Resin Silo

A practical guide to resin silo, covering the reader intent, the relationship to resin
silo, 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 plastics and polymer processing industries, the resin silo serves as the
primary storage vessel for raw materials such as polyethylene (PE), polypropylene
(PP), polystyrene (PS), and polyvinyl chloride (PVC). These silos are essential for
maintaining a continuous supply of material to extrusion lines, injection molding
machines, and compounding systems. However, managing the inventory within a
resin silo presents unique engineering challenges, primarily due to the physical
properties of plastic pellets and powders, such as low dielectric constants, high
dust generation, and the formation of steep angles of repose.

Accurate level measurement in a resin silo is not merely a matter of inventory
tracking; it is a critical safety and efficiency requirement. Overfilling can lead to
costly material waste and equipment damage, while unexpected stockouts can
halt entire production lines. This guide explores the technical considerations for
resin silo management, focusing on the measurement technologies and installation
strategies required to ensure reliable performance in industrial environments.

Understanding Resin Silo Dynamics and Material
Properties

Before selecting a measurement technology, it is necessary to understand the
behavior of the media stored within the silo. Resin materials typically come in the
form of pellets (nurdles), flakes, or fine powders. Each form interacts differently
with level sensing equipment.

| Dielectric Constant ($er$)

One of the most significant factors in electronic level measurement is the dielectric
constant of the resin. Most plastic resins are insulators with low dielectric
constants, typically ranging from 1.7 to 2.5. In radar-based measurement, a lower
dielectric constant means that a smaller portion of the electromagnetic signal is
reflected back to the sensor, while more of the signal penetrates the material. This
requires high-sensitivity sensors capable of processing weak return signals.
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| Angle of Repose and Surface Profile

Unlike liquids, solid resins do not maintain a level surface. As material is fed into
the silo, it forms a cone (filling cone), and as it is discharged, it forms a depression
(emptying cone). The angle of repose—the steepest angle at which the material
remains stable—varies by resin type and moisture content. This irregular surface
can deflect radar or ultrasonic waves away from the sensor, leading to signal loss
if the instrument is not positioned correctly.

| Dust and Pneumatic Conveying

Resin silos are frequently filled using pneumatic conveying systems. This process
generates significant amounts of dust and creates a turbulent atmosphere inside
the silo. Dust can coat sensor faces or attenuate ultrasonic signals, while the
moving air and suspended particles can create "noise" that interferes with
accurate readings.

| Measurement Principles for Resin Level Sensing

Several technologies are employed to monitor resin silos, each operating on
different physical principles. Choosing the correct principle depends on the silo
geometry and the specific resin characteristics.

| 1. Non-Contact Radar (80 GHz)

High-frequency FMCW (Frequency Modulated Continuous Wave) radar, particularly
operating at the 80 GHz band, is the current industry standard for resin silos. The
sensor emits a continuous signal with a varying frequency. The difference between
the emitted and received frequency is proportional to the distance.

Advantage: The narrow beam angle (often as small as 3 degrees) allows the
sensor to avoid internal obstructions like ladders or braces. The high frequency
provides better reflection from low-dielectric plastic pellets.



Resin Silo

Limitation: Extremely low-dielectric powders may still require specialized signal
processing or a larger antenna.

| 2. Guided Wave Radar (GWR)

GWR utilizes a cable or rod probe that extends to the bottom of the silo. A
microwave pulse travels along the probe, reflects off the material surface, and
returns to the transmitter.

Advantage: Since the signal is concentrated around the probe, it is highly effective
for materials with very low dielectric constants. It is unaffected by dust or
pneumatic filling noise.

Limitation: In tall resin silos, the downward pull (tensile load) of the settling plastic
pellets on the cable can be massive, potentially damaging the silo roof or the
sensor probe. Heavy-duty cables and reinforced mounting are mandatory.

| 3. Ultrasonic Sensors

Ultrasonic transmitters emit a sound pulse that reflects off the material surface.
The time-of-flight determines the distance.

Advantage: Cost-effective for smaller silos and non-dusty environments.

Limitation: Sound waves are easily absorbed by loose granules and scattered by
dust. They are generally not recommended for large resin silos or those filled
pneumatically.

|4. Electromechanical Systems (Plumb Bob)

This traditional method involves a weight attached to a cable that is lowered at
intervals. When the weight touches the material, the tension change is sensed, the
distance is recorded, and the weight is retracted.

Advantage: Completely unaffected by the dielectric properties of the resin or dust.
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Limitation: Mechanical wear and tear; it provides periodic rather than continuous
real-time data.

| Selecting the Right Level Meter for Resin Silos

When evaluating options on a Main Page for level instrumentation, engineers must
weigh the trade-offs between accuracy, maintenance, and initial cost. The
following table provides a comparison of common technologies used in resin
storage.

Technology Suitability for Suitability for Dust Maintenance
Pellets Powders Resistance Requirement

80 GHz Radar Excellent Very Good High Low
(Non-contact)

Guided Wave Good (Watch Excellent Excellent Moderate
Radar load) (Probe wear)
Ultrasonic Fair Poor Low Moderate
(Cleaning)
Plumb Bob Good Good Excellent High
(Mechanical)
Capacitance Fair Good Moderate Moderate

| Installation Best Practices and Positioning

Correct installation is as vital as selecting the right technology. In a resin silo, the
goal is to map the surface accurately while avoiding interference.

1. Avoid the Filling Stream: Never install a sensor directly above the inlet. The
falling resin will block the signal and may cause physical damage to the sensor.

2. Positioning Relative to the Radius: For silos with a center fill and center
discharge, the ideal mounting position is typically at 1/2 to 2/3 of the radius from
the center. This provides a measurement that represents the average volume,
accounting for the angle of repose.
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3. Nozzle Height and Diameter: For radar sensors, the nozzle should be as short as
possible. If the nozzle is too long, the radar signal may reflect off the internal
edges of the pipe before reaching the silo interior, creating a "dead zone" at the
top of the tank.

4. Aiming Flanges: Because resin surfaces are often angled, using an adjustable
aiming flange (swivel holder) allows the technician to direct the radar beam toward
the center of the material slope, maximizing signal return.

5. Isolation Valves: For powders that require frequent maintenance, installing a
full-port ball valve between the silo and the sensor allows for removal without
depressurizing or emptying the silo.

| Overcoming Common Challenges in Resin Storage

| Static Electricity

Plastic resins are excellent insulators and generate significant static charges
during pneumatic transport. This static can interfere with electronic components.
Ensure that the level meter is properly grounded and that the sensor housing is
rated for the specific hazardous zone (Ex-rated) if the resin dust is combustible
(common with certain PS or PE powders).

| Condensation and Buildup

In outdoor silos, temperature fluctuations can cause condensation on the interior
roof and sensor face. While 80 GHz radar is resistant to some buildup, excessive
moisture combined with resin dust can create a crust. Sensors with PTFE-faced
antennas or air-purge connections are recommended to keep the lens clean.
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| Tank Structural Interference

Internal cooling coils, manway ladders, and reinforcement beams can create false
echoes. Modern radar transmitters include "False Echo Suppression" software,
which allows the user to map out these fixed reflections so the sensor ignores
them and only tracks the moving material surface.

| Frequently Asked Questions (FAQs)

Q: Can | use a radar sensor for PVC powder?

A: Yes, but PVC powder often has a very low dielectric constant and creates
significant dust. An 80 GHz radar with a large lens antenna or a Guided Wave
Radar with a single-pole cable is usually required for reliable tracking.

Q: How do | calculate the weight of the resin based on the level?

A: Level meters measure distance or height. To determine weight, you must input
the silo's strapping table (volume at different heights) and the bulk density of the
resin. Note that bulk density can vary based on how tightly the pellets are packed
at the bottom of a tall silo.

Q: Is a point level switch necessary if | have a continuous level transmitter?

A: Yes. In industrial B2B applications, it is standard safety practice to use an
independent high-level switch (such as a vibrating fork or rotary paddle) as a
redundant backup to prevent overfills in case the primary transmitter fails or is
undergoing maintenance.

Q: What is the maximum height an 80 GHz radar can measure in a resin silo?

A: Most high-end industrial radar units can measure up to 30 meters (approx. 98
feet) or even 100 meters in specialized versions, making them suitable for the
largest storage silos used in the industry.

By following these technical guidelines and selecting equipment designed for
low-dielectric solids, plant operators can maintain precise control over their resin
silo inventory, ensuring smoother production cycles and reduced operational risk.



