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The Case for Hybrid Ceramic Bearings in Food Processing Manufacturing

In the high-pressure, highly regulated environment of food process manufacturing, equipment
performance and reliability are critical. Bearings, a key component in many machines, are often
subjected to extreme conditions, including high-pressure washing, exposure to caustic foaming
agents, and the risk of contamination. Standard stainless-steel bearings, while widely used, are
prone to failure in such environments, leading to costly downtime, product spoilage, and
increased maintenance expenses. Hybrid stainless ceramic bearings present a superior
alternative, offering unmatched durability, efficiency, and safety.

Challenges with Standard Stainless Bearings

Food processing environments necessitate rigorous cleaning protocols involving high-pressure
water and caustic foaming agents. These fluids and chemicals can degrade bearing seals,
compromising the lubrication and leading to corrosion. This degradation results in:

e Lubrication Corruption: Exposure to cleaning agents allows contaminants to infiltrate
the bearing, causing wear and increasing the likelihood of failure.

o Corrosion and Spalling: Stainless steel balls are susceptible to spalling, a condition
where load-induced deformation causes metal flakes to separate. These flakes become
embedded/mashed into both the ball and race, leading to premature failure and
potentially contaminating the production line.

The Advantages of Hybrid Ceramic Bearings

Hybrid ceramic bearings, which combine stainless steel races with silicon nitride ceramic balls,
address these challenges effectively. Their unique properties make them ideal for the
demanding conditions of food processing:

1. Chemical Inertness: Silicon nitride ceramic balls are highly inert, resisting chemical
reactions with cleaning agents and other contaminants. They are also up to 40% lighter
than comparable stainless-steel balls (this difference in mass aids in lowering friction,
the ability, in some cases, to increase speed by up to 50%). This makes them
significantly more durable than their stainless-steel counterparts in harsh environments.

2. Reduced Lubrication Dependence: Ceramic hybrids can often operate lubrication-free
due to their low friction coefficient, which can be up to ten times lower than that of
stainless-steel bearings. This reduces the risk of lubrication contamination and extends
bearing life.

3. Enhanced Durability:
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o Harder and Smoother: Silicon nitride ceramic balls are harder, smoother, and
rounder than steel balls, minimizing wear and tear.
o Spalling Resistance: Unlike steel balls, ceramic balls do not deform under load,
eliminating spalling and ensuring longer operational life.
o Glassy Surface: The ceramic’s glass-like surface resists media adhesion,
reducing the risk of bacteria generation from trapped debris.
Energy Efficiency: The lower friction of hybrid ceramic bearings translates into
meaningful energy savings. By reducing mechanical resistance, these bearings
contribute to overall equipment efficiency.
Downtime Reduction: Hybrid ceramic bearings’ durability reduces bearing-related
downtime by up to 60%, significantly impacting productivity. In food processing, where
unplanned downtime can cost up to $30,000 per hour, this reduction is a game-changer.
For broader industries, downtime averages $260,000 per hour, as reported by Aberdeen
Research. The cost of downtime can be calculated by multiplying the minutes of
downtime by the cost per minute. For small businesses, the cost per minute is $427, and
for medium and large businesses it's $9,000.
Improved Hygiene with Flange Blocks: When hybrid ceramic ball bearings are
installed in hygienic flange blocks featuring stand-offs, fluids, and caustics can be
successfully evacuated, reducing the opportunity for bacteria to develop. Flat-backed
flange blocks provide a seal, but that seal is only as good as the true flatness of the
substrate (typically stainless steel). Fluids and caustics can become trapped behind the
flange block, creating a potential bacteria generation point. Similarly, without stand-offs
that allow space for fluid and caustic evacuation, the flange block becomes a shelf
where these substances can pool, further increasing bacterial risks. Bacteria generation
is a paramount concern for food processing and biopharma facilities.
Electrical Insulation and Temperature Benefits: Ceramic hybrid bearings are
electrically insulated and do not suffer electrical arcing failures like steel balls. This
makes them particularly effective in motors controlled with Variable Frequency Drives
(VFR), eliminating the need for expensive grounding rings. Additionally, ceramic hybrid
bearings operate at temperatures up to 64°F lower than steel, significantly extending
lubrication life.

Hybrid ceramic bearings, which combine stainless steel races with silicon nitride ceramic balls,
address these challenges effectively. Their unique properties make them ideal for the
demanding conditions of food processing:

1.

Chemical Inertness: Silicon nitride ceramic balls are highly inert, resisting chemical
reactions with cleaning agents and other contaminants. They are also up to 40% lighter
than comparable stainless-steel balls (this difference in mass aids in lowering friction,
the ability, in some cases, to increase speed by up to 50%). is makes them significantly
more durable than their stainless-steel counterparts in harsh environments.

Reduced Lubrication Dependence: Ceramic hybrids can often operate lubrication-free
due to their low friction coefficient, which can be up to ten times lower than that of
stainless-steel bearings. This reduces the risk of lubrication contamination and extends
bearing life.

3. Enhanced Durability:

o Harder and Smoother: Silicon nitride ceramic balls are harder, smoother, and
rounder than steel balls, minimizing wear and tear.

o Spalling Resistance: Unlike steel balls, ceramic balls do not deform under load,
eliminating spalling and ensuring longer operational life.



o Glassy Surface: The ceramic’s glass-like surface resists media adhesion,
reducing the risk of bacteria generation from trapped debris.

4. Energy Efficiency: The lower friction of hybrid ceramic bearings translates into

meaningful energy savings. By reducing mechanical resistance, these bearings
contribute to overall equipment efficiency.

Downtime Reduction: Hybrid ceramic bearings’ durability reduces bearing-related
downtime by up to 60%, significantly impacting productivity. In food processing, where
unplanned downtime can cost up to $30,000 per hour, this reduction is a game-changer.
For broader industries, downtime averages $260,000 per hour, as reported by Aberdeen
Research. The cost of downtime can be calculated by multiplying the minutes of
downtime by the cost per minute. For small businesses, the cost per minute is $427, and
for medium and large businesses it's $9,000.

Improved Hygiene with Flange Blocks: When hybrid ceramic ball bearings are
installed in hygienic flange blocks featuring stand-offs, fluids, and caustics can be
successfully evacuated, reducing the opportunity for bacteria to develop. Flat-backed
flange blocks provide a seal, but that seal is only as good as the true flatness of the
substrate (typically stainless steel). Fluids and caustics can become trapped behind the
flange block, creating a potential bacteria generation point. Similarly, without stand-offs
that allow space for fluid and caustic evacuation, the flange block becomes a shelf
where these substances can pool, further increasing bacterial risks. Bacteria generation
is a paramount concern for food processing and biopharma facilities.

The Cost of Bearing Failure

Bearing failure in food processing can have severe consequences, including:

Spoiled Goods: Delicate food products are highly time-sensitive, and equipment
downtime can render entire batches unusable.

Missed Deadlines: Downtime can disrupt production schedules, which can lead to
missed deadlines. This can damage a plant's reputation, lower customer confidence,
and drive clients to competitors.

Regulatory Violations: Contamination from bearing failure can lead to non-compliance
with food safety regulations, legal ramifications, and product call-backs further escalating
costs.

Typical Applications

Hybrid ceramic bearings are widely used in industries where reliability, hygiene, and durability
are critical. Common applications include:

Food Processing Equipment: Conveyors, mixers, filling systems, and packaging
machines.

Biopharma Equipment: Sterilizers, centrifuges, filling systems, dispensing, and
agitators.

Chemical Processing: Pumps and compressors handling corrosive agents.
High-Cleanliness Environments: Laboratories and cleanroom machinery.
Aerospace: Aircraft systems where reduced weight and low magnetic signature are
critical.

Semiconductor Manufacturing: Ultra-clean environments requiring bearings that do
not generate debris or particulates.



e Vacuum Pumps: Applications where chemical inertness and clean operation are
essential.

e Cryogenic Pumps: High-performance bearings in extremely low-temperature
environments.

o Satellite/Space Systems: Lightweight and inert bearings suitable for challenging
conditions in space.

e Marine Applications: Bearings resistant to corrosion and harsh marine environments.

o Motor Bearings: Unlike steel balls, hybrid ceramic bearings are electrically insulated
and do not experience electrical arcing failures, particularly in motors controlled with
Variable Frequency Drives (VFR). They also eliminate the need for expensive grounding
rings. Additionally, hybrid ceramic bearings operate at lower temperatures compared to
steel motor bearings, significantly extending lubrication life.

Hybrid ceramic bearings are widely used in industries where reliability, hygiene, and durability
are critical. Common applications include:

o Food Processing Equipment: Conveyors, mixers, filling systems, and packaging
machines.

o Biopharma Equipment: Sterilizers, centrifuges, filling systems, dispensing, and
agitators.

e Chemical Processing: Pumps and compressors handling corrosive agents.

e High-Cleanliness Environments: Laboratories and cleanroom machinery.

o Aerospace: Aircraft systems where reduced weight and low magnetic signature are
critical.

e Semiconductor Manufacturing: Ultra-clean environments requiring bearings that do
not generate debris or particulates.

¢ Vacuum Pumps: Applications where chemical inertness and clean operation are
essential.

e Cryogenic Pumps: High-performance bearings in extreme low-temperature
environments.

o Satellite/Space Systems: Lightweight and inert bearings suitable for challenging
conditions in space.

e Marine Applications: Bearings resistant to corrosion and harsh marine environments.

Hybrid ceramic bearings are widely used in industries where reliability, hygiene, and durability
are critical. Common applications include:

o Food Processing Equipment: Conveyors, mixers, filling systems, and packaging
machines.

o Biopharma Equipment: Sterilizers, centrifuges, filling systems, dispensing, and
agitators.

e Chemical Processing: Pumps and compressors handling corrosive agents.

e High-Cleanliness Environments: Laboratories and cleanroom machinery.

Why Choose Hybrid Ceramic Bearings?
The upfront investment in hybrid ceramic bearings is offset by their long-term benefits:

o Extended Bearing Life: Reduced wear and resistance to harsh conditions extend
service intervals, lowering replacement and maintenance costs.



o Improved Safety and Compliance: Inert materials and smoother surfaces minimize
contamination risks, ensuring compliance with stringent food safety standards.

o Operational Efficiency: Lower energy consumption and reduced downtime enhance
overall productivity and profitability.

Conclusion

Maintenance MRO

"It's not the cost of the bearing, It's the cost of Downtime."
OEM Manufacturers

"It's not the cost of the bearing, It's the cost of non-acceptance/sign-off for a system, and your
reputation.”

For food processing manufacturers, the choice between standard stainless steel and hybrid
ceramic bearings is clear. Hybrid ceramic bearings offer a combination of durability, efficiency,
and safety that standard options cannot match. By mitigating the risks associated with high-
pressure washing, caustic chemicals, and contamination, these bearings provide a reliable
solution to one of the industry’s most pressing challenges. Investing in hybrid ceramic bearings
is not just an upgrade; it's a commitment to quality, efficiency, and peace of mind in an
increasingly competitive and regulated market.
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