
Call today to order powder, free sample chips, 
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great service? Choose IFS Coatings.
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l Competitive pricing & great service
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NASA and UCF Collaborate to Develop New High 
Temperature Powder Coating

A symbiotic relationship between the University 
of Central Florida (UCF) and NASA has led to the 
exploration of new technologies over the decades. Now, 
Jan Gou, Ph.D., with UCF’s Composite Materials and 
Structures Laboratory is seeking a partner to push a newly 
developed powder coating into the mainstream.

High Heat Powder Performance on Motorized 
Vehicles

Sasha Tavenner Kruger, Ph.D., with Forrest Technical 
Coatings explains how high temperature powder coatings 
work and provides tips for powder coaters who are working 
with these specialty coatings.

Porcelain Enamel Powder in the 21st Century 
Porcelain enamel is a unique process that has roots 

dating back almost 4,000 years. Our friends from the 
Porcelain Enamel Institute explain uses for powder enamel 
and exciting developments underway for the technology.

Meet New PCI Executive Director Kevin Coursin 
Powder Coated Tough interviews Kevin Coursin to 

learn about his lengthy career in the coatings industry and 
provide some insight into what PCI members can expect 
from his tenure as executive director.

Technology Interchange—Thermal Shock and 
Coating Integrity

Powder coatings are used in high temperature 
applications, but what about extreme low temperature 
environments? Kevin Biller puts on his parka and mittens 
to explain how powder coatings can work in some of the 
most frigid areas of the world.
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“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.

NASA and UCF Collaborate 
to Develop New High 
Temperature Powder Coating

Photo used with permission by NASA.
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NASA and UCF Collaborate to Develop 
New High Temperature Powder Coating

The Evolution of the Space Program
As the space shuttle fleet approached its long-planned 

retirement in 2011, the U.S. was still digging itself out of the 
Great Recession, with median household wealth having fallen 
35% over the six preceding years. A highly partisan Congress 
bickered over the debt ceiling, causing the S&P to downgrade 
the U.S. government credit rating for the first time in the 
country’s history and resulting in the most volatile markets 
since the 2008 financial crisis. For some, the retirement of the 
Space Shuttle Program and cancellation of the Constellation 
Program had already raised questions about the future and 
direction of NASA, and the timing of the recession and 
long-term market instability couldn’t have been worse for 
the space agency. Without the shuttle fleet to ferry astronauts 
and supplies back and forth to the International Space 
Station, NASA was faced with the possibility of having to rely 
on the Russian government for low Earth orbit transport. 
Many politicians didn’t have the stomach in that economic 
environment for discussions about investments in longer 
term, more expensive space initiatives like returning to the 
Moon, and sending astronauts to Mars. Bolder initiatives were 
shelved as a result.

Although the political and economic environment of 
the time seemed dire, NASA was no stranger to overcoming 
overwhelming odds and facing adversity head on. 
Throughout their storied history, NASA engineers solved 
challenges by inventing new technologies and processes, 
but many innovations were developed through public-
private 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 

the Florida State Legislature with the mission of training 
personnel to support the rapidly growing space program 
at KSC. By 1978, the university had expanded its academic 
scope beyond engineering and technology, so Florida Tech 
was rebranded as the University of Central Florida (UCF). 
Even so, the university remained in close partnership with 
NASA over the decades. 

The retirement of the space shuttle fleet had tremendous 
repercussions on the Space Coast economy, causing a mass 
exodus of engineering talent from the area. As the dust 
settled, NASA forged a path forward with private space 
companies aiming to develop reliable rockets to resupply the 
International Space Station, launch satellites, and even offer 
spaceflights to private citizens. Burgeoning startups like Elon 
Musk’s SpaceX, Jeff Bezos’ Blue Origin, and Richard Branson’s 
Virgin Galactic were vying for their positions in the new, 
privatized space race and set up offices around KSC. Although 
this brought some skilled labor back to the area, these 
startups were operating on lean capital compared to the vast 
crews working on the shuttle program. Established aerospace 
companies like Raytheon, Lockheed Martin, and Northrop 
Grumman already had a presence in the area, and as the 
startups grew, UCF continued supplying talent. Today, UCF, 
one of 52 space-grant universities throughout the U.S. and 
Puerto Rico, boasts that almost a third of all KSC employees 
are UCF alumni, and countless other alumni work for area 
companies supporting the U.S. space industry.

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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Porcelain Enamel Powder 
in the 21st Century

While porcelain enamel has been used throughout history 
on gold, silver, bronze, copper, iron, steel, and aluminum, 
enamel is primarily used on today’s home appliances, water 
heaters, bathtubs, sinks, barbecue grills, architectural panels, 
waste treatment tanks/piping, whiteboards, and many other 
applications. Porcelain enamel use remains strong in these 
and related industries despite conversion of porcelain to 
stainless steel for aesthetics and to powder paint or plastics for 
cost reasons in the last quarter of the 20th century. Let’s take 
a look at the basics of the porcelain enamel process as well as 
some innovative porcelain materials and applications that are 
giving designers reason to change back to powder porcelain 
enamel in several applications.

Technical Basics
Porcelain enamel is produced from natural, inorganic, 

raw materials. It is not only an exceptionally durable finish, 
it is also 100 percent recyclable and as such an inherently 
environmentally-friendly product. A blend of minerals is 
melted in much the same manner as common window or 
container glass; this is the beginning of the process. Once 
all of the ingredients are fully melted—at temperatures over 
2000 degrees Fahrenheit—the molten mixture is poured 
from a smelter and quenched between water-cooled rollers. 
This process is known as “fritting.” The quick-cooled ribbon 
of glass is then shattered into flakes, or frit. The chemical 
composition of the frit/glass is tailored to the end-product 
performance requirements and metal substrate used. 

For the frit formulator, there are a few key things the 
enamel coating must accomplish. For a ground coat, the first 
layer of glass on the metal, the porcelain enamel glass must 1) 
adhere to the metal (bond), 2) match the thermal expansion 
of the metal substrate, and 3) have a smooth, defect-free 
surface. For the second layer, the cover coat, the enamel must 
1) have the desired surface color and texture, and 2) have 
the appropriate chemical durability for its intended use. In 
special cases, a single coat of enamel must accomplish all 
of these things, and in other cases, three enamel layers are 
required. Table 1 shows the common chemical compositional 
range of both ground coat and cover coat enamels, along with 
the basic function of the chemical constituents.

Porcelain Enamel Preparation
To prepare the frit for application to the substrate, 

it is combined with other materials, which may include 
refractories, pigments, opacifiers, clays, and surfactants. 
These ingredients are mixed as a dry powder or an aqueous 
suspension to be applied to the metal substrate. The frit and 
raw materials are usually ball-milled to accomplish both 
complete mixing and proper particle size reduction and 
distribution. Today, most enamel applicators purchase either 
electrostatic dry powder enamel which is ready to spray or 
ready-to-use (RTU) powder where water is added to make the 
liquid enamel suspension. 
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Chemical 
Composition

Ground Coat 
(weight %)

Cover Coat 
(weight %)

Basic 
Function

Silicon dioxide (SiO2) 40 - 50 40 - 50 Glass former

Aluminum oxide (Al2O3) 0 - 3 0 - 2 Glass former

Boron trioxide (B2O3) 15 - 20 15 - 20 Glass former

Phosphorus pentoxide 
(P2O5)

 N/A 0 - 2 Glass former

Lithium oxide (Li2O) 1 - 5 1 - 2 Modifi er

Sodium oxide (Na2O) 10 - 20 10 - 20 Modifi er

Potassium oxide (K2O) 4 - 8 4 - 8 Modifi er

Calcium oxide (CaO) 0 - 5 N/A Modifi er

Zinc oxide (ZnO) 0 - 3 0 - 3 Modifi er

Titanium dioxide (TiO2) N/A 15 - 22 Opacifi er

Zirconium dioxide (ZrO2) 0 - 5 0 - 2 Opacifi er

Cobalt oxide (CoO) 0 - 1 N/A Color and bond

Nickel oxide (NiO) 0 - 2 N/A Color and bond

Manganese oxide (Mn2O) 0 - 3 N/A Color and bond

Flourine (F) 2 - 6 3 - 6 Fluidity & 
surface tension

Table 1: Frit Compositional Ranges

34-37_F3 PEI.indd   3534-37_F3 PEI.indd   35 6/17/20   12:08 PM6/17/20   12:08 PM

Powder Coated Tough • July-August 202022

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 

PCT FEATURE

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 high-
performance polyimide powder coating originally developed 
by NASA’s Scott Jolley, Ph.D., in 2014.

Low Cure, High Heat Resistance
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 

The high-performance powder is based on the polyamic acid 
(PAA) polymer, which has a low melting point.
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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 

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. 

NASA and UCF Collaborate to Develop 
New High Temperature Powder Coating

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 multi-
functional 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.
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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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it is important to check the high temperature performance 
of the coating over the pretreatment selected. Pretreatments 
inappropriate for high temperature applications will fail and 
take the coating with them. Testing the actual system to be 
used is key. High temperature coatings tend to be sensitive to 
surface soils primarily due to the effects of high temperatures 
themselves. Adhesion in soiled areas will always be suspect if 
patchy failures are noted in coatings of this type.

The Powder Coater’s Cheat Sheet 
for Success with High Temperature 
Powder Coatings

High temperature powder coatings have a few peculiarities 
applicators should keep in mind.

•  Storage temperature matters: High temperature 
coatings tend to be more reactive than standard coatings. 
Some are very stable against a few hot days, while 
others will be adversely affected. Storage at elevated 
temperatures can make them sinter (stick together in 
persistent clumps even after vibration). Once the powder 
has sintered there is no reversing the damage. If the 
sintered clumps are sifted out, the remaining powder 
may still be used, but one must conduct full temperature 
testing of the resulting cured coating on test pieces. Post-
burn adhesion failure (following the peak burn schedule 

the minimum required surface prep for the job, and 
other factors.

•  A little goes a long way: For best results, apply high 
temperature powder coatings using the film build 
recommended by the supplier. Applying too thick can 
result in post-burn adhesion failures, mud-cracking, or 
blisters due to the high cross-link density and resulting 
lack of flexibility.

•  One coat will do it: High temperature coatings do best 
when only one coat is applied.

High temperature powder coatings open up a wide 
swath of applications for coating applicators and end users. 
Their benefits include the ability to maintain protection 
for valuable assets even under high temperatures, thermal 
cycling, sunlight, humidity, and other degrading effects. 
These properties make silicone resin-based high temperature 
coatings a valuable component of the automotive industry’s 
suite of tools for providing value far into the future.

Sasha Tavenner Kruger, Ph.D., is a research chemist at Forrest 
Technical Coatings.

High Heat Powder Performance  
on Motorized Vehicles

SUPERIOR QUALITY / RESPONSIVE SERVICE

VISIT OUR WEBSITE AT WWW.AMERICANPOWDER.COM
ORDERS AND QUESTIONS: SALES@AMERICANPOWDER.COM

420 SOUTH 38TH AVENUE, ST. CHARLES, IL 60174
TEL: (630) 762-0100                        FAX: (630) 762-0111

ISO 9001 : 2015 CERTIFIED COMPANY

AMERICAN POWDER COATINGS, INC.
COATINGS THAT OVERFLOW EXPECTATIONS!

• Large Powder Paint
Manufacturer in Midwest 
(250,000 lbs daily 
production capacity)

• Fastest in the industry for 
Custom Colors (5-7 Days)

• Highly responsive supplier to
all powder paint users

• Large Stock Color Selection 
in all Chemistries

• Flexible Batch Sizes 
(110 Lbs-100,000 lbs. /Color)

• Tightly Controlled Particle
Size For Excellent Transfer 
Efficiency

• Excellent Technical Support

• State-Of-The-Art facility 
Family Owned for Over 
25 Years

* Plant Tours Are Welcomed

listed by the manufacturer) would 
indicate the powder is unusable.

•  This goes for shipping too: If 
ordering and receiving high 
temperature powder coatings 
during the summer, it is a good 
idea to ask about the supplier’s 
special shipping arrangements. 
Also ensure that one’s own 
receiving department can 
immediately store the powder in 
an appropriately cool space. An air 
conditioner in a plastic-sheeted 
rack can be enough protection in 
many cases.

•  Test the coating: For a new 
high temperature coating job, 
working with your supplier can 
save costly mistakes. Coat a few 
pieces or send the substrate to the 
supplier and arrange to have them 
test the pieces under the actual 
application conditions. Testing at 
the beginning of the process can 
clarify the cure conditions needed, 
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