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Jlll EFAS Tooling (Graphite vs Carbon-Carbon)
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- C-C Manufacturing

Commercial processes can take weeks to months.
INL process has decreased that processing time considerably
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Bl Graphitized C-C
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Jll Cross-Section of Graphitized C-C and Properties

INL Carbon- Commercial

Carbon Graphite

Electrical Resistivity (uQ*m)
X/Y Plane 16.5 17
Z-Direction 121.2 13

Thermal Diffusivity (25 °C)
X/Y Plane 75 63
Z-Direction 3 82
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I Reduced Energy Required

Energy usage: TiN sintered in graphite and C-C
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2 I C-C tooling Tooling | Sintered |Energy Used
0.94 kWh Type | Material (kWh)
Ly Graphite | Copper 0.828
0 J\ C-C Copper 0.457
0 250 500 750 1000 1250 1500 1750 2000 |Graphite | Alumina | 2.095
C-C Alumina 1.114
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I Less Ram Heating

* For Cu Sintering: 20MPa, 900 °C, 5 min. Ram temperature* comparison:

Ram Temperature During Cu Sintering: Graphite vs C-C

250 *Ram temperature is a limiting
factor for EFAS:

if the rams exceed 400 C,
damage to the equipment is
likely.

200

Reducing ram temperature
means that higher sample
temperatures may be
achieved, and for longer

50 durations.
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- Take Away

High resistivity in the Z-direction enables more
efficient Joule heating.

Low thermal diffusivity in the Z-direction means

the heat does not conduct away as quickly; heat is
effectively "trapped"” where it is needed.

3D printed C-C tooling is stronger, and more
energy efficient than identical graphite tooling.
Compared to Tokai G535 graphite:

. At least 2x stronger in tension.

. At least 3x stronger in compression.

. Uses 48% less energy, 35% lower
ram temps
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