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CSA CEMENTS AS ANALTERNATIVETO PC

= Calcium sulfoaluminate (CSA) cements hydrate rapidly to form ettringite

* To extend setting time beyond 30 min, important for larger scale placements, retarders are added
such as citric and tartaric acids

] Developed in China ~1970
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MOLECULAR MECHANISM OF CSA RETARDERS

Two main mechanisms:

Binding of calcium in solution

Adsorption onto hydrating particles

Challenge: How can we screen a diversity of retarder chemistries that are suitable for CSA cements!?



CHEMINFORMATICS

Cheminformatics is the use of computational and informational techniques applied to a range of problems in the field of
chemistry
Widely applied in the pharmaceutical industry for drug development through virtual screening

In this case, quantitative methods are utilized to relate chemical structures to predict the associated increase in set time of
CSA cements
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Willett, P. Similarity-Based Virtual Screening Using 2D Fingerprints. Drug Discovery Today. December 2006, pp 1046—1053.
Childs, C. M.; Washburn, N. R. Embedding Domain Knowledge for Machine Learning of Complex Material Systems. MRS Commun. 2019, 9 (03), 806-820.



FINGERPRINT GENERATION: EXTENDED CONNECTIVITY
FINGERPRINT (ECFP)

Each group is represented in a binary vector of presence or absence.The radius chosen for this research was three,
indicating that all paths of three bonds or less are represented in the vector.

These vectors can be folded into various lengths from 2048 down to 32 length

Probst, D.; Reymond, J.-L. A Probabilistic Molecular Fingerprint for Big Data Settings. J. Cheminform. 2018, 10 (1), 66.
Cereto-Massagué, A.; Ojeda, M. J.; Valls, C.; Mulero, M.; Garcia-Vallvé, S.; Pujadas, G. Molecular Fingerprint Similarity Search in Virtual Screening. Methods 2015, 71 (C), 58—-63.



SPARSE DATASETS AND FILTERING

Filtering is a process of feature selection, where only the features contributing most to the variance
of the feature set are selected to model the equation
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HYPERPARAMETER SELECTION

* Through cross validation, hyperparameters for both vector length (folding) and
the lambda (alpha) parameter (filtering)

* The selections are conditional on minimizing the MSE, the uncertainty (standard
deviation) in the MSE and having the # of features< # of training points.
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VIRTUAL SCREENING

The molecular structures of the three highest predicted 500 { mmm R?=0.9407 ATMP AR
set times, from 500,000 molecules downloaded in

PubChem, are shown in the bottom figure 400 1 s
< (=]
300 1
. . Glyphosine g - ~~
Glyphosate was also predicted to extend set time beyond o

| h and is a commercially available compound at costs
comparable to citric acid.
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Glyphosate was found to have a set time of 55 min, within Vicat Set Time (min)

the predicted range of error of +/- 26 min.
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ANOMALOUS PLASTICIZATION BY PMIDA
(THE BOTTOM RIGHT CHEMICAL)
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SET TIME AND MINI SLUMP SPREAD VARY SIGNIFICANTLY
ACROSS RETARDERS

Although Citric acid exceeds PMIDA on Vicat retarding time by 65 min, PMIDA maintains slump
throughout the entire first 60 min.

By 90 min, no further spread was observed for any of the retarders
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Calorimetry curves show similar trends to set time
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Adsorption Capacity
(mmol retarder /g cement)

TOC ADSORPTION
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Relatively lower adsorption is
observed with PMIDA that
leads to higher spread

Decreasing citric acid
adsorption but increasing
PMIDA adsorption over time



Ca Concentration (ug/mlL.)
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ICP Pore Solution Concentrations of Ca and Al

Retarders except etidronic acid > Almost
zero Al concentration in pore solution

Plain CSA and etidronic acid > Low Ca
concentration in pore solution

Rapid set by ettringite formation? Curbed ye elimite dissolution?
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CONCLUSIONS
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Cheminformatics was used to accurately == Experimental Set Time
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CONCLUSIONS
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v'Screening a small library of anionic set 0. 5% e
retarders led to the observation
anomalous plasticization by PMIDA

* Set time around 75 min with mini slump
spread retention
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Mechanistic studies indicate a
complex relationship between
setting and plasticization
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