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In the complex landscape of petroleum refining, the Fluid Catalytic Cracking unit,
commonly referred to as the f cc unit, stands as one of the most critical secondary
conversion processes. Its primary function is to convert high-boiling,
high-molecular-weight hydrocarbon fractions of petroleum crude oils into more
valuable gasoline, olefinic gases, and other products. Because the f cc unit
operates under extreme conditions—including high temperatures, high pressures,
and the presence of abrasive catalyst particles—the precision of level
measurement and control is paramount to both operational efficiency and plant
safety.

For process engineers and instrumentation specialists, understanding the nuances
of level detection within the f cc unit is essential. This guide explores the various
measurement technologies used in these units, the challenges posed by the
environment, and the criteria for selecting the most robust instrumentation
solutions.

The Critical Role of Level Measurement in FCC
Operations

The f cc unit is often described as the "heart" of a modern refinery. It utilizes a
fluidized bed of catalyst to facilitate chemical reactions. Managing the inventory of
this catalyst, as well as the liquid levels in associated vessels like the fractionator
and the gas concentration section, requires highly reliable instrumentation.

Inaccurate level readings in an f cc unit can lead to several catastrophic or
sub-optimal outcomes:

1. Catalyst Loss: Incorrect level readings in the regenerator or reactor can lead to
catalyst being carried over into the flue gas or product streams, resulting in
significant economic losses.

2. Process Upsets: Fluctuations in the catalyst bed level can disrupt the heat
balance between the reactor and the regenerator, leading to unstable operation.

3. Safety Hazards: Overfilling vessels or losing the liquid seal in high-pressure
separators can result in equipment damage or hazardous releases.
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Given these risks, the selection of level measurement devices must account for the
specific physical and chemical properties of the media within each section of the f
ccC unit.

| Measurement Principles for Harsh Environments

Before selecting a specific instrument for an f cc unit, it is necessary to understand
the underlying measurement principles. The environments within these units are
characterized by temperatures that can exceed 700°C (1,292°F) and the presence
of fine, abrasive catalyst dust.

| Radar Level Measurement

Radar technology is widely favored in refinery applications due to its non-contact
nature. It operates by emitting electromagnetic pulses that reflect off the surface
of the medium.

Non-Contact Radar (80 GHz): High-frequency radar provides a narrow beam angle,
which is beneficial in vessels with internal obstructions like cyclones or spray
headers. It is effective for both liquid and solid (catalyst) levels.

Guided Wave Radar (GWR): This technology uses a probe to guide the signal. While
highly accurate for interface measurements (such as oil-water separators), the
probe must be constructed from materials capable of withstanding the high
temperatures and erosion found in the f cc unit.

| Magnetic Level Gauges

Magnetic level gauges (MLGs) provide a clear visual indication of liquid levels and
are often paired with reed chain transmitters or magnetostrictive sensors for
remote monitoring. They operate on the principle of buoyancy, where a float
containing a magnet moves with the liquid level, actuating a series of flags or a
transmitter outside the pressure chamber. This is particularly useful for
high-pressure vessels where a direct sight glass would be a safety risk.
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| Hydrostatic and Differential Pressure

Hydrostatic level measurement relies on the pressure exerted by a liquid column.
In the f cc unit, differential pressure (dP) transmitters are frequently used to
measure the level and density of the fluidized catalyst bed. By measuring the
pressure difference between two points in the vessel, engineers can calculate the
"apparent" level of the catalyst, provided the density is known or measured
simultaneously.

| Key Application Areas within the F Cc Unit

The f cc unit consists of several distinct sections, each presenting unique
challenges for level instrumentation.

| 1. The Reactor and Regenerator

These are the most demanding environments. The reactor is where the cracking
occurs, and the regenerator is where carbon (coke) is burned off the catalyst.
Here, level sensors must deal with:

Fluidized Solids: The catalyst behaves like a fluid but is actually a solid powder.
Extreme Heat: Temperatures often range from 500°C to 760°C (932°F to 1,400°F).

Abrasive Nature: The catalyst particles can quickly erode standard sensor
housings.

For these areas, specialized high-temperature radar or dP systems with purge air
(to prevent nozzle plugging) are standard.
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| 2. The Main Fractionator

The fractionator separates the cracked hydrocarbon vapors into different products.
Level control in the fractionator bottom is critical to prevent "coking" of the heavy
cycle oil. Magnetic level gauges and high-accuracy radar units are commonly
employed here to monitor the liquid levels of heavy oils.

| 3. Catalyst Hoppers and Storage

Fresh and spent catalyst must be stored and metered into the system. Ultrasonic
level sensors or non-contact radar are typically used in these lower-temperature
storage vessels. Ultrasonic sensors are cost-effective but must be used where dust
levels do not significantly attenuate the sound signal.

| Technical Selection Criteria and Comparison

Choosing the right instrument for an f cc unit involves balancing accuracy,
maintenance requirements, and initial cost. The following table provides a general
comparison of technologies suitable for various points within the unit.
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80GHz Radar Catalyst Hoppers,

Reactor

Guided Wave Radar Separators, Interface

Fractionator, Steam
Drums

Magnetic Gauge

Hydrostatic (dP) Regenerator Bed

Level

Ultrasonic Water Treatment,

Storage

Non-contact, high
precision, handles
dust well.

Excellent for
interface; unaffected
by vapor space.

Visual backup; no
moving parts in
contact with
electronics.

Proven technology;
can measure density
and level.

Low cost; easy
installation.

Requires specialized
cooling for extreme
heat.

Probe erosion in
high-velocity catalyst
streams.

Limited to liquid
applications; float
must match density.

Density changes
affect level accuracy;
nozzles can plug.

Sensitive to
temperature
fluctuations and
heavy dust.

When evaluating these options, it is helpful to Review product options and
application support to ensure the selected hardware meets the specific pressure
and temperature ratings of the project site.

| Installation and Maintenance Best Practices

Even the most advanced level meter will fail if not installed and maintained

correctly within the f cc unit environment.

| Nozzle Design and Purging

In catalyst-handling vessels, nozzles are prone to plugging. To mitigate this,
"purge" systems are installed. A small, continuous flow of air or steam is injected
into the nozzle to keep catalyst particles out of the sensing element. For dP
transmitters, ensuring the impulse lines are properly sloped and purged is critical
for long-term reliability.

Welk Reference Guide



WELK REFERENCE GUIDE F Cc Unit

| Heat Mitigation

For electronic instruments like radar transmitters, the ambient temperature near
the vessel can exceed the operating limits of the electronics. Insulation of the
vessel, use of neck extensions (to move the electronics away from the heat
source), and sometimes active cooling (vortex coolers) are required to prevent
premature failure.

| Calibration and Verification

In an f cc unit, the density of the media can change based on the crude oil slate or
the catalyst activity. Regular calibration of dP-based systems is necessary. For
radar units, periodic verification against a secondary manual measurement or a
magnetic gauge is recommended during scheduled turnarounds.

|Frequent|y Asked Questions (FAQs)

Q: Why is non-contact radar preferred over ultrasonic sensors in the reactor
section?

A: The reactor section of an f cc unit involves high temperatures and high-pressure
vapors. Ultrasonic signals travel via sound waves, which are heavily influenced by
the gas density, temperature, and composition. Radar uses electromagnetic
waves, which are virtually unaffected by these process conditions, making it far
more reliable in the reactor environment.

Q: How do you handle the high erosion caused by the catalyst?

A: For contact-based instruments like GWR probes or dP diaphragms, specialized
coatings (such as Stellite or ceramic) are used. For non-contact radar, the sensor is
often protected behind a process seal or window made of high-strength,
heat-resistant materials like quartz or specialized ceramics.

Q: Can one instrument type be used for the entire f cc unit?
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A: Generally, no. The diverse range of media—from fluidized catalyst powders to
heavy oils and steam—requires a mix of technologies. For example, while radar is
excellent for the catalyst bed, a magnetic level gauge might be better for a
high-pressure steam drum associated with the unit's heat recovery system.

| Conclusion

Successfully managing the level measurement requirements of an f cc unit
requires a deep understanding of both the process chemistry and the physics of
measurement. By selecting robust technologies like high-frequency radar,
magnetic level gauges, and specialized hydrostatic transmitters, refinery operators
can ensure the safety and productivity of their facility.

When planning an upgrade or a new installation, always consult with experienced
manufacturers who offer a range of solutions—from ultrasonic sensors for utility
water to advanced radar for catalyst beds. For detailed specifications and
engineering support, visiting the Main Page of a dedicated level measurement
provider can provide the technical documentation necessary to make an informed
decision.
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