Experiments of CO, adsorption, CO, reactivity

and structural stability of carbonate phases at
high pressure and temperature conditions using
synchrotron X-ray diffraction
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Flue Gas

» COz2 separation and
storage in open frameworks

CO, trapping in zeolites

Data that could help designing
potential CCS strategies

Further insight of the Earth’s
deep carbon cycle

CO, sequestration as
carbonate minerals

» Stable structures of oxidized
carbon as in Earth’s mantle

»
Rt
.
e
e

Source:
R. Dasgupta (2013)
Rev. Miner. Geochem.



In situ HP-HT experiments
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Framework density:

Pure-SiO2 Silicalite-1 zeolite (S.G. Pnma)
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An Ultrahigh CO,-Loaded Silicalite-1 Zeolite: Structural Stability and
Physical Properties at High Pressures and Temperatures
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Pure-SiO2
LTA zeolite
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R. Chulia-Jordan, et al.
BaO - Ca0 - CO, System J. Earth Planet. Chem. 5, 1130 (2021).
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BaO — CaO - CO, System & a barytocalcite ) = @ post-barytocalcite

c"/o,,%o

BaCa(CO,),
post-barytocalcite

Chulia-Jordan et al. (2022)
Sci. Rep. 12:7413

0.030

E(eV)

& 0.10 I |
11704 4N |W|ther|teI witherite :
0.05- {1+ | + I
gl aragonite 1
0.00 1 n
~11705 - 0.015 : :
-0.054 | |
-0.104 ; | | :
-11706 - B 060 , . post-barytocalcite
o) T barytocalcite kA=
0 5 10 15 20 25 < itherit
-11707 4 Pressure (GPa) I | wi +e” €
1 | I
1—=— Barytocalcite -0.015 I | aragonite
11708 J—— Aistonite P321
—=— Alstonite P31m I |
{—=— Paralstonite : | |
~ HP-P !
11709 e S S -0.030 £ . , ,
95 105 115 125 135 145 0 2 4 6 8 10

Volume per formula unit (A%) Pressure (GPa)



CaO -Si0, — CO, System

Novel dense silicate-carbonate phase: Ca;(Si,0,)(CO,), post-tilleyite

(e) (f)
D. Santamaria-Perez, et al. Sci. Rep. 9, 7898 (2019)



[CaOn] polyhedral volume (AS)

Great diversity of coordination environments

CaO -Si0, - CO, System
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Summary - CO, and carbonates at HP-HT

» Combining good-quality powder XRD data, Rietveld refinement and
difference-Fourier analysis is possible to accurately determine the content
of adsorbed CO, and the location of molecules in zeolite frameworks.

» If compressed CO, is heated above 1300 K in the presence of rhenium
or tungsten, these metals easily oxidize and carbon reduces to graphite

and/or diamond.

» We have determined the P-T stability range of carbonate minerals and
discovered several dense phases; e.g. alstonite, post-barytocalcite,
post-tilleyite,

Still too much work to do
in CO,-based systems at extreme conditions...
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