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Abstract: The stimulus-response composite is a kind of intelligent material, which usually possesses
the characteristics of self-perception, autonomous response, shape memory, adaptive and self-healing.
The stimulus-response materials used in 4D printing were reviewed in this paper, and the application
research progress of 4D printed shape memory composite hydrogels and shape memory polymers
(SMPs) and their composites was focused. Finally, the application status of 4D printing in the
biomedical and aerospace fields was summarized, and the development trend and application prospect
of 4D printing were prospected. 4D printing is an emerging manufacturing technology. Although
various printing methods, printable smart materials and driving methods have been developed, 4D
printing still faces many challenges in practical engineering applications. Novel printing technologies,
smart materials, structural design and modeling software need to be developed to facilitate the
practical application of 4D printing in the fields of soft robotics, biomedicine, aerospace and intelligent
electronic equipment.
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Fig. 1 4D printing of water-induced composite hydrogel structures (a) during the direct writing 3D printing of hydrogel composite ink, the
shear-induced arrangement of fiber filaments could cause anisotropic swelling of the structures and control the bending deformation of the
bionic structures in 4D printing*3); (b) preparation process of hydrophilic/hydrophobic hydrogel composite structure, 3D printed wave
loop type and spiral ribbon type hydrophilic/hydrophobic composite deformed structure and ordered water response flowerst!®;

(¢) reversible driving component prepared by 3D printing, in which the hydrogel was constrained by the SMP

and the elastomer layer, the deployment process of an orderly driven shape memory petak-like structure 4]
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Fig. 2 4D printing of thermo-induced SMP components based on stereolithography (SLA)

(a)4D printed temperature sensor based on semi-crystalline thermosetting shape memory polycaprolactone (PCL) [*2); (b) projection
micro-stereolithography used for 3D printing of high-resolution shape memory Eiffel Tower model (left) and stent with adjustable size
parameters (right) [*3); (¢)thermally driven deployment process of 4D printed UV-curable shape memory polyurethane rectangular
specimen and lotus model M) ; (d)Cgo buckyball model prepared by SLLA 3D printing technology deployed or compressed into a
temporary shape at high temperature, and then restored to its original shape by being immersed in hot water at 65 ‘CH5];

(e)shape recovery of porous sample prepared by new epoxy soybean oil acrylate through 4D printing 6/
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Fig. 3 4D printing of thermotropic SMP components based on digital light processing (DLP)

(a)entire shape recovery process of 4D printed SMP in a 73 ‘C water bath [*8); (b) permanent shape (first line) and temporary shape
(second line) of 4D printed flower ring models, models restored from the temporary shape to the permanent shape after being
heated above the glass transition temperature [9); (¢) demonstration of the digital fabrication of complex permanent shapes and their
shape memory behavior,in a flat printing layout, the black background indicated non-light-illuminated areas, light and dark areas
correspond to exposures of 14 s and 30 s, respectivelyl®); (d) self-repair and shape memory effect of 4D printed actuators
based on PCLDMA-UPyMAL ; (e)application demonstration of 4D printed self-healing SMP (SH-SMP)L'7];

(D design of gradient SMP as an arm of a soft robot and the orderly shape recovery process 52

, , , SMP
o 3(H g-DLP ,
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Fig. 4 4D printing of thermally-induced SMP based on fused deposition modeling (FDM)

(a) thermal reversibility of MA polymers during FDM 3D printing™®*) ; (b) 2D lattice material composed of thin-walled PLA rings was

originally hexagonal pattern, and the PLA rings were also transformed into hexagons when the lattice material was heated to 90 ‘C ,it was

shaped into a temporary shape and then cooled.after heating again, it returned to a hexagonal structurel5J; (¢)orderly closure of 3D printed

leaves similar to mimosa, orderly deformation was controlled by the thickness and size of the grooves in the double-layer actuation unit 1567

(d) process of manufacturing complex objects using a ternary blend by a commercial FDM 3D printer and the

multiple shape memory process of a 3D printed flower model with eight petals 6%
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(a)recovery process of the programmed shape of 4D printed shape memory composite occluder under the
action of a magnetic field; (b) in vitro feasibility experiment of 4D printed occluder
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