
INL is a U.S. Department of Energy National Laboratory operated by Battelle Energy Alliance, LLC

INL/CON-24-77536-Revision-0

Hydrogen transport in
yttrium hydride under
asymmetric heat

May 2024

Hanns Anton Gietl, Sebastian Carmine Corbisiero, M. Nedim Cinbiz, Chase N
Taylor



DISCLAIMER

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the U.S. Government or any agency thereof.



INL/CON-24-77536-Revision-0

Hydrogen transport in yttrium hydride under
asymmetric heat

Hanns Anton Gietl, Sebastian Carmine Corbisiero, M. Nedim Cinbiz, Chase N
Taylor

May 2024

Idaho National Laboratory
Idaho Falls, Idaho 83415

http://www.inl.gov

Prepared for the
U.S. Department of Energy

Under DOE Idaho Operations Office
Contract DE-AC07-05ID14517



Hydrogen transport in yttrium hydride 
under asymmetric heat

Hanns Gietl1, Chase N. Taylor1, M. Nedim Cinbiz1, Sebastian Corbisiero1

1Idaho National Laboratory, Idaho Falls, ID 83415, USA

May 8, 2024

Presenter: Chase N. Taylor



Background
• Hydrogen diffusion in metals is driven by:

− A hydrogen concentration gradient:
−𝐷𝐷∇𝑐𝑐

− A temperature gradient:     
−𝐷𝐷 𝑄𝑄∗𝑐𝑐

𝑅𝑅𝑅𝑅2
∇𝑇𝑇

• Thermal diffusion (Soret effect) is often 
neglected because:

− Assumed uniform temperature.
− The Soret coefficient is unknown 

(experiments are difficult).
• The need to consider the Soret effect:

− Any hydrogen situation where there is 
a temperature gradient.

• Any pin or tube e.g. hydrate 
moderator

• Fusion plasma facing surfaces.

Diffusion model
𝐽𝐽𝑑𝑑𝑑𝑑𝑑𝑑 = −𝐷𝐷∇𝑐𝑐 − 𝐷𝐷

𝑄𝑄∗𝑐𝑐
𝑅𝑅𝑅𝑅2

∇𝑇𝑇
𝐷𝐷 𝑚𝑚2𝑠𝑠−1 = diffusivity
𝑐𝑐 𝑚𝑚−3 = dissolved Q atom concentration in metal
𝑄𝑄∗ 𝐽𝐽 𝑚𝑚𝑚𝑚𝑚𝑚(𝑄𝑄2)−1, 𝑜𝑜𝑜𝑜 𝐽𝐽 𝑚𝑚3 = Soret coefficient
𝑅𝑅 = 8.3145 × 10−3 𝑘𝑘𝑘𝑘 𝑚𝑚𝑚𝑚𝑚𝑚−1𝐾𝐾−1

𝑇𝑇[𝐾𝐾] = temperature

Experiments are difficult
• Imposing a temperature gradient 

causes the hydrogen to redistribute.
• Releasing the gradient will cause the 

hydrogen to redistribute, again. 
• Possible solutions.

− Assess the hydrogen distribution 
while a temperature gradient is 
imposed.

− Quench the sample.



HEATD Hydrogen Experimental Apparatus for 
Thermal Diffusion 

Front
Front-right

• Hotter side temperature:
− Heater is able to 

reach closer to 
1000ºC.

− Planned: ~900ºC

• Colder side temperature: 
− Heater is able to 

reach closer to 
1000ºC.

− Can range from RT 
to close to hot side 
temperature

Figure 4: Temperature distribution of the YH2 sample

Ar quenching

Hotter side Colder side



Current status and 
Experiments of HEATD

• Successful set up of system
• Successful heating for 1h, 

10h, 100h and subsequentially 
liquid Ar quenching

Liquid Ar quenching 
starts, Heater off

Quenching and 
specimen disassembly

Specimen is out 
quenching is stopped

Heater:
SP 870˚C

Cold Side

Hot Side

TC 4, 3, 2, 1 

10 h run with quenching

Specimen


