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Sour Gas Combustion Using In-situ Oxygen Production and Chemical Looping 

Combustion 

Technical Field 

5 The present invention relates to a process to produce heat and steam from 

the combustion of sour gas or low BTU gas using a chemical looping combustion 

(CLC) process. More specifically, the present invention relates to an improvement in 

the efficiency of chemical looping combustion of sour gas processes and also to the 

in-situ reduction of polluting gases, such as S02. 

Background 

The increased attention paid to global warming in recent decades has led to 

increased research in the field of power generation. Different measures for fighting 

against the undesirable effects of global warming have been proposed. One such 

is measure is carbon capture and storage (CCS), which has widely been considered a 

mid-to-long term mitigating measure against the emission of C02. CCS has the 

potential to be both valuable and environmental, and this can be achieved if C02 can 

be utilized in industrial applications after it has been captured. Nonetheless, the 

current problem is that most known CCS methods are costly. 

20 Combustion is a commonly used reaction in the field of power generator 

Several carbon capturing techniques exist for capturing C02 from a combustion unit, 

including post-treatment, 02/C02 firing (oxyfuel), and CO-shift. Chemical looping 

combustion (CLC) is a specific type of combustion reaction that was originally 
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created in the 1950s to produce C02, but recently it has received increased attention 

as a potential C02 capturing process. In a CLC process, an oxygen carrier acts as 

an intermediate transporter of oxygen between air and fuel, and thus the air and the 

fuel are prevented from directly contacting one another. Typically, a solid metai 

5 oxide oxygen carrier is used to oxidize the fuel stream in a fuel reactor. This results 

in the production of CO2 and H2O, The reduced form of the oxygen carrier is then 

transferred to the air reactor, where it is contacted with air, reoxidized to its initial 

state, and then returned back to the fuel reactor for further combustion reactions. 

In general, the overall heat of a CLC process will be the sum of the two heat 

10 states, exothermic during oxidation and endothermic during reduction, which is 

equivalent to the heat released in a convention combustion reaction. Accordingly, 

one advantage of the CLC process is that minimal extra energy is required to 

capture C02 while still maintaining a combustion efficiency similar to direct 

combustion processes. More precisely, there is minimum energy penalty for C02 

15 capturing in a CLC process, estimated at only 2-3% efficiency lost. Additionally, NOx 

formation is reduced in the CLC process compared with direct combustion processes 

as the oxidation reaction occurs in the air reactor in the absence of fuel and at a 

temperature of less than 1200°C—above which N0X formation increases 

considerably. Thus, the lack of NO* formation makes C02 capturing in CLC 

20 processes less costly compared with other combustion methods because CO2 does 

not need to be separated from the NOx gas prior to capture. Further, in contrast with 

other combustion processes, C02 products in CLC processes can be separated from 

other gases and captured without the use of additional step or equipment. 

Many types of fuel can be used in combustion processes. Natural gas that 

25 contain significant levels of H2S—known as sour gas—may also be used as a 
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gaseous fuel in combustion processes; however, sour gas is low in calorific value 

and is very corrosive, and thus was not previously considered to be a particularly 

useful fossil fuel. However, the increasing worldwide demand for energy has forced 

the use of sour gas as an energy source, 

5 One of the biggest problems with using sour gas in combustion processes is 

that H2S is a very corrosive gas that can be damaging to the mechanical parts of the 

combustion system at high temperatures and pressures under gas turbine system 

conditions. Additionally, when exposed to air, H2S readily oxidizes to form S0X 

(namely, S02) which is an air pollutant. 

10 Conventionally, in order to avoid the corrosive effects and the pollution 

associated with combustion of sour gas, pretreatment of the sour gas was required 

to substantially remove the sulfur compounds from the gas stream—a process 

known as "sweetening." For example, an amine gas treating process can be used to 

"sweeten" the sour gas (i.e., remove the H2S). The shortcoming of processes for 

is sweetening sour gas is that they are very costly. However, in combustion of sour 

gas using the chemical looping concept, pre-treatment of H2S is not necessary. In 

particular, the sulfur containing compounds can be removed post-combustion 

reaction, thus eliminating the costly "sweetening" process 

CLC processes using sour gas fuel streams are known in the art. However, 

20 these conventional processes are designed such that the sour gas is in direct 

contact with the metal oxide oxygen carriers in the fuel reactor. However, such 

arrangement is less than ideal as direct contact between the metal oxide oxygen 

carrier and the H2S contained in the sour gas can generated sulfur-based metal 

oxides, which, in some cases, are difficult to transform back to their oxidized metallic 
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state. Consequently, the generation of sulfur-based metal oxides can result in a 

decrease of the total capacity of the CLC process due to the loss of reactivity of the 

oxygen carrier and the subsequent decrease in the conversion of the sour gas. 

Further, when sulfur-based metal oxides are formed in the fuel reactor, some S02 

5 will be generated in the air reactor due to the oxidation of the sulfur based metal 

oxides in the air reactor during the oxidation step. The presence of S02 in the air 

reactor will consequently increase the cost of the S02 treatment at the air reactor 

exit. 

Until now, there have not been any CLC processes for the combustion of sour 

10 gas in which metal oxides do not directly interact with the sour gas fuel. Thus, there 

is a need for efficient CO2 capture in the field of power generation in light of growing 

concerns regarding global warming. Further, there is a need for a process for the 

combustion of sour gas with high efficiency in energy conversion, but without the 

costly pretreatment of H2S. Finally, there is a need for a CLC process for sour gas in 

15 which the metal oxide oxygen carriers do not directly interact with the sour gas fuel 

The present invention achieves these needs and others. 

Summary 

The present invention is directed to an improved design for the chemical 

20 looping combustion (CLC) of sour gas or low BTU gas to produce heat and steam. 

More specifically, the present invention relates to a CLC process of sour gas that 

features at least in part in-situ oxygen production and in-situ S02 capture. 
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in one embodiment, a bed of a metal oxide oxygen carrier is disposed within a 

lower portion of a fuei reactor and a stream of C02 and steam is then used to fluidize 

the bed. The metal oxide acts as an oxygen carrier with the capacity to release 

phase oxygen. Once fluidized, the bed of metal oxide releases oxygen into the 

5 C02/steam stream and the oxygen is then transported to a riser where the fuei gas 

(sour gas) is injected. In the riser, the fuet gas (sour gas) is burned under oxy-

combustion conditions to produce a product gas stream containing H20, CO2, and 

S02. 

The SO2 is then eliminated from the product stream in-situ using a calcium-

10 based sorbent in order to prevent subsequent pollution as a result of emission of 

S02. More specifically, the calcium-based sorbent decomposes and then reacts with 

the S02 to produce CaS04, of which some is then transported back to the riser of the 

fuel reactor to act as a nonmetal oxygen carrier to further the combustion reactions. 

As a nonmetal oxygen carrier in the riser of the fuei reactor, the CaS04 reacts in the 

15 presence of CO, H2, and CH4 and is reduced to CaS. The resulting CaS product is 

then sent to a reactive hopper where it is oxidized to CaS04. 

Similarly, the reduced metal oxide material in the fluidized bed of the fuei 

reactor is transported to an air reactor where it is oxidized back to its original state in 

the presence of air. Following reoxidation, the metal oxide material is transported 

20 back to the fluidized bed in the fuel reactor for further use as a metal-based oxygen 

carrier. 

This invention provides a distinct advantage over other CLC processes 

involving sour gas in that it allows for the full conversion of the sour gas, whereas 

most CLC sour gas processes will have a small fraction of not fully converted gas 
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products in the product stream. Additionally, the present invention avoids direct 

contact between the oxygen carrier (i.e., metal oxide) and the sour gas by placing 

the oxygen carrier in a lower portion of the fuel reactor and injecting the sour gas into 

the riser which is downstream of the fuel reactor, thereby avoiding direct contact 

5 between the two. 

Brief Description of the Drawing Figures 

A more complete understanding of the invention and its many features and 

advantages wiil be attained by reference to the following detailed description and the 

10 accompanying drawing. It is important to note that the drawing illustrates only one 

embodiment of the present invention and therefore should not be considered to limit 

its scope. 

Fig. 1 is a schematic of a CLC process in accordance with an embodiment of 

the invention. 

Detailed Description of Certain Embodiments 

As previously mentioned, chemical looping combustion (CLC) typically 

20 employs a dual fluidized bed system (circulating fluidized bed process) in which a 

metal oxide is employed as a bed materia! providing the oxygen for combustion in a 

fuel reactor. The reduced metal oxide is then transferred to the second bed (air 
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reactor) and reoxidized before being reintroduced back to the fuel reactor completing 

the loop. Chemical looping combustion (CLC) thus uses two or more reactions to 

perform the oxidation of hydrocarbon based fuels. In its simplest form, an oxygen 

carrying species (normally a metai) is first oxidized in air forming an oxide. This oxide 

5 is then reduced using a hydrocarbon as a reducer in a second reaction. 

The CLC process of the present invention is designed to overcome the 

deficiencies associated with conventional CLC processes related to combustion of 

sour gas. As mentioned herein, unlike conventionat CLC processes in which the 

sour gas is in direct contact with the oxygen carrier (e.g. as by being directly 

10 ntroduced into a bed of oxygen carrier material), the present CLC process is 

designed such that the sour gas is introduced into the reactor such that it does not 

directly contact the oxygen carrier, instead, the sour gas is introduced at a location 

that is remote (e.g., downstream) of the oxygen carrier, in addition, the CLC process 

according to the present invention achieves the full conversion of the sour gas during 

15 the combustion reaction. 

The CLC process in accordance with the present invention is one in which a 

sour gas fuel stream is burned under oxy-combustion conditions in a reactor or the 

iike to produce heat and steam. As described herein, the chemical looping process 

allows for the in-situ production of oxygen and the elimination of S02 which is a 

20 byproduct of the combustion reaction that can be a poiiutant. Other advantages of 

the present invention will be appreciated in view of the following description. 

Fig, 1 illustrates one exemplary CLC system 100 for performing the chemical 

looping combustion of sour gas or low BTU gas in accordance with the present 

nvention. Fig. 1 likewise shows an exemplary flow scheme that depicts one CLC 

7 



WO 2015/112443 PCT/US2015/011749 

process in accordance with the present invention. The CLC system 100 can be 

thought of as having and defined by three distinct reaction zones. More specifically, 

a first reaction zone is defined by a fuel reactor 110, a second reaction zone is 

defined by a riser 120 which is operatively connected to the fuel reactor 110, and a 

5 third reaction zone is defined by an air reactor 140. 

The fuel reactor 110 can take any number of suitable forms and is designed to 

allow for the combustion of a fuel or the like therein. The fuel reactor 110 is thus 

defined by a structure (housing) that defines a hollow interior in which the fuel 

combustion occurs. A bed material (fluidized bed) which provides the oxygen for the 

10 combustion in the fuei reactor 110 is disposed within a portionl 12 (e.g., a lower 

portion as illustrated) of the fuel reactor 110 

Any number of different techniques can be used to contain and hold the bed 

material in place within the fuel reactor 110 including but not limited to placing the 

bed material on a substrate or support structure that is disposed within the lower 

15 portion 112. For example, a perforated horizontal plate can be provided in the lower 

portion 112 and the bed material rests along such perforated plate. The perforations 

in the horizontal plate allow for fluid flow through the plate and thus, allow for a fluid, 

such as a gas, to flow not only through the plate but aiso through the bed material 

resting thereon. This allows the bed material to act as a fluidized bed. The bed 

20 material serves as the oxygen carrier that provides the oxygen for the combustion in 

the fuel reactor 110 and therefore, can be in the form of any number of suitable 

oxygen carriers, including but not limited to suitable metal oxide materials. 

In exemplary embodiments, the metal oxide can be copper-based, 

manganese-based, cobalt-based, or a mixture thereof. Alternatively, any other metal 
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oxide or the like that are suitable for use in CLC can be used. The metal oxide can 

be used separately or be supported on aluminum or siiicium material. The use of 

either support material can increase the mechanical resistance of the oxygen carrier 

against different phenomena that can occur in the CLC system, including 

5 agglomeration and attrition. The maximum oxygen transfer capacity of the metal 

oxides is typically between about 0.1 and 12%, but is preferably between about 0.3 

and 5%. The particle size fraction of the oxygen carrier can vary from about 30 to 

400 microns, and the density of the oxygen carrier can be between about 1400 and 

4800 kg/m3 The oxygen carrier in its reduced form can have a reduction degree 

10 between about 0.01 and 0.5, but the reduction degree is preferably between about 

0.01 and 0.1. 

The oxygen carrier bed can be fluidized by a suitable fluid, such as a stream 

of CO2 or by another suitable fluid stream (gas stream). In one embodiment, a 

stream consisting of both CO2 and steam is used to fluidize the oxygen carrier bed. 

15 Referring to Fig. 1, the stream of C02 and steam is transported via Sine 114 and is 

used to fluidize the metal oxide (oxygen carrier) within the lower portion 112 of the 

fuel reactor 110 by flowing freely through the bed material (metal oxide). 

It will be understood that the diameter of the fuel reactor 110 is designed 

based on gas superficial velocities. The gas velocity needed for good fluidization 

20 gas distribution and good metal oxides mixing in the bottom portion 112 of the fuel 

reactor 110 is between about 0,15 and 0.8 m/s, and preferably between about 0.25 

and 0.5 m/s at least according to one exemplary embodiment. The fluidization gas 

velocity will not exceed the terminal velocity of the metal oxide particles. Exemplary 

operating temperatures in the fuel reactor 110 are varied between about 500 and 

25 700°C. At these exemplary operating temperatures, the oxygen carrier bed (e.g., 
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metal oxide) at the bottom (lower portion 112) of the fuel reactor 110 is reduced and 

releases phase oxygen (i.e., in-situ oxygen production), which is then transported in 

the C02/steam stream to the riser 120 that is fluidly coupled to the fuel reactor 110. 

The residence time of this fluid stream in the fuei reactor 110 where the oxygen is 

5 released is between about 1 and 400 seconds, and preferably between about 1 and 

180 seconds. 

The metal oxide oxygen carrier (bed material) produces (releases) phase 

oxygen, which is transported in the C02/steam stream to the riser 120, which 

represents the second reaction zone of the system 100. The gas stream thus acts 

10 as a carrier for the release of phase oxygen. It is within this second reaction zone 

that the sour gas is introduced and therefore, it will be readily understood that the 

sour gas is introduced at a location downstream of the oxygen carrier bed material 

(metal oxides) (and thus also downstream of the fuel reactor 110). Accordingly, the 

sour gas is introduced at a location that is remote from the oxygen carrier bed 

15 material and thus, the sour gas does not directly contact the bed material (i.e., the 

sour gas does not flow through the bed material or otherwise come in direct contact 

therewith). In the scheme shown in Fig. 1, the sour gas is introduced into the riser 

120 by flowing through a line 122 and into an inlet formed in the riser 120 

In the riser 120, the sour gas is burned under oxy-combustion conditions to 

20 produce a gas stream (product stream) containing CO2, HaO, and S02l as well as 

small amounts of unburnt products, H2 and CO. 

The sour gas stream can have an H2S concentration of between about 0.1 

and 75%, preferably between about 0.1 and 50%. In the riser 120, the combustion 

of sour gas in the presence of generated oxygen (transported in the C02/steam 
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stream) occurs and the product gas stream is formed. The resident time of the 

product gas in the riser is about between about 1 and 15 seconds, preferably 

between about 2 and 10 seconds. The reaction in the riser 120 is an exothermic 

reaction, thus results in an increased temperature within the riser 120. More 

5 specifically, the operating temperature in the riser 120 is between about 750 and 

1000°C. However, compared with a conventional CLC process, the reaction in the 

fuel reactor 110 is considered endothermic depending upon the nature of the metal 

oxide utilized in the process. 

The combustion of the sour gas in the oxy-combustion environment is 

10 typically a fast reaction, which results in the above-described product stream being 

formed (i.e., a product stream consisting of C02, H20, and S02, as well as a small 

amount of unburnt products such as CO and H2). 

1 order to avoid treatment of the SO2 at the exit of the riser 120, the CLC 

process according to the present invention allows for the elimination of S02 via 

15 reaction with a suitable sorbent material that is disposed within the riser 120. In 

accordance with the present invention, suitable sorbent materials include but are not 

limited to calcium based sorbents. For example, one exemplary calcium based 

sorbent that is suitable for use in the present invention is limestone. The limestone 

is of a type and in a form that can be injected into the riser 120. The particle size 

20 fraction of limestone can be between about 10 and 100 microns, preferably between 

about 50 and 80 microns. In the scheme of Fig. 1, the calcium based sorbent (e.g., 

limestone) is injected into the riser 120 via line 124. 

The injection of the calcium-based sorbent into the riser 120 prevents the 

potential pollution effects of S02. Further, the injection of the calcium-based sorbent 
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is a more cost-effective method for removing sulfur compounds than pre-treatment 

methods because the volumetric flow of the product gases at the exit of the fuel 

reactor is significantly less than that seen with the direct combustion of sour gas in a 

dedicated piece of equipment, such as a boiler. 

5 Once injected into the riser 120, the calcium-based sorbent decomposes and 

then reacts with the S02 to produce CaS04. It is understood by those skilled in the 

art that the calcium-based sorbent can also be introduced into the riser in a manner 

other than by injection so long as the calcium-based sorbent absorbs the sulfur 

generated by the combustion within the riser 120 of the fuel(s) that contains sulfur 

10 compounds. 

The CaS04 product obtained from the reaction of S02 and the calcium-based 

sorbent is then preferably separated from the product gas stream. In the scheme 

illustrated in Fig, 1, the CaS04 produced in the riser 120 is separated from the 

product stream via a gas-solid separation device 126, such as a cyclone or other 

15 suitable device, and is transported via line 128 to a reactive hopper 130 to allow for 

further processing of the CaS04 as described below. 

Once separated from the product gas stream, a portion of the CaS04 that 

resides in the hopper 130 can be recirculated back to the riser 120 of the fuel reactor 

110 where it acts as an oxygen carrier for the combustion reaction that occurs in the 

20 riser 120. More specifically, from the reactive hopper 130, some of the CaS04 is 

circulated back to the riser 120 of the fuel reactor 110 via line 132, and the CaS04 

then acts as an oxygen carrier within the riser 120. The ability of CaS04 to be 

recirculated to the riser 120 as an oxygen carrier allows for the full conversion of the 

sour gas to the product gas mentioned above. 
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Full conversion of the sour gas makes the process of the present invention 

more efficient than conventional CLC processes since these conventional processes 

for sour gas fuel always have a fraction of not fully converted gas products in the 

product stream from the fuel reactor. Specifically, in the riser 120 of the fuel reactor 

5 110, the CaS04 acts as an additive oxygen carrier (i.e., a nonmetal oxygen carrier) 

reacting with the unburnt compounds, CO and H2, present in the riser 120 of the fuet 

reactor 110 to produce C02 and steam (H20), which then flows within the riser 120. 

Thus, the addition of CaS04 as an oxygen carrier will increase the overall efficiency 

of the process by eliminating the unburnt compounds in the riser. 

10 It will be appreciated that the CaS04 can form a bed of material that acts as 

an oxygen carrier and reacts with the gases in the riser 120 as the gases contact 

and flow through the CaS04. As a result of this reaction, the CaS04 is reduced to 

CaS. This CaS product can then be recirculated to the reactive hopper 130 to be 

reoxidized back to CaS04 by injecting air into the hopper 130 to cause oxidation. 

15 More specifically and according to one flow path, the CaS product flows 

within the riser 120 to the gas-solid separation device 126 and then is transported via 

line 128 to the reactive hopper 130. The air injected into the hopper 130 not only 

ensures reoxidation of the CaS to CaS04 but also maintains the fluidization of the 

CaS04 (which can act as a bed material) back to the riser 120. Element 133 

20 represents a loop seal which ensures gas tightness between the riser 120 and the 

hopper 130. 

In order to maintain the pressure balance of the chemical looping unit, some 

of the CaS04 is eliminated from the system via a collection line 134 coupled to a 
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storing reactor 136. The CaS04can then be transported away from the storing 

reactor 136 for disposal or can otherwise be processed, etc. 

Following the release of oxygen, the reduced oxygen carrier from the fluidized 

bed in the fuel reactor 110 (e.g., reduced metal oxide) is circulated to the air reactor 

5 140 to be reoxidized. More specifically, the metal oxide material (oxygen carrier) 

from the fuel reactor 110 is transported via line 138 to the air reactor 140. Line 138 

contains a loop seal 142, which guarantees gas tightness between the fuel reactor 

110 and the air reactor 140. In the air reactor 140, the reduced metal oxide material 

is then reoxidized in the presence of air, which is injected through line 144 into the 

xo air reactor 140. The reoxidized metai oxide material is then transported back to the 

fuel reactor 110. For example, the recirculation of the reoxidized oxygen carrier 

(metal oxide) back to the fuel reactor 110 is accomplished via a gas solid separation 

device 146, such as a cyclone, in conjunction with a transport line 148 and loop seal 

150. Similar to the device 126, the device 146 separates the solid metal oxide 

is oxygen carrier from gases that are waste gases or the like (i.e., gases that are not 

needed for any of the reactions of the CLC process). 

When CaSC>4 is used as an oxygen carrier in the combustion reaction that 

occurs in the riser 120, the CaSC>4 can thus be thought of as being a nonmetal 

oxygen carrier that is used in combination with the metal oxide oxygen carrier of the 

20 fuel reactor 110. In other words, two types of oxygen carriers can be used in 

accordance with the present invention and are located in two difference reaction 

zones. 

In one embodiment, the operating temperature in the air reactor 140 is 

between about 800 and 1100°C. 
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One of the advantages of the present invention is that it allows for the full 

conversion of the sour gas fuel stream, whereas most chemical looping combustion 

processes will have a small fraction of not fully converted gas products in the product 

stream. As explained above, the recirculated CaS04 acts as an additive oxygen 

5 carrier which reacts with the unburnt compounds (CO and H2) resulting from the 

combustion reaction. The CO and H2 reacts with CaS04 to produce C02 and steam. 

The reaction of CO and H2 with CaS04 allows for the full conversion of the sour gas, 

thereby increasing the efficiency of the process, 

A further advantage of the current invention is that it avoids direct contact 

10 between the sour gas and the metal oxides based oxygen carriers. As explained 

previously, in CLC processes in which there is direct contact between the sour gas 

and the metal oxide based oxygen carriers, sulfur-based metal oxides are formed in 

the fuel reactor, which can be difficult to transform back to their oxidized metallic 

state. Thus, the generation of sulfur-based metal oxides results in a decrease of the 

is total capacity of the process due to the loss of reactivity of the oxygen carrier. 

Further, the generation of sulfur-based metal oxides in the fuel reactor results in the 

generation of S02 in the air reactor (as the sulfur-based metals are reoxidized). The 

presence of S02 in the gas flow of the air reactor will increase the cost of the S02 

treatment at the air reactor exit. In contrast, the present invention is related to a 

20 process where the sour gas is reacted with the 02 provided from the oxygen carrier 

in gaseous state. The reaction between the sour gas and the 02 will produce S02 in 

the fuel reactor. Because there is no interaction between the sulfur and the metai 

oxides, no sulfur based metal oxides are formed or recirculated to the air reactor with 

the reduced form the metal oxide. The lack of interaction in the present invention 
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between sulfur and the metai oxides results in greater total capacity of the process 

and reduced cost for the treatment of S02. 

The present invention also has the advantage of being more economic than 

that of the prior art. The present invention reduces the cost of S02 treatment in the 

5 fuel reactor compared to the prior art by adding a calcium based sorbent to the fuel 

reactor. Specifically, the calcium based sorbent (a low-cost material) can react with 

S02 in the riser to produce CaSC>4, which can then be recirculated and used as an 

additive oxygen carrier. Further, the present invention is more economic than that of 

the prior in that eliminates the cost of the S02 treatment at the air reactor, 

EXAMPLE 

The following example is provided to better illustrate an embodiment of the 

present invention, but it should not be construed as limiting the scope of the present 

invention. 

15 In this example, the oxygen carrier that is disposed in the lower portion 112 of 

the fuel reactor 110 is a manganese-based metal oxide with a density of 4750 kg/rrr 

(the metal oxide can be a Mn-iron metal oxide). The liquid sour gas feed has the 

following composition (wt %): CH4 (45.1%), H2S (40.9%), N2 (0.7%), and C02 

(13.3%). The oxygen required to insure the complete combustion of 14055 Nm3/h of 

20 sour gas is equal to 41 K/s. The equivalent flow of metal oxide is 1.41 ton/s. 

The temperature at the level of oxygen production media (e.g., within the fuel 

reactor 110) was between about 400 and 900°C, preferably between about 500 and 

750°C. The outlet temperature in the riser 120 is increased to approximately 

1100°C. A part of the outlet gas generated from the combustion of sour gas is 
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recirculated and then it will be used to maintain the fluidization of the bed as 

described above. The outlet gas contains S02 (3.3% vol.), CO2 (58% vol.), and H20 

(32.6% vol.), as well as unburnt products such as CO (0.1% vol.) and H2 (6% vol.). 

The proportion of gas outlet recirculation can be between about 20 to 90%, but 

5 preferably between about 50 and 80%. The outlet gas can be cooled down from 

about 1100SC to 650°C. Because the sour gas contains a high concentration of 

sulfur, the ratio of Ca/S is between about 2 and 3, preferably between about 2 and 

2.5. 

The method according to the invention allows increased efficiency of the 

10 entire CLC process because the reaction in the riser 120 between the generated 

oxygen and the sour gas is very exothermic. Thus, the total output energy of the unit 

is approximately 100 MW without considering heat losses. The method according to 

the present invention has only an 8.3% penalty as compared with a 14.5% penalty 

observed with a cryogenic air separation unit (ASU) producing the same quantity of 

15 oxygen. The cryogenic ASU for 02 production consumes some of the electricity 

produced and therefore has a lower thermal efficiency than the present invention. 

This example shows that the present invention allows for the full conversion of sour 

gas via a process that is more efficient and economic than that of the prior art. 

As explained above, the present invention is directed to a CLC of sour gas 

20 that includes both in-situ oxygen production and S02 elimination. The method 

according to the invention allows full conversion of the sour gas and low BTU gas in 

contrast with previous CLC processes. The method according to the invention 

reduces the reaction time in the fuel reactor which allows for the reductions in the 

size of the fuel reactor and the overall cost of the chemical looping unit. Additionally, 

25 the method according to invention allows an exothermic reaction in the fuel reactor 
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between the gas and the released oxygen which increases the total efficiency of the 

chemical looping unit. 

While the present invention has been described above using specific 

embodiments and examples, there are many variations and modifications that will be 

5 apparent to those having ordinary skill in the art. As such, the described 

embodiments are to be considered in all respects as illustrative, and not restrictive. 

Therefore, the scope of the invention is indicated by the appended claims, rather 

than by the foregoing description. All changes that come within the meaning and 

range of equivalency of the claims are to be embraced within their scope. 
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CLAIMS 

1. A process for in-situ oxygen production and sour gas combustion using chemical 

looping combustion while producing a product stream comprising the steps of: 

reducing a bed of metal oxide oxygen carriers that is disposed on a perforated 

substrate in a lower portion of a fuel reactor to provide gas-phase oxygen which flows to a 

riser that is in fluid communication with the fuel reactor; 

delivering sour gas into the riser at a location that is downstream of the metal oxide 

oxygen carriers such that the sour gas is free of direct contact with the metal oxide oxygen 

carriers; 

combusting the sour gas under oxy-combustion conditions within the riser to produce 

the product stream which includes S02; 

removing the S02 from the product stream; 

oxidizing the reduced metal oxides with air in an air reactor to produce the metal 

oxide oxygen carriers; and 

delivering the oxidized metal oxide oxygen carriers back to the fuel reactor. 

2. The process of claim 1, wherein the bed is fluidized by a stream of C02, steam, or a 

combination thereof. 

3. The process of claim 1, wherein the metal oxide oxygen carriers are copper-based, 

cobalt-based, manganese-based, or a mixture thereof. 

4. The process of claim 1, wherein the metal oxide oxygen carriers are manganese-

based oxygen carriers. 

5. The process of claim 1, wherein the sour gas is a liquid feed that flows into an inlet 

formed in the riser at a location downstream of the fuel reactor. 

6. The process of claim 1, wherein the product stream includes C02 and H20. 
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7. The process of claim 6, wherein the product stream further includes amounts of 

unburnt CO and H2. 

8. The process of claim 1, wherein the S02 is removed from the product stream by 

reacting the S02with a calcium-based sorbent that is introduced into the riser to form 

. a SO..;. 

9. The process of claim 8, further including the step of separating the CaS04 from the 

product stream using a gas-solid separation device. 

10. The process of claim 8, wherein the gas-solid separation device is a cyclone. 

11. The process of claim 8, wherein at least a portion of the CaS04 is delivered back to 

the riser to act as a nonmetal oxygen carrier which provides additional oxygen as a 

result of reacting with the sour gas and other gases within the riser. 

12. The process of claim 11, wherein the CaS04 reacts with CO and H2 in the riser to 

produce a stream comprising C02 and steam. 

13. The process of claim 11, further including the steps of reducing the CaS04 nonmetal 

oxygen carrier to CaS and separating the CaS from the product stream. 

14. The process of claim 13, further including the step of oxidizing the separated CaS to 

form the CaS04 nonmetal oxygen carrier which is then delivered back to the riser. 

15. The process of claim 14, wherein the step of oxidizing the separated CaS comprises 

the step of delivering the separated CaS to a hopper and injecting air into the hopper 

to oxidize the CaS to form the CaS04 nonmetal oxygen carrier which is delivered to 

the riser. 

16. The process of claim 8, wherein the calcium-based sorbent is limestone. 

17. The process of claim 8, wherein a ratio of Ca/S is between about 2 and 2.5. 

18. The process of claim 1, wherein heat and steam are generated as by-products. 
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19. A process for in-situ oxygen production and in-situ reduction of the emission of sulfur 

compounds that are produced during sour gas combustion using chemical looping 

combustion while producing a product stream comprising the steps of: 

reducing a metal oxide oxygen carrier that is disposed within a fuel reactor to provide 

gas-phase oxygen which flows to a riser that is in fluid communication with the fuel reactor; 

delivering sour gas into the riser at a location that is downstream of the metal oxide 

oxygen carrier such that the sour gas is free of direct contact with the metal oxide oxygen 

carrier; 

combusting the sour gas under oxy-combustion conditions within the riser to produce 

the product stream which includes S02; 

removing the S02 from the product stream in-situ within the riser by reacting the S02 

with a calcium-based sorbent that is introduced into the riser and reacts with the S02 to form 

CaS04 which is separated from the product stream; 

oxidizing the reduced metal oxide with air in an air reactor to produce the metal oxide 

oxygen carrier; and 

delivering the oxidized metal oxide oxygen carrier back to the fuel reactor. 

20. The process of claim 19, further including the step of using the CaS04 which is 

separated from the product stream as a nonmetal oxygen carrier in the riser to 

increase sour gas conversion as a result of the CaS04 reacting with CO and H2 in the 

riser to produce C02 and steam. 
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