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(57) ABSTRACT 

A method, apparatus and system for treating a stream 
containing HZS are disclosed. Apreferred method comprises 
mixing the stream containing HZS With a light hydrocarbon 
stream and an oxygen containing stream to form a feed 

stream, contacting the feed stream With a catalyst for less 
than about 10000 microseconds While simultaneously rais 
ing the temperature of the stream suf?ciently to alloW 
oxidation of the HZS and partial oxidation of the light 
hydrocarbon to produce a product stream containing 
elemental sulfur, CO and hydrogen, and cooling the product 
stream suf?ciently to condense at least a portion of the 
elemental sulfur and produce a tail gas. Apreferred method 
further includes the step of processing the tail gas so as to 
react CO in the tail gas With Water to produce CO2 and 
hydrogen and so as to convert elemental sulfur, S02, COS, 
and CS2 in the tail gas into HZS, the step of contacting the 
tail gas With an alkanolamine absorber to produce a treated 
tail gas, and the step of producing H2 from the treated tail 
gas. 
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APPARATUS FOR RECOVERING SULFUR FROM 
H2S AND CONCURRENT PRODUCTION OF H2 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of provisional 
application no. 60/146,589 ?led Jul. 30, 1999, the disclosure 
of Which is incorporated herein by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not applicable. 

BACKGROUND OF THE INVENTION 

[0003] 1. Technical Field of the Invention 

[0004] The present invention generally relates to methods 
and apparatus for recovering sulfur and hydrogen from 
hydrocarbon processing streams. More speci?cally, the 
present invention relates methods and apparatus for process 
ing a mixture of hydrogen sul?de, methane and/or light 
alkanes and oxygen in a series of reactors to produce 
elemental sulfur and hydrogen. 

[0005] 2. Description of Related Art 

[0006] Many petroleum feed streams and their separated 
fractions contain sulfur. Sulfur is generally undesirable in 
most petroleum re?ning products, hoWever. Therefore, 
re?neries typically upgrade the quality of the various petro 
leum fractions by removing the sulfur. Speci?cally, 
hydrodesulfuriZation units are used to break doWn the sulfur 
compounds in the petroleum fractions and convert the sulfur 
to H2S. Such hydrodesulfuriZation units consume hydrogen 
because hydrogen bonds to the removed sulfur to produce 
the product H2S. In addition, other reactions take place 
concurrently, including double bond saturation, aromatic 
saturation, and denitri?cation. All of these reactions con 
sume hydrogen. 

[0007] The sources of hydrogen in a re?nery include the 
catalytic reformer. Puri?ed hydrogen is also produced (as a 
byproduct) from coking and catalytic cracking reactions. It 
is often the case, hoWever, that these sources of hydrogen are 
insuf?cient to supply the entire hydrogen requirements for 
the re?nery. Hence, it is often necessary to provide hydrogen 
from an additional source. Hydrogen can be produced from 
steam reforming of light hydrocarbons, such as methane, 
and from the Water gas shift of the steam reformer off gas. 
Less desirably, hydrogen can also be purchased from outside 
sources, usually as the byproduct of some chemical process. 

[0008] In addition to hydrodesulfuriZation processes, 
other conversion processes in a typical re?nery, such as ?uid 
catalytic cracking, coking, visbreaking, and thermal crack 
ing, produce H2S from sulfur containing petroleum frac 
tions. The H2S from both the desulfuriZation processes and 
these conversion processes is typically removed from the 
gas streams or light liquid hydrocarbon streams using 
chemical solvents based on alkanolamine chemistry or 
physical solvents. A circulating, regenerative H2S removal 
system employing an absorption stage for H2S pickup and a 
regeneration stage for H2S rejection produces a concentrated 
stream of H2S. 
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[0009] In conventional systems, this H2S stream is then 
fed to some type of H2S conversion unit, Which converts the 
H2S into a storable, saleable product such as elemental 
sulfur, sodium hydrosul?de solution, or sulfuric acid. Con 
version of the H2S to elemental sulfur is most common, 
primarily because elemental sulfur is the most marketable 
sulfur compound of those mentioned. The process most 
commonly used to recover elemental sulfur from H2S gas is 
the modi?ed Claus sulfur recovery process. 

[0010] The modi?ed Claus sulfur recovery process has 
been in use since 1883 Without signi?cant changes. The 
process in its current form consists of a thermal reactor 
folloWed by Waste heat removal, sulfur condensation, and 
varying numbers (usually tWo or three) of reheat, catalyst 
bed, and sulfur condensation stages. Many of the Claus 
plants are folloWed by Claus plant “tail gas” treatment units 
Which process unreacted H2S, S02, various compounds such 
as COS and CS2, and elemental sulfur vapor into H2S, Which 
is then recycled back to the thermal stage of the Claus 
process or converted to S02, Which is absorbed in aqueous 
solutions to form bisul?te salts. Other tail gas treatments 
entail either operating Claus catalyst beds at temperatures 
beloW the deW point of sulfur or direct oxidation of the 
remaining H2S to sulfur either over a bed of solid catalyst or 
in a liquid contacting device. 

[0011] The thermal stage of a conventional Claus process 
is a burner in a refractory lined chamber. H2S, along With 
other compounds such as CO2, methane and light hydrocar 
bon gases, nitrogen, ammonia, and hydrogen, is fed to the 
burner. Air, pure oxygen, or a mixture of both is fed to the 
burner. A ?ame is used to ignite the mixture of gases. In the 
?ame, 1/3 of the H2S is oxidiZed by the reaction: 

H2S+3/2O2-)SO2+H20 (1) 
[0012] The remaining H2S then reacts With the S02 in the 
?ame according to the folloWing equation, to form elemental 
sulfur and Water: 

[0014] The Claus combustion chamber typically operates 
at 950° C.-1,480° C. and converts 50 to 70% of the sulfur 
contained in the feed gas into elemental sulfur, depending on 
the temperature. The ef?ciency decreases With the gas 
residence time in the reactor. The sulfur formed by the 
thermal stage is recovered as a liquid by ?rst cooling the hot 
reaction gases (typically from 950 to 1480° C.) in a ?retube 
boiler, folloWed by condensation of the sulfur in the tubes of 
a loW pressure steam generator. Removing the liquid sulfur 
alloWs the equilibrium Claus reaction (3) (above) to shift to 
the right, to form more sulfur. 

[0015] At loW temperatures (beloW about 260° C.) sulfur 
formation via the Claus reaction is knoWn to be 90 to 98% 
ef?cient, but requires a catalyst to achieve an acceptable 
reaction rate. Hence, the gas exiting the loW pressure steam 
generator, containing the unreacted H2S and SO2 in the 2/1 
ratio required for the Claus reaction, is heated to a tempera 
ture that is sufficient to initiate rapid reaction. This tempera 
ture is usually in excess of 200° C., and above the deW point 
of sulfur in order to keep neWly-generated sulfur from 
condensing in the catalyst bed. Heat for this purpose can be 
supplied by any suitable means. The gas passes over a 
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catalyst and the Claus reaction resumes until equilibrium is 
again reached. The reactor effluent stream is cooled and 
sulfur is again condensed out of the gas stream. The reheat 
of the gases, catalytic reaction, and sulfur condensation is 
repeated. Typically, tWo to three such catalytic stages are 
employed. 
[0016] The Claus process is universally used to convert 
H2S to sulfur. There have been some improvements on the 
process, Which have been related to: burner design; more 
active and durable catalysts; neW types of reheaters; and the 
use of oxygen to replace air as the oxidiZer. The latter 
improvement has signi?cantly increased the processing 
capability of the process. Nevertheless, the process has 
remained essentially the same since its invention. 

[0017] Even though it is useful both in recovering the 
sulfur generated in re?nery processes and in reducing sulfur 
emissions from re?neries, the process is generally vieWed as 
relatively costly and is performed mainly out of environ 
mental necessity. One of the economic penalties of the Claus 
process is that the hydrogen used to form H2S in the 
upstream processes is lost by forming Water in the oxidation 
of the HZS. In a re?nery Where the hydrogen-generating 
processes do not keep pace With the rate of hydrogen 
consumption and hydrogen must therefore be externally 
supplied, sulfur recovery using the Claus process is particu 
larly undesirable. Hence, it Would be desirable to have a 
process that effectively recovers sulfur from an H2S stream 
While returning usable hydrogen to the system. 

SUMMARY OF THE INVENTION 

[0018] The present invention provides a system, process 
and apparatus for recovering elemental sulfur from various 
streams containing H2S Without adding to the hydrogen 
consumption load of a re?nery. The apparatus comprises a 
Claus reactor in Which the burner assembly is replaced With 
a reactant mixing device and a thin layer of reactor catalyst 
that is highly transparent. The catalyst bed is preferably 
separated from the mixing device by a radiation barrier 
(Which also provides thermal insulation). The catalyst cata 
lyZes the partial oxidation of H2S and methane in the 
presence of oxygen (air) to form elemental sulfur and 
synthesis gas (carbon monoxide and hydrogen). In certain 
preferred embodiments, the process includes a cobalt-mo 
lybdenum hydrogenation catalyst in contact With the tail gas, 
Which causes a Water shift reaction to produce hydrogen 
from CO and Water. 

[0019] According to certain embodiments of the inven 
tion, a method for treating a stream containing H2S com 
prises mixing the H2S-containing stream With a light hydro 
carbon stream and an oxygen containing stream to form a 
feed stream. The method also includes contacting the feed 
stream With a catalyst and raising the temperature of the 
stream suf?ciently to alloW oxidation of the H2S and partial 
oxidation of the light hydrocarbon to produce a product 
stream containing elemental sulfur, CO, and hydrogen. 
According to the method, the product stream is then cooled 
sufficiently to condense at least a portion of the elemental 
sulfur and produce a tail gas. 

[0020] In certain embodiments, the method for treating a 
stream containing H2S, comprises mixing the stream With a 
light hydrocarbon stream and an oxygen containing stream 
to form a feed stream. This method includes contacting the 
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feed stream With a catalyst for less than about 10000 
microseconds, and simultaneously raising the temperature of 
the stream suf?ciently to alloW oxidation of the H2S and 
partial oxidation of the light hydrocarbon such that a product 
stream containing elemental sulfur, CO, and hydrogen are 
produced. The method also includes cooling the product 
stream suf?ciently to condense at least a portion of the 
elemental sulfur and produce a tail gas. 

[0021] A system in accordance With the invention com 
prises employing an above-described apparatus in an above 
described method. According to certain embodiments, the 
system includes a mixing Zone, a reaction Zone and a cooling 
Zone. An H2S-containing stream is mixed With a light 
hydrocarbon stream and an oxygen containing stream to 
form a feed stream in the mixing Zone. In the reaction Zone 
the feed stream is contacted With a catalyst such that 
elemental sulfur is formed from the H2S and such that 
carbon monoxide is formed from the light hydrocarbon. In 
the cooling Zone the elemental sulfur is condensed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] For a more detailed description of the present 
invention, reference Will noW be made to the accompanying 
Figures, Wherein: 

[0023] FIG. 1 is an enlarged cross-section of a reactor 
constructed in accordance With a preferred embodiment; and 

[0024] FIG. 2 is a schematic diagram of the components 
of one preferred embodiment of the present system includ 
ing the reactor of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0025] Many re?neries face an abundant supply of loWer 
alkanes, i.e., Cl-C4 alkanes such as methane, and relatively 
feW means of converting them to more valuable products. 
Much research has been devoted to investigating the con 
version of methane to more easily transportable products. 
One technique that has been developed entails the partial 
oxidation of light hydrocarbons in the presence of a catalyst. 
This technique results in the production of synthesis gas, i.e., 
“syngas”, a mixture of CO and H2. The catalytic partial 
oxidation of methane can be represented by the folloWing 
reaction scheme: 

[0026] Such catalytic oxidation reactions are exothermic 
and require good composition control in order to avoid 
over-oxidation resulting in too high a reaction temperature. 

[0027] Several schemes for carrying out such partial oxi 
dation are knoWn in the art. One scheme for carrying out the 
exothermic oxidation reaction entails a brief exposure of the 
methane feed to a hot catalyst folloWed by cooling the 
resultant gas stream. Acatalyst is positioned in the How path 
of the feed gas. The catalyst comprises a Wire gauZe, several 
layers of Wire gauZe, or a porous ceramic impregnated With 
a catalyst. 

[0028] A neW system according to the present invention 
for carrying out catalytic partial oxidation of methane or 
other light hydrocarbons replaces the burner of a Claus 
process. In addition to H2S, the feed stream includes meth 
ane (or a similar light hydrocarbon) and air, oxygen, or a 
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mixture of both. Thus, While sulfur is produced according to 
Equation (3) above, additional hydrogen is generated, Which 
allows the hydrogen originally consumed in the desulfur 
iZation process to be recovered. 

[0029] Referring initially to FIG. 1, a preferred embodi 
ment of the present system includes a Claus reactor 10 that 
includes feed injection openings 12, 14, and 16, a mixing 
Zone 19, a reaction Zone 20 and a cooling Zone 30. Reaction 
Zone 20 preferably includes a thermal radiation barrier 22 
positioned immediately upstream of a catalytic device 24. 
Radiation barrier 22 is preferably a porous ceramic or 
refractory material that is suited to Withstand operating 
temperatures and provide suf?cient thermal insulation, such 
as are described in US. Pat. 4,038,036 (Beavon) Which is 
incorporated herein by reference in its entirety. 

[0030] Catalytic device 24 is preferably a layer or layers of 
Wire gauZe 25 or a porous ceramic monolith (not shoWn) 
having a suitable catalyst supported on its surface. GauZe 25 
is preferably one or more layers of a substantially planar, 
?exible Woven metal-containing or metal-coated screen or 

gauZe having about 20-120 mesh. More preferably, it is a 
gauZe of metal Wires about 25 micrometers to about 2.5 
millimeters in diameter, Which are made of about 87-93% by 
Weight (Wt-%) Pt and about 7-13 Wt-% Rh. Alternative 
catalyst structures could include a disk With multiple per 
forations formed therethrough, a honeycomb-like structure, 
an etched foil and any other structure that provides the 
desired amount of transparency to effect the desired partial 
oxidation. Adetailed discussion of the catalyst structure and 
composition can be found in US. Pat. No. 5,654,491 to 
Goetsch et al., Which is incorporated herein in its entirety. 

[0031] Examples of suitable catalysts that can be included 
in the metal of the gauZe or incorporated at its surface 
include, but are not limited to, platinum, rhodium, nickel, 
palladium, iridium, Pt/ZrO2, Pt/Al2O3_ 

[0032] In operation, HZS is fed into one of the feed 
injection openings 12. A light hydrocarbon, such as meth 
ane, is fed into a second feed injection opening 14. Air or 
oxygen is fed into the third feed injection opening 16. It Will 
be understood that the feed injection openings can be 
con?gured differently from the con?guration shoWn Without 
affecting the principles or operation of the present system. 

[0033] As the feed gases from feed injection openings 12, 
14, 16 How toWard catalytic device 24, they are preferably 
subjected to thorough mixing by static mixer 18. During 
mixing, they are shielded by radiation barrier 22 from 
radiant heat that is generated doWnstream in the process. It 
is preferred that the temperature on the upstream side of 
barrier 22 be in the range of about 20° C. to about 300° C. 
The feed gas stream is preferably at ambient temperature 
prior to contact With the catalyst. Preheating the feed gas 
stream is not desired, as it can cause homogeneous reactions 
and reduce the selectivity of the process of the present 
invention for the desired compounds. Therefore, preheating 
the feed gas mixture is typically avoided, although in some 
applications feed gas temperatures up to about 300° C. can 
be tolerated. 

[0034] After the gases pass barrier 22, they ?oW past 
catalytic device 24 and are simultaneously heated to an 
oxidation temperature in the range of from about 900° C. to 
about 1500° C. The gas ?oW rate is preferably maintained 
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such that the contact time for the portion of the gas that 
contacts the catalyst is betWeen about 0.00001 to 0.01 
seconds and more preferably betWeen about 0.001 to 0.005 
seconds. 

[0035] This degree of contact produces a favorable bal 
ance betWeen competing reactions and produces suf?cient 
heat to maintain the catalyst at approximately 900-1500° C. 
Speci?cally, sulfur is produced by catalyZed partial oxida 
tion according to the equation: 

H2s+1/2O2—)1/XsX+H2O (5) 
[0036] Where x equals 2, 6, or 8, With x =2 being the most 
likely. At the same time, exposure to the hot catalyst partially 
oxidiZes the hydrocarbons in the feed, according to the 
equation: 

[0037] Oxygen for these reactions comes from the air, 
oxygen, or air/oxygen mix that is fed into the system With 
the H25 and hydrocarbon feed gases. 

[0038] Typically, the catalyst structure is heated as a result 
of the exothermic chemical reactions occurring at its sur 
face; hoWever, it can additionally or alternatively be heated 
by external means, such as electrical resistance, magnetic 
induction, RF, etc. Heating by external means can alloW for 
increases in the rate at Which feed gas can be passed through 
the catalyst structure While still obtaining desirable reaction 
products. In many cases it is helpful to heat the catalytic 
device 24 With external means at least at the start of the 
process, so as to initiate the exothermic reactions on the 

catalyst structure. This initial heating can be accomplished 
in any suitable manner including electrical resistance, mag 
netic induction, RF, or the like. Once the system is running, 
it is preferably run adiabatically or nearly adiabatically (i.e., 
Without the loss of heat aside from convective losses in the 
exiting gas), so as to reduce the formation of solid carbon 
(e.g., coke) on the surface of the gauZe catalyst. 

[0039] The rapid heating of the feed gases as a result of 
contact With the hot catalyst promotes fast reaction rates. In 
accordance With the present invention, the feed gas stream 
velocity past catalyst structure 24 is preferably at least about 
0.1 meter/second, often as high as 4-5 meters/second, and 
even as high as 70 meters/second. The maximum velocity 
Will generally determined by the speci?c equipment used; 
hoWever, the theoretical limit is that velocity at Which the 
reaction Would be extinguished. If an external means of 
heating the catalytic device 24 is used, this theoretical limit 
is signi?cantly large. 

[0040] According to one preferred embodiment, the feed 
gas stream velocity is betWeen about 0.1 and 100 meters/ 
second. As a result, the super?cial contact time of the feed 
gas stream With a preferred embodiment of gauZe catalytic 
device 24 is less than about 10,000 microseconds, and 
typically Within a range of about 1,000-5,000 microseconds. 
When used in the present invention, it is preferred that the 
super?cial contact time of the feed gas stream With the 
catalyst be less than about 5,000 microseconds, more pref 
erably less than about 2,000 microseconds. As used herein, 
“super?cial contact time” is calculated as the Wire diameter 
divided by the feed gas stream velocity at inlet conditions 
(i.e., temperature and pressure at the inlet to the reactor). 
Super?cial contact time is inversely proportional to the term 
“space velocity” that is used in many chemical process 
descriptions. 
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[0041] Although for ease in comparison With prior art, 
space velocities at standard conditions have been used to 
describe the present invention, it is Well recognized in the art 
that residence i time is the inverse of space velocity and that 
the disclosure of high space velocities equates to loW 
residence times. 

[0042] From reaction Zone 20, the reacted gases enter a 
?retube boiler 40, Where they are cooled to beloW 425° C. 
and preferably to beloW 3400° C. As shoWn, it is preferred 
that heat removed from the partially oxidiZed gases can be 
recaptured by boiling Water to make steam or the like. The 
rapid cooling that occurs in the boiler drops the temperature 
to beloW about 425° C. and thus ceases the above reactions. 
A detailed description of the considerations involved in 
operating a reactor using extremely small contact times is 
given in US. Pat. No. 5,654,491, Which is incorporated 
herein by reference in its entirety. 

[0043] Referring noW to FIG. 2, the present system pref 
erably includes the reactor 10, ?retube boiler 40, a con 
denser 50, heater 55, one or more tailgas converter units 60, 
a quench toWer 80, an amine absorber/contactor 90, and an 
amine regenerator 100. The cooled, partially oxidiZed gases 
?oW from boiler 40 into condenser 50, Where they are cooled 
further until the deW point of the elemental sulfur is reached. 
This alloWs for the removal of elemental sulfur, as desired, 
from the process. Once almost all of the elemental sulfur is 
removed, the partially oxidiZed gases are reheated in heat 
exchanger 55 and passed through one or more tailgas 
converter units 60. Each tailgas converter unit 60 includes at 
least a catalyst bed 56 in contact With the ?uid and a quench 
device 58. More speci?cally, in each converter unit 60, the 
hot gas stream is passed over a bed of conventional cobalt 
molybdenum based Claus tail gas treating unit hydrogena 
tion catalyst. In this catalyst bed, any elemental sulfur is 
converted to HZS. The CO in the hot gas reacts With Water 
generated in the short contact time reactor (equation to 
form CO2 and hydrogen according to the folloWing equa 
tions: 

H2+1/XsX—)H2s (7) 

CO+H2O—)CO2+H2 (8) 

[0044] If any additional Water vapor is required for the 
Water gas shift (Equation (8)), it can be added after the sulfur 
condensation stage. It is desirable to carry out the Water gas 
shift reaction, as CO Will require incineration to CO2 before 
it can be emitted from the stack. Since the Water gas shift 
reactor forms the CO2, anyWay, it is much more valuable to 
generate hydrogen from the CO that to simply incinerate it 
to CO2. The effluent from the Water gas shift reactor(s) is 
then preferably cooled suf?ciently to condense the bulk of 
any remaining Water from the gas stream and to adjust the 
temperature of the gas to the proper level for alkanolamine 
treating. 

[0045] FolloWing the ?nal quenching by counter-current 
?oW through quench toWer 80, the partially oxidiZed gases, 
including any hydrogen gas, are fed into an alkanolamine 
absorber 90, Where HZS is removed. In absorber 90, an 
alkanolamine absorber, preferably based on methyl dietha 
nolamine or diisopropanolamine, is used to remove any HZS 
that may be present in the product gas from the Water 
condensation stage. The treated gases, Which comprise 
hydrogen, nitrogen, and some CO2, With trace amounts of 
H25, are then compressed and puri?ed using Pressure SWing 
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Absorption (PSA), membranes, or cryogenic separation. 
From this process, puri?ed hydrogen is made available for 
use in the hydrogen consuming processes. The Waste gas 
from the puri?cation process is preferably sent to the re?n 
ery fuel system. Hence, there is no direct stack emission 
from the sulfur recovery unit. H25 and CO2 removed from 
the hydrogen-rich product gas in the alkanolamine absorber 
go to the alkanolamine regenerator 100, Where they are 
boiled out of the alkanolamine solution and recycled to the 
front of the sulfur recovery unit. 

[0046] While a preferred embodiment of the present 
invention has been shoWn and described, it Will be under 
stood that variations can be to the preferred embodiment, 
Without departing from the scope of the present invention. 
For example, the mixing process can be altered or replaced 
With an active mixer, the thermal barrier can be modi?ed, the 
structure and composition of the catalyst can be varied, and 
the tail gas treatment steps can be modi?ed. 

[0047] The complete disclosure of all patents, patent docu 
ments, and publications cited herein are incorporated by 
reference. The foregoing detailed description and examples 
have been given for clarity of understanding only. No 
unnecessary limitations are to be understood therefrom. The 
invention is not limited to the exact details shoWn and 
described, for variations obvious to one skilled in the art Will 
be included Within the invention de?ned by the claims. 

What is claimed is: 
1. A method for treating a stream containing HZS, com 

prising mixing the stream containing HZS With a light 
hydrocarbon stream and an oxygen containing stream to 
form a feed stream, contacting the feed stream With a 
catalyst and raising the temperature of the stream suf?ciently 
to alloW oxidation of the H25 and partial oxidation of the 
light hydrocarbon to produce a product stream containing 
elemental sulfur, CO, and hydrogen, cooling the product 
stream suf?ciently to condense at least a portion of the 
elemental sulfur and produce a tail gas. 

2. The method according to claim 1 comprising process 
ing the tail gas so as to react CO in the tail gas With Water 
to produce CO2 and hydrogen. 

3. The method according to claim 1 comprising process 
ing the tail gas so as to convert elemental sulfur, SO2, COS, 
CS2 in the tail gas into H25. 

4. The method according to claim 1 comprising contacting 
the tail gas With an alkanolamine absorber to produce a 
treated tail gas. 

5. The method according to claim 4 comprising recover 
ing H2 from the treated tail gas. 

6. The method according to claim 4 comprising recover 
ing HZS from the alkanolamine absorber. 

7. The method according to claim 1 Wherein contacting 
the feed stream With a catalyst and raising the temperature 
of the stream is accomplished in less than about 10,000 
microseconds. 

8. The method according to claim 1 Wherein contacting 
the feed stream With a catalyst and raising the temperature 
of the stream is carried out essentially adiabatically. 

9. A method for treating a stream containing HZS, com 
prising mixing the stream containing HZS With a light 
hydrocarbon stream and an oxygen containing stream to 
form a feed stream, contacting the feed stream With a 
catalyst for less than about 10,000 microseconds and simul 
taneously raising the temperature of the stream suf?ciently 
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to allow oxidation of the H25 and partial oxidation of the 
light hydrocarbon to produce a product stream containing 
elemental sulfur, CO, and hydrogen, cooling the product 
stream sufficiently to condense at least a portion of the 
elemental sulfur and to produce a tail gas. 

10. The method according to claim 9 further comprising 
processing the tail gas to react CO and Water in the tail gas 
to produce CO2 and hydrogen. 

11. The method according to claim 9 further comprising 
processing the tail gas to convert elemental sulfur, S02, 
COS, and CS2 in the tail gas into H25. 

12. The method according to claim 9 further comprising 
contacting the tail gas With an alkanolamine absorber to 
produce a treated tail gas. 

13. The method according to claim 12 further comprising 
recovering H2 from the treated tail gas. 

14. The method according to claim 12 further comprising 
recovering HZS from the alkanolamine absorber. 

15. A system for treating a stream containing HZS, com 
prising a miXing Zone in (Which the H2S—containing stream 
is miXed With a light hydrocarbon stream and an oXygen 
containing stream to form a feed stream, a reaction Zone in 
Which the feed stream is contacted With a catalyst to form 
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elemental sulfur from the H25 and to form carbon monoXide 
from the light hydrocarbon, and a cooling Zone in Which the 
elemental sulfur is condensed. 

16. The system according to claim 15 comprising a 
radiation/thermal barrier betWeen the miXing Zone and the 
reaction Zone. 

17. The system according to claim 15 Wherein the reaction 
Zone includes a hot catalyst surface. 

18. The system according to claim 15 Wherein the reaction 
Zone includes a hot catalyst surface comprising a catalyst 
comprising one or more layers of Wire gauZe. 

19. The system according to claim 15 Wherein said 
reaction Zone comprises a hot catalyst surface comprising a 
catalyst supported on a porous ceramic. 

20. The system according to claim 15 further comprising 
a tail gas treatment unit. 

21. The system according to claim 15 further comprising 
a tail gas treatment unit comprising a second catalyst. 

22. The system according to claim 15 further comprising 
a tail gas treatment unit comprising an alkanolamine 
absorber. 


