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Abstract: It is difficult to explain the influence laws of process factors on the performances of light-cured 3D-printed
zirconia toughened alumina (ZTA) ceramics according to standard theories. In this study, it is found that there are obvious
extreme phenomena in the influence of zirconia content and sintering temperature on the microstructure and macroscopic
properties of ZTA, among of them, 20wt.% zirconia content is the mutation point of the microstructure response, and the
zirconia grains grow significantly (up to 98.4 nm) at this addition amount and have begun to partially connect, thereby
leading to a lower content of tetragonal phase, further resulting in an extremely low flexural strength of 4.97 MPa. At the
same time, on the one hand, an increase in temperature is conducive to the stability of the tetragonal phase; on the other
hand, high temperature also accelerates the growth of zirconia grains and promotes particle connectivity. By combining
above two process parameters, it is found that whether the dispersion of zirconia in the microstructure being uniform is
the main reason affecting the retention rate of the tetragonal phase. Finally, a ZTA material with 40wt.% zirconia and
sintered at 1 650 °C has been manufactured, with a bulk density of 3.68 g/cm’ and a flexural strength of 28.47 MPa. This
discovery provides directional guidance for the design of 3D-printed high-performance ZTA ceramics and is helpful for
making adaptive adjustments in scenarios with high requirements for the intensity of the service environment such as
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aircraft engine bearings and artificial hip joints.

KRS 5 5 Founorew

Key words: micro-alumina ceramic; zirconia; flexural strength; additive manufacturing; tetragonal phase retention rate;

ZTA ceramics; photopolymerization; sintering process

SMEMEE («-ALO,) BIREWAZHNT,
TERFEHENBERRPREANRZ—, BASA
= (2050 C) . @8E (HVI5~20 GPa) . B
ZREME. EVEBHREBEMERE, IZRATFm K
MEL BFEIR. MESMXSEMEZMNE". @
B, SMEEENAREEEBHINOERER—SMNA:
SRR EEFEEELIREMFE SN TSRS
1, ENMEEFEAENUFBEISMTEESEMHINE
B, SEWTRIDMEAYHEEEN3~4 MPa - m"?, 1D
FHENZERERMENE,; 99 5%EEaWIEREE
22 GPaiESEE , (EESLHKSHMERSHKRM
{FE R E{KT400 MPa,

HER, XTEWEBRE, METIEINBINKSE
1HEaH (D5299100 nm ) 4HENSPSKEsE, ERIKIEE
X8 (1600~1700 °C) Thesh, BuRRGIMHIERK
RY &N (FHRRRTNF500 nm) , FIEESE
FE (9% ) . @ZHEE (600 MPa ) &N
&, EFDLP (HF)aE ) RARBEELIEH
SIS AREAITINBETFEAE, BURSERE. &
BBEMRIFI R GBI EREE R, ANHET
SZENNTRENBEE . BEaNEH—BR
ENERENENNZHE, mEHNTERE",

EEMEIBEEWEE (ZTA ) ERh3INE 8
EMZTAEEEEME, RILREMAETRZSHRE
MNENER. EEXBYIEL2ATET, JMER
ZrO,ZHRIRT ( RIERIEH200~500 nm ) , FHTFIRZUIAY
RN N, -ZrO,RERNFREEMEAIRE
2 (B2RHE, m-Zr0,) KEDERFREZ . HE~ER
3%~5% AR (£9700 MPafBERIER A ) F15E1T)
REE (1%~7% ) TEHYRHS|IR—NEFN X,
NMPRRRREY &, RIBEESIEM10vol.% Zro,X)
N AT EE T I2S2~3 MPa - m'?7 ' EES 4
BEMEIER: BEZSIENMENNEEIS X
MNFHITREERER; ST NRIFERE
SR B IEINIBIT30%; ZrO,/ALO AR IK R A
(9.6x10°K™", 8.1x10°K") RICA ARSI
EPIERENDH SRS S g,

SR, T HEWIDITEIZTAMEE, BT EER
E. SHEEESZRRET, FHEERARIE
BIgE. WEXRESEXNUE" M, ATHEFH
BRI MEZRNSR, KARIBERDZ. 50750
ZORHMERME, AMFEREETEEFIER

MR EAIEIRL DB, IRE ISR EAMNERTSR
A TR ORI T SN AERE, N
SINRPEF) (t-ZrOAURES ) 2™,

LTI, RADLPIHAKHIE T EHESEFEN
ZTAME, UEHESENRGEER NI EZ25N
TE, RERARBBNIRE. SORMKSE. WEE
B BRMELIINERENTANE. ARBETE
DLPEARFEMESEMREBEERN T ZSHEN
AR MHMELD, FEMMALRNETL (RRHE
BERASRENOER ) HUS5ERAEWEREAZEW .
BE, FEAXNNENIDITEIR ARG ESHILEZTA
MR M — P EINBERAAE S T ERIT A

1 s SEE
11 &EFHETE

R FYAIE (DLP) FTEIYL (db=+4ERHY
ERAT) HISEHIBER, EEHFRM3wt. %D 8
BYK-110 (MNESERRZERRT ) « 17wt.%
ATOEEIRIAE (It RTHEREBRAT ) , SR
K (ERTHERKERABTRE) , AWHETE
BEN0Y%, BHEEE (REHDE ) P51H10%.
20%. 30%. 40%HEMEBIDE . MUWBEHIFTEISH]
J9: BB¥INERS mW/em®. 4 mW/em®. 4 mW/cm?.
6 mW/em’, SIRMAIBRYEATIEIDBU1S s¢ 15 s, 13 s,
9s, REESHTEEEYN40 um., FrAFEREN
BEEEARR TIN50 mm x 5 mm x 4 mm,

1.2 BiiESRETE

FR¥TEPRYALO,MEE S RED IR HTT T B A5 F0
WRENIE . B, BRENZERASE0 C, FHiE
BEEA2 C/min, FFE2 h, lEE, BESIHASE
1450 C. 1550 CF1 1650 °C, FHREIEFS 5 C/min,
HoRFER 2 he &E, LA 5C/minf9/SENERE[E
ZE 600 C, AREDHIRNBRLINEER.

1.3 MRESHIE

{FAFEIATfHelios G4 CXZRIEFAEN T IHE
FERME (SEM) ElfR. FREBE0.000 1 ghIXF
(IHTBIEH-FERZRE) ) WhEFRIET TIRE,
FR B EXERIENE T ALOEERKRINZEF L
B, TN HEEFSFE (P) ( KIREE



Vol.75 No.6 2026

rounory IE &S SRR

(p) FORIKER (A) , BIRAAIAT:

m3—ml
P =5 =, (1)
P = m—m, (2)
.
=——1 % 100% (3)

m,

XF: mEREEHFROTERERE, n,2EHES
FREEBFKETEEFEREEIBFKAMNENZFELR
£, merEAEEFXEFTIEEHERIVNEE.
FERBENXNNE T =ETNaAEMEFERN
NERE, NIEFEEH30 mm, JIEGERE 0.5 mm/min,
BMERZMNLTENMER . ITENEREHAT
nr:
3FL
T 2bi (4)
XF: FREGEMRMASHNEST, LEM I XA
ZEEE (ERXMNdF, B SaZBiiEER
50 mm) , bRHFGEIEE (b=5mm) , hEFRNE

O¢

E (h=4mm) . BIUTAHXNEBEAIWLTEE:

L'xlOO% (5)

Hh: IRBERNKWER (%) , LEFRAERSERIR
KE (mm) , LE2FGEREENRKE (mm) .

2 HZR5ITE
21 YIERiERE

TRBEMNASAXESGEBEREZZ ML
FTESYH, EAREHT, elIMNaEatEaSkkE
mENXRWE R, NEITTH, ARREEMFS
EYSRERENSVESENXEKMERA, BIR
MEEMASAENZTHBEEEEARN . BiliTE
W, ARZESSE3.68 g/em SHSAESEME23%
XIRI1 650 C. 40wt.%EHEE, MARBERIKE
2.47 g/em’ SRS RESE42.04%X /1 450 C.
1owt.% | EE, AIREEIEZE48.99% .. XFEkE
Higth, AIRBEESSAFLERKONE.

5=

3.2 29 4.0
FA% = Yoy ek 1=
et 1?8 & 30 & I g
S40t . . 70 oR26p : 36 ;
M ag) | PN 2 Most &
538 /@a?_g‘ 26 = 29~ %as .
736f = sl o
R 2 24 8 P28 E & 5 ]
34r S B g3l & 32 &
" | £ - B =
30} 172 2 30
A A A A A A A A 2.6 21 A A A A
10 20 30 40 10 20 30 40 10 20 30 40
AL R U % AL B % AL R U %
(a) 1450 C (b) 1550 C (¢) 1650 °C

Bl FRIAERSHREERLE
Fig. 1 Open porosity and bulk density curves

AR F, FEESHNTRREELEERSER
ENASZIBIEIERNEE . RIBREHNE, &
SREFTEEIRUETFYT BAIRFREBNERRE
SHFZWHIEZE. KB 450 CTF, BMETREARF
MEERE, (NEEBIIEEY BUER > EeEn, AR
FE3DITENSI NI FLIR LI B R HE Y, S8
MZEEBEAT. LA4owt. %aiEE 6, 1450 C
FMATRZ ER2.86 g/em’, FFSFILERSFIL40%, AT
U E B s mTFRESENER, BFERKX
(2~5 um) . HBEEFEI 650 C, SEAUTEEHE=
MEFEI: ORFTEHENKZENE, Bk
MENINEN, "EFED uml A FRORUNERR; @A #R-BAT
HII R R ENFRDR R E RN RETR, T
BRI gE; @BRBENTAaAENSE (t-Zr0, )
MiRE, WS MR, N ESFLE

FRMBE! * X SIRIEA 40wt %E M EEETE] 650 C
B, FLRZ AR AFY, FRFLRRIERRE,
FRREERLIEBECEENREBEAEMEG .. FUE
=, gHEAMIEFR, REERERLTSEX. 4
W, EMIEL 450 CT, EHEEEMNI0wt.%IESE!
40wt.%, RINEZEEMN2.47 g/em™ 25 F2.86 g/em’, 1
ME915.8%; MIElOwWt%EMEEE, EREML 450 C
2231 650 C, KIRZEHMM2.47 g/em’BSE!
3.2 g/lem’, HEIESIX29.6%, IAKTFEIE.
SNESENHEBEANENEEIREEBARTR
BEEATIER. A8 NMRE T, BEaAES ST
m, AIRZEHLEW EABEE, FEIAXEZITE
B, X7 IRARTFaEASEENENAR R
RHT B IHRENFERKXEERIIEIN, KRR
R, EAEEE0IEINT BT 5 AR Y



2026 H6H/E75%

RS S 5 Founorew

10 20 30 40 10 20 30 40 10 20 30 40
SEAS TS50 % SEALS T 0% el iy ()
(a) 1450 °C (b) 1550 °C (c) 1650 °C

E2 kets

lherEsetd
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