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Abstract: Interlayer crack is a significant obstacle to the wide-scale implementation of light-cured additive
manufacturing in industrial applications. The formation mechanism of crack defects during the forming and
debinding stages of the process is investigated and their effects on the properties of light-cured ZrO,
ceramics are analyzed. Furthermore, the study compares and analyzes the influence of exposure time and
debinding rate on the distribution of cracks in ZrO, ceramics. The research analyzes and compares the
influence of exposure time and debinding rate on the distribution of cracks in ZrO, ceramics. The results
indicate that it is easier to obtain defect-free ceramic green bodies when the slice thickness matches the
exposure layer thickness. Moreover, the study observes that the green body exhibits the least number of
surface cracks when the debinding rate is set at 0.1 ‘C/min. Consequently, the research achieves the
successful production of ceramic parts with a density of 99% and a flexural strength of 450 MPa. These
findings establish a solid scientific foundation and provide valuable technical guidance for the manufacturing
and application of defect-free ZrO, ceramics using light-cured additive manufacturing.
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Fig.3 Curves of TG/DSC,debinding, and sintering of zirconia ceramic green

(a)TG/DSC curve; (b)debinding curves; (¢ )sintering curve
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Fig.4 Macro-morphologies of single layer zirconia thin sheet under

N [ ) AR A W R WA

different exposure time

&4k DX 3k 5 245G E] A 7 s BRF, 230 3% T U 9iE Jg [] S R
W T AR SRR R B Ak 5 4 B SGE R R 9 s I 1
A DX 3 A S L 4 [ Ak, T) st o P 1 AR K 5 4 ol
BF(R] A 11 s s, s M i AR R . X PR 2 Aot e
S VR IR 3 38 17 L T R R SRR ST - kA
J 5, B 506 485 — U R R4 5 DO 1 A
SR T — 5 W 22 , T 8CRORHE Bl B X 3,
I LBt 25 Y6 F ) A 388 o, S o M Y6 1 T L L S 1)
TR, B T S B4, 8] 5 B 5 [RIE, $2 40k
FEAL R 1L FE TP 25 B A S U, I A R G ) Y REE K
SR [ PLTR BE Bit =22 38K
22 YIREEXREN SN EEEE R SRR R

HE % Beer-Lambert 28 222, Ho it C, oy [ 46 I
£, D, B SR E, M GRE R, E oA IR A LR &
E, (1)
E.

P 6 J2 [ AR 1 2 A5 %6 1 SR Ak B SR AL TR S
e 0 B M /N I RIA X R K . R IEAT
1, OB [ A R R Bt A R G g B B S TG hn . X

Cd — Dph'l



192 PEL T AR 2025 4 11 J1
—_— | — —_— —dp
q —)qglection ~ ‘
— | 2 |75
KRefractitQ . Va
O \ \
= %0 [|Ro7] |00
A

K5 ANt A s SRR A B LA B

Fig.5 Route propagation of ultraviolet light in zirconia slurry
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(c) of zirconia ceramic prepared with optimal process parameters
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Tablel Mechanical properties of ZrO, samples after light-curing

Heating rate/

C/min) S,/ MPa HV/GPa K/ (MPa-m'?)
0.1 450+15.11 11.55+0.31  5.65
0.5 380418.64 11.04+0.11  5.75
1 3104-22.38 10.75+0.68  5.89
5 150+15.78 10414058  5.92

Note: 3 . denotes the maximum bending strength; K. signifies the

fracture toughness

[4]

(5]

(7]

S Sk

LAO C,ZENG J,LIU X, et al.Facile laser-based process of super-
wetting zirconia ceramic with adjustable adhesion for self-cleaning
and lossless droplet transfer[J]. Applied Surface Science, 2023, 11
(5):638-646.

MOLLER H. Dental gold alloys and contact allergy [J]. Contact
Dermatitis, 2002,47(2) : 63-66.

UPADHYAY D,PANCHAL M A,DUBEY R S, et al.Corrosion
of alloys used in dentistry: a review[J]. Materials Science and En-
gineering: A, 2006,432(1/2) : 1-11.

B B 0BT, A O AU B B ORI A M B Y
HERE[T]. REMFRE , 2023,42(2) :708-718.

MIAO XY, LU P, LIU S'Y, et al. Research progress on rheo-
logical properties of light-cured alumina ceramic slurry[J]. Bulletin
of the Chinese Ceramic Society,2023,42(2):708-718.

CHEN Z,LI Z, LI J.3D printing of ceramics: a review [J]. Journal
of the European Ceramics Society,2019,39(4) :661-687.

RASAKI S A, XIONG D, XIONG S, et al. Photopolymerization-
based additive manufacturing of ceramics: a systematic review [ J].
Journal of Advanced Ceramics, 2021,10(3) :442-471.

PENG E W,ZHANG D W, DING J.Ceramic robocasting : recent*
light industry machinery achievements, potential, and future devel-
opments[J]. Advanced Materials, 2018, 30(47) : 2404-2411.
KOMISSARENKODA, SOKOLOV P S, EVSTIGNEEVA A

D, et al. DLP 3D printing of scandia-stabilized zirconia ceramics

(9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[J]. Journal of the European Ceramic Society , 2021,41(1) : 684-689.
BADEV A, ABOULIATIM Y, CHARTIER T, et al. Photopoly-
merization kinetics of a polyether acrylate in the presence of ce-
ramic fillers used in stereolithography [ J]. Journal of Photochemis-
try and Photobiology A-Chemistry,2011,222(1):117-122.
MATE] P,PHOEBE B,KATICA P, et al.Polymerization kinet-
ics and development of polymerization shrinkage stress in rapid
high-intensity light-curing[ J ].Polymers, 2022,14(16) :15731582.
LIU Y,ZHAN L, WEN L, et al. Effects of particle size and color
on photocuring performance of Si,N, ceramic slurry by stereo-
lithography [J].Journal of the European Ceramic, 2021, 41(4) :
2386-2394.
LIU Y, CHENG L, LI H, et al. Formation mechanism of stereo-
lithography of Si,N, slurry using silane coupling agent as modifier
and dispersant [ J]. Ceramics International, 2020, 46 (10) : 14583-
14590.
LIU Y,ZHAN L,HE Y, et al.Stereolithographical fabrication of
dense Si,N, ceramics by slurry optimization and pressure sintering
[J].Ceramics International , 2020,46(2) : 2063-2071.
ZHOU M, LIU W, WU H, et al. Preparation of a defect free
alumina cutting tool wvia additive manufacturing based on
stereolithography-optimization of the drying and debinding pro-
cesses [J].Ceramics International ,2016,11(3) : 11878-11885.
CHEN W, LIU C, LI C. Additive manufacturing of shape-
stabilized composite phase change materials via ultraviolet curing
[J]. Additive Manufacturing, 2023,61,46(2) : 2063-2071.
BIKAS H,STAVROPOULOS P,CHRYSSOLOURIS G.Addi-
tive manufacturing methods and modelling approaches: a critical
review [ J]. The International Journal of Advanced Manufacturing
Technology, 2016,83(1/4) :389-405.
SALMI M. Additive manufacturing processes in medical applica-
tions[ J].Materials, 2021, 14(1):191-198.
CHEN Z,LI D,ZHOU W, et al.Curing characteristics of ceramic
stereolithography for an aqueous-based silica suspension [J]. Pro-
ceedings of the Institution of Mechanical Engineers Part B-
Journal of Engineering Manufacture ,2010,224(4) : 641-651.
CHEN Z, LI D,ZHOU W.Process parameters appraisal of fabri-
cating ceramic parts based on stereolithography using the Taguchi
method[ J ].Proceedings of the Institution of Mechanical Engineers
Part B-Journal of Engineering Manufacture, 2012,226(7) : 1249-
1258.
FIET IR RE, 55 AL M RO E T S 15AE
Besh TR [T]. MU R 4, 2022, 37(3) : 303-309.
WANG Y N, ZHANG Y Q, SONG S C, et al. Laser stereo-
lithography for zirconia ceramic fabrication and its debinding and
sintering process[J].Journal of Inorganic Materials, 2022, 37(3) :
303-309.
HRARIR KA, B b AF G 26 G R Ak 3D FTENEE A4 B
BMERERSZ IR [T]. JCHLA R4, 2022, 37 : 317-324.
ZHU J Y, ZHANG C, LUO Z Q, et al.Influence of debinding



196

FHRLT A2

20254E 11 A

[22]

[23]

process on the properties of photopolymerization 3D printed cordi-
erite ceramics [J]. Journal of Inorganic Materials, 2022, 37:
317-324.

M, FIE I, fETRAR SR % ' IR ALkt i 4 S Bt T
AR [T]. T R 222 4 (3 SRR R0 , 2022 59 (4)
145-152.

CHEN L, WANG Z S, CUI X D. 3D printing of shape-
controllable alumina ceramics by using optimized slurry and sinter-
ing process [J]. Journal of Sichuan University (Natural Science
Edition), 2022,59(4) : 145-152.

LI X,ZHANG J,DUAN Y, et al. Rheology and curability charac-
terization of photosensitive slurries for 3D printing of SisN, ceram-

ics[J].Applied Sciences, 2020, 10(18) : 6438-6446.

[24]

GENTRY S,HALLORAN J W.Light scattering in absorbing ce-
ramic suspensions effect on the width and depth of photopolymer-
ized features[J].Journal of the European Ceramic Society, 2015,
35(6):1895-1904.

EETWA VLA A RREREE 135 H (20212BAB204048) ; V1754
HE TR E (GII212711, GII2202117)

5 B9 2023-10-21; R A H . 2023-11-21

BIFAERE XM (1985—) , 55, W B, 1 WFE Dy 1) Ay B e 6 b i i
I ik - VI VG 48 ¥F £ 1 £ S B MU B TR 2 B (337000) , E-
mail: 65485913@qq.com

(ALFT %)



