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Abstract: 

The successful removal of sulfur from landfill gas could result in an energy source for fuel cells at Coffin Butte Landfill. The goal of this experiment was to see if unsaturated SulfaTreat 410HP would remove sulfur from landfill gas with a similar break though point as saturated SulfaTreat 410HP.  One thousand grams of saturated SulfaTreat 410HP has been successful in removing sulfur from a unsaturated 10 L/s stream of landfill gas with a sulfur content of 1000 ppm. Unfortunately, the use of saturated SulfaTreat 410HP would be difficult to use in the real world because it requires easy access to water, which is currently unavailable at Coffin Butte Landfill.  Because of this, it would be ideal to run unsaturated gas through SulfaTreat 410 HP. The results from the unsaturated experiment show that unsaturated gas run through SulfaTreat 410 HP is not nearly as effective as the saturated version, and hence would be an unlikely replacement. The SulfaTreat used with unsaturated gas had a break though point at 2 hours whereas the saturated version had not yet broke through after five hours.  Further investigation needs to be done to find a solution in the saturation of the landfill gas.  

Introduction:

            The overall goal of the fuel cell study is to find the most efficient method of Sulfur removal from landfill gas.  In order to obtain this goal, an experiment was designed and held at Coffin Butte landfill in Corvallis, Oregon to analyze the desulphurization of landfill gasses in order to convert the gas into usable energy.  This can be done by measuring the time it takes at a constant temperature, flow rate, and sulfur content level, for the SulfaTreat to become ineffective at removing the sulfur from the landfill gas.  

The Coffin Butte Landfill serves five surrounding counties, collecting 550,000 tons of waste per year.  The composition of this waste produces a gas that is collected throughout the landfill and channeled to three V16 engines, which then converts the gas to electric energy.  The current capacity of these three engines combined is 1000 SCFM, however, the landfill produces at least 1400 SCFM of convertible gas per year.  The extra SCFM goes unused.  The amount of waste collected is predicted to increase by 10% per year, therefore also increasing the amount of unutilized gas (Ivey, T., Towlerton, N., Tunistra, H. 1).
            The removal of sulfur is significant to the function of a fuel cell.  In previous studies, both at Crescent Valley High School and Oregon State University, it was determined that a Solid Oxide Fuel Cell (SOFC) would utilize the gas produced in the Coffin Butte Landfill, 50% methane and 50% carbon (1). In order for a Solid Oxide Fuel Cell to function, levels of sulfur introduced to the device must be lower than 1 ppm (2). High amounts of sulfur in the gas poisons a SOFC and results in a decline in its performance (“Fuel Cell…” 1). If the amount of sulfur in the extra off-gas can be reduced to less than one ppm, it could be used in a SOFC and a significant amount of energy would no longer go to waste.  The hydrogen sulfide component of landfill gas known to damage SOFCs can be removed through a chemical desulphurization process found in SulfaTreat.  In order to obtain a higher yield of usable gas, tests involving SulfaTreat will be performed.

            SulfaTreat 410HP is used to remove sulfur from saturated low pressure gasses.  The product is a granular black substance that is used for low pressure applications and has a fast reaction speed (“SulfaTreat” 1). A suggested method for utilizing the product involves placing the substance in a plastic, airtight column.  The SulfaTreat process is a chemical reaction which removes hydrogen sulfide from a given gas using “specially designed reactant products” (SulfaTreat 2). The hydrogen sulfide reacts with the substance and produces a safe byproduct (2).  The manufacturer suggested flowing saturated gas contaminated with sulfur through the column.  

Senior undergraduate students from the Chemical Engineering Department at Oregon State University conducted a study in 2005 on the removal of sulfur using silica gel, bacteria, and SulfaTreat 410HP.  SulfaTreat was found to be the most all-around effective material.  Further studies on SulfaTreat products and methods of use are necessary to find an ideal way in which to maintain a low sulfur level for the longest period of time and the most cost effective.  The Oregon State students performed saturated tests with Sulfa Treat 410HP.  In other words, the gas was saturated before it was run through the test column.  The SulfaTreat 410HP kept the gas below the necessary level (1ppm) for more than five hours before breaking through.  Saturating the gas is recommended by the SulfaTreat manufactures.  This presents a problem for the Coffin Butte Landfill because they do not have a running water source to saturate the landfill gas.  Due to this, it would be more plausible for the gas run through a SulfaTreat system to be unsaturated.  Therefore, tests will be set up to determine how long the unsaturated SulfaTreat 410HP product can remove enough sulfur from the landfill gas.   This gas may then be able to be utilized in a SOFC to produce usable energy.

The landfill gas is at a low pressure when running through the column and the levels of sulfur in the gas fit into the manufacturers suggested levels for this product.  Based on the company description, running an unsaturated test will be less effective at removing sulfur than the saturated test.  Although this may be true, if the difference between saturated and unsaturated tests is minimal, then unsaturated tests will be more practical for the future.
 Procedure:

Gather the following supplies:

· 2000 grams of SulfaTreat 410HP

· 1 airtight column, with a 12.5 cm diameter and a 1 meter height
· 58 H2S test tubes

· 1 hand pump

· 1 flow meter (15 liters/minute)

· 25 gas bags

· 16.5 m of plastic tubing with a .635 cm diameter

· 2:  1 meter of plastic tubing with a .48 cm diameter
· 10 cm of plastic tubing with a .48 cm diameter

· 1 stopwatch

Methods
The procedure was set up outside the engine room at Coffin Butte Landfill in Corvallis, Oregon. 

1. Put 1000g of SulfaTreat 410HP into a plastic column (as estimated with prior calculations with controlled data collected at OSU).

2. Place the column upright.

3. Put a clear 16.5m tube on the spigot coming off of one engine and turn the gas on by turning the handle so that it is parallel with the gas flow.  

4. Run the clear tubing underneath the door of the engine room and connect the other end to the bottom of a 15 liter/minute flowmeter. Set the flowmeter to 10 L/min. Connect a 1 meter tube to the top of the flowmeter.
5. Take an initial sample of the landfill gas by connecting the open end of the flowmeter tubing to the nozzle at the end of a gas bag. Twist the plastic knob on top of the gas bag counterclockwise. When the gas back is half-way inflated (do not over inflate the gas bag), twist the plastic knob on top of the gas bag clockwise to stop the flow of gas. Remove the flowmeter tubing from the gas bag.

6. Connect the open end of the flowmeter tubing to the nozzle at the bottom of the column filled with SulfaTreat. Connect the second small piece of tubing to the top of the column (Point this tubing away from the test site; gas will be flowing out through here).

7. Open the red valve at the bottom of the column and the blue valve at the top of the column so that they are both parallel to the gas flow. 

8. Take a gas sample from the tube at the top of the column. Place the tube at the top of the column over the nozzle on a gas bag and twist the plastic knob on top of the gas bag counterclockwise. When the gas back is half-way inflated (do not over inflate the sample bag), twist the plastic knob on top of the gas bag clockwise to stop the flow of gas into the sample bag. Remove the tubing from the gas bag. 

9. Repeat step 8 every 20 minutes, as time allows.

10. If a time period must elapse between tests, shut off the gas flow in the engine room by turning the gas handle perpendicular to the gas flow. 

11. Close the red valve and blue valve on the column so they are perpendicular to gas flow (This prevents further gas from reacting with the SulfaTreat, as well as stopping the experiment).

12. Within 24 hours of collecting gas, test the gas from the gas bags with a hand pump. Gather 58 H2S tubes. Collect 30 ranging from .2ppm to 3ppm, 12 ranging from .3ppm to 6ppm, 8 ranging from 5 to 100ppm, and 8 ranging from 100ppm to 2000ppm.  For the initial test, use a H2S tube that ranges from 100ppm to 2000ppm. Using the small hole on the side of the hand pump, brake off the two ends of the glass tube. Put the tube in the end of the hand pump, with the arrow on the tube pointing toward the hand pump. Connect one end of a 10 cm piece of clear tubing on to the nozzle of the gas bag and the other end onto the glass tube. Open the gas bag by turning the plastic knob on top of the gas bag counterclockwise. Pull the handle of the hand pump straight up and wait for the black circle on top of the handle to turn white. Then, twist the handle 1/4th of a turn in either direction and push the handle down. Close the gas bag and analyze the glass tube for sulfur content. 

13. If the sulfur content is higher than 1 ppm, it is harmful to a fuel cell and the SulfaTreat has broken through. Repeat the test in its entirety a second time for accuracy.
Results
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Test One:

	Time (minutes)
	Sulfur Content (ppm)

	1
	0

	10
	0

	20
	0

	30
	0

	40
	0

	50
	0

	60
	0

	72
	0

	81
	0

	121
	7.2

	207
	56


Test Two

	Time (minutes)
	Sulfur Content (ppm)

	15
	0

	30
	0

	45
	0

	60
	0

	70
	0

	80
	0

	90
	0

	100
	0

	110
	0

	120
	0.1

	125
	0.1

	130
	0.3

	135
	1.1



Similar breaking points for SulfaTreat 410HP were observed in test 1 and test 2.  In test 1, SulfaTreat 410HP became ineffective for fuel cell applications approximately 110 minutes into testing.  In test 2, the SulfaTreat 410HP became ineffective approximately 132 minutes into testing.  During test 1, both the indoor and outdoor temperatures were warmer than the temperatures on the days of test 2.  Both tests showed that SulfaTreat 410HP removed all of the H2S from the landfill gas for at least 81 minutes.  The average time SulfaTreat 410HP was effective in the above tests was 126 minutes.  In test 1, the period in-between test runs was one week and the breaking point occurred within two testing periods.  In test two, three testing periods spaced one to two days apart yielded the breaking point.  On all testing days, the initial level of H2S was constant.

Discussion

           When comparing the effectiveness of SulfaTreat 410HP in the removal of H2S from Coffin Butte Landfill gas, the results of the saturated gas tests proved to be more effective.  Previous tests at Oregon State University found that a saturated process with similar conditions lasted over five hours without surpassing the H2S limit of a solid oxide fuel cell (Ivey, T., Towlerton, N., Tunistra, H. 1).  The comparison between the saturated and unsaturated tests did not skew significantly from hypothetical predictions.  SulfaTreat is a unique product which can be adapted to varying circumstances.  

            SuflaTreat is a porous compound of silica, crystalline, quartz, montmorillonite, calcinated, cristobaliite, iron oxides, and water which transforms iron oxide and hydrogen sulfide into iron sulfide and H2O.  In this process, SulfaTreat removes H2S.  Over the course of the H2S purging within the SulfaTreat column, the SulfaTreat Company recommends that the gas temperature remains relatively constant (within 5 degrees Fahrenheit).  On test days, gas temperature ranged from 150 degrees to 50 degrees Fahrenheit in various locations across the system.  This may have affected SulfaTreat’s inability to purge gas.  The temperature change also signifies a pressure change which may have been problematic.  Although SulfaTreat 410HP is intended to remove H2S from low pressure gas, the continual pressure change throughout the removal process may have skewed the results.  

            The first test removed approximately 5.84 Liters of H2S until the SulfaTreat no longer absorbed all of the H2S in the landfill gas.  SulfaTreat was effective for only about 110 minutes in test 1 compared to approximately 132 minutes in test 2.  The difference in the effectiveness of test 1 and test 2 may be due to the variation of starting and stopping periods between the two tests.  In the first test, the unused SulfaTreat was exposed to gas for 60 minutes on the first day and then exposed to approximately 140 minutes of gas on the eighth day.  In the second test, the unused SulfaTreat 410HP was exposed to landfill gas for 60 minutes and 45 minutes on concurrent days and then exposed to landfill gas for approximately 30 minutes, three days subsequent to the last test.  The length of testing periods and the time in-between testing periods may have affected SulfaTreat’s ability to perform. The SulfaTreat Company suggests that alterations of flow rates may vary the product efficiency.  Although the tested flow rate may have been the best fit for the system at Coffin Butte Landfill, a better system fit may exist for different areas.

            Although the gas was not removed under ideal conditions (saturated) for SulfaTreat410HP, the product removed a significant amount of H2S gas. The gas exposed to the product in this experiment was slightly saturated before entering the column (0.00866 uL) (Ivey, T., Towlerton, N., Tunistra, H. 3).  The beginning saturation may have also contributed to the effectiveness of the unsaturated tests of SulfaTreat 410HP.

            Given the high expense of creating and maintaining a water source, unsaturated SulfaTreat may be a more cost effective way of removing sulfur.   SulfaTreat 410HP costs only about 50 cents per pound.  The expense of constructing a water system may always outweigh the expense of the short lived function of the unsaturated gas in a SulfaTreat 410HP system.   Therefore, using the unsaturated removal process may still be beneficial despite a quicker breaking point.  

            To enhance understanding of the implications of these results, a method to achieve consistent breaking points should be developed.  This would require investigation into the effect of how starting and stopping the gas flow and how slight variations in temperature impact the function of SulfaTreat 410HP.  When a reliable break point is found, tests pertaining to the effects of the depth and width of SulfaTreat 410HP in a removal apparatus and the flow rate of gas into the SulfaTreat substance should also be preformed.  This would yield more reliable and precise data.  In addition, tests could be performed inside the engine room at Coffin Butte Landfill to keep the temperature of the gas more constant.  
The SulfaTreat Company manufactures products specifically designed to remove H2S from high-pressure gas.  These could possibly be used one the landfill gas before it enters the engine room.  When an ideal situation for SulfaTreat410HP is discovered, the cost of approximately $0.41 per pound can be compared with the costs of other H2S removal systems under investigation.

           
The next step towards utilizing the excess energy being flared off at Coffin Butte is investigating possible methods for saturating the landfill gas.  Tests should be taken before the landfill gas enters the engine room. There is the possibility that at some point in the system, as the gas travels from the decomposing waste to the engines, it is fully saturated and ideal for a SulfaTreat system which supplies safe gas to a solid oxide fuel cell.  This would also test the ability of SulfaTreat 410HP to function under different pressure levels.   

 To completely understand the function of SulfaTreat, more knowledge of the chemical makeup of the product is needed.  This could be obtained through further contact with the company.  Lastly, the SulfaTreat Company is willing to design the best possible model to remove sulfur from the Coffin Butte Landfill gas involving SulfaTreat products. Duane Taphorn from SulfaTreat has graciously designed two possible systems specifically for Coffin Butte. However, both systems require saturated gas and will be more cost effective if this guideline was abided by.  As the SulfaTreat product has been found to remove H2S from landfill gas more effectively than other products, Mr. Taphorn, or a representative from the SulfaTreat Company should be further contacted and a gas saturation system implemented.  The long term reward is worth the initial cost and effort.
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