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Abstract: MXene materials are a class of two-dimensional transition metal carbides, nitrides or carbon-nitrogen compounds with
important application prospects in the fields of energy, optics, biology, sensing, and electromagnetic shielding. Recently, studies
have shown that two-dimensional MXene materials prepared by Lewis acid molten salt etching have excellent electrochemical lithi-
um storage performance, and surface functional groups have a great influence on lithium storage performance. Therefore, this pa-
per systematically studies the effect of heat treatment on the functional group of Ti;C,T,(T is Br, O functional group) and the
electrochemical lithium storage performance. The structural stability and functional group desorption behavior of Ti;C,T, MXene at
different heat treatment temperatures are analyzed, and the electrochemical properties of MXene treated at different temperatures
are compared to clarify the role of different functional groups in the lithium storage process. The research results show that heat
treatment can desorb the Br functional group, thereby improving the lithium storage performance; when the heat treatment temper-
ature is greater than 300 °C , the O functional group on the surface may react with Ti;C,T, MXene to generate TiO, and contrib-
ute additional lithium storage capacity, but when the heat treatment temperature is 900 °C, the structure of Ti,C,T, MXene is

destroyed, and the lithium storage capacity is greatly

WS HEE. 2022-08-16 EE B 2022-10-19 reduced. Therefore, heat-treating the Ti;C,T, MXene sample
ESTE. EFAREEES R A (52072252, 51902215) at 700 °C can obtain the highest lithium storage capacity,
(e, 45 . B 1998 4L, BIERFE reaching 241.9 mAh -g™", which is a 32. 2% increase in ca-
IS, Mk, B 1986 4FA4:, BRSCH . MLk S, pacity compared with the untreated Ti,C,T, MXene.
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2.3 HMHRIRIE

FIIH X 52 A7 5H ( DX-2000, FHA ¥ 0 g8 A R
A K4 M Ti,C,T, MXene B SR 25 A, 14 R
Cu Ka §F48 (A =0.15406 nm) , FHTEHE 26=5°~90°,
fdi FHAAH 7 0 (SEM, JSM-7900F , b 5t 7 4 K %
BESA BRI F]) A1 X P AEIS X (EDS, Ultima MAX 65,
e [E A HALAS ) 40T Ti,C,T, MXene FIROVLTE SR F19T £
gy R X STkt B 7 BE %1 (XPS, XSAMS00, %[H
Kratos) F1i% 5 H 1 . 8% ( TEM, Talos F200S, 3£ [H
Thermo Scientific ) ¥t — 27341 Ti,C,T, MXene H¥: i 2 1 )
RS FIC R o, XPS bt fE b 45 A RE 2 1L
C 1si&% K 284.8 eV,
2.4 mBEEaEnNER

¥ Ti,C,T, MXene #3 A | 3 H i< 8 R 2R it 98 & I



551 &

b, HUBFRRE Ti,C,T, MXene AHEHE AL GEHMERE R 00 371

(PVDF) #%JR kb 8: 1: 1 IR A4 4], DL NMP E B iR
F, BIRARER S SRBME E, 7590 CHA
JRAH (DZF-6020, TRIINEGH A BHEA B2 Al o4
10 h DABR L/ NMP, 45 2 09 B B 75 wp£L il % B A%
M2 mm BB R, AN TAER M FEEe @4 A
VER X R A S L B B: , GF/A A RF@EAE, 1 mol -L™!'
LiPF+EC/DEC 1E b M W, 76 T B h 4R
CR2030 #1120 2F f b, {8 FH A Ak 2% 98 26 0k R 4
(CT-4008, WRHITHT R LT A7 BRAA 7] ) X624 i sl 16474
P FEH LG PRI 38 T H Ak 2E TAE 3 ( Autolab M204,
Fity 773 38 A PR ) G b A TR IR AT,
JEYEREN 0.1~3 V,

3 &RSiTH

3.1 FAKIEIT MXene I L5 K B 8 HFl #9200

&l 1a A A [ B AL BE T /S Ti, C,T, MXene # 5 9
XRD Eii, Ti,C,T,-300 A7 5T 5 R AL B Ti,C,T, £
SR RTETIEAR T, BB 300 °C KL BE 2 J5 # MO R & 2k
B FE AR, Ti,C,T,-500 i XRD &% H Ti,C,T, MXene H
BT B TiO, BT AT, PP 500 °C AL EEZ
Ti,C,T, MXene A Ti0,, HFHALBE MM
SAUTEETR, B, Tio, WfgSE i Ti,C,T, MXene 45

Intensity / a.u.

10 20 30 40 50 60 70

v Antase TiO, [[a]
v Rutile TiO,

HZkm 0 BReFI AR, Ti,C,T,.-700 1 Ti,C,T,-900 fY
XRD i A B0 T B8R Tio, A4 2041 Tio, WAl
S, I FLKGE P PR BE RO T, BEKET Tio, 24
2149 TiO, #5728, 530k IE — 3" 900 °C b F
Ti,C,T, MXene [fFHIIEC LT 2R, 58 MXene 4514
SEAREIR, i TiO, AT ST AR

b~ 1f AR AL B TS Ti,C,T, MXene 4%}
[ SEM BB F-, Horf Ti,C,T,-300 1A $kb FREE 5 AR L 1%
WZERIFTC I A1k, TRE T F KBRS H, B
300 CHALIEA 25 & A B 3 A A sk 2540 S it . 7E Ti,C,T, -
500, Ti,C,T,-700, Ti,C,T,-900 fJ SEM f& H- v af B & 3
FHN TR Ti,C,T, MXene |4 AL A4 1Y TiO, Bk,
FLRf AR B T R, BOROER 22, R4 AR AR
=, SEM 4rMra R XRD A Hrds R —3, B ST
D AL BRFTE Ti,C,T, MXene K£ 5 CZE EDS T4 &l
T, AT LRI BRI N Br U RS REAR S, RO
Ao R NEFES EDS K BT TR FExt e,
PRI FELE 300 A1 500 CF, Br B AE & B W AR
VLR L, Br B AEIABERH 12 #RALHER I8 ) ok
it 700 CJ5, EDS M S5 A Wos ARk Br, 150 i B
SKFNEE T 700 CC Y, Ti,C,T, MXene £ K14 Br B fE
P 4R R

B RIERE B HRG S Ti;C, T, MXene 18K XRD &% (a) F1 SEM FE 5 (b~f)

Fig. 1 XRD patterns (a) and SEM images (b~f) of Ti;C, T, MXene before and after heat treatment at different temperatures
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R EEESHRE Ti,C,T, MXene R TES R T Ti,C,T, MXene 4544, 15 XRD #1458 —5. Br3d

Table 1  Atomic ratio of Ti;C,T, MXene samples obtained from B A i B A IR B T e B U5, IEBH e IR BE S (i Br ‘B fiE

EDS mapping ZiliA

Samples Ti Al Ni Br g ik — AN BT AL BEXT Ti,C, T, MXene 454 (52

Ti; C,T,-RT 3 0.25 0.28 111 Wi, XJ TiyC,T, MXene KAE 300 F1 500 °CHALHAE i EA T
Ti,C,T,-300 3 0.14 0.07 1.02 B0 P O LA ( high resolution transmission electron micro-
Ti,C,T,-500 3 0.29 0.29 0.97 scope, HRTEM) J 3% X H F177 5 ( selected area electron dif-
Ti,C,T,-700 3 0.27  0.21 Negligible fraction, SAED) MR8, WA S2( WM R Fis, &
TiyC,T,-900 3 0.14  0.16 Negligible LI AE 300 C AL BRI HE & AT I Ti, C, T, MXene HL7
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Fig. 2
(¢) O1s, (d) Br3d

XPS spectra of Ti;C, T, MXene before and after heat treatment at different temperatures: (a) the full spectra, (b) Ti2p,
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Fig. 3 Electrochemical tests of Ti;C,T, MXene before and after heat treatments: (a) cyclic voltammetry curves at 0.5 mV +s™", (b)

galvano charge-discharge profiles at a current density of 0.05 A -g™', (¢) specific capacities at different current densities,

(d) long cycling performance at current density of 1 A +g™" for 800 cycles

k. Ti,C,T.-500., Ti,C,T,-700 & Ti,C,T -900 fJ CV Hii£k
rb LT W R AR SR 5L e g i By
JESF-& A R, Hodb Ti,C,T,-500 f CV HiZk7E 1.7 F1
2.1 VAL T AR R, 430 X R B TiO,
S A B A A 0 A AR, TiL,C,T,-700 AT Ti,C,T,-900
BRI 2.1 #2303 2.3 V, KA 700 #1900 °C 45
KB TiO, FFUR 17 4 40 A Tio, #5745, 1e4h, Ti,C,T,-500
K Ti,C,T,-700 e P B 05, HAREEZS Wb, 1
WIEH TiO, i1 sTMR AR A4S &, {H Ti,C,T,-900 fiff ¥ 45 i
FEAR, SR M T MXene Z5 58 MR, AT R RFEAL T
FHMERE

3¢ AMALPEETJS Ti,C,T, MXene #8175 A [6] B i
W T WA M 2k, 7E 20t 300 C Buab B,
Ti,C,T,-300 AYF A L 285 DL AT SR AEREXT HE Ti,C,T,-RT
BIAHRTE, R GEEPE AR 0 B TR B T Br B RE A
BHETE T MXene FHLPERE, [RII 4R T 40 AMEEE AL
% 2 ® W, Ti,C,T-RT, Ti,C,T,-300, Ti,C,T,-500,
Ti,C,T,-700, Ti,C,T,-900 7£ 0.05 A - g ' HL % & T HY
TOHL b A B4 Bk 183.0, 192.4, 214.8, 241.9 K
99. 8 mAh -g™', 700 °CHALFRJS Y Ti,C,T, MXene HA5 fi
K HL 2R 2, XA Br B BE AT K I B Ti,C, T -
MXene f#EEME GEFE T, R 7= A 1 TiO, TTHRER 4> 75 1t

Ti,C,T,-700 A FLARZ i #ALBEAY Ti,C,T,-RT, 7£0.05 A g™
IR L AR R T 32, 2%, {1 TAE LAY TiO, S
PERE2E , S0 TiyC,T, MXene BERHEARIERE, IS
WHEBERT 1A g B, Ti,C,T,-500 F Ti,C,T,-700 {I%s
HAH I Ti,C,T,-300 2 BETRLFEAR, HEA30L T Ti,C,T,-RT,
K 3d IHUEFERTE Ti,C,T, MXene MEIAE 1 A -g™' FHY
KAG B PE i b JBE A B8, Ti,C,T,-300, Ti,C,T,-500 Fl
Ti,C,T,-700 7£ 700 1G5 J& W1 J5 43 B B 96.7, 92.8
F1102.5 mAh -g 7" (UREERZAS B, MILLZ R, REHUEHET
Ti,C,T,-RT /X 85.3 mAh - g™, WGAIK T 28 i $hab B A
ho BRI, i EARALBE Y Ti,C,T,-900 HE T 45 M B3R
B, HABEEZ BN 56.4 mAh -g7' 16 KA 2 )5 6k
PRZSERAT BT, B2 MXene HBE ZEIG B2 2 b R 2E
JERES, NSRRI, 5 3CHkiE —5" SR
KA P R R RRE, T A RE R 9 R A ORI
100% , UL S HA BAF Rl ik
4 % @

g5 LR, ARSCR B 5 W s £k Z0 okl £ 1%
Br X O ‘B REH] Ti,C,T, MXene, JF7E Ar 5 T #4754
TEEHAE, JEOESE T AR R MR AR . 8k SR AE AN 2
ROV T 458,
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Table 2 Specific capability of Ti;C, T, MXene before and after heat treatments under different current density
Samples Capacity (mAh -g™') at different current density (A -g™")
) 0.05 0.1 0.2 0.5 1 2 5
Ti;C,T,-RT 183.0 154. 6 130. 1 97.9 73.6 53.9 34.7
Ti;C,T,-300 192. 4 168.3 146.2 116.5 98.1 74.4 50.0
Ti; C,T,-500 214.8 185.9 155.7 113.1 83.6 60.0 34.7
Ti;C,T,-700 241.9 200. 3 162.3 114.3 88.1 58.3 36. 1
Tiy C,T,-900 99.9 85.8 73.1 55.7 42.5 31.7 22.2
(1) #M Ti,C,T, MXene il PERER £2AH 2 MR K., [3] COME J, NAGUIB M, ROZIER P, et al. Journal of the Electrochemi-
Br B BE ] 1 8 b Ti0, (IS cal Society[ J], 2012, 159(8) : A1368—A1373.
(2) BN B RS [ Ti,C,T, MXene T Br B e G [4] DONG HY, XIAO P, JIN N, et al. ChemElectroChem[]], 2021, 8
- _— 5 8 N . 5): 957-962.
WIS IO, WNTTTHRSF B AERE, R % l "
5] MA L, SHAO H, XU J, et al. Nature Communications| J |, 2021, 12
AEZX 3 B MXene Z5 IR, RG-S HLPERE, AT FE AR (1) 565
: b M-2b : .
Ti, C,T, MXene E’j'ﬁ%%ﬁlﬁfﬁbo [6] ZHOU J, GAO S H, GUO Z L, et al. Ceramics International [ ] ],

(3) GG FIE FE K 700 CHY, Ti,C,T, MXene % [fi
Br ‘B B8 Ko 6B IR B O B RE A D0 SR Ak A b i
TiO,, HKZ MXene Z5#4 1R K AWK, R H A R
HIRHERPERE o

AT B T ARAL BN MXene fif B BE A5 MR, X
BB =R A —E S HMESFHFE X,

SEM B htp: //www. mat-chi-
na. com//oa/darticle. aspx? type = view&id
=202208020
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Fig. SI  EDS mapping analysis of Ti;C,T, MXene before and after heat treatments: (a) untreated, (b) 300 °C, (¢) 500 °C, (d) 700 C,
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Fig. S2 HRTEM image and SAED patterns of Ti;C,T, MXene before and after heat treatments: (a, b) untreated; (¢, d) 300 C; (e, f) 500 °C
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