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The removal of hydrogen sulfide from landfill gas was experimented with by using silica gel reformer columns. Silica gel should remove hydrogen sulfide from a gas stream. A system of four columns was set up; one contained a desiccant to remove moisture and three contained silica gel and indicating silica gel. The indicating silica gel turns from black to blue to show saturation. We determined the total amount of hydrogen sulfide in the gas stream by using special detection tubes. After testing with the system we regenerated the material with heat to remove the gas and found that some material was released in the heating process leading us to believe our testing was successful. The change in odor of the landfill gas after traveling through the silica gel system also shows the probable absorption of hydrogen sulfide. 

Introduction


The goal of this study is to determine a process for accurately collecting data to test whether silica gel reformers remove hydrogen sulfide from landfill gas. Our goals are to use past studies to reconstruct a system for removing hydrogen sulfide from landfill gas using silica gel columns, to determine if the system does remove hydrogen sulfide through field and lab testing, and overall to collect accurate qualitative and quantitative data that will present a definitive conclusion to the study.

Last year, a group of students researched possible solutions to a problem at the Coffin Butte Landfill.  The Coffin Butte Resource Project at the landfill has an issue with the production of too much gas from the landfill. The problem with this is that the three engines they have to burn the gas and then produce energy are not able to handle the excess gas. Because they are a facility working toward bettering the environment by removing this gas from the atmosphere, they also want to produce as much electricity as possible from this unused resource. Therefore, because it is harmful to the environment, they are looking into other methods of converting the methane gas into electricity or getting rid of it all together. One method the students researched as a viable solution was putting in a fuel cell to utilize the excess gas. The only problem with this solution is that the gas coming off the landfill contains contaminants such as sulfur that would destroy the catalyst in the fuel cell. In order to use a fuel cell, the landfill would also have to install a reformer to remove certain sulfur compounds. This is where the silica gel column came into the picture. 

Silica gel absorbs hydrogen sulfide and other sulfur compounds as well as moisture, so the experiment was to run the contaminated methane through a column of silica gel and supposedly remove the hydrogen sulfide. However, the results of the experiment were not very precise and did not seem to accurately show that the hydrogen sulfide was being totally removed from the gas. Therefore, the goal of this current study is to recreate the system originally used, but with more accuracy and even go beyond the original design for the most precise data possible. 

With our experimentation, we expect to discover that our data directly corresponds with the research already conducted with this problem, which is that the hydrogen sulfide will be removed from the landfill gas by using silica gel as an absorbent. Past studies have indicated that this process is successful if completed under the correct circumstances and with precision (Chou, 1986).

Hydrogen sulfide is a poisonous gas that can cause fatality in large amounts. This gas is also a colorless and has a smell somewhat like rotten eggs (Hydrogen, 2004). This gas can be identified at a level of only 2 parts per billion, which is like 1/10 of a mL dispersed in a 100-seat lecture hall. In a study completed at National Cheng Kung University in Taiwan, four Chemical Engineers found that to remove hydrogen sulfide from natural gas or biogas streams, silica gel could be used as an absorbent. Silica gel is a known desiccant, which is a substance that absorbs moisture and other material from a gaseous environment (Safety, 2003). In the study completed to selectively remove hydrogen sulfide from biogas (land fill gas), the engineers’ results showed them that under the right circumstances such as flow rate, amount of silica gel, ppm of hydrogen sulfide, etc., that the silica gel would effectively remove enough of the hydrogen sulfide for a fuel cell work properly on the landfill (Chou, 1986).

The data determined from our recent investigation could prove to be crucial in the effort to install a fuel cell at Coffin Butte Landfill and therefore produce more clean energy. If more clean energy were produced, that would mean that less fossil fuels would need to be burned for energy and smaller amounts of harmful gases would be released into the atmosphere. As of now, the excess gas produced by the landfill is being burned in a flare and thus is neither helpful to the environment nor profitable for the energy project. Scientists in the future can use our data to implement similar situations at other wastewater treatment plants or landfills. The community needs to become more involved with this issue in order to support it financially and ethically. Each block of electricity produced by the Coffin Butte Resource Project only costs four cents more than regular electricity and if there is a way to produce more of this clean electricity, the public needs to know so they can make the choice to support this endeavor.

Methods


To begin our experiment, reformer columns needed to be made. First clear four-inch diameter PVC pipes already cut into four pieces of pipe were obtained; one for the desiccant and the other three for the silica gel columns. For the lids of each column, holes were drilled in the middle of the lids with a drill press. Then each hole was tapped for the valve to fit in. After drilling and tapping each lid, fittings were put on the lids with Teflon tape. Next, five pieces of mesh screens were cut to fit on the bottom of the columns. Two pieces were cut for the desiccant column because it is directly connected to the gas stream, and one was cut for each of the remaining three columns.

For the desiccant column, primer was applied on the inside of the ends of the column and on the inside of the lids. One end at a time, PVC cement was quickly applied on the inside of the column and lid, and the lid was quickly hammered in place. On the other end of the column, after putting on PVC cement, an addition to the lid, the two pieces of mesh screens were glued in place. The same procedure was utilized for the three silica gel columns except only one mesh screen was glued on for each column. When all the columns were finished, the columns were labeled numerically. 

The system created to hold the columns consisted of two plastic sawhorses, four long wooden boards, two short U-shaped blocks of wood, and two clamps. The columns were placed upright between two wooden boards that were resting on the plastic sawhorses. At each end of the wood, the two short U-shaped blocks of wood were placed on top of the ends to hold the boards in place. The remaining two boards were placed on top of the sawhorse to keep the top of the columns securely in place. Then the two clamps were used to secure the top pieces of wood together and tighten the system as a whole.

After constructing the columns, the desiccant column was filled with 1 kg of white desiccant and 150g of blue indicator desiccant. One kilogram of white desiccant was weighed out first and then the 150g of blue indicator desiccant. The white desiccant was poured into the column first, and then the blue indicators were poured in on top. The two kinds of desiccant were not mixed together. 

The desiccant column was taken to the Coffin Butte Landfill alone and hooked up to the inlet gas stream, which is located outside before the gas enters a water knock-out and other processes. One end of a rubber tube was connected to the gas tank and the other end was connected to a small pump. Another rubber tube came out of the other side of the pump and was attached to a flow meter. The bottom end of the desiccant column was connected to the other end of the flow meter with a plastic tube. At the top of the column, a plastic tube was hooked to the valve and the other end of the tube had another flow meter attached to it to get a reading of the gas flow. As the gas and valves of the columns were turned on, the flow of the gas, and the temperature of the gas were recorded. After about 90 minutes at a flow rate of 500 mL per minute, none of the blue indicators has changed colors, so the gas was turned off and was the end of the experiment.

Back at Crescent Valley High school, to fill up the three silica gel columns with silica gel using a digital scale, a beaker was placed on top of the scale. With a paper cup, the silica gel was scooped up and poured into the cylinder until the scale read to be 500g. Then the silica gel was poured into one of the columns. The same procedure was done with the silica gel indicator but only 150g of it was poured in. After firmly screwing on the lid, the column was shaken to mix the two kinds of silica gel. This process was done for each of the silica gel columns. 

To prepare for the regenerating of the silica gels, an oven was found and tested. The oven was placed inside a hood to take out the gas. A clamp screwed on a ring stand held the thermometer and the ring stand allowed the height of the thermometer to be adjusted. The thermometer was placed in the hole on that was on top of the oven and was adjusted so the thermometer did not touch the bottom of the inside of the oven. The oven was turned on to high and after about 8 minutes; the temperature was at 175ºC. The temperature continued to rise above the desired temperature, which was between 150ºC and 175ºC, so the oven was turned down to low causing it to remain constantly around 200ºC.   

On the second trip to the Coffin Butte Landfill, the desiccant column and the first silica gel column were taken and tested on the inlet side again. A rubber tube was connected to the gas tank and the small pump. On the other side of the small pump, a rubber hose with a flow meter attached was connected to the bottom of the desiccant column. Then a tube was connected to the top valve of the desiccant column to the bottom valve of the silica gel column. Another plastic tube was then connected to the top 

valve of the silica gel column to the second flow meter. The gas and valves were turned on and adjusted to get a flow rate of about 500 mL per minute. After letting the gas flow for about 15 to 25 minutes, there was no change in the silica gel indicators or the desiccant indicators. It suggested to that the flow rate of the inlet gas tank was not very high, so the columns should be tested on the outlet side of the gas tank with a higher flow rate. 

For the third trip to the Coffin Butte Landfill, all the three columns of silica gel and the column of desiccant were taken to be tested on the outlet side of the gas tank. Using a combination of a rubber and a plastic tube, a connection was made to the outlet valve from the reformer system by attaching one end to the bottom of the desiccant column and the other to the outlet gas valve. The tube connected to the outlet valve was also connected to a flow meter. A plastic tube was connected to the other end of the flow meter and then to the bottom valve of the desiccant column. Another plastic tube was connected to the top of the desiccant column and to the bottom valve of the first silica gel column. The three silica gel columns were connected the same way as the desiccant and the first silica gel column. The plastic tube connected to the top valve of the third silica gel column led outside and was connected to another flow meter. 

After turning on the all the valves of the columns and the gas, there happened to be a leak in the tubing of the columns. To find out where the leak was coming from, soapy water was sprayed all over the columns and wherever there were bubbles meant that there was a leak. After determining where the leaks were coming from, some lids and valves had to be tightened. After about 20 minutes, the first silica gel column started to see change in indicator color from blue to black. Pictures were taken of the column with a digital camera approximately every 5 minutes. It took about 30 minutes for the first silica gel column to change colors entirely. The second column started changing as soon as the first was saturated and took about 35 minutes to saturate, and the third took about 40 minutes. While the second and third columns were changing colors, a few gas samples were taken from the tube that led outside in a plastic bag. The gas samples were given to the OSU students.  

Following the third experiment, the silica gel had to be regenerated. The oven was turned on and the oven door was slightly left open to adjust the heat and maintain a relatively steady temperature around our desired range. The silica gel from the first silica gel column was weighed on a scale and the measurements were recorded. The silica gel was poured into beakers and placed into the first oven. The same procedure took place for the second silica gel column, but the silica gel was placed into the second oven. It took about 5 to 6 hours to fully regenerate the silica gel. After the silica gel was regenerated, the third silica gel columns were weighed and placed in an oven to be regenerated. The regenerated silica gel from the first column was weighed on a scale and the measurements were recorded. Then the weight after regeneration process was subtracted from the weight before the regeneration process to find how much gas was released during the heating process. The same process was completed for the second and third silica gel columns. 

Due to a shortage of time, a second experiment with the complete system could not be done. Instead, the gas was tested using the RAE Hydrogen Sulfide detection tubes. The RAE tubes were taken out to the Coffin Butte Landfill and tested on the inlet side of the gas tank. A rubber tube was connected to the inlet valve and then to a smaller diameter plastic tube. A 20 to 250 ppm of hydrogen sulfide detection tube was tested first. Using the pump, the tips of the glass detection tube were broken off. One end of the glass tube was placed inside the tip of the pump and the other end was put just inside the end of the plastic tube. The gas was slowly turned on and a group member pulled the pump to draw in 100 mL of gas. After 2 minutes, the color of the hydrogen sulfide detection tube changed. To test whether or not the positive pressure of the gas flow was affecting our data we retested this information by turning on and then turning off the gas flow after the pump sucked in 100mL of gas. This gave a different result than the first trial. To make sure of the result, another glass tube of hydrogen sulfide was tested but the results were again incongruent.

Then to try and fix the problem, gas samples were taken from the outlet and inlet side of the gas tank. A rubber tube was connected to the outlet valve and connected to the plastic bag. After everything was connected, the gas and plastic bag were turned on and opened. Once the bag became full, the bag was closed and the gas turned off. On the inlet valve, a rubber tube was connected to the valve and a small pump, and the small pump connected to the plastic bag. Once the gas was turned on and the small pump showed that there was no oxygen intake, the plastic bag was opened. After the bag became full the bag was closed and the samples were taken back to Crescent Valley High school for testing.

In the lab, the gas sample bag with the gas from the outlet was connected to the glass detection tube with a plastic tube. The pump was pulled and the hydrogen sulfide began to change colors. The tube read to be about 400 to 500 ppm. Using the same process, the results came out of the gas sample from the inlet side to also be 400 to 500ppm. Therefore with a neutral pressure and no flow, the detection proved to be more accurate.

Results
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   (fig4)

	Silica gel column 
	Time for Saturation 

	1st in series
	30 minutes

	2nd in series
	35 minutes

	3rd in series
	40 minutes


(fig5)

	Tube sample
	H2S ppm

	1
	400

	2
	460

	3
	500

	4
	550

	average
	477.5


(fig6)

	Column in series
	Before heating (grams)
	After heating (grams)
	 Mass absorbed (grams)

	1st
	647.812
	636.351
	10.831

	2nd
	648.075
	634.77
	13.305

	3rd
	644.125
	632.803
	11.322

	average
	646.67
	634.642
	12.028


When at the landfill, the silica gel columns and the desiccant column were hooked up in series and had a stream of landfill gas run through them from the gas outlet inside the building. The flow rate was at 5 liters/minute. After about 5 minutes, a dark color change in the indicator gel (indicating the point of saturation in the column) was observed near the bottom of the first column in the series (series1 in fig1). Over the course of 30 minutes, the first column had the indicating gel darkened slowly up the column until it had been completely saturated. It wasn’t long until the second column in series (series2 in fig1) began to do the same, followed by the final column in series (series3 in fig1). Fig4 shows how long it took each column to become saturated, and fig1 shows at what time and order they became saturated.

Some quantitave data that should be taken into account is that the gas exiting the series smelled different from the landfill gas. Also, when a 1mL gas sample (taken from output of the 4 columns in series) was tested within a gas chromatograph, H2S readings were inconclusive, yet incredibly high.

The landfill gas by itself was also tested for H2S content. Four 100mL samples were taken from a sample bag with a pump and indicating tube. Series1 in fig2 shows the ppm of H2S indicated by the tubes compared with the maximum reading of the tube (which was 2000ppm, indicated by Series2 in fig2). Fig5 shows that the landfill gas by itself has an H2S content of more or less than 500pmm. The average of the tube readings turned out to be 477.5 ppm.

Fig6 tells the mass of the gel from each column both before and after heating and how much mass the silica gel in each column absorbed from the gas stream (aka How much mass was lost after heating). The gel was massed before and after heating and was heated for around 6 hours at 130-160 degrees Celsius. Observations encompass the gel having a horrible rotten-egg smell (indicative of sulfur). The indicating gel was either dark-green or black and the non-indicating gel was darkened. This was all before heating. After heating, the smell had gone and the gel, both regular and indicative, had gone back to its bright blue and clear color.

Discussion


According to our data, we found that silica gel does effectively remove hydrogen sulfide from landfill gas, which proves our hypothesis. However because we were not able to complete another testing with the entire system where we could use the hydrogen sulfide detection tubes to test the sulfur content of the gas exiting our system, we are solely relying on the expertise of Steve King and the qualitative data which was that there was no odor of sulfur in the exiting gas stream. Because Steve King has been working at the Coffin Butte Resource Project for several years and knows the fine points of the entire gas harnessing plant, we trust his nose when he said that the gas exiting our reformer system smelled different and lacked the sulfur odor. Also when regenerating the silica gel after testing, we noted a significant mass change of about 12 grams per column that can be attributed to absorbed hydrogen sulfide that was released in the heating process. So even though we were unable to determine the hydrogen sulfide content of the final gas flow, we are confident that our system removed some if not most of the contaminant.


We believe that the results we obtained come from accurate testing techniques and the chemical properties of silica gel we experimented with. In the study completed in Taiwan, their process including certain flow rates and amounts of silica gel as well as construction of the system all contributed to the overall success of their experiment that showed silica gel could remove hydrogen sulfide from gas. Therefore with our experimentation, these variable factors could also play a part in our success. The temperature of the gas and the ambient air surrounding the system could be part of the reason our study was successful. In the original study, the researchers never gave a needed temperature range for the gas, so maybe ranging temperatures that would be present were the system outdoors could affect the saturation rates of the columns. The flow rate we tested with the whole system was higher than the flow rate we tested with just the desiccant column and the first silica gel column because we weren’t getting quick enough change for our time constraints. Once we increased the flow rate we began seeing changes in the silica gel indicators. Possibly the silica gel didn’t change before because the flow rate was so slow it took most of the testing time to displace air already inside the column instead of pushing the gas through. Also, if the flow rate was too high, the silica gel might not have time to absorb the hydrogen sulfide. Therefore one factor that could be tested in the future could be how different flow rates affect saturation time and whether there is a flow rate range that should be utilized for maximum absorption. Obviously the more silica gel used, the more contaminant can be absorbed, but one consideration could be whether too much silica gel would block the airflow. For example, one could test a flow rate to how much silica gel it could travel through easily and compare it to the plant’s total gas supply and see how much silica gel the reformers could actually hold. We also based our system set-up on the Taiwanese study, which allowed the gas to travel through each consecutive column. Even though this system proved successful, maybe a more efficient set-up could be devised to maximize absorption and minimize leakage.


A few other conclusions we can draw from this investigation include the amount of hydrogen sulfide we need to remove, the insignificant moisture content of the gas, the effect gas flow has on detection tube testing, that certain flow rates are more effective at giving fast results, and that some materials used in construction should be replaced in future models in order to reduce leakage and ensure longevity. Using the RAE detection tubes we found we needed to remove about 400-500 ppm of hydrogen sulfide because even small amounts can be detrimental to fuel cell systems. We also found that when using the RAE detection tubes, neutral pressure or flow is necessary to achieve accurate results. Otherwise there is either not enough gas to test in the detection tube or there is too much gas trying to push through. In each testing situation we also found that the desiccant column never demonstrated a change in indicator meaning it was never saturated. This leads us to believe that the moisture content of the gas is not enough to significantly impact the effectiveness of the reformer system. Obviously higher flow rates will give results more quickly which was essential in our testing because of the time constraints we had with school schedules and the constraints our contacts at the landfill had on their time as well with appointments and upkeep. Finally we learned that in future models we need to use a material that plugs small holes or cracks better than Teflon tape such as putty. Even the smallest leakage can let out enough gas to let its presence be known, which is especially true for sulfur which can be smelled at a few parts per million.


What would need to happen next in this experimentation process would be to determine what the gas content leaving our system consists of. The silica gel would need to be regenerated again and all leaks would need to be identified and fixed before retesting. To determine what the gas content is and the amount of hydrogen sulfide in the exiting gas stream two steps can be taken to ensure accuracy. One way is to set up the system again, take a sample both before and after the system, and then test the amount of hydrogen sulfide using the RAE detection tubes once back in the lab. Another way to test the exiting gas is to learn how to use the photometric flame part of the GC at OSU that tests for amounts of sulfur, and then analyze a sample of the final gas flow with this new piece of equipment. Therefore our uncertainty over whether the hydrogen sulfide was actually being removed would be resolved and either way we would have more definitive results to conclude this study. Then once we find out the accuracy of this experiment we can determine how it can be used on a larger scale.
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