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Abstract: 3D printing, as an emerging additive manufacturing technology, converts virtual models
into physical objects layer by layer through computer-aided design (CAD). Owing to its advantages in
high-precision fabrication, complex structural construction, and highly personalized customization, it
has demonstrated broad application prospects across multiple fields. This review introduces the major
3D printing technologies, including vat photopolymerization (VPP), fused deposition modeling (FDM),
powder bed fusion (PBF), binder jetting (BJ), material jetting (MJ), and laminated object manufacturing
(LOM), and analyzes their applications in new energy and environmental protection, healthcare, aerospace,
and building infrastructure. This review also discusses 4D printing as an extension of 3D printing,
highlighting its programmable shape transformation and functional adaptability, with promising potential
in fields such as flexible electronics and intelligent actuators. Although 3D printing still faces challenges
related to material performance, standardization, and technology dissemination, continued technological

advancement and deeper interdisciplinary integration are expected to enable it to play an even greater role
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in intelligent manufacturing and precision production, thereby driving the transformation and upgrading

of the manufacturing industry.
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Table 1 Comparison of forming principles, technical characteristics, advantages and disadvantages of typical 3D printing processes
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Figure 1 (a) Schematic diagram of photovoltaic system integrated with 3D printing technology (Reprinted with permission

from Ref. [55]; Copyright (2025) Elsevier Ltd.); (b) Fabrication procedure of composite hydrogel evaporators (Reprinted with

permission from Ref. [56]; Copyright (2025) Elsevier Ltd.)
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Figure 2 (a) Bone tissue engineering scaffolds reinforced with continuous PGA sutures, fabricated by FDM using PCL (Reprinted
with permission from Ref. [57]; Copyright (2020) Elsevier Ltd); (b) Scaffolds printed by DLP using three TK photocurable resins
(Reprinted with permission from Ref. [58]; Copyright (2025) Wiley-VCH GmbH.)
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Figure 3 (a) Geometric dimensions and thickness of the wall cavity configuration (Reprinted with permission from Ref. [65];

Copyright (2020) Elsevier Ltd); (b) Schematic diagram of the wiper coating process and flow chart for 3D-printed structures and

superhydrophobic treatment method (Reprinted with permission from Ref. [66]; Copyright (2025) Taylor & Francis)
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Figure 4 Fabrication of 3D printed Li—S bracelet battery: (a) Direct ink writing 3D printer; (b) 3D printed cathode;
(c) Assembly diagram of bracelet battery; (d) Fused deposition 3D printer; (¢) 3D printed battery case; (f) Bracelet battery at a

pressure of about 10 kg; (g—i) Bracelet batteries with lights on and off, and bracelet battery on wrist (Reprinted with permission

from Ref. [69]; Copyright (2020) Wiley-VCH GmbH.)
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Figure 5 (a) Images assembled from 3D-printed patterns of
pea, carrot, and corn inks (Reprinted with permission from
Ref. [76]; Copyright (2021) Elsevier Ltd.); (b) 3D printing
mechanisms of whole lotus root powder and whey protein-
whole lotus root powder (Reprinted with permission from
Ref. [77]; Copyright (2025) Elsevier Ltd.)
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Figure 6 Elements and Categories Involved in 4D Printing
Technology (Reprinted with permission from Ref. [79];
Copyright (2019) Wiley-VCH GmbH)
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