquid suﬁpﬁur. The Value ofjthe maximum Témperature above the liquid
sulphur was orfi: 5€ abhvelike SetSufiitiif tembefGierof 30 78 FuiiferiRi¥é 0o e81Pesion
phenomenatces|d herdistesnedionthe steel samples-abeve ther3d stlphuguEhe-eonvession of
hydrogen indlye pradyel oasas deterined by mreans,f GG-anghisls and Juniode 7,99%. The
examples show that, as a result of the invention, the 12 strongly exothermiC reaction is complete
within the regforPof theShtepHals tof 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 hydrogen 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- 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; wherein the non-pressure-bearing
internals are in the form of upturned cups or caverns, or plate constructions with gas collectors and
gas distributorS1&dpsckings or combinations thereof;

1. Process for preparing hydrogen sulphide from sulphur
and hydrogen at pressures of > 5 bar in a reaction
vegsel, comprising passing of hydrogen into liquid

sulphur in the reaction vesgel:

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,



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 accordii¥ 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 used. 5. Process according to Claim 3 or 4, characterized in that the catalyst is located in

the non-pressurebearing internals acting as 1gas collection regions. 15 Reaction Vessel And Method
Of Use Abstrdct Frocess according to Claim 1 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, 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.



5 The invention relates to a reaction vessel in which hydrogen sulfide is produced from sulfur and
hydrogen, wherein the reaction vessel is partially or entirely madeof a material that is resistant to the
reaction mixture, compounds and elements therdéf, said vessel also 10 maintaining said resistance at
elevated temperatures.

Reaction Vessel And Method Of Use
Abstract

5 The invention reslates to a reaction wvessel 1in which
hydrogen sulfide 1s produced from sulfur and hydrogen,
wherein the reaction vessel is partially or entirely made
of a material that is.resistant to the reaction mixture,
compounds and elements thereof, said vessel also

10 maintaining said resistance at elevated temperatures.



