What Everyone Should Know About

Electrostatic Spraying
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“ POWERED BY
ELECTROSTATIC SPRAYING SYSTEMS.

“Air-Assisted” or “Airless” electrostatic spraying?
Electrostatic Spraying Systems, Inc. (“ESS") manufactures
electrostatic sprayers and equipment utilizing two separate
patented/proprietary technologies. Historically, ESS has been
known worldwide for its “air-assisted” electrostatic sprayers, but
more recently ESS has added the new “airless” nozzles to its
available sprayers and equipment. What is the difference?

o Air-Assisted: ESS's air-assisted
electrostatic nozzles are utilized when
greater spray distance and increased
spray volume are desired. The
MaxCharge™ air-assisted nozzle will
spray targets from 2 feet up to 25 feet,
depending on air pressure and air
volume. It will also spray between 100
ml and 300 ml per minute, per nozzle.

o Airless: ESS's airless electrostatic
nozzles are utilized when a shorter
spray distance and a very light or fine
mist is needed. The MaxCharge™
airless nozzle will spray targets from 4
inches up to 36 inches, depending on
liquid pressure. It applies between 40
ml and 80 ml per minute, per nozzle.

What Is Electrostatic Spraying?

With both ESS’s electrostatic technologies, “air-assisted” and
“airless”, an electrode applies an electrical charge to each tiny
droplet as it leaves the nozzle. This electrical charging causes a
natural force or magnetic attraction between the spray droplets
and targeted surface. The charge on the droplets is small, but the
force pulling the spray towards the target is up to 75 times greater
than the force of gravity. Droplets literally reverse direction and
move upwards, against gravity, when passing a target surface.
This remarkable phenomenon by which the spray coats the
underside, and the backside of the spray target is known as
electrostatic wraparound and an even coating.

Does Droplet Size Matter?

None of this would be possible if the droplets were the size of
those produced by conventional sprayers. Electrostatic sprayers,
manufactured by ESS, produce spray droplets which are about 40
microns in size and are 900 times smaller than a normal droplet.
The result is more than twice the deposition efficiency of other
conventional sprayers.

See for yourself!

The black knob on the left was sprayed with fluorescent dye with
the electrostatic charge turned on.

However, the knob on the right was sprayed with the electrostatic
charging system turned off.

The spray coverage is so uneven without the benefit of
electrostatics that the back side of the knob remains untouched
and even the reflection of the evenly coated electrostatic knob
can be seen.

What are the Benefits of Electrostatic Spraying?

e Sustainability: By using safer chemicals,
less water, and less disinfectant or chemical
solution, the total environmental load is
substantially lightened, and "sustainability”
promoted.

e Less toxic chemicals can be used: The increased effectiveness
allows more choices for disinfection and sanitization, and
making organic coatings affordable and effective. ESS is
committed to making food safer, and healthy again.

e Safer for workers, students, and others in the area: Low
volume electrostatic spraying means less chemical exposure for
everyone.

¢ More effective: The small droplet size and improved coverage
substantially improves the bioavailability of disinfectant
compounds.

¢ Fewer sick days: Effective disinfection limits transmission of
many communicable diseases such as salmonella, listeria, or
e.coli.

What About Spray Coverage?

Electrostatic sprayers achieve greater spray coverage and more
uniformity of coverage by producing evenly-sized,
electrostatically charged, 40 micron, spray droplets. Coverage on
the back and underneath results from electrostatic wraparound.
The goal is to achieve an even coating of the disinfectant or
water-based solution. If the coverage is spotty or incomplete, the
chances increase that dangerous organisms, molds or bacteria
will survive. With an electrostatic sprayer, the benefits are clear
with...complete...confident...coverage!
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1. Overview:

Electrostatic Spraying Systems, Inc. (“ESS”)

Technology Discussion

a. Electrostatic spraying is an often misunderstood and inaccurately explained
application process.

One of the most common mistakes made is that electrostatic sprayers are all
basically the same. Nothing could be further from the truth.
Depending on the quality of the electrostatic technology sprayers can vary in
any of the following:

1. Size of droplet produced

2. Electrostatic charge induced onto each droplet

3. Effective spray volume
To effectively put an electrostatic charge on a droplet one must realize that
the mass of a droplet in relationship to the charge on the droplet is the most
important factor on the efficacy of the application process. If a droplet has a
mass that is too large it will fall to the earth, despite its charge, due to the
gravity. This critical factor is known has the “mass-to-charge” relationship.
There are also many myths that cloud the reality of what is happening in the
process. Although charging a suspended droplet is important, it is equally
important to understand how all of the droplets, of the spray plume, work to
create the attraction. When a plume of droplets is expelled into free space,
all carrying the same charge (negative or positive), they induce an equal but
opposite charge on any object that is grounded.
To clarify, grounding does not mean a (negative) polarity but rather having
an electron supply from ground. Any grounded object can be induced to
carry a negative or positive potential if exposed to a prevalent field charge of
opposite potential. This is why seemingly non-conductive objects fight for the
attraction of a single droplet.

b. How does the ESS (Electrostatic Spraying Systems) nozzle work?

Understanding the aforementioned concept, ESS takes a well-grounded
liquid supply and presents it to a high voltage field charge but without ever
touching it; also known as induction charging.

We then use a high-volume air supply to atomize the droplet size down to a
mean mass that can be influenced in free space by an electric charge. The
collective plume of expelled droplets now works to influence any grounded
objects to take on an equal but opposite charge potential, creating the
attraction.

2. Air requirements:

a. CFM

b. PSI

4 CFM with small compressors, using the smaller 140 nozzle covers
6 to 8 CFM with blowers/superchargers and 180 nozzle covers

The nozzle operates at between 15 and 65 PSI of compressed air
15 PSI, or “low pressure” is optimal.

c. Sources (blower, compressor, supercharger)
d. Air speeds:

Assuming 6 CFM, the velocity thru the smallest passage in the base would
be 4773 ft/min
Assuming 6 CFM, the velocity coming thru the cover would be 235 ft/min
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3. Liquid

a. PSI
b. Flow regulators
c. Siphon
d. Solution
i. (oil, viscosity, distilled water, acidic)
4. Electrical
a. Sources
i. Electrical current to provide the electrostatic charge comes from one of the
following:
1. 9-volt rechargeable batteries.
2. 12 volt automotive/tractor system; or
3. 110 volts (AC) converted to DC
b. Power supply (voltage multiplier)

i. No more than 8 nozzles, preferably 5 to 7 on row crop sprayers.
ii. Positive polarity option

c. “Flux capacitor”

d. Air pressure switch

e. Grounding is critical to sprayer

i. Target must be grounded also

f. Conductive hoses

5. Nozzle

a. Patent: the nozzle is patented by the University of Georgia, and ESS has the
exclusive worldwide rights to market the nozzle.

b. The nozzle produces droplets of approximately 40 microns.

c. Listed below are the materials used throughout the nozzle assembly

i. Nozzle Base & Cover — Hydex 202 Black
ii. Liquid Inlet Barb — Nylon Black
ii. Internal Air Cone — Hydex 202 Natural
iv. Induction Ring and Electrode — Stainless Steel 304
v. Nozzle Cover Outlet — Macor Ceramic
vi. Charge Ring — Stainless Steel 316
d. The nozzle comes with three different size nozzle covers (.140, .160, and .180)
i. The 180 nozzle requires at least 5.5 CFM and preferably about 8 CFM of
compressed air, per nozzle.
6. Measuring Charges in the ESS Electrostatic Spray Nozzle
a. The charge on the droplets is measured in micro amps.
i.  Minimum Charge =10 micro amps or more
ii. Good Charge =12 to 16 micro amps
iii. Excellent charge =17+ micro amps

b. RESISTORS IN THE LEADS: The leads have 4.7 kOhm resistors to protect the
meter in case you touch the nozzle while measuring charge. The presence of the
resistors doesn’t change what you are reading.

c. POWER IN THE NOZZLE AT THE ELECTRODE: The nozzle power supply
parameter that you measure to see if it is operating correctly, is volts. The proper
output is approx. 1200 to 1300 volts. Set the meter to the highest setting of volts
DC and touch one lead to the electrode of the nozzle and the other to ground. You
can leave the resistors in the leads when you make this measurement. The 1200-
1300 volts dc measured on output of nozzle's power supply is a secondary
parameter of interest. For our electrostatic-induction nozzle design, the spray-cloud
current should increase linearly with the induction-electrode voltage and the straight-
line plot will depend upon which internal bore of electrode is used...as will maximum
safe voltage to apply before nozzle arc-over.
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d. TESTING THE SPRAY AS IT LEAVES THE NOZZLE: In general, the most
important user-measured spray-charging parameter is the microamps of current
conveyed on the spray cloud referred to as "spray-cloud current”. As collected by
impinging the charged-spray stream onto the metal paddle, it is usually in the 5-20
microamp range. Knowing the spray liquid volumetric flow rate in milliliters per
minute and knowing the approx. mass density of the spray liquid (probably ~1
gram/milliliter), then the spray charge-to-mass ratio (expressed as millicoulombs per
kilogram) of electric charge carried per unit mass of the spray can be calculated.
Good nozzle performance should provide typically ~8-20 mC/kg charge-to-mass
ratio. Microamps is the flow of charge. When you are set on micro-amps and the
spray hits the paddle you are measuring the flow of charge from the spray.

I. ESS sprayers do not spray viscous materials very well. Viscous solutions
don’t atomize and take the charge as well.

ii. The best way to test a charge is to buy a multimeter from ESS and actually
check the microamps in the spray by placing the paddle in the spray and

reading the actgal charge

iii. To quickly test the charge on a spraygun:

1.

2
3.
4

5.

Make sure the spraygun is charged (overnight)

Make sure the red light is on.

Put only regular tap water into the tank.

Spray the water across your arm. The electrostatic charge should
make the air stand up on your arm.

If this works, then do the same thing with your solution, and see if it
has a charge.
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7. Electrostatic Spraying Systems (ESS), droplet size explanation

a. Electrostatic spraying is an often misunderstood and inaccurately explained
application process. Two common mistakes which are made and misconceptions
are that:

i. There is a single category and that all electrostatic sprayers are one in the
same; and

ii. ESS sprayers are mistakenly referred to as “foggers”, simply because their
droplets are smaller than a more conventional sprayer.

b. Neither of these are correct, however there is one very important aspect that all
electrostatic sprayers must abide by; droplet size. In order to apply an electrostatic
charge to a droplet one must realize that the mass of a droplet has the most
important influence on the efficacy of this application process.

c. During the development of the Maxcharge nozzle at the University of Georgia, it was
determined that if a droplet has a mass that is too large it will fail to have sufficient
charge and “wrap-around effect” to cover the targeted object on all sides, despite its
charge. On the other end of the spectrum, if the droplets are too small and enter
into the range of a fog, they lack sufficient volume to be effective.

d. There are also many myths that cloud the reality of what's happening in the process.
Although charging a suspended droplet is important, it is equally important to
understand how all of the droplets, or the spray plume, work to create the attraction.
When a plume of droplets is expelled into free space, all carrying like charges, they
induce an equal but opposite charge on any object that is grounded. (i.e.: a piece of
equipment, wall, bed, or furniture) To clarify, grounding does not mean a (negative)
polarity but rather having an electron supply from ground. Any grounded object can
be induced to carry a negative or positive potential if exposed to a prevalent field
charge of opposite potential. This is why seemingly non-conductive objects fight for
the attraction of a single droplet. In layman’s terms, the droplets form a mist which
is immediately attracted to the nearest grounded objects, rather than being
suspended in the air.

e. Generally speaking, a fog is usually very very small droplets, many times in the 5 to
10 micron range. Whereas, as can be seen from the attached (below) studies done
by the USDA, utilizing the ESS Maxcharge nozzles, the average droplet leaving the
ESS Maxcharge nozzle is approximately 40 microns, and much larger and heavier
than a fog. | would refer you to the attachment, specifically the first example. In this
study, the Volume Median Diameter (VMD) or “Dv50”, refers to the midpoint droplet
size (mean), where half of the volume of spray is in droplets smaller, and half of the
volume is in droplets larger than the mean. In the study, the mean droplet size is
41.90 microns. The droplets are small enough to accept a strong charge, be
attracted to nearby targeted objects, and wrap around these objects, but also large
enough to not be merely a fog, floating in the air. It is important to also note in the
study that the nozzle produces almost no droplets below about 4 or 5 microns, as in
a fog. The difference in size and weight of a 40 micron droplet is drastically different
from that of a tiny 4 micron droplet due to the fact that it is cubic volume in nature.
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USDA - ARS - Aerial Application Technology Group

College Station, TX
Nozzles, Aug 2009
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user parameéters:
Sprayer: Curtec
Formulation: Watar + HIS
Rate: 030 galimin

__ Droplet
Statistics

Cumulative
Distribution
Curve

Pressurs: 20,00 psi
Airspeed: 21.00 mis
RPM: 510000

Equipment Information and Settings

Droplet Statistics

Dv0.5 = VMD = Volume Median Diameter = Diameter representing 50% of the Spray

volume . This is the value specified on some labels.
Dv0.1 = Diameter representing 10% of the Spray volume;
Dv0.9 = Diameter representing 90% of the Spray volume.
All units are in microns (pm).

Information: These rodeos were conducted by USDA-ARS-Aerial Application
Technology personnel from College Station, TX working with Florida Extension Service
and Florida Citrus Producers. [f you have any questions, please contact:

Dr. Clint Hoffmann, 979-260-9521, clint.hoffmann@ars.usda.gov
Dr. Brad Fritz; 979-260-9227; brad.fritz@ars.usda.gov
Dr. Dan Martin: 979-260-9290; dan.martin@ars.usda.gov
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USDA - ARS - Aerial Application Technology Group
College Station, TX
Citrus Sprayers, September 2009

HELOS (H1780) & SPRAYER, RS: 0.5/4.5...875pm 2009-09-16, 13:1.:..,7..
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particle size / pm
user parameters:

Number (Man/Model): 31_Maxcharge ES100

Formulation: Water + 0.1% NIS

Nozzle: 28

Targeted GPA: 15.00 gpa

Pressure: 15-20 psi

Airspeed: 0.00 mph

Pump Setting: 3040

Engine Speed: 540.00 rpm

Other:

Rep: Rep 0.

cumulative distribution )

Xo/pm Qs/% Xo/pm Qs/% Xo/pm Qs/% Xo/pm Qs/%
4.50 0.41 18.50 16.14 75.00 79.14 305.00 100.00
5.50 0.81 21.50 20.70 90.00 85.94 365.00 100.00
6.50 1.36 25.00 26.05 105.00 90.67 435.00 100.00
7.50 2.07 30.00 33.56 125.00 94.86 515.00 100.00
9.00 3.41 37.50 44,32 150.00 97.84 615.00 100.00

11.00 5.62 45.00 54.01 180.00 99.42 735.00 100.00

13.00 8.17 52.50 62.26 215.00 100.00 875,00 100.00

15.50 11.68 62.50 71.02 255.00 100.00

Contact Information:

Clint Hoffimann: 979.260.9521, clint hoffinann@ars.usda.gov
Brad Fritz: 979.260.9584, brad fritz@ars.usda.gov

Dan Martin 979.260.9290, dan.martin@ars.usda.gov
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USDA - ARS - Aerial Application Technology Group
College Station, TX
Citrus Sprayers, September 2009

HELOS (H1780) & SPRAYER, RS5: 0.5/4.5...875pm 2009-09-16, 13:16:54,359
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user parameters: 3 A<k
Number (Man/Model): 31_Maxcharge ES100
Formulation: Water + 0.1% NIS
Nozzle: 28
Targeted GPA: 15.00 gpa
Pressure: 25 psi
Airspeed: 0.00 mph
Pump Setting: 50 psi
Engine Speed: 540.00 rpm
Other:
Rep: Rep_03
cumulative distribution
Xo/pm Qs/% Xo/pm Q3/% Xo/pm Qs/% Xo/pm Qs/%
4.50 1.02 18.50 13.97 75.00 63.55 305.00 73.32
5.50 1.51 21.50 17.73 90.00 67.67 365.00 73.32
6.50 2.09 25.00 22.23 105.00 70.15 435.00 73.32
7.50 2.76 30.00 28.61 125.00 71.94 515.00 73.32
9.00 3.91 37.50 37.60 150.00 72.90 615.00 73.32
11.00 5.67 45.00 45.36 180.00 73.32 735.00 100.00
13.00 7.66 52.50 51.67 215.00 73.32 875.00 10G.00
15.50 10.39 62.50 58.07 255.00 73.32

Contact Information:

Clint Hoffimann: 979.260.9521, clint. hoffmann@ars.usda.gov
Brad Fritz: 979.260.9584, brad fritz@ars.usda.gov

Dan Martin 979.260.9290, dan.martin@ars.usda.gov
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USDA - ARS - Aerial Application Technology Group
College Station, TX
Citrus Sprayers, September 2009

HELOS (H1780) & SPRAYER, RS: 0.5/4.5...875pum 2009-09-16, 13:1.:..,2..
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particle size / pm

user parameters:

Number (Man/Model): 31_Maxcharge ES100
Formulation: Water + 0.1% NIS

Nozzle: 28

Targeted GPA: 15.00 gpa

Pressure: 25 psi

Airspeed: 0.00 mph

Pump Setting: 50 psi

Engine Speed: 540.00 rpm

2 4 6 8 10 20 40 60 80100 200 400 600 800

Other:
Rep: Rep 0.
cumulative distribution )

Xo/pm Qs/% Xo/pum Q:/% Xo/um Qi/% Xo/pm Qs/%
4.50 0.03 18.50 20.90 75.00 86.97 305,00 100.00
5.50 0.24 21.50 27.12 90.00 92.02 365.00 100.00
6.50 0.65 25.00 33.95 105.00 95.23 435.00 100.00
7.50 1.33 30.00 42.75 125.00 97.77 515.00 100.00
9.00 2.88 37.50 54.27 150.00 99.29 615.00 100.00

11.00 5.84 45.00 64.27 180.00 100.00 735,00 100,00

13.00 9.49 52.50 72.37 215.00 100.00 875.00 100.00

15.50 14.57 62.50 80.28 255.00 100.00

Contact Information:

Clint Hoffmann: 979.260.9521, clint.hoffmann@ars.usda.gov
Brad Fritz: 979.260.9584, brad fritz@ars.usda.gov
Dan Martin 979.260.9290, dan.martin@ars.usda.gov
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Electrode
(- Charge)

STEP 1: Separate liquid and air lines meet at the
Maxcharge™ nozzle tip. The low pressure, high
volume air flow quickly atomizes the liquid into
uniform droplets. The small droplets then pass
through an electromagnetic field. Itis here that
each droplet picks up a strong negative charge.

STEP 2: The turbulent air stream carries the
maximally charged droplets quickly toward the
spray target. Because each droplet carries the
strong negative charge they spread out evenly
to form a uniform spray cloud upon exiting the
Maxcharge™ nozzle tip

STEP 3: Just like the pull of a magnet to a piece of
metal the droplets become more strongly
attracted to the target the closer they approach.
In fact, the force of attraction is up to 75x that of
gravity allowing for complete coverage of hidden
surfaces.
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