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Abstract: MXene has exhibited considerable potential in the field of electrochemical energy
storage in recent years owing to its unique layered tunable structure, abundant surface
functional groups, and excellent conductivity. However, its layered structure is prone to
stacking, and the surface terminal groups lack stability in oxygen-containing environments,
leading to severe specific capacity decay at high scan rates. In this study, Ti,C,T, MXene was
used as the structural unit, and aramid nanofibers (ANF) served as the interfacial organic
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phase. Through hydrothermal oxidation reconstruction and interfacial assembly, the high-rate
energy storage characteristics of MXene were effectively enhanced. The results showed that
hydrothermally treated MXene (ht-Ti,C,T,) exhibited partial oxidation and surface
defluorination characteristics. The constructed ht-Ti,C,T,/ANF electrode achieved a specific
capacity of 407.9 F/g at 2 mV/s and maintained a specific capacity of 246.1 F/g even at a high
scan rate of 500 mV/s, with a capacity retention rate of 60.3%, markedly superior to the
untreated MXene electrode. Furthermore, the composite electrode maintained a high specific
capacitance of 220.0 F/g even at a high current density of 20 A/g, demonstrating excellent
rate performance. Kinetic analysis indicated that the b-value of ht-Ti,C,T,/ANF increased to
0.90, and the charge transfer impedance decreased considerably, indicating pseudo-
capacitive behavior controlled by surface reactions. The capacitance contribution increased
from 86.7% at 2 mV/s to 96.8% at 50 mV/s. Simultaneously, the double-layer capacitance
increased to 44.7 mF/cm?, indicating a larger electrochemically active specific surface area
and faster ion transport capability. Moreover, the film exhibited good mechanical properties,
with a tensile strength of 46 MPa and a toughness of 0.64 MJ/m®. The film also had a low
infrared emissivity (approximately 13%) and maintained stable infrared stealth performance
within the temperature range of —10°C to 200°C. This strategy provides a feasible approach for
constructing MXene-based energy storage electrode materials with both high-rate
performance and multifunctional characteristics.
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&1 Ti,C,T,. Ti,C,T,/ANF. ht-Ti,C,T,/ANFEfEHC 1s (a). F1s (b). O 1s(c). Ti2p (d) XPSiL[E; (e) KALLIER]
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(g)\ Ti,C,T /ANF#f& (h), ht-Ti,C,T /ANF#[& (i) /9%H SEM B K
Fig.1 C1s (a), F 1s (b), O 1s (c), and Ti 2p (d) spectra of Ti,C,T,, Ti,C,T,/ANF, and ht-Ti,C,T,/ANF films,
(e) Raman spectra of Ti,C,T,/ANF films before and after hydrothermal treatment, (f) XRD patterns
of Ti,C,T,, Ti,C,T,/ANF, and ht-Ti,C,T,/ANF films, SEM image of the cross-section of Ti,C,T, (g), Ti,C,T,/ANF (h),
and ht-Ti,C,T /JANF (i) films
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G REEE . AT ht-Ti,C,T JANF HL# (1) 6k g
B, SR PR R AR 2292 4 i HC s RO A2 3l ) 2

Mk e S A AR 3 712 b A A X 4 A AT Ay Bz HAT N S S
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8 300/ sonvi 8300 e 2D Yevis 8 200 /
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2 (a) Ti,C,T,/ANF BB ARZEAREIFIHEEHR THICV HiZL; (b) ht-Ti,C,T,/ANF EBBARZE R EIFIHIE R THI CV HiLk ;
(c) AN ARFE 500 mV/s FIHEIR R A CV Bk Xt EL ; Ti,C,T,/ANF (d) #1ht-Ti,C,T, /ANF B4} (e) AARIHERE THIRE
ELERERE10 AIgERZET (f) B9 GCD BiZkxitl; Ti,C,T,/ANF (g) #1 ht-Ti,C,T /ANF E4} (h) EARIRAZEE TH
GCD w&&ﬁau.mrT (i) E’JJEEH:EE%XTH:
Fig.2 (a) CV curves of Ti,C,T,/ANF electrode at different scan rates, (b) CV curves of ht-Ti,C,T,/ANF electrode
at different scan rates, (c) comparison of CV curves of the two electrodes at a scan rate of
500 mV/s, (d) mass specific capacity of Ti,C,T,/ANF and (e) ht-Ti,C,T, /ANF electrodes at different scan rates, and
(f) comparison of GCD curves at a current density of 10 A/g, (g) GCD curves of Ti,C,T,/ANF and (h) ht-Ti,C,T,/
ANF electrodes at different current densities, and (i) comparison of mass specific capacitance at high current
densities
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Fig. 3 (a) Conductivity of Ti,C,T,/ANF and ht-Ti,C,T,/ANF electrodes, (b) long cycle capacity retention of Ti,C,T,/
ANF and ht-Ti,C,T,/ANF electrode at a scan rate of 50 mV/s, (c) the b-values of Ti,C,T,/ANF and ht-Ti,C,T,/ANF
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linear relationship between Z' and w™?, (f) relaxation time distribution of two electrodes during charging and
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rates between 0.15—0.3 V, (i) linear relationship between scan rate and current density
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