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Formation of surface precipitates of toxic metals on soil mineral surfaces as layered double hydroxide (LDH) phases has been
documented for over two decades. Their formation is an important pathway for toxic heavy metals (e.g., Co, Ni, and Zn)
sequestration in soils. However, the mechanism of their formation has not been definitively established. Existing kinetic methods,
including ex situ batch and stirred-flow systems, provide high elemental sensitivity, but their time resolution is inadequate to
characterize rapid reaction kinetics at mineral/water interfaces. Therefore, in this research, we developed an innovative technique
that coupled a conventional flow-through cell with novel in-situ real time extended X-ray absorption fine structure spectroscopy
(EXAFS) to monitor the adsorption/precipitation of Ni on Al oxide surfaces. Research was conducted at beamline X18B of the
National Synchrotron Light Sources (NSLS) at Brookhaven National Laboratory (BNL), with the monochromator set to the quick-
scanning mode and oscillating at 0.5Hz. This frequency allowed the measurement of EXAFS data at second time-scales, and
yielded 4,000 data points per EXAFS scan per second. As a result, fluorescence EXAFS data can be obtained in less than five
minutes. The quick-scanning EXAFS experiments indicated that the reaction kinetics were initially rapid and became slow after an
hour. Importantly, the data revealed that a transition from surface adsorbed Nito Ni-Al LDH precipitate formation occurred in a few
minutes. These results suggest that surface precipitation could occur as rapidly as surface adsorption. Additionally, time-resolved
synchrotron-based X-ray diffraction analysis was carried out and confirmed the formation of Ni-Al LDH phases and further indicated
that the precipitates were nano-crystalline.
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