%36 % 4 8 M [ s S R (¢ Vol. 36, No. 8
2023 4F 8 f POLYMER BULLETIN Aug. . 2023

<k
¢ Bl 4L 3D +T BN 38 B 10 B BF 53 i3t P

g AR ERA A WES AR LESEY LA EREST RS R E R AT
(L AT TG T8 A0 T 8320035 2. oft VBRS¢ % ML WU TG P 1814 e 1 15 7 A 56305 L 24 730000
3. WAL R MK AL T2 B . 22 M 7300305 4. M A2 SEE MY 15 40 G LA S5 A 2 o R S bR 5
S AL TP BOARBITEBE AR A 2640065 5. HYI BB H A BF 5B I 518172)

TEE AR SR 3D HT B H AR P i G i L A B R G 286 T A B DR ok ol 3 45 OO A6 A P fip e SR Tk 0 Jie
(polyimide, PD [ BIKS %5 5T 44 2 Be FL 1) 68 25 0 — A b ol o B AR e 80, 52 3 T 98 3 1 T2 98 RN 36 3
TR 3D FTEN I R E S Pl W B b 4 bk, R B T — R 5DEEML sSDHTEN PL MR R LB F R, A&
SCIHGN ST YA 3D HTED PT A RS Tl 4 N, A T SE MO ZIE AR (SLA) BT AL B4 R (DLP)
AL AN B BB H AR (UV-DIW) 256 [E 4k 3D FTE PLBF T8 8 L fe J il 2 6 4k 3D FTED P AY 7 A 7=l
IR B 5% & SR %ok .

KRR R s ARG s OGEAL 3D ATEN ;s B2k M AR

Research Progress of Vat Photopolymerization 3D Printing Polyimides

YAO Xin-le"”, WANG Cheng-shuo®®, YANG Yu-jie’*, GUO Rui**, JI Zhong-ying”*, GUO Yu-xiong”"'" ,
XIAO Jun-feng’, SUN Chu-feng’ s WANG Xiao-long®"
(1. School of Chemistry and Chemical Engineering » Shihezi University, Shihezi 832003, China ;

2. State Key Laboratory of Solid Lubrication . Lanzhou Institute of Chemical Physics, Chinese Academy of Science .
Lanzhou 730000, China; 3. School of Chemical Engineering s Northwest Minzu University , Lanzhou 730030, China ;
4. Shandong Laboratory of Yantai Advanced Materials and Green Manufacturing , Yantai Zhongke Research
Institute o f Advanced Materials and Green Chemical Engineering » Yantai 264006, China s

5. Shenzhen Institute of Information Technology , Shengzhen 518172, China)

Abstract: In recent years, owing to the advantages of high precision, customization, assembly-free and rapid
manufacturing, vat photopolymerization 3D printing technology has been widely studied by researchers for sol-
ving the problems of polyimide (PI) with miniature precision, special-shaped complex and functional structure
integration. A series of vat photopolymerization 3D printing PIs and corresponding forming technologies have
been developed based on the principle of vat photopolymerization 3D printing and the physicochemical properties
of PL. In this paper, the design and preparation of vat photopolymerization 3D printing Pls are summarized and
the research progress of vat photopolymerization 3D printing PI fabricated by stereoscopic lithography (SLA),
digital light processing (DLP), and UV-assisted direct writing (UV-DIW) is mainly introduced. The research

and development countermeasures are proposed based on the application and industrialization status of vat photo-
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polymerization (VP) 3D printing PI in the final.
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Figure 1 Schematic diagram of design and preparation method of PI for vat photopolymerization 3D printing
%1 SLA,.DLP,UV-DIW &JE £ A B %t H
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Figure 2 (a) The synthesis of PADE and its imidization; (b) Dimensional shrinkage (%) of the printed structures
along the x, y, and = axes as a function of postprocessing temperature (Reprinted with permission from Ref. [25];
Copyright 2017 John Wiley &. Sons, Inc.); (¢) The synthesis of poly(amide acid) DMAEMA salt and its imidiza-
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Figure 3 (a) Synthesis of photosensitive polyimide oligomer; (b) 3D printing of polyimide oil filter and the baking test
at 300 °C for 3 h in Muffle; (¢) Comparison of tensile strength of UV cured PI before and after baking at 300 ‘C for
3 h; (d) Thermomechanical property of UV cured PI measured with DMA; (e) Photos of 3D printed rocket model and
motor mount (Reprinted with permission from Ref. [27]; Copyright 2017 The Royal Society of Chemistry)



. 908 - [T S S R 2023 4F

(@)

Printing
latform

HEAT
220°C
Z axis direction

controller ~  TTTTT====< PI-1  PI-2 PI-3 P-4 PIS

Resin box

Ultraviolet
—-

light source

QREoocc0
| &
1
Do
) [
Friction coefficient

Wear rate/[10°* mmY/(N-m)]

film

Casting

3 Pl4  PIS

Alternate-|
\ lubricating|
b

b

Build platform

Printed PI
Prmted PI-PTFE ubricating

p } i
Heating !

- !j |

| {

Design and sliced Surface-

SPI PTFE

ink
PTFE powders

Nt

Light source

200 pm

PSP] ink PSP] PTFE ink Rotatlng

(e) 9 0.8
H 8l @cmesmeseceoeseesns o e = 1204
b 3
Z ] Lo 2 o
"= £ B 100
= S =
s ¢ >88% (04 2 2
w 5] -p@-- = = 809
S 4 roz S & I
7] ] Y 9 2 5 e
S 3 oo & &
= e @
=~ 24 5‘: o 404
! 989, = =
B >98 2 £ 7
2 o— @ > 5 20
B 0 SRecRE et cecR TS @ ® |ou< =
al— . . . . 0
0 3 5 7 10 0 3 5 7 10
Content of PTFE (%) Content of PTFE (%)

Bl 4 (a) PIFESE DLP 3D $TEVRIR B SOF 09 4 R BUR B K 5 (b) PLRERI B9 COF RS R

(¢) 3D TEIfY PI
& Z kI ; PSPI Al PSPI-PTFE & & # %89 (D il 45 1 3D HEMZELE/T & (e) COF fH 54136 Fir fifr ok 155 Wy 24

K p PTFE & ki
Figure 4

AR R (D DLP 3D 4T E il i (19 B A D5 & B8 A7 (2022 Elsevier RURLFAT)
(a) Schematic illustration of samples manufactured by DLLP 3D printing and casting; (b) COF and wear rate

[29]

of PI samples—’~; (¢) 3D printing of polyimide moving part; (d) Schematic diagram of the fabrication process of PSPI

and PSPI-PTFE composites and post treatment; (e) COFs, wear rates, tensile strength and elongation at break of
PSPI-PTFE composites with the PTFE content; (f) Photographs of target-region-lubricating bearings fabricated by DLP 3D

printing of PI and PSPI-PTFE composite inks (Reprinted with permission from Ref. [30]; Copyright 2022 Elsevier)
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Figure 5 (a) PAA grafted with photosensitive groups; (b) Schematic illustration of two stage UV-DIW 3D printing of

polyimides and the printed architectures are thermally imidized to obtain the polyimide objects; (c¢) The curve of appar-

ent viscosity as a function of shear rate; (d) The tensile strength of 3D printed PI with different printing directions; (e)

The design scheme and entity image of core-shell 3D printing parts; (f) The optical images of 3D printed self-supporting

spring before (1) and after 20 cycles of tensile testing with 200% strain (II, III); (g) The typical load-displacement

curves during 20 tensile-cycles (Reprinted with permission from Ref. [32]; Copyright 2019 John Wiley &. Sons, Inc.)
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Figure 6 UV-DIW additive manufacturing of BMIL. (a) General route of UV-DIW using the BMI ink, high-resolu-

tion structure (b) after UV-DIW and (c) after thermal cure (Reprinted with permission from Ref. [33]; Copyright

2019 Elsevier)
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Figure 7 Printing using UV-DIW produced a self-supporting 3D organogel structure. Thermal treatment released
the solvent, promoted thermal degradation of the DMAEMA crosslinks, and imidized the ink to yield all-aromatic
PMDA-ODA PI parts (Reprinted with permission from Ref.[34]; Copyright 2018 American Chemical Society)
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Figure 8 Digital photographs of (a) structure produced using UV-DIW additive manufacturing of PAA ink during

each stage of part processing, and (b) organogel in various geometries and following carbonization printed using

UV-DIW with 24 wt% PAA in NMP (Reprinted with permission from Ref. [35]; Copyright 2021 American

Chemical Society)
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