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Abstract: Additive manufacturing (AM), also known as 3D printing, has been attracted extensive attention and
developed rapidly in aerospace, optoelectronic engineering, microelectronics, and other fields due to its unique
characteristic of "shape and performance control". Developing 3D printing materials is critical for the practical
applications in various fields. Therefore, this article reviews the current high-performance polymeric materials for 3D
printing and the advanced intelligent manufacturing technologies. It focuses on the 3D printing technologies of
polymers, the high-performance polymeric materials for 3D printing, and the related applications, which can provide
new directions and ideas for its research, development and application.
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Fig. 1 Schematic diagram of additive manufacturing technology. (a) Fused deposition modeling (FDM)!'?;
(b) Direct ink writing (DIW)""; (c) Stereo lithography (SLA)?*; (d) Digital light processing technology (DLP)®;
(e) Continuous liquid interface production technology (CLIP); (f) Selective laser sintering (SLS)"?
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Table 1 Comparison of parameters of 3D printing technologies based on polymer
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Fig. 2 (a) FFF printing and manufacturing mechanism of PEEK microporous lattice scaffold®”; (b) pH triggers the 3D printing

manufacturing mechanism of the bone-promoting 3P-Ag-AP-PEEK scaffold®": (c) 3D printing to manufacture implantable
bones with different crystallinity®®®; (d) Improve the PEEK parts formed by the high temperature FDM 3D printing system!**
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(b) Inkjet 3D printing low viscosity BMI complex structure display

Gama S5 I FOR PRI B PSR 15 2R
(TPUYH, SRJE AT 3D FTER(E 5(c)), 13 2IRYRET PU
WKL SRR IR B B P R i S A
BN AL, i THORRIRGSENE, AR IR B
MAEFRYFIEVERE, (HAER AR AT S O B AT
I FHHME @%ik?kﬂ@bﬂ/\%%ﬁl?#ﬂ@%EE*%%F%?
K, I Hib TR S LA S U sEA
DRI SRR LA R FH S 28 o gk R ) S5 AA b PR Bl 3 45 iﬂji

AR, xRN 3D FTEPRIMTST T2 T4
KB HALEREE 3D FTEPRREEARE, B E A4k
WFEANRIBETE S A RE, mPERER AR C 28
WAETEAR BN RPN o JEHAE PR AT, SRR
3D FTENAPRHERE NGRS | ol 85 B A5 U pl ) iz 1Y
Wl Kok, REW 3D ITENFPRIOBIE A, &
Bl T HBEEERE . ol IEPERE . i ARSI A

[46]

\\\\\

3.4 IFERAE

WEM IR RA SRR IEGE . B rEne. it
JE T | WA DL R 57 1 © A K
TRAE L U T UL 2 DI RERG 570 7= i o SR
A BRI RIVE RN S 22, BT XA G r%uiml
il 2 BB A

BRI BRI E R IR S & L s PERE A
ZRESFI R PG A i 2 EOCE R, T AN
RAFHURERE, (AR AR AT LS BRI R4S 5 L
SR UM RE AU D)6 . Nadim 55059 A G# K
YOREE LR S ER IR A T R RS
3D FTER(A 6(a)), BFFELS R AL SR HLAGR E
AR e, (HYRIORL Y 5 | AR B

210137-8



JtE T#E, 2021, 48(9): 210137 https://doi.org/10.12086/0ee.2021.210137

(a) (al 4
Dip coating
——

3D printed
prganic frame

—\
— @

Hydrogel-elastomer
sensor

(a2)

1t

\

T A

|
40 | 1/ '
\
5 VIV
x 0 100 200 300 400 500
Time/s
(@6) o, —

8.5kQ  ARIR/(%)
[e2]
o

-
=

Ry=16 kQ ARIRo/(%)
&%
o

2003 20 40 60 80
Timels
(b) ""L._'"'.-.
. = | uv I|ght f -
PU/PANI o
uv Ilght o ﬁ

PU/graphene

The use of cork thus PUFs with
Cork . -
* Damping performance .
* Elastic behavior o
Moy e Lower density .

* Lower thermal conductivity

- ey
-
—
PU foam' =« =
0% cork == s
PU foam
1% cork
PU foam

3% cork
Suitable for:

i ¥ .
el 2 ol : Ehermal |nsu||2l!tlotrj PU foam
5z Cork 990 amping applications 5% cork

B5 (a) EMEEHERERTT RGO FIGHAESE") (b) DLP 378 A4 REH K PU L4644
AHEAEP (C) 3D TP R BALIE R A M B A B (TPU) oAt = 2 A

[49].

1,
.
»
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Additive manufacturing of high-performance polymer materies and their appilications

Overview: Additive manufacturing (AM) is a technology based on the principle of layer-by-layer manufacturing, which
can be freely designed. Through point-by-point, line-by-line, and layer-by-layer manufacturing to construct complex
parts such as polymers, metals, and ceramics, it is a new type of precise control of the microstructure of printing
materials. Manufacturing technology, which reduces the product manufacturing cycle and cost from the design and
manufacturing methods, has been rapidly developed and widely used in aerospace, optoelectronic engineering,
microelectronics, and other fields. However, the 3D printed polymer complex products lack the strength and functions
required by the bearing part, resulting in 3D printing technology and its polymer materials are still in the conceptual
prototype and functional design stage. Therefore, this technology has limitations in the manufacturing technology and
application fields of complex parts such as heat resistance and high strength. Then, high-performance 3D printing
polymer materials with comprehensive properties such as high temperature resistance (>100 ‘C), high mechanical
strength, high hardness, and high modulus at the top of the polymer material pyramid is developed to promote the
development and application of 3D printing technology. At present, 3D printing technology can achieve complex
intelligent finishing high-performance polymer materials including polyimide (PI), polyetherimide (PEI), polyether
ether ketone (PEEK), polyphenylene sulfide (PPS), High-performance epoxy, etc.

Because of their rigid molecular structure, crystallinity, and molecular weight, these high-performance polymers
endow them with extremely high heat resistance, high hardness, high mechanical properties, and high modulus, which
cannot achieced by traditional processing methods. 3D printing can achieve high-precision, high-complexity,
lightweight and miniaturized manufacturing and application of key components. The 3D printing manufacturing
technology has "controllability” and the ability to directly form high-precision complex parts in one step, and has the
advantages of short molding time, simplified molding equipment, material distribution on demand, and freedom of part
design in the manufacture and application of high-precision, high-complexity, miniaturization and lightweight terminal
parts. In addition, how to realize the 3D printing preparation and manufacturing of ultra-high-performance polymers
has always been a research hotspot in this field and a problem need to be solved. Therefore, with regard to the current
polymer 3D printing and application research, this article focuses on the polymer 3D printing technology and the 3D
printing research and application of various high-performance polymer materials, and the preparation and application
of 3D printing high-performance polymer materials. The development has been prospected, so as to provide new
directions and ideas for the research, application and development of 3D printing high-performance polymer (HPP)
materials.
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