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Abstract

Filament is always used in traditional fused deposition molding, which is not suitable for 3D
printing of engineering ceramics. A fused deposition modeling method with screw extrusion suit-
able for granular feedstock with high solid loading was developed in this study. The key parame-
ters of the extrusion screw were optimized and Polyflow software was used to simulate the screw
extrusion process. A uniform and stable extrusion wire was obtained based on the key printing
parameters. The reliability of the printed material was analyzed by Weibull modulus. A ceramic
material with dense structure and uniform grains was obtained and ceramic components with
complex geometry were prepared.
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ITAESR, M7 3D FTENHANE A B S T 28D R B R, ZHARELIEH A, CAD HiAM
Se iR & A — A, AMNGERL TR AE =, BB RE RAs, BN EE IR ZE R A
#HZ B H IR EE i, R T PRI K T T R S A S SRR Z P, AR AR
N =R DA s R ER A TR, BRESZ 2 E R AN SSE] [2] [3] [4].

JA BT R B AR (FDMYE N H AT R S 72 10 3D $TEIHI AR 2 —, HAAFTENR P, lAK. #
PR B4R A [5] [6]. £ 1988 4 HH Crump S5 [7]1 IR B H , X P AR SR H B B 2R RHE 4T BRI RL,
WK 22 75 W v T JFL o SRR U B TS T 0 A R 38 W 8 A L AR, AT T DA B i 36 5 s s 5 I T ok
Z, BRI, MRMESCETATENE Ear g, TS — 2R Fa TR —efmE, UET—2Zm
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£ 20 20 90 424835 [ Argonne [E 52 S5 % M1 Rutgers K22 1 VO M B b kL S 1 BN LAL & I EAE N LI
BWNHEAT 7 3D 4TEY, PSR B H AR 4 T ALOs WM e, best % & 98%, 55 824 + 110 MPa [8]
[9]. 514l FDM LG, PE% FDM BR MRS RUR K M B R N WM S A, IR NTG @ PRk 25
BRI EME, SRR EGARINFT BN & AE R T FAS AR B Ak, a8 v L AT
AR ) 2% M B AR IR o o J B U i Ak B 11 2B PR TR S B P v T 2 A el R B F[10] . 1995 4E,
PR K 2% (1) Danforth #i 35 7 FDM o RTERR Z i & I IR, {8 T ALOs F SigN, SHFTRE & 75 R
Gto TR PAAAE T BREGERIG, AL % EA G (75%~90%), (HAR KI5 Z[5].
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9 R PRI VR £ 0 1) ok P SR B SRS P 5 A JEURHE 9 3D FTEN I JERE . Lu 25 [11]4 60 vol %[ A1 & & 1 Ak
R R SR O IE4E T BRI £ B (PEG) BRI IR ARG, BRI MRy T R EA
BRANVEST s, IR A B HHL(50,000 B/ A ik B ML) R AT A S R A AR AR M . 1T Anna
Bellini Z[12]J1 % T FDM T2 R —F i 55 H R G, XMETH RA FE R B AR SR EEMN R4
AR B B LZE A, I HF BRCIR A R Bl 22, XA B ARG n T A RME A T b, I 5 AT DAAE
PR SEAM BHME R 5ok, AR5 S RS B LT, SR ARG BB RIS 21 100 Pa-s. M4 J@ v it e i
AT FE N A M A3 3 8 o, SR 7 i AT IS AT BURL R Sk 18 A7 ok 3 AN AR AN A (1 5 k. FEE A,
YR Z I — AN T — Bl FDM T2, {38 A 5080 A 1 5 s A A UAH 5] 1) JEORHE & 70 [13] - 1%
T 72 /IS AN A0 AR A AP A R A 77, @ AR B LB, B T AR IR R A B K
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Figure 1. Structure of screw extrusion modulus
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Figure 2. Geometry modeling of screw
B 2. 34T LR EY

24. HrLREMFHEMERMN

LER[RIWEHE B4 T (WM ELAREHL 0.2 mm. 0.4 mm. 0.6 mm. 0.8 mm 1 1.0 mm), R FCIBHF 453 (1
0~25 r/min 5 [l P 3% B0 A4 H R (7 130°C~190°C i H) X 5% Hh it S AN 46 BLAR (e ma o DL 1 43R
AL AT B, SRR 3 ST IR AM M SEIRas R, R TR P TIREICFAMEENZ L ZSH
SRS E . B3 HBF A, KA R R EAE, BCFIME.

25. FTED, BREEFBRET S

R 190°C, A A6IE 15 r/min. WIBEE 42 0.6 mm 4&4EF, 4 AIESTENEE N 0.1, 0.15 F1
0.2 mm K, FTEP 60 mm x 7 mm x 6 mm [ 7R FES% .

TSR B 1 B AR R E T 50°C AR R BT VA UG 24 h, RS S AE 45°C IBLRE g
20 h. #WAEE RS, HABEBEY LA 100°C/h THEE R I#E 200°C, SAJE L 9.5C/h [T HE# %
Jn#k2 600°C, fE 600°C LR 30 min. HBARTERSE, KAE B TR, kgL 2.5°C/min ) THER
R INHE 1500°C, £E 1500°C R 2 h.

2.6. HEEMIAS BEMEAHYE

R GB/T6569-2006 Ff 2 M % 25 il 53t F5E 4R 56 7 v, 4 o H ST LAR] AR bz A i B8 AL (P T-1176, D1919SFRX,
FIEX IR A T EFGE 3D FTENHI AL B AR MERE S I = S PU SR . Al F 3 R S - B s
(FESEM, S-4800, Hitachi, Japan) W52 5% tH £ b4 A1 3D F7T BSR4 B BF it 110 S Al 4 1

3. ERO5VHLE
3.1 BHHTHARE

ANTEI B L P AR e o o R R AR SR 25 RN 3 R, BRI N 4 Pos. HiK 3
AR, TR ISR SR e, Fr RO B LR A BN, S 4 SR8, XA
AIFATEDL ARG B ] o (ERRFF R B IR IR O, BEMR AT S 1 A R g . SEBmsis
K ROBE 1 SRS R ARGE, (B AR 22 BT S 25 AR 22— Uy T vl AL R
PR IR AR, TS50 P iR AT IBIIN, o — 5 AR AU e R R R A T R, R SR HAEAT
NI o AR B 78 7025 REWE Y BEL 7706 B Hh A R

DOI: 10.12677/ms.2020.104035 290 FeRb


https://doi.org/10.12677/ms.2020.104035

=y
%
&
Bl

12
—m— B-5r/min —0O— 5258-5r/min
—@— HA-10r/min—O— SZ3%-10r/min
10 4 —A—  FEAL-15r/min—A\— 525-15r/min
—W— H-20r/min—7— SE5-20r/min
= —0— Kutl-25r/min—C— 5:58-25r/min
S ° —e—
P
\Iﬁ%/% S v— <"
i R
S 6+ v—Y % \<>

N

3 41
S Nl AN p—4
- . o—9© [ J [
2 O—— 00— 9——o—0—0
___—nm B | n—H
m—0 —5—10 O
0

130 140 150 160 170 180 190 200
BHERE (C)
Figure 3. Relationship between extrusion flow rate and temperature, screw speed
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Figure 4. The picture of extruded wire at different extrusion temperatures (0.6 mm, 15 r/min)
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Figure 5. Relationship between extrusion wire diameter and temperature: nozzle diameter (a) 0.2 mm; (b) 0.4 mm; (c) 0.6
mm; (d) 0.8 mm; (e) 1.0 mm
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Figure 6. Relationship between extrusion wire diameter and screw speed (0.6 mm)
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Figure 7. SEM image of extruded wire (a) Surface; (b) Cross section
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Figure 8. The Weibull distribution of flexural strength of zirconia ceramics with different print layer thicknesses
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Figure 9. SEM image of (a) The cross section of the printed green body; (b) The cross section of the sintered body
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Figure 10. Complex zirconia parts fabricate by 3D printing (a) Gear; (b) Twisted hollow structure; (c) Rectangular honey-
comb; (d) Cylindrical honeycomb
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