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Synthesis of nickel-doped MnCO; anode and its
electrochemical performance
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Abstract In recent years, transition metal carbonates have been considered as promising anode materials
for lithium-ion batteries (1LIBs) due to their ease of preparation and low cost. However, its cationic radius
is small which resulting in strong cationic polarization and their poor structural stability and rate perform-

ance have hindered the full realization of their high-performance capabilities. In this study, based on
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MnCQ;, a bimetallic carbonates strategy was employed to incorporate nickel metal ions (x=0. 2, 0. 25,
0.5) in MnCO; using a simple solvothermal method and Ni, Mn,_,CO, (x =0. 2, 0. 25, 0. 5) materials
were synthesized. The structure and morphology of the synthesized Ni, Mn,_, CO; materials were charac-
terized using X-ray diffraction, X-ray photoelectron spectroscopy, and scanning electron microscopy. As
anode materials for LIBs, the electrochemical performance of the as-prepared Ni, Mn, , CO; materials were
also investigated. The results indicate that the morphology of the Ni, Mn, , CO, materials change with the
incorporation of nickel ions. Bimetallic synergistic effect improves the electrochemical performance of the
nickel-doped carbonate materials. When x is 0. 25, the as-prepared Ni, ,; Mn, ;s CO, material exhibits the
smallest particle size and the best electrochemical performance. At a current density of 1 A/g, the
Niy »s Mny, s CO; electrode maintains a reversible specific capacity of 595 mA « h + g ' after 500 cycles,
demonstrating the superiority of the bimetallic carbonate strategy. This work provides theoretical evidence
for the development of new inorganic carbonate-based anode materials for LLIBs with high specific capacity
and stable cycling performance.

Keywords solvothermal method; manganese carbonate; lithium ion battery; electrochemical property;
anode materials
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1.1 Ni,Mn,_,CO; A&

T B — B A S 8 T Ni,Mn, ,CO, (2 =0. 2,0. 25 1 0. 5), ESEFI y mmol
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TR A9 AR A . 7E 0. 1~100 kHz AYAR R Bl A T B AL 24 BB 1% (EIS) P

2 HiRGE e

2.1 FESIRAER 5 BT

K124 Ni,Mn, ,CO, (x=0. 2,0. 25 Fl 0. 5) F&liAH MnCO, 1)
XRD 3. A 2« AR Ni, Mn,, CO; 1 # 5 MnCO, (JCPDS
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Fig. 2 XPS spectra of Ni, ,s Mn, 75 CO;

(a) (b) Mn 2
; P3p
Ols
z -
é Mn 2p %
£ g
Cls
L .
800 600 400 200 655 650 645 640 635
Binding energy/eV Binding energy/eV
2 2
E k|

294 292 290 288 286 284 282 280
Binding energy/eV

532 530 528 526
Binding energy/eV

(@) 2% 5 (b) Mn 2p; (¢) O 1s;(d) C 1s,

3 MnCO, i XPS it

Fig. 3 XPS spectra of MnCO,

536 534

https://www.cnki.net

o B 1P



48 WA 27241 CE AR B 2 RO
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Fig. 4 SEM images and elemental mapping of samples
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& 1064.6,1031.9 M 713.2 mA +h+g "CK 6(c)J, Ni,Mn, ,CO, (x=0.2.0.25 Fl 0. 5) M FI 2l 4
MnCO, HLHFEHL I 2 R 100 mA /g B AEFR 100 F8]J5 1) AT 386 i L b 25 40 1) 2 855. 9,954, 5,776, 9 Al
654. 9 mA « h e g ' AERBFFRSIHNHR 60. 4%6.86% .75, 3V M 89. 6%, T LAY B M WL Z% 2 7 U 41 FL AR o
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0.2.0. 25.0. 5) L A4liA] MnCO; HLAR RS2 PEREIR , /R T Nig o5 Mny 75 CO, UM 5IFE 0. 1.,0. 2,0, 5.1
2 A/g BURBERE T OB LA R, 439 1 160.1 008,781,587 Fl1 421 mA « h = g ', 42 d 57l
0.1 A/g i, H A I AR AEIAE] 1 096 mA « h e g ' HARTESRRSE FTF BB TiZA0R BAT B RO A R 1
RefE R E e, T HE— 2D UE AR B I AR 1 . A3 SN DU A B ARG T T AR

TE: (@) CV E(x=0.25);(b) 100 mA/g HRHE T, FEHCH LI (x =0. 25); (¢) 100 mA/g LR HET .
Ni, Mn; , CO, (2 =0,0. 2.0. 25 1 0. 5) FYFEFFERER ; (D) Ni, Mn; , CO5 (2 =0.0. 2.0. 25 H1 0. 5) Ff5 R BER 5
(e) 1 A/g F»Ni,Mn, ,CO,(x=0,0.2.,0.25 1 0. 5) BIFEEREHE R
6 Ni,Mn,_,CO, KIE L2 EEEE

Fig. 6 The electrochemical performance of Ni, Mn,_, CO;

TER 6 (), AT AAZFIAE 1 A/g F,Ni, Mn, ,CO, (x=0. 2 F1 0. 5) L A4liAH MnCO, B, J§H 500
R e L R L 25 43 00K 213, 5.169. 9 T 265. 5 mA « h e g W AUA Nig o Mny, 15 CO, FE AEZERFE 5 R
Fb 2% i FE PR AR P S N s Mg 7, CO, HURR B B FEZR 5 1 129. 8 mA » h = g ' &5 500 IRAGEF IR »
A EAREAERFAE 595 mA « h« g ' IR HARKEE 99 Y0 MEACRCR . TEIRFAPEREIE T, 4l MnCO, #4E
(1) Lo 25 ARG AW I AP AE S M 2 TG 28 FAK . 1T Ni B F4844)5 . Ni, Min,_, CO, (2 =0. 2.0. 25 F1 0. 5)
AR AR AP RS B TR, X &K Ni,Mn, ,CO, A4 /N, Ni, Mn, ,CO, H % il
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MnCO, HURA L » AR AL IR/ EAT B B i 7 i P A B G A AR 2 15 D DFT ik B8 &
M, Figl MnCO, AHE #8424 Ni, Mn,—, CO, BPEHEA 228 i 2544 17 H i T Ni 3d.Mn 3d #1 O 2p &
MRA AN A T — A 2eds , RV H A 7 SR, Rtz A, 53 1 Pk i
B MnCO; HEREAH LG A TAEHHY Niy, o5 Mg, s CO; BPEHEA AR AL 2R RE

F 1 NiposMny 5COy M5 ZBTRSHE M MnCO, #HLHIERERT L 3R

Tab.1 Performance comparison between Nij ,s Mn, ;s CO; material and previously reported MnCO;-based materials

AR HEE/(mA g FOHE AR/ (mA s he g™ Z:7% 3k
MnCO,-RGO 100 849.1 [21]
MnCO,@NiO 100 900 [22]

MnCO,@C 100 862 [23]
MnCO, @GO 100 900 [24]
4R MnCO, 100 718.5 [25]

Nij, 25 Mny, 7;CO; 100 954. 5 A TAHE

He(@ 0. 138 1.0mV « s ' FHHET, Niy s Mn, ,-CO, B CV 2k (b) bEIE; (o) ZEAMHEE N 0.8 mV » s | A L2
BUHk; () REIER T IS A DTS (o ZE0. 1 mV » s FAHEER T . MnCO, 19 CV IR,
B 7 NiysMny ,sCO; 7EE2E F Rt R EIEH MR
Fig. 7 Kinetic properties of Ni, ,sMn, ;5CO; in lithium-ion batteries

J T #E— 2 5E Niy, o My 75 CO; TERRESF HL it P 1 8h 12447k X HGEAT TR 247 k. 18 7 ()
RAE 0. 1~1. 0 mV/s FRHFET Nig o Mg, 5 CO, 1 CV L, 0] LAXLES 21 [ 06 B 2 158638 30 (4 348 Jin ) 5
TR ELI AL Bl BEAR I ) T AE A A B Bl CV IR TR A W R A8 4k, W] Niy s Mn, 1, CO, B EA R
UF B AL 2R PE RN AT 3 P AR RA R i = ao” , Hoh i Flo 2850 BV R R, 7T DL X 43 F b R
IO s i ik AR AT 2 AR L IR 7(h) IR S Nig s Ming, 75 CO5 1Y 6 {43514 0. 76 £ 0. 71,
24 b {HFE 0. 5~1 i [l N, AR A Ak B EL A o sl s 1 SR G ol 2 T P U R Z A R R Ak 22 A T R e
B R R AR R TR . ARAE I 7 (o PTRASE]L FE 0. 8 mV + s HEUR T W B A STk R N
85 %% » FE AR B T 26 T A AL 8 I B 1, I B Y BCE i #E B FAEmiE . AR 7D RRT
Nig, o5 Mg 75 CO, UM FE AR [R)F 3 30 T (44 18 ) 25 2 1T Hb 25 25 s ik EL B8] oL 250 o R 1% P s 7% Tk
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Eb 51 B 25 41 4 0 6 %) 188 n . PRk, o] DUR A H A T A iR R ad R, o R A kR R
Nig s My 5 CO5 B ELA R B8 Ty APk RO B RE S J1 22 . 1B 7(e) alidl MnCO, R CV ik,
AT 1 MnCO; 76 B YR AT R it B AN IR S0, 233362 F 0. 1 F1 0. 8 V 2247, nTIH A F Min” " gk Ji
S Mn" DU Li,CO, #1 SEI BB i, e RIS AR L 7 F 1.3 V/0. 3 V 224 B A AL /3 TR X}
Mn*" /Mn” " (y=>2) L Je Mn*" /Mn’, M55 2 W TF b o 2 0 T2 IR 5 06 057 A RE DR 15— B30, 156 BH Ha Al /
AR A TR AE AR B A v R AR — SR R R s 254 5 1k

R T = PHRE Nij s Mn, 15 CO, B HL AL GBI 5 /9 Ji KL XF 264H MnCO; 1 Ni, Mn,—, CO, (2 =
0.20.,0. 25 F1 0. 50) ZE PULH AR 4T T EIS MR, & 8 Ca) Ay WU H M 1) i A 27 BELAT 3 o Pl — 1 s 480 IX B )
24 B R — 25 AT DX I 18 0050k 2 2 o JE v v A DX S 2 [520 X6F y F i 7 4 FRLBEL R o ARAAE DX S8l 9 B ARHZI %o 5
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Fig. 8 EIS plots and Warburg impedance linear fitting curves of the material
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