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1. Problem #1:      CO2 emissions

Portland cement (PC) world production is 4 Gt/yr, 4.6 Gt in 2015. 

1 Gt = 1015 g = 1 Pg

PC production is expected 4–8 Gt/yr by 2100
On average, for every ton of type-I PC, 0.95 CO2 t are released, from (i) limestone 
decomposition, (ii) burning fuel, and (iii) electricity consumption for grinding. 
This translates into 7% of the total anthropogenic CO2 emissions,  3.5 Gt/yr. 
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1. Problem #2:  Construction & Demolition Wastes

● The concrete use is today 18 Gt/yr. 
● The estimated world concrete stock is 315 Gt which results in 0.3 Gt/yr of CDW. 
● The newest model predicts a skyrocket increase of CDW to 20–40 Gt/yr by 2100, 
This could not be processed as aggregates, within concrete, as it will be more than 
two times the predicted need.

 Cements with lower CO2 footprint and more durable/sustainable.
Todays expected service live of buildings and infrastructures: <100 years!
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2. Concrete :  length scales - heterogeneity

hardened concrete

cement paste
aggregates

natural / recycled air voids

HP

capillary pore
gel pores
4-50nm

entrained 
air

entrapped
airfine coarse

ITZ: interfacial transition zone
HP:  hydration products
UCP: unhydrated cement particles
USCM: unreacted SCM particles

ITZ
0m

ITZoldm

m

m-mm-20 mm

USCM
m

UCP
m

gel part.
5nm

Concrete is made from Portland cement, water, aggregates, additions & admixtures

~50 vol% of the binder paste
is amorphous phase(s) 
which gives the cohesion
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2. Concrete :  length scales – alite hydration

Sci. Rep. 2018, 8, 8544
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2. Concrete :  length scales – multiscale / multimodal
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Gastaldi D, et al. “In situ tomographic investigation on the early hydration behaviors of cementing systems.” 
Const Build Mater. 2012, 29, 284–290.    

Standard -tomo (TOMCAT): Larger field of view (=0.7mm) and fast tomo
BUT Poor contrast/information  &  poor spatial resolution

2. Concrete :  length scales - microtomography
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3. Background: Previous PXCT studies of PC binders
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3. Background: Previous PXCT studies of PC binders
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3. Background: Previous PXCT studies of PC binders

Ca3SiO5 + 5.2 H2O  1.2 Ca(OH)2 + (CaO)1.8SiO2(H2O)4 – gel 
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3. Background: Previous PXCT studies of PC binders

1. For stoichiometric (crystalline) compounds,
from the electron densities is possible to
(accurately) determine the mass density

2. For amorphous compounds,
from the electron densities and the absorption
values it is possible to determine the mass 
density with some knowledge of the stoichiometries
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4. Case-1: Study of a new eco-cements, under development

Cuesta A, et al. ““Chemistry and Mass Density of Aluminum Hydroxide Gel in Eco-Cements PXCT” 
Journal Physical Chemistry C, 2017, 121, 3044–3054.                     Data taken @ cSAXS with OMNY

Ye'elimite paste at 6 d of hydration, no additional sulfate source. 
Air porosity: 0.3 vol%; AFt: 20.0 vol %(1); AFm: 36.9 vol% (2); A-H gel: 38.6 vol% (3);  
ye’elimite: 4.1 vol% (4); w/c mass ratio 0.45

Ye’elimite
Ca4Al6SO16
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4. Case-1: Study of a new eco-cements, under development
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4. Case-1: Study of a new eco-cements

PXCT vertical slices of the electron density tomograms for (a) ye'elimite paste at 
8d of hydration; (b) ye'elimite-gypsum paste at 18 d; (c) CSA paste at 21 d.



WS on Coherence at ESRF-EBS - “Quantification and analysis of amorphous components in cements by PXCT” 2019/09/10  - 19 of 33

4. Case-1: Study of a new eco-cements

The composition and mass density of 
two aluminum hydroxide gel 
agglomerates have been determined:

For ye’elimite paste 
with w/c mass ratio of 0.45: 
(CaO)0.12Al(OH)3
=2.05(3) g·cm-3

Ye’elimite, AFm, AFt, A-H gel

For ye’elimite-gypsum paste 
with w/c mass ratio of 0.61: 
(CaO)0.04Al(OH)3·2.3H2O 
= 1.48(3) g·cm-3

Ye’elimite, AFt, A-H gel

For CSA paste with 
w/c mass ratio of ~0.35: 
~Al(OH)3 - ~1.8(1) g·cm-3 

Ye’elimite, C2S, AFt, A-H gel

Density of gibbsite, 
crystalline Al(OH)3 is 
2.42 gcm-3.

The density of 
‘amorphous’ gibbsite
is important to 
determine the volume
stabilities of the resulting
binders.

The densities of 
nanocrystalline materials
(and amorphous) is
very difficult to determine
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4. Case-1: Study of a new eco-cements
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4. Case-1: Study of a new eco-cements
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4. Case-1.2: Kinetics of new eco-cement hydration
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4. Case-1.2: Kinetics of new eco-cement hydration

Ye’elimite dissolution process Hydration product precipitation

Cuesta, A.; De la Torre, A.G.; Santacruz, I.; Trtik, P.; da Silva, J.C.; Diaz, A.; Holler, M.; Aranda, M.A.G. 
“In situ hydration imaging study of a ye’elimite paste by Ptychographic X-ray Computed Tomography” 
Proceedings of the Thirty Ninth International Conference on Cement Microscopy, 
International Cement Microscopy Association, Toronto, Canada, 2017, pp 17-32.

The dissolution rate was determined to be ~2 nm·min-1 for some ye'elimite particles,
while the precipitation rate was determined as ~1 nm·min-1 for the formation of ettringite and
aluminum hydroxide gel within the pores
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5. Case-2: Study of Portland with SCM

Portland cement paste (neat)
Data taken @ cSAXS with OMNY
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5. Case-2: Study of Portland with SCM

Portland cement + calcite blend

Portland cement + fly ash blend
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5. Case-2: Study of Portland with SCM

FSC plots for (a) PC, (b) PC-limestone, 
(c) Pc-fly ash
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5. Case-2: Study of Portland with SCM

For the neat PC paste, PXCT study gave densities of 
2.11 and 2.52 g cm-3 and a content of 41.1 and 6.4 vol% 
for amorphous C-S-H [(CaO)1.8SiO2(H2O)4 ] & iron siliceous 
hydrogarnet [Ca3FeAl(SiO4)0.84(OH)8.64] gels, respectively
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5. Case-2: Study of Portland with SCM

Spatial resolution 
after segmentation ?
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5. Case-2: Study of Portland with SCM

All reported attenuation coefficients (for the three pastes) are determined from the complex
part or the refraction index datasets multiplied by the correction factor 1.05.
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6. “Christmas Wishes”

● To select one (or two) samples and to carry out a Round Robin
in all (at least) European ptycho‐tomography BLs

● To understand why the absorption tomograms have better
(or worst) s/n ratio(s) if recorded in very similar conditions. Internal porosity?

● To understand why absorption quantitative values are underestimated by about 5%.

●Will the high flux of EBS render better absorption tomograms before
burning/boiling the water‐containing samples?

● Any views on the spatial resolution after segmentation, which is (one of the) most
important information to be derived.

● Relevant studies are done in real samples, the quest for better spatial
resolution should not be done sacrifying the field of view (too much).

● 20 hours for tomo is too slow. Every strategy to take it to 1‐2 hours is most needed.

● Pozzolanic reaction: Al2Si2O7 amorph + Ca(OH)2 cryst + H2O  C-S-H amorph + C-A-S-H amorph

● Fast online reconstruction is a must.
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