BETA BAG FAILURE MODES:

Why Film Strength Matters in Modern Material Transfer
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TECHNICAL SUMMARY

BETA BAG FAILURE MODES

WHY FILM STRENGTH MATTERS IN MODERN MATERIAL TRANSFER

Beta bags have become a critical component of contamination-controlled manufacturing. Whether supporting
aseptic processing, cell and gene therapy production, sterile compounding, or biologics manufacturing, they provide
a practical method for moving materials into and out of isolators, RABS, and classified cleanrooms while maintaining
containment and reducing operational complexity.

@ For many years, beta bags were primarily used to transfer relatively simple items,
such as stoppers, caps, tools, and small production components.

For many years, beta bags were primarily used to transfer relatively simple items, such as stoppers, caps, tools, and
small production components. Today, however, the contents of a beta bag often look very different. Tubing manifolds
and single-use assemblies with filling needles, connectors, sensors, and other integrated components have become
commonplace. These assemblies are larger, heavier, and mechanically more demanding than the components that
originally defined the category. As transfer systems have evolved, so too have the failure mechanisms that threaten
containment integrity.

THE FAILURE MODE FEW PEOPLE TALK ABOUT

When discussing beta bag performance, most conversations focus on RTP compatibility, sterility, containment, or
docking performance. All of these attributes are important, but they are rarely the root cause of transfer-related
issues observed in manufacturing environments. Most mechanical failures begin long before a beta bag ever
reaches an alpha port.

The highest stresses placed on a transfer bag typically occur during loading, packaging, transportation, staging,
and handling. A hose barb resting against a folded film surface, a tubing clamp shifting during transport, or afilling
needle creating a concentrated point load can generate localized stress that challenges the mechanical limits of the
bag. In these situations, containment is no longer determined by the RTP interface, but rather by the strength of the
film itself.

(/\_’( COMPONENTS GROUP customerservice@carolinaflow.com «  www.carolinaflowcom + 919.635.8438

Flow Through Us



TECHNICAL SUMMARY

BETA BAG FAILURE MODES

THE EVOLUTION OF THE MODERN BETA BAG

As single-use technologies have become more sophisticated, manufacturers have increasingly asked beta bags
to perform functions they were never originally designed to support. What was once a transfer package for simple
consumables has become a transport system for complex assemblies containing rigid geometries, concentrated
loads, and multiple potential stress points. This evolution has elevated puncture resistance from a secondary
specification to a primary design consideration.

A film may satisfy basic performance requirements and still be vulnerable to damage during routine manufacturing
activities. The challenge is not simply passing a test. Instead, the challenge is maintaining a meaningful margin of
safety between normal handling conditions and containment failure.

ENGINEERING FOR MECHANICAL DURABILITY

The FlowLinX™ Beta Bag was developed with this reality in mind. Rather than focusing solely on RTP compatibility,
the system was engineered around the mechanical demands associated with modern single-use assemblies. The
bag utilizes a multilayer Nylon/EVOH/PE barrier film selected for strength, impact resistance, and durability while
maintaining compatibility with contamination-controlled manufacturing environments.

To better understand how the film would perform under real-world conditions, puncture resistance testing was
conducted in accordance with ASTM F1306-21 using a slow-rate penetration methodology. Testing evaluated film
performance at the beginning, middle, and end of multiple film rolls and assessed puncture resistance from both
directions through the laminate structure.

The results demonstrated remarkably consistent performance. Across all test conditions, the FlowLinX Beta

Bag achieved an overall average puncture force of approximately 47 N. Inside-to-outside testing averaged
approximately 53 N, while outside-to-inside testing averaged approximately 40 N. Individual test results reached as
high as 54.4 N while maintaining low variability throughout the roll.

What makes these results meaningful is not simply the peak value, but also the consistency. Manufacturers do not
just qualify a single bag, they qualify a process. Consistent mechanical performance from lot to lot and roll to roll
provides confidence that the assembly used tomorrow will perform like the assembly used today.
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TECHNICAL SUMMARY

BETA BAG FAILURE MODES

FILM STRENGTH IS ONLY VALUABLE IF IT PROTECTS THE PROCESS

Mechanical durability is meant to reduce risk. Every puncture
avoided prevents a potential contamination event. Every transfer
completed without film damage reduces operational disruption.
Every successful movement of a fully integrated assembly through a
containment boundary protects both product and process.

The value of enhanced puncture resistance becomes particularly
apparent when transferring assemblies that include filling needles,
tubing sets, filters, molded components, and other features

capable of creating concentrated loads against the film surface.
These applications have become routine throughout modern
biopharmaceutical manufacturing. As the complexity of transferred
assemblies continues to increase, the mechanical robustness of the
transfer bag becomes increasingly important.

CONCLUSION

The question facing manufacturers today is no longer whether a
beta bag can dock to an RTP system. The more important question
is whether the bag can withstand everything that happens before
docking occurs.

Film strength, puncture resistance, and mechanical durability
rarely receive the same attention as sterility or containment
during supplier selection. Yet these characteristics often
determine whether a transfer system performs reliably under real
manufacturing conditions. As single-use assemblies continue

to evolve, understanding the relationship between film strength
and transfer risk is becoming essential to building a robust
contamination-control strategy.
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