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Design of Functional Polymer Dispersant for
Dispersion/Assembly Structure Control of
Particles and Material Processing

Motoyuki IIJIMA'

Background and Aims: Slurries in which fine particles are highly dispersed in liquid media are utilized in a wide range of
material processing, including those in the fields of energy, environment, catalysis, and pharmaceuticals. Controlling the
dispersion state and assembly structure of fine particles is key to improving the handleability of slurries and the performance
of the final products. Herein, we review some examples of applying a partial complex of polyethyleneimine (PEI) and fatty
acids as functional polymer dispersants to control particle dispersion and assembling behaviors in liquid media. Further,
focusing on ceramic processing, we demonstrate that the particle dispersion/assembling control by functional polymer
dispersants can be implemented in material microstructure control and three-dimensional structuring.

Methods and Results: A complex of PEI and fatty acids was simply prepared by mixing PEI and fatty acids in nonaqueous
solvents. The designed PEI based complex was found to adsorb on various series of particles which enabled to improve the
dispersion stability of multi-component slurries. In addition, particle assembling control was achieved through a strategic
mixing sequence of the slurries containing PEI based complex. By utilizing this particle assembling technique, the
microstructure control of ceramic green bodies comprised of Si and sintering aids, which were designed for post-reaction
sintering process of Si;N, ceramics, was successfully achieved to improve material properties. Further, interparticle photo-
cross-linkable slurries can be designed by the leverage of free amine groups in PEI based complex fixed on particles as cross-
linking reaction sites. The designed photocurable suspension played an important role in achieving rapid 3D structuring of
densified and porous ceramic components.

Conclusions (Outlooks): Partial complex of PEI and fatty acids was designed as polymer dispersants possessing
multifunctional properties enabling particle dispersion control, particle assembling, and provision of stimuli-responsive
reaction sites. The designed functional polymer dispersant played an important role in microstructure control and 3D

structuring of ceramic components. We
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Fig. 1 Appearance of SiO, components sintered from a
green body prepared using slurries processed
through different mixing procedures (A: planetary
mixing and ball milling, B: planetary mixing, C:
intentional aggregate formation. The slurry compo-
sition and shaping process were fixed.).
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Fig. 2 A schematic illustration of a complex of PEI and
oleic acid and the appearance of the toluene
solution of PEI with oleic acid.

1000 g
E SizNy
Fe 15vol%

FO 20vol% @ 25vol%

100 1 30vol% M 35vol%
F Mono-component
- ]

10 . " / slurry
3 oo

Shear stress [Pa]
[ ]

01 ? Multi-component slurry

® Si;N,-Y,05-MgO (15vol%)

0.01
0.1 1 10 100 1000

Shear rate [1/s]

3 SigNy/ LI > B KV SisN,-Y,0,-MgO/MILIT > X

Z U —DOREEER E SiN/ ML > X5 —D4HE.

Fig. 3 Flow curves of Si;N4/toluene and Si;N,-Y,05;-MgO/

toluene slurries and the appearance of SisN,/
toluene slurry.
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Fig. 4 (a) Schematic illustration for the mixing process of
raw particles and PEI-OA modified particles and
appearance of toluene slurries presented with SEM
images of particles collected from corresponding

slurries (toluene slurry with (b) Ni and (c) Ni and
PEI-OA modified SiO,).
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Fig. 5 (a) Fabrication process of Si;N, ceramics through post reaction sintering process using Si, Y,0; and MgO as
reagents. Microstructures of Si-Y,0,-MgO green bodies prepared from a slurry with (b) conventional mixing and
(c) modified mixing process which sintering aids were assembled on Si particles.
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Fig. 6 (a) A schematic illustration for interparticle photo-cross-linkable slurry, (b) microstructure of photocured body
prepared from interparticle photo-cross-linkable slurry, and (c) green and sintered SiO, body manufactured by

stereolithography process.
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Fig. 7 (a) Schematic illustration for interparticle photo-
cross-linkable Pickering emulsion and (b) appli-

cation to the shaping process of ceramic porous
body.
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