Challenges ANC Fall 2010
Summary of Work

AguaClara plants rely on sweep flocculation to achieve high performance requiring a pH between 6.5 and 7.5 even after the dosing of alum. The low alkalinity of Honduran source waters requires the addition of acid neutralizing capacity to buffer against changes in pH from the precipitation of aluminum hydroxide after alum addition. The summer 2010 ANC Control team has continued to investigate the possibility of using a lime feeder with AguaClara plants to deliver saturated calcium hydroxide solution to the plant flow. Slaked lime (calcium hydroxide) is inexpensive and readily available in Honduras because it is used there in the process of making tortillas. However, it is not as soluble as other proposed bases such as sodium carbonate, and lime feeders are not widely used because simple models fail prematurely and tend to clog with coalesced material. The team now believes that the inability of the lime feeder to produce saturated effluent for long periods of time is primarily due to the precipitation of calcium carbonate which inhibits Ca(OH)2 dissolution. Experimental runs with distilled water and Honduran lime have produced better results than those seen in past semesters, but only 15% to 20% of the total lime dissolves to give a saturated effluent, too little for the lime feeder to be economically viable compared to sodium carbonate dosing. The team has added effluent recycle to remove carbonates from the reactor influent, which will be tested by future teams. In addition, the team is closer to determining the composition of the lime using the Total Carbon Analyzer.
Challenges

Experiment with Effluent Recycle System

The team hypothesizes that the most significant source of carbonates leading to failure is in the source water, even when distilled water is used. The future ANC team should experiment with a pre-treatment reactor which removes carbonates from the influent water using high-calcium recycled effluent from the lime feeder to cause calcium carbonate to precipitate out (Figure 1). There are several variables to consider here: how much residence time is required to fully remove carbonate from the system, what initial conditions are going to aid in precipitation, and a viable way to capture solids using lamellar sedimentation (we may need to determine an ideal capture velocity). 
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Figure 4.  The propsed setup with a recycle line delivering concentrated calcium hydroxide to a pre-treatment reactor is meant to cause carbonates to precipitate from the source water before it reaches the main reactor. 

Determine Lime Composition

Available calcium hydroxide, or slaked lime, is not pure and likely contains a significant amount of calcium carbonate. It will be useful to know the exact composition of the lime in order to evaluate what effect it may have on the lime feeder performance. Progress using the TC analyzer should make the process of determining the carbonate content of the Honduran lime relatively easy. Test runs have already been successful; now data needs to be collected and analyzed. An additional challenge may be to determine what fraction of the total carbonate is soluble, and what fraction is in the form of calcium carbonate (?). 
Determine Change in Carbonate content over run time

We would like to determine the amount of carbonate that is in the lime before and after an experimental test is run. It is anticipated that if our recycle is efficient that there should be very little difference as the carbonate in the solution will not be supersaturated and should not precipitate out. A TSS test should be sufficient to determine carbonate content. If there is a change in carbonate content and the reactor underwent failure then we have some proof that 
Replicate Results

As future teams narrow in on the mechanisms which are most important for the lime feeder’s performance, they should gather enough data to make confident conclusions. Due to the rapid evolution of ideas and the difficulties of using the experimental apparatus, past teams have relatively few experimental runs to analyze.

Accurately determine pH of saturated solution over several time points

It will be necessary to measure the pH utilizing both an ANC (alkalinity) and carbonate measurement from (liquid-TOC). From these two data points we can determine the pH value and compare this to the pH probe value. Hopefully, we can then “calibrate” our pH probe values this way for each subsequent run we test. Refer to previous reflection reports (Summer 2010) for more information on pH probe measurement issues. 

Experiment with using the recycle system with higher carbonate contents

If we are able to establish a more efficient lime feeder system with the recycle system, the next step is to understand and characterize how to remove or bring down the carbonate content in much more highly concentrated solutions (i.e. lower alkalinity water and Ithaca tap water). This will test the viability of our system and trade-off efficiency of a lime feeder system and under what conditions is the lime feeder applicable. 
Experiment with other Parameters
Although the lime feeder’s fluidized bed and ability to capture particles seem good for the experimental parameters the team has used in the past, it will be useful to experimentally determine the ranges of upflow velocities and initial masses of lime which produce the best performance before the lime feeder is implemented in Honduras, if it is found to be economically and practically viable. In addition, past teams’ experiences are insufficient to determine how the lime should be added to the reactor physically. Future teams should determine whether adding the lime as a blended slurry instead of dry powder has a significant effect on lime feeder performance.
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