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SECTION I  SPACE ACT AWARD APPLICATION

TITLE

High-Performance TEEK Polyimide Insulation Foam Technology



1.  DESCRIPTION.
a.
Briefly describe the contribution.  In addition, if peer-reviewed publications by contributors have been accepted on this topic in refereed journals or for refereed conference papers, please attach a copy with this form as a supplement.

Developed at NASA Langley Research Center (LaRC), in cooperation with Unitika, this technology is a low-density polyimide foam that provides excellent thermal and acoustic insulation and high-performance structural support. TEEK begins with a salt-like monomeric solution used to yield a homogeneous polyimide precursor solid residuum. This polyimide precursor can be processed into polyimide neat or syntactic foams, foam-filled honeycombs or other shapes, and microspheres through normal heat-based foaming techniques.
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Neat foam (top) and foam-filled honeycomb made with the TEEK technology
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Close up of neat foam (top) and foam-filled honeycombs made with the TEEK technology
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Microspheres made with the TEEK technology
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Various products made with the TEEK technology

The physical properties of products made with TEEK can vary according to the monomers used. For example, the table below illustrates the many characteristics that can be provided with neat foam products.

Physical Properties of TEEK Neat Foams


TEEK-HH
TEEK-HL
TEEK-LL

Density lb/ft3
5
2
2

Oxygen index (%)
51
42
49

Ignitable?
no
no
no

Burn length
none
0.5"
none

Compressive strengtha




350 ºF
46
11
11

75 ºF
122
28
44

–423 ºF
105
20–67
20–58

Tensile strength (psi)
244
41
38

Dielectric constant
2.125
1.026
1.026

Thermal conductivityb
0.0179
0.0168
0.0254

Thermal stabilityc
0.6
1.07
0

Hydrolytic stability
excellent
excellent
fair

a. At 10% deflection      b. At 75 ºF      c. % weight loss at 400 ºF

HH = Excellent hydrolytic stability, high density

HL = Excellent hydrolytic stability, low density

LL = Fair hydrolytic stability, low density
b.
In what NASA program, project or mission has this contribution been used or will be utilized and to what extent? (include any non-aerospace commercialization applications)
NASA has had a growing need for high-performance polymer foams for cryogenic insulation, fireproofing, energy absorbers, and other applications. For example, the cryogenic fuel tanks on the X-33 reusable launch vehicle (RLV) must be insulated with a lightweight foam that retains its structural integrity at temperatures ranging from –250 °C to +250 °C. Unfortunately, commercially available foams did not meet all of the requirements for surviving extreme environments. Most low-density foams crack at cryogenic temperatures, and the foams that can withstand extreme temperatures do not have the required structural integrity.

The TEEK polyimide foam technology was developed to exceed the performance of commercial foams and meet NASA’s needs. This invention dramatically reduces the overall weight of a reusable launch vehicle (RLV). Not only is the specific density of the foam very low—ranging from 0.5  to 20 lb/ft3—but the high-operating temperature reduces the amount of thermal protection system (TPS) and the TPS integration structure required, increasing the maximum payload weight while reducing costs to build the RLV.

TEEK polyimide foam insulation is a finalist material for all future RLVs. In addition, LaRC and Unitika are working together to bring this technology into commercial applications. The technology can be used for flame retardant and fire protection, thermal insulation, acoustic insulation, weight reduction, gaskets and seals, vibration damping pads, spacers in adhesives and sealant, extenders, and flow/leveling aids. These products can benefit marine, aircraft, and spacecraft; electronics and electrical products, automotive applications, recreation equipment, and building and construction materials.

c.
Provide details describing how the contribution works or operates relative to system, subsystem, components, etc.

The TEEK foam is a stand-alone product that is used as insulation in aircraft, spacecraft, ship hulls, automobiles, electronics, recreational equipment, or building/construction materials. For example, TEEK foam may be used as part of the TPS insulation in RLVs.

TEEK begins with a monomeric solution with salt-like properties to yield a homogeneous polyimide precursor solid residuum. Reacting a derivative of a dianhydride (e.g., ODPA, BTDA, PMDA) with a diamine (e.g., ODA, PDA, DDS) processes the polyimide precursor into polyimide neat or syntactic foams, foam-filled honeycombs or other shapes, and microspheres. All of these materials produce useful articles through normal heat-based foaming techniques. An admixture of two or more polyimides can be combined or used separately to make a variety of polyimide foams with varying properties. Foams and microspheres can be fabricated to specific densities from 0.5 to 20 pounds lb/ft3.
2.
SIGNIFICANCE.
a.
Explain why the contribution is significant: scientifically, technologically, or from a humanitarian viewpoint, to the aeronautics, space community, and non-aerospace commercial activities.

One of the most important attributes of the TEEK technology is that it can be foamed in place during installation and repair. For example, TEEK can be used to repair a hole in an RLV without having to take the vehicle off the launch pad. This foam-in-place capability will dramatically reduce labor and material waste costs. (Note: Foam-in-place has been proven in sample quantities, but the thermal spray gun needed to apply TEEK in these situations is still in production development.) Another important benefit is its low flammability with no toxic fumes. This feature provides an important safety improvement.

The significance for NASA is that this foam meets its growing need for high-performance polymer foams for cryogenic insulation, fireproofing, energy absorbers, and other applications. LaRC’s TEEK polyimide foam technology exceeds the performance of commercial foams to meet NASA’s needs. This invention dramatically reduces the overall weight of an RLV.

For industry, the significance of this technology is its applicability to a wide range of uses. TEEK polyimide foams can be used for flame retardant and fire protection, thermal insulation, acoustic insulation, weight reduction, gaskets and seals, vibration damping pads, spacers in adhesives and sealant, extenders, and flow/leveling aids. These products can benefit marine, aircraft, and spacecraft; electronics and electrical products, automotive applications, recreation equipment, and building and construction materials.

b.
Estimate the degree of scientific or technological significance by a mark on the line below:

0___________1_______________2___________________3_________X________4_________________5

         None              Modest
         Average

 
  Major                     Maximum

c.
Estimate the significance of the contribution relative to a specific NASA program or mission by marking the line below:

0___________1_______________2___________________3_________________4_________X________5


   None
                Modest
         Average                           Major                        Critical
3.
STAGE OF DEVELOPMENT.

Indicate the stage of development of the contribution by a mark on the line below:

0___________1_______________2___________________3_________________4________X_________5


Concept
         Simulated
         Tested                 Fully Developed            Operational
4.
ASSESSMENT OF USE.

a.
If the contribution is now in operation, describe its performance and value within both the aerospace field and its application to non-aerospace commercial and government uses. 
As stated in item 2 above, the most important benefit of the TEEK technology is its ability to foam in place during installation and repair. This dramatically reduces labor and material waste costs. Currently, for any applications of commercially available polyimide foams are fabricated in large buns, cut to size, and then adjusted on site to fit the specific cavity. This process is labor intensive and leaves behind wasted material. Additional processing also might be required to achieve the appropriate density and percent of closed cells. TEEK materials can be easily processed to densities from 0.5 to 20 lb/ft3, servicing nearly all applications needs.

Another important attribute is its low flammability with no toxic fumes. Tests at Kennedy Space Center comparing Langley’s TEEK foam to a commercially available foam of the same density showed that TEEK burned significantly less (less than 3 inches vs. more than 9 inches). TEEK foams of higher density did not burn at all. This feature provides an important safety improvement for NASA as well as commercial industry. For example, the Federal Aviation Administration has identified flammable insulation for the fuselage and in coatings for wires as contributing to several recent airline crashes. Using TEEK in aircraft fuselage will prevent future fire-related accidents.

A summary of TEEK’s performance characteristics is presented in the table below.

Mechanical Performance 
Thermal Performance 
Other Benefits

· Low density

· Highly resilient (low friability)

· High compressive strength

· Highly durable (passed 50 cycles at ±400 °F)

· Rigid
· Low thermal conductivity from cryogenic to elevated temperatures

· Low coefficient of thermal expansion

· High glass transition temperature
· Foam-in-place application

· In situ repair

· Flame resistant

· Low flammability and smoke emissions

· Nontoxic and nonfuming

· Chemical-, solvent-, and hot water-resistant

· Low dielectric constant

These performance characteristics make the TEEK technology ideal for many commercial applications, as outlined below.
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Marine, Aircraft, and Spacecraft

· Insulation tiles and components

· Ablative components

· Abradable seals

· Cryogenic applications

· Honeycomb core replacement and filler

· Water penetration barriers

· Radomes
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Electronic and Electrical

· Adhesives and sealants

· Coatings and pigments

· Gaskets

· Circuit board laminates

· Potting compounds for electronic components

· Buoyant cable coatings

· High-performance cable
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Automotive

· Undercoatings, tires, engines

· Molded plastic parts

· Gaskets, brake pads, trim molding, body fillers

· Sound-proofing materials

· Firewall materials

· Repair putty

· Sealant
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Recreation

· Marine craft, flotation devices, surfboards, kayaks

· Golf equipment

· Sports balls and paddles

· Sports playing surfaces 
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Building Materials and Construction

· Repair compounds

· Ceiling and roofing tiles

· Carpet backing

· Coring for laminates

LaRC has licensed TEEK to SORDAL of Holland, Michigan, in May 2000. In November, SORDAL launched the commercialization effort at the SAMPE (Society for the Advancement of Material and Process Engineering) International Technical Conference in Boston, Massachusetts. SORDAL now is negotiating with a shipyard for installing TEEK in naval ship hulls. The company also is in discussions with two major aerospace companies to supply TEEK for the RLV TPS (insulation system).

Also, Unitika has licensed TEEK to two Japanese companies: Showa-Aircraft Industry Co. Ltd. of Tokyo and Inoac Corp. of Nagoya. (As explained in item 5 below, LaRC leads licensing to U.S. companies; Unitika leads international licensing.) Showa-Aircraft, a supplier of honeycombs for aircraft and spacecraft, will be incorporating TEEK’s polyimide foam-filled honeycomb technology into its products. The company expects to use the innovative technology for thermal insulation materials for RLVs. Inoac is a major Japanese supplier of foams and has licensed the TEEK neat polyimide foam technology. The company expects to incorporate TEEK into its products for the automobile industry as well as office automation and electric/electronics products.

b.
If the contribution is not now in operational use, describe its most likely or previous applications and the extent of commercial,(includes non-aerospace commercialization)  government and/or NASA-specific uses.

TEEK has been licensed by three companies and is being marketed to industry users. Licensees are in negotiations with some potential customers, orders are being taken, and fabrication facilities are being built.

c.
Will the contribution increase in value or in its applications over time and in what manner?
The value of the TEEK technology will grow as the markets develop:

· The $12 million marine market already accepts similar polyimide foam products, so TEEK has ready entry to this market and orders are being taken.

· The RLV market is currently in the hundreds of millions of dollars and is expected to increase to billions of dollars within the next 5 years. Boeing, Northrop Grumman, and Lockheed Martin already have invested upwards of $50,000   (combined) into testing TEEK’s capabilities for RLVs.

· The aircraft market is sure to expand to billions of dollars. The Federal Aviation Administration (FAA) has identified flammable insulation for the fuselage and in coatings for wires as contributing to several recent airline crashes. The FAA is expected to require the retrofitting of all aircraft, and TEEK polyimide foam is an ideal product for this retrofit.

· With the volume purchases expected for the above mentioned applications, the price of TEEK polyimide foam is expected to decrease. As the price of NASA’s foam approaches that of materials with lower performance, even more new markets are expected to open for TEEK in markets such as recreational equipment, electronics, and automotive components.

Once the U.S. markets for TEEK polyimide foam are sufficiently developed, Unitika intends to build a manufacturing plant in the United States, employing dozens of workers. While the plant is under construction, Unitika will establish toll production in this country, whereby a U.S. company would manufacture TEEK polyimide precursor for sale to licensed foam manufacturers until Unitika can open its own plant.

5.
CREATIVITY.

What is your assessment of the creativity displayed in the conduct of this contribution, relative to the expected performance of those in similar positions?
None________Low  __________Modest_________Average________High_________Very High____X_______

The development and commercialization of the TEEK polyimide foam technology represents a unique collaboration between NASA and industry. In 1995, LaRC researcher Dr. Terry St. Clair invented a polyimide with potential for use in foam; however, he needed assistance in converting this polyimide to foam. Before pursuing joint development, Dr. St. Clair wanted information on the markets that would use the polyimide foam. To entice potential partners, he approached Greg Manuel in the Technology Commercialization Program Office (TCPO) for assistance. Mr. Manuel tasked Laura Schoppe of Research Triangle Institute (RTI), LaRC’s technology commercialization contractor, with researching the potential markets for a polyimide foam. Ms. Schoppe’s research identified several aerospace and nonaerospace markets for an improved polyimide foam. Her market research report also provided the intelligence data that LaRC needed to ensure that future technology developments would meet industry needs as well as NASA mission requirements.

In 1997, Dr. St. Clair and Erik Weiser asked Mr. Manuel to help facilitate a joint development partnership between LaRC and Unitika, a Japanese company with the appropriate technical expertise to develop a polyimide foam. (Joint development with a Japanese company was allowed because two Small Business Innovation Research (SBIR) contracts established between 1996 and 1997 were not successful in developing a polyimide foam that fulfilled NASA or commercial requirements.) To encourage Unitika to partner with LaRC in continued development and commercialization efforts, Mr. Weiser and Ms. Schoppe gave a presentation describing the technical benefits and commercial potential for a polyimide foam. Impressed with the technical and commercialization expertise of the team, Unitika agreed to participate. The TEEK team (LaRC and Unitika, supported by RTI) developed and negotiated a joint development agreement between LaRC and Unitika. The agreement was carefully crafted to include terms for joint ownership of developed technologies, licensing activities (LaRC leads licensing to U.S. companies; Unitika leads international licensing), and revenue allocation. During the next 2 years, the TEEK polyimide foam technologies were developed, and five patent applications were filed by Hillary Hawkins, TCPO Patent Counsel:

· Hollow Polyimide Microspheres (LAR-15831-3); patent issued 7/4/00 (#6,084,000)

· Hollow Polyimide Microspheres (LAR-15831-1); patent issued 11/30/99 (#5,994,418)

· Aromatic Polyimide Foam (LAR-15977-1); patent issued 10/17/00 (#6,133,330)

· Hollow Polyimide Microspheres; (LAR-15831-2); application filed 9/9/99 (#09/408,652)

· Polyimide Precursor Solid Residuum (LAR-15767-1); application filed 5/21/99 (#09/316,428)
RTI concurrently assessed the newly developed technologies to ensure that they met industry needs. 

Upon finding a high potential for commercial success,  the TCPO and RTI developed and implemented an aggressive marketing campaign to license TEEK to U.S. industry. They developed a four-page Technology Opportunity Announcement (see attachment), which highlighted the technical benefits and commercial applications for TEEK, and planned three industry briefings. Briefing invitations were targeted to companies that manufacture, distribute, and/or use polyimide foams. At the briefings, the TEEK team gave detailed presentations of the technology and the commercialization process. As a result of the industry briefings, three companies submitted license applications, and a license agreement was awarded to SORDAL of Holland, Michigan. SORDAL proposes to introduce the NASA/Unitika technology into insulation for ship hulls, fire-resistant construction materials, various aerospace applications, and a wide range of consumer products to improve life safety and energy efficiency.  SORDAL launched the commercialization effort at the SAMPE International Technical Conference in November 2000.

At the same time, Unitika pursued licensing agreements with non-U.S. companies. The LaRC-RTI team also assisted in these efforts. For example, Mr. Manuel prepared a one-page “term sheet” highlighting suggested royalties, milestones, and minimum payments to facilitate Unitika’s negotiations with foreign companies. He also shared the boilerplate license used by NASA to facilitate Unitika’s efforts in generating its own licensing agreement. Unitika secured two license agreements— Inoac Corp. of Nagoya, Japan, and Showa-Aircraft Industry Co. Ltd. of Tokyo, Japan—and two more agreements with European companies are in development. Inoac expects to include TEEK in its products for the automobile industry as well as office automation and electric/electronics products, and Showa-Aircraft will incorporate TEEK into its thermal insulation materials for RLVs.

6.
RECOGNITION
What forms of recognition have been received by the contributors for this contribution?  Have 





previous awards been made to the contributor(s) for this accomplishment?  Please describe.

No awards have been received as yet.

7.
TANGIBLE VALUE.

As a measure of the tangible value of this contribution, estimate the following:


a.
NASA cost savings* to date and in future years.

Due to the cost sharing that was accomplished by the MOA with Unitika, NASA saved hundreds of thousands of dollars in research money to get the TEEK foam system to a high operational readiness.  Partnering with Industry leaders to gather valuable data has also led to a cost savings to NASA and in turn has led to a greater demand for the TEEK foam system.

Today's commercially available foams used for current launch vehicle technology will not meet the requirements of the next generation reusable launch vehicle.  Current technology would decompose due to the extreme environment that is requirement of an RLV.  Therefore, if today's foams were used as part of a reusable launch vehicle’s insulation, they would have to be replaced / reapplied after every mission.  This replacement dramatically increases the costs to NASA in terms of materials and labor.  In addition, NASA would lose valuable time to the next launch while the RLV is being repaired.

LaRC’s TEEK foam, however, maintains its structural integrity at temperatures ranging from –250 ºC to +250 ºC. Therefore, an insulation using TEEK foam will last from mission to mission, eliminating the recurring costs associated with the use of commercial foam.  The higher use temperature afforded by the TEEK foam system will also have the added advantage of reducing the required TPS on the launch vehicle which intern will allow for a lighter vehicle which could carry more payload.

b.
Current market value and potential as a commercial product or process.

The price for the TEEK material is currently approximately $200/lb. But this price is expected to decrease by an order of magnitude when the volume increases beyond hundreds of pounds of monomers per year to thousands of pounds per year. With that decrease in price, the market will grow from the tens of millions of dollars for the current aerospace polyimide foam market to billions of dollars for an expansion into commercial markets, such as electronics, automotive components, recreational equipment, and building/construction materials.  The TEEK foam system has met all of the US Navy testing requirements and stands ready to enter the military ship market once the per pound price drops by an order of magnitude.


c.
Other measurable value: increased efficiency, enabling technology, improved management, etc.
Other benefits include improved weight and structural properties, decreased costs through customized materials (resulting in less labor, waste, and processing), and increased safety for new applications (e.g., aircraft).  The TEEK foam system is an enabling technology for future RLV and space launch vehicles.

APPLICANT’S SIGNATURE: _______________________________________  DATE:_____________
 *State the rationale for the above cost estimates.

SECTION II   COMMENTS AND CONCURRENCE

1.     EVALUATOR


I recommend/do not recommend a Space Act Award for this contribution for the following reasons.
Printed Name and Signature


Title
Date

NASA Installation


Contractor
Other


2.
EVALUATOR'S SUPERVISOR
I support/do not support a Space Act Award for this contribution for the following reasons.

Printed Name and Signature


Title
Date


3.
TECHNICAL MANAGEMENT
I support/do not support a Space Act Award for this contribution for the following reasons.

Printed Name and Signature


Title
Date


4.
COMMERCIALIZATION MANAGEMENT
I support/do not support a Space Act Award for this contribution for the following reasons.
Printed Name and Signature


Title
Date

TO BE COMPLETED BY AWARDS LIAISON OFFICE

5.  IDENTIFICATION OF CONTRIBUTORS

Name, Employer, and Percent Contribution
Social Security Number
Home Address





















6.  PATENT INFORMATION

LAR-15831-1


Patent Applied for?  Y/N    Granted?  Y/N

Patent granted
Serial Number or Patent Number
U.S. Patent #6,084,000

Application filed by:  Government?

                                   Non-Government?

Government (LaRC) 
Date Filed or Granted 
July 4, 2000

License Granted    Y/N

No
Company Name:


LAR-15831-2


Patent Applied for?  Y/N    Granted?  Y/N

Patent applied for
Serial Number or Patent Number
Application #09/408,652

Application filed by:  Government?

                                   Non-Government?

Government (LaRC) 
Date Filed or Granted 
September 9, 1999

License Granted    Y/N

No
Company Name:


LAR-15831-3


Patent Applied for?  Y/N    Granted?  Y/N

Patent granted
Serial Number or Patent Number
U.S. Patent #5,994,418

Application filed by:  Government?

                                   Non-Government?

Government (LaRC) 
Date Filed or Granted 
November 30, 1999

License Granted    Y/N

No
Company Name:


LAR-15767-1


Patent Applied for?  Y/N    Granted?  Y/N

Patent applied for
Serial Number or Patent Number
Application #09/316,428

Application filed by:  Government?

                                   Non-Government?

Government (LaRC) 
Date Filed or Granted 
May 21, 1999

License Granted    Y/N

NA
Company Name:
Unitika is a joint owner on this patent and is practicing.

LAR-15977-1


Patent Applied for?  Y/N    Granted?  Y/N

Patent granted
Serial Number or Patent Number
U.S. Patent  #6,133,330



Application filed by:  Government?

                                   Non-Government?

Government (LaRC) 
Date Filed or Granted 
October 17, 2000

License Granted    Y/N

Yes (3)
Company Name:
SORDAL (Holland, Michigan), Showa-Aircraft Industry Co. Ltd. (Tokyo, Japan), and Inoac Corp. (Nagoya, Japan)
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9.       AWARD LIAISON OFFICER COMMENTS AND SIGNATURE

Printed Name and Signature


Comments
Date

_1040185698.doc
[image: image1.png]






