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ABSTRACT 

 

In this project, the primary objective was to extend an Illinois coal test program being 

funded by the DOE and fully characterize syngas quality, syngas energy content, sulfur 

capture and removal (via the creation of tin sulfide), and reactor operations using a 

HydroMax commercial prototype gasifier. Due to external circumstances, the testing of 

the prototype unit was postponed beyond the ICCI project duration. This led to the 

development of a high-sulfur syngas proxy test for sulfur capture and removal. Based on 

previous modeling, the reaction of hydrogen sulfide and tin (II) is thermodynamically 

optimal at temperatures 250-800°C, and has favorable kinetics – requiring only seconds 

of residence time. The tin sulfide then fumes off in gas phase with the syngas and will 

precipitate out as a solid during a syngas quench. Two tests were performed, using 10 

scfh syngas containing 5% hydrogen sulfide, bubbled through molten tin/iron alloy at 

450°C and 1000°C. Sulfur concentration of the exiting syngas was measured as well as 

elemental analysis of the final molten metal bath and all residues. Testing at 450°C 

resulted in virtually no capture of sulfur; small depositions of tin sulfide were found via 

Scanning Electron Microscope (SEM), but not in sufficient quantity to be measured 

analytically. For the second test, operated at 1000°C, the residence time was increased via 

changes to the sparging system and depth of the molten tin column. The post-mortem of 

the reactor revealed metal residues in the downstream heat exchanger and bag filter, 

which upon analysis showed a variety of metal compounds, including Sn, SnS, Fe, Fe3O4, 

MnOS, and MnCr2O4. The total amount of sulfur captured in the residue was 0.2% of the 

total sulfur fed (via H2S in syngas) during the reaction. The results from these laboratory 

experiments did not match the expected conversion values and indicate a gap in the 

understanding of the fundamental kinetics and reaction intermediates of the tin sulfide 

formation reaction. Further scale-up and testing is not recommended until further basic 

metallurgy research on the kinetics can be conducted. 
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EXECUTIVE SUMMARY 

 

This project was originally intended to dovetail with and leverage two existing research 

and development contracts from the U.S. Department of Energy and the California 

Energy Commission – each of which was focused on maturing a patented, molten-metal 

gasification technology (HydroMax, now called OmniGas). The focus was on replacing 

natural gas for industrial coal companies with Syngas made from Illinois coal. OmniGas 

uses molten iron as a catalyst to convert coal and steam into syngas (hydrogen and carbon 

monoxide). When high-sulfur coals are used as a feedstock (such as Illinois #6 coal), 

hydrogen sulfide is created. Hydrogen sulfide becomes an environmental and corrosion 

issue if released to the atmosphere and many technologies have been developed to 

remove sulfur from syngas before use in power or heat generation units. However, these 

technologies almost exclusively operate at much lower temperatures than the gasifier, 

reducing the efficiency of the entire system. The use of molten tin to capture sulfur from 

hydrogen sulfide gas at high temperatures would be a breakthrough technology in the use 

of low-cost Illinois coal. 

 

The original design of the OmniGas gasification reactor included tin in the molten iron 

bath. However, this proved to be problematic with the materials of construction for the 

refractory lining of the gasifier. Therefore, a downstream unit, specifically designed for 

molten tin at near-gasification temperatures was designed. This “tin trap” reactor could 

be operated in conjunction with any gasification technology – not only the OmniGas 

system. Initial modeling of the system via Aspen Plus was very promising – showing 

100% conversion within seconds of tin (Sn) and hydrogen sulfide (H2S) to tin sulfide 

(SnS) and hydrogen (H2). Thermodynamic modeling of the system also looked favorable, 

though the extent was dependant on temperature. 

 

Problems arose before testing began, related not to the ICCI project, but to the California 

project and the attached funding. The industrial partner on the CA project went bankrupt 

before the work could commence. Diversified Energy (DEC) sought another partner and 

was again ready to move forward when the second candidate went bankrupt. Securing a 

third industrial partner was not easy and DEC went through several failed negotiations 

before partnering with a third candidate. However, these delays, subsequent scope 

changes, along with permitting and approvals delayed the project past the timeframe of 

the ICCI project, requiring that DEC proceed independently of full-scale OmniGas 

testing and do laboratory testing of the slipstream reactor with a bottled syngas proxy. 

 

The reactor was designed, built and tested by partners at Pittsburg Material and 

Environmental Technologies, Inc. (PMET). The apparatus consisted of a 6 ft tall stainless 

steel column that would be partway filled with tin. The reactor is externally heated up to 

the desired temperature and syngas enters through a ceramic frit on the bottom. The 

syngas proxy contained 5% hydrogen sulfide as an estimation of Illinois coal-derived 

syngas. The syngas exits the reactor through a steel wool mesh, heat exchanger and bag 

filter before being analyzed by H2S gas probes. The reactor design was tested twice, once 
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for ideal thermodynamic conditions (400°C) and second for improved kinetic conditions 

(1,000°C). Each reaction run was three hours long. 

 

The result in both cases was very slight capture of sulfur. In the first test, the gas probe 

was maxed out at its maximum value the entire time, and no sulfur was found in the post-

reaction molten slag or downstream capture system. Tiny deposits were found on the 

steel wool mesh by Scanning Electron Microscope, but in amounts too small to be 

calculated analytically. The second test yielded higher capture of sulfur than the first, but 

still the gas probe read max value the entire test. The post-mortem of the second reactor 

revealed 9.7g of residue/dust that had accumulated in the heat exchanger and filter (this is 

in comparison to the 11.5 kg of tin in the reactor). The residue was analyzed and found to 

be primarily Sn, Mn, Fe and S. The total amount of SnS was found to be 7.3% of the 9.7g 

of residue. A total of 280g of sulfur was fed via the syngas proxy, and 0.2g was captured 

in the second test: a 0.06% conversion. 

 

The increase in measurable sulfur capture in the second run vs. the first run is likely due 

to unfavorable kinetics in the first test at the lower temperature and residence time. The 

thermodynamic modeling via Outotec HSC (H-Enthalpy, S-Entropy, C-Heat Capacity) 

Software indicates a possible operating temperature at 1500°C where H2S conversion is 

maximized but allows for better kinetics. Longer residence times may also increase sulfur 

capture beyond what was seen in the second run. However, it is likely that the cost at 

commercial-scale of increasing this residence time sufficiently may outweigh the benefit. 

It is possible that some compound inhibited the tin sulfide reaction; or at the other 

extreme, a reaction intermediate is missing from the tin. 

 

Further scale-up of this technology is not recommended at this time. Additional basic 

research on the kinetics, metallurgy and reaction mechanism is needed to create new 

models and improve the existing ones. Development and testing of a slipstream reactor 

for use with the OmniGas reactor should be postponed pending improved confidence of 

the technology through additional study of the tin sulfide reaction. 
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OBJECTIVES 

 

Diversified Energy Corporation planned to leverage $1.8 million of development 

contracts from the Department of Energy and the State of California to perform an 

expanded set of Illinois coal gasification tests using a HydroMax gasification prototype 

system. This ICCI project included five specific tasks, all with the goal of advancing and 

commercializing HydroMax for Illinois coal projects. 

 

The technology of the HydroMax gasifier has changed significantly since the original 

proposal to ICCI. This is the result of many lessons learned via the DOE SBIR funding 

and ultimately resulted in the renaming of the technology to OmniGas. Of critical 

importance was the discovery that molten tin in the iron alloy melt of the gasifier was 

unstable and unsafe; the tin at operating temperatures has too low a viscosity and 

penetrates the gasifier refractory lining, resulting in loss of the tin and loss of integrity of 

the gasifier vessel. The strategy for tin capture thus changed, and resulted in development 

of a downstream “tin trap” concept. The goals and tasks likewise changed, such that the 

DOE gasifier would still be tested using Illinois coal, but the sulfur capture technology 

would be built and tested as a downstream unit, utilizing a slipstream of the main syngas 

flow for proof of concept testing of the tin trap process. 

 

Below is a list of the original tasks, as proposed: 

 

Task 1 – Procure Illinois Coal for ICCI Project Tests 

Knight Hawk Coal, LLC in Percy, Illinois will deliver 25 tons of Illinois coal for testing 

in the OmniGas gasification reactor. 

 

Task 2 – Expand Modeling and Analysis of OmniGas Using Illinois Coal 

Diversified Energy will use its existing AspenPlus HydroMax process simulation tool to 

perform predictive performance analysis of OmniGas using the Knight Hawk Illinois coal 

based on the proximate and ultimate analysis of the coal. Specifically, this modeling 

activity will characterize and quantify production of CO, H2, CO2, and H2S based on coal, 

steam, and oxygen feed rates. Secondly, an AspenPlus model will be created for the 

downstream molten tin bath and will predict SnS production rates. Results from the 

modeling and analysis will be used to correlate with the ICCI experimental test results. 

 

Task 3 – Extend Illinois Coal OmniGas Experimental Results 

Funding from ICCI will extend Illinois coal test operations of the OmniGas 

demonstration reactor by 150% over the original DOE test duration. Approximately 100 

lbs per hour of Illinois coal will be fed into the OmniGas demonstration reactor. A 

portion of the syngas exiting the reactor vessel will be routed to the tin trap reactor, water 

quenched and then routed to a suite of gas monitoring and handling equipment. 

 

Task 4 – Analysis of Illinois Coal Experimental Data Results 

At the conclusion of the ICCI Illinois coal experimental test activities, data results will be 

compiled from the gas monitoring equipment and rigorously analyzed to accurately 

quantify the actual performance of OmniGas using Illinois coal. Particular emphasis will 
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be placed on understanding syngas composition (CO, H2, and CO2), energy content per 

standard cubic foot of syngas, and tin sulfide (SnS) production. Experimental data results 

will be compared and correlated with the predictive modeling and analysis work 

completed under Task 2. 

 

Task 5 – Economic Analysis Focused on Illinois Industrial Natural Gas Projects Using 

100% Illinois Coal 

The target market for OmniGas is industrial users of natural gas (pulp mills, glass 

manufacturers, refiners, building products, etc.), with the commercial goal of reducing 

and stabilizing the price of fuel gas for this market segment. This is accomplished 

through gasification of low cost, stable, and available feedstock resources such as coal.  

This project task will consist of a commercial project economic feasibility study for an 

Illinois industrial gasification project using 100% Illinois coal. This analysis will leverage 

capital and O&M cost assessments from the DOE SBIR projects. 

 

INTRODUCTION AND BACKGROUND 

 

A primary project objective, especially for Illinois industrial natural gas consumers, was 

the production of a very clean and pure syngas stream (free of tars, oils, and other 

contaminants). Producing a clean syngas is essential for utilizing the coal-derived syngas 

for industrial operations and includes sulfur removal and handling. Sulfur typically exits 

the gasifier as hydrogen sulfide (H2S): this results in less hydrogen available for use 

(combusting in the case of industrial natural gas consumers). By creating tin sulfide, 

hydrogen is freed up for utilization, thereby increasing the overall energy content of the 

syngas produced. This work was aimed at using molten tin to remove sulfur. 

 

EXPERIMENTAL PROCEDURES 

 

The original design for the experimental testing of the tin trap reactor for Illinois coal was 

a “slip stream” reactor that would take a portion of the bulk syngas flow produced via 

OmniGas during testing under other funding sources. A preliminary reactor was designed 

and built, but had to be put on hold when funding from the State of California was 

delayed for the sister project. 

 

The subsequent experiment designed was a stand-alone tin trap, designed and built by 

Pittsburg Mineral and Environmental Technology (PMET). The reactor was comprised of 

a 6-foot stainless steel column, externally heated by electric heaters. A ceramic gas 

sparger installed at the bottom was connected, with flow control, to a canister containing 

the syngas proxy. An alumnia insert is installed in the reactor to retard tin attack of the 

reactor material of construction. Near the top of the column, a stainless steel basket 

containing steel wool was installed, designed to capture metal fumes exiting the reactor. 

Downstream of the reactor was a heat exchanger coil, bag filter and a hydrogen sulfide 

probe. This basic design is shown in Figure 1. 
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Figure 1: Experimental design of stand-alone tin trap reactor 

 

The first reactor had the following additional specifications: 16µm sparger pore size, total 

9 kg total tin alloy, both tin:iron ratio of 9:1, 2 ft long alumina liner, and 60 ppm max 

range of H2S analysis probes. 

 

The syngas proxy was synthesized externally according to DEC specifications and 

shipped to PMET for testing. The gas mixture is shown in Table 1. 

 

Table 1: Syngas Proxy Composition 

Component Volume

Percent

CO 50%

CO2 3%

H2 41%

H2S 5%

N2 1%
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After fabrication and construction of the stand-alone tin trap reactor and procurement of 

the syngas proxy, the experimental testing proceeded as follows: 

 

 The reactor and tin were heated to 450°C  

o Under nitrogen purge through a ceramic frit for approximately 30 minutes.  

 Switched from the nitrogen purge to the synthesis gas mixture at 10 scfh 

 Readings from a Gas Tech probe were taken every 15 minutes.  

 After an hour of syngas feed at 450°C, the temperature was increased to 550°C.  

o Incrementally heated 25°C every 15 minutes to 550°C 

 Operated for an hour of syngas feed at 550°C 

o Total reaction time = 3 hours 

 At the end of the reaction, the reactor was cooled under nitrogen purge.  

 Post mortem completed the following day 

 Samples sent out for analysis:  

o Molten metal from the end of the sparger  

o Tin-iron alloy from inside the reactor 

o Stainless steel basket  

o Steel wool inside of the stainless steel basket. 

 

After evaluating the results from the first test, changes were made to the experimental 

procedure and to the reactor design in advance of the second test. Additional 

thermodynamic analysis was done as well as residence time calculations and testing for 

the ceramic sparger to be used in the test. The reactor had the following changes: 

preheated feed tubing, increased sparger pore size to 40 µm, increased tin amount to 11.5 

kg, increased length of alumina liner to 4 ft, increased operating temperature to 1000°C 

and increased max range of H2S probes to 120 ppm. 

 

The experimental testing procedure was virtually identical to the first test, the only major 

difference being the increased temperature. The post mortem of the second reactor 

yielded accumulation of a residue/dust in the heat exchanger and bag filter which was 

also sent out for analysis. 

 

The thermodynamic evaluation was performed via Outotec HSC chemistry for the 

expected chemical species present over the desired temperature range. 

 

Theoretical residence time calculations were performed in Excel using Buoyant Forces, 

Archimedes Upthurst equations and Stoke’s law, in addition to interpolation of basic tin 

and syngas properties under the reaction conditions. 

 

Empirical residence time calculations were derived from testing of the ceramic sparger in 

a 3 inch diameter, 13 inch high water column with air sparged at room temperature and 

10 scfh. The observed expansion of the water column under flow was used to estimate 

total gas hold up and thus residence time. 
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RESULTS AND DISCUSSION 

 

Due to the delay in funding from the State of California and subsequent delay in the 

testing of the OmniGas reactor, many of the tasks initially laid out were not completed as 

originally intended. In order to still deliver results without an operating gasifier, a stand-

alone tin trap reactor was designed and developed and still accomplished, in part, the 

intent of each task. 

 

Task 1 – Procure Illinois Coal for ICCI Project Tests 

A syngas proxy with significant amounts of hydrogen sulfide was procured from Butler 

Gas for use as a feed stream to the tin trap reactor. Since the commercial gasifier was not 

operated, coal was not needed and the proxy syngas composition was based on 

compositions measured on smaller gasifier units. 

 

Task 2 – Expand Modeling and Analysis of OmniGas Using Illinois Coal 

An AspenPlus model will be created for the downstream molten tin bath and will predict 

SnS production rates. Additionally, thermodynamic analysis via HSC was conducted 

prior to the tin trap testing. 

 

The Aspen Plus model for the tin trap is shown in Figure 2. The incoming streams to the 

reactor are syngas and molten tin. This is followed by SnS precipitation and then Sn 

recovery. The reactor (B2) was modeled based on Gibbs free energies. 

 

 
Figure 2: Aspen Plus simulation of the tin trap reactor 

 

The results from the reactor design in Aspen showed favorable thermodynamics: the heat 

of formation is -13 kcal/mole and the free energy of formation is -60 kcal/mole. The 

reaction residence time was roughly 2 seconds. The Aspen model predicted 100% 

conversion of H2S and Sn into SnS and H2. 

 

The results from the HSC modeling echoed these findings, showing favorable SnS 

production at 400-600°C (Figure 3). 
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Figure 3: HSC modeling of the thermodynamics of the tin trap reactor 

 

At higher temperatures, where the kinetics may be favorable, the reaction 

thermodynamics is not as clear. Some reactions of CO2 with Sn are predicted, and a 

middle zone emerges where less H2S is converted. The results from this analysis directed 

the first test to be at 450°C (best thermodynamic equilibrium) and the second at 1000°C 

(best kinetic conditions available after safety considerations). 

 

The Excel model of the residence time showed a severe impact of the bubble size on the 

residence time of syngas bubbles in the molten tin. The total height of the molten tin bath 

is proportionally correlated to the residence time. According to this analysis, the average 

bubble size of syngas in 3-foot column of molten tin at 1000°C from a 40 µm pore size 

sparger is 1.2 mm diameter and the average rise time is 37 ms – far below what Aspen 

Plus modeled was necessary for complete reaction. 

 

The empirical model tested the 40 µm pore size sparger in a 3 inch diameter, 13 inch 

deep water column, using air at room temperature. The bed expanded 3.5 inches, giving a 

total gas hold-up of 24.7 cubic inches. The gas flowrate was 10 scfh, thus resulting in an 

empirical residence time of 5.2 seconds. At higher temperatures, this viscosity of tin 

decreases and therefore residence time also decreases, but the tin depth is much more 

than 13 inches. The actual residence time in the reactor at depth and at temperature is 

likely on the order of seconds instead of milliseconds, but further testing is required. 
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Task 3 – Extend Illinois Coal OmniGas Experimental Results 

A stand-alone tin trap reactor was designed, fabricated and tested using a proxy of syngas 

derived from Illinois coal. The syngas exiting the tin trap was cooled, filtered and 

analyzed via Gas Tec probes. This reactor system design was tested twice for three hours 

in each test, and performed without incident. 

 

Task 4 – Analysis of Illinois Coal Experimental Data Results 

At the conclusion of the ICCI Illinois coal experimental test activities, data results were 

compiled from the gas monitoring equipment and the post mortem metals analysis. These 

were used to accurately quantify the actual performance of the tin trap reactor using the 

Illinois coal syngas proxy. Experimental data results were compared with the predictive 

modeling and analysis work completed under Task 2. 

 

The results from Gas Tec probe measurements are shown in Figure 4. In both cases, the 

probes were reading their max value (different probes were used between test #1 and #2). 

  

 
Figure 4: Measured H2S concentration of syngas exiting tin trap reactor 

 

The post mortem on the reactor from the first test is shown in Figure 5. The reactor was 

cut apart in order to access the molten tin. 
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Figure 5: Post-reaction sparger with molten metal 

 

There was a faint smell of sulfur when the reactor was disassembled and there was an 

abnormal formation at the top of the tin melt, which was initially thought to be tin sulfide. 

However, upon analysis via X-Ray Diffraction (XRD), the results showed zero percent 

sulfur (if there was any sulfur present, it was in ppb concentrations). However, it is 

interesting to note that the metal near the sparger was nearly 100% tin, while at the top of 

the melt, the composition was 35% iron, 65% tin. 

 

The analysis of the steel wool insert, designed to catch metal fumes, was done via 

Scanning Electron Microscope (SEM). This analysis showed some deposition of SnS on 

the steel mesh (Figure 6). Although the depositions were small and scarce, it was 

evidence that some of the expected reaction was occurring. 
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Figure 6: SEM image of SnS deposit on steel wool insert 

 

No further sulfur was found in the post mortem materials from the first test. 

 

The post mortem on the reactor from the second test is shown in Figure 7. The reactor 

was similarly cut apart in order to access the molten tin. 

 

 
Figure 7: Post reaction sparger with molten metal and reactor tube 

 

The metal from the end of the sparger was nearly all tin. The middle section of tin-iron 

alloy was approximately 8% iron and 92% tin while the top section was 44% Fe and 54% 

Sn.  
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The analysis of the steel wool insert, designed to catch metal fumes, was done again via 

Scanning Electron Microscope (SEM). This time, the SEM image, shown in Figure 8 

reflected only small amounts of tin and iron in the steel wool sample.   

 

 
Figure 8: SEM Image of the Steel Wool sample 

 

The most significant difference in the results from the first test to the second was the 

accumulation of residue in the heat exchanger and filter. Figure 9 shows the residue 

collected from the heat exchanger coils. The total material collected was 9.73g. 

 

 
Figure 9: Residues recovered from the Heat Exchanger 

 

The initial SEM image of the residue showed amounts of Sn and S, but not SnS. 

However, subsequent outside analysis of the residues via XRD and Semi-Quantitative 

(SQ) analysis showed some percent of SnS in the material. The XRD analysis is shown in 

Table 2, SQ analysis in Table 3. 
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Table 2: XRD Analysis of residue 

Compound Weight % 

Sn 20.4 

SnO 1.6 

SnS 7.3 

Fe 6.3 

Fe3O4 16.5 

MnOS 24.6 

MnCr2O4 23.2 

 

Table 3: SQ Analysis of residue 

  

Compound    Weight % 

        Si 9.79 

         S 12.45 

        Cr 21.41 

        Mn 24.24 

        Fe 7.89 

        Cu 0.71 

        Zn 2.3 

        Sn 21.21 

 

 

Therefore, according to XRD, the residue was 7.3% SnS and 24.6% MnOS (total 9.2% 

Sulfur). According to SQ, the residue was 12.45% Sulfur. If the average is taken, then 

10.8% of the 9.73g of residue is the only captured sulfur. Most of this sulfur (83%) was 

actually captured in the form of MnOS. The source of the Mn was from the stainless steel 

reactor. 

 

A total amount of 280g of sulfur was fed via the syngas, and just over 1g was captured: 

0.38% capture efficiency. If only SnS capture is considered, 0.18g was captured, 

reflecting a 0.06% conversion. 

 

Task 5 – Economic Analysis Focused On Illinois Industrial Natural Gas Projects Using 

100% Illinois Coal 

The applicability of the OmniGas technology in the target market has faced two major 

setbacks since project inception. First, natural gas drilling technologies have advanced, 

unlocking giant shale reserves which have dramatically decreased the price of natural gas 

to just over $2/MMBtu (down from $12/MMBtu four years ago). Second, coal is 

increasingly villainized in both the political and environmental arenas and faces 

increasingly stricter air emissions standards, with the prospect of CO2 taxes not 

unimaginable. This has been compounded by the general economic recession and 

decrease in appetite for capital projects that carry any risk. This project task was therefore 
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scaled back since the initial economic proposition is now “underwater” – the cost of the 

coal feedstock alone is almost at parity with current natural gas prices. 

 

Illinois #6 coal at $45/ton and 14,500 BTU/lb has an energy value of $1.41/MMBTU. 

With an assumed thermal efficiency of ~65%, cost per MMBTU is actually $2.17. Once 

the other operating costs and capital recovery are factored in, the cost of using coal is 

much greater than that of natural gas at current $2.25/MMBTU prices. 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

The main conclusion from this project is that a molten tin bath at temperatures of 400-

1000°C is not effective at converting H2S into SnS. 

 

Regarding the reactor test run, the stainless tubing maintained its integrity throughout the 

run, and the alumina insert functioned well as an additional protective measure.  Some 

stainless steel degradation did occur as a result of interaction with the molten tin, as 

evidenced by the formation of Manganese species found in the residue. 

 

There was an increase in measureable sulfur capture in the second run vs. the first run.  

This is likely due to unfavorable kinetics in the first test at the lower temperature and 

residence time. The thermodynamic modeling via HSC indicates a possible operating 

temperature at 1500°C where H2S conversion is maximized but allows for better kinetics. 

 

Longer resident times may also increase sulfur capture beyond what was seen in the 

second run.  However, it is likely that the cost at commercial-scale of increasing this 

resident time sufficiently may outweigh the benefit. 

 

It is possible that Manganese, or some compound from the stainless steel, inhibited the tin 

sulfide reaction.  It is also possible that tin oxide is needed as a reaction intermediate for 

the synthesis of SnS. 

 

Further scale-up of this technology is not recommended at this time.  Additional basic 

research on the kinetics, metallurgy and reaction mechanism is needed to create new 

models and improve the existing ones.  Development and testing of a slip-stream reactor 

for use with the OmniGas reactor should be postponed pending improved confidence of 

the technology through additional study of the tin sulfide reaction at a basic level. 
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any of its subcontractors, nor the Illinois Department of Commerce and Economic 

Opportunity, Office of Coal Development, the Illinois Clean Coal Institute, nor any 

person acting on behalf of either: 

 

(A) Makes any warranty of representation, express or implied, with respect to the 

accuracy, completeness, or usefulness of the information contained in this report, or 

that the use of any information, apparatus, method, or process disclosed in this 

report may not infringe privately-owned rights; or 

 

(B) Assumes any liabilities with respect to the use of, or for damages resulting from the 

use of, any information, apparatus, method or process disclosed in this report. 

 

Reference herein to any specific commercial product, process, or service by trade name, 

trademark, manufacturer, or otherwise, does not necessarily constitute or imply its 

endorsement, recommendation, or favoring; nor do the views and opinions of authors 

expressed herein necessarily state or reflect those of the Illinois Department of 

Commerce and Economic Opportunity, Office of Coal Development, or the Illinois Clean 

Coal Institute. 
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