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Ceramic Direct Ink Writing Process Based on Solvent Evaporation

XIA Xiaoguang, DUAN Guolin
(School of Mechanical Engineering, Hebei University of Technology, Tianjin 300401, China)

Abstract: A preparation method of ceramic direct ink writing based on solvent evaporation was proposed, and the process parameters
to change the solvent evaporation rate of ceramic slurry in the printing process were adjusted. For zirconia ceramic, a zirconia ceramic
slurry with a high solid loading was prepared, and the rheological properties and printability of zirconia ceramic slurries with different
solid loadings were analyzed. The results show that zirconia ceramic slurries with 54%-58% (volume fraction) solid loadings can be
used to form a ceramic body without deformation or collapse by changing the solvent evaporation rate. Based on the preparation and
characterization of ceramic tooth and cuboid samples, it is verified that this method can prepare some complex-shaped ceramic parts
with a high strength.
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Table 1 Process parameters of 3D printing platform

Extrusion pressure/MPa  Printing speed/(mm's™)  Nozzle diameter/mm

0.1-0.4 520 0.3,0.4,0.5,0.6
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Table 2 Yield stress values of the zirconia slurries with

different solid loading

i /% 7, (from Herschel-Bulkley)/
v(zirconia)/%

K/(Pa:S") n t(from G')/Pa

Pa
52 81 163 0.54 40
54 164 174 0.58 117
56 201 19.8  0.61 191
58 267 18.6 0.68 282

v—Volume fraction.
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Table 3 Printable process parameters of ceramic slurries

with different solid loading

v(zirconia)/% Extrusion Printing speed/(mm/s) Nozzle diameter/mm
pressure/MPa
54 0.15 12 0.3
54 0.10 14 0.4
56 0.32 11 0.3
56 0.25 11 0.4
56 0.19 13 0.5
58 0.40 12 0.5
58 0.26 13 0.6
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Fig. 5 Facture morphologies of cuboid sample



248 B 12 1

Bt & ETHAERNERERESRETZ .

1885

-
m 7710,
A M-710,
|
z .
g n | Sintered sample
£
A

Green sample

20 30 40 50 60 70 80
20/(°)

Bl6 gl a K I RRA: XRD i
Fig. 6 XRD spectrograms of sintered sample and green
sample

3 #%

1) FEFVEFIE R MBS RO ] 4 5
FHF e ] 5 5 (= 54%) M B SROBHIAT B, B3 54
KRR BENEAT BN FE TP BRI AT T B, 390
PR IRAAITEVRERE, DA 25 52 2% FE 30 11 P s 2 0
P e 1 FH B BE SRR ] 98 A 1227V 1) ) 6 JE s
W TR &SR S BB DL R il 2% T2 A B T
] % R 5

2) W RRE N B0 R A SN, AR HL
Y& BB, BB SRR N LD, 15
ek )i Ve s BAT e R B FE AN 5

SH 3R

[11 ZFWis, a0, REN, 5. W5 3D fTEHERKBI L S RN
TERR R 23R, 2017, 045(6): 793-805.
LI Yayun, SI Yunhui, XIONG Xinbai, et al. J] Chin Ceram Soc, 2017,
045(6): 793-805.

2] 4%#, kKSH, ERB, % WE 3D #TEIE AR LM R 7

(4]

[3]

(6]

(7]

(8]

(]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

JE[J]. MRLTFE, 2018, 46(7): 19-28.

JI Hongchao, ZHANG Xuejing, PEI Weichi, et al. J] Mater Eng (in
Chinese), 2018, 46(7): 19-28.

WANG R, ZHU P, YANG W, et al. Direct-writing of 3D periodic TiO2
bio-ceramic scaffolds with a sol-gel ink for in vitro cell growth[J].
Mater Design, 2018, 144: 304-309.

LIY, LI L, LI B. Direct ink writing of three-dimensional (K, Na)
NbO3-based piezoelectric 2015, 8(4):
1729-1737.

PAN Y, ZHU P, WANG R, et al. Direct ink writing of porous cordierite
honeycomb ceramic[J]. Ceram Int, 2019, 45(12): 15230-15236.

LIY, LI L, LTI B. Direct write printing of three-dimensional ZrO2
biological scaffolds[J]. Mater Design, 2015, 72: 16-20.

LIJ, LI B, WU H, et al. Direct writing of three-dimensional woodpile
BaTiO3 structures[J]. Mod Phys Lett B, 2014, 28(14): 1450108.

SUN Q, YANG Z, CHENG H, et al. Creation of three-dimensional
structures by direct ink writing with kaolin suspensions[J]. J Mater
Chem C, 2018, 6(42): 11392-11400.

M’BARKI A, BOCQUET L, STEVENSON A. Linking rheology and
printability for dense and strong ceramics by direct ink writing[J]. Sci
Rep, 2017, 7(1): 1-10.

AN T, HWANG K T, KIM J H, et al. Extrusion-based 3D direct ink
writing of NiZn-ferrite
suspension[J]. Ceram Int, 2020, 46(5): 6469—6476.

LIAO J, CHEN H, LUO H, et al. Direct ink writing of zirconia three-
dimensional structures[J]. J Mater Chem C, 2017, 5(24): 5867-5871.
WEI L, LI J, ZHANG S, et al. Fabrication of SiOC ceramic with
cellular structure via UV-Assisted direct ink writing[J]. Ceram Int,
2020, 46(3): 3637-3643.

YANG L, ZENG X, ZHANG Y. 3D printing of alumina ceramic parts
by heat-induced solidification with carrageenan[J]. Mater Lett, 2019,
255:126564.

EVANS A G, CHARLES E A. Fracture toughness determinations by
indentation[J]. J Am Ceram Soc. 1976, 59, 371-372.

Ak, R, ERE, & RPTERIINGIK Si02 7-#uk s P Rg
BISEIALT]. ARAEK 22 B ARBHERR, 2008(11): 123-126

NIU Yongxiao, WANG Yi, WANG Ende, et al. Journal of Northeastern
University: Nat Sci (in Chinese), 2008(11): 123-126.

CHEN H, WANG X, XUE F, et al. 3D printing of SiC ceramic: Direct
ink writing with a solution of preceramic polymers[J]. J Eur Ceram
Soc, 2018, 38(16): 5294-5300.

ceramics[J]. Materials,

structures  with  viscoelastic ceramic



