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ABSTRACT

ypothesis: The development of smart and multifunctional textiles with various
chermal, mechanical, electrical, electromagnetic-absorbing, and antibacterial
properties has attracted significant attention from researchers. Materials
that impart such functionalities include metallic nanoparticles and metal oxides,
conductive polymers, carbon nanotubes, graphene, and MXenes. Despite introducing
multiple advanced properties, MXene coatings preserve the inherent characteristics
of smart fabrics. The main focus of this study is to investigate the antibacterial and
electrothermal properties of MXene-coated cellulosic fabrics, as well as to examine
how this coating influences the fabric’s intrinsic features, such as breathability.
Methods: In this study, TisC.Tx MXene was synthesized from the MAX-phase
precursor TizAIC: using a fluoride-containing salt etching method. Subsequently, an
aqueous MXene suspension with a concentration of 7 mg/mL was coated onto the
surface of a polymeric fabric pretreated with sodium hydroxide. The electrothermal
performance, antibacterial activity, and air permeability of the resulting material were
then evaluated.
Findings: The MXene-coated smart cellulosic textile exhibited electrothermal
smart textile, performance (80 °C at 6 V) and inherent antibacterial activity of 77.53 + 2.21%
against E. coli and 66.84 + 1.74% against S. aureus without the addition of any extra

MXene nanosheets,

cellulose, . ; . oy . . .
. . antimicrobial agents. The air-permeability results for the multifunctional coated textile
antibacterial, (27.97 £ 2.84 cm/s) compared to the raw fabric (38.61 + 0.35 cm/s) demonstrated
electrothermaln acceptable breathability. Due to the alkali treatment of the cellulosic fabric, MXene

uptake during the dip-coating process increased, resulting in a uniform and effective
coating. Moreover, MXene nanosheets contain abundant functional groups, enabling
strong attachment to the modified cellulose surface through hydrogen bonding. This
MXene-based smart textile, while maintaining the intrinsic properties of the fabric,
shows strong potential for applications such as de-icing, electrothermal heating, and
protective warming garments.
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Fig. 1. FE-SEM images of the samples: (a) MAX phase, and (b) synthesized MXene.

S SOSS o e b 4zl (25051 5 g 45 a0 s
A o el bl gy eSe Glatomdio U L S
3l senl LI cla.w dad (ol 3L a3 Rl glaast o sluas
5Ll s ik g SCAS (655 (6 ey Slaamio 5L 5 0l
J>'J>'=:.a; Jé.:J)Lb‘-lM Oloman (a3 b g a5t o sl 3525 L

el 0l oo (ab'- Sl s e sb

S g b 35S s a0l 5 ol 55805 4,k SIFE-SEM
S ysbolen sl o el QLS IS 5 Calises pladS 3 L
w5l g gl S8 (el 0k 03l 0L (B) 5 (@) Y IS
B CEAPC O N PR P WP ISP MR I G
s o DL, SUI o sl J glad by 5 0 gl
BLE 1y opSa L a8l iy 555y sl (@) 5 © Y K

(©)
calises &Lug)f BE) J:..S.A b o.L..I:u.hbu,leﬁ (d) 9 (C) crl}- )}i.....:) (b)} (a) 6\.&4}:)\7: J\ FE-SEM ﬁJL,a.'; -y Jg...l
Fig. 2. FE-SEM images of (a) and (b) raw viscose fabrics, and (c) and (d) MXene-coated fabrics at different magnifications.

(d)

VERE yga mcli=315 20 ' Loy it 90 s path (5 I9J935 5 ke role almo 97



5B Sl TIC, T, o/ bl (5 )9)ghuw Zgumio dlw 9 (Slrb

235 oeeSe b aBl il bl 555 (Res 5 CH IS
Colie SlaediSlio b e Ciliien slajlitle ool ol
£ 1,—OH | F 0 1l b Jolo slaes S 45 Llods 52
iy o5 oS M X T, o b 53 TX L oS S o ot bt Ly
el S s 530 5 F ol lpbe [FY] el o
s S ol glaes S 51 U g5 S b iy
sy 5l g e 3 Al 5l uslie ol S3 0LLE .ol (T)
el ge g 5 L w555 oIS e SB S
b3Sty el s (A iy e e AS 5 ) S
5 oS sy pn ol (S es 4 eSe Slaamio 51
ol e Cllad Al laeas 5l e by e 5 sSC 5 S
(lles ool 1 53 S Li 555 Joe NaOH slons U 555
Sao S odor 5ol Lad Y el 4 il el
P 5 Sl 4Bl ol () ab o e 5o K s 4l
e Glaamio sU e 35 e el e 0l S
5l &S dies (OH- 5 =F 0) 0lsl 5 Jole slaes S sl
gl b 55y sl 5 Sl e S5 ades Sakisy

g e e S

Al digy 9 pL Al SSLe s (ow
jaM@Aﬁﬁj(ujygjdu*’:)“%)h’;bﬁid‘“ﬁ))hq
a3l 558y oy s edd e S 32y 5l el
3 o 35Sy slaz L XRD sla S s el XRD

Element | Weight (%)

C 13.15
= o 23.03
< F 26.02
> 3.55
Z 3425
£
3]
S
_— 1 =
0 17 34 51 68 85 102 119 136 153
Energy (keV)

5 edelcwsw EDS (¢ e 4 0 ik s MAP =l -Y s
S Bl iy S oy
Fig. 4. MAP results and EDS elemental analysis spectrum

obtained from the surface of MXene-coated viscose fabric.
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Fig. 5. XRD patterns of raw and MXene-coated viscose fabrics.
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Fig. 7. Electrothermal performance of MXene-coated viscose
fabric: (a) temperature—time curves under different applied
voltages, (b) current—voltage (I-V) curve, and (c) cyclic

temperature—time response of the coated fabric at 6.
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Table 1. Comparison of antibacterial and electrothermal properties of the MXene-coated sample with the literature.

Loading s
Substrate Additive MXene | Coating method | Electrothermal Application - Ref.
permability
(mg/mL)
PET MXene/PPy 5 Dip-coating 79 °C-4V EMI shielding izzf E:g
Cotton PEDOT: PSS/PDMS - Dip-coating | 52°C-20V Photothermal
Vacuum
Cellulose nanofiber MXene 5 filtration 100 °C-6 V EMI shielding - [49]
Cotton MXene/PEI/ APP 1.5 Dip-coating 64°C-4V EMI shielding-Flame Poor [49]
retardant
Cotton MXene/CCS 10 Dip-coating 78 °C-4.5 V | Fire-warning, piezoresistivity | Moderate | [51]
Silk MXene 5 Dip-coating 60 °C-10 V Photothermal, Antibacterial Good [50]
Cellulose nanofiber MXene/Silicone - Dip-coating 75°C-9V EMI shielding, Photothermal | Moderate | [51]
Regenerated cellolose MXene 7 Dip-coating 80 °C-6 V Antibacterial Excellent | This
work
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