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Abstract

The presence of hydrogen sulfide (H2S(g)) in gas prevents fuel cells from functioning properly. The Thiopaq™ process is a relatively simple and inexpensive process in which H2S(g) is reacted with sodium carbonate (Na2CO3(aq)) and oxygen (O2(g))  to produce sulfur (S(s)), Na2CO3(aq), and water (H2O(aq)).  The purpose of this project was to find an effective method for removing H2S(g) from a gas stream so that the excess gas at Coffin Butte Landfill, which currently contains H2S(g), could be run through a fuel cell to create additional energy.  This project used the Thiopaq™ method to remove H2S(g) from a gas sample.  Using a hand-made reaction chamber and 1 liter of Na2CO3(aq), the researchers reduced the level of H2S(g) in a sample of gas from 5 parts per million (ppm) to less than 0.2 ppm on two trials. This report investigated the Thiopaq™ method and found that it was approximately 98% effective in removing H2S(g) from gas, thereby making the usage of fuel cells in H2S(g) areas plausible with the establishment of Thiopaq™ facilities to process the gas beforehand.

Introduction

The purpose of this project was to find an effective way to remove H2S(g) from landfill gas from Coffin Butte Landfill so that it could be run through a fuel cell to generate additional power. This study investigated the effectiveness of the Thiopaq™ method in removing H2S(g) from a gas sample (Benschop, Ghonim, Wolschlag, and Heeringen, 2004). The process contains few volatile chemicals.
The Coffin Butte Landfill decomposes and produces gas that runs a small power plant nearby to provide enough energy to power 1,800 homes (Crescent Valley… 2004-2005). However, the landfill creates more gas than what the power plant’s engines can process, and a large outdoor flare burns off the excessive gas, thereby wasting what could be a potential energy source. It has been proposed that fuel cells should be implemented to provide an efficient and environmentally safe alternative method to process the excess gas. However, in order for the fuel cells to run properly, the H2S(g) must be removed from the gas stream beforehand.

If the trials prove the Thiopaq™ to be effective, then it provides an opportunity for the installation of fuel cells at the Coffin Butte Landfill to absorb the excess gas and generate power to be feasible.

Materials & Methods

Two reaction chambers were built from two 2-liter soda bottles, various lengths of rubber tubing, gas valves, and silicone glue. The researchers drilled one hole each in the lid of the bottle and on the bottom of the bottle, fitted in the valves and glued them, and allowed the glue to cure for 24 hours. They later revised their model since the glue did not make a very good seal and fluids leaked easily in and out and the bottles. The researchers threaded tubes through each opening and fitted small valves into the tubes, then pulled the flexible, rubber tubes back into the hole, thereby sealing the chambers with the tubing itself, which provided a tighter bond and more maneuvering ability than the previous models had. 

For the Na2CO3 solution, the researchers calculated the necessary proportions of Na2CO3(s) to water for a 1-molar solution (approximately 105.988 g Na2CO3(s) to almost 1 liter of water) and mixed the solution, gradually adding the powder to the water while stirring vigorously. They filled several 1-liter gas sample bags with H2S(g) (5 ppm in N2(g)). Each bag contained the amount of gas needed for one run of the process. The researchers then filled the chamber with the Na2CO3(aq) solution, pumped the air out with a small fish tank pump, and refilled the chamber with H2S(g) from one sample bag under a fume hood.  They shook the chamber vigorously for 5 minutes to allow the following reactions to take place:

1) H2S(g) + Na2CO3(aq) ( NaHS(aq) + NaHCO3(aq) 

(Benschop et al. 2004)

When the reaction had finished, the researchers took a sample of the gas and analyzed it with a hand pump and a detection tube designed to find H2S in concentration form 0.2 to 3 ppm.  They then let the gas escape the bottle and, leaving the fume hood, bubbled air through the remaining solution, which caused the following reactions to occur:

2) NaHS(aq) + ½ O2(g) ( S(s) + NaOH(aq)
3) NaOH(aq) + NaHCO3(aq) ( Na2CO3(aq) + H2O(aq)
(Benschop et al. 2004)

Then they disposed of the solution, cleaned the bottle and tubing, and repeated the experiment for additional data.

Results

The gas sample we took after Run #1 of the Thiopaq™ method contained approximately 0 ppm of H2S(g), because the gas detection tube had no change to its colorimetric indicator. In Run #2, the detection tube showed that there was approximately 0.1 ppm of H2S(g) left in the gas after the Thiopaq™ method. The third run yielded a nearly exact result, also with the tube detecting approximately 0.1 ppm of H2S(g) remaining in the gas.

At 0 ppm of H2S(g) leftover, the Thiopaq™ method is calculated to be 100% effective. At approximately 0.1 ppm of H2S(g) leftover, the Thiopaq™ method is calculated to be approximately 98% effective (see equation below).
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Discussion

Due to the inconsistent data caused by faulty construction of the first bottle and test run (the joints leaked solution and gas), the researchers disregarded the data from the first gas analysis. The bottle in which the experiment was done leaked the bottle’s contents, both solution and gas, throughout the run’s duration because of faulty glue joints. The loss of the Na2CO3(aq) and succeeding solutions lowered their effectiveness to react with and reduce H2S(g). The holes in the glue joints allowed H2S(g) to escape into the atmosphere and outside air to enter the bottle at inappropriate times.

To avoid further errors, the design was improved upon so that the joints were more secure and more maneuverable. Minimal air leakage did occur during the two subsequent experiments, but it is negligible because it was a very small amount. Approximately 10ml to 20ml of air entered the bottle when it was in the deflated state before the H2S(g) was added.  Run #2 and #3 occurred smoothly and quickly when compared to Run #1 and both yielded very similar results with approximately 0.1 ppm of H2S(g) in the gas after the Thiopaq™ method.

It was concluded that the result of approximately 0 ppm of H2S(g) at the end of Run#1 was mainly caused by the loss of H2S(g) to the atmosphere before the gas sample was taken, not that the Thiopaq™ method worked fully, because if the results of Run #2 and #3 are deemed to be more accurate for the method, then there should have been approximately 0.1 ppm of H2S(g) leftover in the gas.

If the process is truly as effective as the results from Run #2 and #3 show—that it removed approximately 98% of H2S(g) from the sample gas—then it will make the use of fuel cells feasible. The removal of almost all H2S(g) lets the fuel cells to be operative for significantly longer periods of time than under unprocessed gas.

The same experiment was conducted in 2005 on a similar apparatus with the results that approximately 99.5% of H2S(g) was removed (Billo, Regan, and Su, 2005).  The trials during May and June of 2006 suggested that the effectiveness of the method was closer to 98%. The researchers recommend that, when the Thiopaq™ method is tested again in the future, the quality of the equipments, quantity of gas, and solutions tested should be increased to see if the results hold true at a greater scale, which is closer to the reality of the installation of the Thiopaq™ method. A stronger and more professional container, as opposed to the current 2-liter soda bottles, should be used, and, as these researchers’ manual shaking of the bottle was uneven, mechanical agitation should be used in the future (Billo et al. 2005).

At least five trials should be done on the method with the same apparatuses to detect the effectiveness thereof (Billo et al. 2005). Different mixtures of gases should be used to test for other reactions that may disrupt the process. A more efficient system design to remove S(s) precipitates and excess H2O(aq) from the process without the cumbersome jobs of constantly switching on and off valves and emptying the bottle should be found (i.e. a system that can continuously pump in H2S(g) and O2(g) while emptying out S(s) and H2O(aq)) (Billo et al. 2005). The cost of establishing a Thiopaq treatment facility should also be investigated.
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