ULTRASONIC COUPLANTS:
The critical technology
in all UT inspection

ULTRASONIC COUPLANTS
An ultrasonic couplant
acoustically connects
(couples) two components
so that sound will travel
between them.

ULTRASONIC COUPLANTS
MATERIAL

SPEED OF
SOUND, m/s

IMPEDANCE,

POLYSTYRENE

2350

2.47 x 106

PLEXIGLASS

2680

3.16 x 106

GLASS

5570

12.3 x 106

ALUMINUM

6320

17 x 106

STAINLESS STEEL

6000

45.45 x 106

COPPER

4700

41.61 x 106

WATER

1480

1.48 x 106

AIR

343

0.0004 x 106

kb/(m2s)

For sound to travel between
components, the acoustic
impedance of the interface
needs to approach that of
the materials.
Air reflects, scatters and
attenuates ultrasound.

ULTRASONIC COUPLANTS
A couplant replaces the air
between components
(transducer and test part)
with a liquid, gel or paste
having at least a 3,500
times higher acoustic
impedance, thus
facilitating sound
transmission.

FIVE FACTORS ARE INVOLVED IN THE SELECTION
OF THE OPTIMAL COUPLANT

COUPLANT SELECTION CHECK LIST
1. Do no harm (Corrosion, auto-ignition, environment)
2. Reproducible results (Strong film strength, no air in couplant
interface)

3. Be safe (Read the SDS, know the operating range, don’t create or
become a hazard)

4. Be efficient (Minimize evaporation, reapplication, and poor signal
to noise; reduce inspection time)

5. Check the requirements of others (Specifications,
environmental, subsequent operations after UT)

CONSIDERATIONS THAT INFLUENCE
COUPLANT SELECTION
#1 Do No Harm
Check for corrosion concerns with
material and material compatibility
with couplant.
Check for component specifications
that apply to couplant selection.
Check for environmental concerns or
regulations with the couplant.
Couplants on the Tundra, near or on
water and in food processing are of
highest concern.

#2 Reproducible Results
• Select a cellulose-thickened
couplant for a strong film strength
(especially phased array and angle
beam) and for corroded, oxidized or
parts covered with a salt film (as a
cellulose couplant will not break
down).
• Always keep air out of the
ultrasound pathway. Select a wedge
to transducer couplant that has a
low coefficient of expansion. For
Phased Array, select a couplant
with a strong film strength to
provide a continuous air-free film
between wedges and parts being
inspected.

#2 Reproducible Results
• Select a slow-evaporating
couplant for inspecting large
surface areas or in warm or hot
weather.
• Select a water-free couplant for
use below freezing to avoid ice
crystals forming on the part (they
scatter and attenuate sound).
• The operating range applies to
the part temperature, observe it.

#3 Be Efficient and Cost Effective
SELECT
• Select Powder Couplants for low
shipping costs and remote locations.
Propylene glycol (RV antifreeze) can
be added to extend drying time and
lowering freezing point.
CONSIDER
• Select a plant oil or silicone based
couplant when inspecting in mud,
rain and melting snow.

#3 Be Efficient and Cost Effective
For scanning and inspecting large surface areas,
select a slow drying couplant that does not
need re-application.

Select a high-impedance couplant for faster,
reproducible, low-noise pencil probe inspections.
A high-impedance couplant also improves signal
to noise strength on very rough surfaces.

#4 Be Safe
• Look for the operating range on
the label and Safety Data Sheet.
Stay within the operating range.
• If the operating range is not on
the label, don’t use the couplant.
• With high temperature couplants,
look for the auto-ignition
temperature on the product label.
Do not use the couplant if the
auto-ignition temperature is not
on the label. Never use a couplant
on a part that is at or above the
auto-ignition temperature.

No operating range listed

#4 Be Safe
• Always read the SDS to determine
personal protective equipment
necessary and check for safety
factors, such as the California Prop
65 cancer warnings (some states
prohibit use of the product).

CHECK THE REQUIREMENTS OF OTHERS
Specifications:
• Halogen & sulfur content, ASTM F519, ASME Boiler
& Pressure Vessel Code (T-533), NAVSHIPS 2501500, FAA-AC #25-29 (requires a glycerin-free
couplant for aluminum aircraft inspections).
Environmental consideration:
• Removal
• Critical environments
Subsequent operations after UT:
• Painting, magnetic particle, etc.
• Removal
• Varnish or films forming that must be removed for
subsequent inspections

COUPLANT PROPERTIES
• Corrosion inhibition: first consideration – do no harm
• Viscosity
• Operating range
• Drying time / Evaporation
• Film strength vs. feel
• Removal of the couplant
• Evaluating couplant cost

Corrosion Inhibition

When in doubt:

• Corrosion from material incompatible ultrasonic couplants
can cause major damage to
components, often long after the
inspection occurs.

If the part is exposed to
outdoor weather, most
commercial couplants are
satisfactory.

• The manufacturer of the
equipment or recipient of the UT
inspection may specify a chemistry
or test requirement that ensures
that the couplant has acceptable
material compatibility.

Plant and silicone-based
couplants are usually a
good choice if corrosion of
metal is a concern.

Viscosity (thickness)
The viscosity of a couplant can play an important role in performance and cost.

HIGH VISCOSITY
or thick couplants are well suited for overhead or vertical inspections. Gel
type couplants and plant oil or silicone- based couplants stay in place.
MEDIUM VISCOSITY
spreads easily on a part.
LOW VISCOSITY
can be easily spread on large areas with a brush and does not “snowplow.”
Fluids are used for squirting, spraying or pumping in manual, AUT and robotic inspections.

Viscosity
• The polymer used to thicken a couplant can
influence how the couplant feels and
behaves.
• A couplant thickened with cellulose will have
the strongest film and will provide better
coupling and adherence.
• A couplant thickened with an acrylic polymer
will be more clean-breaking and will stay in
place on overhead and vertical surfaces.

Fluid Couplants for AUT and Robotics
• Always select the highest
viscosity fluid you can
pump. This will result in
slower runoff and less
vaporization.
• The Typical Pumping Range
is not the same as the
Operating Range.
• Fluids and most couplants
increase in viscosity in
colder temperatures and
thin in higher temperatures.
• Select a fluid that has room
on each end of your
operating range.

4 FLUID COUPLANTS FOR AUT

Fluid Couplant Selection Criterion
• SDS
• Certificate of Compliance
• Traceable lot/batch number
Note of caution: vegetable
oils leave a difficult-to-remove
varnish, are not intended for
industrial use, do not have an
appropriate C of C, SDS or
batch number for traceability
in an audit.

Operating Range
• When performing inspections at high
temperatures, it is critical to confirm the
operating range of the couplant is
printed on the container you will use.
• Verify the maximum temperature of the
part you will be inspecting and that it is
within the couplant operating range.
• Failure to complete the two steps above
can cause fire, bodily harm and
destruction of assets.

Auto-Ignition
• Auto Ignition is the temperature at
which a substance ignites without
other sources of energy such as a
spark, flame or heat.
• It must be marked on the label and
SDS of high-temperature couplants
and incorporated into the safe
operating range.
When choosing a high temperature
couplant, it is important to select a
couplant that has the broadest
temperature range overlap with the
expected test temperature in case the
temperature of the part is higher than
you anticipate or measure.

NOTE:

In confined spaces and
inspection ports, the
temperature is often 150°F
higher than on exposed
pipe. Take this into account
when selecting a couplant.

Drying Time or Evaporation Rate of Ambient Couplants
• A water-based couplant with a higher operating range offers longer
drying time because of its humectant content.
• Plant oil and silicone oil based couplants have very long drying times,
even at higher temperatures and they can also often be used at low
temperatures and in wet or muddy conditions.
• Powder couplants, mixed with water, will have a fast evaporation rate
and often need to be re-applied throughout the inspection. They
evaporate at the same rate as water.

Film Strength
• The cohesiveness or strength of a couplant film is an important
consideration in the reproducibility of the inspection and in reducing
artifacts.
• Often other considerations, such as removal of the couplant, cost, or
use on overhead surfaces, override selecting the couplant with the
strongest film strength.
• In these instances, it helps to be aware of why the couplant was
selected and consider the film strength so the inspection technique
can be adjusted accordingly.

Couplant Removal
• Water-based couplants can often be wiped with a wet or dry cloth and
achieve sufficient removal. In outdoor conditions, they will be
removed by weather unless prohibited by environmental concerns.
• A pressurized water-wash or wire brush may be required in some
conditions.
• Couplant removal must take into consideration what happens to the
part after the UT inspection.

Cost
• The lowest priced couplant doesn’t always mean it is the lowest
cost solution.
• Typically lower cost couplants have less humectant and therefore
dry more quickly. On long inspections, this can mean re-applying
couplant multiple times; a couplant with a higher humectant
content may only need to be applied once.
• Powder Couplants are ideal for travel, small storage conditions and
transporting to remote areas. Because it is mixed with water,
powder couplants have a limited operating range. Pet-safe
(propylene-glycol based) anti-freeze can be added to extend the
operating range.

ECHO ULTRASONICS The Couplant Experts
• Thank you for participating in this overview of
ultrasonic couplants, the critical link between
instrumentation and the inspection part.
• We have been developing and manufacturing
couplants since 1965 and can be a technical
resource to you in selecting the most
reproducible and best performing couplant for
most applications.
• Echo’s website is a resource of couplant
technology and product information:
www.echoultrasonics.com
• Call, text or email me if you have questions on
couplants, or feedback on this presentation.

Marian Larson, President
Text: 360-510-3503
Email: marian@echoultrasonics.com
Phone: 360-671-9121

