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Abstract: Dense and porous zirconia ceramics were 3D printed with granular feedstock and screw
extrusion mechanism on the basis of the traditional fused deposition method. The printability of granular
feedstock, microstructure of the body and mechanical properties of ceramic materials were studied. The
unsupported structure with maximum inclination 165° and span 5.5 mm were obtained. Effects of the two
filling modes of printing on the flexural strength and Weibull modulus of the dense zirconia ceramics were
compared. The results showed that the “single line+rectangle” filling mode was more conducive to achieve
higher density and better mechanical properties than the traditional single line filling mode. Materials with
bending strength of 637.8 MPa and Weibull modulus of 9.1 were obtained. The compressive behavior of
porous zirconia ceramics prepared with different porosities were studied, showing an exponential law
between compressive strength and porosity. There was only elasticity stage on the stress-strain curve for the

samples with high porosity, while collapse stage may appear for the samples with low porosity. There was
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no collapse stage for both samples.

Key words: fused deposit modeling; 3D printing; zirconia ceramic; porous ceramic
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Fig. 1 Printing path for sample preparation
(a) Single line pattern; (b) “Single line + rectangle” pattern; (c) Porous ceramic
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Fig. 2 Rheology and printability of the feedstock

(a) Viscosity at various shear rate at 170 C; (b) Schematic diagram of the extrusion mechanism; (c) Unsupported structures

with different inclinations; (d) Unsupported structures with different spans



%5 4 3]

iK1, S MERRUURRIE 3D 3T ED i & AU B M R S L S M e T 439

n EB/NEWE RGBT VB RBUR R, 5
HH I Kb 5 SRASAECRS BEAS A4, T A R 14T BRI 72
FIRRIEEAT o B 2(0) NIRAT 57 4T B LA s = 1
FUBURLAR T B E AT BT b s B RS, #¢
HRh 2 BRI 5], REEHE

N T W ZIR AR AT EDERE, FTEIHIR T
[F) A} £ B2 B TE S 450, il 2()fim. it
FE/NT 15000, giffsoe, RIEE, Bl
SR PERE, M OUR A AR 165°8F, 7EE J)1E
T HIAETE .. B 2(d) A FE 2585 R 4T EN 4
P, RPLBFEE/NT 5.5 mm i, REBEALE
AR TR T2, MBS RN 6.5 mm B, 445
HHLT W, DL 25 R iZIR A R 7 i5E 4 3D
FTENH & A R FLE™N SR E5 0 1 = TR
BB

Bl 3 B 4T EER AR S L B . B 3(a)
FTER PR Ad 2 T J 3= S iR 1, el P AT 4T B R A
T 5 I BT AT BN RS AR AN & B RRIE . 1 3(b)
NI R TH AT R AR 1), R LR T AR S B
FEZ1 0.7 mme. BT R ABBOCE 3(c) ] W7 F =R
HUKGSE I PE 2304 th 224K, TERRINSS, 7EFTENRG&:
TR A CRAUE A FNAERETEAR

Bl 3(d) ke g AR T AR SR R . R4
Ja 2 R AR 0.2 mm U4 2249 0.15~0.16 mm, 5
S AT B FT BN B S 7 1) T AR i 24.8 Yotk AR —
o B 3(e)Pybe sl i i 2 Th I i T 2 S 2 44, A
REEN WA EGEENLEXEEL N 17 pm. )5

KB 3(DFR IR 5 E A P B3, &
b RSF55], SFERRDRSFZ18 0.8 pm.
22 HESUEBMERERTSEE

SR FH B4 Al B 2+ JE R P P E 7 A A 4 T
T 12 g A 1K 4%« P RP I 7 B0 42
Bl 4(a, b)FT7R . AT B AA RN o &5 P 45 1) A4 RR 25 52
Bl 4(c)Fra~, PRE 787 3T BN B AR 23 BE 3 200
3.3 glem’, IKFIBRB BRI 54%; B4R
%F] 6.0 g/om’, LFFHLBEM 98.5%; “HAL+HH
TE S e A58 5 ) % B A e TR R IH A . AR RN
RAERFoR T 4(d), H45 5 IR IME R SF R RR
RAF, A H BRI . DA B R 58 7 1A
Wi 23590 23.6%, 1= FE(FT BN & J2 77 1)) J7 9] 1)
AR 359 24.8% . KA 100%IHEFTE, 735+ )
il 2% T BB B B AR D RN IR T
e, UESE T A5 1 25 528 TR P & B A4 iy ]
171

Bl 5(a) AP FHIEZE BT 4T BN IR AR 45 A AL
BEPR RN IS R . R T R AR R,
FT B[R A4 T Joe 245 W 55 () B0 25 9 B 43 il 9 15.5 A
637.8 MPa, #Jim T HHE AR . B 5(b) NFFIEH
787 T HUA SR Weibull i, «BLR+46 571K
Feik, Weibull B84 9.1, & T HLRIAFTEH AT 8.3,
PUAS AN T SR AP R TR R AR
I ARAR P Z I 78 7 A, R 72 B A A
Ji 1), AHARI B LR 2 SR T B AR 2 45098 £, 2P
AR R T SALBUR N RSO, s

B3 ATEPIRAIGESS M B R SEM JE T
Fig. 3 SEM images of the printed green body and sintered ceramics
(a) Surface of the green body and partial enlarged SEM image; (b) SEM image of fracture surface of green body;
(c) Partial enlarged SEM image of Fig. 3(b); (d) Surface of the sintered part and partial enlarged SEM image;
(e) SEM image of fracture surface of sintered part; (f) Partial enlarged SEM image of Fig. 3(e)
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Fig. 4 3D printed dense zirconia ceramics
(a) Surface of single line filling mode; (b) Surface of “single line+rectangle” filling mode; (c) Densities of the printed green bodies and sintered
ceramics; (d) Printed and sintered rectangular bar; (e) Sintered 3D Chinese letters; (f) Sintered dental ceramics, turbine rotor and impeller
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Fig. 5 (a) Flexural strength of printed green body and sintered ceramics; (b) Weibull modulus of the flexural strength
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Fig. 6 3D printing porous zirconia ceramics
(a) Picture of zirconia porous ceramics; (b) Enlarged view of pore structure; (c) Microstructure of the intersection area of
the printing path; (d) Microstructure of the fracture surface of the pore walls
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Fig. 7 Mechanical properties of porous ceramics
(a) Compressive strength vs porosity; (b) Stress-strain curves of the porous ceramics with different porosities
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