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In the landscape of industrial packaging and material science, the ability to
guantify gas permeability is essential for maintaining product shelf life and
structural integrity. A CO2 transmission rate tester (CO2TR tester) is a specialized
analytical instrument designed to measure the rate at which carbon dioxide gas
permeates through plastic films, composite membranes, high-barrier materials,
and finished packages. For industries such as food and beverage, pharmaceuticals,
and chemical manufacturing, understanding these barrier properties is as critical
as monitoring the storage levels of the fluids within those containers. While
instruments from companies like Welk focus on the precise measurement of liquid
and solid levels in tanks via radar or ultrasonic technology, the CO2 transmission
rate tester ensures that the materials containing those substances meet rigorous
permeability standards.

| Measurement Principles of CO2 Transmission

Before selecting a CO2 transmission rate tester, it is vital to understand the two
primary physical principles used to determine gas permeability: the differential
pressure method and the equal pressure (sensor) method. Both are governed by
international standards such as ASTM D1434 and ASTM F2476.

#### The Differential Pressure Method (Manometric)

The differential pressure method, often referred to as the vacuum method, relies
on a pressure gradient. The testing cell is divided into two chambers: a
high-pressure chamber and a low-pressure (vacuum) chamber. The
specimen—typically a film or sheet—is placed between them.

1. Evacuation: Both chambers are evacuated to a near-vacuum state.

2. Injection: CO2 gas is introduced into the high-pressure chamber at a controlled
pressure (e.g., 100 kPa or 0.1 MPa).

3. Permeation: The CO2 molecules permeate through the material into the
low-pressure chamber.

4. Detection: The instrument measures the minute increase in pressure in the
lower chamber over time.
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This method is highly versatile because it allows for the testing of various gases
using the same equipment, provided the sensors can handle the pressure changes
accurately.

#### The Equal Pressure Method (Infrared Sensor)

In the equal pressure method, the total pressure on both sides of the specimen
remains equal (usually atmospheric pressure), but a partial pressure gradient is
maintained.

1. Flow Control: The upper chamber is filled with the test gas (CO2), while the
lower chamber is swept with a carrier gas (usually nitrogen).

2. Diffusion: CO2 molecules diffuse through the material into the nitrogen stream.

3. Analysis: The carrier gas transports the permeated CO2 to a high-precision
infrared (IR) sensor.

4. Quantification: The sensor calculates the concentration of CO2, which is then
converted into a transmission rate.

This method is particularly effective for testing finished packages like bottles or
pouches, where maintaining a vacuum would be physically impossible without
collapsing the specimen.

| Technical Specifications and Evaluation Criteria

When evaluating a CO2 transmission rate tester for industrial B2B applications,
several technical parameters must be scrutinized to ensure the data is actionable
for quality control and R&D.

Test Range: The instrument must cover the expected permeability of the
materials. High-barrier materials may require a sensitivity of 0.01
cm3/m2-24h-0.1MPa, while breathable films for agricultural use may require a much
higher range.
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Temperature and Humidity Control: Gas transmission is highly dependent on
environmental conditions. Most professional testers include an integrated thermal
jacket or Peltier system to maintain temperatures between 5°C and 50°C (£0.1°C).
Humidity control is equally important, especially for hydrophilic materials.

Number of Diffusion Cells: For high-throughput environments, multi-cell testers (3
or 6 cells) allow for simultaneous testing of multiple samples, increasing statistical
reliability and decreasing lead times.

Calibration Standards: Ensure the device supports calibration via certified
reference films to maintain traceability in 1SO-certified laboratories.

|Industria| Applications and Material Testing

The CO2 transmission rate tester serves several critical roles across diverse
sectors. In the carbonated beverage industry, the retention of CO2 is the primary
factor in product quality. If the PET bottle or the lining of a metal can has a high
CO2 transmission rate, the beverage will lose its effervescence prematurely.
Engineers use these testers to optimize the thickness of barrier layers, balancing
cost with performance.

In the medical sector, certain medications are sensitive to pH changes caused by
CO2 ingress or egress. Testing the primary packaging ensures that the chemical
stability of the drug is maintained throughout its shelf life. Similarly, in the
chemical industry, CO2-sensitive reagents must be stored in containers with
verified barrier properties.

For facilities managing large-scale storage of these chemicals or beverages, the
material integrity verified by a CO2TR tester works in tandem with active process
monitoring. For instance, while the tester ensures the tank lining is sufficient, a
Main Page solution provides the real-time data needed to manage inventory and
detect leaks through volume changes.

| Practical Selection Table for CO2TR Testers
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Differential Pressure Equal Pressure (IR Sensor)
Method Method

Primary Standard ASTM D1434, ISO 2556 ASTM F2476

Best For Flat films, R&D, multiple gas Finished packages (bottles),
types high-accuracy CO2

Sensitivity Moderate to High Very High

Sample Preparation Simple flat cutouts Requires specialized

mounting for bottles

Gas Requirements High purity CO2 CO2 and Nitrogen (carrier
gas)
Testing Speed Generally slower (requires Generally faster (continuous
vacuum) flow)

| Installation and Environmental Considerations

To achieve repeatable results with a CO2 transmission rate tester, the installation
environment must be strictly controlled. Unlike industrial level meters that are
designed for rugged outdoor or factory floor environments, gas permeability
testers are precision laboratory instruments.

1. Vibration Isolation: The sensors used to detect minute pressure or concentration
changes are sensitive to mechanical vibration. The unit should be placed on a
heavy, stable lab bench.

2. Gas Supply: High-purity CO2 (99.999%) is typically required. Pressure regulators
must be high-quality to prevent fluctuations that could interfere with the sensor
readings.

3. Ventilation: While the amounts of CO2 used in testing are small, proper
laboratory ventilation is necessary to prevent the accumulation of gas and to
ensure the ambient CO2 |levels do not interfere with the sensor’s baseline.

4. Power Stability: Voltage fluctuations can impact the temperature control
systems. An Uninterruptible Power Supply (UPS) is recommended for long-duration
tests, which can sometimes last several days for high-barrier materials.
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| Integration with Level Measurement Systems

In a comprehensive industrial automation strategy, the data from material testing
(CO2TR) and process measurement (level) are complementary. For example, in a
CO2 recovery plant or a brewery, engineers must monitor the liquid CO2 levels in
pressurized vessels. Welk’s radar level meters or hydrostatic transmitters provide
the continuous level data required for operational safety.

If a facility notices a discrepancy in gas volume that cannot be explained by
temperature or pressure changes, the material integrity of the storage system
comes into question. By referencing the CO2 transmission rate data of the tank's
seals or composite liners, maintenance teams can determine if the loss is due to
standard permeation or a mechanical failure. For those looking to upgrade their
process monitoring, you can Review product options and application support to
find the right level measurement technology for gas-pressurized environments.

| Limitations and Common Risks

While CO2 transmission rate testers are highly accurate, there are inherent
limitations to the technology:

Edge Leakage: If the specimen is not sealed correctly in the test cell, ambient air
can leak in, or the test gas can leak out, leading to false high readings. Using
high-quality vacuum grease and proper clamping force is essential.

Equilibrium Time: For high-barrier materials, it can take a significant amount of
time (sometimes 48-72 hours) for the gas transmission to reach a steady state.
Rushing the test will result in inaccurate, low-biased data.

Sensor Saturation: If a highly permeable material is tested on a sensitive IR sensor
without proper dilution or range adjustment, the sensor may saturate, potentially
leading to long recovery times or damage.

|Frequent|y Asked Questions (FAQs)

Q: What is the standard unit for CO2 transmission rate?
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A: The most common metric unit is cm3/m?2-24h-0.1MPa. This represents the
volume of gas (in cubic centimeters) that passes through one square meter of
material in 24 hours under a pressure difference of 0.1 Megapascals.

Q: Can a CO2 transmission rate tester also measure oxygen?

A: If the instrument uses the differential pressure method, it can generally
measure any non-corrosive gas, including 02, N2, and Air. However, if it uses the
equal pressure method with a specific CO2 infrared sensor, it is dedicated to CO2
only.

Q: How often should the instrument be calibrated?

A: For laboratory environments following ISO standards, calibration should be
performed at least once a year, or whenever there is a significant change in the
testing environment or a move of the equipment.

Q: Does thickness affect the transmission rate?

A: Yes. According to Fick's Law of Diffusion, the transmission rate is inversely
proportional to the thickness of the material. When comparing different materials,
engineers often use "Permeability Coefficient," which factors out thickness to
compare the intrinsic barrier properties of the polymer itself.

By combining the material insights provided by a CO2 transmission rate tester with
the precise process control offered by industrial level measurement instruments,
manufacturers can ensure both the quality of their packaging and the efficiency of
their production lines.
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