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Abstract: Precursor ceramics have the advantages of designable molecular structure, controllable chemical composition,
convenient processing and forming, excellent mechanical properties, easy to form complex components, and easy to realize
the integration of structure and function. Compared with ceramic materials prepared by traditional powder sintering method,
precursor ceramics are easy to design and form, which is of great significance to solve the material bottleneck problem faced
by aviation, aerospace and national defense advanced weapons and equipments. Driven by the additive manufacturing tech-
nology of ceramic, the development of precursor ceramics has ushered in a new opportunity. More and more attention has
been paid to the research of additive manufacturing precursor ceramics. The research and application progress of additive
manufacturing precursor ceramics are introduced, the advantages and disadvantages of various ceramic additive manufactur-
ing technologies are summarized, and the existing problems and development trend are discussed and prospected.
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Table 1 State and function of common ceramic precursor polymer

Precursor polymer Physical forms Effect References
Polycarbosilane Bulk solid Conversion of SiC [6]
Polysiloxane Liquid Infiltration ;modified to be photocurable [7, 8]
Polysilazane Liquid Conversion of SiCN, impregnated graphene oxide [9, 10]
Methylsilsesquioxane Powder Conversion of SiOC, adhesive [11, 12]
Polyvinylsilazane Liquid Conversion of SiCN, modified to be photocurable [13]
Polymethylsiloxane Powder Conversion of SiO, , infiltration [14]
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BT BT (a) SR (b) MR R R 2

Fig. 1 Schematic of forming principles of digital light processing (DLP) (a) and stereolithography (SLA) (b)

[19]

P2 S A RRRERIEAY 3D $TE) LHBPCS JEURIE (a~ d) il LHBPCS Be45Huth (e~h) 12
Fig.2 3D printing LHBPCS precursors containing acrylate group (a~d) and LHBPCS sintered products (e~h

) [24]
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LED "
g sample {.‘.
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half-wave
plate

mode-locked
Ti:sapphire oscillator

B3 AOETRA MR ERE >
Fig.3 Schematic of forming principle of two-photon polymerization (TPP) (]

BEFORE

15,6pm

AFTER

PR W AN 38 FH 53 110 S 325 B B 3 o IR SRR &R, R4y
SIS G T HLRE & SRR AR SR A P i R
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PRI S5 R AT BT | ) & Hh RS B 1 SioC B
FAPE(E 4), BRIRZE 1000 °C #F G A & AL B 24 4
FRFILF](1.98+0.02) g/cm’,

4 SiOC Mt PEBSSERT (a~ ¢ ) FIBSLE S (d~1) iy SEM (%8

Fig. 4 SEM images of SiOC ceramic compoments before (a~c) and after (d~f) sintelringr28
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SLC 2 7F 2 8 PE i Ot B2 45 (selective laser sintering,
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iRl , BEZ I R G W) N S AT, 2 S A A
k. WOCH A, R HEBUE LR & A, aniE s R

]

FR S R HE  HeH R ( rapid prototyping, RP) T
AR I A INBE S ANG & BB AR, BhAS ) it
&, MR A B R AR, AR MESE BT A, SLC T
R T R IR, T AR S A R R B R R
Sb, W RS T AR R UK, A T el ke
ZEOALTR, TRIHGRE R T H AR A IR R R T B AR AR
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Fig. 5 Schematic diagram of principle of selective laser curing (SLC) (2]
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BJ HEAR I — Tl B B R 5 B i i R R R S
oK LR B4 b R, SR ERIE 6 BTR Y ARG
BJ T2 R WUSE BT 14 1 i P S 3 e S kAR 286
B PN HUORG 5B AR LR AR Y, 2 )5 k2l b
B ZRMAREE 28, 4k BBUREL, XK
A 280 2 ) % S T X e (0 R R ™ £ BRI R
AR AL, AT B e ST IR A SR 0 %) L T LA AR S i Rk
AL, PR e KR SR 5 W R T AT LR AR P R A
S, I BATEIF L, DUEIRIR RS Wk R AR
BOMARHEATITE IS, W ] UM M Bl ) 95 R0 A
TR J5) 0V AR SR IAA 2 e Y R 2 A
PR, Sl FTSECRPR AR I, SEIRMACR 5 1 AT 78 2 AR
PEPE” ZhE5T, SRR & BORMBUAL . 1% T 20 nT $ i A 1
M F R A, I B T Je S AR B OE T LTI
MIT4RAE T T A3,

Pl 6 i s s e

Fig. 6 Schematic diagram of principle of binder jetting( BJ) (31

Zocca % ISR L AT . CaCO, I HEURE,
AP40 TEPEBURE A JEURE, il 8 h EE AT ( CaSiO, ) 2 A=Yy F)

B, AR AR R ER R A Y Si0, BT A5 PR IR
CaCO, N, A% CaSiO,, F¥E ook AR S A e mt 40 Je 1Y
A, R T AL R AR, 4T 0 A 1L
B K 64% , XU 58 E K 6 MPa,
3.5 BEEmRE(DIW)

DIW & —F A | & R I M HE A, T
VR T B2 SE A O il A A SRR TR g, AR BT
IFTENEE AR (CAD-CAM ) % Bl T S 25 W s | K5 JORHT ER
THRMZ L, W EFIBELE X-Y-Z AW s, fif
ORLZ JZ VR, HEITE e, W 7 pos'™ ) m
W ELAR RN HORE 0 R AR M X FT EDAS A B W
Wi B SORE I EL A R S R A e R R T A R
PR RER L, I R ARSI 4 1 HORG B2 R s e g, DAGR
TEBT R AR AR S0 SR BRI SR & W s A M 4t
A DA T4 5 7 WOR AR SR G, DASCGE OB It
AbE, NITSEERRSEHTED . BLAh, JedR iR & 9 A0 4 ik
FEIT DL I T SEDRE RN AT AR AR T 75 1 B4

X-Y-Z 3D Motion Platform

=
Extrusion Needle
CAD-CAM

"

Motion
Control

K7 B R EL R I T AR s

Fig. 7 Direct ink writing (DIW) printer and its working principle-*?’
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IR A, 1-2,56-3-F LR me — S 4 iR i ol [ Ak
N, FEVIWET 4 AE 3 am ik, FIH DIW 4 T 24 [
AR, e R 2R 4 B (AR A R e A 2R Ao
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754 Hh AR

EEEVE

FIZS 58 B (401 MPa) ., Pierin H[38] A S TR PR B2 Ay b
WA 2B (GO) , R DIW H AR $il & H i A Sio,
FEZERE, GO MM AREGEHE iR R RFRE M, Il
ASRL, MR EA F AR RERE T, I i
LA W BB A A BLAT AR PTURSRE

J b PR T2 [RIRE AT LA MG i S BRI SR 5 1) DIW A4 44 1
PERE, Xiong 7 #E LR BRAEKE A B-SiC FhAT R JFURE DIW

Step 1 :Direct ink writing

AN -, BN T 2% A2 35 (chemical vapor infiltra-
tion, CVI) AJFALBLTZ0, il o 152 245K 1Y SiC Py
B, WE 8 PR, A2 SAREE T2 AT 7E DIW SRR 1L
B AL AR B SiC SR, DI A3 e BRAR A Wi i %, B
ik SiC AR RIFLER A, 1552 G Ak 3R 1H RE 5 58 4
Fegfb, b= SHB B 60 h 5, FZEMARPR:
SREEAT N 3.3 #2712 47.3 MPa,

MosSi, heating elements  Type holder
|

Flange

K8 SiC,/3D-SIC AR EREE Y (a) RIREELEE S, (b)BESRTRXTH, (o) b2 UM &

Fig. 8 Schematic diagram of preparation of SiC/3D-SiC composite

infiltration

3.6 /ARt E! (FDM)

FDM J&— Mg R G WK 23 TGl HeIRmmseieit
R BEIEATEN R AR, 2 J5 2 HIE S R A P il 2 16
ARG BE AR R AR 0 38 1 il e B, TAERELNE 9 JiF
R BARE L AR IR R A YRR AL, H
R TIIRIR 24T FDM T (AR AR 2D, TR R & S IR
RGP AR R, TOIe 2 T Ut 1) B B b e
AR (70 ~ 90 °C) I 2 B e ik b 1) B 38 A 55 AR R
(230~250 °C), HmE T %M, Gorjan %5 LIS H Sk
e MR B ST IR | y-AL O, B IR, L2 MBS R
IR (EVA) 78 HLSHE (R 285 235 390 DA st 3 51 0K 4% 1%y I 42

[39

T, (a) direct ink writing, (b) ceramic conversion, (c¢) chemical vapor

lﬁ

¥

PO T BB R R
Fig.9 Schematic diagram of principle of fused deposition modeling ( FDM) (]
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- Mirror \
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sheet T
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supply roll Fabricated part and
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ST E I E EAn A BN 10 R Wind-
sheimer 25 5% Y 7 4 JE JE L 01 46 1 & 76. 8% (i & 43
) SIC KA . 20% L7 4R HAN 3. 2% FH 4570 B B 41 4 R
SEIRIR At o H SRR SR ) A 1 A M o R Al R AT
PARE IR M4 ) S0 R, (EAG (7E LOM FnFukh #i it
TR RRRRE AL MIPEAE 800 °C R/ T VIR IS 1 B
FEERN T5%, ZJGHE 1500 °C B2 T #4T LR E B
&, A RIS Si-Sic B AR,
WEN2.6 g/em’, MLAN, JCIRIRR A YR AT R 2 B
T, 38 I R S AR AR 7 R M R ke, il
T SR Tk B e S 2 R 7 RIS 3 B AL FRAC
P =2 AR

Laser beam
/ Eg; ‘{/ X-Y moving optic head

Current layer
Part layer contour

Previous
layer

10 325k il B S5 2

Fig. 10 Schematic diagram of principle of laminated object manufacturing ( LOM) lechnologym]
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Jana ZE DR RE AR FT ED HY A4 8 s T SR T4 2 FH 3R
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BARER, M BT 5 1 TR (58% ) MR R IR
45 (65%) , {H SiCN faasIE AT, HA —EMbtE
SRAE((0.18+0.02) MPa) A PEAR & ((5.8+0.3) MPa),

AT B A R A

R B S B A 3R B 00 14 B A 8 e ok 32 78 g 2
Kz m) i FLBR, BE NS A AL TE 3D FT B AL 1 i 1 B
Schlier 45 e ook (A5 B SE R SL U5 i A be B B HH 7T
FHERRFTER SiC WU A AR FLBR il T —Fhal B
o BRI T 04 22 AL IR T TR A o A A A o e ol 7R o 3 R
(B S AR FERE A I JE 8 33 T S 3K 1A 55 1 WU ] 5
1 U RE R ROk (s ) 2ok HEA T Ak, B HE Y
FUREAT PR R W i . SR FH SR SRR 3R & 1R T5 70+
FPE, BT AT AR T R RE, 38 0] LA T A R AS [F]
fE. Duan 557 RFH 3D 4TED, HEEZILME A YL B
fi# ( polymer infiltration pyrolysis, PIP) fH&5-& ) T AHI & T
A5 SiC g KL SioN,-SIOC B Sk kL, 22 RES
YIB B PRIEIR, B A B A W P A SioC (&
A SIC IR B L T Si,N, IR LE, B
# SiIOC AN, Si,N,-SiOC & A& #RHK e 7 40 b



756 Fh BB

EEEVE

Msifeh 2 I E ) 35 dB, X SiOC M B & 18 50. 1%
(&80 i, Si,N,-SiOC &2 &+ ik 25 il 5in BE 1k 2
63 MPa, ‘FHLATRIEGR A A B A5 AR A R AR
WE et BE A ) 22 PEE . Roman-Manso L0 W A
LR BRI TE T DIW FTENAY GO Fihl A ¢FH, ik
EREE & T —F A B EE AR, R+ Go
S50 5 eI AL R P R M BT, GO N4 A E A
MORHR LS A2, 17 B 2 A U A A GO o 2% 2 41t
TRAFREELA, AR A M R e .
Fu 2 DL Si, SiC FUBURS B (4o JERE, SR 3D T ED
REWHR AT RS RER B E Ik w4 T Si/sic &
EAME, FTENG W T RS {4 B e s i e Bk AR IR
Zo3sd R NS R IR B R I AR B 1 Sivsic B A
Mk,
3.9 FEFAMEBMAR

ZELRTIR, SRURIR IR A W AE 45 250G A o 2 R L
ABIZBIIEFAYE, SR TS R 3 R i R A AR AL
PR, HFURPIRZS | BB RS RURS B il sd pl As
AT B, N3 2 i, TEM % SRR R A
PR R R R I A AR IR SR E

F2 FEEMHEERNEETEHA

Table 2 Main characteristics of different additive manufacturing

technologies

SLA Liquid XS-L <1 pm Medium
DLP Liquid XS-L, <1 pm Medium
TPP Liquid XS-M <200 nm High
SLC Solid M-L 100 pm High
BJ Solid M-XL 100 pm Medium
DIW Liquid S-XL 10 wm Low
FDM Liquid S-M 100 pm Low
LOM Solid M-L 100 pm Medium

Note: XS—100 pm,S—1 mm,M—10 mm,L—0. 1 m,XL—1 m.
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Table 3 Types and functions of fillers commonly used in additive

manufacturing precursor ceramics

Type of filler Effect References
SiC pérlicles / ‘ Reduce volume loss, [21, 22, 35
whiskers increase toughness and strength
Si0, Decrease shrinkage [26]
Increase toughness
Carbon fibers fierease toughness [37]
and strength
Increase conductivit
Graphene oxide nerease um(' l,lL iy [38, 10]
and stability
Increase strength,
CaCOj4 . . [12, 50]
bioceramic phase
ALO, Phase required f()l'” formation,, [14]
decrease shrinkage
Mig(OH), Eliminate cracks, [51]

increase strength
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