CEE 550, Spring 2007, HW #4
1. A solution at pH 8.2 contains 40 meq/L Alk (essentially all from carbonate species) and is in equilibrium with calcite. The water also contains 106 m Cd2+, which you would like to remove with 98% efficiency by adsorption onto ferrihydrite (amorphous iron oxide, or Hfo). You have available a waste solution containing 0.15 m FeCl3 in 0.05 m HCl that you would like to use as the source of Fe(3) to form the ferrihydrite adsorbent. However, you are aware that when you add the Fe-containing solution to the other solution, the benefit of adding the Fe will be partially counteracted by the adverse effect of lowering the solution pH.
(a) Explore mixtures ranging from 0.5% to 10% of the Fe-containing solution, using 0.5% increments, and determine whether any of them can meet the treatment target. (Note that adsorption constants for binding of Cd2+ to ferrihydrite are already in the phreeqc.dat database. Also, in the database, ferrihydrite is represented as having two surface sites [one strong and one weak], each of which undergoes acid/base reactions.)
(b) You should find in part a that none of the mixtures accomplishes the goal. Re-do the simulations to see if the goal can be accomplished by adjusting the final pH to 8.0 in each mixture. Carry out the simulations twice, once using lime (Ca(OH)2) and once using “caustic” (NaOH) to raise the pH.
2. The following two examples are from Chapter 7 of the Phys/Chem Treatment book I am writing. Review the examples and try to reproduce them using Phreeqc. In the examples, qi is used to represent adsorption density of species i in meq adsorbed per gram of ion exchange resin.

Hints:
1. Note that Phreeqc calculates Cu(2) speciation when it solves for the equilibrium solution composition (i.e., it computes concentrations of CuOH+, Cu(OH)2o, Cu(OH)3, etc.). If you input CuX2 as the only surface species, the program infers that none of the hydrolyzed species of Cu(2) are present on the exchanger. Hence, if a substantial amount of those species form in solution, they will not bind, and overall Cu sorption will be low (because Cu2+ conc'n will be much less than TOTCu(2)). In the example problem shown below, this speciation issue is not considered. You can make your input more like the example by changing the pH to a value at which hydrolysis is negligible (e.g., pH 5).

2. The K given in the problem statement uses q values in meq/g and c values in meq/L. However, Phreeqc requires K values with q in mole fractions and c in mol/L. Therefore, to get Phreeqc to model the same problem as in the example, you must convert the given value of K into one that has the equivalent information, but is in units appropriate to Phreeqc. When you do that, the Phreeqc output should be close to that in the example, differing only because of the small amount of Cu hydrolysis that occurs and because Phreeqc adjusts for activity coefficients.

Example 7-8. The selectivity coefficient of a cation exchange resin for Cu2+ over Na+ is 4.5, when q and c are expressed in meq/g and meq/L, respectively. In a batch treatment process, an industrial waste containing 70 mg/L Cu2+ and no Na+ is contacted with 5.0 g/L of an ion exchange resin that has been pre-loaded with Na+. The exchange capacity of the resin is 1.5 meq/g.

What fraction of the copper in the original solution adsorbs, and what fraction of the sodium originally on the resin desorbs?

Solution. The selectivity coefficient for this system is:
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A mass balance on this batch system indicates that the total concentrations (dissolved plus adsorbed) of Na+ and Cu2+ are not affected by the treatment step. These concentrations, which we designate as ctot, can be computed based on the conditions in the waste and on the resin before they are mixed, as follows. (Note that the concentrations and adsorption densities are all based on equivalents, not moles.)
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We can therefore write the following expressions describing the mass balances once the system reaches equilibrium:
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Given that the sites in the ion exchange resin are assumed to be always fully occupied by Cu2+ or Na+, we can write the following equivalent-based site balance:
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The balances on total Na+, total Cu2+, and total sites, plus the selectivity coefficient equation, provide four independent equations in four unknowns, and therefore can be solved simultaneously to yield a unique result. That result is:
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Based on the above results, 8.26 mg/L Cu2+ remains in the treated solution, compared to 70 mg/L in the untreated solution, corresponding to 88.2% removal. The adsorption density of sodium on the original resin was 1.50 meq/g, of which 1.11 meq/g remains after the treatment step. Thus, 26% of the Na+ is released.

______________________________

Example 7-9. In Example 7‑8, the equilibrium composition of an ion exchange system for removing Cu2+ from solution and replacing it with Na+ was determined. After the system has equilibrated, the solution is drained, and a small volume of regenerant containing 2.5 mol/L Na+ is contacted with the resin. The resin concentration during this step is 500 g/L. Determine the equilibrium composition of the regenerant solution after it equilibrates with the resin.

Solution. The Cu2+/Na+ selectivity coefficient is a pseudo-equilibrium constant for the exchange reaction and is the same (4.5) in the two systems. Ignoring (somewhat unrealistically) the changes in the activity coefficients of Cu2+ and Na+ that accompany the change in ionic strength, we can treat [image: image12.wmf]2+
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 as a true equilibrium constant, in which case it would be the same (4.5) in the treatment and regeneration steps. With that assumption, after the resin equilibrates with the regenerant solution, we can write:
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where, as before, the units of q and c are meq/g and meq/L, respectively. We can also write mass balances on total Na+ and Cu2+ in the system, as before, although the numerical values differ in the two systems. For the regenerant system:

[image: image14.wmf],tot,fresh regenerant,used resinsolid

iii

ccqc

=+


[image: image15.wmf]Na,tot

molequivmeqg1 equivequiv

2.51.01.1125003.056

LmolgL1000 meqL

c

æöæö

æöæöæö

=+=

ç÷ç÷

ç÷ç÷ç÷

èøèøèø

èøèø


[image: image16.wmf]Cu,tot

eqmeqg1 equivequiv

0.00.3885000.194

LgL1000 meqL

c

æöæö

æö

=+=

ç÷ç÷

ç÷

èø

èøèø


Also as in the previous example, the following site balance applies:
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Solving the four equations in four unknowns that apply to this system, we find:
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The regeneration is extremely effective, with virtually all of the Cu2+ being released. The Cu2+ concentration in the regenerant solution is 88 times that in the original waste and, after regeneration, the resin contains virtually no Cu2+, so it can be used as effectively in the next cycle as in the previous one.

