Removal of H2S from a Host Gas with a Gas Absorption Tower

By: Tyler Brooks and JC Martin

This experiment is the study of hydrogen sulfide (H2S) removal in a gas absorption tower. A gas containing 500ppm of H2S was bubbled through two chemicals, water and sodium hydroxide (NaOH). The gas exiting the solution was tested for amounts of H2S using a hand pump to measure the effectiveness of the solution. In the water solution, no reaction takes place, but H2S was absorbed to the application of Henry’s Law of gas and liquid interaction. The sodium hydroxide solution reacts with the gas to absorb H2S. While the water absorbed the majority of H2S for several minutes, the sodium hydroxide removed relatively all H2S for a period of thirty minutes. The experiment was not conducted long enough to find when either solution would stop removing H2S. Future studies should be conducted to examine the adoption of a gas absorption tower to a large scale, so that it may be used in the field. 

Introduction


The goal of this study is to find a method to remove hydrogen sulfide (H2S) from a host gas. The ultimate goal of this project is to convert landfill gas to energy at the Coffin Butte Landfill near Lewisburg, Oregon.  The Coffin Butte Landfill produces 1375 CFM (cubic feet per minute) of gas from decomposed materials. About half of this gas is methane (CH4) and the other half is carbon dioxide. There are smaller compounds in the gas as well, including H2S at 300 ppm (parts per million) or 0.03%.  Currently, 900 CFM of the landfill gas is used in three 16-cylinder CAT engines, which is enough to power about 1,800 homes. The ultimate goal of this study is to utilize the methane compounds of the landfill gas to run a solid oxide fuel cell, which could run at a 50-60% higher efficiency than the current CAT engines. To run a solid oxide fuel cell, however, there cannot be significant amounts of H2S present.


Hydrogen sulfide is a toxic gas that can have severely harmful effects on the human body. The sulfur compounds of hydrogen sulfide cause the gas to smell like rotten eggs in concentrations as low as 10 ppb (parts per billion). In concentrations higher than 300 ppm, inhaling the gas can cause a loss of the sense of smell. The inhalation of amounts greater than 600 ppm can be fatal. The objective of this study is to remove the significant amounts of H2S with a gas absorption tower. A gas absorption tower bubbles gas through a liquid, so that certain compounds of the gas will escape the bubble wall and be absorbed into the gas. The properties of Henry’s law allow the gas compounds to escape the bubble based on the conditions of the bubble and liquid. Henry’s law states that the solubility of gas in a liquid is proportional to the pressure of the gas over the liquid (Chang 477). The concentration of the dissolved gas (c) is equal to pressure of the gas over that of the liquid (P) multiplied by a constant (k). The Henry’s constant is determined by the relationship of the gas and the liquid, and the temperature (Chang). Therefore, a higher Henry’s constant and a higher pressure mean a higher solubility of the gas into the liquid. The majority of gas absorption towers use water as the solution because of its absorption abilities. Because of the caustic qualities of H2S, however, its Henry’s constant with water is lower than that of methane’s, making it less soluble than methane and impractical for this application. Caustic aqueous solutions generally have good absorption rates with H2S. Sodium hydroxide is inexpensive solutions that should absorb H2S at an acceptable rate (Chen 176). Instead of using Henry’s law, however, sodium hydroxide as a liquid reacts with gaseous H2S to remove it from a gas flow. The chemistry of the process with sodium hydroxide can be represented by:

H2S(g) + 2NaOH(aq) ↔ Na2S(aq) + 2H2O(l)
As the pH of the solution increases, the reaction is “driven to the right” (Chen 176). 


The significance of using a gas absorption tower can be very productive for the landfill. According to an article in Chemical Engineering a gas absorption tower was rated with a medium initial cost, but a relatively low maintenance cost (Nagl 126). This is because the unit can be run as a cyclic process. Once the solution becomes saturated with H2S, air can be run through the solution to reverse the process and cleans the solution. If the absorption tower can be shown to remove H2S effectively, then it can also allow for a fuel cell to run and drastically increase the amount of energy produced by the Coffin Butte landfill. If the absorption unit is shown to be ineffective, then it will also help to build the community’s knowledge about the coffin Butte landfill and its energy capacity.


Our group believes that the unit should prove to be effective because it has been used to remove a variety of chemical compounds in industry on a larger scale, while the solutions have been shown to remove H2S in separate studies (Chen 175). 

Methods


This experiment involved passing gas with a known hydrogen sulfide concentration through liquid solutions and then measuring the hydrogen sulfide concentration after the gas had gone through the solutions. A unique system was created to allow this process to occur and to trap the gas after it passed through the process.


A PVC pipe with a diameter of 15 cm was cut so that it was 75 cm long.  On one end, wire mesh was installed approximately 6 cm from the end.  The end was then closed off with a plastic cap, which was glued on securely.  This end had a nozzle that could be opened and closed, but was remained closed during all experimentation.  An attachment was also glued onto the other end of the pipe.  This attachment was such that a cap could be screwed into it to close if off.  This cap had a nozzle on the end of it with a valve that could be shut or closed (the nozzle was not added to the cap, it was bought like that from a hardware store).  After the caps were securely attached to both ends of the PVC pipe, a hole was cut into the cap with the nozzle, 3 cm from the edge.  This hole was just big enough so that a glass cylinder, with a diameter of 1 cm, could fit into it.  The glass cylinder, which was 75 cm long, was passed through the hole in the cap so that the top end of the glass cylinder was 4 cm above the plastic cap and the bottom end passed through the wire mesh.  The glass cylinder was then glued securely in using Seal All adhesive.  Once this part of the system (the PVC pipe, the caps and nozzle/valve, the glass cylinder) was completed, it was checked to be airtight.  This was done by spraying the whole thing with soapy water and then passing air through it and pressurizing it.  On the spots where bubbles formed, more glue was applied to stop the leak.  After no bubbles formed upon being pressurized, it was accepted that the system was airtight.


A stand was then made for the PVC pipe so that it would stand upright.  A piece of wood 2 cm thick was cut to make a square 25 cm by 25 cm.  A whole was then cut into the middle of it so that the nozzle at the bottom end of the PVC pipe would pass through but the rest of the pipe would not.  6 pieces of wood 6 cm by 2 cm by 55 cm were nailed upright onto the square board to support the PVC pipe while it was upright and prevent it from falling.  Four legs, 5 cm by 5 cm by 8 cm were then nailed to the bottom of the square on its four corners to serve as legs.  


Gas entered through the PVC pipe from a pressurized bottle of H2S concentrated at 500 parts per million, through flexible plastic tubing.  An adapter was attached to the bottle of H2S so that the plastic tubing could attach to it.  This adapter consisted of a regulator that could measure the pressure of the outputted gas.  The tubing went from the bottle straight to the glass tube attached into the PVC pipe.  Plastic tubing was also attached to the top end of the PVC pipe, through which it would come out.


The PVC pipe was first filled with water.  The H2S was then bubbled through the system with an outputted pressure of 40 psi.  With a hand pump that could measure H2S concentration in gas, gas samples were taken from the gas coming out of the tubing connected to the top of the PVC pipe at 2 min, 55 sec, at 5 min, 40 sec, at 8 min, 40 sec, and at 12 min, 30 sec.  The pipe was then emptied of the water in preparation for the test with sodium hydroxide.  With a magnetic mixer, five liters of sodium hydroxide solution were made at a concentration of .125 grams of sodium hydroxide pellets for each liter of water.  This should produce a pH of 11.  The solution was then poured into the PVC pipe and prepared for the same set-up as the water test.  The H2S gas was run through the sodium hydroxide and tested with the hand pump at 1 min, 50 sec, at 4 min, at 6 min, 20 sec, at 15 min, and at 28 min, 30 sec.  The sodium hydroxide was then emptied into another container, neutralized with acid, and then disposed of down the drain.


The construction and experimentation runs of this system took place at Crescent Valley High School in Corvallis, Oregon.  
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Fig. 1

When water was used for the solution, most of the H2S was removed at first and then more and more H2S remained in the exiting gas as more time passed, creating an exponential curve (Fig. 2).  When the water was poured out of the PVC pipe, there was a strong H2S smell that came with the water, verifying the fact that the water did absorb H2S.


When the sodium hydroxide was used as the solution, no H2S was found in the exiting gas most times it was tested.  Finally after more than 25 minutes, a small immeasurable amount of H2S was found.  We were not able to run the H2S through the system for long enough the find a trend.
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Discussion

According to our data, the absorption tower with sodium hydroxide did remove effective amounts of H2S. To run a solid oxide fuel cell, there should be a H2S content lower than five parts per million. After running the test for thirty minutes, the sodium hydroxide removed all but a trace of H2S. In hand pump measurements, the chemicals inside of the pump change colors to a certain point. The point where the colors stop changing represents how much H2S is removed, because there is a scale on the side of the tube. After thirty minutes, the exit gas was tested with a hand pump measurement that ranged from 0.2ppm to 3ppm. The thirty minute measurement made a fine line of the chemicals inside the pump change, but fell far below the mark of .2ppm. The amount of H2S emitted cannot, therefore, be quantified. It can, however, be said with certainty that the exit gas after thirty minutes of trial contained below 0.2ppm, and was therefore pure enough to be used in a solid oxide fuel cell. According to this data, our hypothesis was correct, suggesting that the system would remove effective amounts (low enough to run a solid oxide fuel cell) of H2S. 

There are several reasons to explain how the testing created our results. The most plausible explanations, however, are simply that the system works. Water was chosen to run as a constant, because it was assumed that it would not be able to remove significant amounts of H2S. This was believed because solubility is based on the pressure of the gas and the Henry’s constant in the equation c = kP (described above) (Chang 477). The relative pressure and the Henry’s constant for water and H2S are low, so it was anticipated that there would be little, if any H2S removed by water. This hypothesis was incorrect. Although it did not remove an effective amount of H2S, it did remove the majority for several minutes. These results suggest that, given proper circumstances, water could remove effective amounts of H2S. Heat, which is related to the Henry’s constant, could be increased during the absorption process to decrease the amount of H2S in the exit gas (Chang 476). The pressure of the gas could also be increased to create a higher absorption rate (Chang 477). Finally, the tower could be made taller, so that the bubbles have more time to interact with the water. While these modifications could be made to the water test, the test with sodium hydroxide was shown to remove effective amounts of H2S in the given parameters.

The most plausible reason that such a low amount of H2S was detected in the exit gas of the sodium hydroxide system is that the gas reacted with the solution in the manner described in the introduction. The pH of the solution was high enough to drive the equation to the right, and a complete reaction took place. Because there was a trace of H2S at the end of the run that was not found in earlier tests, it can be predicted that eventually the system would not remove the desired amounts of H2S. This is because when the H2S reacts with the NaOH (sodium hydroxide), the NaOH also is taken from the system to create the products (Chen 176). Since the amount of NaOH in the solution is not constantly replenishing, while there will always be a flow of sour gas, eventually there will not be enough NaOH to remove the desired amounts of H2S. The time that the system could run before the solution would be ineffective cannot be predicted. Other issues that could explain our results exist in potential human error, but are highly unlikely in this situation. The entering gas was tested to be about 500ppm after both tests were complete, so it can be said with certainty that H2S was entering the system. Leaks in tubing or something of that nature could have prevented some the gas from coming in contact with the solution, but because there was an exit gas similar to the entry gas, it can be assumed that these leaks, which may not exist, would at most be insignificant. Finally, the testing of the H2S could be flawed, but this is also unlikely. The methods for testing the exit gas were the same in both tests and in the final examination of the raw gas, which measured with decent accuracy. Because the results matched our predictions, it can be assumed that any human flaw was not significant enough to affect the results of the investigation. This study could have been improved through more precise testing, such as shorter testing intervals, more precise measuring materials, and continuing the test until significant amounts of H2S were shown. These would have been impossible for this investigation because of time and monetary constraints, and other such issues. The results produced, however, should be considered reliable, and are very important to the advancement of the entire fuel cell project.

Through this investigation, only one significant conclusion can be made. The conclusion is that when gas containing H2S is bubbled through sodium hydroxide in the correct conditions, the exit gas will contain amounts of H2S that are much less that one part per million. Several other investigations must be conducted before a gas absorption tower can be used at Coffin Butte. The next step is to do a full examination of the exit gas when it is run with actual landfill gas. A solid oxide fuel cell operates primarily on methane gas. In the system with water, the Henry’s constant of methane is higher than that of H2S. This means that even if the system could be optimized to remove the necessary amounts of H2S, it would remove far more methane and would be impractical for the needs of the fuel cell. An examination of the exit gas of the sodium hydroxide solution would need to be done to ensure that a similar situation did not take place with the NaOH. If the system proves to be practical in this regard, then the next steps would involve application. An investigation would need to be performed to see if this process could function on a large scale, but there is no current reason to assume that it would not be able to be transferred. Finally, someone would need to investigate the system would be cost-effective at Coffin Butte. Other studies could include optimizing the procedure, so that only the minimum amount of sodium hydroxide is used (for expense reasons), or to investigate prolonging the amount of time before the solution becomes saturated and is unusable. In conclusion, the experiment matched our hypothesis. The solution of sodium hydroxide was effective in removing the desired amounts of H2S from the entry gas. Pending further investigations, this process could be used to run a solid oxide fuel cell at the Coffin Butte Landfill. 
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