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Research progress of light-curing 3D printing polymer materials
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Abstract: Light-curing 3D printing technology stands out as one of the oldest, fastest-growing and most widely used technologies
in the field of 3D printing. This technology utilizes ultraviolet or other light sources to rapidly solidify liquid photosensitive
polymers, creating products with complex geometrical structures that are difficult to achieve with traditional manufacturing methods.
This paper summarizes the latest research progress in photocurable polymer materials for 3D printing, covering various types of
photocurable polymers including thermoplastics with high remoldability, thermosets with good structural stability, and hydrogels
with hygroscopic network cross-linking structures. Additionally, the applications of photocurable 3D printing polymers in various
fields such as biomedical, flexible electronic devices, soft robotics, energy storage, and aerospace are discussed in detail. This
review also explores the application of photocuring technology in 4D printing, highlighting the potential of 4D printing in dynamic
materials and smart manufacturing. In the future, light-curing 3D printing technology is expected to advance toward the development
of high-performance polymer composites, the integration of intelligent and automated printing systems, and the deep integration with
cutting-edge technologies such as artificial intelligence, continually driving its applications and innovations in high-tech fields and
advanced manufacturing.
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self-repair process of Semi-IPN; (b )restoration of cut and reconnected objects printed at a mass ratio of AAc/PVA 0.8
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Fig. 8 Applications of light-curing 3D printing polymers in biomedicine
(b) bone tissue with void gradients [39]; (¢) images of bioprinted products: ears, mandibles, and muscles “ ];
(d) laser sintering ( SLS) rapid prototyping of scaffolds with complex geometries
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Fig. 9 Appllcatlon of light-curing 3D printing polymers in flexible devices

[42]
process

croelectrode ink and ionic gel electrolyte ink'*

nected sodium-ion microcells in a bent state *’ ; (f)schematic diagram of 3D printing formatlon of PEDOT
(g)load-bearing test and adhesion test of mushroom-shaped electrode
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; (b)multi-core shell printed soft sensor on fabric attached to the knee
components of a quantum dot-based light- emlttlng diode(LED )directly 3D printed on a substrate '

(a)schematic diagram of the multi-core shell printing
; (¢)layer-by-layer schematic diagram of the
; (d)schematic diagram of mi-

(e)photograph of the letters "DICP" consisting of 42 LEDs and 3 continuously con-
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Fig. 10 Application of light-curing 3D printing polymers in soft robotics  (a)schematic diagram of the robot structure consisting

of an actuator surrounded by three pneumatic legs [46]; (b)photograph of a robot jumping from an angled surface to a table [46];

(¢)schematic diagram of the fully soft, autonomous eight-element robot structure
(d)schematic diagram of the soft robot’s internal control system
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Fig. 11 Functionalized 3D printing polymer soft robots  (a)formation mechanism of polymer thermal cross-linked network 8] ;
(b)pneumatic hand model consisting of four curved soft pneumatic actuators [48]; (¢)schematic diagram of DLP printing
of 4D printed polythiamine[m; (d)drawing of robot clamp grasping and mobile phone releasem]; (e)schematic diagram
of near-infrared light-responsive 3D printing fixture release object[m
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. (a) Remove photoresist template; 6. Electroplate active materials
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Fig. 12 3D printing electrode materials (a)3D microcell manufacturmg process (b )microscopic cross-section of a
photopatterned AZ9260 photoresist embedded in a 3D holographic lattice ™™’ ; (¢ )scanmng electron microscope section of a

single-digit inter-fork nickel support, inset: top-down optical micrograph(right) and magnified view of the cross-fingered

nickel current collector( left) [55]; (d)cross-sectional scanning electron microscope image of an interdigital electrode alternating

between the LMO cathode (left)and the Ni-Sn anode( right) 55). (e )cross-sectional EDS of three-layer cell structures deposited
on graphene 3D polymer substrates: LFP-LAQO: PEO-LTO( top ) ; LFP-LAGP: PEI-LTO( bottom ) 5

Al current collector Electrode printing

Electrode printing Electrode'printing
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Fig. 13 3D printing electrolyte materials (a)left: 3D structure of GPE; right: top view of the assembly process of a miniature bat-
teryLSKJ ; (b)photographs of printed bipolar double-layer batteries progressively manufactured on the curved roof of a miniature toy
car ; (¢ )non-flammability test of printed bipolar double-layer cell and control cell'

HTFEPETRF LA AR, 75— 2E AEE FHRSR, MMl m FE7E 34V
o EL 2 M FL A B AR R TP, 1 T GPE R M1 3.5 V(LI/LE) B, 5 LiFePO, (318 F- A A



38 o= M

B W 5 45 %

HE . Kim 5 FF g T R 4 S 4 S T
M, 12 F b SR T B I A LU, 2% e TR
Semi-IPN 42 {ij 4K /& F1 (1 mol/L LiBF, 7F 2 g }itj )
FEL fife o 43 PTG 15085 1Y LR A T . fth
T 2 R ATED T2, AE OB BE B Y 42T I
FTEN T S0 U2 b, 12 L Tt 78 78 196 LS
BTG, FTENH BT 4555 LED AT B[R] s A
e K B S R R T R e U ST 202k,
AT EN B BRI 22 2t (181 13(b) L ()
2.5 Hibdum

B 1R 4TS, G A 3D T ENEE A WITE RS i
Ko BSR40 08 [
TEAE) Z R . FURT, KRB 2s i K 1 B
A5 5 21 JUAT TR, A2 55 i 1 78 5 2 L A
o HHTAL S0 v T2, ek 3D $TENH A 1e
s A AL TR LT | S Ze s bR 2y
T ELA R O A, e R ORI A R
B R T E R & R 1. Pham 25"
B2 T — ARSI A OS5 A e v RLBE A
BRI 1 J7 12, KR 4 B AR T B (SR R~
MIBEAY ) B FAEIB RO TE & oh, A8 B SLA H A 52
BT R SO S R i , DT 7 A T e R T 4
(AL, 1A v R ] e 25 e O b 2 RS
AT BT IH AE BL, THT 2308 3o OV 5 1 1 ]
FUAT A R IR, S 2s 0 R R Sk %
JEIFAR T BT 16

T BIDEREAL 3D FTENSE AP T 5290 i Ve R b
ERDRM A 58 1 WA 3 AR N T 5k AR e A
TE SRR FRIAE | 5 7 A I | S D S B0 2 g 25 )
MR T AL Be 1 B A T, DG A
3D FTENHE AR 45 (0 5 A W A B e DR LR
Predte: (1) V% M PEREBE T AT LAZEROM AT 5 (2)
THERE B, BRI AR BT, T LA 2R
W (3) M 4L 4 2 50 A b, Tl s i, B 4aqL
Kotz 4™ 4 — LRGN K UL 431 L P4 R
7% P RS AR RE N B A bR, 3 SLA
S 3R AT [ A A B g K A R B
SRS, i PR B A S SR, S B
3 388 R ToFL EL B 2R o il A BB 116
A W RE, 2 TMLRS FE 1S K g

3 B 3D BELE 4D TENR S

B REAA L BRI 2 AL B0 SRR A, f L
{3 Xof A1 V5 SR A O M 1 O S B 2 B B

e, b 3D ATERELARTFFRE T i fir A A 19 AT LI
XA RS R B Fil G AR T B FR S 4D (four
dimensions ) T EF 8 2= L4 . 4D 4T E& —Fh e
HER 38 B R, B 3D FTER AN T 07 v 5 % 4
8 IR A — o W B AR 25 S . sl A
R VRSB PO4ERE, (45T B A IR RE S TE
FEE M A2E (A0 pH (A IR EE ) - W3 (ot . B
We W IR ) B (AN ) TS, HR BRI
L b | R AE T M5 3D 4TED
FORBYIEf, 4D FTERGR AR T HEARMH, IF7EHAL
fill EE—2E 0T TR RS aE . Hodr, SGlE Ak 3D 4T
EP3 PR JHE v RS B RN 4 15 Ab BRAE J7 3 4R 55, 7F 4D 3T
BN R AR
RSB 3D TERIAR | RerE Al g A2 1y
RHEZ R R o B DL I A TR Gl R 2
) OB (UNERANER LT L0 A0 ) L WARIREE (AnoK | %
L pHAE . B ) . AL (A <3l R 07 L e 46 0
A5 WG A o WA PR 72 Ak R R
(oK NEE . SR W IE e SN EE) L pH {H
o RS T . Liu % R RO TR A
(two-photon polymerization lithography, TPL) ] E[J
B, B TR s T B T 3 S ROW RUE 1) ) B 4%
Fa (E 14Ca) ) o B OU A B (Il i 3L ) 05 £y 1 5
g3 R, 3 P ER 41 BB A [A] Y 22 Bk (8] 14
(a))o Bk, YZ5H9E & T 07k 1 KAl
i, SR ) 1 B AR FH 0 2 R T i 5 RS 2 ] 1)
B J7, T 5 [ 2 R SRS . ks
SERE AL BN T K /N SR s, 33 1] 1) 4
YER 12/ N T 55 Z Rl ) B 48VE g, AT
i A ALUN RIIRA . X Fh 4D $TENTRESH 1)
2 2 T A A 2 ) TR B AL R GRORLBIL A N 1 30
UK HR T Y LB
FRRXTERIEIZ R G4 (shape memory polymers,
SMP ) IR & 3P4 (liquid crystal elastomers, LCE)
AR S5 —Bhiy UL, (F S5 2B 2338 i A 46
7= BAIOR . Chen %57 JF S T — R AT 4T ENAY
B AR L4 K i R (titanium-based nanocrystal,
TiNC)/LCE & &l 25, il S RE7E B —FTENZh F vh
SR A AR AOGEUE AR . fESR AP
PSRRI AR R R AR, X PR A G s e S
5 B0 2 ] i AT 3 e 48, I BRI 2041
WS T g8 L B IR 20 (14 14(b) ) o i 5EIIE
B T %t 4D $TEPAY TINC/LCE #)AE4T 42 JRy im0
GiRE | PRI T G B 1Y 7T AEME . Zhang 457" i it
TE 42 JB BE A AR SEORL R 5 | TS R AT (An it e i



1M JGIEEAY 3D FTERSR G YRI5 i g 39
LU o e e ee \
1 (a) )
1 |
: :
1 |
i (b) +EA :
: p— — :

—_—> E—

E +EA +n-pentane (d) D |
)

! or IPA 1

, :
]

] ]

:\ (ii) Traditional self-assembly (i) Micro 4D printing (iii) 4D self-assembly /:'

i(b) Infill patte;n: c y E

1 7

| stlayer /<\\\/\/\ 2nd Iayer/ // E

|

i 7 4 !

i :

: sl :

i 0, N uv E

! Transmittance

! A/ﬁv Oz"UV $ E (d) . Heat to Thl Cool to T, H

H |

i \,\- : > ! Stress applied

! & " ! Yivee

E ﬂNlR IINIR b o ﬁeform\

: E 6?0 9\5@

i B0\ <l <

! ! 2. % S <@

i | T2 o0 Heatto T, ﬂ

; : * “ 1

” lllumination lllumination

Bl 14 SGEALE 4D FTEPRAY  (a) (om0 e 5B AT 45 f 2025 B AR B s (b) (TING )/LCE % 4 S ios s
FEEE ™ (o) RZA Y LCE . WIFRE A H4K IR S LCE LRI A 14K B0k 5 LCE fYHIHI R T s
PS5 (@)1 SMP STERRGAUR S IR 91 € R AR fo R

Fig. 14 Light-curing polymers for 4D printing (a)fundamentals of controlled self-assembly achieved by miniature butterfly

.69
wings

]; (b)photochromic and photomorphic deformation of ( TiNC )/LCE composite inks[m; (¢)scanning electron microscope

images of untreated LCE, physically mixed nanoparticles and LCE, and covalently bonded nanoparticles and LCE"" ; (d)schemat-

ic of colour and shape change of a constituent nanostructure element of the “invisible ink” printed in SMP
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