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Methodology
Incorporating Channel Heterogeneity
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Adsorbent Monoliths are Heterogeneous

Adsorbent monoliths are often used in carbon capture applications,
due to their favorable pressure drop and mass transfer
characteristics. Monoliths are often imperfect: they contain a
distribution of channels, due to defects in the die, inhomogeneous
drying or variations in the

deposition of the active coating layer.

Such wall and channel heterogeneity can

nave a profound impact on breakthrough
orofiles,1 > since the gas flow in each channel
necomes different. The effect on process
verformance, however, is not well understood.
Here we performed a theoretical study of the
effect of a wall size distribution in @ vacuum swing adsorption cycle
for CO, capture from a model flue gas (15% CO,).
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A Gaussian distribution of wall sizes was assumed, with standard
deviation 30 = 6%, 12%, 66%, 120%. Each monolith was cut into 5
channels, with a wall size equal to the average of a 20% part of the
distribution. Square channels were assumed.
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Ideal Monolith vs Imperfect System

Cycle parameters from the work of Farooq.®
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The recovery drops from 81% to 68%, the
throughput drops from 0.78 mmol/kg s

to 0.65 mmol/kg s and the energy demand
increases from 190 kWh/ton CO, to

251 kWh/ton CO, for the widest
distribution. Large defects can thus severely
impact performance.
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All performance parameters decrease with broader distribution.
Decrease in purity due to the larger amount of N, entrained in larger channels.
Decrease in recovery and productivity due to the more difficult desorption of CO,
from the smallest walls.
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