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Abstract: Zirconia (ZrO.) is widely used in dental restorations for its excellent mechanical properties,
continuously improved optical properties, and durability. CNC machining for zirconia dental restorations is
mature yet inflexible, with a phase transformation risk that can affect performance and stability. Additive
manufacturing, with its high degree of freedom and accuracy, can create complex 3D geometries
unachievable by subtractive manufacturing, while reducing material waste, energy consumption, and
production time. These features have drawn increasing attention to additive manufacturing in the dental
restoration market. Zirconia-based restorations, a significant part of the dental market, have achieved
performance in additive manufacturing comparable to that of traditionally manufactured (CAD/CAM)
restorations. Therefore, it is necessary to summarize the latest achievements of zirconia in dental
restoration manufacturing. This article summarizes the various applicable additive manufacturing methods

(including vat photopolymerization, material extrusion, material jetting, powder bed fusion, and binder
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jetting) for zirconia-based dental restorations based on the latest research, provides the available dental

materials, manufacturing examples, and performance requirements, and identifies the challenges for

current additive manufacturing of dental restoratives. This review aims to help dentists and researchers

better understand the current zirconia additive manufacturing technology and choose suitable dental

materials and methods when manufacturing restorations or prostheses.

Key words: additive manufacturing ;dental application ; zirconia; restoration
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Table 1 Major materials for zirconia-based dental restorations and their characteristics

Material Composite Property Sensitivity to LTD Application
3Y-TZP Entirely t-phase, withsome  Good opalescence but very opaque, High sensitivity Framework, veneered (or monolithic )
m-phase formed after L'TD high flexural strength and high fracture posterior restorations
toughness
4Y-TZP Composed of t-phase and Improved translucency, slightly lower Less sensitive than 3Y-  Monolithic single crown for anterior
c-phase mechanical properties than 3Y-TZP TZP and posterior restorations; three-
5Y-TZP c-phase (over 50% ) and Higher semi-translucency;the flexural ~ High c-phase content ~ unit bridges in the anterior region
t-phase strength is comparable to that of 3Y- makes it insensitive to
TZP subjected to LTD LTD
8Y-PSZ Almost entirely composed of  Ultra-high translucency but low Inlay, onlay, and laminate veneer
the c-phase mechanical properties
Zirconia- Zirconia doped with glass Appropriate performance can be obtained A new option for 3D printing can
based phase, other dental materials, promote implant osseointegration or
composites  bioactive materials, ezc. enhance restoration reliability
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Table 2 Common additive manufacturing methods and characteristics of zirconia restorations

Printing method Printing material Advantage Disadvantage
VP DLP Zirconia powder is uniformly mixed with ~ High precision and resolution; Complex post-processing
resin to obtain slurry or paste suitable for batch production
SLA Higher precision than DLP; good  High material cost; slow printing speed ;
surface quality ; material diversity — complex post-processing
PBF SLS The direct method uses powder, indirect ~ High material utilization; material ~ High surface roughness; high equipment cost;
method uses powder with light absorbers,  diversity bad mechanical properties; complex post-
binders, etc. processing
SLM Low-melting-point spherical powder Excellent  material  properties; High equipment cost; slightly high surface
high precision roughness ; slow printing speed ; material limitations
MEX DIW Zirconia mixed with organic matter to Strong material adaptability; high ~ Stepped surface
form slurry, paste, and ink design flexibility
FDM Flexible filament made of thermoplastic Low equipment cost; low material ~ Slightly high surface roughness; material
material and zirconia cost limitations
MJ Low-viscosity ink Strong material adaptability; high ~ High solvent loss
design flexibility
BJ Free-flowing zirconia powder High-speed production; flexible High porosity; complex post-processing; high
design surface roughness
2.21 SLA R BE M3 o AR 58 58 SO 51 A L SO I 9
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e HA RS AR, Bedh IR 5 R AR AL 15 22 /1N
T0.1 pm AR 43 5 92.8 %, ixX ™ 8 T DLP 762 il %k
B R e B R R A E RIS B . FEOK R R TR TR R
IR 20 EE (PEG) 45 16 ¥ 551 n] L) 8 55 1 1
i PR R PSS IE S R SR kR A K P
HORHEAT RS PR AT BN ik & F i T
P FEAE SR I 386 A i 2 v o B FHE

PN T (1) 55 2 R R A F BRI AG A 2 4
By o NIEHT I DA AR ) 42 () 5 AR b & R 80k
FERE I 2257 , DIRERR EE B4 KL (functionally graded materi-
als, FGM) 4L 1T —Ff 8 i) Jy 12 28 S BRASE 8L K B 28 il
JoF R S AAS R 1 6 B 4 . Romario 2581593 3o 5 8 JR 43
B 3Y~5% A B I B AR 7R 5 R A A
il £ T LA AT R A B AR 2 1 B AR 1 A
e 5 o XA T A AR o AN 3 B, DA 5 31 2
I 112375 W B 20 348 o, DTG S22 1) T R AR 2 U 1R ol
FelE R 42 A AL S MR &5 & B %, i = ]
A3 B BR BE G 15 B AT RE . Kim AT Koh 7 i3 14
¥ AY-PSZ F1 5Y -PSZ ¥y R B A Lo i ok il 75 B o0 %
LA AL R B AR T ENA , B4 i 2500 (IR FR 43550
1) 5Y -PSZ M —NEREZ . XA [F 5Y-PSZ &
I HORNE G R R AT A 15 21 58 4 To B A Ak

FTENE , 40745 58 )3 M (865+80) MPa T & % (6134
56) MPa, &R M (24.1+0.4) % 8 F 2] (31.9+
0.3) % , B ICHE R 2 )2 FA0ES o Bia T AL
) v B R ) A AR AR R B T 4R
FGFEMERE o Yang S5 OON AR i R A LA AR
AR i HDDA S v, If38 i DLP 472 AR il i
T 4Y-PSZ 5k, 335 TAE b i S A4 e Se 8 T 1 5
(R 202 B o SR v 6 B8 ) 1 B T, A I 11
i BEAK N AR AR BB B . R B R A TR L A i
Sh i e R 1 AR b TR A AT R A 4 i
Bl 2B, S R B T, DA I A A R b v/ e o 1
TE R, 3R T 1 2E R RE CBUR BT 35 58 i 911 MPa,
Y [CRE ¥ (1371414.4) HV) F1 62435 B JE (TP =
7.7740.32, CR = 0.8094-0.007) B AL 85 21 . A
PR -3 1 B e 5 6 LR LB 0 P 2 11 e B Y L S
FUA RN R G F1 24k B . Zhang 5T 5T
TG M B 3% 55 (inert dental glass, IDG) B9 7 i X
DLP il #5 8 Ak 4 B 3 4 310 o R AR 08 235 49 %) 5% 1
TEEALES T BB E AR A BB A 1Y% B IDG J5 L IDG
VB Ry B8 B0 55 A AE T4 AR B SR 58 AL Ab L 3
B B A I A SR AR S 1 1 2 M B U Y R
M), Je— i B w5 0 e DLP 41 ¥ 1046 52 U1 R 1 98 7
Tk

TERT A E K R RO T 7 26 7 32 0 A 1
AT AR B b A B TR AR Y B R A P R
57 B8 2 M SRR 3 AR 0.3 mme 83 il 1
T T s 5 DR B0 7 S 0 T A 2 e L S B G mT
Pl 5 o Cheng 55" 38 a2 37 ARG 2055 A FH 157 L Pl
PERORLSE B TR A 0.1 mm F 8 S B RR R, STk
2 38 1 fe 28 7= R 9 B R T 96 %6, HUES Bk B (B TE
603.79~764.27 MPa Z [a] . J45 T & ek 25 1)
3Y-TZP , {H 8 i i 475 4% HA i S b Rk o s 1
F5, 22U VP e 1 SRS B2 W T LA B AR
.

SR X A A T LA B A B R Ak S Ak
A8 5 A Y R R 2 AR A L BRI AT 1 2 —
Dong %™ Fil SLA FIEL %5 12 35t T S AHZE & 1 7 ikl
#& 1AL S - IR BB A 2 A BB (interpenetrating
phase composites, IPC) FFHMEE A, fbfiTH HA =
1 /0N 3% T 245 4 B SRR B SR S W AR e —
S AL A S R A P A SR 6 3 A 1 b ) 1 B A )
(o B S, B A Bl A Ak, O3 e S 20 3 ek ot A T
SRS A B IPC oF o 762K TA2 BRUEF TR
JEs 2 R, A A A FOB i 1) TPC el Ak i 2 432
ik 17 7 2 A . R RORR TPC HLAg i WA, i il
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oA T S 0 5 v ) T A2 B A B 46 e 4l SR Ak 4 2 /N
1322, SO T R R RIS B M 22 R )~ A s i i 5
W62 S IR S A 5 % 0 2 A DL AR 25

IF iR (A 0 200 A T 2 M e RN A A 2 M 2 T HR
137-Aif . Binobaid 45 ¥ kRS 5 AL B IR A LATE &
AR BT — Rl AR T RE B R A A
Bl AT T4 5T (DOE) , A4 T Al
ANFEFTER AT SR A - RE PR ES 2 A MR IR 52
W ARERRES P28 T stk IR T8 8. 74
BT 145 o DR 2% A8 1 A 52 ) 5, EAT A — 2 OBHR
Sl A [ B 38 T A v 1 TR 5 o, (R T OB A
IR T AH B A ORI ARG B 2 (W) APy . AP AR AR Y
RS =IO PN NSRS NG NS )
(8.78£5.2) MPa) , i 2 AR A PEAR 122 sl /D [ 7 5 i
TARSZ T3 50 A0, W T LA R e i 77 AR 1Y
Bl
2.3 #HKRKIESRE (powder bed fusion,PBF)

TR 53 R PO 38 12 958 45 K3 R A1 R (BB L (B
B aE) B EEYR . BT ATEN R R 2 Iy e
B, B A AR T B A A e AU . R
it IR EIL, - E R T PBE 78 =0 i A A 4T
ERrp i o PBE HER A0 4G SIS Al £ O L
(selective laser melting, SLM) o
2.3.1 SLS

SLS 3 2 5 A 4 AR BURE B 70 R A2 2 by A B R 4 o
TE SLS il i o, 454 R GuH — 2B AR 19 5 i sl Jre 210k
ARIK b o WOCARYET 7 B4 a0 1 41 B AR 1R ek
X Ry AR AT R4 B EF BRI Z . — 2B R
Pepesdi e ATE B TR RIZEE, RS
JE— 2R ARG WOCRYE T — A 48 i
BRATHT— =, X — it B AW S B AT
W5, BB AR R ST A B DL AR
BRI 5k Re . Al SLS AR = 4R 1
R B AR AEAR T 45 o, OF BL7E % A 1 Z i 75 27
CNC T 208 b A7 1 B |, il % A Al J A B0k 2
SLS il it ) S A RS 7 ek TORLRE , = SR8 1Y ) 1k
fig, Bl 28 ot ik AN 20 2 B bs o, H g Kl H T
BRI 4
2.3.2 SLM

£ SLM AN T 2 v, e e OG AR B — 2Rl
U 7 B BUE BRI R R . R RE RO B R
IEALEORTBER R LEA 0 — 2 R e B R, 1E
SLM t fft FIBB AR A S B 50)  AE SOBRIE i A
PRAUE T Bl P RIS A AR A i —BE . AKFE SLM Y 2
A S BT HRAE A  B, f ] SLM il 1 1 4 Aok iR 2 A

TR e R AR RO BE o STM il )
2 TRV A S AP BB N N ), EE R ] fE
TRATAB S MR, 5850 AL B T 25 2 52 i
N ) A T B, LARASAIE S5 09 g 2 VERE W) IS5
JESFRFEOR Y R AL R LB . LA, AR
PR AT R, BB 7R 32 s ot g i H BAT R A sl i
() P B R AR R

2.3.3  PBF il 556

PBF £ AR FH T B % i i 9 i 1 A5 0 — 30 e e v
EAR o B & S A 22 |, WO R BB 2 T8 B BE U 1Y) J)
PR B2 5 BRANTRYS 51 K iy, HLIAEE A B A [B] 7
ARY . BAREARAG BUR W A A 7 E ot
RE 2 B, (H A B2 8 3 ok e ¥ ) B 2 e 3R A
IS, A AR R SR ] (Y PR B SLM Al
SLS il i A AL B AR = T ASCER Y . X F SLS, iF 5T
NG FE R B SIS Fila] £z SLS WA 7 2 il & B
BAORL . TEE#E SLS Hr, AL M R OB A A
A ORI 3 [ S e 45 R A A 2 5 A —
i) 4% SLS Wi 256 1 B B AR 45 1 B RAE 4T
ENRARL . AEATER R b, (i FH O BB A AL 52 5 8
AP BB A5 e EURLE o B A R A AT . 1
SLS il i85 i S A5 v, 38 5 23 AT 85 B A R4
PRGN SO R Al Y SZ M R TR R PR
1) Rl T2 W ISCRRARAIG , 7 AR 1R IO BB B TV Wl 2 R 45
JERLITR 26 SRR J19845 (pressure infiltration,
PI) ¥ %5 % & (cold isostatic pressing, CIP) Fl i 55
J& (warm isostatic pressing, WIP) 1] DL $2 & SLS il £
(1) ZrO, JR AR 1) 25 B2 Wilkes %57 1 YOR FH B #2
SLS ¥EHil/E T =250 2 B AL, (H H: 3% [DRDRS B2 A%
e, ANIE A HAEN o BRI, 7R — TR Y S5 5 i AR
rh BRSO SLMLZE 7 1Y J 18 52 RS A 1 1 4
RES At AT T IRIRIEAN ™ o PPN ES R os , 2 24
JA B Rt DT, SLM AT B %) S8 A 8% A Sl A A P15 vh 6 1
t0 AT RE A, O W 5 A o e R A ALY S L
(3), Bk, % F SLSiT , WA F 1 = 22
FERE 2 AL B 28 O B Ry AR S B A 32 2 i 5 1
XTF SLM A, Gl AR ) A 7 ik
2.4  ##HEFHITED (material extrusion, MEX)

2.4.1 #HIKHE (direct ink writing, DIW)

DIW H¢ 7R 38 2o W6 55 10 w5 [ 55 12t J5ORERN A L)
B STIR A Y A REE o 2 S AL SO B AL TER E#F &
A i B R B AR 58 A AT B 58 A .
DIW & —FhiaE B3 b i3 i, al LIRS A = )
SR RE Y AL B S, 8 U i RO R i A A Y B R
FREsD 5 VP AR H, DIW il 1 #1852 74 26 1 %
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3 diad SLMECRSTEN R A SF e U AL AW AR (a) T B AR AR R o 4 SLM AT ERZF i (b) |
R DRI R () MR 285 24 J8R 9 SLM A3 ks 56 ()™
Fig.3 Resin model with a crown preparation printed via SLM(a), SLM-printed tooth placed in the resin model(b)

restoration in the patient’s mouth(c) ,and SLM-fabricated zirconia crown after 24 weeks in vivo(d)' ™!

V[ 1= R B PR B I e al N A
BB R B 47 i Z [ Y 25 5. DIW 2 s i
il 5L & AR A T T
2.4.2  JEERCRUR A (fused deposition modeling, FDM)

FDM J& MEX $¢ A w185 ) 32 19 28 B b il
WO BA A m sl A 7 BE ) . FDM T 2R Y
JEABS PLAMEL JE e M % ARG 5 4 )m  H i 45
AL ROTRE 3 SE b8 R — i 23 MO 22 b, 7 4 3
e AR A P I e i SR A BT . ]
INF, WS Fh AR AR Ge sl T e Pk iz 3, AR s
VIR B ATEE R R . Sab i il mne J) BT
(Y S 1) 20 22 20 OB AR T )22, )2 2 ME B B T 75 1 — 4
BEARY . FDM $2 A i B ) PR 3R = 224 45 it s RO s
FlRA RE 5 B2 TR IS AT AT ED A A A B A 22 AR D . 4K
T, AE R A AR BT ER J7 v , FDM BAT ) [ 14 52 T
Ui T BN T S R R 52 AR S W 1. 5 VP AR
Lt , FDM 52 H: sl 89 s 0 i BRI, 23 A 1K
2.4.3 MEX il 13541

JAE DIW BT ER 43 B2 R X LA 2 g L 46
g AE AR AR O 4 B A HE 32 JH 7 i S e
FEAT W5 FUI 32 T 2 2F 400 0[] A L AT A
FHVE I35, DIW SR 1) 7 27 Pk g 5 i A8 i 2 e vk
FUVAROC < il A5 55 1R 55 Y10 34 T e U 3, i —
H Y SCRE PO A 25K vt FE LA 4RI AR, SR

TR By D) -k A T i Re e | 1 F DIW R A -8
FTERG B2 AT LASE Jof 42 1 47 B 3 B2 e B AR S R
TR o35 B AR TEN S0 3% . DIW EERTEAEA
Pyl b s AR L AE i, DIW 4T
EIA M8 R B s S ROR A AP 24 RE . Shifl
Wang'** fifi FH [ {4 (4 B 23 55k 5596 1) LAk 4% P & B
K, R DIW 35 S 4T ER T A P & 1 . 7E 15
mm/s FFTER T, 8 Ak 4 Wi 2 2 147 1) il & B [ /)
T 5 min, BREEHE 5L Y T A PEREIA 21 ISO13356 : 2015 bR
HE, R T DIW PR s 8 T AT B 7 sk f 2
P, 3E AT DIW BRAT 7™ 53l 5 A7 BBk 2 i, 35 Y
) Je Ab BRI ELEY . Dos Santos S5 T T 445 % 5
Ab T2, 45 ) i 5Y-PSZ RE A X 55 2 N
94%~95% , 4 [C A & 4 (12.740.3) GPa, Wi 2449 &
7 (5.3140.21) MPa-m"*, #% [ &2 2 (195.4+45)
GPa. HFAE5E FF A] 3k 303 MPa, i& JH T 4 5 A Rl 7 &
B, B RAFA & . Sun 55 HF &
TRtz JF B PSR X T AR R
il 7= b BB 25 95 B IR 1) 99.3 % , B KU # B 4 1010
MPa, il &4 15.9 GPa., £ FGM A #HAF N T, DIW
AIRELL DLP BE A G, HF ZHRHTENRS , DIW ANFT 2
47 DLP B35 3 A 38, X DIW B 38 & FGM iy il
i, FIRESE RS A SRS SR A G A L,
7 TR [0 85018 XU AR
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SERR TR L B R B B HR S B 0

FDM VAR B 1 3 48 A P AP B E R 22
TS B SRR P 44 o AT AT LR R A A
A A RO HEREACH AM &% . FDM 1.2
() 15 PE R W] LASZ 29T EQ AR NS5 1 S50 5 I
FEREE TR A ] R R R R IR B A 2 R
8 S . RSB T REYH FDM B #— H
FHIEE EAR R 22 . SR, £ 221 i K 22 9%
NSy R BMEAEAR 2 30% W& &, REWES
SEFVFN B A R IR A Pt R I etk . mik
— et AE i — POk B L E Y Zetamix 1 22 (9 [5] {4
T R 90 % B4 W I &, HFIER T AT HTERAE™ . Haj-
jaj SEEE AN F AR A O S AR B Zetamix K 2
(Nanoe SAS) AT EFE AL AL A o FEiZ b Y
17 Re w2 A A T B AR 1 BEOR (R KR
100 MPa) . TEH HUBSLs PR T |, SRS e 2o be
SR D1 2E R B 25 T IR B T b
SR E AL R TP B RIS T
2.5 ¥ #IBEEf (materials jetting, MJ)

M SR 5 s 5 MEX 28460, #2 AE R 7 5 1
JEUURRB BRI Z A 7E T, MI {2
G B 2 FEFT B A8 v LU TR A8 98 = 55 i ok
TS o e F Bl BRSO T R T AR A AR 2R A L DA
W M SR 380 ) P 5 3 3 O [ Al SR e Y .

S PR T B ) B U B T Y LR o A PR
T E AR G 3R AR FRATH020 6~4095) , AR 36 5 i B Y
KPS FLEE FITE B R rh S s 28 . X
TR T AR AR ML) B i AU 25 R 1 = 2%, O o
JIz T MEX [ W5 75 b 5 ZE (R [R) . PolyJet J& MJ J5
BB — TR HOR RSN 1R —Fh R R
HIy R, TS A B 0 F AR

XJet F 499 2K UKL 5 55 £ R (nanoparticle jetting
technology , NJT ) J&—F Se i (G A il i B AR , )2 —
P MIFEAR o A E A B R ORI & FH i S5 0017
P T, BE G 22 2 2808 A WEWE 4T BN 4, 2
e 1 R, AT AR DR ISR X SR 2 R b R
DUBL, TG AP A 72 . NIT SRS R/ A g 2 42
(2920 pm) 7] 52 B g 43 PR AT B, He 300 2 I 1k FOHRS
FET AR GE e Iy s SE Y . Zhang %l NIT
oA A A AES P B AT BN B 2R R T B 50 0 2F FF
FPRELAA , i 2% (0 o (A EL A B508 RO 254, R R
R, EAYNINZEAILFRET
FI Y E AL (49 s NSO i 5 R LB Z ]
BA WIS, S T AT SRR R A ROR . AL
(7 A A 4 T NIT AMURE R R B, W] IRE, NUT AR5
(R AL B 77 RS B 5 SLA BT DLP A1 24, i 4 R
IR F SR TERRDRE 8 1) I AT A AR

1,()=(101.74£2.88) nm

040 60 80 100120140160180200220
Pore size/nm

4 RIFVRLEE PR SE I A A P R T SEM IR ()~ (e) B 1200 “CHELS I A4S P e R ITFLAR M3 (D)

Fig.4 SEM images of surface of zirconia ceramics sintered at different temperatures(a)-(e) ,and pore size distribution on

surface of zirconia ceramics sintered at 1200 “C(f)*

2.6 FZEFIEEST (binder jetting,BJ)
BIJZ—Fl AM AR 38 o) e 8 P b 2 45 77 0
FIRIK b B 2@ E A, TR, — MR

ITEITEDF- &5 LA — 2 M BB AR)Z . K5
FTER S ARG K Bt SOIE H BRI 3 03 B i 5
DX Ik, 6 22 70 0 2o 6 204 FH R AR R TR, R
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2026 4F 2 H

KRS 1E—f . MR B UG TRt 2
FEAR— 2 W oK 2 Bl R M R 2 AT E 2
b IFEEREE IR R, BRI S A
TR S8 A NI 5, 0BI4TS P58 45 45 s ab 3 A
B DR B W) 122 e o B AR A I A R AR
BRI R A i B 5 TR AR R
I BI A 1 B BB S ARG 25 I AL R, A I
FLE L 50% . A 1) 2 LA A AR TE 5 R AR A
TE AR P B 40 B 0 BRE AN AR, R S B S
AR T EBEARTGWE MK BIF R . BI AL &1
o ol i 450K %) 2 e g sl AR o T A T ED O iR T A
R A A AR B ek 25 ]

FH B il £ 1) B % v 148 1A 5% A FLIBRUR B B A &%
i T o1 3 2 2 TR o ) S ERI SR X
1A 1 L B R T B i i B0 AL, SRR R TR S B
FH A, iR R B B 24 XU, 7RI R bR A nT #2572
B T e BT P 0 LB SR ) R, W58 A B
E4 b T TiF 2240, E 2R ok itk TEN T
21 A A B R A e R BG i be 45 ) i 1
A2 B

(1) FURLAR AL - B0k Ak, R S 0k 9 B, 3 i
PEACAS ] SR Ak B B o 4 AR A B 1) LU A7), DA i e 25
AR A RFG 985 B o 3 Ao 5 s 1] AR AR 235 AR 1) FLBR %
{(ERTE2S e rd v NIy ST NG a7 N3 o RS - 0

()FTEN T2 ATED T AR B TEN R K B9 2
JEE R AT R B L T AR 0 45 500 A AR R A B i R B AR S
B 3k S R LS M Ay A 1) ME AR BE A URE 2 ]
(25 G, DT SE M 205 B s 1) fe 2% J3E ISR 3

(3) AL BET 25 S AL FE T 2% B il 45 B 8 i 25
FEm R . X — s CIP JBAE (B FR g
STV AN A CIP AT LA K R B s ke il R 1A 5
JE 9 FURL 2 [B) F () B, 2 i e 2 3o i v i) e 2 380%
o AR XS T 7E e b Tip AR A I B 6 235 790 A A AT
MLy 28 e E 2L, I HLoT LA 8 3 2 L b b
FEELE R FLIR, LA s L R 2 e . bedh
2 TP 1 ) 2 AT, 3 1) AL 2% B AR 88 1) B — 2

XA RS T A BRI R gk bt
RE T RLET ED S AN 5 A B AR B 7E S B S K
il 7 b S O HERE S /7 . Huang 287 %3 AR J5 i 2 Ak
BEFTEDRE S 4T CIP AR B, & BELAE 1400 “CHE4s ),
77O, B B B AH X 2% R 3] (98.754+0.19) %, DU s o &
5 #](1047.80488.45) MPa, Sk T BIFTEI 7 ik
1A 11 Jmy B P A o ) 2 1T O A, (L L 2 o
B 28 B R AR A bR vfE o 1% A AR 3B T — A i
T TV U0 S L v ARG 4 B ) o 3 Y MR,

XF A RS SR AT A T BB B E RS A
2 A T UG T (4 8 e #5, OF B BT AR B 2 AT 150 U
(8 [RI A, 55 A 1 5 B AR L, B A AR A
BORK e B

3 SUBEFRMBEEREFER

T S AL RRL AP e X T A A B B A
(il 2R OCEE B . AN]SR AN [R] ) 1 g
BOR A B S R AT A B PE 2 0 L T 0
FHT SRR AT R SERM . AT EE
Tl 16 52 PR 1 P BE R L R by il L X S LR BT (1)
JEAb PR o AR A S BT, AT LARE A b T AM
BT FACES 18 2 A 7 TP RN AR HE AR R T oK
& 3107080068, T5 T 6185 BAS6ST 8.9 10 R T 5 o 4% o 1A b
il 3 77 2 2 A A ES B B AR B 5 . FRAIETS
HER M, FET A s s, A PG T A b g
AM I IRBFFEAF G ARSI i Il PRI 5T 5L
AR, AR TR 3 B A XHARSMIF I VRS
31 BALR~T

i Rn RS X A i 18 B AR ) 2 3 R
M, —SERFFEE NN A T ORIE Y-TZP M % i 2
FE , AT LA B dtoR RO sl N B 38 /N1 AT WG 1Y
T B ke B s H B A . DL Ay SUFE Y-TZP i %
S IR A 2 0B B SRR ST AR T 100 nm'*
WAL, dkE RT3 25 5% e R4 R FH i s 16 2 e
A4 W S ) RS i R DA R T S XEF Y -TZP,
ML 1 pm () R TE RS IR R A R h & A R &
Az A CAH S m A A AR, AT 7 AR R AL, ax s Y
G2 T E RS BRI SR, TR A IO kA 8 1o 3 0 Y -
TZP () fibr RO SR B 2 i B . Hu et 17—
ANIE A AR R B A SRR ST TR 3Y -TZP AL P
W LB K FR 28 2K

3G
Kie~ Kic.y m ~ 2fvV 3G (D)

A s Kie R8 ARAE W 2401 ME: 5 Koo, 2271 32 LK 2447
P 5 G FRFH R RST ; 20 TR AL REMEOES A
(R K DR 1 T BE ;£ RN AR SR B o i 9 3 T o
T HA LA BY () S ARG P R . AR A SRR 3Y -
TZP FH A 22 & B B 00 48 K /TOK 9k 11 536 B2 I, 40
K BB b 9 0 B BRI T 20 0.5G 4644, 1A
KPR R EME . T GA R
400 nm ¥ 3Y-TZP, 200 pm F& A% ke 11 ] 40 A Bl Bl 01
24 G = 100~500 nm i}, H: £ 4 1500~1900 MPa. #H
W2, 88 ZACEARES AR R b RO K.
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Table 3 Recent research on manufacturing zirconia via additive manufacturing

Fracture toughness/

Printing method ~ Material Flexural strength/MPa (MPa-m"’2) Hardness Relative density/ %  Reference
DLP 3Y-TZpP 708 5.49 14.74 GPa 98.3 [63]
DLP 3Y-TZP(IDG) 6.33 13.03 GPa 98.9 [57]
DLP 3Y-TZpP 121020 14.1 15.16 GPa 98.854-0.32 [64]
DLP 4Y-PSZ 911£40.7 (1371+£14.4)HV 97.161.38 [68]
SLA 3Y-TZp 820459 5.892£0.63 (13.67£0.72) GPa [65]
SLA 3Y-TZP(CPS) 742.37422.52 5.34£0.29 (7.2940.15) GPa 96.3 [100]
DIW 3Y-TZP 520420 (14.44+0.1) GPa 98.5 [83]
DIW 5Y-PSZ 5.314+0.21 (12.7£0.3) GPa 95 [81]
DIW 3Y-TZP 1010 15.9 GPa 99.3 [84]
MJ 3Y-TZp 699104 7.522£0.34 (12.43%0.09) GPa  99.5 [89]
FDM 3Y-TZpP 5.02£0.3 (13.79+0.3) GPa 96.2 [86]
FDM 3Y-TZP 257.45439.8 [87]
SLS 3Y-TZP 85 [76]
SLS 8YSZ (1550-1930)HV 97 [75]
SLS 3Y-TZp 279.504:10.50 86.650.20 [77]
BJ 3Y-TZpP 1047.80£88.45 4.74+0.12 (13.714+0.12) GPa  98.75 4 0.19 [97]

Note : CPS powder is obtained via a hydrothermal method using Na,SiO,, Ca(H,PO,),,and Ca(OH), as precursors

AR, B L /R R RS I L TD Y
PRI 2 R LTD Ry AR . SR, — 2L
BRI, /T 0.35 pm (1 ftokr RO AT REZSBHAE LTD Y
K XA A R RS LTD B 52 0 £ 52 4 i
X T o M AR B BUART LTD B AR
{HL ok RO 3 in Tz 2 B SR A T S b . 1t
GG B a2 BT AN e (131 o7 R B T Dl L D S L o
I €4 & AL PR ARATF ST AR TR R i
A 25 PR B A B 0 AR 2 2L BRI 2285 4 , I T S 3
JIZPERR I AR A1
32 MERE

P )2 DA S VA I A e B 1 —
ASSCEE V] SE 8 bR o DU O B 22 A G 1B 2 IR 1T
(RS, T2 e 0 2 A ) SRR JE R AR . R A8 T 25 5
JE AT B R A S AR il o AR T AN 25 2, I 7E
PRAE 58 B RS P 1) [ el S 30 0 B S 1R 0
TEISO 6872: 2015 H1, = fi HUas o B 5246 U S P25 v
JEE LI (B BRERE ) FIDBUH AT 25 5 B 5230 (R R
[5R] FR A ) 2 00 T 2 B ) S R, FE X B
D5, U AT S I e R AR DI IR 1 &2 4% 1 T 1%
# o 1SO 6872: 2024 F R F AU 25 il 52 56 o Ak
3Y-TZP sk w42 & m A AL B K A RE . LTD A
I SR A B R TR AR = A i 2 s, T LS9 T 48 fb B
AHAR 38 9] 1) 10008 25 1), S B B0 BE R MK, S A
AT S 58 R (5 FH 77 i 8 3 AR, AR 1SO 6872

2024 b5 e, =R ITEALES A RHE AR T2 b 5 A
WL 1 500 MPa, 1 BB 0 S A A RHE 2 AR T
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