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Figure 1 Structure of commercially available thermoplastic poly-
imide suitable for 3D printing.
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Figure 2 FDM 3D printing process parameters. (a) Build orientations;
(b) layer thickness; (c) tool path parameters [24] (color online).
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Figure 3 Mechanical anisotropy of 3D printed tensile specimens.
(a) Build orientation of tensile specimens; (b) typical stress-strain
curves for tensile specimens [18].
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Figure 4 3D printing of continuous fiber reinforced thermoplastic
polyimide composites using FDM. (a) Continuous carbon fiber prepreg
filament used for FDM 3D printing [32]. (b) The deposition of
thermoplastic polyimide with continuous fibers inside [34] (color
online).
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Figure 5 SEM micrographs of printed polyimide composites. (a) 3 wt
% VGCF+Ultem 1000 [35]; (b) continuous fiber+Aurum PL450C [34]
(color online).
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Figure 6 Representative stress-strain curves of uncured and cured
tensile specimens printed in XY plane and ZX plane [42] (color online).
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acrylate groups [45].
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Figure 9 Supramolecular salts for 3D printing of polyimide. (a) Synthesis of PMDA-HEA and subsequent formation of PMDA-HEA:--ODA
polysalt using ODA; (b) thermal conversion of PMDA-HEA:--ODA organogel to PMDA-ODA [47] (color online).
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Figure 10 Maleic anhydride-terminated polyimide oligomers with a glycidyl methacrylate graft for DLP 3D printing and property of corresponding
3D printed part. (a) Preparation of photosensitive polyimide oligomer. (b) Tensile strength of UV cured polyimide before and after baking at 300 C for
3 h. (¢) UV-cured polyimide parts [48] (color online).
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Figure 11 A photocurable oligomeric polyimide for digital light processing 3D printing to prepare 3D structures with low shrinkage. (a) Synthesis of
oligomer polyimide; (b) shrinkage diagrams of printed tensile sample before and after thermal curing at 190 C for 0—5 h; (c) shrinkage rate in x-, y-,

and z-directions and volume shrinkage rate [51] (color online).
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Figure 12 3D printing of PMDA-ODA PI parts starting with the
synthesis of a tailored UV-curable ink [54] (color online).
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Figure 13 UV-DIW 3D printing of polyimides with two-stage curing.
(a) Synthesis of UV-curable PAA-xHEMA; (b) 3D printing of
polyimides via UV-DIW of PAA followed by thermal imidization [55]
(color online).
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Figure 15 Polyimide components fabricated by DIW 3D printing of
PAAS hydrogel precursor and postprinting thermal treatment to
transform PAAS precursor to polyimide [57] (color online).
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Figure 16 PAAS hydrogel prepared by the reaction of PAA with
organic amines in water for DIW 3D printing [58] (color online).
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Figure 17 DIW of phenylethynyl end-capped oligoimide/SiO, to
additively manufacture polyimide composites. (a) Synthesis of pheny-
lethynyl end-capped PAA oligomer; (b) Preparation of PAA powders;
(c) Fabrication of 3D printed parts of SiO,/thermosetting polyimide
composite [60] (color online).

o6 P TH R A B 2 BRI TR Ak AR A R B
BRSPS 4E R A 13.63%~16.27%35 B 4T EDPE, A
ORI 17(b, o). FTERMRRIL AR i FA 1, T,
HHIE300°C, Tyso, ME R T-515°C. {HITENHIFER I )27
PERE & 1) S M, T B0 Xl Uy [ S B B A B



REFRE: b 2024 5 S4B e M

95.0 MPa, T Yl 75 [ $3 fH1 58 2 A H34.9 MPa' ™. =k
RN TR AR 5] ) Smes, 1) 3R B e R v i+
NAE NI St A FLAFI I PMMA R, SKES$T
BV 5 2 AL BRRRAR 2B, SeBl 7 HAT R A
{7 1 3 2 LR IE D B3 DT ENTY. 2 LRI e 1
T 450, 9475 °C, X 77 101 B A1 58 55 2H 84 MPa, Yt J7 ] i
SR FE 29 MPa, fEAZ 1A J7 ) B RSHIREE R A5 14%
A

H AT TT R [ DIW 88 KR 8L 32 Bk 50 o B It TR,
FTENSE R JE — M 77 B 22 Ik v UL 5 A B R Tk e i e 450
IR, R B 3 AN F 3 G s SRAT B 1R RS 4.
Xt LR, EETERRLRET/ENRERET
SRV iz s /K ARL I AR V0K R & i (PEG-400) i1
SRRV e Matrimid 5218 AR I B AEN,N-— H 2 FH i fi
V& T A EAESO wi%e A 1 B SR K,
FTENSERUE, W TR AR ON H R 5 K TR A
R, WIS 25RO, TS 13 2L LE35%
XA ELI N2, T,oN315 °CH 2 FLIR T i 4 14,
BRI FEVE WL 18, FT BRI 2R U 4 %2 <10%, HAR
B T RUTI 74 E R, LA R 7E50~60 MPa g em ™.

DIW AT E 3R Bk 02 1 =5 2 7 T AR S b 7 287K A
BHAARTERER . BN GLE LR 5N
TN B UL B I N ] AR J0RE 78 A% e 771 25 5 s R
T RGNV w7 R B2 KA R, B 4T El— 5 b HEAS
FI3DITER 1. ok DIWAHT B SR S0 e il 2F Fr Rl
G A5 ThREME 2 FLIVE SRR e A R i B SRk
S 58 KA R A KA B DIWH AR [ K .

2.4 EFHHOCERST3DFT EN R B

BB O P45 3DAT ENEAR (SLS): K H B & Wk
ARAE R JERRL, A8 SO R A IR B /R KR, KHn
Rk — 2 — R R A, TGS LT TR b )
SLS A T R ER 5 & W b 20 UKy RIR S AFAE,
BAM TR s el fESoemas R mk, R
BRI R BA RIFERIEE LR, EWAMIEFRA
i 8 T BA — WUk TS0 5 R AR [ AR R P R A ]
RWE M AR, B T SLS I 7T

L7 TP R R= 24 Uty NG M R R e/ W | - S A B 2R e
R R-BAPB(fb S5 M 1E WL 19yM oK, 8 b X i
RIS HRife LUBCBOCTh R MR, 92Ol 1 RRESE
SLSHLAY, FifH158 2 436.8 MPa, FiAfHIE1%1.3 GPa™*.

@) &)

Phase inversion & So

Miscible solvents Poor solvents

Good solvent &= Polymer (polyimide) chains

B 18 3DFT ERAIEEE ot R AR i B (4 fi R )
Figure 18 Schematic of 3D printing and phase inversion process
during solidification [62] (color online).
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Figure 19 Development of thermoplastic polyimide powder for SLS.
(a) Chemical structure of thermoplastic polyimide; (b) SEM micro-
graphs of polyimide powder; (c) Size distribution of polyimide powder
particles; (d) The setup for SLS 3D printing; (e) Polyimide sample
fabricated by SLS [64,65] (color online).
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Figure 20 Concept and photographs of printed aircraft-wing section
model [66] (color online).
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Table 1 Performance comparison of 3D printed polyimides
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50.1 MPa [20]
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Research progress in 3D printing of polyimide material

Xin-Yu Du'”?, Yi Liu'"", Song Mo', Min-Hui He', Lei Zhai', Lin Fan"*"

: Key Laboratory of Science and Technology on High-tech Polymer Materials, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190,
China
* School of Chemical Sciences, University of Chinese Academy of Sciences, Beijing 101408, China
*Corresponding authors (email: liuyipi@iccas.ac.cn; fanlin@iccas.ac.cn)
Abstract: 3D printing is defined as the process of fabricating parts from a three-dimensional data model by joining
materials layer by layer, which could more efficiently and economically fabricate complex components than traditional
molding technology. Therefore, 3D printing technology has been applied in rail transportation, aerospace, and other
fields. However, the evolution of 3D printing from a prototyping tool to a manufacturing technology is impeded by the
limited selection and inadequate properties of polymeric materials suitable for 3D printing. Polyimide exhibits
intrinsically outstanding mechanical and thermal performance. By combining polyimide materials with 3D printing
technique, narrowing the gap between 3D printing and traditional molding technology and releasing potential in
industrial applications can be achieved. In this review, recent research progress in the 3D printing of polyimide by fused
deposition modeling, stereolithography, digital light processing, direct ink writing, UV-assisted direct ink writing, and
selective laser sintering was summarized. The controlling of physical and chemical features of polyimide, synthesis and
modification of polyimide material, optimization of the 3D printing process and post-processing, performance and
functionality, as well as dimensional stability of printed part were clearly discussed. Finally, the challenges for the future
development of 3D printing of polyimide were analyzed.

Keywords: 3D printing, polyimide, mechanical property, heat resistance, dimensional stability
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