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Application and Prospect of Photopolymerization Technologies for Ceramics
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Abstract: Ceramic materials have excellent properties such as high strength, high compressive strength, wear resistance, acid and
alkali resistance, efc.. They are indispensable materials for the development of modern technology. However, it is difficult for the
conventional ceramic processing methods to meet the requirements of individualization, light mass and complexity. Additive
manufacture technology as a forming method has a wide range of application prospects. Among them, photopolymerization
three-dimensional printing technology has some advantages of high precision and fast speed. This paper represented several
commonly stereolithography printing technologies and their main applications. In addition, the prospect and application of ceramic
photopolymerization three-dimensional printing technologies were also discussed.

Keywords: ceramics; stereolithography; three-dimensional printing; additive manufacturing

Vi A L DR LA T vl T AL T il 2 AN AL B AR A M B K
Pral . o A T R s S 0, B — 4k(three-dimensional, 3D)F] EJHE AR X HR I #4
HF Tk, Pl B TS iiR A AR 2 il i (Additive manufacturing, AM), HEAFHiEF AR
AR M . A GE B R TR AR AR T G R H 1980 EARHHBLLICRE Y, fERb A TRE PR %
JEA R BERTER AR . DI TAERRP, & B, B HEN I HE A . 3D TTEH%U%&*%
Redm e AL . MUBLA =, HfS T RERE R E A, H_fﬂ:ff'/\ﬁﬂiklﬁﬁ He R EEK
R, HABCE ) K HoiAs iy, ok et FTENE DABS 3% A, %ﬁéﬁ@%’iﬁ&ﬁﬁ*ﬂiﬁ%ﬁ(

R 2020-09-21, BT HI: 2020-11-25, Received date: 2020-09-21.  Revised date: 2020-11-25.
REWH: BEREAST AT HQOISYFBI106600); [H5K A REl 4 First author: GU Yue(1995-), female, Doctoral candidate.

(51802319, 52005479); i [EF} 2= =% (8] N FH L2 5 A E-mail: guyuel8@csu.ac.cn

LT FE4:(NO. CSU-QZKT-2019-04), Correspondent author: WANG Gong (1980-), male, Ph.D., Researcher;
BEE: W H1995—), L, HEwiid. DUAN Wenyan (1989-), female, Ph.D., Associate
WEEE: £ oBh1980—), %, Mt Wi, Researcher.

BOCH8(1989—), %, tt, RIRFFG . E-mail: wanggong@csu.ac.cn; dwy@csu.ac.cn



+ 868 - CRERR Eh2230)

J Chin Ceram Soc, 2021, 49(5): 867-877

2021 4

TR BT B SR B A ) = YR Y
HE BT EAUEAUY) L 2D B, 2 SR
FrJaHSCAER 2] 3D TEIHL, @2 JE BRRTT
IR ARE o 3D 4T —MOURR A i L 2,
BT LA 3 H A% G AR i 32 7 R e DS A e E AR
FURE 20 2544500, I HL e 1T AFE— Y0z 47 s i 2
VrEXTR, RIA P R W aT DO

BEE A RRLA RTESEALR A I H st A g, B
T—RINETIH TR &R 3D fTEIHOR, A3
Jelth . ISR XOE T IEFEROLRES . 1A
ARUR AL S, AT R T B AR 3 AR,

SRR AR RE AR, 3 1 PR. SRAHBEE
9 AR ] SRR = 4 Y 12— Mok BEAC HLAT
B RS . KRR A JFR =4 T2
i) 2 SRATH IO W BERE Al RS P v s R THD DY Vi 4 HL e 2y
FOFVEHBOR . R B RSB 9 IR i) = 4 e Y T
SEERNETOCBEARK A TZ, BUHFETE
J[E L (Stereolithography, SL). #0764k #(Digital
light processing, DLP). X ¥ % 4 (Two-photo
polymerization, TPP)3 Ff i F A, BERT LAFTED
R E R M B HORE, T LT B e 2 1) M B ok
B PR B A

&1 [RE 3D HEMEAR
Table 1 Ceramic 3D printing technologies

Feedstock form Ceramic 3D printing technology type

Benefits Drawbacks
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Digital light processing
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Direct ink writing
Powder-based Three-dimensional printing
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Bulk solid-based Laminated object manufacturing

Fused deposition modeling

Limited materials
Slow printing

Fine resolution
High quality

Fine resolution
High quality

Slow printing
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A vast range of materials
Low cost

Inferior surface quality
and dimensional
accuracy
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Fig. 4 SEM images of microstructures fabricated using the TPP technique
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Fig. 6 SEM images of different segregation in the sequential layers

[39]



. 872 CRERR Eh2230)

J Chin Ceram Soc, 2021, 49(5): 867-877

2021 4F

Wi e R Z0 A DA R 4, (1) A
SRR, fE 20~30 MPa 2 (8], A] LAHEHT R ve T 7=
R E; (2) ALK 30% A4, HTHE

A B R S RSB R 5 By s (3) FEBEHEIN I
IR ME R Z R 1/, RS KR m TR

IDEREIRIE , Ve RS AR T BN o Sl
F2 B AR B B O T i AN e 4 T 20T B s B
ﬁ%ﬁ% MR . R RAS AT, B R
R E TR, FAALER PR B RS . I 4E R
ZF‘%EﬁEﬂ@Em&%%X SRR
FEfk. ARELEIRE N 1 150 CHE, FibARkE4S

5% FE A 33.7 MPa, FIFEZS T 1 280 CHeLh IS
GERFKL. BLAMEHE T T AL AR TG I R X A Ak
MR LS R R R R . B TR R 4R
f, BALEREARILERS . I, S sRE
VRS JIE A Bl B A, O P L3O 2 X R i 2 TR R

e T

Interlayer spacing

e S o et

(b) 1.0 ‘C/min

s 7 Bros . WK, 0.5 °C/min & AL
FHRIE A, %IRRT 5 e 4 v] LLAS 20 2 4%
o () W s B
2.2 [EEXBUE AT EERMR

IR R LR BRIk B P B AR 2 R B .
B RS A RS, o R T
IreEERE, B ﬂ%%ﬁ@ﬂhﬁ%EW@Mﬁﬁ
BHO A L HOBMC, ke, SEEEad,
W e B s, DR ThARE I BB K. PR
o EALRE. BB SS) B & B RPN
AEPERE, 757 RE DL R e 55y T A & G ]
FERARIAE 3, HIEARYEWR 2 fioR. B E
RO Bl AT R R R H ST
ARG RL o UAAT AT R T I M B P i UL
B AREEE R R R O RAT AR O ER
Rz —

RN o

PR A

R i -‘ﬂwh

= Interlayer spacing =g

(d) 3.0 ‘C/min

(e) 4.0 ‘C/min

s it A ).Mi;‘,'

= Interlayer spacing

(f) 5.0 ‘C/min

Bl 7 FEARFEITHE S TR Z B SEM R A1)

Fig. 7 SEM images of samples debound at different heating rates
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®2 ERERMEMMOERYE

Table 2 Basic physical properties of common wave transmitting ceramic materials

) . 5 . 5 £(10 GHz) tand(10 GHz)
Materital Density/(g-cm™) Modulus/GPa Bending strength (25 “C) /MPa
25°C 500 'C 25°C 500 C
99%A1,05 39 370 275 9.60 10.30 0.000 1 0.0005
SiO, 22 480 43 3.43 3.55 0.0040 0.0020
B-SizNg 32 300 391 7.90 8.20 0.0080 0.0100
BN 2.0 70 100 8.20 4.60 0.0003 0 0.000 6
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Fig. 8 Simulation of alumina ceramic radome (a) and alumina ceramic radome with lattice structure (b)
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