Cornell’s AguaClara program is trying to help a community in Honduras where a precipitate is forming in the water distribution lines.  Our preliminary hypothesis is that the precipitating solid is CaCO3(s).  We believe the solid may be forming because runoff water that has equilibrated with CaCO3(s) in the ground is warming up as it moves through the distribution system.  Let’s do an initial calculation to assess the situation.

Assume that CaCO3(s) comes to equilibrium pure water in the ground to produce dissolved Ca+2 and CO3- i.e., .  As noted in the prior problem, the equilibrium constant for this reaction at 25oC is 10-2.  Relevant thermodynamic data are tabulated below.
(a) Assuming the ground temperature is 15 oC and {H+} = 10-7 M, what equilibrium concentration of Ca+2 results from this reaction?
(b) next, assume that the water from the ground warms up under the Honduran sun to 35oC.  What is the new Ca+2 concentration and what mass of solid is formed per liter of solution?  [The molecular weight of CaCO3(s) is 100g]; 
[bookmark: _GoBack]Relevant thermodynamic data:


Species  			
Ca+2			-132.2		-129.8
HCO3-			-140.31	-165.18
H+			0		0 (by convention)
CaCO3(s)		-269.7		-288.2
Use the Van’t Hoff equation to get the equilibrium constant at 15oC



And, 
Note that the reaction is endothermic, so a decrease in T will shift the equilibrium towards the reactants.  Therefore we expect K to decrease from its value at 25oC.


Additional work space for Problem 3.



Since pure H2O is in equilibrium with the solid, when the solid dissolves we get carbon and calcium in a 1 to1 ratio.  Let {Ca+2} = X = Total dissolved carbonate, CT.  
[HCO3-] = CT1 , and 1  = 1 at pH 8.3



(b) at 35 oC we have





The amount of CaCO3 precipitated is (8.64x10-4 M - 5.88x10-4 M)x100,000 mg/mole
= 27.6 mg/L

In a 10 L/sec water treatment plant, this gives 8.70x106 g/year.  The density of CaCO3(s) is 2.71g/cm3, so the volume of the precipitated solid is 3.21 x 106 cm3.  Assume this gets spread over a mile of 4” diameter pipe.  You get a .625 cm thick deposit, or a 12.3% reduction in the pipe diameter.

Part II.  Since CaCO3(s) is precipitating as the temperature increases, what can we do to stop it?  At 15oC the equilibrium Ca+2 and HCO3- concentrations were 3.68x10-4M.  If we wish to keep the same dissolved Ca+2 concentration at 35 oC we will need to lower the pH.



How much acid do we need to add to achieve the new pH?  In the 15oC water the total alkalinity is equal to [HCO3-] =3.68x10-3 eq/L = CT (i.e. total dissolved carbonate) at the assumed pH of 8.3.  If we assume CT is constant, then at the new pH of 7.97, the total alkalinity is  [HCO3-]The change in 1 from pH 8.3 to pH 7.97 is from 1.00 to .979 and we have titrated 3.68x10-3 eq/L (1.00 - 0.979) = 7.54 x 10-5 equivalents of alkalinity.  
If 1N acid is used then you need to add 0.075 mL to each L of water or 0.75 mL/s (0.27 L/ hr) at a 10 L/s treatment plant.
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