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Fabrication of Planar Porous MXene/Carbon Composite Electrodes by
Simultaneous Ammonization/Carbonization
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Abstract: As a new class of two-dimensional transition metal carbon/nitride, MXenes have been proven to be a kind
of pseudocapacitive supercapacitor electrode materials with excellent electrochemical property, and hold promise in
practical use in the near future. In practical applications, it is required to make the electrode materials into planar po-
rous electrodes for capacitor assembly. Herein, a simultaneous ammonization/carbonization method is proposed for the
preparation of MXene planar porous electrode. Filter paper was used as a planar porous template, and MXene was
coated on the fibers of the filter paper by means of dipping-drying, and then heat-treated in an ammonia atmosphere to
obtain MXene/carbon planar porous composite electrodes. Analysis results show that the MXene nanosheets are uni-
formly coated on the carbonization-derived carbon fibers of the filter paper. When immersed 5 times, the areal capaci-
tance reaches 403 mF/cm’ at a scan rate of 2 mV/s. After the composite electrode was tested for 2500 times in a gal-
vanostatic charge-discharge cycle at a current density of 10 mA/cm’, the capacitance was almost the same as the initial
capacitance, showing good rate performance and cycle stability. The MXene/carbon planar porous composite elec-
trodes prepared by simultaneous ammonia/carbonization exhibit excellent electrochemical performance without using
either polymer binder or metal current collector.

Key words: MXene; supercapacitor; preparation

WiE EHEA: 2019-06-20; WEIEFEEHE: 2019-07-31
fEE A Tk RKF2(1996-), 5, Wi-LH7TE. E-mail: tyzhang@vip.jiangnan.edu.cn

ZHANG Tian-Yu(1996—-), male, Master candidate. E-mail: tyzhang@vip.jiangnan.edu.cn
BIAEE : T, B5E 5. E-mail: wang@imr.ac.cn

WANG Xiao-Hui, professor. E-mail: wang@imr.ac.cn



51

KR, 5 RPN/ MRAIE R % MXene/C 110 2 fLE £ H ) 113

CYEMDRL S MR BR, R RELERE B RS
THADPEAYEE, BUEHRT . BRGNS
MU F AR BRI R A T B4k, M RBLH
MR S5 HSERD G SR, XA AT
ANATIRAG B2 RO BRI WA 4R R
B ERA BT R AR A B B0 BT
W), IR S B ARG R B 0 R A R L
BEEA . EALO. BRI R S A
% LB L IR 1

2011 4, —Fhopr B — gk VR 4 B AR/ R AL,
MXene, 1ERIIN Z4EbHRER S kP e — &
NN M X, To(n=1~3), Hrp M Jy 5 i < )& (0
Sc, Ti, V, Cr, Zr, Nb, Mo, Hf fl Ta %%), X A# S, T,
REFMME AR, -OH. -0 H-F!'"", Ti;C,T,
52 H AT A ARE M MXene, T AL f% AEAN
Ak S5 22 AN 2R B HE AT A0 S P ) e
0B 2 HL 75 9% 05 TR R B 7 200 22 R A ks ok A5
ESRf.

SRIM, 76 MXene B A2 AR N, £
G 1) 1) 2% 77 1 T AR AR Y B AR R S i R
BANR G BERL, FARR BN E S BRI AR EA
BV 2 fLHARH T AR A 26 . AR Gt & i 1
ZMFEE R, HARHKEEA B EEEN &S T
R G 7R 4 S8 SR AR o B X A% Gt T T R AR i 6 vk
(ks AR T E ORARE [R5 S A B A 2 T %
MXene “Fii 2 fLHMK. VAIEAN Z FLFIHIBR, 8
R T BT TisCoT, e e B4R 27 4 I,
SRIGAER SR P A, 7E 528 MXene &AL
[7i] B 31 4 R 75 2B 1E . MXene HIRALA R
JEIREE, R TS FERE R RENNITE,; AR
B A FITRE 1 L 5 T 0 4 AN T 32 A 7 7K i PR
WK G P DRI o [ 25 S A B A R PE AR A s o T
K& A& R AERA BT, Hl&E 20 Fm2
FLA AR R I O B AL AP RE, 9 MXene HEZHE
BAR AR AR AL T —FhPdE . s 80 ] AT T
Z FLHAR I T

1 SLWHE

1.1 LIEHR

Ti ¥3(99%, 300 H (50 um), /M4 EE
HIRAT], Al #(99%, Dsg=10 pm, #2402V Zm4s
MABRATR), A58 (99%, Do=6.5 um, HitFF%
m), LiF(th2egl, E28 ARG A ), #
g (or M at, B2 A=A R A A, R
(98%, HEZjEFLFRAA R A F), AA(CREKR

FESARARA A, 1858 € &I AN REFr 400l A
FRA D).
1.2 Ti;AlC, HI#I &

Ti;AlC, &l % TisC,T, MIATIRAR, B [EHAH &
A R % o SR T, ALK R SR DL BE
JREE 31 1.1 0 1.88 I LLBITE R A B VR AEHRE IR & 12 h,
SR N SRR il ) v i, FRR AR R S AL
NAT SR IER BN Ar SR INFAE 1400 °C, FF
fRit 90 min. fRIZZE NG HRWH 2 =R F
Ti;AIC, Z L&, i 1(a)Fis.

1.3 MXene Z/Z&AHIZ

¥ 1 g Ti;AIC, ZFLIRR NH 1 g LiF il 20 mL
WA 9 mol/L (R ERICHI VAR, = N RN
20 d J5, HIRGA4ERIEB(FLA: 0.22 um, JEEE:
140 pm, bR B ) 35 25 i i 2 B OB
W, R EE PRSI EE LER pH 153
21 555> B RITUR YR N 2 81K R, i =404
5 8 A RS TR 4 (KQ-100VDYV, Rl i A 3
BRAR, FE KRS YE R A 20 min 3k1FETF
Wio ARG EIFW LA 4000 r/min f58 3 5.0 30 min
DABR 25 KRR . f ) 13 2 I BB R BTN TisCoT,
B, W 1@)FTR.

1.4 MXene FHZFLERAIFI&

MXene FLR 1)1 £ 5K FH [R5 &AL/ EE, G
KB 1) ATR. BRI T o et nf 4k U)o
BN, FERSTRFREIRARTE Ti;CoT, BIFWH
B, 2T, ERT R, AT B R R
FRy5FEAE, TEIEARAFEAL 2 IA] BN B /K 1 1 2R DU 4

Bl 1 (@TiAIC, Z LK. Ti;CoT, EiF M e 4 Al TEM
M (i 9 MXene 277 T IA /R BLR0); (b)) A S A0 /B
3231 & MXene/C “F- [ % FL AR (1) 3 72

Fig. 1 (a) Optical photographs of porous Ti;AlC, monolith,
aqueous suspension and TEM image of Ti;C,T, MXene with
inset showing the Tyndall effect of MXene; and (b) fabrication
process of MXene/carbon planar porous electrode by simulta-
neous ammonization/carbonization
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Fig. 2 Composition and structure of Ti;C,T, MXene/carbon
planar porous electrode

(a) XRD patterns; (b) Square resistance of planar porous electrode vs
immersion times after simultaneous ammonization/carbonization. Inset
shows the dependence of MXene load after simultaneous ammoniza-
tion/carbonization on immersion times
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Fig. 3 SEM images of surface morphology of Ti;C,T, MXene
planar electrode (a) and High-Angle Annular Dark Field

(HAADF) image of Ti;C,T, MXene after simultaneous am-
monization/carbonization (b)

(1 285 ot R 2 1B 19 1, M X ene JIE F) J5E FE AN 7 384 K,
-1 2 FL A R AR B R A il 2 K. B R
[0, T MXene (42 d 205 1Y, 57
FEJZ P B A S BE A 06O, o 2 B 0 il < 1) 1
IR BB AEARSKIKI AR AR, AT LAAE MXene 2971
TS NIE R IEFLT, 7E MXene 99K v B AR L
G REIE AL, AR KL T T F I D JE AR 44 S A2 1Y
LBV, TOUIAT EAT R et SR M FL R RO A R R
EARE AR TisCoT, M 20PN T A5
BET L& BRI 20 m?/g, it/ i) bl 28 T B
SR A AT SR Ut s i A 2R Y. MXene
R MRRARL, R A A, SR
FLHAIR N R IS, AR VR I S T RE S A R

~ 1l ®
)
§
S
:
.g _1 L
§
ERcds
< :
10 times
_3 1 L L 1
—0.6 -0.4 -0.2 0 0.2
Voltage / V
L2l @ —=—20 times

—o— 10 times
—A—5 times

Areal capacitance / (F-cm™)
o o o
[ = )
/././

0 10 20 30 40 50
Scan rate / (mV-s™)

4 Ti;C,T, MXene/C ~T-1H £ FL HL A 1 FEL 25 P B

Fig. 4 Capacitance of Ti;C,T, MXene/carbon planar porous electrodes
(a-c) Areal capacitance versus voltage with respect to Ag/AgCl; (d) Areal capacitance as a function of scan rate
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