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This thesis focuses on removal of Mn?*, Fe* and Cd** from synthetic groundwater
by oxidation using combined aeration and KMnO, to-make their concentrations below the
maximum contaminant level (MCL). The process.included aeration and addition of KMnO,
in a Jar test system. The concentration of Mn®", Fe*" and Cd** was 0.50, 0.50 and 0.01
mg/L, similar to that of natural"groundwater. The removal was performed in three systems
including single Mn®*; dual Mn?** and Fe**; and triple Mn?*, Fe*" and Cd?*.

For the single removal of Mn?* ions, parameters such as aeration, pH, oxidant and
stirring speed were studied. Aeration aone was not sufficient to remove Mn?* ions
completely although the pH was increased to 9.0. When a stoichiometric amount of KMnO,4
(0.96 mg/L) was used, a complete removal was achieved within 15 min at an optimum pH of
8.0. When the amount of KMnO, was doubled, the removal efficiency was lower. Besides,
the removal of Mn?* ions was complete at pH 9.0 using an oxidant dose of 0.48 mg/L. The
MnO, particles were characterized by SEM-EDX.

For the dual removal of Mn?* and Fe?* ions, various parameters including oxidant,
coexisting Ca?* and Mg®* ions and alum addition after the oxidation were investigated. Mn**
was partially removed by aeration in both single and dual oxidation with the maximum

removal of 30.6 and 37.2%, respectively. The presence of Fe** improved the removal of



Mn? ion forming hydrous manganese-iron oxide which was confirmed by digital
microscopy and EDX. The oxidant dose of 0.603 mg/L KMnO, was a minimum amount to
reduce the Mn?* concentration to the level below the MCL. The presence of Ca®* or Mg**
dightly disturbed the elimination of Mn?*, but the concentration was still lower than the
permitted level. Alum addition after the oxidation had a negative effect on the Mn®*
removal. Possible mechanisms of the removal of Mn*" and Fe** ions with and without the
coexisting ions proposed by monitoring the pH variations involved sorption of the dissolved
metal ions on the hydrous oxide.

For the triple removal of Mn?*, Fe’* and Cd*" ions, the studied conditions included
pH of 8.0 and various oxidant doses; initial Cd*" concentrations, and coexisting Ca?* and
Mg®" ions. The percent removal of Mn?", Fe*" and Cd*" ionsby aeration were 14.2, 88.4 and
10.0%, respectively. The KMnO, doseof 0:824 mg/L was optimum to eliminate those metal
ions to the concentration |evel ‘below the MCL. The coexisting Ca®* and/ or Mg?* did not
disturb the elimination of Mn**‘and Cd*". Furthérmore, the proposed remova mechanism of
Cd?* involved sorption on the hydrous Mn-Fe oxide with the initial Cd®* concentration of
0.025 mg/L as a maximum sorption capacity.

The resulting Mn-Fe precipitates from the triple system were separated using
microfiltration (MF) by polyvinylidene fluorine (PVDF) membrane with a nominal pore
size of 0.30 um. The type of membrane fouling could be a mixed pore-blocking mechanism
with the predominance of cake filtration. The Mn-Fe oxide particles accumulated on the
membrane were cleaned by several methods including backwashing, ultrasound and their
combined methods. Ultrasonic cleaning for 1 min was the most effective giving a maximum
flux recovery of about 92% but its efficiency decreased with ultrasonic cleaning cycle. The
combined methods did not improve the flux recovery.
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