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Abstract

Two-dimensional TizCzTyx possesses a unique 2D structure, high electrical conductivity, good hydro-
philicity, tunable interlayer structure, and abundant active sites, enabling high specific capacitance
as well as excellent rate capability and cycling stability. However, the 2D nanosheets are prone to
restacking, which limits the capacitive performance. Moreover, the surface functional groups are
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easily oxidized and the structure tends to collapse in strongly acidic electrolytes, thus impairing its
electrochemical properties. In this work, interface engineering of TizC:T, was carried out via Ce3+
ion intercalation to improve its rate capability. Alkali treatment and ion exchange were employed
to achieve Ce3+ intercalation. The resulting TisC2Ty electrode delivered a high specific capacitance
of 322 F-g-1 at a current density of 1 A-g-1 and retained outstanding electrochemical stability after
30,000 galvanostatic charge-discharge cycles at 10 A-g-1. These results demonstrate that Ce3* mod-
ification is an effective strategy to enhance the performance of Ti3C:Ty as an anode material for 2D
material-based supercapacitors.

Keywords

Supercapacitors, Rate Capability, lon Intercalation

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

FERBRRERE B S T RFEL R R BEVI TR T, I ReIR B S S AR IR A R R C ORI AR BE IR
W5 PR i) 8 () A% O AT Bl 5 BT e IRV ZE (8 40 21 1% S R e P o S5 A Py PR A 1]-[3], X R IR
0t S ARG IVERESR I T R Bk —— BRI AR R (4] [5], BRI 2% 1
et ty, (A 30 75 He K e M S IR B e AV [6]-[8]. AT, A% St FU AR R 3 [T IR 20 F 2
MBI REEAE .. SR ARREREEE MK, HABEWEHSTERE MR, LU E 255
PR 5 R [9]-[12] -

VER— OB I RE B A A , R0 R 2 38 P A5 B PR AR TBO R 26 | B KAG 1 3 i S e 2 4 [ 13] [ 141,
TEJEA FLUR . RS A S AU A AN o B AR T, (R B 5 35 1 Jo A ™ . PRk 77 LR P 157 X
— A% R AR IELE T FEAR A R PE R SR PR s A% Guicd HAR (UnTS PR IR « 1 820 2 B0 L 2 R 2 A7 i
WA, AERTPEAR[16]-[18]: THdESBALY) . FHESWHEMBEM B Bt maE, &
RSN ZE . AR AR RS M [19] [20]. Uk, FRARFEAMLERER . i Fhdk. FEimtEar
MG R E PERUE B AR AR, BN TR O rR AR AR VE R, HEB) IS R AN [ DG B

ZHEQDYMRME M HR I ZRGE R . m LR AR S 0 5 0 AR RRR (21, BN T e SR B )
KERTTIA . A SIS T K —AEM BT e G, B S B IIR AT EIREENE IR
%, BHER RSO T R I R R e T B AL RS S5 AR E I i A s AR AR 22]. 2011 4R
MXene (FCHLE BT BN SR BN IR, RREIEA RN ok T S dr I8 [26]. 1B N4
MEIFIRR “Ja2F5” , MXene it MAX AHATIRAR R £ E 20 il &5 Tk, F RSB k. v
P Z A A EE S 8 R B RERI(-F. -OH. -0 %), HMURRI S5 M AR i 70k . & & 4m S5 i
SN R AR T B AC IR #5261 U EER) L, MXene @B Ny S, P )51
GER L YORE R [ BRI IS TR A, BEE TR LA R A R 7 A A PR L A R R AT ) R
Wil1, BORIER: SRREIRAE i 5 AR I O M B 2 —(27].

AT R LR A8 TR RE TisCoTx #EAT AL, 8 LiIF/HC IR AR R ZI0 TisAIC, il % TisCoTx #
B, JF4 KOH FAb 5 5| N\ Ce**, 7E 40°C T RN TisCoTx-Ce HEHML, Ce¥ IR TisCoTx =
[ HoT s s 5], SaMBEORFrERaity B30E T, 115 TisCoTx-Ce 7£ 3 mol/L H,SO,4 Hifi#

DOI: 10.12677/ms.2026.163056 101 PR R


https://doi.org/10.12677/ms.2026.163056
http://creativecommons.org/licenses/by/4.0/

m

PRI BRI B F SRR Re, HABA R R ER, ZEAHREAEREEN 1A-¢ B ER
H 322 Fg ' UL ELZE, 7E 10 A-g7' R E N4 30,000 IE R FFa e MERE,  MXene 3£ 2%
245 A R T R SR TH PR AL T K .

2. KBS
2.1. RF

SEOGAE FH 32 EAL AR BRARER(Ti;ALC,) FALEE(LIF) &ALER(LICL. 2hER(HC]). A A (KOH).
KRG ALA(CeCls xH0). £ B (D)K.

2.2. Ti;C, T\ HIERI ] &

TisCo Ty I ] 18 S S A0 VR G A VORI B BB AT 2 D75 . B 1.56 g LiF M3 AR T 20 mL
HCLVEW Y, B4 pE 2 25— B WA, 350NN 1 g TALC, #3oK, 40°CHEIR SF A T HiH: 48 h,
RSZE R G, IR HCL LICl AN 25 B T 7KW Pk AT 2 IRBS OB 5 » B0 IR BB - TisCaTx
S BOROE T JT A S A LR PR T 4 SR M TisCoTy L

2.3. TizC,Tx-Ce SERERYHIE

ficE 8 M KOH ¥, B 5 mL¥EHS 75 mg Ti:CoTx #HIR A, &M@ HiH: 3 h, LB F/KEERZXE,
TIN 25 mg CeCls xH20, 40°CIHIRSEME N2 FE 48 h, KT EFEMA B IR HE, 183N TisCoTy-
Ce i,

2.4. MRIERAEFE LR

AT TisCaTy AN TisCoTy-Ce FEREMIOIESN . A2 AR DA K LB 2 i 75 2 Ve e, X JLEAT K
Pl

KA AR T E/EBISEM, SUT70, HiL, HA), MEREMIESILLL R ZE8; XRS5 e i
TRFEREAT 2047 T AR, K X SHEATEMY BR(XRD; D/max2600, HA)BETIR, [, KA X H4£Lt
HLF R (XPS)X M BRI AL A2 NS I B e A FP AT UERAE ,  $8m PR R AL R

PP RE S AL AT N, BAR S ME REMR I 2 VMP3 B AL 22 T ARS8 . S = Bl it ik & it
TR, PL Ag/AgCLIE RS LL MG, BB AE o i), 3 mol- L' HaSO4 BN UMW - SEBGFT A TisCoTy A
TisCoTy-Ce HEEIIHK 1.0 x 1.0 em=2 (AR FT, ME N HBA R TAEHRM. £-02 V~0.8 V UL H K
BB A FE MR R EATIEAMRZMIR(CV), BRI LR e e Mg @ H IR
FE IR (GCD) 2 H7 /N [R] B I 56 B T BB () 78 JECHRLRE ] Ll 28 R A R e P ELPEAA Hi WM 1 SEZ B i
HLAE 1 S REERE s [FIR, D2 ATk B Ak S e A E Ak 22 B BL(ETS), ZEAIZE Y5 P 0.01 Hz~100 kHz,
10 mV FIASH HLUE R 3EAT BR Tt .

3. ZRE5WiE

] 124 TisCoTx WA TisCoTy-Ce LT T k48 Fo 8% SEM % . “1&] 1(a)” 4 TizCoTy HR
MeP IS, RO R D E MXene —4EZRE W, K2, RPESMIES R D E
ZERE R RN B 1(b)” AT R, REESMES, S, RN, KR 5
FLASE, XA HHT WS “ & 1(c)” FEREHES, RS —, BASHME. w“E 1(d)” Fis,
Ti3CoTy-Ce TR AT H B> S A BN 0K, X o] B ph TS AL B AR BE AT 51 A2 10, o “ & 1(e)” B, ¥
JEF JZRE AR B R, SRTHI R 2 WE ORI , X AT BE A2 Ce MR BE S E. TisCoTy-Ce JHfEARTH W1 “ & 1(H)”

DOI: 10.12677/ms.2026.163056 102 PR R


https://doi.org/10.12677/ms.2026.163056

(173

FioR, JEIRME S LRGN ol 0L, SN, J2 MRS IR o ik — B 8T TisCoTx-Ce BRI LR A5
XIFE S EAT EDS RAE, 0“5 27 frox, HAoaf USRS S] Ti. C. O Fl Ce R LRI 27340, Ce
LRGSR BRI 0, HARMIR MXene 148 ZRE M, JupPRl AL PERE SRR AL T AT SE 1 45
PRI 53 Fa it o

Figure 1. (a) (b) (c) cross-sectional and Top view of SEM image of TizC2Tx film; (d) (e) (f) cross-sectional and Top view of
SEM image of Ti3C2Tx-Ce film
[ 1. (a) (b) (¢) TisCoTx FEAEEHI SEM Bl (d) (e) () TisCoTx-Ce FEFEHEH) SEM Ef

Figure 2. EDS image of TisC2Tx-Ce film
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Figure 3. (a) XRD pattern and (b) High resolution spectrum of Ti3C2Tx-Ce
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Figure 4. (a) Specific capacitance versus at different current densities of Ti3C2Tx- and Ti3C2Tx-Ce samples prepared in different pro-
portions (b) (¢) CV curves and GCD curves of Ti3C2Tx (d) (¢) CV curves and GCD curves of Ti3C2Tx-Ce (f) EIS spectrums and (g)
cycling performance of Ti3C2Tx-Ce electrodes at a current density of 10 A-g™!
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Figure 5. (g) Cycling performance of TisCaTx-Ce electrodes at a current density of 10 A-g™!
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