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Update on the Plasma Activated Water (PAW) Apparatus
Last month I reported that the results of producing PAW using a gliding arc discharge (GAD) were
pretty poor. Whether this was because of insufficient power or insufficient air flow, I’m not sure. I
decided to change the approach back to using a surface micro-discharge (SMD) approach. However,
instead of using the relatively large device described in Numbers 15 and 16 and applied in #18, I used a
very simple configuration using a thick walled combustion test tube, some self-adhesive copper foil
and brass powder. The test tube is one I obtained in a pack of 24 (new/old stock) from eBay. They are
14 x 100 mm, rimless and manufactured by Corning Glass Works. The Corning part number is 9860.
The header and SMD device are shown in
the picture to the left. The tube was
wrapped with 3/16” wide adhesive copper
foil in a spiral pattern. The top and bottom
wraps went around and then had a coating
of solder applied to prevent the spiral from
unraveling. A ground wire was soldered to
the top wrap.
The tube was then filled with brass powder
up to about 3/8” of the top. While filling, a
piece of brass tubing about 3/16” diameter
was placed in the tube. Then I forced a
piece of ¼” ID x ½” OD Norprene tubing
over the brass tube and into the mouth of
the test tube. The brass tube was undersized so that the tube would be able to “breathe” as it warmed
and cooled during operation. The brass tube serves as the high voltage connection.
The apparatus was unchanged except for the fact that I had to add a ground lead from the transformer
(the secondary is center tapped) and I ended up with some unused holes in the top of the device. I
plugged the unused ones except for one that served to pass the ground wire to the added ground post.
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One could add a second (or third or fourth) SMD source and using both sides of the transformer
secondary. The photograph below shows the competed assembly with magnetic stirrer, acrylic vessel
and wiring.

With 1.75 inches of distilled water in the acrylic vessel, a starting pH of 5.7 and initial conductivity of
15 μS/cm, after 28 minutes these values had changed to 2.6 and 370. The tube got a little bit warm but
stabilized after about 10 minutes.
This final configuration is much simpler than the GAD implementation and it also dispenses with the
need for an air compressor. Although much less powerful than the ¾ kW device described in #18 (May
2021) the performance isn’t much less than my attempt with the more complex SMD configuration. It
also hasn’t experienced a dielectric failure and is probably safer to use than the GAD implementation.
Other Possibilities for the Test Tube SMD
I figured that the test tube approach might have some other applications besides making plasma
activated water. I made a little wand-like applicator as shown in the photograph on the next page. Here
the silicone insulated high voltage wire goes directly into the test tube. About 1” of conductor was
exposed and tinned with solder to stiffen it up. As with the previously cited brass tube connection, the
wire makes a sloppy fit with the Norprene tubing. I stabilized the wire by placing a shim of small tie
wrap plastic alongside the wire. This did a good job of securing the wire while permitting the tube to
breathe.
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The lower image in the figure shows the assembly before the addition of the brass powder. The upper
image shows the device after it has been filled. It is now ready for the application of the grounded
electrode. This can be copper foil as was used in the PAW device or perhaps something like a tightly
wrapped single layer of copper mesh.

I must note that the idea of using brass powder in a test tube for dielectric barrier discharges came from
Chapter 9 in Plasma Science and Technology for Emerging Economies – An AAAPT Experience. This
excellent book was reviewed in issue #2 (January 2020).
Dr. Shawn Carlson, LabRats and the Bell Jar
I first got to know Dr. Shawn Carlson through the Society for Amateur Scientists which he founded in
1994 after he abandoned academia. In 1995 he became the editor for The Amateur Scientist column in
Scientific American, continuing that effort until the column was dropped in 2001. Needless to say, I
participated in both by way of vacuum related projects. Subsequently, for several years, he wrote The
Citizen Scientist for Make magazine.
He shifted gears in 2010 when he founded LabRats where he now serves as executive director. LabRats
(https://www.labrats.org/) describes itself as “an outside of school-time program that borrows the best
social elements of Scouting (and sports and ROTC programs as well) to create an education program
based on character development, leadership training, and inspiring a passion for community service.
Only instead of teaching campfires and square knots, LabRats does this by engaging young people in
the most comprehensive hands-on science program ever developed.
“Like the Boy Scouts, LabRats has two divisions for young people of different ages. LabRats Young
Explorers introduces kids 8-10 years to a rich STEM program that lays a thorough foundation. The
LabRats Senior Explorers program, for young people aged 11 - 18, helps students excel in all STEM
subjects. Many Senior Explorers will (make) original discoveries or inventions by the time they
complete the program.”
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A companion organization, also founded by
Shawn, is San Diego LabRats
(https://www.sdlabrats.org/) that describes
itself as a “nonprofit that provides educational
programs to as many students/families in need
as possible using project based learning. This
helps to develop and enhance student learning
by encouraging critical thinking, problem
solving, teamwork and self-management. We
are real scientists teaching Science! Offering
hands-on lab curriculum and utilizing cutting
edge techniques while bringing back the fun
in education. Kids just being kids!” The
photograph is from the SDLabRats site.
I am proud to state that Shawn has agreed to take the PAWS device and the Basic Vacuum Education
System (BVES) to investigate possibilities to integrate these devices into the LabRats program. These
were shipped to California just before Thanksgiving.
A Triggering Device for the Channel Spark Electron Source
In Issue #8 (July 2020) I described some work on the use of automobile fuel injectors to introduce
brief pulses of gas into a vacuum system. I used a timer identified as a Pemenol XY-WJ01 that is
available from Amazon. For that application, the timer is a bit awkward to use as each change in
settings (delay and pulse length) requires a fair number of not-so-intuitive button pushes. However, it’s
a great timer for infrequently changed settings.
In #16 (March 2021) I mentioned the MINIMAX70 (NEON21) power supply from Information
Unlimited. This is a little module that is conformally coated with a rubbery material. The catalog states
that it is rated at 7 kV open circuit, 10 mA short circuit with an input of 12 volts DC. I tried it as a
power supply for surface micro-discharge devices and it worked quite satisfactorily for small SMD
configurations. (I’ll be trying it with the test tube SMD device along with the much more flexible (and
powerful) Information Unlimited PVM500.
More recently I have been back to pursuing hollow cathode pulsed electron sources e.g. extensions of
the previously discussed pseudospark configuration (see # 21, September 2021as the most recent
update) and something I haven’t tried before, the channel (or capillary) discharge configuration (see
#22, October 2021). I’m assembling the materials to make a channel spark device along the lines of the
one used by Dr. Patrizio Graziosi as described in that issue.
The one alteration I’m planning is to use the capacitive triggering arrangement as described by
Mattacotta in his patent, also cited in last month’s article.
That brings me back to the timer and high frequency power supply that were mentioned at the start of
this article. I connected the Pemenol timer (set initially at a 0.1 second pulse every 10 seconds) to the
MINIMAX70 supply. The high voltage lead was connected to a piece of copper foil wrapped around a
glass tube that was attached to my vacuum stand. Ground was the KF to tube adapter. The result was a
very bright discharge whose repetition rate can be varied independently of the hollow cathode voltage.
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Otherwise, the design is pretty much following Dr. Graziosi’s scheme. More on this next month.
Update on the SUNY NEATEC Vacuum/Plasma Program
In Issue #11 (October 2020) there was a description of the vacuum and plasma program at the
Northeast Advanced Technological Education Center (NEATEC) at SUNY Polytechnic in Albany, NY
(https://neatec.org). NEATEC is an Advanced Technology Education (ATE) Regional Center funded by
the National Science Foundation. From their website “Led by SUNY Polytechnic Institute, the Center
represents a collaborative partnership that includes manufacturers, community colleges, regional high
schools, the Fort Drum military installation, the National Institute of Standards and Technology (NIST)
and refugee centers.”
Stephen Stewart is the instructor and curriculum developer and he provided the material in #11. At that
time their plasma program was just getting off the ground and was using a 6 kV electronic neon sign
transformer controlled by a Variac and an unmatched CB transmitter. This article provides an update on
the plasma side of things. Much of the hardware development was guided by Robert Decker of
Mohawk Valley Community College (MVCC). The photograph below shows the current state of the
system. (All images in this article are courtesy of Stephen Stuart.) From the left are the Variac and
transformer, the VAPPOR system with polycarbonate bell jar with opposing (hot and ground)
electrodes and the gas delivery system with gas bottle, MFC and MFC controller. Plasma operations are
run between 40 Torr and 30 mTorr.

While the program was able to get underway with the neon sign transformer, the program was asked to
provide a more substantial RF training component.
The challenge was to find a way to generate the plasma, tune the plasma, not suntan or microwave the
class, and of great importance, not to break the bank, all while making a system robust enough for a
student to build in class. All these we achieved using the VAPPOR as the starting point.
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For RF generated plasmas, they are using a 3 watt Uniden Bearcat PRO505XL CB radio coupled to an
LDG AT-100ProII ham radio antenna autotuner. With additional parts and raw materials, the total cost
ws fairly modest. Coupling to the plasma can be provided by a coil of a few turns either inside the
center conductor housing or outside. Since the tuner was not designed for plasma service, some
additional compensation is provided by adjusting the length of the tuner to chamber coax cable.
The photos below show a couple of images of plasmas produced by opposed electrodes. The driven
electrode mounted to the top of the chamber and a ground electrode at the bottom. Opposed electrodes
are useful to show how a magnetic field causes attraction/separation of charge, demonstrate ion
implantation and ion propulsion.

A 6-inch parallel plate electrode assembly was also fabricated. This
is shown in the photo to the left. This creates a very bright plasma
discharge, especially considering the low power of the RF source. Of
course, the parallel plate configuration is widely used in etch and
deposition plasma process systems.
Another configuration is a
coaxial arrangement with a
Faraday cage screen
surrounding the center driven
electrode. This is shown in the
photo to the right. There is a
central powered electrode and the coaxial metal screen is
grounded.
Some novel effects have been created using what Stephen calls a
“Star Trek plasma conduit.” This is created with coiled springs
connected to a small parallel plate. This is very helpful discussing
solar flares or demonstrating mean free path. A couple of
examples are shown in the photographs on the next page.
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With regard to safety, the polycarbonate bell jar blocks UV to the point that an OAI-306 UV probe
(365nm) detects no output, but oddly enough UVA inks will slightly glow.
RF leakage is minimal to none. In the Faraday configuration at the maximum power level of 3 watts
and a 1:1 SWR at the tuner, a NARDA survey meter scanned <2 inches around the plasma chamber
found non-ionizing H fields <0.05 mW/cm2 and non-ionizing E Field <0.1%. As a comparison, a
typical hand held ham radio or public safety transceiver has an output of 5 watts and the usual
operating position is with the radio and antenna about a foot from the operator’s face.
A benefit to using the CB radio is that you can talk or sing into the microphone and the plasma will
modulate accordingly.
The NEATEC Vacuum page is at https://neatec.org/resource-portal/college-faculty/vacuum-technology/
Here you can find very detailed information on the VAPPOR and other aspects of the vacuum program.
The RF/Plasma information is not yet available in the same level of detail but below are some
examples of information that will be provided. This information should be available next year. The
index page for the NEATEC courses is at https://neatec.org/resource-portal/college-faculty/ The RF and
Plasma Processing section is listed but there is no link as of this writing.
The NEATEC pages do require registration but it’s a painless process.

Overall, the entire VAPPOR system with plasma accessories represents a very simple design.
Fabrication of the custom components requires minimal tools and mechanical skills. There are no
solder joints. Connectors are plug in, crimp, or threaded.
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Stephen says in summary, “With the assistance of Bob Decker, we have created an inexpensive and
very functional training platform. Current work includes the incorporation of the RF niceties (e.g.
tuning) into the RF workshop and the creation of a larger horizontal plate version.”
Questions can be sent to Stephen Stewart at stewars4@sunypoly.edu.
Articles of Possible Interest in Vacuum Technology & Coating Magazine
April 2016
Mercury – the Miracle Metal
Mercury’s role in vacuum technology from the 17th through the 20th century
July 2016
Mechanical Vacuum Pumps, Wet and Dry
Part 1: The Mechanisms
August 2016
Mechanical Vacuum Pumps, Wet and Dry
Part 2: Mechanical Pumping Systems and their Characteristics
Articles may be accessed at http://vtcmag.com/. Scroll to the bottom of the page to the back issue
selection box. Look for my columns and you can probably find other articles of interest in each issue.
End Notes
By next month I am hoping that there will be some feedback from Shawn Carlson on the BVES and
PAW systems as to how they could be incorporated into his LabRats program. Conversely, I can report
on how quickly they were returned to me.
As usual, contributions of any complexity are welcome.
Best wishes to all for a Merry Christmas and Holiday Season
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