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The four-dimensional (4D) printing for ceramics was developed in 2018, which helps enhance the
geometrical flexibility of ceramics (Guo Liu et al. Jian Lu*, Sci. Adv., 4, 8, eaat0641, 2018). A paradigm for a
one-step shape/material transformation, high-2D/3D/4D-precision, high-efficiency, and scalable 4D additive—
subtractive manufacturing of shape memory ceramics with original/reverse and global/local multimode shape
memory capabilities has been proposed (Guo Liu et al. Jian Lu*, Adv. Mater., 35, 39, 2302108, 2023). Based on
the development of various ceramic precursor materials and local re-ceramization technology, 4D printing of
heterogeneous ceramics with controllable deformation and 3D printing of shape-keeping heterogeneous ceramics
have been realized (Guo Liul, Xinya Lul, Xiaofeng Zhangl et al. Jian Lu*, J. Mater. Sci. Technol., 201, 210-221,
2024). Recent progress in developing new equipment for high-speed, high-resolution, and multi-material 3D/4D
additive—subtractive manufacturing of large-scale and complex-shaped ceramic materials, and also the application
demonstration of components, including 3C electronic intelligent components and aerospace key components, will
be introduced. This talk will explore Chinese traditional ceramic craftsmanship and illustrate its potential synergy
with contemporary additive, subtractive, or additive—subtractive manufacturing methods (Xinya Lul, Guo Liul,
Jian Lu*, Addit. Manuf. Front., invited review; Guo Liul, Xiaofeng Zhangl, Xuliang Chenl, Yunhu Hel et al.
Jian Lu*, Mater. Sci. Eng. R Rep., 145, 100596, 2021; Guo Liul, Yunhu Hel, Pengchao Liul et al. Jian
Lu*, Engineering, 6, 11, 1232-1243, 2020).
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Liquid composite molding (LCM) has been widely used in continuous fiber reinforced polymer composites
(FRP) manufacturing in the fields of aerospace and navigation areas. The flow control is complicated, trial and
error cost is high in large complex parts to avoid the dry spot defect. Here we tried numerical simulation and
online sensing to help the optimization of LCM forming process.

For the simulation issue, the mainstream simulation software is monopolized by foreign countries and cannot
meet the requirements of complex part, it is urgent to develop an independent LCM simulation software in China.
By establishing a 3D governing equation, improving the stability of low-quality grids, predicting gas-liquid
interface, solving the pressure-velocity coupled filling flow governing equation, we realized the 3D flow
simulation. Then it was integrated with the functions of LCM process parameter setting and visualization of
calculation results to obtain a numerical simulation software platform. A series of cases were used to verify the
accuracy of the developed software.

For the online sensing issue, the existed embedded sensors may disrupt resin flow patterns or fiber
deformation inside the part due to their thicker thickness or higher rigidity than the fabrics. To accurately monitor
the signals within the part during the LCM process, a thin and flexible Pt-coated film capacitive sensor was
designed to minimize the effect of sensor on flow behavior. The flow front, thickness variation and curing inside
fabric preform in LCM can be accurately captured based on the variation of the capacitance signals and its second

derivative curves obtained by the sensors.
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Preparation and properties of Mg-based composites reinforced by Ti particles through laser melt injection
Zhenzhen Gui*!,Dejian Liu?
1. Guangzhou University
2. Huazhong University of Science and Technology

Magnesium (Mg) and its alloys have potential to serve as biomedical implants for their physical
characteristics, while the hardness and wear resistance need to be enhanced for further application. Ti particles
with appropriate size evenly distributed on magnesium matrix to form a wear-resistant barrier is expected to
improve the wear resistance. The existing preparation methods have some shortcomings, such as time-consuming,
limited size, particle agglomeration, and inability to prepare flexibly on the surface, etc. In this study, Ti particle
reinforcing Mg-3.0Gd-2.7Zn-0.4Zr-0.1Mn matrix alloy (named as TiP/Mg-RE composites) prepared by laser melt
injection is proposed to explore the feasibility of large area preparation with good properties. Real time
monitoring of the molten pool flow is carried out to investigate its stability during the laser melt injection
process through a high-speed camera. Investigation on microstructures, microhardness and wear resistance of the
TiP/Mg-RE composites are carried out. Results show that large area of TiP/Mg-RE composites are obtained stably
and repeatedly through laser melt injection with no obvious welding defects in apparent morphology and inside
microstructure. Ti particles maintain initial shape in the molten pool and forms well metallurgical bonding with
the Mg-RE matrix through the alloy elements, according to the analysis of SEM and EBSD. Significant
improvement in microhardness and wear resistance of the TiP/Mg-RE composites compared with that of Mg-RE
alloy are obtained. Microhardness of the TiP/Mg-RE composites achieves around 145HV, which is 100% higher
than that of the Mg-RE matrix. The TiP/Mg-RE composites show a mechanism of abrasive wear, and have a stable
friction coefficient and running-in stage. Ti particles have higher microhardness and strength than that of the
Mg-RE matrix, resulting in the TiP/Mg-RE composites display better wear resistance than the Mg-RE alloy during
repeating friction process.
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