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ABSTRACT: The work aims to raise the way of preparing pastes suitable for direct ink writing and the properties the pastes
should have. The particle distribution of 4 types of ceramic powder was analysed. These powders were made into pastes and
their rheological behaviours were measured to analyse the effect of adding macromolecules in different stages on rheological
properties of the pastes. For printing process through the nozzles small as 250 pm and 150 pum, the absolute particle size of the
raw powder should be less than 3 um and the difference between dgyand d;,should be less than 2 um. Meanwhile, the pastes
should have good thixotropic behaviour. The rheological behaviours of the pastes offer guidance for the process of direct ink
writing. The thixotropic behaviour of the pastes is important for the samples with large size and height, which requires attention
in the future work.
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Fig.1 Pastes preparation and printing process of direct ink writing 3D printing
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Tab.1 Data analysis of particle size distribution
of different powders

dio/um  dso/um  doo/um  dgp—d;¢/pm

1.4 R 710, 034 046 0.6l 0.27
Leica Al,O4 0.46 0.62 2.40 1.94
EL6000 Leica Microsystems Germany Ti0; 0.072 0.25 0.43 0.358
Sony Alpha 63009 Japan BCZT 0.14 2.28 7.13 6.99
SEM Hitachi BCZT 0.084 0.19 0.51 0.426
SU-70 Japan
2 HRE5HH
3a
0.01~0.5 s
4 7ZrO, YSZ
ALO; TiO, BCZT 0.5~1000 5!
2 YSZ 36!
3
BCZT 0.5~3s!
3 pum doo do
2 um |
1 Hz
BCZT 3b PEI
G' 10°
0.032%  PEI 10°
BCZT doy dio 3 Linear vis-
BCZT coelastic region LVR 1% PEI

LVR 0.1% PEI
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Fig.2 Particle size distribution of powder used for pastes preparation
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Fig.3 Test results of rheological behaviour of TiO, suspensions and pastes
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Fig.4 Macrostructure of 3D printed green samples
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Fig.5 Microstructure of 3D printed samples after sintering

3D

4 3D 5¢ 1500 C BCZT
1520 C
5 Sa—b 5d



2021 3

3 #it
1 3D
2
52 3Lk
[1] “ 2025”7 3D [J]. ,

2015(7): 20—27.
YU Hao. 3D Printing under "Made in China 2025"[J].
Advanced Materials Industry, 2015(7): 20—27.
4.0 3D
[J]. ,2015(2): 322—338.
LI Tao. German Law and Policy Analysis of 3D Printing
in the Background of Industrial 4.0: Discussion of Law
and Policy Dealing with 3D Printing in China[J]. Sci-
ence of Law, 2015(2): 322—338.
FERREIRAJM F, GALINDO-ROSALESF J, NAN B.
Impressdo 3D-Perspectivas e Possiveis Ganhos em
Versatilidade e Desempenho[J]. Kéramica, 2020: 10—
12.
KOHLHUBER M, KAGE M, KARG M. Additive
Manufacturing, German National Academy of Sciences
Leopoldina, Acatech-National Academy of Science and
Engineering[M]. Union of the German Academies of
Sciences and Humanities, 2017: 12.
« ” J1.
, 2008, 18(36): 84—385.
GUO Yong-bao. Metal Cutting Liquid Pollution and
Green Cutting Technology[J]. Sci-Tech Information
Development & Economy, 2008, 18(36): 84—S85.
STANDARD A S T M. Standard Terminology for Addi-
tive Manufacturing Technologies[S]. ASTM Interna-
tional F2792-12a, 2012.

[10]

[11]

[12]

[13]

[14]

[15]

[18]

CESARANO III J, CALVERT P D. Freeforming Objects
with Low-Binder Slurry, U.S: 6027326[P]. 2000-02-22.
MORISSETTE S L, LEWIS J A, CESARANO III J, et al.
Solid Freeform Fabrication of Aqueous Alumina-Poly
(Vinyl Alcohol) Gelcasting Suspensions[J]. Journal of
the American Ceramic Society, 2000, 83(10): 2409—
2416.

STUECKER J N, CESARANO III J, HIRSCHFELD D
A. Control of the Viscous Behavior of Highly Concen-
trated Mullite Suspensions for Robocasting[J]. Journal
of Materials 2003, 142:
318—325.

LEWIS J A. Direct-Write Assembly of Ceramics from
Colloidal Inks[J]. Current Opinion in Solid State and
Materials Science, 2002, 6: 245—250.

WANG R, ZHU P, YANG W, et al. Direct-Writing of 3D
Periodic TiO, Bio-Ceramic Scaffolds with a Sol-Gel Ink
for in Vitro Cell Growth[J]. Materials & Design, 2018,
144: 304—3009.

LIS M, PLAUT M, ZAI A, et al. Polymer Dielectrics for
3D-Printed RF Devices in the K, Band[J]. Advanced
Materials Technologies, 2016: 1600027.

GROSSKOPFA K, TRUBY R L, KIM H, et al. Vis-
coplastic Matrix Materials for Embedded 3D Printing[J].
ACS Applied Materials & Interfaces, 2018, 10(27):
23353—23361.

SKYLAR-SCOTT M A, MUELLER J, VISSER C W, et
al.Voxelated Soft Matter via Multimaterial Multinozzle
3D Printing[J]. Nature, 2019, 575: 330—335.

BOLEY J W, REE W M V, LISSANDRELLO C, et al.
Shape-Shifting Structured Lattices via Multimaterial 4D
Printing[J]. Proceedings of the National Academy of
Sciences.2019, 116(42): 20856—20862.

NAN B, GALINDO-ROSALES F J, FERREIRAJ M F.
3D Printing Vertically: Direct Ink Writing Free-standing
Pillar Arrays[J]. Materials Today, 2020, 35: 16—24.
NAN B, OLHERO S, PINHO R, et al. Direct Ink Writ-
ing of Macroporous Lead-Free Piezoelectric Baj gsCag 15

Processing Technology,

Zro.1Tip 9O5[J]. Journal of the American Ceramic Society,
2019, 102(6): 3191—3203.

NAN B, GOLEBIEWSKI P, BUCZYNSKI R, et al. Di-
rect Ink Writing Glass: A Preliminary Step for Optical
Application[J]. Materials, 2020, 13(7): 1636.



