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“Additive Materialization”: Promoting Customized Design in Ceramic Components with
Integrated Structure & Performance via Additive Manufacturing

SONG Lu, WANG Dianzheng, ZHAO Ruoshi, MA Jing, SHEN Zhijian
(State Key Laboratory of New Ceramics and Fine Processing, School of Materials Science and Engineering,
Tsinghua University, Beijing 100084, China)

Abstract: Additive manufacturing is a worldwide hot issue during the last decade. Compared with counterparts in polymer and metal,
additive manufacturing for ceramic had a relatively late breakthrough, but the development in recent years has also make it a
highlight as well. In this perspective, based on state-of-the-art of ceramic additive manufacturing and the development history of
polymer & metal additive manufacturing, we propose the idea of “additive materialization”, that is, making additively manufactured
components with customized structure and performance simultaneously. The evolution of the connotation in “customization” in
additive manufacturing will be analyzed first together with its essential causes. Then current obstacles in various ceramic additive
manufacturing techniques and corresponding embedded potentials to realize additive materialization in ceramic components would be
pointed out and summarized. At last, possible approaches and related focuses towards “additive materialization” would be proposed.

Keywords: additive manufacturing; ceramics; customization; multiscale structure; structure-performance relationship; three
dimensional (3D) printing
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(a) Stereolithography-fabricated SiOC polymer-derived ceramic 3D

structure before and after pyrolysis®"

(b) Dense SiSiC composite structure made by binder jetting additive

manufacturing, pyrolysis and liquid silicon infiltration”!
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Fig. 3 Introducing new functions into additive manufactured

ceramic components via chemical reactions?®!: >}
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(a) Zirconia dendrite-amorphous matrix in laser melted

aluminosilicate-zirconia composite!>

(c) Crystal orientation difference among grains and within single

grain in laser melted zirconia revealed by EBSDP*”)

AR, HIERFMM, X SR
£ 400 C A R AT AR, BHIBOLE
P [ R PR S A 2 A 7 A 0 i FEL AR AR 9%
BER DY, MERSY T, Ze0, TEHOEE LI 7]
HRGFURAL R BB L ZeN 5 2 R @A), ATl 78
Y25 1 B AR L 221 s 5 i VY b

®1 SMUMEESHEFTHREAEFN

WIS, LS AEgERY

Table 1 Physical state, composition and phase structure of

oxide ceramics after laser melting under argon
[34]

protection
Oxides State transformation Composition Product/Phase
a-Bi,0; Vaporized-condensed Unchanged B-Bi,0;
ZnO (wurtzite) Vaporized-condensed Decomposed Zn
a-AlLOs Melted-solidified Unchanged Unchanged
a-SiO, Melted-solidified Unchanged Amorphous
CeO, Melted-solidified Reduced Slightly distorted
YSz Melted-solidified Reduced Slightly distorted
TiO; (rutile)  Melted-solidified Reduced Rutile + Magnéli phases
TiO, (anatase) Melted-solidified Reduced Rutile + Magnéli phases
Fe,0; Melted-solidified Reduced Fe;04
V,0;5 Melted-solidified Reduced V0,/V,0,
NiO Melted-solidified Decomposed Ni

0.5 um

(b) Outer part of dendritic crystal and nano-crystals embedded

in an amorphous matrix in Fig. 4(a)>®!

200 mm

(d) Nanodomain structure within a single grain

in laser melted zirconia!®*!

4 BOCHAC BB EE s U SR

Fig. 4 Multiscale hierarchical structure in laser melted ceramics'

[36-38]
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(a) Conductivity-temperature relationship of pristine YSZ and laser melted
(LM) YSZP¥

(b) Conductive melting traces on ZrO, by in-situ reaction between ZrO, and

N, atmosphere during laser melting"”!
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Fig. 5 Electrical conduction of laser melted zirconial*®>"!
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