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Purpose N=([Rer
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Touchstones main focus Is on the development of silicon carbide LABORATORY

products using domestic coal as the carbon source.
Carbon

A Bituminous coal (v, mv, hv)

A Ash impurity <1%, Sulfur <1%

A Semi-coke, Met -Coke
Silicon

A CFOAM conversion via polymer infusion

pyrolysis (PIP), (preceramic polymers)
A Coal and resin blends
A Metallurgical grade silicon (Si)
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A Coal to products:

A Touchstone utilizes coal as carbon feedstock to produce high -value materials
and products.

A Active Phase Il SiC Foam development.

A Track record of success in developing and commercializing carbon foam and
graphite foam (CFOAM®) products from coal - CFOAM LLC.

A SiC manufactured from coal  for use as a PCM substrate or heat exchanger
iIn sSCO, heat exchanger technology.

A Will coal enable low -cost and high -volume production of silicon carbide
products that can meet TES and/or sCO  , heat exchanger requirements  ?
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A Metals - High temperature nickel -based alloy current SOA.
A Ceramic 8 SiC current SOA
A High thermal conductivity and serviceable up to 1600C in air.
A Oxidation, corrosion, and erosion resistant.
A High mechanical strength and creep resistant
A High hardness is favorable attribute but makes machining difficult.
A Process routes include RBSC, CVD, CVI, PIP; raw materials can be costly.
A Product size and throughput potentially limited.
A SiC Foam from coal (Touchstone)
A Current SOA process yield porous SiC ( r<1.0 g/cm 2)
A Coal and metallurgical grade silicon (preferred) are low -cost raw materials
A Machinable, alternative near net shape manufacturing approach in development
A Low density cellular structure designed for phase change material (PCM) for TES
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Potential Applications for sCO , for Power Conversion N =|NATIONAL
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Application Cycle type Motivation ?ﬁf’w] g;%perature FI':F I::l]lle
Nuclear Indirect sCO, Efficiency, Size, Water Reduction 10 - 300 | 350-700 20 - 35

Fossil Fuel (PC, CFB, ...) Indirect sCO, Efficiency, Water Reduction 300 - 600 | 550 - 900 15-35
Concentrating Solar Power | Indirect sCO, Efficiency, Size, Water Reduction 10 - 100 | 500 - 1000 35

Shipboard Propulsion Indirect sCO, Efficiency, Size <10-10 | 200 - 300 15-25
Shipboard House Power Indirect sCO, Efficiency, Size <1-10 |230-650 15-35

Waste Heat Recovery Indirect sCO, Efficiency, Size, Simple Cycles 1-10 < 230 - 650 15-35
Geothermal Indirect sCO, Efficiency 1-50 100 - 300 15

Fossil Fuel (Syngas, nat gas) | Direct sCO, Efgtﬁ;‘:}” Water Reduction, CO, | 305 500 | 1100 - 1500 35

1. Quadrennial Technology Review 2015, Supercritical Carbon Dioxide Brayton Cycle Chapter 4: Technology Assessments
2.sCQ Power Cycl&®oadmappinyVorkshop, SwR| San Antonio, TX, February 2013
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Status of the Commercialization Effort ¥E L
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ldentified 33 Organizations and 50 Points of Contact

Energy (CSP) BrightSource Ind., SunPower Corp., GE, Aztec Solar

Aerospace 9 4 GE Research, Lockheed Martin, Reaction EnddegeticsTechnical
Solutions, Inc.

Marine 7 3 Huntington Ingalls Industries, Commonwealth Center for Advanced
Manufacturing, Block Research Group (ETH Zurich)

Construction 4 4 SaintGobain, Honeywell, Dupont, Block Research Group (ETH Zurich

Federal 14 11 NREL, DARPA, SNL, ONR, MDA, Army ARDEC, NSWCCD

Total 50 33
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Current Status of the Project N=|Naronar
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A SiC Foam process based upon silicon resin process has been
narrowed down to a single mix formulation.

A Current SOAgeometryis8 -126 dia. x 106 thick foc

A Preliminary design for a plate/fin cross -flow SiC heat exchanger
core is complete.

A Seeking a dialog with Sandia Laboratory to refine sCO , Brayton
cycle recuperator requirements.

A Materials development for higher density SIC continues.
A Process optimization to enhance vyields
A Production of a-SiC
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To date, performed 142 trial runs consisting of various mix designs, processing
conditions and geometry:

A 3-hv, 2-mv, 1-Iv coal type, of which two had low ash and low sulfur.
A Evaluated coal pretreatment, semi  -coke and calcined.

A Evaluated 3 silicon (Si) source types, resin, metal, oxide (silica).

A Explored the use of binders (pitch and resins) and foaming agent.
Made first successful sintering run above 1600C.

Project results accumulated during this reporting period are available in
following slides.

A TEC and sCO, heat exchanger concepts
A Process methodology

A Material Properties

A Microstructures
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Proposed TES Concept

Silicon Carbide Foam PCM Substrate . SiC Foarg Salt PC
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Design of Supercritical CO , Heat Exchanger N=|NATONAL
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Dual purpose TES when filling/sealing flue gas channels with PCM
Wavy Fin Optimal Heat Transfer HD-SiCfrom Coal Metal or CFCC Manifold Case
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High Density Straight Fin
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Flue Gas
Inlet

Parallel Plate M“
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Near Net Shape Processing N=|arona
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Preliminary Process
Uneven Surface

Near Net Shape Pre-sintering
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