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MXenes in Flexible Force Sensitive Sensors: a Review
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Abstract: With the development of wearable flexible electronic technology, the demand for flexible sensor with high
sensitivity and wide sensing range is gradually increasing. The application of suitable conductive materials with high
electrical conductivity and high flexibility as sensitive materials for sensors is the key to obtain high performance sen-
sors. In recent years, MXene materials have become very promising sensitive materials due to their good conductivity,
high flexibility, good hydrophilicity, and controllable synthesis. The types of MXene-based flexible force sensors, mi-
crostructure design of sensitive materials, sensing performance, and sensing mechanism analysis have been expound
and summarized in this paper.
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KB T — MM 2R 2 B “brick-mortar” 25 ¥4 (W1 & 3).

Bl 1 Ti;CoT/CNT 5 HLJZ 414 o 3 1)
Fig. 1 SEM images of sandwich-like Ti;C,T,/CNT layers™™
(a) Top-view; (b) Cross-sectional
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Fig. 2 Surface SEM images of the Ti;C,T,/CNT film at various stretching states during the first strain—release cycle
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(a) 0; (b) 5%; (c) 20%; (d) 40%; (e) 80%; (f) Back to 0
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B3 (a)TisCoTy AgNW-PDA/NI™ J 2 14 8 A8 A4 25 11 il /E T A2 I (b) “brick” M BH(Ti;Co T A1 AgNWs) Rl
“mortar” 4 (PDA/Ni*") {1 45 ¥ 7 2 [&]; () TisC,Ty-AgNW-PDA/NI> 5 45 45 1 1) 7 7% [ ¢
Fig.3 (a) Schematic of the fabrication process for the bioinspired Ti;C,Ty-AgNW-PDA/Ni** sensor fabricated through the
screen-printing method; (b) Schematic illustration of the structures for the “brick” materials (Ti;C,Tx and AgNWs) and
“mortar” material (PDA/Ni*"); (c) Schematic illustration of the Ti;C,T,-AgNW-PDA/Ni*" sensor

based on the “brick-and-mortar” architecture
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4 MXene 7K BB AL B E (a) B A2 (b) He 25 R38N B FEL 27 AR (o) B oA AN (d) B A5
MXene J 7K 2 22 T 4148 BT HE s (e~DMXene S67K B I 1A L H i o 2 2 P %)
Fig. 4 Electromechanical properties of M-hydrogel composite and mechanisms
Electrical response of M-hydrogel to (a) tensile strain and (b) compressive strain, with insets showing the corresponding GFs;
Scanning electron microscopy (SEM) images of M-hydrogel surface (c) before and (d) after stretching;

(e-f) Schematic illustration for the mechanism of the electromechanical responses from M-hydrogel!

Ti3CoTxo FeH, TisCoTu AN AKBURI—ZN K v i 9 2% 4
FA AT L SE B e KA B RIS, 3 iz s 4 1) S 1k
AR AL AR B R I 2E A TERE, 7 0~5%, 5%~
35%H1 35%~53% ) AL Y0 Bl A R BCRE 4yl v ik
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5 (a)HF 34-doomin-TisCo Ty 5 LR AE I ML B /R 5Bl 3T (b)HF 64-d3n-TizCo Ty, (¢)TMA-TizCo Ty F
(d)HF 1g-domin-TisCo Ty 5 FAL T F) A5 TR 38 A T S50 KR AR A5 9 SEM IR )
Fig. 5 (a) Schematic diagram of the HF g ,-dyg min-T13C, Ty conductive film at various stretching states during the first
stretching-releasing cycle. Top-view SEM images of (b) HF ¢,-d3,-Ti3C, Ty, (¢) TMA-Ti3C, Ty,

and (d) HF 1gp-daomin-Ti3C, Tx-based strain sensors in the maximum tensile state

21 ETFZE MXene BYE 4 E 1L S

¥ MAX AHEAR A — e W R B SR % ik 25 Bk
A BT EESREFREARMNZ Z MXene HE,
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FHAR Fr J2 1 18] PE A 5038, ol 15422 fi F, BHL & A2 AH 2
SRR, AT SRR 7 B LS 5 1 EL B (WL 6 FTm).
ZAE IR AE 0.19%~0.82%F1 0.82%~2.13% &

Kl 6 MXene T BH A% S 1 (a) & AR HLEL S B A (b) 55
R i P )
Fig. 6 (a) Working micromechanism and (b) the equivalent

circuit diagram of MXene-material for piezoresistive sensor>”’
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Bl 7 (MX/rGO S il 4 I 2 5 (b)2:F MX/rGO BEIR 1 A% I 25 1) il VE SRR I (o)A L B 7 100
Fig. 7 (a) Schematic illustration of fabrication of MX/rGO aerogel, (b) fabrication of MX/rGO

aerogel-based sensor and (c) the sensing mechanism

FHEREZ, BESHE KAERN, NI SEIAE
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SIH)S R (WA 9). 24 MXene HE4H/RZ UM Mxene 347 5 B A% B B B S RBUE, £ 0~

Kl 8  (a)C-MX/CNC &R, (b)C-CNC S &t 1 1 s B i v FI S5 00 7R BB, (¢)C-MX/CNC SBER,
(d)C-CNC “SHEIK i1y 5 AL FEL)
Fig. 8 SEM images and schematic structures of (a) C-MX/CNC and (b) C-CNC;
Schematic elasticity mechanisms of (¢) C-MX/CNC and (d) C-CNC!®*

K9 (a)MXene #F47All(b~c)MXene #347/PVA 9K 25 4% 18 2% (14 1l /7 70 72 1 64
Fig. 9 Schematic illustrations of fabrication procedure of (a) MXene-sponge and (b-c)
fabrication of MXene-Sponge/PVA NWs based sensor®"!
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