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Synthesis and Electrochemical Properties of Manganese Oxides/Carbon-Nitrogen
Three-Dimensional Networks Composite as an Anode Material for Lithium Ion Batteries
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Abstract: Sesquioxide coated on melamine foams (MF) were prepared by hydrothermal method using manganese
nitrate and ethanol. After calcinating the resulting material at different temperatures in N, atmosphere, manganese
oxides loaded on C-N three-dimensional networks were obtained. Due to the presence of C-N networks, the
structure stability and conductivity of the materials have been increased. The pores and channels generated
during the calcination processes facilitate the lithium ions transportation. The composites present excellent
charge/discharge ability and cycling stability as anode materials for lithium ion batteries. Therefore, the specific
capacity and cycling stability have been greatly enhanced. MnO/CNnws-500 can maintain a specific capacity of
590 mAh -g™ after 160 cycles which accounts for 78% of theoretical capacity (755 mAh -g™) of manganese
monoxide (MnO).
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Table 1 Element analysis of carbon and nitrogen of the composites under different treatment condition

Samples Elements Mn,OyMF MnO, 5., /CNnws-400 MnO/CNnws-500 MnO/CNnws-600
N/ % 7.61 2.58 0.78 0.34
C/ % 5.96 5.35 4.34 3.38
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KOG 7RIS (XPS) ki — 2 T M bRt
MnO/CNnws-500 14945 70 % BARZS | B 15 45 SR an [
6 It/ , £ MnO/CNnws-500 9 XPS 4= i & 6a 1,
LRI A E) Cls (N1s \Ols \Mn2p HYUE SIE B AF
BB AATE CN.OMn 4 FPoT R, o HEM
Mn2p WKL 6b FioR R4 Mn2p HL3E Z 6] (4 4] g
11.6 eV TR 2:1, 71 704 641.3 F1 652.9 eV

2 NI G SN M1 2pa, F1 2p,0 2, C 1Y 1s 1Y
W (K 6c) Zid oAb B S AT 75 3] 284.2 285.1
287.4 eV 3 MU 43 HIXE R BB iR . C-N PA & C=0,
N [ 1s ¥ (B 6d)Z 4L XPS Peak 4.1 43U Ak )5
R EI F 400.1.,398.3.,400.6 eV 17 3 A0 43 5 %)
JO7 IR E 2R ZRURH A A AU 3 AU 5 A dn (&
S3 JIT s



2

B AE A R Y ) 2 SR SRR B R o SRR P 215

@cis

®) an(me)

Mn*(2p, ,)

200 400 600 800
Binding energy / eV

635 640 645 650 655 660
Binding energy / eV

@ PyridinicN

Pyrrolic N

280 285 290 295
Binding energy / eV

392 396 400 404 408
Binding energy / eV

¥ 6 (a) MnO/CNnws-500 [ XPS 423 ; (b~d) MnO/CNnws-500 [ Mn2p .C1ls N1s 9 XPS &3

Fig.6

22 SEWMHNBLFEEES W

# Mn,04/MF MnO, 5., /CNnws-400 . MnO/CNnws-
500 ,MnO/CNnws-600 & Mn,0, 43 5l il #& it 7, IF
2 2 B L MR A T L ARSI B 2 SR A& 7 TR
ATLLR I 100 RIG IR G, MBI HE A R OR B (BN .
MnO/CNnws-500 >MnO/CNnws-600 >MnO, 5, /CNnws-
400>Mn,0;>Mn,0y/MF 456 B BE R IE 50 S 45 48 43
B, #EW MnO/CNnws-500 A1 MnO/CNnws-600 & &

_ 1400
}: —=—Mn,0,/MF
< 1200+ —e—MnO, ,, /CNnws-400
:E/ —a— MnO/CNnws-600
> 1000 + —— MnO/CNnws-500
B3] —o— Mn,0O;
2 800
8
& 600
3
& 400
(5]
2
£ 200
2
a
0 20 40 60 80 100

Cycle number

P 7 Zead 7 [ Ak A B0 04 A4 44 ) 47 21 E 19 HL R
Fig.7 Cycling performance comparison of materials

under different treatment condition

(a) XPS spectrum of MnO/CNnws-500; (b~d) XPS spectrum of Mn2p, Cls and N1s of MnO/CNnws-500

ARG 25 5 O B I I8 Y 0 B R T e
AR B B S5 AR A R T A AR i, I G A
FEHH 5K MF 1 MnO,5.,/CNnws-400 & &
BBE T MF RSB T, BT A Mn,0, Y25 i
T Mn,OyMF, R T i — 2 UF SC LB A A T
o A5 T R A RH LS 0 8 — R EU AR S
TE 500 °C NALEE | PR BR B K $4 s A BNR A
BI5W 2 G A B Mn,05/CNnws-500, 5 Mn,04/MF 1Y
HLIE 2= M BB AT L &5 SR an 18] S4 i | 95 50 TE B
Jo i A B SE P AR i FLIE S5 F X R R R AR T
o,

2T KK A B MnO/CNnws-500 2125 Sy 41 din e
i, IFTE 0.005~3 V Z 8], LU % 100 mA g™ K
BRI IR | 263 AN TR PR ok 005 21 10 72
L Hh N 18] 8a iz . MR AT UE i 728 — K
AR, A E N 961 mAh-g™, FLHLA &S
619 mAh- g™ AL A fE i T MnO B4R BEIE A 6
S I HL A ST HL S B3 )l 658 il 634 mAh-g
TESS 10 IPE A B IR BB A 564 mAh-g™ (UL HL 2%
581 mAh-g! BUFEHR AR5 1E28 100 UG ER I
FU LA B R 533 5 530 mAh-g ! A AR IR



216 I OH ot F % R 55 33 &
1.0

3.04 a —1st
_ = - b j14v ——ond
t‘_-i 2.5 ——2nd )
= ——10th <
2 2.0 —_100th g 00
= 15 fg:é 0.5
§ 19 3 1oy J
= 0.5 2V
G 15 hasv

001 2.0

200 0 200 400 600 800 1000 T700 05 10 15 20 25 30
Specific capacity / (mAh-g™) Voltage /V (vs.Li/Li")

1200 120 1200 120
~ c N d a
& X W X
= 1 OOOW—WIOO 2 1 000 4. YTy (Ve 100 ~
: : S 100 o
= 800 - —=— Charge 180 ,§ Z 800 v v v 80 -g
g = §_ 05 A —e+—Discharge B
g 400 - 10§ g 4 | 1Ag! 40 §
E‘E = = [=]
g8 200 20 S 2 2007 20 O
) v

0 . ‘ . . —0 0 . . . : 0
0 30 60 90 120 150 0 10 20 30 40 50
Cycle number Cycle number
%8  (a) MnO/CNnws-500 TS 1.2.10,100 UAE P 11 78 5 H il 28 ;(b) MnO/CNnws-500 16 L ] 0.005~3 V(vs Li/Li*),HTﬁﬁ‘

BN 0.5 mVes™ T HIIEERR 2 125 5 (c) MnO/CNnws-500 7 B R E [F2 0.005~3 V, UL 2N 100 mA - g™t B4R
A4 #5122 5 (d) MnO/CNnws-500 75 A [/ L 3 2 i T A9 976 25 il &

Fig.8

(a) Charge/discharge profiles of MnO/CNnws-500 at 1st, 2nd, 10th, 100th cycle; (b) CV curves of MnO/CNnws-500 in

the range of 0.005~3 V (vs Li/Li%) at a scan rate of 0.5 mV-s™; (c) Cycling performance profile of MnO/CNnws-

500 materials tested in the range of 0.005~3 V at a current density of 100 mA-g™; (d) Cycling profile of MnO/CNnws-

500 under different current density

®2 AEMnO EEHHHBRULFERILE

Table 2 Comparison among different MnO composites

Cycle Number Capacity / (mA-g™)

Materials Current density / (mA-g™)
MnO/C core-shell rods™! 200
MnO@C nanoplates™ 200
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MnO and N-C nanocomposites'™ 100
MnO nanoparticles @ N-doped carbon 100
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