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Compressed Air Systems

Air Treatment and
Control Components
Compressed air is an essential
power source for most industries
today. It is a safe operation,
relatively inexpensive to operate and
very reliable. However, compressed
air is susceptible to various types of
contamination which not only
reduces its value as a power
source, but can seriously affect the
performance of other pneumatic
equipment and, therefore,
productivity.
Air valves, air cylinders, logic
control systems and air tools can
malfunction due to air-borne
contamination. Air intended for
air-gauging, air conveyors, spray
painting, instrumentation,
automation and food processing can
be rendered unusable. Poor product
quality and system shutdown due to
compressed air contamination can
occur frequently. There are many
other problem areas associated with
compressed air contamination, as
numerous companies in differing
industries can attest to.
With today’s technology, an efficient,
cost-effective compressed air
system can be designed to provide
years of reliable service if the proper
air treatment and control equipment
is installed. Operating and
maintenance costs can be

significantly lowered by removal of
most contaminants (dirt, rust, pipe
scale, oil aerosols, liquid water and
water vapor, microscopic particles
and oil vapor). With a well-designed
air system and the use of quality air
treatment and control products, you
can realize extended service life of
components, increased flow
capacity with minimum pressure
loss and improved production
efficiencies in your manufacturing
processes.

Air Treatment and
Control
To take the fullest advantage of the
benefits that can be derived from
using compressed air, it must be
correctly and adequately prepared.
Clean, dry, regulated air is the
corner-stone of an efficient air
system. Where necessary,
lubricated air may be required to
provide dependable operation and
satisfactory service life of certain air
tools and components.

Dryers
All atmospheric air contains some
water vapor. When the air is
compressed, the water content for a
given volume of air increases.
Because of the effects of
compression, most of this water


vapor turns into damaging liquid
water in your air system.
Additionally, as air flows through the
compressed air line system, the
water vapor condenses in the
pipeline. This moisture in the
pipeline results in rust, scale,
clogged orifices, malfunctioning of
pneumatic controls, and increased
wear of moving parts as it washes
away the lubricant.
Compressed air dryers reduce the
water vapor concentration and can
prevent further liquid water
formation in air lines. Liquid water
and water vapor removal increases
the efficiency of air operated
equipment, prevents corrosion and
clogging, extends the service life of
pneumatic components, prevents air
line freeze-ups and reduces product
rejects.

Filters
Air-borne contamination from the
atmosphere, such as dust, water
vapor and hydrocarbons enter the
air system through the compressor
intake. The contaminants, usually 4
million particles per cubic foot, can
easily pass through a typical
compressor intake filter since over
80% of these particles are less than
2 microns in size. The compressor
also contributes to the problem with
wear particles, oil vapor and fine
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aerosols that leak past glands and
seals from the oil sump into the
compression chamber.
Such contamination in the air
system can effect the efficient
operation of various pneumatic
devices and, over time, damage
them. Compressed air filters that are
installed upstream of the air devices
will remove most of these
contaminants. In addition, by design
these filters will also remove most
liquid water from the air line.
The need for higher quality air is
more evident today than in the past.
To gain improved production
efficiencies through automation,
more sophisticated, technically
advanced pneumatic equipment and
instrumentation is being used
throughout industry. Due to the
critical nature of these applications,
the need for extremely clean,
virtually oil free air is required.
Coalescing (oil removal) and oil
vapor removal filters should be used
for applications requiring high
quality air.

Regulators
All pneumatic devices are designed
to provide optimum performance
and service life at a specific air
pressure. While it is feasible to
operate these devices at pressures

in excess of the manufacturer’s
recommended operating conditions,
it is not advisable to do so.
Operating at higher pressures can
cause excessive wear and damage
to the device. Further, operating
your compressed air system at a
higher-than-required pressure
wastes energy and is not costeffective.
To obtain the best operation and
service life of your pneumatic
equipment use the proper pressure
level recommended by the
manufacturer. A regulator (pressure
control valve) is normally used to
reduce and maintain a downstream
pressure while the amount of air
required to the device may vary with
the demand.

increased productivity. The
efficiency of air motors, control
valves, cylinders and other air
actuators can be greatly enhanced
when the proper amount of
lubrication is supplied.
Air line lubricators are specifically
designed to generate and introduce
an oil aerosol (mist) into the
compressed air flow. The air flow
then carries the oil to the pneumatic
devices where the lubricant mist
coats the moving and sliding
surfaces thus reducing friction and
wear.
To provide satisfactory lubrication to
your air devices most lubricators
have a proportional delivery system.
This feature automatically provides
a nearly constant oil-to-air ratio over
a wide range of air flows.

Filter / Regulators
The integral Filter / Regulator units
combine all the functions and
features of a filter and a regulator,
as discussed above, into one
compact, high performance, spacesaving unit.

Lubricators
Getting the proper lubrication to the
proper device at the proper time is
fundamental to preventative
maintenance, longer service life and
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Filter Technology –

Mechanisms of Filtration

Coalescing Filters
Essentially, coalescing filters (Type
B, B1 and C) rely on what is known
as mechanical filtration for their
effectiveness. The main mechanisms
of mechanical filtration are direct
interception, inertial impaction and
diffusion. Electrostatic attraction can
have some bearing although the
efficiency of Wilkerson coalescing filters
is not dependent on this mechanism.

Direct Interception occurs when a
particle collides with and adheres to
a fiber of the filter material without
deviating out of the streamline flow. This
mechanism tends to take place on the
surface of the filter material and affects
mainly larger particles over 1 micron in
size.

Above: Clean borosilicate microfiber
seen at a magnification factor of 3900.
Right: The same filter material in a
contaminated state at the same degree
of magnification.

When all mechanisms are combined
and utilized by a deep bed of the
correct type of filter material, removal
of virtually all particles whether liquid
or solid, is achieved.

Pollution Size Chart
Ultraviolet

Visble

Near infra red

Fume

Dust

Mist

Spray
Silt

Smog

Inertial Impaction occurs when a particle
is unable to follow the tortuous path
around the filter fibers and eventually
collides with and adheres to one of the
fibers. Typically affecting particles in the
0.3 micron -1 micron size range.

Diffusion or Brownian Movement, as it is
sometimes called, occurs with extremely
small particles which tend to wander
within the gas stream, increasing
their chances of colliding with and
adhering to a fiber. This usually affects
particles below 0.3 micron in size. A
degree of overlap takes place with the
mechanisms, the extent varying on the
conditions.

Far infra red

Solar Radiation

Fine Sand
Cloud and Fog

Rosin Smoke

Mist

Drizzle

Fertilizer Ground Limestone
Fly Ash
Coat Dust

Oil Aerosol

Tobacco Smoke
Metallurgical Dusts and Fumes
Ammonium Chloride
Cement Dust
Fume
Sulfuric
Beach Sand
Concentrator Mist
Pulverized Coal
Zinc Oxide Fume
Insecticide Dusts
Ground Talc
Plant
Colloidal
Spray Dried Milk
Spores
Silica
Alkali Fume
Pollens

0.01

0.1

1

10

100

To assist in understanding the
parameters of filtration, refer to this
pollution size comparison chart. Look
at the size of a major contaminant,
oil aerosol! It is in the region of 0.01
- 0.8 micron. Tobacco smoke is also

a liquid aerosol in a similar size band
0.01 -1.2 micron. Observe the smoke
test yourself, appreciate the size of
the problem! The smallest particle the
human eye can see is in the order of
40 microns.
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Particulate
Filters

and submicronic particles for general air quality is required.
Protection of components such as air valves, cylinders, as
well as air conveyors, air gaging, air bearings, air control
circuits and paint spraying equipment are examples of specific
end-use applications. This grade of filter element should be
used as a prefilter for the Grade C coalescing filter.

For the removal of solid particle contaminants down to 5
microns and the separation of bulk liquids.

Grade C high-efficiency filter elements are used where the
removal of extremely fine particulate and virtually “oil-free” or
high quality air is necessary. Specific end-use applications
are protection of critical air control circuits, air logic systems,
flow and temperature controllers, food processing, electronics,
health care and film processing. This grade of filter element
should be used as a prefilter for the Grade D oil vapor removal
filter.

This type of filter is generally used in industrial applications
where liquid water and oil, and harmful dirt particles must be
removed from the compressed air system. This type of filter
should also be used as a prefilter for the Coalescing (oil
removal) filter.

Operation
Wet and dirty inlet air is directed downward and outward in a
circular pattern by the turbine-shaped upper baffle. This action
mechanically separates a large amount of the liquid and gross
particles, which then flow down the inside of the bowl, past
the lower baffle, into the quiet zone to be drained away. The
quiet zone baffle prevents the contaminants from re-entering
the air flow stream.

Operation
The filter element design utilizes a borosilicate micro fiber
that provides superior filtration efficiency, quick draining and
minimum pressure drop. Unlike standard particle filters, air
flow is inside to out. The compressed air / gas passes through
the inner layer of the filter element which acts as an integral
pre-filter to remove large contaminants. This gives protection
to the layer of high efficiency filter material which substantially
removes submicronic aerosols and solids from the air flow
stream. Solid particles are permanently trapped within the
filter media.

The partially cleansed air then passes through the filter
element. By utilizing depth filtration, the 5 micron filter media
provides superior filtration, exceptional
service life and minimum pressure drop.

The fine liquid particles, including aerosols, after initially being
trapped by the fibers of the filter media, begin to collect or
coalesce forming larger droplets. These droplets, along with
other large droplets present, are pushed to the outer surface.
Here, the anti-reentrainment barrier collects the droplets
as they break free from the micro fiber and allow them to
gravitate within its cellular structure forming a “wet band”
around the bottom of the element.

AIR OUT

AIR IN

Whirl-Flo™
Baffle

Clean filtered air / gas passes through the anti-reentrainment
barrier above the “wet-band” where the resistance to flow
is less, leaving a quiet zone of no air / gas movement in the
bottom of the filter housing. The separated liquid drops from
the bottom of the filter element and falls through the, without
being re-entrained, to the bottom of the filter housing where it
collects to be removed by a drain.

 Micron
Type A
Filter Element

Metal Bowl
Guard

Transparent
Plastic Bowl
Differential
Pressure
Indicator

Contaminants
Manual
Flex-Drain™

Inlet Air

AIR OUT

Outlet Air
AIR IN

Coalescing Filters

Type C
Coalescing
Element

(Oil Removal)
Specifically designed for the removal of solid particles, water
and oil aerosols
down to 0.01 micron. Maximum remaining oil content of air
leaving the filter down to 0.01ppm at 70°F (21°C) at a pressure
of 100 PSIG (6,9 bar g) using a typical compressor lubricant.
Two filter element grades are offered to better meet your air
quality requirements.

Transparent
Plastic Bowl

Automatic
Mechanical
Drain
(Optional)
Contaminants

Metal Bowl
Guard

Grade B and B1 filter elements are used for most air
coalescing applications where the removal of liquid aerosols

Inlet Air
Outlet Air
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Oil Vapor
Filters
Differential Pressure Indicator
(DP2, DP8)

Activated carbon element for the removal of oil vapor and
oil associated odors. Maximum remaining oil content of air
leaving the filter is 0.003 ppm at 70°F (21°C) at a pressure
of 100 PSIG (6,9 bar g). For the Grade D filter element, two
types of designs are used depending on the size and flow
capacity of the filter housing.

The Wilkerson direct mounting Differential Pressure Indicator
is equipped standard on most Coalescing Filter models. It
provides a maintenance free means of determining the service
life of the filter element. With a new filter the indicator shows
all green, and progresses to a full red indication a
7-8 PSID, indicating the element should be changed. The
magnified indicator can be easily seen from the top or either
side of the filter, and with only one moving part will provide
reliability and long life.

An oil vapor filter is used, in conjunction with a Grade C filter
element, where the application requires very high air quality.
Typical applications are food processing and packaging,
pharmaceutical, fermentation, electronics and semi-conductor,
and critical air control.

The Differential Pressure Indicator cannot be retrofitted
to Wilkerson filters ordered without it. It is available as a
replacement accessory kit.

Operation
While the Grade B, B1 and C filter elements can remove
extremely fine liquid and solid particles, they cannot remove
gaseous contaminants such as oil vapor or odors. To do this
you must employ the physical phenomena of adsorption.
Activated carbon, having an affinity for oil vapor molecules
and with an extremely high surface area, created by its
capillary structure, is used.

Note: The maximum operating pressure for metal or plastic bowls with
this Indicator is 150 PSIG. The maximum operating temperature
is 150°F for metal bowls and 125°F for plastic bowls.

DP3 Differential Pressure Gauge
The Wilkerson direct mounting Differential Pressure Gauge
(non-pressurized face) is standard on all mainline filters
and it is available as an accessory in kit form. With a scale
reading to 20 PSID (1370 m bar dp) the gauge gives a quick
indication of the status of the filter element in the filter. The
gauge provides a reliable method to help ensure that the filter
element is changed at the most economical and convenient
time.

Our activated carbon Grade D filter
elements are designed to maximize the adsorption properties
of the carbon. This is achieved by first passing the air through
carbon granules located either in an annular space or tubular
section. The granules provide a very high ratio of surface
area to volume, and when arranged in a deep bed, increases
the dwell time of the air flow. This type of design provides the
benefit of both high efficiency and longer service life of the
activated carbon.

Differential
Pressure
Indicator
Removal Cap

AIR OUT

AIR IN

Type D
Element
Activated Carbon
Granules

Metal Bowl
Guard
Transparent
Plastic Bowl
Contaminants
Outlet Air

Manual
Flex Drain™



Pneumatic Division
Richland, Michigan
www.wilkersoncorp.com

Catalog 9EM-TK-190-1

Coalescing Elements Features and Benefits
Type B, B1 & C

A

How The Elements Work

Captive O-ring seal
gives an easy-to-fit
protective seal.

Using the principles of mechanical
filtration, the filter media removes the
solid particles first in the pre-filter
support layers and then in the actual
filter media. These particles remain
permanently trapped and gradually
cause an increase in pressure drop.
The liquid particles similarly collected
coalesce together forming larger
droplets and as the flow is inside to out,
are pushed to the outer surface. Here,
the anti-reentrainment barrier prevents
them from being introduced back into
the airstream and instead drains them
through its cellular structure to the
bottom of the element. The resultant
“wet-band” on the bottom of the
element, in presenting a high pressure
drop area, ensures that the filtered air
passes through the upper portion of the
element. This creates a “quiet zone” in
the bottom of the filter through which
the liquid falls to the bottom of the
filter bowl and is drained away via the
automatic drain.

End caps in tough
corrosion resistant
materials.
Stainless steel support
screens provide rigid
fail safe protection
against accidental
shock loads and high
pressure drops in
either direction.

High strength epoxy
sealant provides an
extremely strong
construction and
eliminates any possibility
of filter media bypass.

Anti-reentrainment
barrier for collected
liquid drainage
prevents carryover
even in shock
conditions and is
compatible with mineral
or synthetic lubricants.

New 96% voids volume pure
borosilicate glass microfiber
filter media (Type B, B & C)
gives high efficiency, high
flow with quick drainage and
low pressure drop.

Pre-filter support fabric
prevents filter
media migration
and increases
element life.

B1 and C Element

As mentioned earlier, solid particles
cause the pressure drop to slowly
increase throughout the working life.
Initially, during the period to reach an
equilibrium saturation, as determined
by the upstream liquid contamination
concentration, the pressure drop
rises sharply as shown below. This is
a typical pressure drop verses time
characteristic for a coalescing filter. The
end of useful and economic service life
is indicated by an accelerating increase
in pressure drop. The element should
be replaced every 12 months or 6000
working hours under normal working
conditions.

End caps in
tough corrosion
resistant
materials.

Stainless steel inner
support screens provide
rigid fail safe protection
against accidental
shock loads and high
pressure drops.

TYPICAL COALESCING ELEMENT LIFE CURVE

Anti re-entrainment
barrier for collected
liquid drainage
prevents carryover
even in shock
conditions and is
compatible with mineral
or synthetic lubricants.

B Element

Pre-filter support
fabric prevents
filter media
migration and
increases
element life.
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Adsorption Elements Features and Benefits
Type D
How The Elements
Work

Wilkerson activated carbon elements
are designed to maximize the
adsorption properties of the carbon.
This is achieved by first passing the air
through carbon granules, snow storm
filled* into either an annular space or
tubular section. The granules provide
an extremely high surface area to
volume and when arranged in a deep
bed that increases dwell time gives the
benefit of both efficiency and service
life. After being passed through the
carbon, the air goes through a layer of
microfiber to prevent migration of fine
carbon particles downstream.
Adsorption elements have a limited life
and this is affected by many factors but
principally temperature. Obviously, the
higher the inlet temperature, the more
oil vapor there is present, for example
at 104°F (40°C) there is more than ten
times the oil vapor than at 70°F (21°C).
For this reason, activated carbon filters
are best installed at the lowest possible
system temperature. The type C filter
should always precede a Type D filter.
The typical life of an adsorption element
is in the region of 1000-2000 hours
at 70°F (21°C). Filtration temperature
is based on tests carried out on a
Chlorobenzene test rig, however, this is
best determined in practice by a routine
“odor” check.

Downstream
micron fiber layer
prevents carryover of
carbon particles.

Annular fill of activated
carbon granules gives a
high surface area and
long term dwell time
for efficiency with
low pressure drop.
Snow storm filling* gives
optimum packing
density with no
channeling of granules.

High carbon content
promotes a long
service life.

Unique construction
ensures no bypass so
all the carbon is used.

D Element (AC Element)
Molded
plastic
end cap
Clear plastic
housing
Pad
of filter
medium

Oil soluble dye
capsules will
indicate blue
if liquid oil
is present.

Activated
carbon
granules

Porous plastic
filter insert

Typical Adsorption
Element Life Curve

D Element (AC Pack)

104

ADSORPTION LIFE - HOURS

While mechanical filtration employing
the Type C element is capable of
removing extremely fine liquid or solid
particles even as small as 0.01 micron
it cannot remove gaseous contaminants
such as oil vapor or odors. To do
this we must employ the physical
phenomena of adsorption. Activated
carbon, having an affinity for oil vapor
molecules and with an extremely high
surface area, created by its capillary
structure, is used for this.

Oil vapor has a distinct odor. The least
expensive and very effective way to
check for oil vapor getting through the
filter is to install a small bleed valve
downstream. Periodically crack this
valve and smell the air. The human
nose is extremely sensitive to oil vapor
and at the first hint of this odor, change
the element.

103

102
AC ELEMENT

10
AC PACK

1

CHARACTERISTICS DETERMINED
AT MAXIMUM RECOMMENDED
FLOW RATES

20
68

40
104

60
140

TEMPERATURE AT ADSORPTION
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Type B Filter
Element
Specifications

Type C Filter
Element
Specifications

 ype D Filter
T
Element
Specifications

Efficiency

Efficiency

Efficiency

99.97% when tested with 0.3 micron
aerosol DOP test Federal Standard
209B. Compatible with mineral and
synthetic oils.

Residual Oil

0.5 ppm / wt (inlet temperature
/ pressure 70°F / 100 PSIG)
when analyzed using infra red
spectrophotometry based on the
Pneurop 6611 procedure.

Air Quality Class *

Conforms to ISO 8573 Class 3
or better

Flow

Inside to outside

Filter Media

Resin impregnated borosilicate glass
microfiber

Support Structure

Inner 304 Stainless Steel support
cylinder with outer polymeric sleeve.

End Caps

Glass filled polyamide material
Initial Differential
Pressure Dry — 1.5 PSID
Initial Differential
Pressure Wet — 2.5 PSID
Flow range — 5 to 4800 SCFM
@ 100 PSIG

Application

Installations as a coalescing prefilter
for general purpose protection or
as a prefilter to a high efficiency
coalescer.

Appearance

White polymeric outer sleeve with
black end caps.
* “M” Series Coalescing Filters, with

Type “B” 0.5 micron elements: All
Wilkerson Type “M” Oil Removal (Coalescing)
Filters with Type “B” 0.5 micron elements
exceed ISO Class 2 for maximum particle
size and concentration of solid contaminants,
and exceed Class 3 on maximum oil content
(ppm / wt).5

99.99998% when testing with 0.3
micron aerosol on dioctyl phylate
(DOP) test according to Federal
Standard 209B. Compatible with
mineral and synthetic oils.

Residual Oil

0.01 ppm / wt (inlet temperature
/ pressure 70°F / 100 PSIG)
when analyzed using infra red
spectrophotometry based on the
Pneurop 6611 procedure.

Air Quality Class *

Conforms to ISO 8573, better than
Class 1

Less than 0.003 ppm / wt maximum
remaining oil content (inlet
temperature / pressure of 70°F /
100 PSIG) when analyzed using
infra red spectrophotometry based on
the Pneurop 6611 procedure; removal
of hydrocarbon vapors and odors.

Air Quality Class *

Conforms to ISO 8573, better
than Class 1

Flow

Inside to outside

Filter Media

Snow storm filled activated carbon for
optimum packing density and life.

Flow

Inside to outside

Support Structure

Filter Media

Pure borosilicate glass microfiber
with a mean strand diameter of
0.5 micron and a voids volume of
96%. Contains no glues or resins.

Support Structure

Inner and outer 304 Stainless Steel
support cylinders.

End Caps

Glass filled polyamide material
Initial Differential
Pressure Dry — 1.25 PSID
Initial Differential
Pressure Wet — 2.25 PSID
Flow range — 5 to 4800 SCFM

Application

Install where highest quality air is
required; typically instrumentation,
process air, pneumatic gauging,
paint spraying, etc.
* “M” Series Coalescing Filters, with

Model M00 - M28: Clear plastic
housing with molded plastic end cap.
Integral outlet filter.
Model M30 - M55: Inner and outer
304 Stainless Steel support sleeve
cylinders

End Caps

Glass filled polyamide material
Initial Differential
Pressure Dry — M00 - M31: 3 PSID
M32 - M55: 1 PSID
Flow range — 5 to 4800 SCFM

Application

Installation after high efficiency
coalescer for process air purification,
odor removal, removal of trace vapors
and for critical applications.
* “M” Series Absorption Filters, with
Type “D” activated carbon elements: All
Wilkerson Type “M” Absorption Filters with
Type “D” activated carbon elements exceed
ISO Class 1 on maximum oil content
(ppm / wt).5

Type “C” 0.01 micron elements: All
Wilkerson Type “M” Oil Removal (Coalescing)
Filters with Type “C” 0.01 micron elements
exceed ISO Class 1 for maximum particle
size and concentration of solid contaminants,
and exceed Class 1 on maximum oil content
(ppm / wt).5
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Afterfilters
For the removal of solid particles down to 0.5 micron.

Differential
Pressure Indicator
Removal Cap

The Afterfilter is designed for use in “dry” systems where it
provides efficient removal of desiccant dust and other solid
contaminants downstream of various types of desiccant
air dryers. These solid contaminants, if not removed, can
damage sensitive downstream instruments and
critical air controls.

Operation

AIR OUT

The inlet air is directed downward and outward in a circular
pattern. This action mechanically separates a large amount of
gross particles which fall to the bottom of the housing. The air
then passes through the filter media bed where a significant
number of smaller solid particles and other contaminants are
trapped within the filter media.

Type B Element
AIR IN

Transparent
Plastic Bowl
Metal Bowl
Guard

Quiet Zone

Contaminants

ISO 8573.1 System Ratings

Inlet Air

		
ISO 8573.1
System Quality Class Rating

Outlet Air
Applications
AF Series Afterfilters, with Type “B” 0.5 micron elements: All Wilkerson
Type “AF” Afterfilters with 0.5 micron elements exceed ISO Class 2 for
maximum particle size and concentration of solid contaminants, and
exceed Class 3 on maximum oil

	1.	3.7.4
Air Tools, Air Motors
	2.	1.4.1	
Automated Equipment, Robotics,
				
Rough Paintings
	3.	1.4.1	
4.	1.2.1 or 1.1.1	
	5.	1.2.1 or 1.1.1	
			

Injection Molding, CNC, Electronics
Semi-Conductors, Instrumentation
Food Processing, Hospital Grade,
Breathing Air

Applying condensate management systems, dry air storage
and flow controllers.

ISO 8573.1 Quality Class
		
Quality
Class

Solid Contaminants
(max. particle
size in microns)

1
2
3
4

0.1
1
5
15

5
6
7

40
—
—

Max. Pressure
Dew Point
ºF
-94
-40
-4
37.4

44.6
50
not specified

Max. Oil Content
(droplets, aerosols
& vapor) ppm
0.01
0.1
1
5
25
—
—
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Filter Types
A
Wilkerson Types B, B1, and C filters are
made of materials acceptable in
processing of compressed air as
defined by regulations of both
the United States and Canadian
Departments of Agriculture.

Purpose
For removal of aerosols and solid
particles. Is used in coalescing filter
models M32 through M55. Can be used
alone as a coalescing filter or as a prefilter to the Type C elements to extend
their service life. Usage proves most
economical when preceded by a Type
A filter.

Type A General
Purpose Filter

Type B Prime Efficiency
Coalescer

All filters and filter elements are suitable
for use in either compressed air or
nitrogen applications.

Specifications
Particle removal down to 5.0 microns.
Separation of liquid water and aerosols
> 95% at rated flows. Separation of bulk
liquid only.

Specifications
Particle removal down to 0.5 micron.
Maximum downstream remaining oil
content 0.5 ppm / wt*1. Retention on
DOP test> 99.97%.2

Purpose
For removal of solid contaminants and
bulk liquids. The Type A can be used
alone as a general purpose filter or as
a pre-filter for Types B, B1 and C
elements to extend their service life.

Purpose
For removal of aerosols and solid
particles. Can be used alone as a
coalescing filter or as a pre-filter for the
Type C elements to extend their service
life. Usage proves most economical
when preceded by a Type A filter.

“F” Series Filters, Type “A” 5 micron
elements: All Wilkerson Type “A” 5 micron
elements meet or exceed ISO Class 3 for
maximum particle size and concentration of
solid contaminants.5

Type AF Prime
Efficiency Filter
Specifications
Solid particle removal down to 0.5
micron. Retention on DOP test >
9911.97%.*2 Designed for use in
“dry” systems.
Purpose
For removal of desiccant dust and other
solid contaminants downstream of Twin
Tower or other desiccant air dryers.
“AF” Series Afterfilters, with Type “B” 0.5
micron elements: All Wilkerson Type “AF”
Afterfilters with 0.5 micron elements exceed
ISO Class 2 for maximum particle size and
concentration of solid contaminants, and
exceed Class 3 on maximum oil content
(ppm / wt).5

Type B1 Prime
Efficiency Coalescer
Specifications
Particle removal down to 1.0 micron.
Maximum downstream remaining
oil content 0.5 ppm / wt*1. Retention
on DOP test> 99.97%.*2 “B1” Prime
Efficiency Coalescing Filters meet
ISO Class 2 for maximum particle size
and exceeds Class 3 for maximum oil
content (ppm / wt).5

“M” Series Coalescing Filters, with
Type “B” 0.5 micron elements: All Wilkerson
Type “M” Oil Removal (Coalescing) Filters with
Type “B” 0.5 micron elements exceed ISO Class
2 for maximum particle size and concentration
of solid contaminants, and exceed Class 3 on
maximum oil content (ppm / wt).5

Type C Extremely High
Efficiency Coalescer
Specifications
Particle removal down to 0.01 micron.
Maximum downstream remaining oil
content 0.01 ppm / wt*1. Retention on
DOP*2 and Sodium Flame Test 3
> 99.9999% (limit of measurability).
Purpose
For removal of extremely fine oil mists,
oil aerosols and microscopic particles.
The Type C is extremely efficient in the
coalescing of remaining oil mists and
oil aerosols as well as the retention of
solid particles. It is recommended the
Type C filter be installed downstream of
a Type A and / or Type B or B1. This is
very cost effective as it prevents build
up of solid contaminants on the Type C
element and extends service life.
“M” Series Coalescing Filters, with
Type “C” 0.01 micron elements: All
Wilkerson Type “M” Oil Removal (Coalescing)
Filters with Type “C” 0.01 micron elements
exceed ISO Class 1 for maximum particle size
and concentration of solid contaminants, and
exceed Class 1 on maximum oil content (ppm
/ wt).5
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Type D Critical
Application
Adsorption Filter
Specifications
Activated carbon element for removal of
oil vapor and associated odors whether
petroleum or synthetic base. Maximum
downstream remaining oil content 0.003
ppm / wt.5
 urpose
P
For elimination of oil vapor, oil
associated odors whether petroleum or
synthetic base. Type D elements utilize
selected grades of activated carbon
and rely on adsorption to remove oil
associated vapor and odors. The Type
D Filter should be used as the final filter
for critical applications. It should always
have a Type C Filter element installed
upstream to remove oil aerosols and
solids particles.
Note: The Type D element will not remove
carbon dioxide, carbon monoxide, ethane,
methane or other toxic gases.

“M” Series Adsorption Filters, with Type “D”
activated carbon elements: All Wilkerson
Type “M” adsorption filters with Type “D”
activated carbon elements exceed ISO Class 1
on maximum oil content (ppm / wt).5

Applications Notes
1) Based on a compressed air temperature
of 7°F (21°C) at 100 PSIG (6,9 bar g) with
a typical compressor lubricant using the
Pneurop1 Recommended Test Method
No. 6611 / 1984 PART 2. For further
information contact Wilkerson. 1 mg/m3 is
approximately 0.83 ppm / wt. (parts per
million by weight).
2) Dioctyl phthalate test generates particles
with mean diameter of between 0.1 and
0.3 micron (most difficult size to remove)
based on USA Federal Standard 209B.
3) Sodium Flame Test using particles with a
mean diameter of 0.65 micron based on
British Standards Institute BS3928.
4) Filtration at a high temperature, although
possible, increases the risk of gaseous
contaminants condensing downstream.
At temperatures above 122°F (50°C), the
amount of water and oil vapor increases
significantly and is more difficult and
costly to remove.
5) All classes above refer to international
standards organization (ISO) standard
8573-1, pertaining to maximum
particle size and concentration of
solid contaminants, and maximum oil
content.
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When Making
Your Selection
1) Generally, install filters downstream
of aftercoolers / separators and air
receivers at the lowest temperature
point and as close to the point of
application as possible. This reduces
the chance of additional water and oil
vapor condensing after the filter.

General Purpose Protection

2) Filters should not be installed
downstream of quick opening valves
and should be protected from possible
reverse flow or other shock conditions.

• Shot-blasting Air

3) It may be necessary to install a
combination of mainline filtration near
the compressor installation before
entry to the main air distribution
system as well as installing terminal
filtration at the critical application
points.
Remember, especially in existing
installations, the contamination already
in the pipe system downstream of
the filters will take a long time to
disappear and probably never will
completely.

• General Compressed Air System Protection
• Liquid and Solid - Bulk Contamination Removal
• Particle Removal in “Dry” Systems
• Large Pneumatic Tools
• Low Cost Automation—cylinders and valves
• Pre-Filtration for Refrigeration Air Dryers
• Pre-Filtration to High Efficiency Dryers
• Pre-Filtration to Adsorption Air Dryers in “Oil-Free” Systems
• Pre-Filtration to Air Sterilization Filters in “Oil-Free” Systems
• High Speed and / or Miniature Pneumatic Tools
• Air Gauging
• Air Conveying
• Air Motors
• Pipeline Purging
• Pre-Filtration to Adsorption Air Dryers in Oil Contaminated Systems
• Pre-Filtration to Air Sterilization Filters in Oil Contaminated Systems

4) Purge all lines leading from the filters
to the final application to be protected.
5) Install filters in a vertical position
ensuring that there is sufficient room
below the filters to facilitate element
change.
6) Provide a facility to drain away
collected liquids from the filter drains
via properly sized tubing, taking care
there are no restrictions in the drain
line.
7) Install Wilkerson differential pressure
gauge or pop-up indicator to monitor
the pressure drop across the filters.
This will provide an easy way of
visually monitoring the filter element
condition, indicating when to replace
the element.
If you have a problem on filter
selection or installation, please
contact your local Wilkerson stocking
distributor. Wilkerson and their
representatives will be pleased to help
you in selecting the proper installation
for your application requirements.

Refrigerated Air Dryer

Receiver

Aftercooler

®

Compressor
Separator
& Drain

8) For piping convenience and to
minimize air system disruptions, we
recommend piping the system with
by-pass circuits and isolation valves.

Filter
A

Drain
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When Making
Your Selection
Critical Applications — Clean and “Oil-Free”

Always try to obtain as much
information as possible including flow
rates, inlet pressure, temperature and
pipe size.

Where dew point is not required to be less than 36-40°F
(2.2-4.4°C). Ambient temperature should not be below 45°F
(7.2°C). For example, interior of factories.

Select filtration air quality required
to the application to be protected.
Remember, it is better to over-specify
than not provide enough protection.

• Highest Quality - Clean, Oil and Odor Free Air

• Robotics

• Blow Molding of Plastic e.g. P.E.T. Bottles

• Air Logic

• Film Processing

• Instrumentation

• Critical Instrumentation

• Air Bearings

• Advanced Pneumatics

• Spray Painting

• Air-Blast Circuit Breakers

• Temperature Control
Systems

• Decompression Chambers

Select size of filters by flow rate and
inlet pressure at the point of filtration.
Also keep in mind pressure drop, if this
is critical it may be advisable to oversize
the filters. Generally, for operating
costs, it is best never to undersize
filters. The higher pressure drop caused
by undersizing actually increases
system operating cost.

• Cosmetic Production
• Foodstuffs Production / Packaging
• Pharmaceutical Production
• Dairy Production / Packaging / Transport
• Brewery Production / Packaging / Transport

Refrigerated
Air Dryer

C

Check the pipe size of the installation.
If possible, match pipe sizes. This
may involve increasing the size of the
filter. Never reduce the pipe size of
the installation to match the filter. The
restriction caused by this is expensive
in terms of pressure drop and operating
costs and is ongoing. Increasing the
size of the filter on the other hand
reduces pressure drop and increases
the time between element changes.
This more than offsets the initial
higher costs.

Receiver

Aftercooler

®

Compressor
Separator
& Drain

Filter
A

Drain

Extremely Low Dew
Point System
Where dew point must be below
32°F (0°C). For example, indoor
factory installation of dryer, but where
compressed air is to be used for
outdoor application, or where low
ppm water content in the air is required
by the application.

D

Be careful to consider working pressure
drops. Although all filters start dry, in
time they become wetted with liquid (a
normal condition) and this increases
pressure drop. Select filters for the
highest flow rate and lowest working
pressure they will operate under.

WDH
Heatless
Regenerative
Dryer

Receiver

Aftercooler
Compressor
Separator
& Drain

AF

Filter Filter
A
C
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How You Read Flow Charts
Using Filter Graphs

bar

psid

F08-01-SK00

1) From the graph select one of the inlet pressure curves to be
used. 35 PSIG, 60 PSIG, etc.

Inlet Pressure
psig
bar



2) Decide upon the air flow rate requirement for this
application. (Refer to the horizontal air flow rate scale
located at the bottom of the graph.)
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PRESSURE DROP
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3) To find the initial pressure drop draw a vertical line from
the flow rate selected to a point where it crosses the inlet
pressure curve. From this intersection draw a horizontal line
to where it intersects the vertical pressure drop scale.
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EXAMPLE:



At 15 SCFM flow rate and 60 PSIG inlet pressure, pressure
drop is about 4.3 PSID.
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AIR FLOW RATE

Using Regulator Graphs
NOTE: Regulator graphs are based upon an inlet pressure of
100 PSIG.

*Termination Point of Test

Maximum flow capacity is measured at a point that is 75% of
the initial secondary pressure setting. * (NFPA)
EXAMPLE:
Inlet Pressure = 100 PSIG,

7,0
SECONDARY PRESSURE

Secondary Pressure @ 0 SCFM = 90 PSIG,
Secondary Pressure @ 21.5 SCFM = 75 PSIG,
Pressure Drop @ 21.5 SCFM = 15 PSID.
1) Using a graph selected by product family and pipe size pick
the secondary pressure curve that fits
2) Determine the air flow rate required from the air flow rate
scale located at the bottom of the graph.

Inlet Pressure 100 psig (7 bar)

00

6,0
80
,0
4,0
,0

60

40

,0
,0

3) To find the pressure drop for this regulator draw a vertical
line from the air flow rate selected to a point where
it crosses the secondary pressure curve. From this
intersection draw a horizontal line to where it intersects
the vertical secondary pressure line. This is the secondary
pressure at the flow rated selected to determine full
pressure drop. Subtract this pressure from the original
secondary pressure used.
The Difference = Pressure Drop

psig

bar

R08-01-F000

0,0

0

0
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AIR FLOW RATE

Using Lubricator Graphs

psid

bar

L08-01-LK00
Inlet Pressure
psig
bar


PRESSURE DROP

1) From the graph select one of the inlet pressure curves to be
used. 35 PSIG, 60 PSIG, etc.
2) Decide the air flow rate requirement for this application.
(Refer to horizontal air flow rate scale located at the bottom
of the graph.)
3) To determine pressure drop draw a vertical line from
the flow rate selected to the point where it crosses the
inlet pressure curve used. From this intersection draw a
horizontal line to where it intersects the vertical pressure
drop scale.
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NOTE: Pressure drop value should not be less than 0.8 PSID.
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Regulators
A
General Purpose

Dial-Air™ Pilot

Used to provide a convenient and low cost method to reduce
a supplied air pressure to a desired outlet pressure and
transform a fluctuating air supply to a relatively constant
reduced air pressure within the operating range of the
regulator.

The Dial-Air™ Pilot is a constant bleed, piston operated
regulator. The pilot controlled pressure reducing valve
provides exceptionally high air flow with steady pressure
control and minimal secondary pressure drop. The non-rising
adjustment knob provides quick selection of the desired
secondary pressure in less than one full turn. The adjustment
knob also can serve as the pressure indicator thereby
eliminating the need for a pressure gauge.

This type of regulator is generally used in a wide variety of
applications where reduced pressure is highly desirable for
energy conservation, safety requirements, air circuit control
and air instrumentation.

This regulator is specifically designed for applications
requiring more accurate air circuit control, high air flow
capacity with flat performance curves and quick regulator
adjustment. The regulator can be used as a conventional
regulator for standard air circuits or as a pilot regulator to
provide pressure to the control chamber of a pilot operated
(slave) regulator.

Operation
Turning the adjusting knob clockwise forces the main spring
downward onto the flexible diaphragm which presses down
onto the valve stem. The diaphragm and valve stem move
downward forcing the balanced valve off its seat, which allows
air to flow past the valve to the outlet side of the regulator and
downstream to the air system. A precisely positioned aspirator
tube communicates secondary pressure to the diaphragm
resulting in instant compensation in order to maintain the
desired secondary set pressure.

Operation
To set the regulator, turn the large dial adjustment knob to
the desired secondary set pressure. This opens the pilot
valve seat allowing air flow into the control chamber which
forces the lower piston downward against the relief seat
and opens the main valve. At the same time, the air in the
control chamber forces the upper piston upward against
Belleville springs which closes the pilot valve seat when the
set pressure is attained. Secondary pressure in the chamber
is now balanced against the control pressure through the
lower piston. If demand flow increases, the constant control
pressure will force the lower piston and the main valve
further downward, and allow more flow downstream. A
higher than desired secondary pressure will force the lower
piston upward, closing the main valve seat and opening
the main relief valve seat thereby allowing air to relieve to
the atmosphere. For best performance, regulated pressure
should always be set by increasing the pressure up to the
desired setting.

The diaphragm, valve stem and valve move upward,
compressing the regulating main spring. Upward movement
stops when the spring force acting on the diaphragm balances
the pressure force acting below the diaphragm. For best
performance, regulated pressure should always be set by
increasing the pressure up to the desired setting.
Adjusting
Knob
Friction
Lock

Non-rising
Adjustment
Knob

Main Spring

Relief Port

80

Bottom
Piston

Primary Air
Valve
Spring

Springs

Upper
Piston

Valve
Assembly

AIR IN

0

O FF

AIR OUT

0

0

Non-rising
Adjustment
Knob

Diaphragm
Assembly

AIR OUT

Atmospheric Air
Outlet Air

AIR IN
Primary Air
Atmospheric Air
Valve
Assembly
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Spring
Outlet Air
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Regulators
Precision Regulator
For use in applications that require reliable performance and
accurate pressure control.This type of regulator is generally
used for material handling systems, flow and temperature
controllers, critical air control circuits, medical and scientific
test equip-ment, and valve positioners.

Non-rising
Adjustment
Knob

Operation
Set the desired secondary pressure by turning the adjustment
knob clockwise. This action increases the regulating spring
force against the top of the diaphragm disc. When the spring
force above exceeds the air pressure beneath the diaphragm,
it is transmitted by the valve stem and opens the valve.
Airflow through the regulator now occurs.

Adjusting Knob
Friction Lock

Diaphragm

A precisely designed and positioned aspirator tube constantly
transmits the secondary pressure to the under side of the
diaphragm so that during flow conditions any pressure loss
can be quickly compensated for. When flow is no longer
required, the outlet pressure increases slightly, allowing the
diaphragm to rise, the valve to close, and set pressure to be
maintained.

AIR OUT

Aspirator Tube

Screen

On self-relieving models, if outlet pressure should increase
above the set pressure, the diaphragm will rise therefore
opening the relief seal between the diaphragm and the
valve. The excess outlet pressure is then vented through
the diaphragm orifice into the bonnet and subsequently to
the atmosphere through an orifice in the bonnet. For best
performance, regulated pressure should always be set by
increasing the pressure to the desired setting.

AIR IN

16

Primary Air
Atmospheric Air

Valve

Outlet Air

Pneumatic Division
Richland, Michigan
www.wilkersoncorp.com

Catalog 9EM-TK-190-1

Lubricators
EconOmist™

A

The EconOmist™ lubricators inject an oil aerosol into the
flowing air stream to automatically provide the proper amount
of internal lubrication to air operated tools or other pneumatic
devices.

Drip Tube
Precision Oil
Adjustment
Screw

Large
Fill Port

Operation

For proper operation there must be line pressure in the
reservoir bowl. As the air flows through the lubricator, some
of the incoming air passes through the bowl pressure control
valve that then pressurizes the bowl pushing oil upward
through the siphon tube. Most of the air flow passes through
the self-adjusting Flow-Guide® flow sensor in the lubricator
throat creating a slight pressure drop that is proportional to the
rate of air flow. The pressure drop is sensed by the sight dome
and across the adjustment needle valve allowing oil to flow
upward through the siphon tube into the sight dome where it
drips into a nozzle passage and then into the lubricator throat.

Sight Dome

AIR OUT
Bowl Pressure
Control Valve

Atomized Oil
Air Mist

Mist
Generator

AIR IN

Flow Guide
Variable Orifice

 he precise amount of oil to be delivered to the air stream is
T
determined by the oil adjusting needle valve that sets the exact
drip rate.
The oil drops are atomized by the high velocity air flowing
through the lubricator. All of the drops visible in the sight dome
are delivered downstream to the air devices.

Flexible
Siphon Tube

The self-adjusting flow sensor automatically maintains a
constant oil-to-air ratio by opening and closing in response to
a wide range of changing air flows. A check valve keeps the
siphon tube full of oil during periods of no flow and prevents oil
carry-over due to the possibility of reverse flow.

Metal Bowl
Guard

Oil Filter

Valve
Oil

Transparent
Plastic Bowl

Inlet Air

The pressurizing valve controls the rate of bowl pressurization
and allows depressurization for refilling the unit without
shutting off the supply air. When the oil fill plug is loosened, a
spring loaded, normally closed 2-way valve closes, allowing the
air pressure in the bowl to be gradually reduced. When the fill
plug is replaced, the bowl repressurizes through the pressure
control valve. Upon initial use, or if unit has been run dry, open
oil adjustment wide open until no air bubbles are visible in sight
dome. Then, reset oil feed adjustment to desired setting.

Outlet Air
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Lubricators
AtoMist™

The AtoMist™ lubricators inject a micro-mist of oil into the
flowing air stream to automatically provide the correct amount
of internal lubrication for air tools and other pneumatic
devices. This type of lubricator can be precisely adjusted to a
very low oil flow rate because only a portion of the oil drops
seen in the sight dome goes downstream. The lubricator
should be used where only a very minute amount of lubricant
is desirable or where it is necessary for the oil to remain in
suspension in the air stream for long distances.
Lubricating oil is injected into the mist generator by allowing
a portion of the incoming air to bypass the mist generator
and enter the bowl, where it forces the oil up the siphon tube.
The oil then passes the adjustment screw, which meters the
amount of oil that can flow to the drip tube and down into the
mist generator. The oil droplets and air are then sprayed onto
the generator baffle where the oil drops are atomized. The
larger oil particles are baffled out and fall into the bowl to be
reused.

Precision Oil
Adjustment
Screw

Sight Dome
Drip Tube

AIR OUT
Oil Mist Particles
-Microns Or
Smaller

Large Fill
Port

Flow Guide
Variable Orifice
Mist Generator
AIR IN

Baffle Plate
(Max Oil Level)

Flexible
Siphon Tube

The very fine oil aerosol particles remain airborne and are
swept into the lubricator outlet by the airflow, where they are
carried downstream. Only a small amount of the oil drops
visible in the sight dome are delivered downstream. Generally,
micro-mist lubricators convert about 3% of the liquid oil
“atomized” particles 2 microns or smaller in size.

Oil Particles Larger
Than -Microns Fall
Into Bowl For Reuse

Metal
Bowl
Guard

Transparent
Plastic Bowl
Manual Drain
(Optional)

Oil Filter

Once the oil-to-air density ratio has been established and
the drip rate adjustment set, the proportional control of
the patented Flow-Guide® variable orifice permits varying
volumes of air to pass through the lubricator while maintaining
the oil-to-air ratio balance. AtoMist™lubricators cannot be
filled manually without turning off and venting the air pressure
from the bowl. The height of the oil level in the bowl is critical
and cannot be allowed higher than the baffle plate.

Oil
Inlet Air
Outlet Air
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18 / 28 Series FRL Modular Combination
A
Combination
knob and
sight-dome
for adjusting
the precise
amount of
lubrication

-pc. Patent
Modular Joiner Set
Patent Number: ,8,689
A diaphram controlled,
balanced valve with
excellent flow and
regulation characteristics
T-Bracket for
wall attachment

Bayonet
mount
with lock
for quick
easy
attachment
and removal

Self-adjusting
Flow Guide
valve provides
a finely divided
regulated oil
mist even at
low air flow
rates

The vanes provide
controlled rotation
with centrifugal
separation of liquid
water, oil and large
dirt particles
Knob with
snap-lock
prevents
accidental
adjustment

Nut for
panel or
bracket
attachment

 Micron
Filter Element

Bowl guard
with multiple
viewing slots

Manual Drain
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Automatic Mechanical Drains
B

B

A

A
C

C

Use /8"
or 0mm
Flex Tubing

Automatic Piston
Drain

Automatic Drain
(Nitrile and Fluorocarbon Versions)

(08 Series as shown)

Operating Range
15 to 250 PSIG (1 to 17 bar)

Works with cyclical
operation of air system.

Wilkerson automatic mechanical drains are designed to
remove liquid oil and water contaminants from compressed
air systems automatically. They eliminate the necessity of
someone having to drain accumulated liquids from filters,
separators, receivers, etc. on a daily basis. Instead, only
regular, periodic maintenance and cleaning is needed.
Typically, once a month the drain should be removed from the
housing and cleaned in warm, soapy water (no solvents).

Automatic Piston Drains

(used in F03, F08, M03, M08, B03 and B08
filter units)
Air enters bowl, and pressure equalizes above and below
piston. The piston has differential areas above and below, with
the top area being larger. This gives a slight downward force,
holding the drain orifice closed, as long as air pressure is
constant. System fluctuations, such as an increased demand
for air downstream, causes the pressure above the piston to
drop slightly. Now the trapped air below the piston is a higher
pressure, and thus pushes the piston up, opening the orifice,
and causing the system pressure to expel to atmosphere any
accumulated liquids. The sudden drop of pressure below the
piston now causes the system pressure to quickly push the
piston down, closing the drain, and resetting the piston for
the next cycle. It is important to note that this type of drain
requires periodic fluctuations in system pressure in order to
operate; in a system where the pressure is constant, the drain
piston will never cycle.

Operation
Automatic Mechanical Drains
Liquid contaminants collected in the bowl cause the float
mechanism to rise. When the liquid reaches a specific level,
the float triggers a mechanism which pilots system pressure
against a large-area piston, driving the piston down. The
piston opens the drain orifice, causing the system pressure
to evacuate the liquid contaminants. As the liquid level falls,
the pilot valve closes, system pressure against the piston
exhausts to atmosphere, and the drain valve snaps closed,
ready to repeat the cycle. At least once a month, the drain
should be removed from service, and cleaned with warm,
soapy water to ensure continued reliable operation.

Typical Installations
At Bottom Of Air Tank

Alternate Air Tank
When drain is installed higher
than normal tank drain outlet
where clearance is limited.

At Bottom Of Air Filter
Or Separator

Air Outlet
PRES
TUR

Vent line
1/4" tube.
Water will
rise to height
of pipe.

Water in
Tank

1. Drain air from tank.
2. Remove plug.
3. Using a pipe nipple
attach tank drain.

PRES
TUR

PRES
TUR

PRES
TUR

1. Remove pipe plug (GRP-43-000).
2. Run 1/4" tubing from drain to air
outlet from tank to equalize
air pressure.
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1. Vent air filter.
2. Remove drain valve at
bottom of filter and attach.
appropriate pipe nipple.
3. Bush 1/2" hole at top of tank
drain to fit pipe nipple used,
if necessary.
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