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Laser-induced graphene (LIG) presents a promising route toward next-generation smart textiles by enabling direct patterning
of conductive materials onto textiles through a single-step laser writing process. In particular, femtosecond laser-based
fabrication offers high-resolution processing without damaging substrates. This review summarizes LIG formation
mechanisms, laser manufacturing parameters, physical/chemical characteristics, electrical, thermal, and optical properties of
LIG. Furthermore, it categorizes representative applications including biosignal monitoring, energy storage, thermal
regulation, optical absorber, and extraterrestrial adaptability, all based on textile-integrated LIG. With its porous morphology,
high conductivity, and structural versatility, LIG offers outstanding multifunctionality for smart textile applications. Future
research should explore precise functional tuning of LIG through laser parameter optimization, accurate characterization of

LIG and advanced smart textile applications.
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Fig. 1 Formation of laser-induced graphene (LIG) on Kevlar textile and its molecular dynamics (MD) simulation [18] (Adapted from Ref. 18

with permission)
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Fig. 3 Electrical properties of LIG formed on Kevlar textiles. (a) Sheet resistance of LIG on nonwoven, woven, and knit Kevlar with different

laser power and scanning speed [18

], (b) Resistance of LIG on Kevlar with respect to different processing parameters [28], (c)

Resistance change of LIG on aramid textile depending on laser scanning speed [29] (Adapted from Ref. 18 with permission, and from
Refs. 28, 29 on the basis of OA)
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from Ref. 18 with permission, and from Ref. 28 on the basis

of OA)
LIGY| dg B4 71E At Aol vls) A3 34

o
S RAet. Fig. 4(c)9] #loJA Z2A] 24 (Laser Flash Analysis,
LFAYS 53] 4% 2Pk (Thermal Diffusivity)= in-plane
Hlakol| 4] 2.554 mm?s, thickness kol A= 6.376 mmYs& Q1%
glom], ol LIG B4 M| 450 Ashike(0.258 mm?s) Ty
OF 10-251)] oA} 3FALE] =20t} PEMAE 2| E 7|dto 2 AL
B Q=T 186 WinKE 2450, o duhAel Kevlar

G (0.04 Wm-Ky= 22 PI 79k LIG (0.85-13.05 W/m-K)=
Aslshe fAjoltt. thE sp” FX, 713 YEYA W FAH

g A , A 71 AL At B4do] olERt 4
gt 9% %1' ol 71ofgtet. o]yt 542 W AdfaAl, L&
s AlA®, AD Z4E 7]REY] flojelEs &= o Sl &8
= 4= 9l 283, BARS(Emissivity)E 0.95 o]ARS §-X]3ho)|
e}, F 2 71548 A B4 97 9 R 59 3-8 sl
At HEof, Fohe g 54 B3 Srdt oS Btk
3L, Fig. 4(b)9] 190-2500 nm R 912] AHER ZA Awt, o]

2] HE)E LIG 499 Wit B892 9757% ZAE|on,

ol= A2 Kevlar®] 37.95% thu] oF 2.58) o] @ 4=%]o]
o} o9} 22 T 542 LIGY| thad B AE U T A
gk, FH AZ7], ulA| 2o 7]1¢1EIT
223 3™ Y

gol A= TLefHel sfeka EAL sp® whA FRo A4
A, 43t & 5 5= FTHeE BriEY, et 2, XRD

(X-ray Diffraction), XPS (X-ray Photoelectron Spectroscopy),
FT-IR (Fourier Transform Infrared Spectroscopy) &A1& Z3
Rapr o g sholE . o]el Z+o. el o] slekd EA 2l At

Eﬂo]ﬂ —1—?{-10 E—O‘H /K-] ‘r‘]oﬂ ‘773X4/K—1 I:]— /K‘] Sp2 E}

\

27k QPPHoR YAE & 9o Rzt
Dd?ﬂ, Fig. @2 23k 2gelA D, G, 2D =17} #3150
ehgrow], 2zt 2% P&, o’ W 7 B A%, 5 5 2

ARA ] 72 FAETt LIGE Ip/lg Hl= 0.265-0.666, Li/lg
H|E&= 0.438-0.727 WA =4 =91, 2D 939 FWHMS
OF 47.5-52.2 ecm’! Z=Zolt}. o3t Axt= PAH LIG 23

o] A1 & 47} AL few-layer graphene 722 /\]/\]-'6}‘31 &S|
% 270 BARlo] LELe] TP} UoFSS ek,



548 / July 2025

g — LG (002) 20 = 25.9 °——LIG
Kevlar — Kevlar
D ’\ 2D
(100)20 =429 °

Intensity (a.u.)
Intensity (a.u.)

N

500 1000 1500 2000 2500 3000 10 20 30 40 50 60 70
Raman Shift (cm™) 26 (°)
(@) (b)

—LIG
—— Kevlar

A

— Background
| —cC-C
. —C-N

Fingerpri
Regi

O-H

Intensity (a.u.)
Intensity (a.u.

N-H stretchmg N-H bendlng
4000 3000 2000 1000 280 284 288 292

Wavenumber (cm™) Binding Energy (eV)
© (d)
Fig. 5 Chemical characterization of textile-based LIG via Raman
spectroscopy, XRD, FT-IR, and XPS [18,29] (Adapted from
Ref. 18 with permission, and from Ref. 29 on the basis of
OA)
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Fig. 6 Textile/LIG-based strain sensor [18] (Adapted from Ref. 18 with permission)
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Fig. 7 Textile/LIG-based bending sensor. [18] (Adapted from Ref. 18 with permission)
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Fig. 8 Textile/LIG-based temperature sensor [18] (Adapted from Ref. 18 with permission)
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Fig. 9 Textile/LIG-based gas sensor [29] (Adapted from 29 on the
basis of OA)
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Fig. 10 Textile/LIG-based supercapacitor [18] (Adapted from Ref. 18 with permission)
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