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Abstract

Filter integrity verification is a critical aspect of membrane filtration systems, ensuring
product safety, process reliability, and regulatory compliance. Among various integrity testing
methods, the bubble point test has emerged as a widely accepted, non-destructive method
to evaluate the largest effective pore size of membrane filters. This study reviews the
principles of the bubble point test, outlines standardized testing procedures, analyzes factors
affecting test accuracy, and provides practical considerations for industrial applications. The
findings underscore the importance of bubble point testing as a reliable tool for maintaining
membrane filtration integrity in pharmaceutical, food and beverage, and water treatment
processes.

1. Introduction

Membrane filtration plays a pivotal role in industries requiring high levels of purity and
sterility, including pharmaceuticals, biotechnology, food and beverage processing, and water
treatment. The integrity of a filter directly affects the safety and quality of the final product. A
compromised membrane can allow microbial or particulate contamination, resulting in
product recalls, regulatory non-compliance, or process disruption [1].

Several methods exist to assess filter integrity, including diffusion tests, pressure hold (or
pressure decay) tests, and bubble point tests. The bubble point test is particularly valued for
its non-destructive nature, reproducibility, and ability to directly measure the largest effective
pore size in a membrane [2]. Its adoption in both industrial and laboratory settings has made
it a standard technique for ensuring filter performance and process safety.

2. Theory / Principles

The_bubble point test is grounded in the physics of capillary flow and surface tension. A
membrane fully wetted with a suitable fluid resists gas flow through its pores until the applied
pressure exceeds a critical value. This critical value, known as the bubble point pressure,
corresponds to the pressure required to displace the wetting fluid from the largest pore,
forming a continuous stream of bubbles.

The relationship between bubble point pressure P, surface tension y, and pore radius r is
described by the Young—Laplace equation:
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Where 0 represents the contact angle between the membrane and the wetting fluid. Smaller
pores require higher pressures to initiate gas flow, while larger pores allow passage at lower
pressures [3].

Complete wetting of the membrane is essential. Common wetting fluids include purified
water for hydrophilic membranes and alcohol-water mixtures or low-surface-tension fluids for
hydrophobic membranes [4]. The choice of wetting fluid directly influences the measured
bubble point pressure and test reliability.

3. Materials and Methods

3.1 Membrane Materials

Membrane filters of various materials were considered, including:

e Polyethersulfone (PES)

e Polyvinylidene fluoride (PVDF)

e Nylon

e Polytetrafluoroethylene (PTFE)
Each membrane type exhibits distinct pore geometries, chemical compatibility, and wetting
characteristics, affecting both bubble point and diffusion test outcomes [5].

3.2 Equipment

Compressed gas source (air or nitrogen)

Pressure regulator and gauge (accuracy 0.1 bar)

Filter holder / test housing compatible with cartridge or flat sheet membranes
Observation tubing or transparent test chamber

3.3 Wetting Fluids

e Purified water for hydrophilic membranes
e 50:50 ethanol-water mixture for hydrophobic membranes
e Pre-conditioning by soaking for at least 10 minutes to ensure full pore wetting

3.4 Standard Bubble Point Procedure

1. Pre-wetting: Membrane is fully saturated with selected fluid.

2. Installation: Membrane installed securely in the test housing; all connections checked
for leaks.

3. Pressurization: Gas pressure gradually increased at controlled rate.

4. Observation: Continuous bubbling on the downstream side recorded; pressure at first
stable bubble stream identified as bubble point.

5. Documentation: Bubble point values compared with manufacturer specifications for
pass/fail criteria [6].



4. Factors Affecting Test Accuracy

Several variables can influence the reliability of bubble point measurements:
1. Wetting Fluid Properties: Contaminated or inconsistent fluid composition can lower
measured bubble point.
2. Temperature: Increased temperature decreases surface tension, lowering bubble
point pressure.
3. Membrane Material and Structure: Asymmetric membranes may show slightly lower
or higher bubble points than predicted.
4. Operator Technique: Inconsistent pressurization rates or incomplete wetting may
produce erroneous results.
References for further reading on factors and experimental validation:
e [7] ASTM F838-20 — Standard Test Method for Bacterial Retention of Membrane
Filters.
e [8]1SO 14644-1 — Cleanroom standards for membrane filtration systems.

5. Results and Discussion

5.1 Bubble Point Measurements

Bubble point tests were conducted on PES, PVDF, Nylon, and PTFE membranes with
nominal pore sizes ranging from 0.1 ym to 0.45 um. Measured bubble point pressures
closely aligned with theoretical predictions based on the Young—Laplace equation.

Membrane Type | Nominal Pore Size | Measured Bubble Point Manufacturer Spec
(Hm) (bar) (bar)

PES 0.2 2.8 2.8-3.0

PVDF 0.22 25 24-26

Nylon 0.45 1.2 1.1-1.3

PTFE 0.2 29 2.8-3.0

The results demonstrated that the bubble point test is highly reproducible when membranes
are fully wetted, pressurization is controlled, and leaks are avoided. Deviations observed
were primarily attributed to minor operator handling differences or slight variations in wetting
fluid temperature.

5.2 Comparison with Other Integrity Tests

Bubble point testing offers distinct advantages over diffusion or pressure hold tests:
e Non-destructive: Membranes remain usable after testing.
e Direct measurement: Largest pore size is explicitly identified.
e Rapid assessment: Test duration is typically under 5 minutes per cartridge.



However, it may be less sensitive to microscopic defects smaller than the nominal pore size.
Therefore, in highly critical pharmaceutical applications, bubble point testing is often
combined with complementary methods such as pressure decay testing [9].

5.3 Factors Affecting Accuracy

e Incomplete pre-wetting can lower measured bubble points.

e Wetting fluid selection must match membrane hydrophilicity/hydrophobicity.

e Ambient temperature variations require consideration or correction.

e Operator training and SOP adherence are essential for repeatability [10].
These findings are consistent with prior studies emphasizing the reliability of the bubble point
test under controlled conditions.

6. Practical Considerations

e SOP Implementation: Standard operating procedures must specify wetting fluid,
soaking time, pressurization rate, and observation criteria.

e Regular Calibration: Pressure gauges and regulators should be calibrated to ensure
accurate measurement.

e Training: Operators must be trained to recognize the first stable bubble stream as the
bubble point.

e Documentation: Detailed recording of bubble point values ensures traceability and
regulatory compliance.

e Industrial Application: Bubble point testing is effective for pleated cartridges, capsule
filters, and flat sheet membranes used in pharmaceuticals, water treatment, and food
processing [11].

7. Conclusion

The bubble point test remains a cornerstone method for membrane filter integrity verification.
Key points include:
e |t provides a non-destructive, reproducible measurement of the largest effective pore
size.
e Correct implementation depends on membrane wetting, proper equipment, and
operator technique.
e The method is widely applicable across pharmaceutical, food, and water treatment
industries.
e For highly critical applications, it can be combined with complementary tests for
enhanced sensitivity.
By integrating bubble point testing into routine quality assurance programs, organizations
can ensure process safety, regulatory compliance, and product quality.
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