INL/MIS-23-73213-Revision-0

3D Printed Carbon Fiber
Reinforced Carbon: An

energy efficient alternative to
graphite EFAS tooling

August 2023

Arin Seth Preston, Jorgen Fredrick Rufner

.

|daho National

|_(] oml‘ory INL is a U.S. Department of Energy National Laboratory operated by Battelle Energy Alliance, LLC



DISCLAIMER

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the U.S. Government or any agency thereof.




INL/MIS-23-73213-Revision-0

3D Printed Carbon Fiber Reinforced Carbon: An
energy efficient alternative to graphite EFAS tooling

Arin Seth Preston, Jorgen Fredrick Rufner

August 2023

Idaho National Laboratory
Idaho Falls, Idaho 83415

http://www.inl.gov

Prepared for the
U.S. Department of Energy
Under DOE Idaho Operations Office
Contract DE-AC07-05ID14517



® 3D PRINTED CARBON FIBER REINFORCED CARBON:
An Energy Efficient Alternative to Graphite EFAS Tooling

S
(b)

Carbon fiber preforms are printed in a Quasi-Isotropic
layup, where the fibers are aligned to the X and Y
axes, and #45° in plane. Thermal and electrical
conductivity values along the fiber axes are
comparable to graphite but are extremely low through
the Z axis. Low conductivity (high resistivity) in the axis
of current flow enables more efficient Joule heating.
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Schematic representations of a) Electric Field Assisted
Sintering (EFAS), and b) hot pressing. EFAS uses the
tooling itself as the heating element by means of Joule
heating as current is passed through the system.
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Energy usage with time for samples sintered in C-C tooling, compared to control samples run in identical graphite tooling
under identical processing conditions. C-C tooling runs are shorter as a result of faster heating during the warmup step, in
which a fixed current is passed through the tooling until it reaches 300 °C. Actual energy usage in kWh is listed in the table
below, along with the resultant material properties and the ram temperatures recorded during sintering.

Tooling Sintered Grain Size | Density Density Energy Used % Max Ram %
Type Material (pm) (g]cm3) (% Theoretical) (KWh) Difference | Temp. (°C) | Difference
Graphite Copper 11.00 '8.89 99.2 0.828 n/a 239 n/a
C-C Copper 10.10 8.87 99.0 0.457 -44.8 155 -35.1
Graphite Alumina 0.861 3.86 07.7 2.095 n/a 360 n/a
C-C Alumina 0.722 3.79 95.9 1.114 -46.8 241 -33.1
Graphite | Titanium Nitride | 0.332 5.23 99.8 1.979 n/a 358 /a
C-C | Titanium Nitride| 0.297 5.21 99.4 0.940 -52.5 224 -37.4

Scale up to larger tooling, and
experimentation with fiber orientation
is underway. 32 mm (left) and 75 mm
tooling (right) has been created and
tested. Energy savings have been
shown to be comparable to that found
in the 20 mm tooling comparisons.
150 mm tooling is currently being
fabricated.
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