Solutions to Assignment 2 CE 523
Chemical oxidation processes  
1. Calculate the ozone dosage for the removal of 1 mg/L manganese (in the +II oxidation state) in water down to 0.05 mg/L.  
The manganese donates 2 e- per mole and the ozone accepts 2e- per mole, so the demand becomes a simple molar ratio  

(1-0.05) x 48/55  =  0.83 mg/L
2. What would the chlorine gas dosage required be for the manganese removal as above?  As more chlorine will be required, also for disinfection, is there a risk of oxidizing the manganese to higher oxidation states than required for effective removal?


Chlorine can accept one electron, so we will need Cl2   +  Mn (+II)  ( Mn(+IV)  + 2 Cl-
a) The dosage will therefore be (1 – 0.05)  x  71/55  =  1.23 mg/L

b) The difference in E0 values: -1.68 + 1.36  =  -0.32 V, making it thermodynamically unfavorable for the oxidation of Mn(+II) to Mn(+VII)
3. What potassium permanganate dosage level will be required in the previous question?  What would be the result of overdosage?
MnO4- can accept 3 electrons against the two needed to oxidize the Mn2+
Therefore the required dosage will be (1 - 0.05) x 2/3 x 158/55  =  1.82 mg/L    
4. Calculate the dosage of Na2SO3 required to reduce 5mg/L hexavalent chromium (as Cr) to the less soluble trivalent form. The chromium occurs as Cr2O72- in this particular bleed-off from a cooling water circuit.  Estimate the chromium removal possible and suggest a suitable pH to maximize removal.
Cr(+VI) + 3e-  (  Cr(+III) while SO32-   (  SO42-  +  2e-  so 3/2 mol sulfite per mol Cr(VI+) required.  

Since there are two moles of Cr per mol Cr2O72- the ratio of dosage has to be 3:
5 x 3 x 126/(2 x 52)  =  18.2 mg/L
The actual removal of Cr is limited by the solubility.  Assuming complete reduction, the solubility depends on the solubility to Cr(III).  This depends on speciation of the various compounds of the form Cr(OH)n3-n
Solubility diagrams can be downloaded and would indicate a minimum level of about 0.01 mg/L as Cr, so the removal possible is (5 – 0.01)/5  =  99.8%, which would be true at a pH of 8.5.  This pH is also acceptable for effluent discharge.
5. There is a mistake in Example 6.5.  The value for y0 should not be 3 mg/L, which is the dosage rate, but y0 needs to be calculated from the O2/O3 conversion fraction, O2/air and air density.  What effect will this have on the ozone concentration in the liquid phase?
The value of ye = 1.19 x 0.02 x 0.21 x 106  = 5 mg/L

This makes the value of ye  = 3.18 mg/L
6. How can bromate formation be prevented during ozonation or chlorination?  Two measures, please.
a) The reactions for the oxidation of Br (+I) only exist for OBr- and not for HOBr.  


Considering the pKa of HOBr is 8.7, lowering the pH will substantially lower this oxidation.
b) Adding ammonia results in the formation of bromamine, which is about as good a disinfectant as HOBr.  However, NH2Br cannot be oxidized to higher oxidation states of Br.  In fact, the oxidation will be of the N(III) to N(0) as in N2. 

c) Keeping the oxidant levels low (as can be done with) multistage ozonation or chlorination.
