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Adding an Ultrasonic Edge

Tips to help you choose a system for profit, performance and quality.

BY BRIAN SUTTON AND CHERYL LARKIN

MIRACLEAN ULTRASONIC CLEANING SYSTEMS

When should you consider adding ultrasonics
to a cleaning process? Usually, the answer is
whenever parts are not getting clean enough
using the current method. Ultrasonics become a
viable purchase when cleaning issues are nega-
tively impacting productivity, quality and/or the
bottom line. Effective cleaning with ultrasonics
has been proven in a wide range of industries
ranging from microscopic medical devices to
reconditioned locomotive shafts, from aerospace
parts to parts prior to coating, and more.

Ultrasonics can beincluded in a new cleaning
process or sometimes can be retrofitted into
an existing process. In many cases, rejects due
to residue on parts can be virtually eliminated
with the addition of ultrasonics into clean and/
or rinse stations in a properly-configured parts
cleaning line.

Ultrasonic Frequency and Watt Density
Ultrasonic energy occurs when sound waves
are introduced into a solution such as water
via a package that includes one or more ultra-
sonic generators and corresponding ultrasonic
transducers.

The sound waves create microscopic bubbles
of solution during periods of positive pressure,
which implode and release a burst of energy
during periods of negative pressure. This process
is called cavitation. Itis cavitation thatenhances
the separation of soils from substrates, often
making ultrasonic cleaning faster, gentler, and
more effective than other methods. Imploding
bubbles travel wherever the solution goes,
allowing cleaning activity even within complex
part geometries and micro-parts.

When cleaning with ultrasonics the frequency
of the sound waves is matched to the applica-
tion. Frequencies range from 20 kHz to 170 kHz
and above. The most commonly recommended
ultrasonic frequencyis40kHz. Itis considered the
“universalfrequency” becauseitis generally safe
forusein mostapplications and will produce the
most intense cavitation energies to remove the
mostcommon types of contaminants (oil, grease,
metal chips) from the widest range of substrates.

Heavy oil loading on “before” part is successfully
removed on “after” part by ultrasonic cleaning.

Lower frequencies such as 20 or 25 kHz
produce larger cavitation bubbles which are
more aggressive when theyimplode. These lower
frequencies are especially suitable for applica-
tions like removing contaminants such as buffing
compound from stainless steel medicalimplants
orremoving the byproducts of injection molding
from steel or stainless steel molds.

Higher frequencies (68-250 kHz) will produce
smaller cavitation bubbles with less intense
energies, but more of them. These can be benefi-
cialinthe removal of smaller particles and where
damageisaconcern (polished surfaces, delicate
parts, soft substrates, micro-parts).

While ultrasonic devices have a natural
frequency variation, additional frequency modu-
lationis now available through sweep frequency
generators. Frequency-sweep circuitry varies the
frequency of the ultrasonic generator to create
a more uniform cleaning field by alleviating
standing waves and hot spots sometimes char-
acteristic of older equipment.

Power control circuitry tailors the output to
varying load conditions, thus improving versa-
tility, which is especially useful when different
types of parts are being cleaned in the sameline.
Multiple frequency generators are also available
and may be appropriate when cleaning a variety
of part families or complex geometries in the
same line.

The other critical variable in specifying ultra-
sonics is watt density. This is the recommended
number of watts of ultrasonics per gallon of solu-
tioninatank. In addition to the volume of the tank,
this number varies depending on the substrate
of the parts to be cleaned, the contaminant(s),
and the weight and mass of the maximum load.

Monitoring ultrasonic performance has
become critical as ultrasonics are used more
and more in precision cleaning scenarios where

Ultrasonic cleaning tank with four-sided overflow
weir and spray headers.

repeatability and conformance are manda-
tory. Monitoring is also useful in tracking the
lifespan of an ultrasonic package. Readings can
be captured by measuring outgoing generator
wattage and correlatingittoan analogscalethat
isreadable by PLC’s or stand-alone meters.On an
automated, PLC-controlled line these readings
can be reported (and if desired alarmed out) in
real time on the human/machine interface (HMI)
which is typically a color touch screen.

Designing an Ultrasonic Cleaning Process
Aswith anytype ofequipment, ultrasoniccleaning
systems should be matched as closely as possible
to the job requirement. Labs and production
areas with lowerthroughputs may choose asingle
ultrasonic tank followed by a sink rinse. Single
tankstypically start atlessthan one gallonand up.
Higher production areas may consider a manual
orautomated multiple station linein which one or
more ultrasonic cleaning stations are followed by
one or more rinses and an optional dryer.
Heavily contaminated parts may benefit from
cleaning in more than one cleaning station. The
first clean can remove gross contamination and
the second completes the job. Ultrasonics may or
may not beindicated in both stations depending
on the type and level of contamination. For
example in a scenario with heavy oil loading, a
pre-clean mightinvolve ultrasonic cleaning with
surface skimto a coalescer to handle the oil. Once
the heavy oil is removed in the first station, the
ultrasonics in the second clean will be cavitating

TABLE |—Defining Your Ultrasonic Cleaning Requirement

which should then be corroborated by testing.

Particular parts-cleaning needs and goals will determine the ultrasonic cleaning equipment and chemistry
scenario that is right for the job. Answers to the following questions will greatly advance the definition process,

1) What is/are the substrate(s) of these parts?

2) What are the soils on these parts?

3) What is the geometry of these parts and are there special areas of concern?

4) What is the largest part you need to process? The smallest?

5) Are there particular load/batch parameters to be honored such as lot integrity, and what is
the size (volume, number of parts) and weight of a load or batch?

6) What are your throughput requirements or goals per workday and how many hours in a workday?

7) What is your cleanliness standard and how do you test it (appearance, water break, white
glove, tape, black light, particle count, success of subsequent operation)?

8) Is (water) spot free critical? What is your water supply (city, well, DI, R0)?

9) Do you need to meet environmental protocols regarding waste and water management?




more directly with the part substrate to perform
finer cleaning.

Tank construction is typically 300 series stain-
less steel, insulated to minimize heat loss. An
ultrasonic tank work area should allow for at
least two inches of clearance on all sides of the
work load.

Small ultrasonic tanks are typically equipped
with electric strip heaters, and the ultrasonic
transducers are epoxy-bonded orvacuum brazed
to a diaphragm usually located in the bottom
of the tank.

Larger ultrasonic tanks usually feature heavier
duty wall construction and additional wall
support. Heat may be supplied in a variety of
waysincludingelectricimmersion heaters, steam
coils, and/or external heat exchangers. Larger
tanks may have either diaphragm-bonded trans-
ducers, or immersibles which are transducers
bonded into a stainless steel can which is then
mounted inthecleaningtank. The advantages of
immersibles are thata can may be swapped out if
required without the whole tank goingdown, and
immersibles can often be retrofitted into existing
process tanks toimprove cleaning performance.

Chemistry and Temperature

The kind of chemistry used in an ultrasonic
cleaning tank can significantly impact cleaning
success. Before the Montreal Protocol in 1988,
what we now call “regulated solvents” such as
1.1.1. were often the cleaning solutions of choice
inultrasonictanks. Today, they and anew gener-
ation of solvents remain animportant option for
certain types of cleaning, as is another class of
cleaning solution called “semi-aqueous” which
mixes solvents and water. But the biggest change
after the Montreal Protocol has been the shift
to aqueous cleaners for many types of parts-
cleaning applications.

There are three types of aqueous cleaners:
acidic, neutral, and alkaline.

Acidic cleaners (pH less than 6) consist of
mineral and organic acids with wetting agents.
They are generally not used for the removal of
oil and grease, but are most widely used for the
removal of metal oxides. With the addition of
ultrasonics this process can be accelerated and
the acid used can therefore be less aggressive.

Neutral cleaners (pH of 6 to 8) consist mostly of
surfactants. They also contain mild builders and

Multiple-station ultrasonic parts-cleaning line
with conveyorized load and unload.
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corrosion inhibitors. They are effectively used to
remove oil and light grease.

Alkaline cleaners (pH of 8-14) are a blend
of builders such as potassium and sodium
hydroxide, silicates, carbonates, bicarbonates,
phosphates, borates, and surfactants. They are
best suited for the removal of oil, grease, inks,
and carbonaceous soils.

Theefficiency of all of the water-based cleaners
increases in combination with ultrasonics and
heat. However, raising the temperature too high
(above about 180°F) reduces cavitation pressure
and can therefore be counter-productive to ultra-
sonic cleaning success.

Optimizing Solution Performance

Besides too high temperatures, gases naturally
occurring in water can also negatively impact
ultrasonic cleaning. This is because these gases
can interfere with the formation and implosion
of the cavitation bubbles, diminishing cavitation
pressure and reducing cleaning effectiveness.
For this reason, “de-gassing” an ultrasonic tank
is recommended when the tank is first started
up. The process of de-gassing means operating
the tank with chemistry, heat, and ultrasonics for
several minutes before running parts. The combi-
nation drivesthe undesirable gases out of solution,
permitting better cavitation and therefore better
cleaning moving forward. Indicators of successful
de-gassingarenomorevisible bubblesrisinginthe
liquid, a ripple pattern on the surface which indi-
cates ultrasonic energy, and perhaps a change in
the pitch of the sound emanated by the ultrasonics.

Another solution management technique
that helps to optimize the performance of an
ultrasonic cleaning tank is tank filtration. This is
especially important in cleaning tanks in which
the ultrasonics are bottom-mounted, as partic-
ulate build up decreases ultrasonic efficiency.
Cartridge and bagfilters are available forvarious
types and levels of particulate and are selected
based on soil loading considerations.

Surface skimming (sparging) of the cleaning
solution into a separate weir further optimizes
the ultrasonic cleaning process and means that
clean parts won’t be pulled through floating
contaminants on exit from the cleaning station.

An added bonus of filtering and sparging is
longer cleaning tank solution life, which can
also be further extended with coalescing and/or
ultrafiltration units.

Fixturing and Additional Mechanical Action
Ultrasonics plus theright chemistry and temper-
ature make a powerful parts cleaning package.
This is especially true when parts can be racked
or fixtured to present their toughest soils toward
the ultrasonics, when the parts do not nest
or mask each other, and when the parts are
not allowed to trap air pockets which prevent
solution movement and cavitation.

In high production scenarios, additional
mechanical action is sometimes required to
compensate for load requirements and part
geometries, and to realistically translate lab-
testing results up to production levels.

Cube rinse tank.

Agitating platforms, rotation, spray, and turbu-
lation (spray under immersion) are some of the
additional mechanical actions that can further
enhance cleaning performance and improve pro-
cesstimes. Test cleaningis the best way to deter-
mine if additional mechanical action is recom-
mended, and if so, what type is most desirable.

Good Rinsing is Key

Good rinsing is critical to ultrasonic parts
cleaning success. First, chemistry residue needs
to be removed. Second, parts will never be
cleanerthanthelast water they contact. In higher
production settings, multiple station rinses are
recommended with each one accomplishing
successive dilutions of the cleaning chemistry.

To optimize water use and conservation,
counter-flowing (cascading from the last rinse
back to the first rinse) is suggested, as it reuses
water in more than one station. A conductivity
or resistivity meter on the line can also facilitate
water conservation by calling for fresh water only
when quality drops below a preset standard. If
parts need to be spot free, RO or DI water will be
the required feed.

Ultrasonics and/or filtration are sometimes
recommended in a rinse station if the geometry
of the parts or the level of cleanliness required
suggests that they would be of particular value
(to meet a clean room or military specification,
forexample). Varyingthe frequency of rinse tank
ultrasonics can also enhance results.

The Bottom Line
Many types of parts can be cleaned more success-
fully, often faster, with less operator involve-
ment and without regulated solvents by using
ultrasonics in an appropriately designed parts-
cleaning system. Industries that are imple-
menting ultrasonics to improve cleaning and/or
rinsing include aerospace, medical, electronics,
automotive, jewelry, optics, coating, and more.
The key to success is the right combination of
ultrasonic frequency and watt density, chem-
istry, temperature, part fixturing, and rinsing.
Thebestwaytoseehowultrasonicscanimprove
aparts-cleaningapplicationisto approach poten-
tial suppliers about test cleaning parts. Review
test results, process recommendations, and
proposals, and, before ordering any equipment,
be sure that provisions have been made in equip-
ment, chemistry, fixturing, and cycle timesto meet
or exceed your throughput goals. m
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