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Introduction
- Due to high costs of zeolite membranes, highly permeable ultra-thin membranes

are needed [1] and such membranes have been reported by several groups [2-4].

- The mass transport in thick membranes can be described by an adsorption-diffusion
mechanism [5-7].

- Here, we assume an adsorption-diffusion mechanism and estimate diffusion
coefficients from experimental data for our ultra-thin MFI membranes and compare
with diffusivities estimated by Krishna [5].

Conclusion
- Transport of CO2, CH4, and H2 through a 500 nm ultra-thin MFI membrane was evaluated in this study.

- Results clearly demonstrate that the mass transport of these small molecules through the membrane cannot (only) be
limited by diffusion.

- Other mass transfer resistances must be involved, which may explain the low observed diffusivities.

- Further modelling work is ongoing to unravel the real mass transfer process.
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Method
- Eq. 1-2 describe the flux through the zeolite pores by an adsorption-diffusion

mechanism with temperature dependent diffusivity according to Arrhenius law [8].

- The loading (θi ) was estimated from a single-site Langmuir adsorption isotherm,
with adsorption parameters taken from literature.

- The flow through the support was assumed to be a combination of Poiseuille flow
and Knudsen diffusion. This was necessary to estimate 𝜃𝜃𝐿𝐿𝑖𝑖 .

- Experimental single component permeation data for a 500 nm thick MFI membrane
supported on a graded porous alumina disc were recorded as a function of
temperature for CO2, H2 and CH4 at a feed pressure of 4.5 bar.
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Results and Discussion
- Fig. 1 shows that the zeolite crystals are inter-grown and form a continuous

membrane without defects.

- Fig. 2 shows the experimental single component permeation data (points) and the
model (lines) after fitting D0

i and -∆Ediffusion to the experimental data.

- Table 1 summarizes the results. The single component flux at 300 K is 3
mol/(m2·s)) or higher for all components. This high flux is an effect of the low
thickness of the film and high permeability of the graded support.

- The estimated diffusivities are 3-5 times smaller than the ones reported by Krishna
et al [5]. Also, the estimated ∆Ediffusion seems unrealistically large (more than 50% of
the heat of adsorption) for H2. Even more noticeable is that the estimated ∆Ediffusion

is negative for CO2!

Figure1. SEM images of MFI membrane: left) top view, right) cross-section Table 1. Experimentally determined fluxes and fitted D0
i and -∆Ediffusion.
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𝐽𝐽𝑖𝑖𝑧𝑧 = 𝐷𝐷0𝑖𝑖

𝐿𝐿
𝜃𝜃0𝑖𝑖 − 𝜃𝜃𝐿𝐿𝑖𝑖 𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖 𝜀𝜀 (Eq.1)                       

𝐷𝐷0𝑖𝑖 = 𝐴𝐴𝑒𝑒−
∆𝐸𝐸𝑑𝑑𝑖𝑖𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑑𝑑𝑑𝑑

𝑅𝑅𝑅𝑅 (Eq. 2)
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Figure2. Measured (points) and estimated (solid lines) single component 
fluxes for CO2, CH4 and H2 over the MFI membrane. 

Component
H2 CH4 CO2

Flux at 300 K (mol/(m2·s)) 3.1 4.5 3.0
𝐷𝐷0𝑖𝑖 · 108 (m2/s) at 300K (present work) 1.5 0.35 0.15

𝐷𝐷0𝑖𝑖 · 108 (m2/s) at 300K [5] 8 1.4 0.45
𝐷𝐷0𝑖𝑖 Krishna/ 𝐷𝐷0𝑖𝑖 present work 5 4 3
∆𝐸𝐸𝑑𝑑𝑖𝑖𝑑𝑑𝑑𝑑𝑑𝑑𝑠𝑠𝑖𝑖𝑑𝑑𝑑𝑑 (kJ/mol) (present work) 4 8 -7 !
ΔHads. (kJ/mol) -7.0 -20 -25
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