Challenges ANC Summer 2010 

Summary of Work
The goal of this project is to provide a mechanism to increase the acid neutralizing capacity. It was hypothesized that a lime feeder could be designed such that the lime would dissolve producing hydroxide ions that would increase the alkalinity of the source water sufficiently so that aluminum hydroxide precipitation in low alkalinity source waters would be effective. 

The mechanisms which lead to the failure of the lime feeder to produce saturated effluent over long periods of time are still poorly understood. We hypothesize that small lime particles may be more effective in dissolving and producing hydroxide ions because they have a higher volume to surface area ratio. A fluidized bed of lime has been observed to flocculate and produce relatively low pH effluent. This suggests that perhaps the flocculated particles dissolve poorly. An alternate hypothesis is that the particles become coated with calcium carbonate. The carbonate could be from the source water or from lime that contains calcium carbonate. 
We would like to continue to evaluate the feasibility of using lime because it is relatively inexpensive and is produced in Honduras for use in making tortillas as well as other uses.  It is possible that there are no good options for creating a lime feeder. Thus one of the priorities of this research is to assess the feasibility of using lime as a reliable and economical source of ANC. The tasks for this research team may need to be significantly revised based  on the results of the tests to determine the carbonate concentration in the lime. 

Challenges

Test the carbonate content of local and Honduran lime

There are two tests that are proposed here: we will measure the carbonate concentration of both the Honduran lime and local US agricultural lime. We will use a TC (Total Carbon) test utilizing the Total Carbon Analyzer in lab environmental engineering teaching lab. Po-Hsun has already agreed to instruct teams on the use of this instrument.
Calculate the mole fraction of the calcium that is associated with carbonate. Compare this fraction with the duration of the high pH during lime feeder tests relative to the theoretical predictions. This will make it possible to determine whether the failure to maintain a pH greater than 12 is due to a coating of calcium carbonate on calcium hydroxide particles that prevents dissolution or if it is simple that the fraction of calcium hydroxide in the lime is lower than we expected.
The other test will be to measure the alkalinity of lime utilizing the Gran Plot technique using the pH meter software. It is our hope that these tests will further elucidate if there is a major difference between the two sources of lime. If both lime sources have a significant amount of carbonates, then it may be necessary to try a different  base.

The alkalinity test will make it possible to measure the total calcium concentration of the lime because the alkalinity is the same whether the source is calcium carbonate or calcium hydroxide. By combining the results of the carbonate and alkalinity tests it will be possible to determine the concentrations of calcium, carbonate, and hydroxide in the lime.

Set-up the pH probes to give more reliable readings
Instead of trying to read the pH of flowing effluent water, try placing the pH probes in a small beaker through which the effluent flows. Set up hydraulic conditions that cause intermittent flow into the beaker using either a solenoid valve or a intermittent self-priming siphon.  The goal is to electrically isolate the measured sample from the rest of the apparatus and from the building plumbing system. This will eliminate voltage fluctuations and may result in more accurate pH readings. 

Run an experiment with distilled water and the Honduran lime

The experiment would be run starting with 100 grams of lime with distilled water. Every six hours an aliquot equal to the amount of lime that would deliver six hours of a source water above pH = 12 will be added. The results will be run until the capacity of the lime has run out and this will be compared to tests from Spring 2010. If the results look promising, research with lime may continue. However, if the pH does not remain stable at above 12, then we may decide to switch to a different source of base. 

Model of acid neutralizing capacity, pH, and alum dose
A MathCAD model will be developed and well documented that will calculate the capacity of both sodium carbonate and calcium hydroxide in providing alkalinity to an AguaClara plant. The model will take the raw water pH, alkalinity, and alum dose as inputs and calculate the required dose of lime or other base. 

Plan for a full-scale evaluation at one of the AguaClara plants in Honduras to test the feasibility of using sodium carbonate
Begin by getting current prices for various bases that are available from the chemical supply houses in Honduras. Based upon those results, design a test that could easily be implemented in Honduras to see if the addition of base improves plant performance. Provide clear guidance for how a plant operator would set the dose of base. Work with the CDC team to devise a method for dosing the base.
Other Possible Ideas for Later Exploration

Develop a smaller-scale apparatus that is easier to control
The team could work with smaller, simpler experimental set-ups so that experiments can be run more easily and the important mechanisms can be isolated. Working with the large feeders, while important, can be cumbersome. Investigating the behavior of lime in suspension may be more fruitful in smaller-scale tests. 

One potential set-up for a smaller scale experiment would be to put several shorter vertical columns in series, connected by flexible tubing, and end with one final diagonal tube settler column.  This is an experiment that could easily fit on the bench top and would be easier to control and run.  Figure 1 shows a possible set up for this experiment: 
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Figure 1. Potential experimental set up in which the vertical column is broken up into multiple, shorter columns followed by one final diagonal tube settler.  

Determine if the method of preparing the lime suspension matters

Does blending the lime suspension improve its solubility?

Does creating a slurry before adding it to the lime feeder help?

It is possible to simply dump powdered lime into the lime feeder?

Explore entirely alternative methods of feeding lime or otherwise adding alkalinity to the plant flow
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