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Introduction

For over 100 years, compressed air has been recognized as a safe and reliable power source that is widely used throughout
industry. Known as the 4th utility, approximately 90% of all manufacturing companies use compressed air in some aspect
of their operations. Unlike gas, water & electricity which is supplied to site by a utility supplier and to strict tolerances and
quality specifications, compressed air is generated on-site by the user. The quality of the compressed air and the cost of
producing this powerful utility is therefore the responsibility of the user.

The Problem with Compressed Air.

Compressed air systems inherently suffer from performance and reliability issues and almost all of the problems associated
with the compressed air system and many manufacturing related quality issues can be directly attributed to contamination
found in the compressed air.

Compressed Air Contamination and its Sources

Unknown to many compressed air users, the compressed air system contains a large array of both visible and invisible
contamination which actually originate from four different sources.

The 4 Sources of Compressed Air Contamination

1. The Ambient Air

2. The Air Compressor

3. The Air Receiver

4. The Distribution Piping
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Contamination Source Number 1 - The Ambient Air

» Water Vapor
* Micro-organisms
» Atmospheric Particulate

« Oil Vapor

vy

Contaminant
Source No. 1
The Ambient Air

The primary source of contamination found in a compressed air system is the ambient air surrounding the compressor.

In simple terms, the air compressor is just a large air mover. When operating, it pulls in large volumes of air around it,
squeezes it, and pushes it out down a pipe. However, when doing so it also acts like a large vacuum cleaner, pulling in
invisible contaminants. So, when the ambient air is compressed, the compressor is also concentrating the contamination at
the same time.

The Main Contaminants Found in Ambient Air (Source 1)

o Water Vapor

e Micro-organisms

o Atmospheric Particulate
« Oil Vapor*

*For a more in depth review of ambient air oil vapor levels, refer to “White Paper - Oil Vapor in Ambient Air”

Additional Contaminants Found in Ambient Air (Source 1)

The 4 contaminants highlighted above are the main contaminants of interest for general applications, however there are
also other contaminants entering the compressor intake, which depending upon how the compressed air is used, may also
require focus. The additional contaminants include:

o Sulphur Dioxide (SO.)

« Nitrogen Oxides (NO + NO,)
« Carbon Monoxide (CO)
 Carbon Dioxide (CO.)



Contamination Source Number 2 - The Air Compressor

« Liquid Oil
« Qil Aerosols

+ Oil Vapor
compressor oil)
» Wear particles

Contaminant * Liquid Water
Source No. 2 * Water Aerosols
The Air Compressor  * Water Vapor (100% saturation)
« Liquid Oil
* Oil Aerosols
+ Oil Vapor

* Micro-organisms
« Particulate (atmospheric / wear particles)

During the compression and cooling process, the air compressor also changes the phase of the invisible gaseous
contaminants it has ingested, and with a change of phase, many invisible contaminants now become visible. In addition
to changing the phase of the ambient contaminants, the air compressor is also responsible for adding contamination of its
own, making it contamination source number 2.

Contaminants Added by the Air Compressor (Source 2)
e Liquid Oil

¢ Oil Aerosols

« Oil Vapor (from compressor oil)

o Wear Particles

Gaseous Ambient Contaminants Converted by the Air Compressor

« Qil Vapor
o Water Vapor

Both of these Gaseous Contaminants Cool and Condense to Form:
e Liquid oil

¢ Oil aerosols

o Liquid Water

o Water Aerosols

So, by the time the air exits the compressor after-cooler and no matter what type of compressor is used (oil lubricated / oil
free), the following contaminants will be present in the compressed air:

e Liquid Water ¢ Oil Aerosols
» Water Aerosols « Oil Vapor
» Water Vapor (100% saturation) » Micro-organisms

o Liquid Oil o Particulate (atmospheric / compressor wear particles)




Contamination Source Numbers 3 & 4
The Air Receiver & The Distribution Piping

* Rust * Rust
- Pipescale + Pipescale

Contaminant Contaminant
Source No. 3 Source No. 4
The Air Receiver The Distribution Piping

Contamination Source Number 3 - The Air Receiver

Contamination source number 3 is the air receiver. Installed in a compressed air system to store compressed air and
increase the efficiency and reliability of the compressor, the air receiver also stores large quantities of contamination. These
contaminants also lead to chemical reactions and oxidation which in turn, lead to additional contaminants being added to
the compressed air.

Contaminants Added by the Air Receiver (Source 3)

o Rust
¢ Pipescale

The wet air receiver (a receiver installed before a dryer) can reduce the compressed air temperature by up to 5°C. This
cooling will cause further condensation of oil and water vapors into liquid oil and water. A wet air receiver is often chosen
for this purpose as it can provide additional cooling of the compressed air at times where the ambient and compressed air
temperatures are higher than expected. Unfortunately, it also provides the ideal environment for the rapid growth of micro-
organisms, especially in the compressor condensate.

Contamination Source Number 4 - Distribution Piping

In a typical compressed air system, the final source of contamination is the distribution piping which takes the compressed
air from the compressor and distributes it around the manufacturing facility. Just like the air receiver, the distribution
piping not only stores contamination, it also adds to the contaminant problem, through chemical reactions and oxidation,
again adding rust and pipescale to the compressed air and providing an environment that promotes the growth of micro-
organisms.

Contaminants Added by the Distribution Piping (Source 4)
o Rust
¢ Pipescale

As with the air receiver, the distribution piping will also cool compressed air causing further condensation of oil and water
vapors into liquid oil and water which in turn form aerosols of oil and water as the air pulls the liquid along the piping.



Contaminant Summary

In order to protect equipment, products and processes that use or have direct or indirect contact with compressed air, there
are a minimum of TEN contaminants originating from FOUR different sources that must be treated.
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Contamination entering the compressed air system
Water oil Particulates Organic

Water Vapor Oil Vapor Atmospheric Particles

Compressor Wear

Liquid Water Liquid 0il Particles

Micro-organisms

Water Aerosols Oil Aerosols Rust / Pipescale

Water Vapor Water Aerosol
Oil Aerosol

Micro-organisms

Oil Vapor Liquid Oil Particulates Rust & Pipescale



Breathable Compressed Air / Medical Air

If the compressed air is used as breathing air, medical air or for other critical applications, then additional, potentially life
threatening contaminants in the ambient air must also be considered.

Contaminants of concern for Breathing Air / Medical Air Applications

¢ Sulphur Dioxide (SO.)

« Nitrogen Oxides (NO + NO,)
¢ Carbon Monoxide (CO)

« Carbon Dioxide (CO.)

Therefore, for Breathable Compressed Air / Medical Air / Critical applications, there are a minimum of 15 contaminants
that must be treated.

15 Contaminants entering the compressed air

system
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Contamination Entering the Compressed Air System (Breathing Air)

Water 0il Particulates Organic Gaseous

Atmospheric

Water Vapor 0il Vapor Particulates Sulphur Dioxide (S0,)
- L Compressor Wear . . . .
Liquid Water Liquid Oil Particles Micro-organisms  Nitrogen Oxides (NO + N02]
_ _ Carbon Monoxide (CO)
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Carbon Dioxide (CO,)

Atmospheric Pollutants



Compressed Air Contaminants In Detail
Oil Vapor, Oil Aerosols & Liquid Oil

Oil contamination in compressed air is one of the most contentious subjects in
the industry. This is due mainly to the fact that no matter what technology is used
to compress air; manufacturers will probably offer that compressor type both as
an oil lubricated and oil-free variant.

So, when it comes to providing clean compressed air at the point of use, we must
understand where the oil comes from and in what form it is present.

As previously seen, oil will be present in a compressed air system as a vapor, as
an aerosol and as a liquid, and will originate from two sources.

Contaminant Contaminant
Source No. 1 Source No. 2
The Ambient Air The Air Compressor

What do we mean by “Oil Vapor”?

When we (the compressed air industry) talk about oil vapor in ambient air, we are actually referring to a combination of
hydrocarbons and VOC (Volatile Organic Compounds).
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Oil Contamination Source 1 - The Ambient Air

How do we know how much “Oil Vapor” is in the
ambient air? As previously stated, the oil as we
know it is a mixture of many different compounds.
There is no single “oil” in air test available,
therefore we must test the ambient air for the
different compounds and combine the test results.

Global and European targets to improve air o .
quality has led to many air quality sample stations "
being set up to test for the compounds which are
more harmful to human health (typically, NOX,
SOX, CO, CO, & Ozone).

However, a number of these facilities also test for
additional compounds, especially the VOC and
we can use this data to verify the presence of “Oil

Vapor” in the ambient air.

Ambient air typically contains between 0.05mg/m2 and 0.5mg/m? of oil vapor, however this
can be higher in dense, urban or industrial environments or next to car parks and busy
roadways*.

*For a more in depth review of ambient air oil vapor levels, refer to “White Paper - Oil Vapor in Ambient Air”.

So, why should we be concerned about ambient oil vapor?
Many companies, especially those in the food, beverage, pharmaceutical, cosmetics & electronics industries use
compressed air as part of their manufacturing process.

Often this compressed air will directly or indirectly contact production equipment, instrumentation, products &

packaging materials. If this compressed air contains “oil’) ' . i L 9
the consequences can be high both financially and in terms
brand damage.

For this reason, many companies specify the use of an oil-
free compressor, in the mistaken belief that this will deliver
“oil-free” compressed air to the critical applications.

We have already shown that ambient air contains oil in the
form of hydrocarbon compounds & VOC and once drawn
into the compressor intake, these are concentrated.

As the compressed air exits the compressor and
enters the piping system, some of these compounds
will cool, condense and form what we know as liquid
oil and aerosols of oil, while others remain in the
compressed

air as oil vapor.



Contamination Source 2 - The Air Compressor

Overview of Screw Compressor Operation
Oil Injected (Lubricated)

There are number of different terms used to describe a lubricated compressor (Oil Injected / Oil Lubricated / Contact
Cooled) however the designs all have one thing in common, they use oil for sealing, cooling and lubrication. In fact,
the lubricated compressor accounts for approximately 75% of industrial screw compressors sold globally.

As the rotary screw compressor is the most common, this type has been used to describe the basic operation of an oil
injected compressor.

Basic Operation - Oil Injected Rotary Screw Compressor

Intake Air / Oil After
Filter Separator Cooler

Lubricating
oil

Contaminated
Air to Storage
and Distribution

Water
Separator

0il
Filter




Drive
A motor, usually electric (sometimes diesel on portable
compressors), is used to drive the compression stage.

Compression

The compression stage is commonly known as the ‘air end’ and
consists of two inter-meshing rotors (helical screw), one male, one
female. One rotor is typically driven directly by the motor (its speed
governed by gearing) while

The other is typically freely rotating (pushed by the lubricating oil).

As the screws rotate, ambient air is pulled into the air end, gets
trapped in pockets between the two screws and is compressed. As
long as the rotors turn, air is drawn in at one end and is discharged at
pressure out of the other.

A non-return valve prevents air discharging back through the
compressor when the drive motor is off.

Sealing

During operation, oil is injected into the compression stage for sealing.
The two rotors in the air end do not actually touch each other due to the
oil. The oil provides a very efficient seal which allows compression of
the ambient air to take place.

Cooling (of the compressed air during compression / rotors / air end housing)

When the ambient air is compressed, heat is produced (commonly referred to as the heat of compression). The oil in a
lubricated compressor directly cools the compressed air, the rotors and the air end housing and up to 80% of the heat in the
compression stage can be removed by the oil. This keeps air end discharge temperatures low, increasing efficiency. Typical
air temperatures are between 80°C & 120°C, therefore for most industrial operating pressures, using direct cooling with oil
allows compression with a single air end only (single stage).

Lubrication

As air compressors consist of many moving parts (bearings and gears), the oil is also used for lubrication of these
components.

0il Reclamation

Following compression, the compressed air is now laden

with oil. An air/oil separation filter built into a closed

loop lubrication system is used to reclaim the oil from the
compressed air before it exits the compressor. The oil will be
filtered for particulate contamination and cooled before re-
circulation, where it will once again be used for sealing, cooling
and lubrication.




Oil Carryover (Aerosol)

The filter used in the air / oil separator is dealing with high
levels of liquid oil and oil aerosols. Due to the way mechanical
filters operate, the air / oil separator is unable to reclaim 100%
of the oil, resulting in a small amount oil aerosol remaining in
the compressed air leaving the compressor. This is known as ‘oil
carryover. Literature for lubricated compressors will usually
provide a figure for oil carryover. Typical oil carryover values for
common industrial compressor types are shown below:

Compressor Type Typical Oil Carryover Values
Oil Flooded Rotary Screw Compressors <5 mg/m3
Rotary Vane Compressors <5 mg/m3
Reciprocating (Piston) Compressors New: 25 mg/m?/ Old: 100-200 mg/m?3

Important Note:
Oil Vapor (hydrocarbons and VOC) from the ambient air can be captured by the lubricating oil during compression.

Oil Carryover (Vapor)

As the lubricating oil heats up during operation, its
evaporation rate increases (this will vary between different
lubricants). Oil vapor will therefore be introduced into the
compressed air by a lubricated compressor. As the oil isin a
vapor phase, it will not be reduced by the air / oil separator.

Altercocler

Post Compression Cooling (After-cooler)

The air exiting the compression stage of an oil lubricated
compressor, although cooled by the lubricating oil, is still too hot
for use and will therefore require further cooling. This cooling is
carried out by the After-cooler.

Many industrial compressors will incorporate an integrated After-
cooler inside the compressor package, whilst some compressor
manufacturers may supply these as additional, external items.

After-coolers can be split into air cooled and water-cooled variants,
with air cooled being the most common.




Air Cooled After-cooler

This is essentially a long length of piping coiled to form a cooling
pack. Manufactured from materials with high heat transfer
properties, many will incorporate additional “cooling fins” attached
to the piping for additional heat transfer. A large cooling fan will
blow ambient air over the cooling pack, resulting in heat from the
compressed air being transferred to the moving ambient air. A
typical air cooled After-cooler will provide discharge air from the
compressor approximately 10°C to 15°C above the ambient air
temperature (Assuming the compressor room is well ventilated,
and the After-cooler is kept clean).

Water Cooled After-cooler

On a water-cooled After-cooler, the cooling pack is replaced by
multiple straight pipes, integrated into a watertight vessel. Chilled
water from a separate closed loop cooling system is constantly
circulated around the pipes flowing the compressed air.

Heat from the compressed air transfers into the cooling water
(heating it up). Warm water is then returned to the chiller to be
cooled once again. Water cooled After-coolers are often used when
ambient air temperatures are too high for an air-cooled After-

cooler to be efficient.

Liquid & Aerosol Introduction

As the After-cooler cools the compressed air, it reduces the airs
ability to hold water and oil vapors. Cooling condenses the vapors
into liquid water and liquid oil which is carried along in the air

at high velocity. Rough internal surfaces of the piping, bends,
elbows, fittings, etc. all disrupt the flow of condensed liquids. This
disruption causes the condensed liquids to ‘shear’ or atomise,
producing fine droplets or aerosols of water and oil.

Liquid Reduction

Many air compressors are fitted with an integrated water separator
at the outlet of the After-cooler to reduce liquids. Some compressor
designs rely on an external water separator or use a wet air receiver

Important Notes:

Water separators reduce liquids only, they are not
effective for aerosol or vapor reduction and they will
not remove 100% of the liquid present.



Contamination Source 2 - The Air Compressor

Overview of Screw Compressor Operation
Oil Free

The obvious thought is that the term ‘Oil free compressor’ describes a compressor containing no oil. Unfortunately, that is
not the case for most oil free compressors. An oil free compressor is the term used to describe a compressor that does not

use oil in its compression stage.

Basic Operation - Oil Free Rotary Screw Compressor

Intake Inter After
Filter Cooler Cooler

Aftercooler

Intercooler

Drive

Oil free rotary screw compressors are typically multi stage, driven by a single drive motor. This motor will drive a gear which
in turn distributes the power to each air end. Some oil free screw compressors are now available where each compression

stage driven by an individual motor



Compression

Unlike the oil injected screw compressor which uses oil to seal the
gaps between the rotors and provide compression, oil free variants
achieve compression in an alternative way.

Rotor elements are manufactured in pairs with extremely tight
tolerances to decrease the gap between them. During operation,
rotors are spun at much higher speeds than an equivalent oil injected
compressor. Specialist coatings are often applied to the rotors to give
some of the protection from water and heat usually provided by oil.

The rotors operate extremely close to each other, however as there is
no oil in the compression stage to prevent the rotors from touching,

the distance between each rotor is maintained by additional gearing.

Cooling

As there is no oil in the compression chamber to provide direct
cooling, indirect cooling is used. The air end housings of oil free
compression stages typically contain galleries in which cooling
water (on water cooled machines) or oil (on air cooled machines)
can be circulated. This process is not as efficient as direct cooling
as it only cools the casing and not the compressed air or the rotors.

Due to the lack of direct cooling in an oil free compressor, the
compressed air and rotors reach much higher temperatures. Oil-
free compressors therefore obtain their final discharge pressure
in stages (as opposed to oil injected machines which typically
use only 1 stage). Between stages they will cool the compressed
air with an inter-cooler. This keeps typical air end temperatures
between 180°C & 200°C.

For example, on a typical oil free rotary screw
compressor with 2 compression stages, an
inter-cooler and after-cooler. Stage 1 will
typically compress the air up to a pressure
around 3.5 bar g, stage 2 will then compress
the air to the discharge pressure of 7 bar g.

Lubrication

On an oil free screw compressor, it is not only important that the individual rotors in each air end are synchronized with
gears, with only one drive motor, additional gearing is also required to drive each

of the air ends. All of the gearing and bearings require lubrication.

So although the name implies that an oil free compressor is “oil less’, for most oil free compressors sold, this is not the case.
Oil is not used in the compression stages; however, oil is still required for lubrication and cooling of other components. This
oil is pumped around the compressor forming a closed loop system which lubricates bearings and gears, is filtered, cooled
and recirculated.

Oil Reclamation (Air / Qil Separator)

As there is no oil used in the compression stage, there is no requirement for an air / oil separator on an oil free compressor.



Oil Carryover (from the ambient air)

It is often thought that an oil free compressor will provide oil
free compressed air (due to the fact it does not use oil in the
compression of the air). Unfortunately this is not true.

Oil vapors in the ambient air are drawn into the compressor intake,
compressed and concentrated.

The concentrated vapors then enter the compressed air
distribution system where they can cool and condense. This results
in the presence of oil contamination (in a liquid, aerosol and vapor
phase).

The amount of oil in the compressed air downstream of an oil free
compressor is primarily dependent upon the ambient air quality.

The table (right) highlights the increased ‘oil vapor’ contamination

levels that 1 cubic meter of compressed air would contain (at Breccars Industry Values
typical industry operating pressures). Min Max
Ambient 0.05 0.50

Additionally, many compressor intakes are sited in industrial
areas and / or next to car parks and roads, where the ambient 7 barg 0.40 4.00
contamination levels can be significantly higher, leading to higher

concentrations once compressed. 10 barg 0.55 5.50
13 barg 0.70 7.00
40 bar g 2.00 20.0

All Concentration Values in mg/m?3

Oil Carryover (from the compressor)

The oil used in the closed loop system of the oil free compressor to
cool and lubricate the bearings and gears heats up and vaporizes
during operation.

The compressor is fitted with a simple ‘breather’ filter to prevent
over pressurization of the oil circuit.

This breather filter allows aerosols and vapors to exit the casing and
be drawn into the compressor intake, which in turn increases the
amount of oil contamination going downstream.

Qil aerosol from the
compressor's sump is
released from the sump's
breather valve and enters

the intake filter.




Inter-cooling / After-cooling Aftercooler

Without the ability to provide direct cooling with oil, oil free
machines typically use two compression stages.

Placed in between the two stages is an inter-cooler which cools
the air down.

er
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L
The air then enters the second compression stage where it again
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heats up due to compression. Before exiting the compressor,
the compressed air passes through an After-cooler to cool it to a
more usable level.

Intercoo
/‘r
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Liquid & Aerosol Introduction

As the inter-cooler and after-cooler cool the compressed air, they reduce the airs ability to hold water and oil vapors.
Cooling condenses the vapors into liquid water and liquid oil which is carried along in the air at high velocity. Rough
internal surfaces of the piping, bends, elbows, fittings, etc. all disrupt the flow of condensed liquids. This disruption causes

the condensed liquids to ‘shear’ or atomize, producing fine droplets or aerosols of water and oil.

Liquid Reduction

Many air compressors are fitted with an integrated water separator at the outlet of the inter-cooler and at the outlet of the
after-cooler to reduce liquids. Some compressor designs rely on an external water separator or use a wet air receiver for

liquid reduction.

' Aftercooler Water Separator
Hot Compressed Reduced Condensate
Air l Cooled Compressed Air
Warm
Water Out

Important Notes:

Water separators reduce liquids only, they are not '

effective for aerosol or vapor reduction and they Chilled Condensate
will not remove 100% of the liquid present. Water In ) @— Drain



Compressed Air Contaminants: Water Vapor,
Condensed Liquid Water and Water Aerosols

As with oil, water will also be present in a compressed air system in 3 different phases (as a vapor, as an aerosol and
as a liquid).

Water Vapor Liquid Water Water Aerosol

And will come from two sources:

Source 1 - the ambient air (water vapor)
Source 2 - the air compressor (liquid water and water aerosols / 100% saturated with water vapor)

Contaminant Contaminant
Source No. 1 Source No. 2
The Ambient Air The Air Compressor

Water Vapor in Ambient Air

Ambient air contains water vapor (water in a gaseous
form).

Air’s ability to hold water vapor is dependent upon its
temperature and pressure. As pressure increases, a lesser
amount of water vapor can be held by the air, however

as air temperature increases, a greater amount of water
vapor can be held by the air.

Water Vapour g/m?

As a general rule, every 10°C increase in ambient air
temperature doubles the amount of water vapor the air

can hold.

Temperature



Compressing the Air

As previously described, the air compressor draws in large volumes of ambient air. Each cubic metre of ambient air will be
saturated with water vapor. The amount of saturation will be based upon atmospheric conditions at the geographic location
of the installation and will typically vary hour by hour, day by day. The saturation of ambient air is referred to as Relative
Humidity or RH and is expressed as a percentage. Typically the RH of the ambient air entering the compressor is below
100% (making it partially saturated).

In the example (right), the partially saturated ambient air is drawn into the compressor and compressed to a pressure of 7
bar g (8 bar A),
a compression ratio of 8:1.

8m?® Before Compression 1m?® After Compression
When air is compressed rapidly’ the (Not 100% Saturated with Before Cooling
Water Vapor) (Lower Saturation of

temperature increases (according to the
laws of thermodynamics). Although air’s
ability to hold water vapor is reduced as it
is compressed, the elevated temperature
from compression significantly increases
the water vapor holding capacity of the
compressed air.

Water Vapor &
No Condensation)

7 bar g
120°C

= 3588

Now, 1 cubic metre of compressed air can easily retain the moisture previously held by the 8 cubic
metres of ambient air.

After compression, compressed air is 8m?® Before Compression 1m® After Compression 1m?® After Compression
cooled to a more usable temperature by (Not 100% Saturated with Before Cooling and Cooling
the after-cooler (typically 10~15°C above Water Vapor) (Lower Saturation of (100% Saturated with

] Water Vapor & Water Vapor &
the ambient temperature). No Condensation) + Condensation)

Once cooled, the compressed airs ability Cooling

to hold water vapor is significantly
reduced (even below that of the ambient
air), therefore the 1 cubic metre of
compressed is unable to retain all of the
water vapor it previously held, resulting
in condensation of water vapor into liquid
water and compressed air that is 100%
saturated with water vapor.




Aerosol Introduction

As previously mentioned, the After-cooler causes condensation and
introduces liquids (water & oil) into the compressed air which are
carried along in the air at high velocity.

Aftercooler

Liguid
Separator

The rough internal surfaces of the piping, bends, elbows, fittings, etc.
all disrupt the flow of condensed liquids. This disruption causes the
condensed liquids to ‘shear’ or atomise, producing fine droplets or
aerosols of water and oil.

Liquid Reduction

Many air compressors are fitted with an integrated water separator at
the outlet of the inter-cooler (on multi-stage compressors) and at the
outlet of the after-cooler to reduce liquids. Some compressor designs
rely on an external water separator or use a wet air receiver for liquid reduction.

Important Note:

Water separators / wet air receivers will only reduce liquids and are not effective for
aerosol or vapor reduction. Additionally, they will not remove 100% of the liquid present,
therefore at the outlet of the after-cooler, the compressed air will contain:

o Liquid Water (from water vapor)

« Liquid Oil (from oil vapor)

« Water Aerosols

« Oil Aerosols

o Compressed air 100% saturated with water vapor

The Water Problem Continues

As untreated compressed air exits the compressor / after-cooler and enters the storage and distribution system, it is 100%
saturated with water vapor. The air receiver and system piping will continue to reduce the temperature of the compressed
air (especially if the air receiver or any piping is outdoors). The temperature drop further reduces the airs ability to hold
water vapor and causes the already 100% saturated compressed air to condense more water vapor and oil vapor into liquid
water and liquid oil which in turn creates more aerosols as it travels around the compressed air piping system.

As compressed air expands during use, rapid cooling occurs, again reducing its ability to hold water vapor. So as the
compressed air is used in valves, cylinders, tools & machinery, further liquid condensation is produced which on occasion
can lead to freezing.

Saturated air, water aerosols and liquid water within the compressed air system cause:

o Increased microbiological contamination

« Corrosion to the storage & distribution system

« Damage to valves, cylinders, tools and production equipment

« Damage to products & packaging in direct contact with the air

e Reduction in production efficiency & Increased maintenance costs

Compressed air must be treated for water in all 3 phases (vapor / liquid / aerosol) for
the system to run safely and efficiently.




Compressor Condensate

Oil, water and other harmful vapors drawn into the compressor
intake cool and condense into liquids. Combined with
compressor lubricants carried over from the compressor,

these liquids traveling at high velocity through the compressor
coolers and around piping systems mix the liquids with
particulates from the piping to form acidic liquids and aerosols
known as compressor condensate.

It was often thought that as compressor condensate was made
up of oil, it would be useful for lubricating downstream tools,
etc. but this is certainly not true. Due to its composition,
compressor condensate causes damage to the compressed air
storage and distribution system, production equipment, tools
and any products or packaging it contacts.

Oil-free Compressor Condensate

In addition to the benefits of direct cooling, the oil used in an
oil lubricated compressor also provides additional benefits as it
can also neutralize sulphur dioxide (SO.) drawn in through the
compressor intake.

In an oil free compressor there is no oil to neutralize harmful
vapors such as SO,. As the inter-cooler and after-cooler in an
oil-free compressor condenses water vapor into liquid water,
the SO, from the air reacts with the condensed water to form
sulphurous acid (similar to acid rain). Measurements from SOZ
compressed air systems show that the resulting condensate

has a pH value between 3 and 6 attacking the downstream air
receivers, piping and purification equipment more aggressively
than condensate from lubricated compressors.

Sulfur dioxide

Condensate Treatment

All types of compressed air condensate, including that condensate from an oil free compressor must
be treated and discharged in a legal and responsible manner. Most countries have strict laws governing
liquid discharges in order to protect water courses, wild life and sewerage treatment plants.



Compressed Air

Contaminants:
Atmospheric
Particulate

On average, each cubic meter of ambient air can
typically contain between 140 and 150 million dirt

particles.

80% of these particles are less than 2 microns in size € PM2s
. . Combustion particles, organic
and not visible to the human eye. HUMAN HAIR compcl}ungs, metals, Eé. I
50-70um
(i Jh#iameiar <2.5um (microns) in diameter
© PM1g

Dust, pollen, mold, etc.
<10um (microns)in diameter

At this size, they are also too small to be captured by

the compressor intake filter. 90 UM (microns) in diameter
FINE BEACH SAND

As air compressors require unrestricted access
to large volumes of ambient air, placing a fine filter on the compressor intake has a detrimental effect to performance,
reducing the volume of air delivered by the compressor at the

outlet.

Particles less than
2 micron in size pass
straight through
the compressor

intake filter.

Therefore, most compressor intake filters only trap particles
down as low as 25 microns. This means that most of the
particulate present in the ambient air are too small to be
captured by the intake filter and will travel unrestricted into

the compressed air system.

Compressor
Intake Filter




Compressed Air Contaminants: Micro-organisms

Ambient air contains both viable and non-viable particles.

A non-viable particle is a particle that does not contain a living micro-organism but
acts as transportation for viable particles.

Aviable particle is a particle that contains one or more living micro-organisms.

There can be up to 100 million micro-organisms per cubic metre of ambient

air. Particle analysers used to count particles in air typically use light scattering
techniques and when measurements of ambient air are taken they are unable to
determine the difference between solid particles and micro-organisms such as
bacteria, viruses, fungi & spores.

Of the 140 million particles counted in a cubic meter of
ambient air, anywhere up to 100 million of the particles

may be micro-organisms.
Micro-organisms are typically between 0.2pm and 10pm in size:

e Viruses 0.02pm - 0.2pm
e Bacteria 0.3 pm - 5pm
o Fungi (Yeasts) 3um - 10pum

Unlike other contaminants, given the right environment,
micro-organisms can grow rapidly. The warm moist air found in an untreated

compressed air system provides the ideal environment for microbial growth.

It was often thought that the high temperatures reached by the air during
compression would kill of the micro-organisms, however this is not the case as
for example, many bacteria can form spores which can lie dormant for extended
periods until the conditions once again become right for growth. The air receiver
and distribution piping provide the ideal environments for their ever expanding

growth and distribution.

Many critical applications require sterility or at least a degree of control of over the growth of micro-organisms. If
contaminated compressed air can directly or indirectly contact products, packaging or production machinery, then
contamination is likely.

This can cause enormous financial damage for a company as micro-organisms can:

o Potentially harm the consumer

¢ Diminish product quality

e Render a product entirely unfit for use
¢ Lead to a product recall

« Cause legal action against a company and damage the brand

Micro-organisms don’t just cause issues for critical applications or sterile
processes. Compressed air is used widely in general industry.

Untreated compressed air exhausted from pneumatic tools, valves, cylinder
or machinery will also contain micro-organisms. If this exhausted air is
inhaled by employees working in the vicinity or using tools / machinery it can

also lead to excessive work force illness.




Compressed Air
Contaminants: Rust &
Pipescale

If left untreated, warm, moist compressed air causes corrosion of air
receivers and piping.

Air compressors & purification equipment are changed on a much
more frequent basis than air receivers and piping.

Therefore, even with new compressors and purification equipment
installed, many years of rust and pipescale build up will still be in the

system.

Over time, this rust and pipescale slowly breaks away to cause damage
or blockage in tools, valves, cylinders and production equipment.

If the compressed air is used directly in the manufacturing process, it
can also contaminate final product or processes or packaging.

Compressing Air - The Problem Increases

To many, the levels of contaminants in the ambient air may be considered ‘negligible, however when we talk about
compressed air contamination, we must also consider the effect that compressing the air has on the ambient
contamination, the amount of air flowing into

the compressed air system and the time the

compressor is operating.

The Concentrating Effects of ™ § .

Compression

When operating, the air compressor is
constantly pulling in large volumes of o

ambient air. °

Compression & Concentration

As operating pressure and or flow rate |
increases, a larger volume of ambient air is ° .
required. The greater the volume of ambient [ e ®l

air, the greater the amount of contamination.

For example: In simplistic terms, to generate 1 [ ° s
cubic meter of air at a pressure of 7 bar g (8 bar
A) requires 8 cubic meters of ambient air.



Myth

When the stored compressed air is used, is expanded back to ambient pressure and there are those that believe that when
this expansion takes place, the levels of contamination return to the ambient levels and are therefore ‘negligible’ This

unfortunately isn’t true.

MYTH

Ambient air containing Ambient air is compressed Compressed air is expanded during use
contamination enters the  resulting in concentration resulting in concentration returning to
air compressor of contaminants ambient levels

Fact

When the air is compressed, the heat of compression makes the compressed air too hot to use, so it must be cooled to

a usable temperature. Inter-coolers and after-coolers are installed for the reduction of the compressed air temperature
(either integrated into the compressor or fitted externally). As the air is cooled, condensation of the gaseous contaminants
into liquids and their subsequent conversion into aerosols (very fine droplets) takes place in the coolers. Unfortunately,
the liquid separators supplied with the coolers are unable to remove 100% of the liquids and are completely ineffective on
aerosol and vapor reduction. Therefore, untreated compressed air is heavily contaminated by the time it exits the
compressor after-cooler and reaches the point of use.

FACT

st
Ambient air containing Ambient air is compressed resulting in concentration Compressed air is expanded during use
. . . . n ’
contan_unatlon enters the of contaminants. Compres§ed air is also cooled, concentration is not the same as ambient
air compressor concentrated gaseous contaminants change phase and levels - heavy contamination present

drop out as liquids and form aerosols




The Concentrating Effects of Compression
Ambient / Compressed Air Contamination

L Before Compression After Compression
Contamination
Per m* Per m*
Water Vapor 50 - 90% RH 100% RH
(Saturation) (Partially Saturated) (Fully Saturated)
Liquid Water None Present Present
Water Aerosols None Present Present
0Oil Vapor - . - s
(From Ambient Air) 0.05 mg/m? - 0.5 mg/m 0.4 mg/m?® - 4 mg/m
Oil Aerosols from Condensed 0Oil
Vapor None Present Present
(All Compressor Types)
LT None Present Present
(From Compressor)
Compressor Oil .
(Liquid Oil & Oil Aerosol) None Present 2-200 mg/m? carryover
Atmospheric Particulate Up to 140 million/m?® Up to 896 million/m®
Micro-organisms Up to 100 million/m? Up to 800 million/m?®
Rust None Present Present
Pipescale None Present Present

The table above is based upon a typical compressed air system operating at a pressure of 7 barg (8 bar A). As pressure

changes, so does the concentration of contamination as can be seen in the examples below.

Ambient Pressure
AR 0 5 7 8 10 13 14 16
(bar g)
Concentration 1 6 8 9 11 14 15 17
0Oil Vapor mg/m? 0.05 0.3 0.4 0.5 0.6 0.7 0.8 0.9
No of Particles per
m?® 112 672 896 1,008 1,232 1,568 1,680 1,904
(million)
IS ETTEE 100 600 800 900 1,100 1,400 1,500 1,700

per m*(million)



Which contaminant causes the most problems?

It is often believed that oil introduced by the air compressor causes the most
problems in a compressed air system. However, oil is not the major problem

everyone thinks it is.

In reality, the most problematic contaminants are water and
micro-organisms. The presence of one directly impacts the growth of

the other.

Water causes:
o The growth of micro-organisms
¢ The formation of rust and pipescale

« The production of oily, acidic compressor condensate

Oil is often perceived to be the most prolific contaminant as it is can
be seen emanating from open drain points and exhausting valves.

In the majority of instances, it is actually oily condensate
(oil mixed with water) that is being observed.

So how big is the water problem?
The table below provides an example as to how much water

can enter a compressed air system per hour and per year.

This example is based upon a single compressor 75kW operating in typical Northern European conditions.

75kW Compressor - 825 m*/hr @ 7.5 bar g Pressure

- Remaining Total Water
Liquid Water
. . Water Vapor Water Vapor Vapor
Ambient Discharge . Removed . .
RH Entering Entering the Entering the
Temp o Temp at the
5 % 5 Compressor Compressed Compressed
(°C) (°C) After-cooler . :
(L/hr) (L/hr) Air System Air System
(L/hr) Per Year (L)
10°C 65 20°C 4.88 1.67 3.21 28,043
15°C 65 25°C 6.82 2.26 4.56 39,836
20°C 65 30°C 9.41 3.03 6.38 55,736
25°C 65 35°C 12.85 4.03 8.82 77,052

30°C 65 40°C 17.42 5.29 12.13 105,968



Contaminant Reduction

To operate any compressed air system, safely and cost effectively, contamination must be reduced to acceptable limits. The
importance of reducing contamination is increased when compressed air is used as part of a manufacturing process.

Poor compressed air quality and failure to control contamination can cause numerous problems for an organization, many of
which are not immediately associated with contaminated compressed air.

Product Manufacturing Process
« Contaminated products « Inefficient production processes
« Contaminated packaging ¢ Reduced production efficiency
e Spoiled / damaged products e Increased manufacturing costs
o Failed quality audits
Consumer
« Potentially unwell / seriously ill consumers .
(Food / Beverage / Pharmaceutical applications) Compressed Air Systc.em' . . . .
o Growth, storage & distribution of microbiological
contamination

Manufacturer

« Brand damage « Corrosion within storage vessels and the distribution

system

Potential Legal action . . .
« Potential Legal actions o Contaminated / damaged production equipment

» Financial loss « Blocked or frozen valves & cylinders

o Potential imprisonment o Premature unplanned desiccant changes
for adsorption dryers

« High operational and maintenance costs

Contaminant control

Ensuring effective control of compressed air contamination, requires a number of purification technologies. To many
compressed air users, the realization that there are ten major contaminants in a compressed air system is somewhat of a
surprise. It is often thought that only three contaminants are present (Dirt / Water / Oil), however as those contaminants can
be found in many phases, they therefore require a specific purification technology for efficient reduction. The table below

highlights filtration & drying technologies that comprise the purification system and the contaminants they reduce.

Contaminants
Purification

Technologies

Atmospheric Rust Pinescale Micro- Liquid Water Water Liquid 0il oil
Particles p organisms Water Aerosol Vapor oil Aerosol Vapor

Water
Separator

Coalescing
Filters

Adsorption
Filter

Dry Particulate
Filter

Sterile
Filters







Compressed Air
Treatment

Compressor

Compressor Room

Separator &
Coalescing
Filters

Air Receiver
and Drain

Adsorption
(Desiccant) Dryer

Filter

Adsorption
Filter

Water separators

Although called water separators, they
reduce the content of all liquids at the
point of installation. Liquid in a
compressed air system is usually a
mixture of oil and water (even when
using an oil free compressor).

Water separators are usually the first
piece of purification equipment installed
downstream of an after-cooler or wet air
receiver and should be used to protect
coalescing filters from liquid
contamination. They will only reduce
liquids and will have no effect on water
or oil in an aerosol or vapor phase.

Coalescing filters

When considering purification
equipment, coalescing filters are vital for
the cost effective operation of any
compressed air system, regardless

of the type of compressor installed.

A purification system will normally
consist of two coalescing filters installed
in series to treat water aerosols, oil
aerosols, atmospheric particulate, micro-
organisms, rust and pipescale.

Compressed air dryers

Water vapor is water in a gaseous form
and will pass through water separators
and coalescing filters just as easy as the
compressed air. Water vapor is reduced
from compressed air using a dryer. The
water vapor reduction efficiency of a
dryer (its performance) is expressed as
a Pressure Dewpoint or PDP.

» Dewpoint refers to the temperature at
which condensation will occur.

* Pressure Dewpoint or PDP
refers to the dewpoint of air above
atmospheric pressure.

» Dewpoint is expressed as a
temperature (however this is not the
temperature of the compressed air).

+ Compressed air with a PDP
of -20°C, would need the temperature
to drop below -20°C for any water
vapor to condense into a liquid.

» A pressure dewpoint of -40°C is
recommended for all food, beverage
and pharmaceutical applications
where the compressed air directly or
indirectly contacts production
equipment, ingredients, packaging or
finished products as a pressure
dewpoint lower than -26°C will not
only stop corrosion, it will also inhibit
the growth of micro-organisms.

Adsorption dryer

Adsorption dryers reduce water vapor
in compressed air by passing air over

a regenerative desiccant material which
strips the moisture from the air. This
method of drying is extremely efficient.
A typical pressure dewpoint specified for
an adsorption dryer is -40°C as it not
only prevents corrosion, more
importantly it also inhibits the growth
of micro-organisms.

There are many types of adsorption
dryer available and while they all use
the same principle to remove moisture
from compressed air, there are a

number of different methods used for
the regeneration of the wet adsorbent
material.

For food, beverage and pharmaceutical
applications, a dryer that can deliver a
constant outlet dewpoint (not dewpoint
suppression) should always be selected.
Additionally, care should be taken when
selecting adsorption dryers as some
regeneration methods used may have an
impact on the contamination levels of the
compressed air.

Refrigeration dryers (not shown)
Refrigeration dryers work by cooling the
compressed air and condensing the
water vapor into a liquid for reduction by
a water separator.

Refrigeration dryers are limited to
positive pressure dewpoint to prevent
freezing of the condensed liquid and are
typically used for general purpose
industrial applications with indoor
piping.

They should not be used in any facility
where piping is installed in ambient
temperatures below the dryer dewpoint
i.e. systems with external air receivers
or piping or for applications requiring
control over the growth of micro-
organisms.

Adsorption filter

To ensure ‘technically oil free air’,
adsorption filters are employed. These
utiliize a large bed of activated carbon
adsorbent for the effective reduction of
oil vapor.

Dry Particulate



TransAir

1 Ring Main

& Piping

Application

General Purpose Air

General Purpose Dry Particulate Filter
Point of Use Adsorption Filter
High Efficiency Dry Particulate Filter

Critical Oil Free Air

General Purpose Dry Particulate Filter
Point of Use Adsorption Filter
High Efficiency Dry Particulate Filter

Critical Oil Free Sterile Air

General Purpose Dry Particulate Filter
Point of Use Adsorption Filter

High Efficiency Dry Particulate Filter
Sterile Air Filter

The combination of coalescing filters and
adsorption filters will provide
compressed air to the highest air quality
classifications of 1IS08573-1, the
international standard for compressed
air quality (for total oil).

Dry Particulate filters

Dry particulate filters provide identical
particulate reduction performance to the
equivalent grade coalescing filter.

Relying on mechanical filtration
techniques, high efficiency dry
particulate filters can provide particle
reduction down to 0.01 micron with a
removal efficiency of 99.9999%.

When coupled with a -40°C Pressure
Dewpoint, to inhibit and control the
growth of micro-organisms, they can
provide significant reduction of
microbiological contaminants.

Sterile filters

Absolute (100%) removal of solid
particulates and micro-organisms

is performed by a sieve retention

or membrane filter. They are often
referred to as sterile air filters as they
also provide sterilised compressed air.

Filter housings are manufactured from
stainless steel to allow for in-situ steam
sterilisation of both the filter housing
and element. It is important to note that
the piping between the sterile filter and
the application must also be cleaned
and sterilized on a regular basis.

Important Notes:

As adsorption or refrigeration dryers are only designed to
reduce water vapor and not water in a liquid or aerosol form,
they require the use of coalescing filters to work efficiently.

Suppliers of oil-free compressors will often state that one

of the coalescing filters is a particulate filter and the other

is an oil removal filter, therefore, in oil-free compressor
installations, there is no need for the oil removal filter. This is
not correct.

In reality, both filters remove exactly the same contaminants.
The first filter is a general purpose filter which protects the
second, high efficiency filter from heavy contamination.

Omitting one of the filters in the belief that it is an oil removal
filter will result in poor air quality due to contaminant bypass
(carryover), high operational costs due to the pressure loss
across the filter and more frequent filter element changes.
Most importantly, omitting one of the filters will also invalidate
performance guarantees.

The dual coalescing filter installation ensures a continuous
supply of high quality compressed air with the additional
benefits of lower operational costs and minimal maintenance
compared to a single high efficiency filter.

Refrigeration dryers are not recommended for food and
beverage applications where compressed air comes into direct
contact (or indirect contact) with ingredients, production
equipment, finished products or packaging as the dewpoints
provided are unable to inhibit microbiological growth.

Refrigeration dryers are commonly available with quoted
dewpoints of +3°C, +7°C or +10°C, however care must be taken
when selecting this type of dryer as unlike adsorption dryers,
the dewpoint quoted is not always provided constantly.
Integrated dewpoint meters are typically just temperature
gauges and do not indicate a true pressure dewpoint, which is
often in the range of 8°C to 15°C (manufacturer dependent).




Worldwide Filtration Manufacturing Locations

North America
Compressed Air Treatment

Industrial Gas Filtration and
Generation Division
Lancaster, NY

716 686 6400
www.parker.com/igfg

Haverhill, MA
978 858 0505
www.parker.com/igfg

Engine Filtration

Racor

Modesto, CA

209 521 7860
www.parker.com/racor

Holly Springs, MS
662 252 2656
www.parker.com/racor

Hydraulic Filtration

Hydraulic & Fuel Filtration
Metamora, OH

419 644 4311
www.parker.com/hydraulicfilter

Laval, QC Canada
450 629 9594
www.parkerfarr.com

Velcon

Colorado Springs, CO
719 531 5855
www.velcon.com

Process Filtration

domnick hunter Process Filtration
SciLog

Oxnard, CA

805 604 3400
www.parker.com/processfiltration

Water Purification

Village Marine, Sea Recovery,
Horizon Reverse Osmosis
Carson, CA

310 637 3400
www.parker.com/watermakers

Europe

Compressed Air Treatment

domnick hunter Filtration & Separation

Gateshead, England
+44 (0) 191 402 9000
www.parker.com/dhfns

Parker Gas Separations
Etten-Leur, Netherlands

+31 76 508 5300
www.parker.com/dhfns

Hiross Zander
Essen, Germany

+49 2054 9340
www.parker.com/hzfd

Padova, Italy
+39 049 9712 111
www.parker.com/hzfd

Engine Filtration &
Water Purification

Racor

Dewsbury, England
+44 (0) 1924 487 000
www.parker.com/rfde

Racor Research & Development
Stuttgart, Germany
+49 (0)711 7071 290-10

Hydraulic Filtration

Hydraulic Filter
Arnhem, Holland

+31 26 3760376
www.parker.com/hfde

Urjala, Finland
+358 20 753 2500

Condition Monitoring
Parker Kittiwake
West Sussex, England
+44 (0) 1903 731 470
www.kittiwake.com

Process Filtration

domnick hunter Process Filtration
Parker Twin Filter BV

Birtley, England

+44 (0) 191 410 5121
www.parker.com/processfiltration

Asia Pacific

Australia

Castle Hill, Australia
+6129634 7777
www.parker.com/australia

China

Shanghai, China

+86 21 5031 2525
www.parker.com/china

India

Chennai, India

+91 22 4391 0700
www.parker.com/india

Parker Fowler
Bangalore, India

+91 80 2783 6794
www.johnfowlerindia.com

Japan

Tokyo, Japan

+81 45 870 1522
www.parker.com/japan

Korea

Hwaseon-City

+82 31 359 0852
www.parker.com/korea

Singapore

Jurong Town, Singapore
+65 6887 6300
www.parker.com/singapore

Thailand

Bangkok, Thailand

+66 2186 7000
www.parker.com/thailand

Latin America
Parker Comercio Ltda.
Filtration Division

Sao Paulo, Brazil

+55 12 4009 3500
www.parker.com/br

Pan American Division
Miami, FL

305 470 8800
www.parker.com/panam

Africa

Aeroport Kempton Park, South Africa
+27 11 9610700
www.parker.com/africa
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