Smart Antibacterial Janus Fabric Fased on PVDFE/Ag-decorated-MXene for Unidirectional

Water Transport and Thermal Management

Wagqas Ahmad,” Tooba Ali,* Dilshad Hussain,™"

“LEJ Nanotechnology Center, International Center for Chemical and Biological Sciences, University of Karachi, Karachi-75270, Pakistan.
"HEJ Research Institute of Chemistry, International Center for Chemical and Biological Sciences, University of Karachi, Karachi-75270, Pakistan.

(waqasahmadl61m@gmail.com)

Introduction Synthesis Scheme Antibacterial Studies

: : : . : : : : IR Reflectance IR Emissivit Real Images of Fabric
« Personal comfort in wearable textiles requires antibacterial action, moisture regulation, _ - \ (a) S (by J (©) | ges of
and thermal management. N . 7. . | P et ,\jﬂ\’””‘—q\/ d -
. . . . i adiative cooling / » N 7 e , ] f
o This study developed a Janus fabric (PAM-Textile) combines hydrophobic PVDF and — ~ 7 TR /AR AN o g S ol
4 ; ‘ “, / E ¥ : F | i ‘.‘ 3 1% l ,;'.‘, E 80 4 N a— P °g 60—-
hydrophilic Ag@wM Xene layers for rapid one-way sweat transport and a dry, breathable = < ; e n ' 3]
N — = 40 -
° ° ° ° &2 40 = 1
microenvironment, with thermal cooling. = 2. " HessntalSadaten st . ;
"? ZJF a AM 1.5 Global ] . & g Y i ) \ ! -"‘», PESE—
E g o 13__ % Pristine Fabric | PAM-Textile
- ‘ \ NGNS Y NGRS B 4 % e w15 20 25 30 T T : '
. . < o \ ’_ \\ 8 . ‘.;u;. \ --'.\;,_ ;.,:f ‘”: ’_ vf‘ o ’ Y e == W , Wavelength (pm) C ‘;a"elé'ght (P«i‘). T S D C l. Cl d D C l'
Characterizations Sweat evaporation NN A R, e ( (e)Control Cooling Test . Sunny Day Cooling _,,  Cloudy Day Cooling
C»'l - . N "\‘ s \ ‘ N 'i “ ~ ' 1 i 3 g - : > : / ] Pristine Fabric 1 Pristine Fabric | g 38_. —— Pristine Fabric | 3155
= ‘ N S : » s g \Tungsten lamp ] 1 1800 T - 1800 'TE
- 9 0w : 9 z
FTIR-M Xene 5 ib i s Ag-decorated £ g
. —— MXene :': a)-11 ——— MXene ! ene : o 1 » ; 'ﬁ!ﬁ%ﬂ\‘ﬁ" - Textile Thermocouple § = 354 L 1200 g ‘:T:, - 1200 =
: . _i{:Mxen?‘ i( i o : ) 1\A/IQ(;:MXene i Self redHCtlon A ‘ ,‘ : B - R N - rbimite y : §40 % ] r E E. 'E
i e : i on M Xene " — = ' - = m_‘”" £ [ 2
i g /"l'\\ i i i &2 25 4 - 600 - 600
i 5 : ’I' \ E E J u j L i Stimulating skin - _ ' ' ‘ _ - 300 . ‘ ' . ' _ [
E ;% :|: E %: E Heati“g plate 0 200 s Tilf:.:(s) Al 1000 Lish 220:00 I ]1:00 . 12:.00 ' ’11-‘3i;I|:l0e I 14:00 . 15:100 ' 16:00 10[:00 ll:ﬂﬂ ]2I:00 ;25:11 14:00 |5I:00 16:00
i g | i 2 i h i
| TR - | 1| (h) Sunny Day Test M Cloudy Day Test
i X | | i . agec Location: Location:
i NN | W ; | Karachi City, Sindh, Karachi City, Sindh,
i ' Pakistan. Pakistan.
i 4000 3500 3000 2500 2000 1500 1000 30 I gg 800 700 600 500 400 | 0 20 30 4 50 6 0 80 i - 34°C . 5 . o
i Wavenumber (cm™) : i 20 (degree) : East longitude: 67.1197°; East longitude: 67.1197°;
i o FTIR-PVDE ! 0 FTIR-PANI-Toxiile ™" ' XRD-PAM-Textile i ' Northern latitude: 24.9522°. Northern latitude: 24.9522°,
i(c) R — (d) (e) ;:::_l:e:::)eric i - 32°C Temperature: 33-45°C Temperature: 31-49°C
B (' i = 5 Pri Fabri In-situ growth of £¢0a N _ ' | socc
| g ] : | ristine Fabric i o | | . - Bl
| 5 E = _AJ\H_JJ\.L__M i Ag-MXene - 28°C
! £ os- oo~ ' 5 g i
| g g 5 i
= =l F i
i 90 " E\L 1‘1-1’{ i ®
i i 870/ = Pristine Fabric i
A e (N = - e ot [N 0, V1 G S | Conclusion
i 4000 3500 3000 2500 2000 1500 1000 500 4909 3500 3000 2500 2000 1500 1000 500 10 20 30 40 50 60 70 80 i

Wavenumber (cm™) Wavenumber (cm™) 20 (degree)

_ o | fa)y T Schematic Diagram () ¥rowm hydrophobic side | e Qo Water Content _ Water Evaporation_Water Drop Angle - PAM-Textile enables rapid one-way sweat transport (UMCI 697.11%, WCA 120°—>0° in 4 s) and provides
Y i~ ‘ AN A A ; e~ | passive radiative cooling, reducing skin temperature by up to 12 °C.

30 { ™ PAM-Textile " mE E E S 8 8 _ n B Hydrophobic side
—@— Pristine Fabric ©®  Hydrophilic side

Hydrophobic side

AF=0 ¢b
Fe==3 = Fe¢

' U‘Uvﬂ - U’“U“U”

@00 0 ESPRENY o000
@ e i | "'&‘wwuv
Ce B ORI G

« Offers strong UV shielding (UPF 25) and broad-spectrum antibacterial activity (299% MRSA inhibition) with
no bacterial colonization observed.
« PAM-Textile supports UN SDG 3 (Good Health and Wellbeing) by improving hygiene, comfort, and protection

From hyophlhc side

SR in wearable applications.
. - Retains multifunctional performance after 10 wash cycles and 20 abrasion cycles, making it a practical

! solution for wearable applications.
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