Accepted Manuscript

Additive
. . o . MANUFACTURING
Title: Geometric Characterization of Additively Manufactured i =

Polymer Derived Ceramics

Authors: Jacob M. Hundley, Zak C. Eckel, Emily Schueller,
Kenneth Cante, Scott M. Biesboer, Brennan D. Yahata, Tobias
A. Schaedler

PII: S2214-8604(17)30014-3
DOI: http://dx.doi.org/10.1016/j.addma.2017.08.009
Reference: ADDMA 210

To appear in:

Received date: 23-2-2017
Revised date: 6-6-2017
Accepted date: 22-8-2017

Please cite this article as: Jacob M.Hundley, Zak C.Eckel, Emily Schueller,
Kenneth Cante, Scott M.Biesboer, Brennan D.Yahata, Tobias A.Schaedler, Geometric

Characterization of Additively Manufactured Polymer Derived Ceramics (2010),
http://dx.doi.org/10.1016/j.addma.2017.08.009

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.


http://dx.doi.org/10.1016/j.addma.2017.08.009
http://dx.doi.org/10.1016/j.addma.2017.08.009

Geometric Characterization of Additively Manufactured Polymer Derived Ceramics
Jacob M. Hundley'", Zak C. Eckel!, Emily Schueller!, Kenneth Cante!, Scott M.
Biesboer?!, Brennan D. Yahata! and Tobias A. Schaedler!

1 Architected Materials Department, HRL Laboratories LLC. 3011 Malibu Canyon Rd,
Malibu CA 90265

* Corresponding author, jmhundley@hrl.com

1.0 Abstract

The high hardness, melting temperature and environmental resistance of most ceramic
materials makes them well-suited for propulsion, tribilogical and protective applications.
However, these same attributes pose difficulties for manufacturing and machining of
ceramics and ultimately limit the achievable design space of these materials. Recently, a
new class of preceramic photopolymers has been developed that enables additive
manufacturing of ceramics using commercially available stereolithography systems. By
consolidating preceramic monomers via layer-wise exposure to ultraviolet light and
subsequently pyrolyzing under an inert atmosphere to form a ceramic, this method allows
for complex geometry parts that cannot be produced with traditional sintering, pressing or
vapor infiltration processes. In order to retain geometric fidelity and generate flaw-free
microstructures, volumetric and gravimetric changes during the polymer-to-ceramic
conversion must be quantified. To this end, we present x-ray micro-computed
tomography (micro-CT) measurements of the dimensional stability and uniformity of
additively manufactured silicon-based ceramics as a function of geometry and processing

conditions.

1.1 Introduction

Monolithic ceramics and ceramic matrix composites offer several important benefits that
cannot be achieved from engineering polymers or metal alloys. The high strength,
hardness, thermal stability and chemical inertness intrinsic to most ceramics has led to
their continued implementation in armor, combustion, industrial filtration, friction, wear
and power generation applications [1-2]. However, design flexibility for ceramic

components in each of these cases is limited by practical difficulties in their manufacture
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