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conducted at the initial lead concentration of 8.33 |xM and the suspension pH of 5,0 at 278, 288,
298, and 313 K. The resuhs showed that the lead adsorption followed multiple first-order kinetics
and the rate constant, activation energy and preexponential factor of the adsorption varied greatly
with their surface properties nwdified by the citrate/Fe(II) molar ratios. The role of organic acids
such as citric acid in influencing the crystallization and surface properties of iron oxides and the
impact on the dynamics of lead in terrestrial and aquatic environments, thus, merit close attention.
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The reversibility of metal sorption to the iron (hydr)oxide, ferrihydrite, can be impacted
by its transformation to more thermodynamically stable structures such as goethite or hematite.
We studied changes in metal partitioning at pH 6 during aging of coprecipitates of ferrihydrite
containing Cd(II), Mn(II), Ni(II) or Pb(II) at surface loadings of 0.9 or 9.4 |amoI-m ,̂ and at 40 or
70°C. The first order kinetics of ferrihydrite transformation varied from 2.1(+0.4)xl0"'' h"' to
4.3(±2)xl0"' h"' at 40 and 70°C, respectively. Selective extraction of coprecipitates during aging
for 2 to 4 weeks indicated decreasing metal extractability in the order Mn<Ni«PbsCd. Solid
phase characterization demonstrated oxidation and substitution of Mn into the goethite structure.
Substitution of Ni into goethite or hematite was also apparent, while Pb and Cd remained
completely extractable.
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Metal sorpt ion on c lay and oxide minerals is typical ly fast in i t ia l ly, then the
rates gradually diminish. In the l i terature the decl ine in reaction rate has been
att r ibuted to metal sorpt ion onto s i tes of lower react iv i ty, d i ffus ion of the adsorbate
into the adsorbent or by a precipitation reaction. We investigated the effect of
r e a c t i o n t i m e o n t h e s u r f a c e c o o r d i n a t i o n e n v i r o n m e n t o f N i s o r b e d o n t o c l a y s a n d
aluminum oxides using X-ray adsorption fine structure (XAFS) spectroscopy. The kinetics
was studied over a long reaction period (minutes to months) and changes in the XAFS
spectra were monitored. As reaction time progressed, multinuclear Ni complexes
increasing in size were depicted. Data analysis suggest the formation of mixed Ni/Al
hydroxide phases kinetically controlled by the release of A1 from the clay and aluminum
o x i d e s u r f a c e . T h i s fi n d i n g i l l u s t r a t e s t h e i m p o r t a n c e o f c o n s i d e r i n g s e c o n d a r y
precipitate formation when metals sorb on surfaces of clay minerals and aluminum oxides.
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Characterization of reactive surface sites and mechanisms is vital for a complete comparison of
surface reaction rates among different minerals and even different samples of the same mineral.
In situ observation of Mn(ll) sorption/oxidation on goethite, one of the most important minerals
whose surface reactivity is poorly understood, has been carried out using AFM fluid cell
experiments and compared with existing data for similar reactions on hematite and albite. At pH's
from 7.5-8 and solution Mn(ll) concentrations of 4, 12, and 24 ppm, the formation of a Mn-surface
precipitate on goethite Is rapid, dominating the surface in a matter of minutes. In comparison to
hematite and albite, the rate of surface coverage appears to be much faster. Elongate islands that
parallel (010) steps suggest a possible epitactic control on precipitation. Experiments are being
conducted to determine the exact character of reactive surface sites on goethite.


