Carbon capture and storage 1 rocks!

but how fast is it?
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We are building a new microfluidic platform to find out!

Introduction and goal

We are building a platform that combines fast chemical sampling with live optical access to study
mineral dissolution rates under enhanced weathering conditions. The platform consists of a
microreactor and an accompanying setup and may be used to study phenomena like
non-stoichiometric dissolution, (pre-passivation) dissolution rate, secondary/passivation layer growth
kinetics, precipitation, and transport regimes. Ultimately, this information should inform enhanced
weathering strategies regarding their expected rate and efficacy under specified conditions.
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Optical observations

Application of an optical flow algorithm to determine dissolution rate

Measuring dissolution rates in packed-bed reactors is often complicated by mass transport limitations,
requiring careful and time-consuming calibration of the flow rate [1]. Alternatively, we explore whether
the dissolution rate can be measured optically. To this end, we make time-lapses of the particle bed
during dissolution. For each image pair in the time-lapse, the median displacement per pixel is
calculated using the Gunnar-Farnebick optical flow algorithm. We then examine how the median flow
velocity varies with position in the reactor and temperature,
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Time lapse images. Each frame is 200 secands apart, The flow is from left to right. The particles are olivine (d_ = 50-70
pmj and are dissolving in 0.1M HNO, at a flow rate of 100 pl/min.

Binning

Measuring the slope of the linear regirme
Plotting the (maximum) slope of the
limear regime for each temperature

Computing the median Aow in each bin

Median displacement per bin (px).
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We find excellent agreement between the slope of the displacement and the temperature following an
exponential fit, as expected from the Arrhenius equation correlating d ion rate with t t

Future research will couple the optical observations with chemical analysis and mathematical modelling
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Chemical analysis

To validate the dissolution rate measured by optical flow, we measure the concentration of ions coming out of the
microreactor. We sample the effluent with a temporal resolution of ~15 seconds and quantify ion concentrations
using ICP-OES and fluorescence spectroscopy.
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To improve temporal resolution even further, we are developing a method to measure the concentration of Mg™
in-line within the microreactor using fluorescence microscopy.

y as a function of

Disschation reaction magnesium ion cnnuenlnhnn

Mg 5K, (5] + 4 H — 2 Mg + HERD,
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In the future, we validate the optical flow dissolution rate measurements by comparison with ICP-OES.
Furthermore, we continue to work on our dream goal: integrating all techniques into one system, revealing
(hopefully) lots of new information about mineral dissolution kinetics which inform enhanced weathering models,
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Optical flow algerithm to measure dissolution rates optically
15-second temporal resolution for chemical dissolution rate measurements
In-line continuous magnesium sensing by fluorescence microscopy
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to confirm this optical method of measuring dissolution rates.
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