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NASA and UCF Collaborate
to Develop New High
Temperature Powder Coating

By Troy Newport

Photo used with permission by NASA.

“The Space Program has never been an entitlement, it’s an investment in the future –
an investment in technology, jobs, international respect and geopolitical leadership, and
perhaps most importantly in the inspiration and education of our youth. Those best and
brightest minds at NASA and throughout the multitudes of private contractors, large
and small, did not join the team to design windmills or redesign gas pedals, but to live
their dreams of once again taking us where no man has gone before.”
—Captain Eugene Cernan, NASA astronaut, September 2011, testifying before
Congress on the future of the space program.
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The Evolution of the Space Program

the Florida State Legislature with the mission of training
personnel to support the rapidly growing space program
As the space shuttle fleet approached its long-planned
at KSC. By 1978, the university had expanded its academic
retirement in 2011, the U.S. was still digging itself out of the
Great Recession, with median household wealth having fallen scope beyond engineering and technology, so Florida Tech
35% over the six preceding years. A highly partisan Congress was rebranded as the University of Central Florida (UCF).
bickered over the debt ceiling, causing the S&P to downgrade Even so, the university remained in close partnership with
NASA over the decades.
the U.S. government credit rating for the first time in the
The retirement of the space shuttle fleet had tremendous
country’s history and resulting in the most volatile markets
since the 2008 financial crisis. For some, the retirement of the repercussions on the Space Coast economy, causing a mass
exodus of engineering talent from the area. As the dust
Space Shuttle Program and cancellation of the Constellation
settled, NASA forged a path forward with private space
Program had already raised questions about the future and
companies aiming to develop reliable rockets to resupply the
direction of NASA, and the timing of the recession and
International Space Station, launch satellites, and even offer
long-term market instability couldn’t have been worse for
the space agency. Without the shuttle fleet to ferry astronauts spaceflights to private citizens. Burgeoning startups like Elon
Musk’s SpaceX, Jeff Bezos’ Blue Origin, and Richard Branson’s
and supplies back and forth to the International Space
Station, NASA was faced with the possibility of having to rely Virgin Galactic were vying for their positions in the new,
privatized space race and set up offices around KSC. Although
on the Russian government for low Earth orbit transport.
this brought some skilled labor back to the area, these
Many politicians didn’t have the stomach in that economic
startups were operating on lean capital compared to the vast
environment for discussions about investments in longer
crews working on the shuttle program. Established aerospace
term, more expensive space initiatives like returning to the
Moon, and sending astronauts to Mars. Bolder initiatives were companies like Raytheon, Lockheed Martin, and Northrop
Grumman already had a presence in the area, and as the
shelved as a result.
startups grew, UCF continued supplying talent. Today, UCF,
Although the political and economic environment of
one of 52 space-grant universities throughout the U.S. and
the time seemed dire, NASA was no stranger to overcoming
Puerto Rico, boasts that almost a third of all KSC employees
overwhelming odds and facing adversity head on.
are UCF alumni, and countless other alumni work for area
Throughout their storied history, NASA engineers solved
companies supporting the U.S. space industry.
challenges by inventing new technologies and processes,
but many innovations were developed through publicprivate partnerships (PPP). One may be surprised to learn
PPP were statutorily formalized all the way back in 1964
by Congressional mandate, two years after President John
F. Kennedy’s “We Choose to Go to the Moon” speech. The
amount of cooperation generated by PPP is arguably a
considerable factor in the U.S. reaching the Moon first, and
those symbiotic partnerships continued into the following
decades and through the Space Shuttle Program era. In
fact, NASA claims more than 120 spinoff technologies have
evolved as a direct result of the Space Shuttle Program, and
there are multitudes more if you consider the entire 62-year
history of the space agency. Bioreactors that now facilitate
cancer research, heart pumps that keep patients alive while
waiting for a transplant, commercial truck aerodynamics that
enhance fuel efficiency, improved breathing apparatuses for
firefighters, titanium eyeglass frames, and even the cameras
and GPS we enjoy on our cell phones are just a few of the
technologies available here on Earth as a direct result of the
space program and its relationship with private industry and
educational institutions.

The Evolution of the Space Coast

One year before the first human set foot on the Moon,
Florida Technological University opened its doors just
35 miles west of NASA’s Kennedy Space Center (KSC)
on Florida’s Space Coast. The university was created by
www.powdercoating.org

Jihua ‘Jan’ Gou, Ph.D., founded the Composite Materials and
Structures Laboratory at UCF in 2007 and has worked on
several composites and coatings projects funded through KSC
and the Florida Space Grant Consortium.
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Besides remaining a talent supply chain hub, UCF’s
Department of Mechanical and Aerospace Engineering has
also worked closely with KSC over the years developing
new technologies. Jihua ‘Jan’ Gou, Ph.D., founded the
Composite Materials and Structures Laboratory at UCF in

2007 and has worked on several composites and coatings
projects funded through KSC and the Florida Space
Grant Consortium. Over the past 20 years, Gou has been
exploring research on structural composites (polymer matrix
composites and ceramic matrix composites) and polymer
nanocomposite coatings for flame retardancy, hydrophobicity,
abrasion resistance, antimicrobial features, electromagnetic
interference (EMI) shielding, lightning strike protection, and
thermal protection. Gou reflects, “For most of my academic
life, I have been thinking of how to replace traditional
materials like steel, alloy, aluminum, plastics, and concrete
with various types of composite materials for engineering
systems such as spacecraft, aircraft, cars, machinery, and
infrastructure.” Gou pauses and then adds, “Sometimes our
ideas have worked. But some ideas didn’t work well so we
had to seek a compromised solution using coatings, which
brought me to this fascinating field.” In addition to his work
with composites, Gou has been working to advance a highperformance polyimide powder coating originally developed
by NASA’s Scott Jolley, Ph.D., in 2014.

Low Cure, High Heat Resistance

The high-performance powder is based on the polyamic acid
(PAA) polymer, which has a low melting point.
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The high-performance polyimide powder coating NASA
and UCF have been developing is based on the polyamic
acid (PAA) polymer, which has a low melting point in
the range of 75-100 degrees Celsius (167-212 degrees
Fahrenheit). According to Gou, one of the secrets behind
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this potentially revolutionary technology is controlling the
molecular weight, or the sum of the atomic weight values
of the atoms in a molecule. “If you control the molecular
weight, you control the melting point,” instructs Gou.
Additionally, the chemical end-caps used at the extremities
of polymer chains are useful for grafting to and from a
polymer chain, says Gou, and are important in determining
the properties and potential applications of the polymers.
The process of applying the PAA powder should sound
familiar to powder coaters. The substrate is heated to 75-100
degrees Celsius (167-212 degrees Fahrenheit) so as the
powder is applied it can melt and flow into a smooth coating
on the substrate. The PAA powder is applied to the substrate
using traditional electrostatic powder coating techniques.
After application, the coated substrate is further heated to
200 degrees Celsius (392 degrees Fahrenheit) to promote
crosslinking, and the PAA polymer cures to the polyimide
coating. Therefore, this type of coating can be obtained
at a lower processing temperature of 200 degrees Celsius
(392 degrees Fahrenheit). However, conventional high
temperature resins such as Teflon, nylon, and polyimide
have high melting points of >200 degrees Celsius (392
degrees Fahrenheit) and high viscosities.
Salt spray testing was conducted at KSC to determine
corrosion resistance. Polyimide-coated steel and aluminum
panels were exposed to sodium chloride for 1,000 hours at 35
degrees Celsius (95 degrees Fahrenheit), in comparison with

www.powdercoating.org

panels coated with epoxies, polyesters, and epoxy-polyester
hybrids. The rust grade on these panels was evaluated using
the ASTM B-117 rating method. Based on the initial results
of evaluations, the polyimide coating performed as well as or
superior to commercial-grade powder coatings.

Gou believes there are applications for use in automobiles,
aircraft, spaceships, and even marine environments.
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Gou says this technology does not contain any materials
listed under Prop 65, but its qualifications related to TGIC
and food and water contact have not yet been investigated.
He believes the PAA powder has potential use as 3D printing
filaments and fiber-reinforced composites with carbon fiber,
glass fibers, etc. Other potential applications include multifunctional materials for high temperature applications if
nanomaterials are dispersed into the PAA powders. However,
Gou cautions the chemistry of the PAA polymer powder
still needs to be optimized in order to tailor it to specific
applications. In addition, more R&D work is needed for
scaling up of the process.
Because of the promise Gou has seen with this new
technology, he is actively seeking partners to advance testing
with the end goal of commercialization. He believes there
are applications for use in automobiles, aircraft, spaceships,
and even marine environments. Gou explains that when
technologies are initially developed through government
agencies such as NASA, projects are typically funded for
only two to three years, and then commercial partners are
sought to explore and develop the research further. He
says unfortunately there is often a time gap before a private
company picks up the research and begins to develop it into a
proven technology, which can significantly delay refinement
of critical emerging technologies. The upside, he says, is that
private sector companies are often more efficient with the
R&D process, placing appropriate restrictions on time and
resources once they are engaged. “It won’t work without good
industry partners, because industry partners know the needs
of end-use customers such as product requirements, industry
standards, and profitability,” says Gou.
Numerous studies have been done over the decades that
show the immense positive economic impact PPP have had
on the U.S. economy. The 2017 Economic Impact Report
prepared by NASA for their Small Business Innovation
Research (SBIR) and Small Business Technology Transfer
(STTR) awards found that for Fiscal Year 2016, these
programs created 2,412 jobs, $474 million in economic
output, and $57.3 million in fiscal impact with an initial
investment of $172.9 million. Perhaps this new powder
coating technology will be developed into a viable product
and factored into future economic impact reports.
“I flew to the Moon not so much to go there, but as part of
developing the system that would allow it to happen.”
—Neil Armstrong

Troy Newport is publisher, Powder Coated Tough.

Evaluation License Available
The Composite Materials and Structures Laboratory
at the University of Central Florida and Kennedy Space
Center are actively seeking companies with which to
collaborate and further explore industrial applications
for high performance polyimide powder coating. Those
interested in working on this technology may contact Jan
Gou, Ph.D., to discuss details. The Kennedy Space Center
Technology Transfer Office can grant an evaluation
license for the initial evaluation period, and if all goes
well, they may issue a commercial license.

Jihua ‘Jan’ Gou, Ph.D.
Composite Materials and Structures Laboratory
Department of Mechanical and Aerospace Engineering
University of Central Florida
4000 Central Florida Blvd.
Orlando, FL 32828
Phone: (407)823-2155
e-mail: jihua.gou@ucf.edu
Kurt Kessel
Technology Transfer Program
Mail Code: LASSO-012
SSPF Room: 3054E4
Kennedy Space Center, FL 32899
Phone: (321)867-8480
e-mail: kurt.r.kessel@nasa.gov
A special thank you to Jan Gou, Ph.D., the University of
Central Florida, and NASA for their collaboration on this
article.
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