Detailed Task List

1) Determine composition of US and Honduran lime

The lime we use for experiments is a mixture of various chemicals, although we have been treating it as pure calcium hydroxide in past semesters.  It has been hypothesized that a significant component of the lime is calcium carbonate, which could contribute to the coating of calcium hydroxide particles and inhibit dissolution.  This would have significant implications for our results from last semester, particularly experiments run with distilled water.  The American lime package indicates that a minimum of 72% is calcium hydroxide, while a maximum of 1.1% of mass present is in the form of calcium carbonate, which potentially leaves a large portion of the mixture unknown.  Before we stop further research with lime, we should make efforts to determine whether there may be other chemicals present which would interfere with lime dissolution in any way.  This will likely require literature research and laboratory techniques to test for the presence of various chemicals.

For now, the team will try to determine the amount of calcium carbonate present in both the US agricultural lime and the lime from Honduras.  We will split into subteams to try to answer the question in the following ways:


- Do multiple ANC titrations for each


- Use the total carbon analyzer


- Run a volatile suspended solids test

2) Create MathCAD model for addition of alkalinity to plants in Honduras

The purpose of the MathCAD file will be to assess the feasibility of addition of lime for varying source water alkalinities and pH and alum additions. The model will take into account source water pH, source water alkalinity, a range of alum doses, and plant flow rate as inputs and will output the necessary dose of lime or other base, along with the mass of the chemical needed per day and flow rate of the feeder.

3) Improved pH probe setup

To make pH readings more accurate, we would like the probes to sit in still water to eliminate the effect of voltage carried by the water system in the lab.  To do this we will have the pH probe sitting in an isolated beaker with effluent dripping in from the top and an overflow running out of a spout.  Care will be taken to make sure that both the influent and the effluent of the beaker fall as distinct drips so that a voltage cannot be carried through the stream.  A stir bar will ensure that the effluent sample is constantly well-mixed, and we have a relatively small reservoir to minimize the lag in the pH readings which comes from mixing the most recent effluent with older effluent.  For a better understanding, and to make sure this fix is necessary, the team will research measuring the pH of flowing water.

4)  Run experiments

Once we determine the composition of the lime we can decide whether to proceed with one type of lime or the other.  Assuming for now that the Honduran lime is relatively pure calcium hydroxide, we will run an experiment with Honduran lime and distilled water and attempt to get saturated effluent for a 24-hour period.  If we fail at this, we will explore other options for adding alkalinity.

One proposed idea which may mitigate the problem of particle aggregation and maintain relatively small particle sizes is to increase the energy dissipation rate within the fluidized bed in an attempt to break up flocs.  Turbulent zones may be created by inserting a set of baffles into the vertical column.  The team will investigate whether there are geometries which would provide sufficient energy dissipation to break up aggregated particles under the low flow rate.  Care must be taken not to provide additional horizontal surfaces on which lime can settle.

The team will also further investigate the effects of different ways of preparing the slime slurry before adding it.  If we are successful in making the lime feeder perform, it will be important to know whether the lime needs to be added as a slurry rather than dry powder and whether blending the lime has a significant effect on performance.  This may be evaluated by qualitatively observing how the suspension changes after the addition of lime under the different preparation methods in order to get an idea of how quickly lime aggregates starting from a well-mixed slurry versus starting from dry powder.  In addition, we will be able to test the differences in overall lime feeder performance by seeing how the behavior of effluent pH varies between lime preparation methods.

If the team finds that the lime has a significant calcium carbonate component, it is possible that the problem can be fixed in the lab by heating the powder to burn off the carbonates.  We can run an experiment with the resulting sample to determine whether the carbonates component of the lime was the reason for failure.

5)  Research sodium carbonate and sodium bicarbonate

If we fail in making a working lime feeder, we will explore these two other bases which were proposed for adding alkalinity to Honduras plants.  The team will assess the economic and logistical feasibility of implementing sodium carbonate or sodium bicarbonate to add alkalinity to plants in Honduras.  If we find that these are not suitable solutions, we will explore other options such as alternative bases.

6) Plan evaluation of the system in Honduras

Design a test to be used in Honduras to see whether the addition of alkalinity improves plant performance.  Important indicators of flocculation performance may be the size of the flocs exiting the flocculator or the effluent turbidity of the entire plant.  If the increased alkalinity results in better flocculation and larger flocs, the particles will settle out more readily in the sedimentation tank and it should be reflected by the turbidity of the effluent.
