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Abstract: Ceramic stereolithography has a broad prospect in preparation of Al,0;-SiO, composite ceramics through
which the prepared textured Al,0;-SiO, composite still faces challenges in improving their slurry quality and light

intensity distribution. Here, characteristics of a novel ceramic slurry with addition of alumina platelet, equiaxed
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alumina, and spherical silica were investigated. Comparative analysis on viscosity, sedimentation, curing
characteristics, and curing accuracy of the slurry with different solid content was carried out. Simulation algorithm of
ultraviolet (UV) light intensity distribution was developed, and theoretical simulation analysis of light intensity
distribution in the slurry during light exposure was carried out. Results of the prepared textured porous Al,03-SiO,
composite with the characteristics of oriented alumina platelet showed that combination of alumina platelet with
spherical powders endowed the slurry with low viscosity and shear shinning behavior at high solid content in volume
(40%—-45%) of which alumina platelet took 50%—60%. Under the same content of the total solid, increasing either
amount of alumina platelet or amount of spherical silica could reduce the viscosity, leading to the increase of the slurry
total sedimentation. Alumina platelet in the slurry could reduce blocking and scattering of UV light better than
equiaxed alumina. Under the same exposure conditions, both decreasing content of the equiaxed alumina and
increasing content of the spherical silica could increase curing thickness of the slurry, while increasing content of
alumina platelet and spherical silica could adversely increase error in dimension. Numerical simulation results showed
that alumina platelet with approximately horizontal distribution showed week effect on UV light blocking and
deflection, while that with approximately vertical distribution showed indeed guiding effect on UV light. The variation
of the mean UV intensity at the upper boundary of the model was close to that of the curing thickness. Therefore, the
established model can provide theoretical support for the experimental value of curing thickness.

Key words:. ceramic stereolithography; Al,05-SiO, composite ceramic; alumina platelet; light intensity distribution

39 %

simulation; slurry characterization

VB AR B RS R, TER
Wy WA AR ER A ZE AT ENE LY
(RN I /%R /] N N Ry )
R, )3 0 B 2 o AT 2 T RO, BRIV RN
AN Ty S R N T N Y AR N S S (C Al
LA . IEAEOR, SR FH B R AR AR ) % S Ak
Tk 5 A5 SR A AR Pl e AR RS T 41T B sfe o g g A s 71
BT Tz WA, 90 eH A IR R SR A AR S R
Qe ENT . AR SR AL SR AR AR e Y
o WAL, LB RTER % ALOs-SIO, B &
Wi 5 THT L AT ) R 6 S FH T 5 o

HA E AT R 1 SR A s A B ek B
“REYR S H IR, LRRIR TS M e BB AR
W) 55 1) 25 il i 5 RN DT SR 0 1, DR T R RE R I
Bt . BERBREEE ) AL O,-Si0, B A W& 5t b ik 37 4 Bl
% 5 [ RO AR, R 4 B e A 3R 10,
i A R R R A 1 R S AL R (S10,@A L O5)
FRAG 122 IR R AR A BES Bk B <Rt Y 4 A (1 0%
ETRmESEN.. BA&EEILR A REEE
AR, T E AT R S R AR AR ) % B U A
TEM AL Os-Si0, B A M ik Ak R M, AT 5T

il & B A S IER ALOs-Si0, B A P& e
S T BRI A A R EA R, DABURDIR A AR
TR AR R IR [ A W R, [ AR e A [

WA FEXT T I R e S AR BB &M AR (1T
SRS KRB R A BR AT, Bl 2 Ak Wk
ORI AN BB AR P S U ER . R TH
PR G 7, SCRR[231ER AL T MUK AR (BRE DL K IE %
TR NG G BE semm, o5 B R A LA
NGRS TR O et S NN 8 N I L R (S
M. HETEE A — PO Ssohiort i B AR 7T
AP0 XSGR ERE . SEIG . B A 126
SIHT TR AR AR A o A P i 28 R T R A
A BTS2 SRR PR 2R, B 78 HoOk AR
(SR o

FOREACER 2 — M B S AT R EORE Y B 8 A,
FOR SRR 5 SRR 0 ORR 1 22 K. Jeklp
R E AR 2 s ma 2R [ A R, I ELR AR
Ii] AF 5 C b AR 2 5 ) k) 1 ] A0 o 1 DA R B R
et Rk, AT S FOREAER . BURLIR
S ER RN IUREIR — S8 A Ak SR R 1 ] AR P R 2R A0
SRR, A BT EARAS [V 30 P B BURLAE VR A
RIS TR LSRR 52, 3 1 0 4k ORI [ A
5 RN 7] ) 45 7 7y e B

ATAER T HFH &L 25l ALOs-SiO,
B A VGRS H R EALEE B [0 PR B 2R
PEo XA SFHEEE . BOE AR
A AC L b AT 7 X Le A i, B IT T RBHN B RE . O



El i

HER, 2 S L ALOs-Si0, B & M 8 1 - BRI & SOBHRFIE SOt 38 7341 115 B 771

BEPE BALRRE . RS, FFT R T — Rl X i
R BRIRIE A 6 [ A0 FRE 5 APl 5 7 A B I,
X IR BHE B b G R AT HEAT T BRI AT,
HLA5 [ 4 J5 2 s 0 45 R 34T 1 X B

1 WA

11 FERFBEH

SE2B6 SR FH BRD R A S 0 R (1) 45 Tl AL A 5 R
(AL,O3-Nano Particle, {54 AlL,O3-NP; TMDAR,
TAIMEID). BKIE S ACEERRL( M, i), “FIHE
12 0.4 pmo FrREAES 5 5 B &R 78 (AL O5-Platelet,
&5 4 Al,O3-PL; RoneFlair® White Sapphire, Merck),
FAE 7~11 pm, JEEE 200~250 nm.

FORL O A AR 1,6- 2 B TN A IR IS
(HDDA). ERH# Z B (PPG)AI = H I N b = A )&
FREE(TMPTA). 4> #57{# H] Hypermer KD1(Croda)
PA B Variquat CC42(Evonik), 78 INE A s [E AH i &
) 3.0%. 631 KFIAEE(Q2,4,6- = HI H K HIEE)-
AMBEDAROCUR-TPO), & & NBEHFER 2.0%.

s AT B SUBR B MUK Bl Bk 14 35 5 4 B BIR &
BHEGIRM s . B IES 2 B0 (Cc42.
KD D)JRNBEFENLAREREE 2 h, A4 BT i 8 2004 i
PR B A i AR A S A S R,
ARELIREE 2 h, Ry AW B4 BOR 5T 78 2 40 R B
JEH o SAARIE B R AR A B B BRI IR, BUH BTy
AAESEEEK, A I FIREEACEE, GRS HER
A 4 hy FIOAIESIRA, HidE 30 min, f65] K
AR IR s B RRL, B A BRI
TR R, DAVE BRI A RS R RN S
. RAE 1 PR REE . S, Bk
o S AT IR [ AR TC LL 1) 45 T 4 FRIRBH T X5 L 4y
BT o AR SR} (0 [ AH T LU 4 Fh 2R3 0 dr 44 9 1
5 % Bl 40v0l%-50PL-30NP-20Si0,; 2 5 ¥ K}
45vol%-50PL-30NP-20Si0,; 3 5%k} 45v01%-60PL-
20NP-20Si0,; 4 5 %k} 45v01%-60PL-10NP-30Si0;-

F1 EHORMEHERSFEESE
Tablel Solid-phase compositionsand
contents of the as-prepared slurries

Slurry T;’;ft:gtl/‘d ALO;-PL/% ALO3-NP/%  SiO»/%
No. . (in vol) (in vol) (in vol)
%(in vol)
1 40 50 30 20
2 45 50 30 20
3 45 60 20 20
4 45 60 10 30

12 RHBFE. mEE. BAsEIRERE
145 it

KA NDJ-8T e 2 B v A FARHE A [F 89 1)
RONHIBEEE, 2 b7 A 1 AH 2 2 DA K AR 43 A8 A et
WRF R . SRR E N 4 ST, &
WG IEA R, EXT BT 0.164 0.32. 0.64.
1.28. 3.21 f1 6.42 s NIERIKIOFE, FH4HI5
FEARAL 28

DUREMENNREERAEN 25 mL (48 1R it
7. ERENBEAN 20 mL KK, KREEEN
109 mm. & 22 CE=ER TFE, E48 5 RIidx
DR 1 K Image] BOA-SREUR A DT R &
THEUTRER,

SR FE A oA 1 1] A T P8 DA vk A SR e ) 1 4k
Btk [EEMEErEN 6 s, RAAE I ELIhE
(2.41. 3.59. 4.83. 6.03. 7.12 F1 7.95 mW/cm?), 1§
FH A T HE AR R G [ Ak F 2 o Ak B2 WA JES S B R
Je, AR 8 ds R Th AR E AG  RORE, R T 20 RO
EEARZWERE, SRS HESNE =R,

P A A B U T R AEAS [F] RRERT 5E 4
B AREE, MAE BRIERS [ 6 s, BRLT) %
N 3.42 mW/em?®, [ELEZHERE. A A IR ES
TeRSRE P2, IR b2 B 10 S [E AL 52 I T
S o BRI 36 AN, R IR
HXoF LU BT A A 0 RSE, AR RS iR ZE A
a3 A, PR Rk ) [E AR S
1.3 RPEXBESMHE

97 TRV 43 B 25 ARG SRR} b B A% B AR AN 45
A HCBRAEIRR 1 4 A 1 B, RS SR F Bk 4
FECHI R, 3R T — i & RO R A sk o A
BRI o FEAZASE R Hh, 0K (1) TR 5 44 9 5 T A
R, HRARAREE SR, BRRERRE
SR AT ORI S5 el A AL R R ol I PR T AR R AL
Gy AT T AR o MR Fr RS A 45 1) J5 P55 9
TR BE, EFK 7~11 pm M58 0.20~0.25 pm 1 %E
T, FH R e 352 B R A B8 0 R 1 T 300 R 43 AT
T AR 48 BRI — A A0 B B R A5 B3 45 i AL fk
BERMP R BIRRE, EHFERS 0.30~0.50 pm
IR, FH R AL I Wk BR T — 48 Ak fek R A 45 il
AALER R . KRR P AL AR TR 2 (R i), DA
JARTE 2 8 ()T 85 o AR (1) AR Bl SRV AR T
Bl 1.

BERR ST 12 pm= 12 pum (95K, %8 5%
b % % M F 5 A 9K 405 nm, AT 6 5
4.55 mW/em®, A K I RN 2 FioR . 2%



772 AL M OB IR

39 %

Determine the computational
region; Determine the solid content
7
Generate random platelets

according to the solid
content, thickness and width

Save

Y

Cal1/ Platetlet class: position
<- and shape data of
each platetlet

f the generated platelets
meet the no interference
requirement

Calculate the solid content of the
generated platelets and manually
add or remove platelets to achieve
the accurate solid content
v
Generate random
sphere particles according to
the solid content, diameter

Save

Y

f the generated sphere Sphere particle class:

particles meet the no position and shape data
interference of each sphere particle
requirement

Calculate the solid content
of the generated sphere

| » particles and manually add

or remove sphere particles

Manually remove sphere
particles that interfere with

latel .

the platelets to achieve the accurate
solid content

According to the solid content v

of the equiaxed alumina, a
random number list is generated
to assign the properties of

equiaxed alumina
v
Assign silica material
property to the remaining
sphere particles

Assign material properties
to resin and platelets

Assign boundary
conditions; Mesh;
Finite element calculation

BT AR BRI & RO 3 20 A BDURE TR i A 4
TR

Fig. 1 Flowchart of modeling algorithm for light intensity
distribution simulation model of slurry containing platelets and

spherical particles

40vol1%-50PL-30NP-20SiO,
Model 1-2 Upper boundary

405 nm UV light

B2 St A o A K He i St ok A
Fig. 2 Model of light intensity distribution and its boundary
conditions

WK, BALER . R AR R 1 3 5 R 4
WM 1,797 1.47 F11.51, 3@ v S0 A A 8 2 Y T
FORTHE BRI A S &, RS 1~4 5208 [
AH A B BT A B AL . H TR AR A Y
BA—E MBI, BT B B o B 45 R A AL
P, EFXHE— MR AE R AR, R ETE
PR IS KRR R 4T e, FEit
LR P35 e i (1) S S FH T X B
1.4 PEREFNkRLE R Ab I8

S IR A 2 (KSL-1500, B TE S AR
RFRIHATBIE AL EE, 4 AE 150,310 F1 450 C
WEMRRFA, A3 900 CJaatir R, M hilg
WA 40 he BEMESERUEFE 1600 C & i
(TL1700, 1228+ mikess 2 he KRB 72
W45 (TESCAN VEGA3 XMU)M MM 2 i 7 350 LA K.
R J | A 0 BT T

2 HR5HMH

2.1 [EHE RS X 22 £ 50 B AR B 1 A 2 i

Bl 3 JRIR T SEIR R AR O S . o tRE AL
RN 200~250 nm; BRIE ZEALREFIERIE BB 5,
HAEDAARA, AR PR 2 DULERIRES .

Bl 4 9 4 BRI RE AT E . A RIBTY 2
NI E BN E AT R (B 4(a)), AR 2 5L
N 40%~45%, FrtREME RIS ECR 50%~60%11)
TR AT DR FEBT DRV o o) b [ AR AR R 40 %
N A0% T HRE 1 RS AR HON 45% 15K k) 2
R, FEMBERTEMNRE. L3R N
1.28 s7'(F 4(b)), Kl 2 (%6 (2206 mPa-s)ELIEk] 1
(FIZ5FE (1742 mPa-s) K 26.6%. 7EH [F] A& A
BN, SRRl 2 ARkl 3, RILIE AR AL
SR, WRHNEE N M. YR 128 s FHE 3
(1% FE (2034 mPa-s)tL 2 KL 2 R MK 7.9%. 1E
R I ERE B AR S R, T DL S R
M. xTELdRl 3 Akl 4, fEBIPIR 1285
KL 4(1946 mPa-s) LKL 3 IR FE R 4.3%.

PLESERUH, AR AR SEOR SR 24 4 7T
DA S R A v [ AH B B T PR IEAR P R0 BT DI FR A
Yo METYIR S 6.42 s I, 4 IO B N T
1000 mPa-s, X {RiE [ HEHEST BRI B R4 1)
. INERIE S ARE R OR] A 0 IR SRR
TEFR BN FE A B TR kL 1 A1, AT AN 23 186 i 2
KBTI ), A SRS .



El i AL, & U2 L ALOs-SiO, 5 A B 88 - BRI & JOBMRR 11 K 't 5 3 A 17 773

HH Hﬂﬂm -

0.18 0.20 022 024 026 028 030
Al,0;-PL thickness / um

351 ©®)

—_— NN W
= =
T T T T

Relative frequency / %
=)

[TV}
T

K3 %WB’JH%EE%%MH
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(a) ALOs-PL; (b) Frequency counts of Al,Os-PL thickness; (c) Spherical silica; (d) Al,O;-NP
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Fig. 4 Comparison of viscosities and sedimentation of the four slurries
(a) Viscosity change of the four slurries at the shear rate from 0.16 to 6.42 s™'; (b) Viscosity of the four slurries at a shear rate of 1.28 s™';
(c) Sedimentation of the four slurries; (d) Photography of the slurries after sedimentation; (e) Photography of the newly prepared slurry
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Fig. 5 Fitting curves of curing characteristics of the four
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Table2 Penetration depth and critical exposure
energy of theslurries

Penetration depth,  Critical exposure energy,

Slurry No. D,/um E/(mJ-cm™2)
1 80.3 6.4
2 87.5 7.5
3 67.7 3.4
4 66.6 27
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Fig. 6 Monolayer curing accuracy analysis

(a) Mask of the monolayer and test dimensions indicated by the yellow
lines and arrows; (b—e) Optical micrographs of (b) slurry 1, (c) slurry 2,
(d) slurry 3, and (e) slurry 4
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Fig. 7 Dimensional error frequency statistics of cured monolayer
(a) Slurry 1; (b) Slurry 2; (¢) Slurry 3; (d) Slurry 4
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Fig. 8 Textured porous structure and the printed front tooth veneer
(a, b) SEM images of the cross-sectional sintering part printed by using
slurry 2; (bl) Al element distribution; (b2) Si element distribution; (c,
cl) complex front tooth veneer structure
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Table3 Solid contents of the slurry models generated by the algorithm
Slurry Model T::)ft:gbd ALOs;-PL/ ALOs-NP/  SiO,/  |Slurry Model Ts::t:zbd ALOs-PL/ ALOs-NP/  SiO,/
0/ (3 a o/ a o/ a 0/ (: A o/(: a0/ a
No. No. %(in vol)’ %(in vol)®  %(in vol)* %(in vol)® | No.  No. %(in vol)" %(in vol)®  %(in vol)® %(in vol)
1-1 40.5 20.4 12.1 8.0 3-1 45.6 27.6 9.2 9.2
1 1-2 39.5 20.4 11.7 7.8 3 3-2 45.7 27.3 9.3 9.3
1-3 39.8 20.4 11.6 7.8 3-3 45.0 27.5 8.8 8.8
2-1 44.9 22.5 13.4 8.9 4-1 45.6 27.6 4.5 13.5
2 2-2 449 22.5 13.4 8.9 4 4-2 45.1 27.3 4.5 13.4
2-3 44.5 22.4 13.2 8.8 4-3 45.6 27.5 4.5 13.6

* Using the area ratio to represent the volume ratio

40vol%-50PL-30NP-20Si0,
Model 1-1

Model 1-2

Model 1-3

B9 JETHROBG I 7 Al BRSSO RORE 1 3 MR L
Fig. 9 Comparison of three models for the slurry 1 based on modeling algorithm
(a) Model 1-1; (b) Model 1-2; (c) Model 1-3
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Model 1-1
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Fig. 10 Four slurry models and corresponding simulation
results of light intensity distribution

(a) Model 1-1, (b) model 2-2, (c) model 3-3, (d) model 4-1, and their

corresponding (al—dl) cloud and (a2-d2) streamline charts of light
intensity distribution
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Fig. 11 Average values of the light intensity distribution in
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