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Motivation
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• Moisture transport in cement is
anomalous
• does not evolve with t0.5.

• Time-dependent cement micro-
structure has been observed in
de/sorption experiments

• Aim
• to better understand links between

sorption, microstructure and
transport using high resolution
GARField MRI.

• Output
• is a a new transport model with a

time-dependent transport co-
efficient.

Gajewicz, Gartner et al, CCR 2016. 

Saeidpour and Wadso, CCR, 70 (2015) 60-66
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Building NMR probe
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Probe with kinematic design Probe opened up with rubber sample
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Method
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Time

Echoes

Intensity ® Amount of water
Decay rate ® Pore size
Signal frequency ® depth below sample surface
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Materials

80 g White 
Portland 
cement 

(Aalborg)
w/c= 0.4

2 min 
1600rpm/

1 min
Vacuum mix

Casting

Hardened 
(sealed) on 

rotating 
element for 
~ 8-24 hrs

Cure under 
Ca(OH)2 for 

28 days

Cut into thin 
slices <2 mm

Store under 
Ca(OH)2 until 

measure

- Measure NMR
- Oven Drying
- “Light” Drying 

(salt solutions)
- Silica-gel drying
- Rewetting
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A new transport model
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Diffusion:Capillary Action:

Pore relaxation rate, with time
constant, t:

Transport equation with time-
dependent transport coefficient:
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Drying

1st De-sorption cycle, drying to <10% RH at a depth of 600 µm :
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Drying

1st De-sorption cycle, drying to <10% RH at a depth of 600 µm :
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Is it reproducible?

Sample 1 Sample 2
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Wetting

3rd wetting cycle at 600 µm :

t0.5 (h0.5)
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Is it in an artefact?

Ingress of an organic solvent
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How does the model work?

Model simulation of wetting:

t0.5 (h0.5)
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How does the model work?

Model simulation of drying:

Very preliminary analysis using an earlier (2 component) 
version of the model
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Conclusions
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- Probe successfully commissioned

- De/sorption experiments show time-dependent microstructure

- Ingress of organic solvent shows Fickian transport

- Keeping a constant water supply needs a solution for ingress experiments

- Drying experiments are reproducible

- Model data captures the time-dependent changes of the microstructure

- Further experiments are required at different RH for longer timescales



Secondments / Outreach
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Secondments /Training:

-University College Dublin – Measure the effect of non-/paramagnetic
ions on T1 relaxivity using Fast Field Cycling NMR (data will be used
for ESR 7) (End of October 2019, 1 week)

-MR solutions – Developing new instrumentation - beginning of 2020
(1-2 months)

Outreach:
(26th July 2019) – Joint outreach activity with ESR’s 7, 9 and 11 held at
USurrey for 16 year old students 1h presentation/ 2h lab work


