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Miraculous Coatings

When Arvid Pasto first heard about an amazing
surface treatment in 2001 from a lawyer named Mark
Deininger, his first thought was, "This sounds like
snake oil." But Pasto, then director of the High
Temperature Materials Laboratory at Oak Ridge
National Laboratory, changed his mind after talking
to a long-time trustworthy friend at the same
scientific conference in Pittsburgh where Deininger
personally described the innovation. The friend is a
consultant to Deininger's company.

Soon thereafter, Pasto arranged for Deininger,
president and chief executive officer of C3
International, to come to Oak Ridge to meet with
group leaders of materials sciences and technologies.

From 2002 to 2006, the unique surface treatment
underwent a variety of tests involving a half dozen
researchers. ORNL researchers were amazed that a
Russian inventor had found a way to attach rare-
earth elements to an organic chain. When the
organic compounds leave, the rare earth left behind
bonds to the substrate as nanocrystals pin down the
element.

The ORNL researchers validated the properties of this
remarkable surface treatment that Deininger
describes as "an implantation that anchors a
nanofilm." Blue and others call it a "molecular

C3 International President Mark Deininger infusion, or implantation, surface treatment," or
(right) with Arvid Pasto MIST.

The surface treatment contains 3-nanometer

crystallites that plug the thin oxide film into the grain
boundaries of a bulk material's surface, making the material extremely resistant to wear so it lasts
longer. ORNL researchers measured the dimensions of the crystallites that make the ultrathin film
adhere extremely tightly to the surface. No other "coating" has particles this small that bind to a
surface.

Deininger lists other extremes associated with the special surface treatment. "MIST is extremely easy
to apply by dipping or spraying and extremely cost effective and economical," he says. "The coating is
extremely green and environmentally friendly. It is also extremely versatile because any one of 97
different elements can be used in MIST on a variety of surfaces, from metals to ceramics to glasses to
carbides. The permutations add up to more than 200 million properties."

Today the American company that grew out of a Russian discovery has a research facility on the
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ORNL campus—the first private company to be housed at a national laboratory. Opened for business
under Pasto's leadership on March 19, 2008, C3 International is a tenant of the Oak Ridge Science &
Technology Park.

When Deininger came to ORNL in 2002, he gave a presentation on his company's solution-based
technique for depositing ultrathin films of rare-earth oxides and other elements. Researchers were
attracted by the processing temperature that anchors the nanoscale coating to an underlying
substrate—a temperature on the order of 400°C that could be easily achieved by infrared light from a
tungsten-halogen lamp in the lab of ORNL's Craig Blue, then leader of the Laboratory's materials
processing group.

Pete Angelini, then manager of the Industrial Technologies Program, said to Blue, "Let's see if Mark
can pass the aluminum die-casting test. No one has yet proven that a coating can handle the liquid
metal attack."

A user agreement was set up, allowing Deininger to work with researchers at the High Temperature
Materials Laboratory and in Blue's high bay to evaluate the ultrathin coating. Blue applied Deininger's
coatings to steel thermocouple sheaths that were then immersed in aluminum.

To make an aluminum automobile part, for example, hot molten aluminum must be poured into a
steel mold to obtain a specific shape. Casting aluminum components in steel dies is a problem
because hot aluminum has an affinity for sticking, or soldering, to the steel in these molds. "You have
to sandblast the aluminum off the steel die after you open it so the mold can be used again," Pasto
says.

Blue dipped a steel thermocouple sheath in Deininger's cerium oxide liquid and then plunged the
coated sheath in molten aluminum. He compared the sheath's resistance to attack from the aluminum
to that of an uncoated sheath by measuring how much aluminum adhered to the surface. When he
dipped the sheath in the coating liquid twice, he found that the sheath lasted twice as long as the
uncoated sheath; in other words, the durability increased 100%. When he dipped the coated sheath
three times, 200%; 4 times, 300%; eight times, a 700% increase in life extension. Stated differently,
Blue observed an almost direct linear correlation between the thickness of the ultrathin coating and
the durability of the coated component.

Researchers at HTML used Auger spectroscopy, X-ray diffraction and transmission electron
microscopy to evaluate the surface treatment and its ability to increase the wear resistance of coated
objects. Studying a zirconium oxide coating, they obtained beautiful TEM images showing that the
sizes of the zirconia particles ranged from 3 to 5 nanometers.

Deininger then tried zirconium oxide coatings for the aluminum-and-steel challenge. He used a steel
pin normally used to push a molded aluminum part out of the steel die. The molten aluminum tends
to stick to both the die and the steel pushout pin.

"The easiest way to test whether the C3 zirconium oxide film effectively resists aluminum attack on
steel is to characterize the coated pushout pin," Pasto explains. "Mark proved that the coated pin
resisted aluminum attack and could be used over many times without need to blast the aluminum off
the steel pin." C3 International passed the test.

"We made great strides in aluminum die casting and filed patents on this application in 2003,"
Deininger says. But pressures on the U.S. automotive industry made it difficult for C3 to penetrate a
highly competitive market.

"We have a business model at C3 International to look for partners that are strategically located in an
industry to scale up our surface treatment technology," Deininger explains. "In late 2007 we signed a
license agreement with Magna- Tech Manufacturing in Indiana, which treats aluminum parts coming
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out of the steel dies and is involved with every major aluminum diecaster in North America. The
company does not make the dies.

"We are training Magna-Tech employees how to apply the custom-engineered chemical surface
treatment. The coating is designed to extend the life of the die tools from which aluminum
components are made as well as the parts themselves."

Chaitanya Narula, leader of ORNL's Physical Chemistry of Materials group and a catalyst chemist, has
found ways to use engineered C3 surface treatments on particulate exhaust filters for diesel engines.
As a result, the traps use less energy to remove carbon and last longer. A similar application of the
coating in oil refinery cokers slows carbon buildups, resulting in reduced releases of carbon dioxide to
the atmosphere.

"The range and scope are extremely small and extremely large at the same time," says Pasto. "We
can spray this surface treatment with nanofilm dimensions on extremely large industrial tools in steel
and petrochemical plants. Applying a nanofilm onsite to stainless steel tubes and huge rollers is
unheard of."

Deininger asserts that MIST is extremely divergent in its applications, based on the number of
industries that will likely find uses for the technology: steel and aluminum for the automotive
industry, particulate exhaust filters for diesel engines, petrochemicals, fuel cells, microelectronics,
solar energy and food processing.
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