Nir Process Sensors

A practical guide to nir process sensors, covering the reader intent, the
relationship to nir process sensors, key evaluation criteria, common risks, and the

information the intended project audience should confirm before taking the next
step.
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In the landscape of modern industrial automation, the ability to monitor process
variables in real-time is the cornerstone of operational efficiency. While traditional
instrumentation focuses on physical parameters such as pressure, temperature,
and volume, nir process sensors have emerged as a critical tool for analyzing the
chemical composition and quality of materials directly within the production line.
By utilizing Near-Infrared (NIR) spectroscopy, these sensors provide
non-destructive, instantaneous data that allows manufacturers to maintain tight
control over their processes without the delays associated with off-site laboratory
testing.

For engineers and plant managers already utilizing advanced level measurement
solutions from manufacturers like Welk, integrating NIR technology represents the
next step in comprehensive process transparency. While a radar level meter or an
ultrasonic sensor tells you exactly how much material is in a vessel, an NIR sensor
tells you exactly what that material consists of. Together, these technologies form
a complete picture of the process state.

| Measurement Principles of NIR Process Sensors

Near-Infrared spectroscopy operates in the wavelength range of approximately
780 nm to 2500 nm. This region of the electromagnetic spectrum is particularly
useful because it interacts with the overtones and combination bands of molecular
vibrations, specifically those involving hydrogen bonds such as C-H, O-H, and N-H.

| The Physics of Absorption

When NIR light is directed at a sample, certain wavelengths are absorbed by the
molecules based on their specific chemical bonds. The remaining light is either
reflected (in the case of solids and powders) or transmitted (in the case of liquids
and gases). By measuring the intensity of the light that returns to the detector, the
sensor can determine the concentration of specific components within the matrix.
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This relationship is governed by the Beer-Lambert Law, which states that the

absorbance of a substance is directly proportional to its concentration and the path

length of the light. In a B2B process environment, this allows for the quantification
of parameters such as:

Moisture content in grains, chemicals, or minerals.
Fat, protein, and sugar levels in food processing.
Solvent concentration in chemical synthesis.

Polymerization progress in plastics manufacturing.

| Reflectance vs. Transmittance

Selecting the correct measurement mode is vital for accuracy:

Diffuse Reflectance: Used primarily for solids, powders, and slurries. The sensor
captures light that has scattered off the surface and near-surface layers of the
material.

Transmittance: Used for clear liquids or thin films. The light passes through the
sample to a detector on the opposite side, providing a representative
measurement of the entire volume.

| Synergies with Level Measurement Systems

In many industrial applications, nir process sensors and level measurement
instruments are used in tandem to provide a multi-dimensional view of a storage
tank or reactor. For instance, in a large chemical storage vessel, a Welk
hydrostatic level transmitter or a high-frequency radar meter provides the
essential volume data required for inventory management and overfill prevention.
Simultaneously, an NIR probe installed in a bypass loop or through a sapphire
window in the tank wall monitors the purity of the stored chemical.
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Level Measurement Role NIR Sensor Role

Inventory Management Tracks volume and mass Identifies grade and purity of
(metric tons). raw materials.

Batch Reaction Monitors vessel filling and Determines the reaction
depletion. endpoint (conversion rate).

Quality Control Ensures correct dosing Verifies the homogeneity of
volumes. the final mixture.

Safety & Compliance Prevents tank overfills and Detects hazardous moisture
dry runs. levels or contaminants.

For more information on integrating these technologies into your facility, you can
Review product options and application support on the Welk Main Page.

| Key Evaluation Criteria for NIR Sensors

When specifying nir process sensors for industrial use, several technical factors
must be evaluated to ensure the instrument can withstand the rigors of the plant
floor while maintaining analytical precision.

| 1. Optical Configuration

Industrial NIR sensors generally fall into three categories based on their internal
hardware:

Filter-based Photometers: These use discrete optical filters to measure specific
wavelengths. They are robust and cost-effective for simple applications like
moisture measurement but lack the flexibility for complex multi-component
analysis.

Diode Array (DA) Spectrometers: These have no moving parts and can capture a
full spectrum in milliseconds. They are ideal for high-speed moving product lines,
such as conveyor belts.

Fourier Transform (FT-NIR): These offer the highest resolution and wavelength
precision. While traditionally more sensitive, modern process-grade FT-NIR
systems are now ruggedized for plant use.
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| 2. Environmental Protection

Given that many level measurement applications occur in harsh environments, NIR
sensors must match the durability of the surrounding equipment. Look for ratings
such as IP67 or IP69K for washdown environments. If the sensor is installed in a
hazardous area (e.g., oil and gas or chemical processing), ATEX or IECEx
certification for explosive atmospheres is mandatory.

| 3. Probe Interface and Path Length

The interface between the sensor and the process is critical. For liquids, a
flow-through cell or an insertion probe is common. The "path length"—the distance
the light travels through the sample—must be optimized. If the path length is too
long, the signal will be too weak (opaque); if it is too short, the sensitivity will be
insufficient.

| Practical Selection Table for NIR Technologies

m Filter Photometer Diode Array (DA) FT-NIR

Spectral Range Limited (Fixed) Broad (780-1700 nm) Very Broad
(800-2500 nm)

Resolution Low Medium High
Measurement Speed < 1 second < 0.1 seconds 1-5 seconds
Moving Parts Minimal None Interferometer
Best Application Simple moisture/fat High-speed Complex chemical
conveyors mixtures

| Installation and Engineering Considerations

Successful deployment of nir process sensors requires more than just high-quality
hardware; it requires careful physical integration into the process stream.
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| Mounting Locations

In-line: The sensor is placed directly in the main process pipe. This provides the
most immediate data but requires the process to be stopped for maintenance.

On-line (Bypass): A portion of the process fluid is diverted through a smaller pipe
where the sensor is located. This allows for easier cleaning and calibration without
interrupting the main flow.

At-line: A sample is manually taken and placed in a sensor located next to the
production line. This is slower but often more accurate for highly heterogeneous
materials.

| Optical Windows

In many cases, the sensor does not touch the material directly. Instead, it looks
through a window made of sapphire or specialized silica. Sapphire is preferred in
industrial settings because of its extreme hardness (9 on the Mohs scale) and
chemical resistance, allowing it to withstand abrasive slurries and corrosive acids
that might damage standard glass.

| Distance and Alignment

For reflectance measurements on a conveyor belt, the distance between the
sensor head and the product should be kept constant (typically between 100 mm
and 300 mm). Variations in height can lead to signal fluctuations. In these
scenarios, combining the NIR sensor with an ultrasonic level sensor to monitor the
product height can allow for real-time distance compensation in the software.

| Limitations and Common Risks

While powerful, nir process sensors are not "plug-and-play" devices. They are
secondary measurement techniques, meaning they must be calibrated against a
primary reference method (such as Karl Fischer titration for moisture or HPLC for
chemical concentration).
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1. Chemometric Complexity: The raw data from an NIR sensor is a complex
spectrum. To turn this into a usable concentration value, mathematical models
(chemometrics) like Partial Least Squares (PLS) must be developed. This requires
significant initial data collection.

2. Sample Heterogeneity: If the material is not uniform, the sensor may provide
misleading results. For example, if moisture is concentrated in the center of a large
grain kernel, a surface-level reflectance sensor might under-report the total
moisture.

3. Temperature Sensitivity: NIR spectra are sensitive to temperature changes,
which can shift absorption bands. Integrated temperature compensation or
controlled-temperature sampling cells are often necessary for high-precision
applications.

4. Ambient Light Interference: In open-air installations (like over a conveyor), stray
sunlight or overhead factory lighting can interfere with the detector. Proper
shielding is essential.

| Frequently Asked Questions (FAQ)

Q: Can NIR sensors replace all laboratory testing?

A: While they can significantly reduce the frequency of lab tests, they usually do
not replace them entirely. The lab remains the "gold standard" used to periodically
verify and update the NIR calibration models.

Q: How often do NIR sensors need to be recalibrated?

A: The hardware itself is very stable. However, the calibration model may need
adjustment if the raw material source changes or if there is a significant shift in the
manufacturing process. Many systems include internal reference standards to
check for hardware drift daily.

Q: Are nir process sensors suitable for measuring gases?

A: NIR can measure gases, but because gas molecules are much less dense than
liquids or solids, very long path lengths (often several meters) or high-pressure
cells are required to get a sufficient signal.
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Q: What is the typical lifespan of the light source?

A: Most NIR sensors use tungsten-halogen lamps, which have a lifespan of 10,000
to 20,000 hours. Many modern sensors feature dual-lamp systems that
automatically switch to a backup if the primary lamp fails, ensuring 24/7 uptime.

| Conclusion

Integrating nir process sensors into an industrial workflow allows for a level of
precision that was previously unattainable outside of a laboratory. By providing
real-time chemical data, these sensors empower operators to make immediate
adjustments, reducing waste and ensuring product consistency. When paired with
reliable physical measurement tools—such as the radar and ultrasonic level
meters provided by Welk—NIR sensors complete the instrumentation suite
necessary for a truly smart factory.

For technical specifications on level measurement and how it integrates with your
analytical sensors, visit the Welk Main Page to explore our full range of industrial
solutions.



