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Abstract

In the family of transition metal carbon-nitrogen compounds (MXene), vanadium carbide (V:C)
has the potential to be used as a negative electrode in lithium-ion batteries due to its high theo-
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retical lithium-ion capacity and low diffusion barrier. However, due to the strong van der Waals
interaction between the stacked V.C layers, the surface active sites of the stacked V.C layers are
not fully exposed, which reduces the lithium-ion storage performance. In this paper, molecular
welding technology was first applied to V.C materials. The amino group on the surface of ammo-
niated V.C reacted with the carboxyl group on the 1,3,5-phenyltricarboxylic acid (BTC) molecule
to form amide bond (HN-C=0), and the BTC molecule was fixed between the layers of V,C. The in-
troduction of BTC molecules expands the layer spacing of the V,C material and improves the ion
accessibility of the material. The composite-formed V.C/BTC electrode exhibited A high specific
capacity of 655.7 mAh-g-1 at A current density of 0.1 A-g-! and still provided a high specific capaci-
ty of 163.5 mAh-g-1 after 1000 cycles at a high current density of 5 A-g-1. The above studies dem-
onstrate the potential of V,C/BTC materials in the field of lithium-ion storage, while providing
some guidance for other MXenes in the field of lithium-ion batteries.
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1. 518

AR AE RS AE TR THR 5, 4L 7 R (LI B) PR M o s BN D)y 8 2 DA K AT P 7 i 7 (485
BB 2 B LIB RA R MBS AR, 5 LIB K AT i B R SZ IR T ik
PORMA B (R B 1 A7 At 2 i DA RS 97 G O, i 4R 8 1 b o, J = MU RE i 1 b I R SR P g 1]
BUF A AR SRR ER R A BAK(372 mAh-g™), CAAREREANTH SN KRR 2. HIEFRA]
MY G EOR R SR, TR AR RS A B, SCRETH AL DR 0 P 7

N TR IXFI G2, — 2 GO RETTR HOR, B RT ST, BT Sn AT 5 s LA
(TMOs), ESAFI AR LAk & (08 7 b s B o 8 (4R, (RILBGR 0y s 2, 2 btk
RV B 79 BOR IR T e 2R . B X —4en S s, I8 BB 51 7RI B
HRER Bt I G R BRALYI(TMDs), ERXUUE: 8 SR ) (LD HS) LA S I 6 e B L AE ) (MXenes) . 3
H MXenes I IRERIRRE, B0y 2D MR ERIISER, EIE ALY A BLRF il AL
MO AR S T Z IR [2]. 5 HAb 2D FOELRIFIKR, MXene Z A 5 = & i1 JF H T
FEMRITEERI(-0, -OH, -F), BONEE FINIRASR G TARIFK . 12 LA-Fi MXene H V,C il e i 2
WHEE T2 (940 mAh-g )RR HH 22(<0.1 eV) [3]. fH V,C JZ [MEGREME L EHIEICT VoC
[ J2 I BE S SRR ) 1 FOR IR AL A IR ) R, (645 VoC I GBI T4 #ah V0, i S 80 7
BRI IERE

N T IR R . — 25 AT IR AR A ] — 22 R A BH S (0 NHY « Zn®', Sn*™45) i A MXenes /2
(AR5, AT DA g KR R IF R m L i i R b, AT L T I AP e . 53—
I, Hf MXenes 5HABME A H5 Ag. CNT 1 WS, 49K 45 0D/1D/2D 9K M R S A bkt
ALV R B T 1090 SR TR AR RE o BRI Or ARSI FUTAG T 2021 4F, BFUA SLIBIL AT
PP B > T (XDA)V RS B BEAL I TisCo 2= Z IR KR &5 SONE, 3T mT 4253 /4% MXene )z [7]
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FEM T, G T XDA-TisCo # K. XDA 73 F AU AT DATE B T4 N RS B AHAR 2, i HLAE B T H2 L
AR JE IR AR AR R SE TiaCo G544, M X AH AR JZHEAT SCAE[4] o X T 40 AR, 7E V.C MXene
HB AR AT N FAT v AT BT

PATE SR R A AL IR A 2 VLAIC il V,oC, BB ILE NHF IRA JETEE RS 1 341k
V,CINHy. HJa#s 1,3,5-%K = RIRBTC) A T /KRGS 2 iReE, FIHBUKE &R, $l# 7 V,CTW/BTC [5].
K 4 10 VoCT,-BTC #E47 2l bR 7E 0.1 A-g (R HL 3 %5 1~ LT 655.7 mAh-g ' s EL R &, AE5 A-g ™
K BLIR 25 P R B ER 1000 B S, 45T it 163.5 mAh-g L i b 2 B o B 7E A R M AR R 5 Ag
1 V,CT,/BTC KB 270.2 mAh-g I LL A & .

2. Kh
2.1. MHEERK

2.1.1. V,C &R

V,C HBRERHL(VLAIC) PRE R Z thifi) %%, BAACR UK 1.8 g HALEL(LIF)AE M T 18 ml fyEEER(HC)
PiFE 20 0%h, SRJEH 0.9 g 19 VLAIC BTIRMEIZ R ZAE I E] IR IREERT, HREREUR LRSS
WHSEE G, 90°C /KB 48 he RN 5EA )G, A 1M R85 258 7K G B R PH E N 7,
B, BURERITE V.C N B2 TIEF R 60°C T1% 12 h, 53] V,.C KiK.

2.1.2. V,C/BTC B9& R

¥ 500 mg 1 -3k V,C ¥R 100 ml (1 — Gk i 75 4 51 J5 13 80 5 mg-mL ™ V,C 4B, 755
BRI 111 g b B (NH,F)R &3 5) )5 60°C NS 24 /INEF . OS5I S5 F 25 B FoK ek B & PH
BEIT 7 )5 40°C FELA T4 24 /N, BB E AL VL,CINH, . 28 JE #5 5 mg-mL™ V,C/NH, &5 2 mg-mL™
1,35- K =R (BTC)EWIR A, 16 45°C Ntk 12 h, (ERbMiKSs & Mo SO 45 3 il 25 88 /K ki
PRIEZE PH $#5E 7 JE B4 T4 12 h UtdE VL,.CIBTC ¥iK. A V,C 5 BTC & A 2:1.

2.2. MRISRIE

K% SR 8L (SEM, SUT70, Hitachi, H A)XIFE S TSR ROW S5 M HEAT T W%, i dk
— N 5~10 kV. KH X SFEATH (XRD, D/max 2600, Rigaku, [ A<)REHE% & kg, F X S0
HLFREIE(XPS, PHI-5700, 3£ [E)7r#T T HALZE S F 25

2.3. BN

AR HAR ST (V,CIBTC), L BEFIURE 25770 SR i 9 £ M (PVDF, 5 wit%)35 5 R & . i & 2
7:1.5:1.5. FROHE G IR EIE IS 15 43 8hi 7 AL B 5 Y 50 wm (9] TJ3 S)IREAEAE b, 1E 1107 N T
12 ho FJa A SE U A LY T BN 13 mm RS N . a4 A TAF b i s v i &
0.7 mg. HLHLFIST B A EE Ao HL AR TN BR R £ B8 (EC) AR IR FF B (DMC) A1 B R Z. B (EMC) V8 iR
(ECIDMC/EMC &FR LA 1:1:1) KB &40, KM Celgard 1 NFEME . FIBRALREE — DRI TEM
(MBRAUN UNllab Plus)H, H KA R (LT 0.01 ppm. - HLHZH 3 % CR2016 il ifa 284 Ha it gk 47 Hy
PEREMNA, K A B e CR2016 A i A4 W yth i AT B Ak 22 Ptk e a3 e A AE | 3 v vl It A%
(LAN-2100) 347, HEJEECY 0.01~3.00 V. 7EHAS TAER (Biologic, 2 )IRTFAN [F4 4 18 BE F (1)
CV Mz . Bk FHPTRE(EIS)TE Rl — FAb 2= TAESR AT, S sh g A 5 mV, A% u 4 200 kHz~10
mHz,
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V,C V,C/NH, V,C/BTC

Figure 1. Schematic diagram of V,C, V,C/NH, and V,C/BTC
B 1. V,C, V,CINH,, V,C/BTC HIZEHIR=E

3. RS
V,C/BTC M£5tnm sl 1 fon, V,CIBTC Z&ifid BTC ¥ LI-COOH £ 5& kil J5 V,.C #&
T -NH2 3 F K 46 & T . A&l 1 B, BTC 23 138t i b (HN-C=0) it 3% #2278 78 1 [ 5E #E. V,.C
28], 4 V,C 2 SCHETF, R T M R 0 i g5/ . N T 36E BTC 2 1752 A1 B 1 12,
AT T XRD 5 XPS ik . XRD JR4E R 2(a)fron, MET VLAIC, V,C 5 V,C/BTC 7E 53° F
WA BRI, 1A PR B A B s A . ] 2(b)E7R T V.C 5 V,CIBTC 7 5°~15°Yi [#
P XRD 5, V,.C #PRHE 9.24°1f(002) W58 FE 5 5, ARHEATH A ZrT BUR H V,C (1) 8] #E 4 0.95 nm,
A BE AT DATHE H (002) 167 T~ 6.34° 1) V,C/BTC MR JZAIFE B 4 1.39 nm. IXUEB] [ fEIA BTC 4+ J5
V,C (12 T, (515 V,C K2 PR AR K, [R5 R0 2 8 R 2 AT LiTrd 8k, gt — B aamss el
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Figure 2. (a) XRD patterns of V,C, V,C/BTC; (b) XRD patterns of V,C, V,C/BTC at small
angles
2. (a) V.C, V,C/IBTC i X §3¢kfiT8t &iEE; (o) MNAET V,C, V,.C/BTC B X &
KATHHEE

N TS BTC 40 T1E V.C JZRIMIERE T, AT V,C/IBTC #HAT 77 XPS Mk, Hd C 1s
) XPS EREUIFE] 3 ATzn e VL,CIBTC Y vl LLar AL ANULA I, 2 542 T 282.5 eV 248.7 eV, 286.0 eV.
286.5 eV #1288.7 eV, ZpHIXtM# C-V. C-C. C-O. C-N Fl HN-C=0 fh2¢4, (HAEEEMZE C 1 1s
b I T AR (HN-C=0), X 3E T H-COOH 5-NH, /K4 & R S B ) HN-C=0 1k 248 77 1E
A tHUE B T BTC 40 FIRAI R [E B 7R T VL.C BIZE R, X TR & G I V.CIBTC KR RES (R Frfa &
() ZIREE R BRI RBR ] BT Lt N5 M H 5 iR AR A Usc 4 [6] [7] [8]-
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Figure 3. C 1s of XPS spectra of V,C/BTC
3. V,C/BTC Hj XPS [&ig

Figure 4. (a) SEM of V,C/BTC; (b) SEM cross-section images of V,C/BTC
[ 4. (a) V.C/BTC BIZRE SEM Elf&; (b) V.C/BTC BIMIE SEM Elf&

N T #7R Vo.CIBTC MM A H, %t V,C/BTC #4T 7 SEM M. 5] 4(a)y V,C/BTC I IE i SEM K]
8, AL A V,CIBTC KLy 11 pme. 4] 4(b) )y V,CIBTC HTiT SEM FEI{R, Lo al LIt
M52 V,CIBTC HIZIRE M, IXUESE T 7ERHMT 2 FAREE G VoC MR & 1 Z IR EMIKSAAZAE, X5k
ATH) XRD M A& o N TP WEE BTC 4 TIEMEL 1 /0 At i, S RHEEAT 17 o0 il
W, wE 5 Fiar C, V, N JGHREME LX), Hb N s kRIET BTC 41, skl BTC
BT HEHR NITTE, EIRATHEN BTC 20 TSI IR HEAE T V,C MR .

N
Figure 5. Element mapping image of V,C/BTC material
[ 5. V,C/IBTC ##}#h jT RERGTE &
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Figure 6. Electrochemical characterizations of V,C/BTC electrodes. (a) V,C/BTC cycle image at 0.1
A-g ! current density; (b) rate performance of V,C/BTC at different current densities; (c) Long cycle im-
age of V/,C/BTC at 5 A-g* current density

[ 6. V,C/IBTC EELIRAVEE (LM BE() V,C/BTC 7 0.1 A-g ' LR E THUEIREG; (b) V,C/BTC %
TEIEREE THERMEE; () V,.C/BTC 7£ 5 A-g B RBE THKEREIEL

AP, AR HAG A R S 0T DLAT s N S B LR A 06, R LitEAD R o 5
YesE T R R F5 2668 77 . BTC 2 IR A AT LUEE = B A M R S5 i A oe 1, a8 v] LAY K2 AT,
15 V,C R 5 55 58 2 (R E PR i, 5 b [ AeF B8 DK 1 J2 [R) 2 28 06 0 T Akt DL K ) FLR 25 B R R AT
FEIBCHRL, BT R SR AR 15 R EfE - 4] 6(a) N VL.CIBTC #HBIAE 0.1 A-g ™ HEIR 25 N IIEF 100 [l 15,
HE R A 1012 mAh-g L FE = P8 LS 4E R 7E 595 mAh-g ™, 4 100 P8 (1 L A 8 663.4 mAh-g L iX
T ZEAE IR R R P MRS WS 16 S 80K . 5 2 ARG/ 4E V,C ik, 76 0.1 A-g7 IR FL TR R AT LA
JEFLH 296 mAh-g (LA E[9]. T & 6(b) ATz VL,CIBTC Hll V,C 7EAS [F] HEL I 25 B T i 2 8 1 tn 1] 6(b)
fii7n VL,CIBTC #£ 0.1, 0.3, 0.5, 1.0, 3.0, 5.0 A.g ' %% N AR/ 5~ 531.8, 463.6, 441.1, 306,
270 mMAN-g ™ B 13TE R AR AEAN R HLR 2 BE R AR e, Mt 2 BE I 1) 0.1 A-g 7t JE E A M EHK AR R ILH
598.5 mAh-g L LA &, AHELT-55 R8I 652 mAh-g Y, HABEMERRLE 91.7%. AU EA, mA R
RKFCT MR ES E L1, 1 BTC 70 THBEELAW T LiTgEN VL.C R HI 2 K, AR T dtkkm
T R 1A [ 1 LR PR (SE R, b B2 B X AR5 3 . 7E I 6(C) BT B /R KR MRIAE 5 A-g ™ IR T
(K196 5R 100 FElfA MR V,CIBTC MRHE 5 A-g ™ IR HLU 2 BE R AEE 1000 Bl ] LAARFF 163.5 mAh-g™ 1)
Pezs s, DL Ak 2R A SRR I T I oy AR 70k BTC 82  f5, V,CIBTC Mk R HEZ
MEVENL i, X 4R T AR LiMfEtRe 71 RIS 4 K 2 A1 m DAE A Lt g (1 3k AR R, ik
M4 m TR A 3P RE

4, &Eig

LR LPik, i Vo,.C ZAL)5 #5 BTC 20 FRBUKGE & 773, FATHIh K BTC 707 [ E 1E V.C JZ
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], MR V,CIBTC AR E M —4E ARG . ML T4E Vo.C kL, REEMENZMEEEE K, X%
it 7 ES BT S BN S N, SR A B TR E MR AR R R, [FIRHIE— @ R PR T A
BHE 7SO SRR MK S 4 . XS S TS VL,CIBTC BELH TR BRI LitfifERE 1. BAkokif
V,C/IBTC 7E Bt Uik v L 0.1 A-g™ 9 FL IR 25 FEIE 2K 100 Y5 R B 663.4 mAh-g ™ H R Eb 28 o B4t
V,CIBTC HAT M5 M Lifetkae /1, LR % EM 0.1 A-g %) 5 A-gt ivf, H8 &M 531.8 mAh-g™
NEEE] 270 mAh-gT, HEMRFFEN 50.7%. Kk, ASCHHRH BTC 2 F 5% A0JE ) VoC HEAT 2 T4
ST R R S, Rl DA E AR LiTAAE RO M RE, JF B HAth MXene 5 BTC 4 FRIE AR HE— &
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