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PhD Project

Cryo-handling Vitrification Glovebox

Set-up appropriate sample preparation strategies

Objective → Gaining

understanding of: Cement chemistry

Phase 
determination

@ different 
stages

Phase 
transitions

•Hydration

•Hardening

Single Crystal ED X-ray diffraction

Characterization of metastable hydrate phases of cement

Move away from Portland cement (more energetically demanding

and CO2 producing) to CA cement

in order to
CO2 sensitive / Hydrated

Structural investigation of cement hydration mechanisms Laura Gemmrich Hernández (JGU – Mainz)

At the moment C2AHx phase
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C2AHx -> Cement notation | CaO·Al2O3·XH2O -> Chemical notation



Why this phase?
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During hydration of CA-Cem, this 
pseudo-hexagonal C2AHx forms as a 

metastable intermediate

Depending on storage conditions; 
converts faster / slower into 

stable phases Gibbsite (AH3) and  
Katoite (C3AH6)

Tempered precasts

www.mindat.org/photo-604901.html

Katoite

Gibbsite 
www.mindat.org/photo-288160.html

• Decrease in volume

• Increase in porosity

• Decrease in strength

• +Rapid carbonation 

If CO2 availability -> Ca-
MonoCarboAluminate

At the moment, the difficulty to predict amount of

CAH phase formed -> Difficulty in predicting

strength development of the cement

-> Narrow use of this low carbon alternative.

to accelerate the
conversion process

More widespread use of CA cement less CO2

production in construction.

Knowing the structure allows quantification and

enables accurate prediction of cement strength.

Breaking and collapase



Not the only unsolved cement hydrate phase
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A material that has been known for a long time is still riddled

with unsolved phases, preventing deeper insight into the

microstructural behaviour.

Cement chemist notation (CCN) Chemical Formula

C2AH8.2 2CaO·Al2O3·8.2H2O Mono calcium aluminate 8.2 hydrate

C2AH8 2CaO·Al2O3·8H2O Mono calcium aluminate 8 hydrate

C2AH7.5 2CaO·Al2O3·7.5H2O Mono calcium aluminate 7.5 hydrate

C4AH19 3CaO·Al2O3·Ca(OH)2·18H2O Tetracalcium aluminate 19 hydrate

C4AH13 3CaO·Al2O3·Ca(OH)2·12H2O Tetracalcium aluminate 13 hydrate

Several CA-cement hydrates (all of them metastable at

room temperature) -> with not solved structures. This

leads to great difficulties in quantification and

prediction of cement behaviour.



State of the art of the project
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Recent developments
• Poster @ECM33 (beam and vacuum sensitive)
• Paper about solved MOFs -> https://doi.org/10.1021/acs.inorgchem.2c02599

• Visit to BAM (Federal Institute for Materials Research and Testing) to learn
cement synthesis + cement research

• Python as transversal skill -> Speed up handling of data 
and structure solution in SIR.

Current challenges
• Optimize synthesis
• Optimizing workflow
• Reducing the by-product formation
• Finding non oriented crystals
• Bypass selection bias (usually what diffracts nicely of looks really crystalline is a by-product).

• Deepening Crystallographic knowledge (“how to” for crystallography and space group
identification specifically for ED).
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https://doi.org/10.1021/acs.inorgchem.2c02599


Workflow
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A lot of variables to test and control.
But we have some tools and strategies to make steps forward:

• Simultaneous XRD and TEM measurements
• Working inside a glovebox + CO2 free water.
• EDX essential to identify (Ca:Al 1:1 correct target)

+ Others

C12A7 + CH

CA + CH

CA + C3A

Synthesis

• Too much powder / too high temperature -> Katoite
• If you don’t wait enough -> only by-products
• Not enough water purity -> lots of by-products
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Too high electron dose can kill the crystals

Selection bias

• If you don’t control the gases in the environment ->  absorb CO2

• Wet sample preparation will lead to highly agglomerated grids
• Not grinding leads to too thick and big crystals

Ia-3d



CAH
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Byproducts

Laura Byproducts

Minimizing the by-products and learning to find the right crystals is my main
focus at the moment.

Major issue -> very similar structures
• Barely changing length of c*
• Change small part of the composition

Crystal shape -> oriented on c* (+ if diffuse -> along c*)
# Identifying by-product / Sp.G. becomes tricky.

Optimize experiment to be sure that I am measuring what I want.

After bibliographic research I was able to put together a list of known cement
by-products, which is helping me identify if what I measured is my phase or
not.



PhD Secondments
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Thank you for your attention!
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