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Advanced Ti;C,@¢-MnO, cathode as rechargeable aqueous zinc-ion batteries

HUANG Lanxiang *, LUO Xufeng"?

(1. Institute of Electronics and Materials Engineering, Leshan Normal University, Leshan 614000, China; 2. West Silicon

Materials Photovoltaic and New Energy Industry Technology Research Institute, Leshan 614000, China)

Abstract: Due to the low cost, high safety and easy assembly, rechargeable aqueous zinc-manganese oxide (Zn-

MnO,) batteries are the best devices for energy storage. However, poor conductivity of MnO, results in the bad cycle

performance. Herein, highly conductive and layered Ti;C,T, MXene with rich terminations (T,, for example, =0,

—F, —OH) were used as carriers for MnO, particles. Due to the electronegativity of the terminations, Mn** was in-

tercalated into the layers and adsorbed on the surface of Ti;C,T, MXene, making the generated Mn;0, particles can

firmly anchored, forming the Ti;C,@Mn3;0, composites. As for the cathode of zinc-ion batteries, Ti;C,@Mn;0, was

fully converted to Ti;C,@e-MnO, during the 1st charge process. Thanks to the excellent conductivity and layered

structure of Ti;C,T, MXene, Ti;C,@e-MnO, cathode presents excellent kinetic properties and electrochemical per-

formance with a high specific capacity of 440 mA-h-g”' and high energy density (607 W-h-kg™") at 0.2 C

(1 C=308 mA-h-g™), and the capacities increase from 270 mA-h-g™' to 480 mA-h-g™* after 150 cycles at 1 C. Excellent

electrochemical performance, simple material preparation methods, combined with the low cost, high safety and

easy assembly characteristics, enable the possible application of rechargeable aqueous Zn-MnO, batteries in large-

scale energy storage.
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405 W-h-kg'™; La-Ca J£#8%% 1) e-MnO,, 7F 0.65C
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H #7585 (SEM, GeminiSEM 300, 7% [H
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SRR AL A ) (MAX) 1 04 R5 A A7 5 06 5 4 vfE
£ B PDF#52-0875 VL fit , 3% B H: hy Ti AlC, MAX,
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&l 2(a) b TizAlC, MAX /Y SEM T IE S &, H
HPM R RS LN, S HFRAH )G, Al
B4 2 s, 5% 1Y TiyC,T, MXene 5% 2 i % it
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Il 435 T, (=0. —OH Fl—F) 5 Mn®" i 5 f H 5]
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FEILFRT, DA A BRI MingO, TURE 4 242 7 b
JETE TisC,T, MXene [ #4757 A K, M KK
ol AR R R R . [FIE, )2 (8] MO, fBURL i
FETE AT LA B K Ti,C,T, MXene )2 A H, £
HIIAR XRD 438, o2 (6] B AR A9 0.998 nm 47k
% 1.280 nm. i@k HRTEM (& 2(f) 43 #r, 4= iy
SR W ) & T IR) R M 0.313. 0.294 A 0.254 nm,
Ay 9 %F BT MngO, #9 (112), (200) FI (211) & 1fi ,
[[BS, AT LLYE Wi 2 Ti,C,T, MXene #1449 2R
45K, Ti,C,@Mnz0, & & #1 B d Mn, O, TiflC
HICR oA i 2(g) s, 4T R EM R &
K513 Bk A, W Mn,0, 48 K B0k 2450 4 K T
Ti;C,T, MXene ¥/ ¥} | .

34 Ti;C,@Mn;0, H i 1Y H 1k 24 1 fiE (3
T Ti;C,@Mn 0, B G A B BT i), WA 3(a) Fis,
M AE 0.2 CAER T 1 Wl Y, B i
1 68.6 mAh-g, FEJGLLINEE 2. 3. ARG,
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1 TisAIC,. TizC,T,MXene. MnyO,. TisC,@Mn;0, i) XRD i ((a), (b)); TisC,@Mnz0, (c) Fil Mn40, (d) i Brunner-Emmet-Teller {14k ;
Ti;C,@Mn;0, 1 Ti2p (e). Cls(f). Mn3s(g). Ols (h) i XPS &3
Fig.1 XRD patterns of Ti;AlC,, Ti;C,T, MXene, Mn;0,, Ti;C,@Mn30, ((a), (b)); Brunner-Emmet-Teller curves of Ti;C,@Mnz0, (c) and Mn;0, (d);
XPS patterns of Ti2p (e), C1s (f), Mn3s (g) and O1s (h) in TisC,@Mn30,
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50 nm

€2 Ti;AlC, MAX (a). Ti,C,T, MXene (b) ff) SEM [&{%; Ti;C,@Mn;0,
7 TEM ((c)~(e)) Il HRTEM [F1f% (f); Mn. O. Tifl C iy EDS Eli¥ (g)
Fig.2 SEM images of TizAIC, MAX (a), TizC,T, MXene (b); TEM images
((c)-(e)) and HRTEM image (f) of TisC,@Mn30,; Corresponding
elemental mappings of Mn, O, Ti and C (g)

HupgmmLca®ss, HRbBLEEAN
440 mA-h-g's [AIF, A MIZAE 1.4V AT 1.3V (vs.
Zn/Zn*) 53 A AR &, 43 506 R T HYR
Zn* R A RN, [P, FEE e 1.5V R 16V
PPN FERT- &, TR T HOR Zn® (1 Bt s v Y
& 3(b) MHLHAE 01 mVes” F93E FAYEE 1. 2, 3
WCVlliZ, B 1R CVIZLESH 2, 3R MA
Sl e, (ARIBAFAMEES, M2, 31K CV
ke e2mES, H—IREUEREA ISR
P, LS ) b A 8 D Y 12 HOR Zn®
A2 e AL RR , A M, OF A R
PR AN E AL W ) B T HAH Zo i it e . R
AR FTICH AT £k & CV £k %W, Ti;C,@Mnz0, L
IR A R, BARS e, Xn
YT TizCy T, MXene FPEHYE SHIE SIS Mn;0,
WURLIE] B 4F i A AR, (0 e i R 8 1 &) HopRgd
Hu 3 A5 T MngO, KR I, kG T HL AR AR A .

Ti;C,@Mn;0, M 4 Mn,0, L H% 14 175 2 1 Rk
Bl 3(c) frm o XTI~ Bk, BE A A% 50 38
FE SRR BTG . A4l Mn,O, HUFR T &, 7£0.2C
R TGRS, LA B B e, R
1K1Y 120 mA-h-g™ 34 i 2 %5 10 XY 380 mA-h-g ™,
AR BEMREME 05, 1. 2,
3H15C, JH HZS & %W 2 320, 220, 120,
90 Fil 40 mA-h-g™'. #R1fi, *FF Ti;C,@Mnz0, HLH ,
TE 0.2 C %% T 16 FF 0 522 80 1 15 4 Ming O, HaL % 5¢

SRFEM B, EHE LR, HERED
Z =ik 440 mAh-g!, HEEETREHR T, RS
AFEAA, BA BN E 48 Mng0, F A Bt A9
WAL R, YR E 05, 1. 2, 3M
5CHF, H L7754 400, 320, 210, 150
70 mAh-g”, BARETREHE, HAY & T4
Mn;O, HLAR 1 HL 1 AR UGR M2 0.2 C B,
H A BN = 440 mAh-g™, P Ti,C,@Mn,0, HL
WEA RS, AR Ti;C,@Mng0,4
FE AR A FE R -T2 ] 3(d) Bz TigC,@Mng0y
LB O S A R BB I T T LR BRI 254 . (1)
TisC, MXene # £t 5 Mn,0, Uk 8] 4 558 A7 5 4F H]
RE8 A A Hh 58 2 MingO,, kA AR, /NI kL
ST AR T 7 78k r 3 R v s P 40 S5 %) 78 43 D
(2) Ti3C, MXene A1 EHIG R A9 5 H M4 B T HL i 7
WY BT A oA, R AR (3) TizC,
MXene 119 J2 1R 45 #8945 Bh F 0 % W A 200 A7 7F
MnO, kL 8 [, AR T 8 & R %A, A AU
WO T HL A Bl AR R RE S 20 L AR A A
A Ve RE

Ti;C,@Mn;0, Fl MnyO, HL B 75 1 C % R F 1)
6 P51k BE i 28 & 3(e) BTk, X R Y TiyC@
Mn;0, HL B% AN [6] 496 BF 1R &%) 3 ik v ittt £k 4n [ 3(f)
FoR o XTI, BEE DR R R ARG, H
Ll 75 AR S A W N ¥, X MngO, MK,
A B 4t 150 PG 5, M ¥ 220 mA-h-g™
K & 250 mAh-g"; 14 F Ti;C,@Mny0, HL Y,
R 2ot 150 RTGFR 5, HILAE /B REVH
270 mA-h-g i F) T 480 mA-h-g™. Bl E 1 A
b, A G N, U PR R AR I TR
# MnSO,. MnO, HL ) 1 Y Mn* 78 i i 72 v 2
KRG, NS BOLIE A2 SR W s, 7Er
i S i MnSO,, T AR ] Mn® B g, Rl
FL g Y P S N Min® 7 70 L o i S B TR R OE
HL B AR B MnO,.,  AATT 5 3503 M T 3
o 2 LA B 2 I A T U I B8 3 in B
HE, B R, Ti;C,@Mn;0, i 725 5 Jin it
P =T MngO, LA, X AT BEAH AT F TisCoT,
MXene # BF 5 & L R ETAL, AT LLZS MnO, TR
AL Z ik,

K 4(a) M TisC,@Mnz0, HL #2535 A [R] 416 21 1k
U5 1 XRD B3, 5] 4(b)~4(d) 24 AH B Y SEM fil
WIESE . 7502 CAER T A 1 RTELE ARG,
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