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Project Background

Spinal cord injuries cause irreversible tissue and neural damage, leading to long-term disabilities. While electrical
stimulation has emerged as a promising tool for promoting neural regeneration, its clinical application is hindered by
wired implant scaffolds and external power sources. Piezoelectric materials offer an alternative wireless solution —

however, thus far, most are Pb based and not suitable for bio application.

This project demonstrates the feasibility of additively manufacturing complex shaped piezoelectric porous structures,
specifically potassium-sodium-niobates (KNN), by using Digital Light Processing (DLP), suitable for bioimplant
application. This poster highlights the outcomes of comprehensive synthesis and characterisation of the produced

feedstock material for DLP.

Research
(Results + Discussion)

The first step for the project was to synthesise KNN
near the morphotropic phase boundary (MPB) by
conventional solid state ceramic processing.

KNN of 50/50 was selected as a lead free
niezoelectric material due to its electric properties,
high Curie temperature, biocompatibility and 3D resin printer for additive

manufacturing 121 (ANYCUBIC-

existence of MPB. UK, 2024)

Once KNN was synthesised, high density sintered pellets were
manufactured at 1100-1150°C for characterisation of the material
composition, morphology and dielectric properties (Figures 1 and 2).

—— KNN, measured
¢ KNN - PDF No. 01-085-7128

Intensity a.u.

20 | 30 | 40 20 | 60 | 70 | 80
28 (°)
Figure 1: XRD pattern of KNN synthesise post calcination
XRD of powder confirms the synthesis of single phase K, :N, -NbO3.
The obtained XRD is compared to a reference pattern from ICSD.

Figure 2: SEM of pellet sintered at 1100°C

SEM image of unpolished pellet shows the high density (4.30g/cm?),
limited porosity and grain size of the pellet.
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MATERIALS
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Valeo C+CSC cervical interbody fusion device [1]
(Arts, Wolfs and Corbin, 2013)
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The hysteresis loop obtained
(Figure 4) displays the polarization
behavior, indicating the presence
of a strong ferroelectric phase. The
ceramic’s remnant polarization and
coercive field can be inferred from
the graph at the x and y intercepts.

20

=
o (=]

Polarisation / uC-cm-2

-20

d33 P, (nC/cm?)  E.(kV/cm)
KNN 63.2 17.54 9.1 .
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Figure 3: Key piezoelectric values of synthesised KNN Figure 4: P-E hysteresis loop
compared to literature

Figure 5: Kelvin TPMS structure Figure 6: Gyroid TPMS structure

Example TPMS structures, as seen in Figures 5 and 6, have been
manufactured using commercial resin. These structures will be used for
the manufacture of KNN porous scaffolds. The ceramic 3D printing will
continue in the final quarter of the project.

Constituents Material
Photocurable resin 1,6-hexanediol diacrylate and 1,1,1-trimethylopropane triacrylate
Dispersant DISPERSEBYK-111
Photoinitiator TPO, diphenyl (2,4,6-trimethylbenzoyl) phosphine oxide
Ceramic Powder KNN (~40-45 Vol%)

Figure 7: Table of material constituents for 3D resin printing

Conclusion

Solid solution KNN was successfully manufactured with sintered parts
achieving 95% theoretical density and high ferroelectric properties
(d33 = 63.2 Figure 3). Ceramic printing is underway as suitable ink
constituents (dispersant, binder system, photoinitiator, resin) for 3d
printing KNN have been identified (Figure 7).
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