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Investigating Flow Distribution
and Its Effects on Scale-Up

Performance of a Multicapsule Depth Filtration System

Mike Collins, Hamid Lari, Scott Anderson, Riidiger Leibnitz, Anil Kumar, and Ralf Kuriyel

epth filtration is widely used
in the biopharmaceutical
industry to purify target
proteins by removing whole
cells, cellular debris, fines, aggregates,
and colloidal particles from the
fermentation broth (1,2). At large scale
(>2,000 L), culture harvest from a
bioreactor is typically processed with a
disc-stack centrifuge to remove cells
and cell debris. Although
centrifugation is very effective for
removing whole cells and larger
debris, it cannot remove small-size
particles, which remain suspended in
the centrate. Depth filters are
commonly used after centrifuges to
remove smaller impurities before
further processing downstream.
Accurate scale-up of bioseparation
unit operations adds value by
expediting a development process and
allowing for the use of lower safety
margins in sizing filtration area,
which improves process economics.
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For depth filtration, the scale-up
criteria are to use the same filter

media, operating flux, feed volume per

unit area of filter media, feed solution,
and temperature. To process large
quantities of fluid, one approach is to
vertically stack several capsules
containing depth filter media. For
such systems, it is important to
develop an understanding of flow
distribution, which in turn affects the
operating flux across each capsule and
thus filtration performance.

LARGE-SCALE DEPTH FILTRATION

To process large quantities of centrate,
multiple depth filter capsules are often
used in parallel within a filtration
chassis (Figure 1) (1). A vertical
arrangement of capsules is preferred
over a horizontal arrangement for
various reasons including ease of
installation, preuse venting and
draining of the assembly, as well as
reducing the footprint for the overall
system (3). A stacked system is
designed to operate in multiple
configurations based on the location
of feed and filtrate ports (Figure 1).
Within such systems, although all the
capsules are connected in parallel,
variations in differential pressure are
expected, and therefore velocities will
vary across different capsules (4-6).

It is well known that the
differential pressure across a filter
medium affects both flux and
volumetric throughput, which is
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Figure 1: Two feed inlet and filtrate outlet
configurations — (Top) bottom-in, bottom-out
and (BoTTom) bottom-in, top-out; schematic
shows the fluid flow path in a multicapsule
depth filtration system for both configurations.
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Figure 2: Experimental setup showing the
location of inlet and outlet ports, capsules,
and pressure sensors in a depth filtration
system with 10 2-m? capsules

Figure 3: Differential pressure across various capsules (numbered bottom to top in the stack)
normalized with differential pressure (NDP) across capsule 1 in a system with 10 (4, 8) and five (c, D)
2-m? capsules; (A) and (c) show data for bottom-in, bottom-out configurations; (8) and (D) show

data for bottom-in, top-out configurations at different fluxes.
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described by filtrate volume per unit area of depth filter
media (7). To date, little work has been done to examine
the effects of such variations on the scalability of depth
filtration systems (3, 8). We investigated the effects of
operating flux and various inlet-outlet configurations on
the pressure profile across a vertically configured stack of
depth filter capsules held in place within a stainless steel
chassis (Figure 2) — and the subsequent effects on their
filtration capacities.

MATERIALS AND METHODS

To evaluate the effect of operating flux and inlet-outlet
configurations on the pressure and flow distribution in a
multiple-capsule system, we conducted water flow tests
through 10 capsules (total effective filtration area of 20
m?). Each capsule contains depth filter media encapsulated
in a cage-like structure, which provides support and serves
to distribute feed solution to the available filter area. We
tested single-layer depth filter media with a retention
rating of 0.1-0.3 pm and a filter permeability of 120
LMH/psi (1,764 LMH/bar) with both inlet—outlet
configurations (Figure 1).

A single-layer depth filter capsule has twice the filter
area of dual-layer media in the same size capsule. So a
single-layer capsule will require a higher flow rate at a
given feed flux, which in turn increases pressure loss
associated with the filtration system. Our water flow tests
were performed at three fluxes (100, 200, and 300 LMH)
spanning the typical operating range for depth filtration
applications in biopharmaceutical processing (9, 10). On the
feed side, pressure for each capsule was recorded using
specially installed pressure sensors along the height of the
system (Figure 2). Pressure on the filtrate side was
measured at the top and bottom of the system, and we
assumed a linear profile for the pressure drop along the

filtrate manifold. Figure 3 shows differential pressures
across each capsule, normalized with respect to the
differential pressure across capsule 1 (at the bottom of the
stack), for various inlet—outlet configurations and fluxes.

RESULTS AND DiscussioN

As expected, for both configurations hydrostatic pressure
does not affect the relative differential pressure across the
capsules because the feed and filtrate sides across each
capsule are at the same height — and therefore will have
the same magnitude of hydrostatic pressure. The main
driver behind differences in the profile of differential
pressures for the two configurations is the direction of flow
in the feed and filtrate manifolds. Figure 3 shows that a
more uniform differential pressure distribution is achieved
with bottom-in, top-out configuration. Flows in the feed
distributor and filtrate collector are concurrent (Figure 18),
and differential pressures across the 10 capsules were
within 30% of each other. For five-capsule systems, the
difference was even smaller (<20%)).

Although, as expected, the differential pressure across
each capsule increases with increasing flux (data not
shown), the uniformity of differential pressure along the
system is not affected by the magnitude of flux (Figure 3).
Increasing fluxes within such a system can affect pressure
distribution in two ways. First, pressure drops in the feed
and filtrate manifolds will increase because of higher flow
rates associated with higher flux. Second, pressure drop in
the feed distributor will decrease as result of fluid transfer
across the capsules — thus decreasing the fluid velocity. A
similar but opposite trend will be observed in the filtrate
collector as a result of receiving additional fluid across the
capsules. Understanding the relative contribution of these
effects will require further investigation and remains
outside the scope of this report.



Figure 4: Scalability of a multicapsule depth filtration system; (LerT) shows results for the filtration of yeast simulant with bottom-in, top-out
configuration; (RIGHT) shows throughput ratios relative to throughput of a capsule for both inlet/outlet configurations.
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We then investigated the effect of
differential pressure variation on the
filtration capacity of a multicapsule
system. To eliminate variations
resulting from media lot variation, we
used the same lot for all filter
capsules. The challenge solution was a
mixture of homogenized yeast and
whole yeast to simulate a mammalian
cell culture.

All the filters were first flushed
with water to the recommended
volumetric throughput. The challenge
solution was then filtered at flow
rates calculated based on a system
average flux rate of 300 LMH.
Pressures were recorded across each
filter capsule and at the inlet and
outlet of the system. For throughput
comparison, we used the differential
pressure across inlet and outlet of the
large-scale system. Figure 4 reports
the relative performance of one- and

10-capsule systems. Throughput
values for the large (20 m?) and
scaled down (2 m?) systems lie within
2% for the bottom-in, top-out
configuration (Figure 4a). As Figure
4B shows, the performance of a
10-capsule system is much closer to
that of a single-capsule system with
the bottom-in, top-out configuration.
We investigated the evolution of
pressure distribution as a function of
throughput to determine whether the
differential pressure increase was
significantly different for different
capsules. Figure 5 shows pressure
profiles for both bottom-in, bottom-
out and bottom-in, top-out operating
configurations plotted against system
throughput normalized with a single-
capsule system. The profiles show
that as filtration proceeds, the
difference in differential pressure
across the top and bottom capsules
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remained essentially constant until
late stages of filtration, which
suggests that each capsule is operating
independently. During the late stages,
a similar magnitude of differential
pressures was recorded across all 10
capsules. The effect was more
noticeable with the bottom-in,
bottom-out configuration (Figure 5a).
The dataset (Figure 48 and Figure 5)
strongly suggests that an improved
scale-up performance with bottom-in,
top-out configuration resulted from a
more uniform pressure/flow profile
across different capsules (Figure 3).
Our results show that an
understanding of the fluid mechanics
and flow distribution in a
multicapsule depth filtration system is
essential to achieving optimal
performance and good scale up with
relatively lower safety margins to
improve overall process economics.

Figure 5: Plot shows differential pressure profile across capsules in a multiple-capsule and single-capsule system for (LerT) bottom-in, bottom-out and
(RIGHT) bottom-in, top-out configurations. Capsule 1 (yellow) is located at the bottom, and capsule 10 (blue) is located at the top of the multiple-capsule
system. Black data represent the differential pressure profile across a single-capsule system.
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