Correlating topology and performance of membrane filter pore
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Abstract

We Investigate the correlation between
the performance of membrane filter pore
networks and their topological properties,
In order to discover optimal pore
topologies for membrane filter design.

We use persistent homology as our
principal tool for quantifying topological
features, where the radii of a network’s
pores are represented by a collection of
points in two-dimensional space known as
a persistence diagram. The data encoded
In these persistence diagrams are then
statistically correlated with certain
performance metrics, particularly with total
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Fig. 2: Example of the persistence diagram for a
simple network.

A feed solution is driven by a fixed pressure through the
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Fig. 4: Total persistence (loops) vs. porosity.
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v. €V . : Network nodes in the lower membrane
surface

(v»v;) € E . Network edges (filter pores)
q;{(?) : Flux through pore (v;, v;) at time ¢

Total persistence has some predictive power
for determining total throughput.

@ : Porosity (normalized sum of the pores’
volumes).

rii» i © Radius and length of pore (v;, V) This predictive power is mostly restricted to

TP; : Total persistence of i"* PD noise variations and loops.

Correcting for porosity variations due to
pore size variations may change the results.

Future Work: We will try other, more
complex measures than total persistence.

(b;,d;) : Coordinates of a persistence diagram

B: : Number of generators in i"* PD
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Fig. 1: Two-dimensional cross-section of a
membrane filter with network-type pore structure

[1] We will also simulate larger systems, to
reduce the noise in our results.
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connected components (sets of connected
pores in a network), and /loops (cycles of
network pores).

* The longer-lived features are considered to be
more significant than shorter-lived features.

Fig. 3: Total throughput vs. total persistence.

Under noise perturbations and for loops, there is
a positive correlation between total throughput

and total persistence (TP).
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