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Considered along with oxalate are its related compounds (succinic, adipic, and suberic 

acid) since they had very similar results. The electrostatic repulsion between a hematite 

particle and sand grain would have to be overcome by some attractive interaction for 

deposition to remain relatively favorable. Of the non-DLVO interactions described in the 

literature (e.g., hydration, hydrophobic, and sterlc forces), hydrophobic interaction would 

be the only candidate because hydration forces are repulsive and steric interaction applies 

when an adsorbed layer of macromolecules is present. However, hydrophobic interaction 

isn't a plausible explanation for this apparent attraction between particles and collectors 

because one would expect different collision efficiencies in the presence of oxalic (C2), 

succinic (C4), adipic (C6), and suberlc (Cs) acid. 

6.2 Implications for Environmental Systems 

The results of this research have implications for water treatment (deep bed 

filtration) and groundwater quality. A typical scenario in deep bed filtration consists of 

flowing water through packed beds of silica sand to remove undesirable constituents like 

colloidal particles. Two common environmental colloids are microbes (bacteria and 

viruses) and clay particles, which usually have negatively charged surfaces. The silica 

sand in the bed has surface impurities (e.g., iron oxides) that allow for effective filtration 

of the negatively charged colloids. If the sand was pure silica, electrostatic repulsion 

would reduce the effectiveness of the filtration process. The results of this research 

suggest that specifically adsorbed solutes (e.g., phosphate or humic acids) could alter the 

surface potential of the iron oxide impurities, thus producing less favorable conditions for 

filtration. 
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Groundwater aquifer material is often coated with iron oxides (Ryan and 

Gschwend, 1990). Negatively charged clay particles experience favorable deposition 

when the pH is below the pHzpc of the iron oxide. If the surface potential of the iron 

oxide coatings is altered by the adsorption of humic or fulvic acids, then the clay particle 

deposition rate would decrease. The clay particles, along with any associated pollutants, 

would be able to migrate greater distances. 

6.3 Summary of Main Conclusions 

1. Specifically adsorbed species are able to alter the mobility of hematite 

particles. 

2. Hematite mobility in the presence of polymeric organic compounds is 

influenced by particle concentration (when related to total solute 

concentrations). The mobility measurements can be adjusted to match the 

conditions of corresponding deposition experiments by multiplying the total 

polyelectrolyte concentration by the proportionality relating the particle 

concentrations in the mobility measurements to the particle concentration in 

the deposition experiments. 

3. In the absence of specifically adsorbed solutes at pH 6.5 and [NaCl] = 1 mM, 

hematite depositon on silica sand is transport limited. The additon of 

specifically adsorbed solutes often reduces the hematite deposition rate. 

4. Specific adsorption influences hematite deposition rates (collision 

efficiencies) by altering surface charge and potential, which in turn changes 

the electrostatic interaction. 
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5. DLVO theory predicts a drastic decrease in the collision efficiency (see Figure 

6.2) at the onset of electrostatic repulsion. The results of this research show a 

less drastic decrease in the collision efficiency (Figure 6.1) as electrostatic 

repulsion becomes more significant. This is in agreement with previous 

studies on particle deposition, and likely a result of surface heterogeneities. 

6. The inevitable surface heterogeneity in environmental systems would result in 

particle deposition behavior similar to the observations of this research (i.e., a 

gradual decrease in collision efficiency with increasing electrostatic repulsion 

as opposed to the sharp decrease predicted by theory). 
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Appendix 

Table A.1: Summary of deposition experiments: hematite particles (67 nm diameter 

spheres) in packed beds (5cm bed depth, 0.34 porosity) of silica sand (Ottawa 30, 500 

\.1M diameter grains) with an approach velocity of 1 cm/min and [NaCI] = 1 mM. 

Solute log [Solute] (M) (C/Co)smin log <Xexp 

NaCI no NaCI 0.12 

-4.00 0.15 

-3.00 0.16 0.00 
-2.00 0.16 0.00 

Phosphate no ligand 0.16 0.00 

-5.00 0.21 -0.06 

-4.60 0.29 -0.17 

-4.30 0.50 -0.42 

-4.12 0.84 -1.02 
-4.00 0.93 -1.42 
-3.70 0.95 -1.57 

Arsenate no ligand 0.16 0.00 
-5.00 0.24 -0.11 

-4.60 0.35 -0.24 

-4.43 0.58 -0.52 

-4.30 0.96 -1.60 
Fluoride no ligand 0.16 0.00 

-4.30 0.16 0.00 

-3.70 0.16 0.00 
-2.52 0.18 -0.02 

Oxalate no ligand 0.16 0.00 
-3.00 0.34 -0.23 

-2.70 0.42 -0.32 

-2.30 0.34 -0.22 
Succinic acid no ligand 0.16 0.00 

-4.60 0.16 0.00 
-4.00 0.16 0.00 

-2.70 0.30 -0.19 
-2.40 0.37 -0.26 
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Solute log [Solute] (M) (C/Co>Smin log <lexp 

Adipic acid no ligand 0.16 0.00 
-4.60 0.17 -0.01 
-4.00 0.21 -0.07 
-2.70 0.27 -0.15 
-2.40 0.30 -0.18 

Suberic acid no ligand 0.16 0.00 
-4.60 0.16 0.00 
-4.00 0.16 0.00 
-2.70 0.26 -0.13 
-2.52 0.24 -0.11 

Phthalate no ligand 0.16 0.00 
-4.30 0.18 -0.03 
-3.70 0.23 -0.10 
-3.40 0.26 -0.13 
-3.00 0.27 -0.14 
-2.70 0.45 -0.36 

Benzene-tri no ligand 0.16 0.00 
-5.30 0.24 -0.11 
-4.82 0.45 -0.36 
-4.60 0.79 -0.88 
-4.30 0.94 -1.50 

Benzene-tetra no ligand 0.16 0.00 
-7.30 0.20 -0.05 

-7.00 0.23 -0.10 
-6.60 0.35 -0.24 
-6.40 0.60 -0.55 
-6.30 0.79 -0.89 
-5.30 0.86 -1.09 
-4.60 0.92 -1.32 

Aspartic acid no ligand 0.16 0.00 
-4.00 0.17 -0.02 
-2.70 0.73 -0.76 
-2.40 0.90 -1.24 
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Solute log [Solute] (M) (C/Co)smin log <Xexp 

Butyric acid no ligand 0.16 0.00 
-4.30 0.17 -0.02 
-3.70 0.16 0.00 
-2.52 0.24 -0.11 

Lauryl Sulfate no ligand 0.16 0.00 

-5.00 0.17 -0.02 
-4.70 0.18 -0.03 
-4.40 0.28 -0.16 

-4.30 0.29 -0.17 
PAA no ligand 0.16 0.00 

-5.30 0.19 -0.04 
-5.00 0.72 -0.74 
-4.82 0.95 -1.56 
-4.30 0.96 -1.65 

-3.30 0.99 -2.42 
Leonardite HA no ligand 0.16 0.00 

-5.00 0.19 -0.04 
-4.82 0.39 -0.29 

-4.70 0.81 -0.94 
-4.52 0.92 -1.32 
-4.00 0.96 -1.67 

S.R. FA no ligand 0.16 0.00 
-5.00 0.23 -0.10 

-4.82 0.41 -0.31 
-4.70 0.87 -1.12 
-3.60 0.98 -1.92 

S.R. HA no ligand 0.16 0.00 

-5.30 0.19 -0.04 
-5.00 0.43 -0.34 
-4.82 0.90 -1.25 
-4.70 0.97 -1.74 


