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 feeder to produce saturated effluent over long periods of time are still poorly understood. Prior experimental work indicates that lime particles that are small having a higher volume to surface area are effective in dissolving and producing hydroxide ions. Lime over long periods of time can flocculate forming particles that poorly dissolve. It is also not well understood if particles become coated with carbonates over time, if carbonates precipitate out of solution, or if the lime solution contained a large fraction of carbonates and if carbonates in the source water are a source of interference in dissolving lime and producing hydroxide ions. 

We would like to continue to test lime, but recognize that lime may be a poor base for what we are trying to accomplish and are proposing initial tasks for the rest of the semester that can be significantly updated on the detailed task list depending on the results of the tests. 

Challenges

Test the carbonate content of local and Honduran lime

There are two tests that are proposed here: we will measure the alkalinity of both the Honduran lime and local US agricultural lime. One way to test this will be through a TC (Total Carbon) test utilizing the Total Carbon Analyzer in lab. Po-Hsun has already agreed to instruct teams on the use of this instrument. 

The other test will be to test the alkalinity of lime utilizing the Gran Plot constructed in Process Controller. It is our hope that these tests will further elucidate if there is a major difference between the two source lime. If the Honduras lime has a significant amounts of carbonates present, then it may be the decision of the team to try a different chemical.
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.  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 there is not a significant difference in this test, then we may decide to switch to a different test. 

Robust model of capacity

A robust model in MathCAD 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. A very important part of this model is the based added to provide alkalinity will be sufficient to counteract alum addition. 

Set up an experiment to test the capacity and feasibility of sodium carbonate
Based upon the results of the model and regardless of the success of the lime tests, a test will be conducted to test the ability of sodium carbonate as source alkalinity with possibly both Cornell tap water and distilled water. It is hypothesized that sodium carbonate will readily dissolve one introduced into solution, but unclear if there will be subsequent chemical transformations/precipitations that could occur such as the precipitation of calcium carbonate. 

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 tedious and their behavior can be too complex to draw strong conclusions from. Investigating the behavior of lime in suspension or sodium carbonate may be more fruitful in smaller-scale, more controlled 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.  

Explore methods for getting more uniform particle size when electric blenders are not available

Explore entirely alternative methods of feeding lime or otherwise adding alkalinity to the plant flow
Consider temperature as a variable in future experiments, keeping in mind that CaCO3 is less soluble when hot. 
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