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Sunday, November 5, 2023 - possible failure due to hydrogen diffusion. One solution to this issue is the use of

>:00pm to 5:15pm high performance polymers to protect them against hydrogen penetration. Most
such materials are semicrystalline, as crystal domains are impermeable to gases.
The knowledge of gas diffusion in semicrystalline materials at moderate and high
pressures however is very scarce, both at the experimental and modeling level. In
this work, that involves different international groups and industrial partners, we
address this problem comprehensively using theoretical models and experimental
analysis. The aim is to obtain a reliable model which uses a few predictable

parameters to design materials with desired performance, and introduce the

innovation required for the hydrogen infrastructure.

Materials and Methods

The materials studied were High Density Polyethylene (HDPE) and Medium

Density polyethylene (MDPE) with different crystallinity.

Modeling: a multiscale modelling platform was developed using Molecular
Dynamics (MD) simulations to represent the polymeric structure at the atomistic
scale and the Lattice Fluid Equation of State (LF EoS) * for the calculation of the
phase equilibrium between the gas and the polymeric phase, which allows to
evaluate the gas sorption in the material. An additional parameter is introduced to
represent the constraint exerted by the crystal domains on the amorphous polymer
phase (Figure 1).3 Simulations of diffusion are carried out using the same MD

approach considered for gas solubility, and a Finite Volume model.

Experimental: A time-lag equipment (ASTM D1434) was used to determine

difficivitv and nermeahilitv on the different camnleq at the TThivergitv of Ralnona
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the Universidad Nacional del Sur.

Results and Discussion

Based on our preliminary analysis the multiscale approach for sorption agrees with
existing literature data for several gases in HDPE, based on only one adjustable
parameter, the constraint pressure p., which expresses the constraining effect of
the crystal phase on the amorphous one.# Figure 2 shows the example of CO,
solubility in HDPE at different temperatures, modeled using the multiscale model
for solubility and a p. value of 48 MPa.> Future efforts will be devoted to predict
this parameter based on a fully atomistic description of the semicrystalline system.
Hydrogen sorption and diffusion tests carried out at various temperatures and
pressures through the time-lag instrument shows consistent trends and allow to
understand the pressure and temperature dependencies, as well as the effect of the
polymers crystallinity on their performance, thus providing a validation to the

models developed.

Significance

A way to correlate the performance of materials for hydrogen handling to their

molecular structure using simple macroscopic adjustable parameters was

established, paving the way for the informed design of hydrogen-ready materials.

This research is part of the research program of the Dutch Polymer Institute (DPI),

nroiect K14+ Modellina and De<ian of Mhiilhinhace Polhiimmerie Materiale for Hinh

https://www.aiche.org/conferences/aiche-annual-meeting/2023/proceeding/paper/647f-experimental-and-theoretical-analysis-hydrogen-sorption-diffusion-and-permeation 3/6



16/5/24, 10:11 (647f) An Experimental and Theoretical Analysis of Hydrogen Sorption, Diffusion and Permeation in Semicrystalline Polymers | AIChE
References
L. UK Hydrogen Strategy, 2021 gov.uk/official-documents
2. Sanchez, 1.C., Lacombe, R.H. Macromolecules. 1978, 11, 1145.

3. Atiq, O., Ricci, E., Giacinti Baschetti, M., De Angelis, M.G. Fluid Phase

Equilib. 2022, 556.
4. Minelli, M., De Angelis, M.G. Fluid Phase Equilib. 2014, 367, 173.

5. Atiq, O., Ricci, E., Giacinti Baschetti, M., De Angelis, M.G., Fluid Phase

Equilib. 2023, submitted.

6. Von Solms, N., Nielsen, J.K., Hassager, O. Rubin, A., Dandekar, A.Y.,

Andersen, S.I., Stenby, E.H. Appl. Polym. Sci. 2004, 91, 1476.

Entanglement CO, solubility in HDPE am.

[ xT-250
07 FaT-32°C
sT-40°C
sr=s0°c |

@O, (2C0,/g HDPE ,,.)
-
2

Kea, wope = 000045 T © 0,059

Floating chain 0 &
[1] 1 2 3 4 s
Peop(MPa)
Figure 1. Representation of a semi-crystalline material topology using Figure 2. Multi-scale modelling of CO: solubility in semi-crystalline
Molecular Dynamics HDPE. Experimental solubility data points from ref. 6
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