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JERbFE AT H (2023M743571) ; E %% B+ 5 015 Abstract: Compared with the traditional ceramic prepa-
AR5 B (6ZC20232743) 5w EFBF 24 Bt 4 & B 5% ration technology, the stereolithography 3D printing tech-
BUFELATI H (2024-PY11) s £5 b 4 65 v AR 4 [ nology has the advantages of high molding accuracy, short
RS T HOE A T (CAT2023-006) 5 % BUB BT 4e production cycle and low cost, which provides a reliable
HF B TR (2023cxeysj0l15) ; 1L THRHFH AR
R (2024]H2/101900011) 5 HHEIBC AR TR FE HoAR A

forming process for the preparation of complex structural
ceramic components. The key to high-performance ceramic
core via the stereolithography 3D printing lies in the pre-

FRZ " I (J790); B %W gl BF & 3 % A pare ceramic slurry with high solid loading, low viscosity
(2024YFB3714500, 2018YFB1106600) and uniform stability. The addition of small size ceramic
S, B R OB 1999 A Wi particles can improve the performance of ceramic compo-
BIRMESE . SR, B, 1993 454, BHFEATSC A nents, but it also causes the poor dispersion, high viscosi-

Email: qlli@ imr. ac. cn ty and insufficient curing depth of the slurry. To solve
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these problems, the most effective method is to add disper-
sant in ceramic slurry, utilizing steric hindrance and elec-
trostatic repulsion mechanism of dispersant, the incompati-
DOI: 10.7502/j. issn. 1674-3962. 202311033 bility between oxide ceramic particles and oily photosensitive
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resin can be alleviated, the repulsion between ceramic particles can be increased, and the agglomeration between ceramic

particles can be reduced, so as to realize the preparation of ceramic slurry with low viscosity, high solid loading and uniform

stability. In this paper, the domestic and international research progress of using dispersant to improve the stereolithography

3D printing ceramic slurry status was summarized, and the selection rules of dispersants for preparation of ceramic slurry

were summarized, which provided a theoretical basis for the preparation of uniform and stable 3D printing ceramic slurry with

high solid loading.
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Fig. 1 Electrostatic repulsion between powders

W B CE RO IHT, 01 BEAE 20 B B R e T, R ]
A BE A AFAE — 2 HYBREE (ANIAT 2a) , (DAL T I1) S A 48 1
ABERS, AEE TR ER Z MR, A REE U
ikl k2R AR K2 N 90 Ui TAIDIZIE i ]
WP SRR EE ™ LI 2b,,

f )
Chain

Hydrophilic group

Hydrophobic group

P2 ZSTBELEE () FEATBLER, (D) WORIAIS
Fig. 2 The steric hindrance effect between particles: ( a)mechanism

of action, (b)particle agglomeration
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Table 1 Research status of dispersant improving slurry preparation for photopolymerization additive manufacture
Auth Printi d Print | Di L Solid load,/wt% Shear viscosity Sedimentation rate
uthor rinting mode rint sample ispersan Solid load/wt% (Pa -s) (25°C/ 12 h)
Ding! %! DLP Sic KOS110+17000 (5wt%) — 0.55 (60s™") 5%
Azuma'**! SLA Sic SOPERSE39000( 5wt% ) 53% 0.1(10s™") —
J . Kimt DLP Al, 0,4 BYKI111 (3wt%) 50% 1.2 (100 s7") —
Insup Kim 5’ DLP PZT BYK142 (2wi%) 80% 1.9 (200s™") —
Wul5] SLA Al,05-7x0, PVP (1.2wt%) — 0.23 —
Zhang!*! — Al,O4 KOS110 (5wt%) 40% 3.49 (200s™") 12%
Zhang" ¥ — 7r0, KOS110 (2wt% ) 40% 1.2 (200 s7") 3.8%
Wang' DLP Si Polyacrylamide 57% 1.48 —
Borlaf!®! DLP 7x0, 41000+MELPERS4350 ( 1wt% ) 45% 3.2 (100s™") —
Hinczewski 62 — Al BYKI11 (2.2wt%) 53% 50 (100s7") —
x2 HEFNEAARER
Table 2 Research progress of dispersant selection
Sample Dispersant Preferred scheme Machine analysis Ref.
ALO a.SA, b. PAA-NH,, ) The OA treated powder has better wettability than the original alumina [25]
2 c. OA ¢ powder and HDDA due to its smaller wetting angle.
N . Polyammonium methacrylate is an ionic dispersant, and the molecular
a. Triamine citrate, . . . - .
- . chain of a certain length plays a role of spatial stability. The ionized car-
PZT b. Polyammonium methac- b . . K . - [30]
’ boxyl ions with negative charge adsorbe on the particle surface, which in-
rylate . L .
crease the electrostatic repulsion force between the ions.
a. PMA25, b. PGMEA,
Al 05 c. PAA-NH,, d. PVP a - [45]
a. KOS110, b. 17000, 'ihe ‘ilppr(')pr:lzite f]zonlentf of KO?I 10+fl7090 '(,hspelrsz‘{lr'lt f(f)'rlms a ?}Ttwérli
sic . 20000, d. 27000, . structure in the slurry, forms a layer of organic protective film on the sur [53]
face of the particles, prevents the particles from colliding with each oth-
e. KOS110+17000 . . " Lo
er, and the dispersion effect becomes better and the viscosity is reduced.
KOS110 is a copolymer that forms a polymer chain on the surface of alu-
. KOS110, b. KOS163, mina, one end .of l.he chain is al.dsorbed on the surface of alumlr{a, and
Al, 04 a the other end is interspersed in the resin. After the slurry is fully [58]
c. Solsperse20000 1 . .
stretched by ball milling, the polymer chain reduces particle agglomera-
tion.
a.SA, b. BYK, The anchoring head of phosphate group exists in BYK dispersant, which
7x0, c. OA, d. KH560, b is easily bound to zirconia particles, and the end chain has affinity with [71]
e. CC-42ns non-aqueous media.
& BY.KW%g’ b. BYKw9%, The dispersant BYKw969 stabilizes the particles and resists the deposi-
7x0, c. Triton X-4, a . ired for the licht d 3D printi [72]
d. Triton X-114 ion required for the light-cure printing process.
a. Polycarboxylate, Polyacrylate is an anionic dispersant, which is more easily adsorbed on
AL, O, b. Polyacrylate a and ¢ the surface of positively charged alumina under alkaline conditions, and [73]
c. Polycarboxylate the dispersion effect is poor.
a. Triethanolamine, Fish oil contains unsaturated fatty acids, and the anchoring groups in the
70 b. Triolein, 1 molecules will be adsorbed on the surface of the powder to form a steric [74]
2 c. Corn oil, ¢ layer, thereby preventing the sedimentation and agglomeration of parti-
d. Fish oil cles.
. The reaction of the carboxyl group of OA with the hydroxyl group on the
a. PEG-600, . . -
b, PVP-KI5 surface of the ceramic particle reduces or eliminates the hydroxyl group
710, ’ ’ d on the surface of the particle and forms a hydrophobic chain on the sur- [75]
c. PAA-Na, . . . .
4 OA face of the particle. The surface of long chain coated particles has steric

hindrance to prevent powder agglomeration.
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Sample Dispersant Preferred scheme Machine analysis Ref.
a. Polyacrylamide, Polvacrylamide is a s 1 and too 1 lecular chains are eas
ALO, b. Polyvinyl alcohol b and ¢ olyacrylamide is a superpolymer, and 1oo long molecular chains are easy [76]

to tangle together, affecting the dispersion effect.
c. Polyethylene glycol
a. Sodium polyacrylate ,
Si0, b. Polyvinylpyridone, c — [77]
¢. Ammonium polyacrylate
a. Polyvinylpyrrolidone,, Sodium polyacrylate is an ionic dispersant, which ionizes in solution and
L b. Sodium polyacrylate enhances the effect of electrostatic force between particles. At the same
Cordierite . b . . [78]
c. Sodium polyphosphate, time, the surface of the powder adsorbs sodium polyacrylate molecular
d. Sodium citrate chain, and there is a strong steric hindrance between particles.
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