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In situ X-ray studies of interfaces in extreme environments
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X-ray reflectivity 101: specular reflectivity


In Situ X-ray techniqgues In transmission

" Specular and off-specular x-ray reflectivity
* Glancing-angle reflection: depth-sensitive diffraction
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Corrosion Phenomena

= @General corrosion
— Instability of the oxide (passivation) film
= Pitting corrosion
— local instability of the oxide film
® |ntergranular corrosion
— corrosion along grain boundaries
= Stress corrosion cracking

— corrosion due to both chemical and mechanical influences

Need to monitor morphological and surface phase changes during the initial
stages of corrosion.

general corrosion pitting corrosion intergranular corrosion stress corrosion

cracking
#
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At low pressures, water behaves as a non-polar solvent with low self-dissociation. High pressures can increase the ionic product to values above those found for water at ambient conditions.



Specific Phenomena to be Studied ;_jj
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The challenge is to discover the fundamental physical mechanisms that determine the response
of ultra-high-density interface structures to extreme radiation, temperature, and environmental
conditions and to generalize the understanding to other materials systems. Key questions to be
answered include the following:
• How important to stability is the sink character of the interface?
• What is the role of foreign elements on its stability?
• How important is the geometry of the interface?
• How important is the chemical nature of the interface?
• What is the role of the atomistic structure of the interface?
• How tolerant is the interface to irradiation, temperature, and the environment, individually
and in combination?
• What are the processes that are responsible for degradation of the interface and how long can
it be maintained?



Pressure

Synchrotron X-ray Study of binary fluids - Mineral
Interfaces Important to Geothermal applications
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X-ray cell for in situ study of binary fluids - solid Interfaces
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Brightness (ph/s/mrad?/mm?2/0.1%bw)

X-ray transmission through the moissanite windows
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Interfaces under Supercritical Water
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Ni alloy results

Ni alloy was mechanically polished and shows a well defined critical angle.
Reflectivity changes with the introduction of water in the cell.

The films seem to be conformally rough. (no increase in roughness with the
formation of film.
Powder diffraction — textured alloy. No new peaks form. Nickle hydride film?
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SS304 results

=  Commercial mirror finish SS304 does not give a well defined critical angle.
= Noincrease in roughness with the formation of film.

= Powder diffraction is mostly from austenite iron. Formation of Cr,0; was
observed on the surface at subcritical temperature.
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Corrosivity of pressurized water

= At high pressure water has the highest ionic product at low temperature
= This corroborates our observation of corrosion products a subcritical water
= Experimental path to supercritical water is important.
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At low pressures, water behaves as a non-polar solvent with low self-dissociation. High pressures can increase the ionic product to values above those found for water at ambient conditions.



ENHANCED Geothermal System

Major CO, offsets

CO, sequestration while
generating power
Significant improvements in
efficiency

Reductions in cost to less
than half cost with current
technology
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Secondary electron image taken, with ESEM, for a polished section of a granite
sample showing the three mineral components: quartz (Qz), orthoclase (Oc) and
biotite (Bt). Notice that grain boundaries are not always resolved




Experimental Setup

Task 1: Filling ballast from a CO2 liquid siphoning cylinder
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Task 2: Filling the x-ray cell from a ballast




Proof of Principle Experiment Quartz (0001)
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* The surface roughness <1 nm.
* No measurable dissolution or roughening under static scCO,-H,0
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Well prepared Qz(0001) shows some weakly bound water and more tightly bound hydroxyls. 
The oscillation disappears because the contrast between the layer and air is erased by scCO2 fluid filling the cell. 
When vacuum annealed, the weakly bound water evaporate but hydroxyls remains on the surface showing a weaker fringe.
In the right panel, the critical angles are shown: black (air); red (scCO2); blue (water)
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Intercalation of Water Into Muscovite Under scCO,
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Odd integer peaks indicate that K intercalation layers are not centered or Stage-2 intercalation.
Non-integer peaks indicate that incommensurate intercalation of hydronium (or bicabonate ions).
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Dissolution of Orthoclase Surface
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H2O or scCO2 only does not change the reflectivity.
H2O and scCO2 does change.



Conclusions

[ Corrosion in supercritical water

O Reflectivity show no increase in roughness at supercritical water
conditions.

 Powder diffraction shows the formation of Cr,0, at subcritical conditions.
This confirms that subcritical conditions at high pressure is most
corrosive to the alloy.

[ Dissolution reaction in supercritical CO2 and water

[ Silica surfaces by synchrotron x-ray reflectivity: The surface roughness <1
nm and no measurable dissolution or roughening under static scCO,-H,0
fluids as expected.

 Mica under scCO,-H,0 fluids in dry scCO,, no intercalation. In scCO,-H,0,
intercalation observed.

d Orthoclase under scCO,-H,O fluids: In dry scCO,, no measurable
dissolution (accuracy limited by polishing). With water, rapid dissolution
was observed.
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