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An example of “Bespoke analysis”– speed maps
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How about more complex geometries?

Lewis et al., EGU (2017)
Lewis et al., Transport in Porous Media (2023)
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Neutron are isotope sensitive, “normal water” and heavy water have
an order of magnitude difference in opacity
Can be used to track fluid in an already saturated sample
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Injection in D20-saturated sample

Lewis et al., EGU (2017)
Lewis et al., Transport in Porous Media (2023)
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and in 3D?

Lewis et al., EGU (2017)
Lewis et al., Transport in Porous Media (2023)
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Hydrofracking of rocks

Marcellus shale
σ1 = 70 MPa
Flow rate /6/12 ml/min

Quantification of front position, speed,
permeability

Roshankhah, et al., Géotechnique letters (2018)
Roshankhah, et al., USRMS (2019)
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Other applications

H2O 
injection

50MPa

6 cm Titanium

neutrons

Steel 
reinforcement

Injected fluid

D2O 
injection

neutrons

oil saturated
sandstone oil

D2O

vapour 
injection

neutrons

concrete

crack

absorbed 
vapour

Neutrons can penetrate through thick 
enviromental cells [1]

Neutrons can help track flow into immiscible fluids 
(e.g., oil) [3]

Neutrons can help track even vapour low 
into fractures [2]

plant

sand

H2O 
injection

Neutrons tomographies can be acquired as fast as 
1s per tomography [4]

1second tomographies

[1] Yehya et Al,. Nucl. Inst. Met. Phys. Res. A (2018) [2] Lukich et al., Mat. Letters (2021)
[3] Madankan et al., Ready for submission (2021) [4] Totzke et al., Optics Express (2019)
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Heating construction materials
to fire-like conditions

heater at
600 C

concrete

Understanding of explosive
spalling for fire safety of
buildings

Quantification of moisture migration, accumulation
for different materials, 20 second tomographies

Dauti et al.,, Cement and Concrete Research (2018)
Dauti et al., Transport in Porous Media (2019)
Tengattini et al., Strain (2020)
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Cadmium Sorption and
Transport in Porous Rocks

Study of Cd concentration

Quantification of Cd sorption and displacement of
Contaminants

Cordonnier et al., Front. Earth Sci (2019)
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In summary

= Neutrons have a different contrast from x-rays

= Neutrons can see light elements (such as hydrogen, lithium)
and their compounds (e.g., water, oil)

= Neutrons are isotope sensitive; for example can distinguish
deuterated fluids as D20 vs H2O

= Neutron can penetrate through thick metal casings for
extreme conditions (pressure, temperature, acids)
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Neutrons or X-Rays?
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Neutrons or and X-Rays!

Element
cross section
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Boron

Carbon

Oxygen

Iron

Nickel

Lead

Deuterium

neutronsx-rays

Titanium

neutron
source

neutron detectorx-ray detector

x-ray
source
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   NeXT-Grenoble:
Neutron and X-ray Tomography in Grenoble

https://next-grenoble.fr
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Martian Meteorite
Miller Range 03346 Mill.Range 230

Martell et al., Science Advances, 2022
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Vapour Injection

Emulating Loss of Coolant
Accident in Reactor

Initially dry

Initially saturated

Gupta, et al., Cem Concrete Research (2022)
Lukich, et al., Material Letters (2021)
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Hydo-mechanical coupling of
Callovo-Oxfordian Clayrock

Rock used for long-term
storage of radioactive
contaminants

x-rays (structure)

neutrons (fluids)

Stavropoulou, et al., Acta Geotechnica (2018)
Stavropoulou, et al., Front. in Earth Science (2020)
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water 
reservoir

CoX

neutrons

x-rays

Test absorption water in COX 3D strain field 
through DVC

Correction of grayscale 
by deformation

Accurate estimation 
water uptake

Stavropoulou, et al., Front. in Earth Science (2020)
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How about Granular Media – Discrete DVC!
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Water sensitive material (e.g.,
Medidicines, food)

Neutrons

XRays
Humid Air

Cous Cous

Societal problem: Caking –
loss of usability of food
exposed to humidity
Horizon 2020 ITN

Xrays(Vol Strain) Neutrons(H20 content)

Vego, Tengattini, et al., Soft Matter (2022)
Vego, Tengattini, et al., Granular Matter (2023)
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Societal problem: Caking –
loss of usability of food
exposed to humidity
Horizon 2020 ITN

Statistical correlation of Vol. Strain to
H20 content

Vego, Tengattini, et al., Soft Matter (2022)
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Water sensitive material (e.g.,
Medidicines, food)

Neutrons

XRays
Humid Air

Cous Cous

Societal problem: Caking –
loss of usability of food
exposed to humidity
Horizon 2020 ITN

Contact Analysis

Vego, Tengattini, et al., Soft Matter (2022)
Vego, Tengattini, et al., Granular Matter (2023)
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Heating construction
materials to high
temperatures

neutrons

x-rays

heater at
140 C

concrete

Tudisco et al., Measurement Science and Technology (2017)
Roubin et al., Cement and Concrete Composites (2019)
Sleiman, Cement and Concrete Research (2021)
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Heating construction
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concrete

Phase map

Segmented image

Joint histogram

Tudisco et al., Measurement Science and Technology (2017)
Roubin et al., Cement and Concrete Composites (2019)
Sleiman, Cement and Concrete Research (2021)
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x-ray neutrons
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Heating construction
materials to high
temperatures

neutrons
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Szymczak et al., EGU (2021)
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Other applications

The combination of neutron and x-rays allow for 
advanced segmentation and image processing [1-3]

corrosion

Segmentation from 
combined x+n

x-ray neutron

concrete

Neutron and x-ray imaging are highlty complementary 
e.g., to identify organic material

x-rayneutron

rock from antactica containing fossilized plant

hydrogen-rich
organic matter

fissures
induced by fossil

[1]Robuschi et Al., Cement and Concrete Research (2021)
[2]Tudisco et Al., Measurement Science and Technology (2017)
[3]Roubin et Al., Cement and Concrete Composites (2019)
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30 minute tomographies at 30um

Ziesche et Al. 2020 Nature Comm.
Ziesche et Al. 2020 J. Electrochem. Soc.
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Neutron and X-ray Tomography in Grenoble

https://next-grenoble.fr

Tengattini et al. Neutron (and X-ray) imaging for porous media 41 / 54



What is (neutron) imaging?
Hydro-thermo-chemo-mechanics though neutron imaging

Hydro-thermo-chemo-mechanics though neutron (and x-ray!)
The instrument, Conclusions and Prospectives

What can NeXT do?
NeXT 1.0
The project
A zoom on the upgrades
Conclusions

Neutrons or and X-Rays!

Element
cross section

Hydrogen

Boron

Carbon

Oxygen

Iron

Nickel

Lead

Deuterium

neutronsx-rays

Titanium

neutron
source

neutron detectorx-ray detector

x-ray
source

sp
e
ci

m
e
n

   NeXT-Grenoble:
Neutron and X-ray Tomography in Grenoble

https://next-grenoble.fr

* Flux 2E8n/cm2/s

* resolution < 4 µm

* 1 second tomos 

* FOV <165x165 mm

* 40 to 150 KV* resolution > 5 µm* FOV <160x170 mm*9 to 30 FPS
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temporal resolution: 1.5s tomographies

Totzke et al., 2019 Optics Express
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spatial resolution: ≤ 3 µm resolution (pixel 0.75 um)
4.1 mm 1 mm

~ 4 µm spokes

Tengattini, Kardjilov, Helfen et al., 2022 Optics Express

Tengattini et al. Neutron (and X-ray) imaging for porous media 44 / 54



What is (neutron) imaging?
Hydro-thermo-chemo-mechanics though neutron imaging

Hydro-thermo-chemo-mechanics though neutron (and x-ray!)
The instrument, Conclusions and Prospectives

What can NeXT do?
NeXT 1.0
The project
A zoom on the upgrades
Conclusions

spatial resolution: ≤ 3 µm resolution (pixel size 1.5µm)

∼10h tomo Tengattini, et al., 2022 Optics Express
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The old instrument (NeXT V.1.0)/ D50Tomo

Pinhole 1.5 to 30 mm

10m wavelength

2.8 A

~1.5 108 n/cm2/s
@ L/D~ 330

1.4 1010 n/cm2/s
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Dauti et Al. Cement and Concrete Research (2018)
Stavropoulou et Al. Acta Geotecnica (2018)

Stavropoulou et Al. Frontiers in Earth Science (2020)

Ziesche et Al. Nature Communications (2020)
Ziesche et Al. Journal of the Electrochemical Society (2020)

Martinez et Al. Applied Energy Materials (2019)

Totzke et Al. Optics Express (2019)
Lukich et Al. Materials Letters (2020)
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Advanced processing Polarised Energy Selective

Grating
Interferometry

Simultaneous 5D x+n
 at high speeds
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The status quo
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Temendous possibilities from Neutron and x-ray imaging

Neutron Imaging now down to ≤ 4µm resolution and up to 1s
tomographies (at much coarser resolutions)

These images are quantitative, i.e., they are data

Plenty of things to fix, plenty of things to develop, in
particular in the joint use of x-rays and neutrons

there is still plenty of work (and fun) ahead!
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Want to know more?

About neutron (plus x-ray) imaging review papers:

For Geomechanics: Tengattini et al., Geom. Ener. Envir.
(2021)
For Material science : Kardjilov et al., Materials today (2018)
For Fluid Flow: Perfect et al., Earth Science Review (2014)

about NeXT-Grenoble:

Tengattini et al., Nucl. Inst. Met. Phys. Res. A (2020)
contact@next-grenoble.fr

https://next-grenoble.fr/
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Many many people to thank!
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