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Table 1 The mainstream additive manufacturing technologies !
Process Technology Materials
Material Fused deposition modeling (FDM) Solid organic materials, such as ABS, PLA,
extrusion etc.
Material jetting | There dimension printing (3DP) Solid or liquid organic, inorganic and metal,
Ink jet printing (1JP) such as photosensitive resin, wax, gypsum, etc.
Laser Stereolithography apparatus (SLA) liquid organic materials, such as photosensitive
polymerization | Digital light procession (DLP) resin, etc.
Laser melting Selective laser sintering (SLS) Solid organic, metal and inorganic materials,
Selective laser melting (SLM) such as nylon, titanium alloy, stainless steel,
Laser engineered net shaping (LENS) alumina powder, etc.
Material Laminated object manufacturing Solid organic, metal and inorganic materials,
adhesion (LOM) such as paper, wood chips, stainless steel, etc.
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Figure 1 Schematic of the 3DP process ")
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Figure 3 Schematic of the SLA process Figure 4 Schematic of the DLP process 1**)
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Table 2 The main stereo lithography ceramic materials

Company or author Material Technology Density *
ALOs >99% TD
Lithoz Zr0, Lithography-based ceramic >99% TD
Si;N, manufacturing (LCM) ~99% TD
TCP 75% ~90% TD
AlLLO4 95% ~98% TD
3D Ceramic 710, SLA 95% ~99% TD
HAP 95% ~ 98% TD
Chartier % ALO; SLA 90% TD
AlLO >99% TD
Zhou and Wu %% = SLA .
ZTA >99% TD
Sone and Chen 1575 ALO; Mask-image-projection-based 93% TD
ong ¢ BaTiO; stereolithography (MIP-SL) 94% TD

* TD: Theoretical density.
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TFRIRRLE PZT B ke, JLARBUEHEZR LN 7% ~ 8%, FIX % B i ik 1) 80%.

Song % N PTh i P HE R U F AR R I _E B R RAR LS &, TER T R 3 T
PR P HE P2 H R (Mask-Image-Projection-based Stereolithography, MIP-SL), 57 1 ALO; P&
(IR T2, lThil 4t BU% FE 93%11 ALOs g% (W 6 Fizn). Chen %5 APSFIF MIP-SL # A il
7t BaTiOs K HFR 5 (W1l 7 Frw), o v AR A0 T FL A )3 07 vk (R i A2

B A Lithoz 2 & T K 7 —# LCM (Lithography-based Ceramic Manufacturing) AP, 3
FRII % AR5 P IR 5] 99.3%. HTAS B Y 427 MPa (] ALOs Fi% (& 8). BiJi, Zanchetta %5 A
K H Lithoz 23 ] il i 1) e 4, FF ) FH OGO B iy IR T B8 40 45 & DLP S [E A0 AR e D i) 4%t Si0C

B 6 %240 5 H9 ALO; [ % % 407

Figure 6 Al,Os parts with before and after sintering 1°”)

(a)

Film collector \

e,

B 7 BaTiO; #5444 5%

Figure 7 The green body preparation of BaTiO; °®
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& 8 Lithoz /» 5] # % i ALOs & £
Figure 8 Al,O; parts prepared by Lithoz company

[59]

141x

B 9 o Bk ik B Bk % ALOs (a) 71 PZT (b) 14 % 4k

Figure 9 The micron grade green body of (a) Al,O5 and (b) PZT ceramics by stereolithography %!

R . LCM HAR AT DLP HiAR .

BB AL AR E 09 R R BOR R B 69 AF 50 Griffith 22 N RLZE 1996 4E R TTRE T 5T MBSk
SR HIERARBE T, KA SLA HRITED 1 [ AH & 59 40 vol% ~ 55 vol% 1] Si—SisNy,—~ALO;
PRk, Sun 28 N1OIE 2002 4E4RIE T M AREFIERT Si0,. ALO; M1 PZT Wikt K HAWos Fl 4k i 7
IREIA . Ry K RLAE 5 LB IR, SO O™, TR K SR AR T R AR 4
A S [FIRE 2 o AR BE o S BT B R AL T 258, &4 KN 400 pm. %84 30 um,
JE5 100 pm () ALOs K Z&IA, FEA 20 pm A—JZFTEFH4ME 350 pm, A% 100 pm, =Z 9 400 pm
1) PZT gk (K 9).

Chartier 25 \©E 2002 4 R Zhifl % 1 [ & B HiE 60 vol% M) ALO; FIE IR, %4k R BT
SR B R HORG R, T 487U R F) 100 s I, KEEEFEE] 110 Pas. FIN, 465 KA INE
I 2 wit% I, ST 2 PR D 2 T Ik ] A T s e [ AR BE . 2 5, Chartier FIBAE 2009 4R H
Kubelka-Munk 575 ALO; M &5 RIS HOME REBEAT IRALIE 72, 78 2011 4RGS0 B IR 36 1k
VSR E R A 23T 1), DUR RN EEE (PEAAM) AR C B A
F2lE (HDDA) NiETERE . 3 FHIEAER (DMPA) 5| K FIBETHEIH 4, K24 DMPA & &
790.5 wt%. HDDA &8N 10 wt% ~ 15 wt% Z[AI), FIERTR R I FE#38 . 2012 4F, Chartier 5 A
SSTE ot Si0, TG BN J123H4T T 2RGS0 . Chartier [F1BAf— 22 5133 B 0] SORMRR 14 27 1% 73 20 SR
(RIRIE 90 3857 1 D A R TR B e SR A S B ABERY , AT A v F RS i 26 7 At

Goswami % A\1*I7E 2014 4ELL HDDA 1 =¥ HFE ke =N IRES (TMPTA) Ak, L%
NER, = FEEABE (TOPO) N HGH, REGHHIL T AEKEE ALO; B &R, AT RLIN 25%
~28% MK ALO; HilME (B 10), BARALIHISZSEH: TOPO & & 3 wt%. AR 5IERIUE N
1: 1. ALO; &8N 40 vol%, Yedl RAIER 0.1 wt%. [FI, AT R R BT REREAR SR
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B 10 %245 J5 i ALO; B Z 4167
Figure 10 Sintered Al,O; micro-parts

[67]

Bl 11 ZTA Z 34 B B #2451
Figure 11 ZTA part and microstructure

[68]

iR, ART AL,

AT R XA A H R H TG Y 1R R 32 5 M Bk R IR BV S 2R P
ROy AR —KEES ). DAPR e m R AR A BRI SR 1) S ) s T B M AR 5 i IR AR £ i 6 T S e

Licciulli 2 A\SSR FISEREEM IG5 ALO; B KR A% ALO; &KL, REHITT 1% EHME R
(I TE, FEHEAT L R R HE R 46 I B IR S IR BE R ZrO,, il 45 Y6 R 3.33 g/em’
PUB AN 175 MP (AL (ZTA) & (B 11). SRS )E, Wi S s
PRI 3] ZrO, FUki 34151 43 A E XU LERE ) ALyOs ks R S IR) s 6 1 D) ] e LAk 4 rp A A7 AE 2
254l Wu 2 NPT SLA 5K, WFFE stk fE ZTA W bt dilid, 3815 54% G )ik 4 R 1k
BEARIT (P& I (P 12), JL28 B | o (R T | P25 9 AT 4 904 3 Bl IA 31 4.26 g/em’ 17.76 GPa.
530.25 MPa F1 5.72 MPa-m'"?.

Zhou % NVOF &7 —Fhit it 7K b e 3¢
BE DUEERARE B Tkl % Sio, &Rk
([E 2 & 50 vol%), TERFRIRADR, BE 1 [ B 48 =
T PEIRAR B B AGSR L, R T T AR [E 4L
R, il a5 th Sio, Mg E 4 (& 13). Zhou
25 NI LA PEG 1R i i I3 A T2
PAK B SR - R OB RS, TER B iR
HIN 30 vol% Mt Rl T )L Eas
HITCHE ALOs BB TIBFE M (B 14).
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Figure 12 ZTA ceramic parts with the stereo fRIBTSL D M. Bekel % A4 Mercaptopropyl

lithography apparatus *” Methylsiloxane 5 Vinylmethoxysiloxane &5,
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SiOC P&l (B 15). ZHIE BRI 2 T %
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TARAM T RARMEENL, SRR N
o TIEMIEAH SiC. SisNg S LU i A
A R I (1 B B A R Bl 13 (a) 3D ATEPHE A o (b) SiO, ] & ot 4617

Figure 13 (a) 3D printing model and (b) SiO,
ceramic impeller [""!
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A, SRR AR & BT A TS SO B, I R, (B SORIRE th i 1
TAPEREAR, FEECUHRERE . TR RAREA R, FRIRETERZE, AR,

B 14 ALO; & T A# & B B AP

Figure 14 Al,O; ceramic tool samples and microstructure
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[55]

Examples: E

15 5 B fh A BL 4 4 1 AT T4 4 B9 SIOC [ %17

Figure 15 SiOC ceramics prepared by stereolithography and ceramic precursors process

[71]
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Table 3 The common ceramic SLS printing materials

Type Material Applicable process
Oxide ceramics Al,O3, ZrO,, and oxide composites, etc.
] Nitrogen ceramics Si3Ny4, AIN, TiN, and nitrogen composites, etc. ) )
Matrix - - - - - - iSLS, partially
material | Ccarbide ceramics SiC, B4C, TiC, WC and carbide composites, applicable to SLM.
etc.

Phosphate ceramics CaPO,4, HA, TCP, etc.

Metals Ni, Cu, Co, Pt, Ti, Au, stainless steel, and
other alloys, etc.
Binder Polymers nylon, ABS, dextrin, epoxy resin, EVA, etc. iSLS

Inorganic materials SiO,, NH,H,PO,, etc.
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A Review on Ceramic Additive Manufacturing (3D Printing)

HUANG Miao-Jun, WU Hai-Dong, HUANG Rong-Ji, DENG Xin, WU Shang-Hua

School of Electromechanical Engineering, Guangdong University of Technology,
Guangzhou 510006, China

Abstract: Advanced ceramics are indispensable for the development and application of modern
technologies. Conventional ceramic manufacturing techniques cannot meet the increasingly demands
for rapid manufacturing for high-end ceramic products with personalized, refined, lightweight and
complex. The emerging additive manufacturing (3D printing) technology has the huge potential in
the field of advanced ceramic manufacturing, as is expected to break the bottleneck of the traditional
ceramic technology, and opens up a new field for the applications of the key ceramic parts. Therefore,
in view of the ceramic material and its rapid prototyping and the post-processing technology, this
article reviews the research status of major ceramic additive manufacturing technologies, such as the
three dimensional printing technology, stereolithography apparatus technology, selective laser
sintering technology, etc. The article also summarizes the challenges that are needed to address for
the ceramic 3D printing, as well as potential trends in this area.

Key words: Advaned ceramics; Additive manufacturing; 3D printing; Stereolithography-based

additive manufacturing; Selective laser sintering.
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