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 pressure, wherein the residence time of the gaseous
reactant in the reaction vessel is increased by nonjpressure-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. Hydragem:sidphideds partiguamis endadustriale 15 important intermediate, for example for
the synthesis of methyl mercaptan, dimethyl sulphide, dimethyl disulphide, sulohonic acids, dimethyl
sulphoxide, dimethyl sulphone and for numerous sulphiding reactions. It is nowadays obtained
predominantlyffora INEF&firfiRg B pefrbRuR? afid FaRwhL 20 gas B al§6 blyFBAGdTPST sulphur and

hydr_ogen. Th@%hﬁgsmhydmmﬂ@ﬁﬂeﬂmmemwﬂs &yﬂmﬁﬂam@au@ﬁm’ds usually
carried out by, introduction of hydiagen.injg the Jiquid sulphur apd subsequent teaglionqn the gas
phase in a downstream reaction space. Both 25 catalysed and uncatalysed processes are known

here. The syfthegkS0PHRIGETREHAITE 1’ FRAIG CaMHAFOUER T7E BAS phikE 4k i sétures of
from 300 to 6GOC. dad pressunes of frohel ¢@ 86das. The dardustrialyprothectioreafdiyetogen sulphide

from the elementsproegeds, AcCOLng 19, 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
0of the hydrogen in the liguid sulphur, with the gas being
collected in parts of these internals and subseguently

being dispersed again in the liquid sulphur.

Hydrogen sulphide in particular is an industrially

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 from the refining of petroleum and natural

20 gas and also by reacticn of sulphur and hydrogen.

The gsynthesis of hydrogen sulphide from the elements
hvdrogen and sulphur i1s usually carried out by introduction
of hydrogen into the liquid sulphur and subsequent reaction
in the gas phase in a downstream reaction space. Both

25 catalysed and uncatalysed processes are known here. The
synthesis of hydrogen sulphide igs usually carried out in
the gas phase at temperatures of from 300 teo &600°C 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 450°C and a pressure of 7 bar.

GB 1193040 describes the uncatalysed synthesis of hvdrogen
sulphide at relatively high temperatures of from 400 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 determined 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 impo#gant 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 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 g?reatly corresponding to the vapour

pressure cunR’ St Sulghtt iR BFEEHbHtHdve thetesired molarfatio 6F1:15nhE §&S pha&&. Even
small 15 differéneesdnpeessure of fonexample, 4 barteriwss.afe bigreat impestance: CESR 190792
describes a pyocess varant{arthe preparation of bydrogen-sulphide, inwhich high reaction -

temperatures are avoided b of a comparatiyely complicated 20 arr, ment of a plurality of
oA e AR ey
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reactors In series. ngah T s aresp |ﬁcaﬁ Yy av0|8e Fneré‘be%aﬁ’se of corrosion problems.

CSSR 190793 reports severe corrosion of the plant at temperatures of 400C upwards. US 4094961,
too, repotts sEVerERRITFEIT at fErirparatdtes 25 SFIRGAFADUDBAC MYFEYRhesis BF iyt ogen
sulphide. Thefsynthesis ishilerefodfe cartiesheut there dttemperatuies belovh440C.
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. Cnly this makes the synthesis of pure hydrogesn
sulphide possible. As the pressure increases, the
temperature has to be increased greatly corresponding to
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 less are

of great importance.

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

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

the plant at temperatures of 400°C upwards.

US 4054561, teoo, reports severe corrosion at temperatures
25 of from 440 to 540°C in the synthesis of hydrogen sulphide.
The synthesis is therefore carried out there at

temperatures below 440°C.

The article by B. Glaser, M. Schitze, F. Vollhardt on
“Auswertung von Daten zum HpS-Angriff auf Stdhle bei

30 wverschiedenen Temperaturen und Konzentrationen”, Werkstoffe
und Korrosion 42, 374-376, 1991, states that in the case of
plants in which corrosive attack by HS is to be feared at
elevated temperatures, this is significantly hindering the

further development of such plants. In particular, a move



The article by B. Glaser, M. Schatze, F. Vollhardt on "Auswertung von Daten zum H25-Angriff auf
Stahle 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 H25 is to be feared at
elevated temperatures, this is significantly hindering the further development of such plants. In
particular, a move 3 to higher temperatures and thus an improvement in the economics of the
corresponding processes has hitherto been ruled out since in this case tremendous corrosion damage
and thus downtime of the plants occurs even after short 5 times. The temperature and the H2S
concentration are named as main factors influencing the corrosion. Depending on the further use of
hydrogen sulptidé i 8&f beFigiy Hevaftageetis toprovitle HPhydtantsulphidsat relatively high
pressure and ewbhave t@ compress it dorsepasatehn I hereconomies phthe.process Feqlires very low
capital and oneralind sagtss el maiorepst laclols ave.0.bactieuar, e ouliay Jor apparatuses and
machinery and also the energy consumption for the synthesis and treatment 18 ot the tarting gas
mixture. For &% pig Sp&atbh H?‘Eoﬁl’grég‘ﬁ)rgjaﬁﬁt(ﬁ HeafiRg ArflVEsbImE i Geuftd eslisumes a large
amount 6f electricepowehelt teap @bjent 0f thenifivehtoniia pravidea-reaciion vesselandaiprocess for

the preparatigqyofhydroggn 20.sulphide fram sulphuy and fiydragen at pressures of > 5 bar without

severe corrosion of pressure-bearing parts occurring as a result of high temperatures. The invention

providesaregction ssel suitable far carrying out an exothermic reaction af a liquid reactant 25 with
one or more e%a;&%%\éelrvelgc%%tg%ﬁ p%r %}%rroﬁlesgeage%ﬁjsy rce%%%%?, tsoljfag%lé'%aselo%scrﬁﬁction

product at el&atéd Bhpe iR ErRPERvat e pRESHRI Whidkeintd Fesigenea fintelsiehe gaseous
reactant or reaelants irethe iehctiopvessehis inoieased-by AoB-pressSWeheal g «

10 separately.

The economics of the process reqguires very low capital and
operating costs. Here, major cost factors are, in
particular, the outlay for apparatuses and machinery and
also the energy consumption for the synthesis and treatment
15  of the starting gas mixture. For examplé, operation of
compresscors and of heating and cooling circuits consumes a

large emount of electric power.

It is an object of the invention to provide a reaction
vegsel and a process for the preparation of hydrogen

20  sulphide from sulphur and hydrogen at pressures of > 5 bar
without severe corrcsion of pressure-bearing parts

occurring as a result of high temperatures.

The invention provides a reaction vessel guitable for
carrying out an exothermic reaction of a liguid reactant
25 with one or more gasesous 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

30 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



30 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 context of the preparation of hydrogen sulphide, the internals increase the
residence time, in particular of the hydrogen in the jiquid sulphur. The gaseous reactant or 5 reactants
is/are at least partly collected in these internals and subsequently become dispersed again in the liquid
sulphur, if they have not been converted into hydrogen sulphide. During the bubbling 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 c&4lSPUFEEN aldd B Barried-out Wittt @atadyst at significantly higher temperatures. To
transfer 15 sufficient sulphur into the gas phase even at high pressure and achieve complete
conversion ofhydrdgers; drigh rempératiresp praferabty. abovef 400CY arenecessany. dHowentes, the

exothermic natyre ohthegeagtion praduces samugh-heat thate.accarding.to the prior a, ata20
temperature %}‘ tgb%é\i%éid s%pr%glr oflabout 00C, t mj?eraTt res s%nlflcantl above 450C occur locally in
reactor regions abo ﬁ;}e]hqw gulpﬁgﬁ eE’sLelzllga}j1 dgrea? Fe585 dnthig FiAtatialRand corrosion
and make techaialjepmpliedfeecaolingaetessant 28 Redctectsstapts Wistehelp avoid high

overtemperaturas-en flessuretbearng passdiaverow been feurd- forsuch-axotheindg syntheses at
elevated pressure. Af tg% Same, time Iocgl ov%rah\(;énperatutées in the regiqcne%f t{le internals are utilized
[

. ;. L ¥ 1 . .
in a targeted manner to ma%(eurlépld* ané: 8%ompletenr%%c on of fhe P{y rogen With a high space-time

yield possiblétaadrdnSthieFedt®or 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 DPuring the bubbling of hydrogen into liguid sulphur, the

10 Thydrocgen 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 catalvst
at significantly higher temperatures. To transfer

15 sufficient sulphur into the gas phase even at high pressure
and achieve complete conversion of hydrogen, high
temperatures, preferably above 400°C, are necessary.
However, the excothermic 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 liguid sulphur. These lead to
great stresses on the materials and corrosion 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 é 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 ¢f 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.



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 5 the gaseous reactants in these gas collection
regions or gas capture structures is significantly ingreased, i.e. by a factor of from about 3 to 20, in
particular 5 to 15, compared to the residence time of ascending gas bubbles 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 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 BécGméHSated Strorigly abovethe Hguiirsiaptifs thetHe dtdiberaied Sihee the energy
cannot be reinexed nsatisfactatily 1 Accardingstol thielinvention: Aodeantan byxire;aaters the space
above the liquid sul g-lg&g@ygg@f{@le incre esi &Nes ime.n the regio he 20 reactor which
is filled with liquid s%l%}hﬁr. According to ![{r?f(\e in%vséqr%g'r% %F\e he%tl[{%bé?é%g tﬁlg%e%ogggfgfi%?an increase
in temperatufS EboveSASOE Bl RTHIA RS GadtcolIRERGH Pregitlts 6E§AS BAPRINE SHEctBfe where the
increased ternperatarespromotes thergaction aritethe 2B vapariZagioniofrsulplut oBre ¢o-the local

limitation of the seagtion.and s the.overemperates which atise inthe segion of the internals, the
entire pressuare-]pearln% re%ctl nves articular the region above the liquid sulphur is not

| and J
i3% of a sg%%gdépngﬁe 14 thé Thatérid aisRl by thsé elevated

heated to temperaéffur
temperatures BThas evoidedt Aecoehidg tthe invastion, the cetiettion ard dispelsiesofithe gas

phase withinja:teaction vesselsan accueonse o preferakly moredhanonceas a resulof the
a”a”QE@e”%$39%£$§”¥%$€ﬂe liguid sulphur is too short, hydrogen

enriched with gaseous sulphur collects in the region above
the liguid 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 Dbecome heated strongly abov; the liquid sulphur by the heat
liberated since the energy cannot be removed
satisfactorily. Accoxding 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 liguid sulphur. According to
the invention, the heat liberated therefore leads to an
increase in temperature to above 450°C only within the gas
colliection regions or gas capture structure where the
increased temperature promoteg 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 internalg, 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 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 ba installed in between.



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. 6 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, pgrticularly preferably 5 from 2 to 60 s, in particular
from 3 to 30 s. The temperatures prevailing in the gas collection regions or the internals can be more
than 550C. 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 collectiorf 6Eg&S Eapfite Foluhitss GfthE AdVRRRP Tte AR EaR nerSast eleereasedr remain
constant. Preferenbeis givendeanithnerease imthecpliactiomvelimesde:the flow-diraction in order

to compensate.for the E%%%@Qéﬁ?&%"@&ﬂ%@wéf’vi @ec_geggygg%n in, gfi%ggx%rgple, the hydrogen

concentration in the hydrogen/sulphur gas mixture Dy an increased residence time. 20 To avoid

temperatureFAENTFASGE ot preSsuteshddiing walls BFthE Vadsardie RF fieseaitermic nature of
the reacfion, fheointérnads &re surroundesitn/ kouid:sufphum Bhegas tolectitineregions and associated
internals are copled:by: the_surgaunging liguid sulphus. 35 In a prefesied.gmbodiment of the invention, a

flow distributiog of the liquid reactant, in particular of the sulphur, which makes circulation of the
sulphur and thii§ guodHeést thisthBiciT pBSdifle 18 7Balied. t pgt]i‘i%ﬁ%r}_‘ﬁﬂ@ﬁﬁﬁ]tﬂélb%ﬁl to a
circulation ofvseiiphtuirsie thé 80 tigukkfilledesfare bétweaenahe intertats anddhepressure-bdaring outer

wall. The circedationand Beahbalance iethe repstor san alsg bg controlied in-adargeted manner by the

place at hiccpathg f%eghs%lggré%r s introduced and/ore gy recirculation af unreacted sulptt}llJéyThe sulphur

feed and 35 reCycle streams are pree?efaa%?y tséd tor cooTnxwlg thé friside o vessel,
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 congtant. 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 avold 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 liquid sulphur.
The gas collection regions and associated internals are

cooled by the surrounding liguid 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 ig realized. In particular,
attention is paid to a circulation of sulphur in the

30 liquid-filled space between the internals and the pressure-
bearing outer wall. The circulation and heat balance in the
reactcer 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 streams are preferably used for ceooling 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 examjple 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 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 emBodifteht of B ivEnESR ThBINEHTAE dfé Instaied dothat ¢hey8an Bedulled out of the
reactor from thectépefor@xample with the aid of a crane. 20 The invention provides a process for the
exothermic reaction of a liquid reactant with one or more gaseous reactants to form a gaseous

reaction produgtatelevaleditemperature gnd.clevated pressuire in-a reaction.vesseh wherein the
residence time of the gaseous geactatit&gs) in 25 thegeacli%n V%sse#; increased kgly
non-pressureaitgesgr?nlg internals and the ngr{%rgszé%r§3ﬁae% 'ﬁg Aterials aré8ar8 ndé&d By the liquid

reactant> ThelinVeRaGH likewise provides the preparation bhisydroges sutphide frein hydrogen and
sulphur at elgxated pressuee and 3D-highremperatures using the reactigpaessekofithe inveation.

out using methods known to those skilled in the art, for

example 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 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 exothermic
reaction of a liguid reactant with one or more gaseous
reactants to form a gaseous reaction product at elevated
temperature and elevated pressure in a reaction vessel,
wherein 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 liquid reactant.

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



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 at the internals, preferably not greater than
450C, particularly preferably less than 450C. 5 Tergperatures 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-pressureb@aring irtefidls asting as gasscollectoivregiang;opgas 4 S«ciptire regons Can, for

example, be present in theform-afLipturned cupsiar cayemns. platg sonsiryctions with, gas collectors
and gas dlstrlbutors,i beg%{?fl%acklg% elements or hollow bodies, packings, monoliths, knitteds or
combinationsthafabt- 30 Bigiire 1-SowS AR EXaNTHle Of RnBrfbadinfént. ATRTSSH skifiédin the art can

make a free éHOICE of therrocess stepsrdieccahbinetieos thehpre palbdtish. of hydrogen sulphide, with

a plurality of reastiopyvessels agseding 40 the inventien-and yatious apparaiyges for 25 separating off
by-products orr%ntceonpasggwed sta\rftgn%mgter'agsé also beiggfbletto be combined. In general, the process
is carried outat & pressure bf from 5 to-20 bar and hydrogen is passed 4t this préssiité into liquid

sulphur in thé Pé&dcibR vedsepsfther the internals.

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

10  sulphur and are not heated to temperatures above 450°C.

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 bodies, packings, moncliths, knitteds or

combinations thersof,
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 wvessels
according to the invention and various apparatuses for

25 separating off by-products or unconsumed starting materials

alsc being able to ke combined.

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

30 invention.

Furthermore, the reacticon 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, zjrconium 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 10 in the liquid sulphur, as coating on packing elements, monoliths or knitteds. The catalyst
can be locateePateoneSor FOPEPIFRRS if the %@cﬁohEile%§§lf%ékb]al’al?stﬁ§%?@fé¥ably located in the

internals acting:as gasrcollegtinn tegians. o easurecomplatecconversionsib 15 hysirggens ascatalyst
ped is, n a futtharsmbadieot, of theJayention Jastailed gﬁmﬂmg%@'{fthEf@gg‘“g; capture

structures. A catalyst bed enclosed by the_liquid sulphur is also possible. Instead of pure rogen, it

is also poss%?é”réiﬁa%? 2B iR Ry BroGen RrshightREiRRl STIBhGE THAfpTitieE®an be, for
example; carbon tiexide, shyalrogemsiiphitey water, ingthanol; methare, ethane,, propane or other

volatile hydrogarhons. Rrefesgnge is @quﬂt&ysms@gm@p h@HBQ&%‘H{M of from.2 £5% by volume
to 100% by volume and 25&% m > 98% to 100% b %‘?ﬁ%’ ume of the hydrogen used being converted into

hydrogen sulphige™ PR iUt T tHe hydtSg & of their réa@ion Products aré preferadly not
separated offtbefole. thei syrrhasis of methylthercaptarrbatleft iFtise staridy miixtuee: Tihe sulphur

used can alspresent in the form of beds of pellets, as powder suspended

10 in the liquid sulphur, as coating on packing elements,
monoliths or knitteds. The catalyst can be located at one
or more places in the reaction vegsel. The catalyst is
preferably located in the internals acting as gas
collection regions. To ensure complete conversion of

15  Thydrogen, a catalyst bed ig, in a further embodiment of the
invention, installed above the liguid sulphur and all gas
capture structures. A catalyst bed enclosed by the liguid

sulphur is also possible.

Instead of pure hydrcgen; it is also possible to pass

20  dmpure hydrogen through the liguid sulphur. The impurities
can be, for example, carbcon dioxide, hydrogen sulphide,
water, methancl, 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 not
separated off before the synthesis of methyl mercaptan but
left in the starting mixture. The sulphur used can also

30 contain varicus impurities.

Overall, the invention caﬁ firstly make more economical
operation of production plants for hydrogen sulphide
possible, esgpecially 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



30 contain various impurities. Overall, 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 requires little maintenance and repairs and 35 does not have to be partly or completely
replaced even 10 after prolonged operation over gy iumber of years or decades. As a result of the
reaction vessel according to the invention, the occurrence of overtemperatures on pressure-bearing
parts is avoided and the plant safety is 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 sulptiBgr1eTotrparativeeRampien: L0060 starfdarderh 6fhydrogen were fed continuously
via a frit at thebottamrinta.a tube-which-had asriaterraldiametersf Seomazangbwas filled-with liquid

sulphur to a helghtaf Jo The consumption.af sulelius wvas,sompanaated L2 Jor By introduction of

further liquid sulphur so as to keep the fill constant. Sulphur seéparate  from the product gas

stream by coRJ&TSHDR WS FedhBuRREd T Uil TOrAE6 tFe GpdYer e icH & the i66e. Wall
thermocéuples-for aseasiiringdhetemperatureswerelinstalleck-20-atintervals af H0scrmapowe the liquid

sulphur. Whilg the reaciar was being heated.glectrically:to: 400¢ via,the.uier wall, @ uniform

temperature of about 397C preyailed within the sulphur. However, the thermocouples above the
sulphur indic&ted3aXFam @hiperturd BF 596CC 95 FiHeFmbre ndif SafpRaof conventional
stainless ste@lgt &1574} wer&platetsatthepositibouofanadinprr temperatoreciizovesthe ligbid sulphur.

After an operating time:otabeut 400:h dhe:steel samples wese takeneutand displayed severe

corrosion phenomena in the form of flaking and 30 weight loss.

10 Comparative example 1:

1000 standard 1/h of hydrogen were fed continucusly 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 f£ill level constant. Sulphur separated off from the
product gas stream by condensation was recirculated in
ligquid 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 via the
outer wall, & uniform temperature cof about 397°C prevailed
within the sulphur. However, the thermocouples above the
sulphur indicated a maximum temperature of 520°C.

25 Furthermore, new samples of conventional stainless steel
(1.4571) were placed at the position of maximum temperature
above the liguid sulphur. After an operating time of 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
ligquid sulphur was increased to 4 m. The value of the

maximum temperature above the liquid sulphur remained the



Comparative example 2: Comparative example 1 was repeated but the height of the liquid sulphur was
increased to 4 m. The value of the maximum temperature above the liquid sulphur remained the 11
same. Severe corrosion phenomena likewise occurred on the steel samples. Comparative example 3:
Comparative example 2 was repeated with 15% by,weight of a 5 pulverulent Co304Mo03/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 upturned cups being installed in the region of the liquid sulphur. There, the ascending gas was
collected with*Z FEsid&CEiifie TR TRE Farife BIEG-SDLT heltERIpETAILTE FredtfedBb&VE the liquid 15
sulphur was thesamesasitfiatsn the liquid sulphur. No overheating was observed. Furthermore, no
corrosion phenomena could be discerned on the steel samples above the liquid sulphur. The

conversion othydsagen inthespradyctgas 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:>96963%%%5%?@%?9@eé§amp16 2 was repeated with 15% by weight of a
5 opulverulent Coi;04M003/A1,0; catalyst being suspended in the
ligquid sulphur. The value of the maximum temperature above

the liguid 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 upturned cups being
installied in the region of the liguid sulphur. There, the
ascending gas was collected with a residence time in the
range of 10-30 s. The temperature measured above the liquid

15 sulphur was the same as that in the liguid sulphur. No
overheating was observed. Furthermore, no corrosion
phenomena could be discerned on the steel zamples above the
ligquid sulphur. The conversion of hydrogen in the product
gas was determined by means of GC analysis and found to be

20 > 50% {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 wvolume 0f the pellets of 70% being installed in the
region of the ligquid sulphur. The value of the maximum
temperature above the liguid sulphur was only 5°C above the
set sulphur temperature of 397°C. Furthermcre, no corrosion
phenomena could be discerned on the steel samples above the
3¢  sulphur. The conversgion of hydrogen in the product gas was

determined by means of GC analysis and found to be > 99%.

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



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 liquid
sulphur. The value of the maximum temperature above the liquid sulphur was only 5C above the set
sulphur temperature of 397C. Furthermore, no coryesion 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 analysis and found to be > 99%. The examples show that, as a result of the invention,
the 12 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 re%ion above the liquid sulphur. As a
result, no corfoSiGHdn (G HgH S B feMpRIAURSSs décrOerat FhE Hydidyer Sulprgé ¥8rmed is of
high purity. 13Cldims inReactiorevessel saitaltlé ferccaroying eut an £x6iHdrmic veaction of a liquid
reactant with one, orqnare  gaseouseagtants o forpra.gaseops teaction Spraduct at glevated

temperature and elevated_pressure,
b t%e thUldpSufpkuI. As a result, no corrosion due to high

5 overtemperatures occursg there. The hydrogen sulphide formed

is of high purity.



wherein the residence time of the gaseous reactant(s) in the reaction vessel is increased by
non-pressurebearing internals and the non-pressure-bearing internals are surrounded by the liquid
reactant. 10 2.Reaction vessel according to Claim 1, wherein the heat of reaction evolved is removed
via the circulating liquid reactant. 3. Reaction vessg] according to Claim 1, wherein gas collection
regions and gas capture regions are used as 15non-pressure-bearing internals. 4. Reaction vessel
according to Claim 1, wherein beds of packing elements or hollow bodies are used as
nonpressure-bearing regions. 5. Reaction vessel according to Claim 1, wherein the 20residence time
of the gaseous reactant(s) is increased by means of beds of suitable catalysts. 6. Reaction vessel
according to Sr‘]r)?bjf‘ﬁlaims 1, 3 and 5, wherein the catalyst is located within the gas collection region.
25 7Reaction vessel according to any of Claims 1 to 6 which contains from three to 100
non-pressurelbearifig Ftérnals. BsRegdtichndssel acdordingetoramyiof Claimsrlto 7, wherein the
residence time of the;gasesus 1eactant(s) 30inrgas colirctionregione1-uas eaptyresregion is

mere gaseous reactants to form a gaseous reaction

5 product at elevated temperature and elevated pressure,
wherein the regidence time of the gaseous reactant (s)
in the reaction vessel 1g increased by non-pressure-
bearing internals and the non-pressure-bearing

internals are surrounded by the liquid reactant.

10 2. Reactlon vessel according to Claim 1, wherein the heat
of reaction evolved is removed via the circulating

liguid reactant.

3. Reaction vessel according to Claim i, wherein gas
collection regions and gag capiture regions are used as

15 non-pressure-bearing internals.

4. Reaction wvesgsel according to Claim 1, wherein beds of
packing elements or hollow bodies are used as non-

preggure-bearing regions.

5. Reaction vesgel according to Claim 1, wherein the
20 residence time of the gaseous reactant({s) is increased

v means of beds of suitable catalysts.

6. Reaction vesgel according to any of Claims 1, 3 and 5,
wherein the catalyst is located within the gas

collection region.

25 7. Reaction vessel according to any of Claims 1 to 6
which contains from three to 100 neon-pressure-bearing

internals.

8. Reaction vessel according to any of Claims 1 to 7,
wherein the regidence time of the gaseous reactant (s)
30 in a gas collection region or gas capture region isg

from > 0.5 to 60 s.



from > 0.5to 60 s. 14 9Reaction vessel according to any of Claims 1 to 8, wherein the residence time
of the gaseous reactant is increased by a factor of from 3 to 20 compared to vessels without internals.
5 10. Reaction vessel according to any of Claims 1 to 7, wherein the internals are surrounded by the
liquid reactant and are separated by a wall from thg,wall of the reaction vessel so that the liquid
reactant circulates through the space formed by the spacing 10between the said walls in the opposite
direction to the direction of ascent of the gaseous reactant. 11. Reaction vessel according to any of
Claims 1 to 10 used for the reaction of liquid sulphur with gaseous hydrogen to form hydrogen
sulphide. 15 12. Process for the exothermic reaction of a liquid reactant with one or more gaseous
reactants to form a §REETUSTRALHET Brodiftt af efevatédteraperafure ehtislevated ptessure in a
reaction vessel, whefeirtherresidence dindeof thergaseaus reaetant(s} nther2(: teaction vessel is

increased by non-prﬁggg\égg@ri@{in‘;‘er@g&@}d the non;pressure-beafing, internals are surrounded

by the liquid reactant. 13. Process for preparing hydrogen sulphide from sulphur and hydrogen
under elevated presSars Swifer&int tHe“O5 B &R 8 §aseous hydrogen and liquid sulphur is carried out

in a reaction vessel according to any of Claims 1 to 11 at a temperature of from 300 to 600C,
5 10. Reaction vesgsel according to any of Claims 1 to 7,

wherein the internals are surrounded by the ligquid
reactant and are separated by a wall from the wall of
the reaction vessel so that the ligquid reactant
circulates through the space formed by the spacing

10 between the said walls in the opposite direction to

the directicon of ascent of the gaseous reactant.

11. Reaction vessel according to any of Claims 1 to 10
used for the reaction of liguid sulphur with gaseous

hydrogen to form hydrogen sulphide.

15  12. Process for the exothermic reaction of a liguid
reactant with one or more gaseous reactants to form a
gaseous reaction product at elevated temperature and
elevated pressure in a reaction vessel, wherein the
residence time of the gaseous reactant(s) in the

20 reaction vessel 1s increased by non-pressure-bearing
internals and the non-pressure-bearing internals are

surrounded by the liquid reactant.

13. Process for preparing hydrogen sulphide from sulphur
and hydrogen under elevated pressure, wherein the
25 reaction of gaseous hydrogen and ligquid sulphur is
carried out in a reaction vessel acceording to any of
Claims 1 to 11 at a temperature of from 300 to 600°C,
with the temperature at the non-pressure-bearing
internals being above the temperature at the pressure-

| 30 bearing wall of the vegsel.

14. Process according to Claim 13, wherein the temperature
cf the non-pressure-bearing internals is > 450°C and

that at the pressure-bearing wall of the vessel is



with the temperature at the non-pressure-bearing internals being above the temperature at the
pressure-30bearing wall of the vessel. 14. Process according to Claim 13, wherein the temperature of
the non-pressure-bearing internals is > 450C and that at the pressure-bearing wall of the vessel is 15
< 450C. 15. Process according to Claim 13 or 14 garried out at a pressure of from 8 to 20 bar. 16.
Process according to any of Claims 13 to 15, wherein 5the reaction is carried out in the presence of a
catalyst. 17. Process according to Claim 15, wherein a sulphur-resistant hydrogenation catalyst which
preferably comprises a support such as silicon oxide, aluminium 10oxide, zirconium oxide or titanium
oxide and contains one or more of the active elements molybdenum, nickel, tungsten, iron, vanadium,
cobalt, sulphur, seleﬁiLf‘rg, pﬁdsphorus, arsenic, antimony and bismuth is used.

15. Process according te Claim 13 or 14 carried ocut at a

pressure of from 8 to 20 bar.

16. Process according to any of Claims 13 to 1%, wherein
5 the reacticn is carried ocut in the presence of a

catalyst.

17. Process according to Claim 15, wherein a sulphur-
resistant hydrogenation catalyst which preferably
comprises a support such ag silicen oxide, aluminium

10 oxide, zirconium oxide or titanium oxide and contains
one or mere of the active elements molvkdenum, nickel,
tungsten, iron, vanadium, cobalt, sulphur, selenium,

phosphorus, arsenic, antimony and bismuth is used.



