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Research progress of MnQO, supercapacitor electrode materials
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Abstract Manganese dioxide (MnO,) as a semiconductor material, it has the advantages of higher theoretical
than the capacitance, rich storage, low price, clean and environmental protection, which has been favored by many
scholars. The MnQ, crystal structure contains three types of tunnel structure,layered structure and network structure,
which common crystal forms major including a.f,7.A and 8.Energy storage mechanism of MnO, includes double layer
capacitor and tantalum capacitor.The main preparation methods of nano MnQ, materials were briefly introduced. From

the perspective of modification, the research progress of MnQ;, composite electrode materials was reviewed.Finally, the
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future development direction of MnQ; supercapacitor electrode materials was prospected.

Key words

R HL AR AR R — i i EL o RS G L 2R A
s B A BE T 1, B 2 R B L R
JE DU ST O R A B A SR
AR BB AR ORI N TR R VR
U YR )T R G 7 A M AR R R
AERA R F AW TSR S, BT
AARET (RuO,) (L L2 768F/g) J2 % 1 1 % b
PHE AR AR R L 7 P A 4 e S S D HE TN
HATAATIE 768 B 34 7T AR RuO, W BE M 1k &
Y. MnO, B¢ LR (40 1370F /o) il £ &
H A% A B PR A L R B A B G L A A
e A1

1 MnO, B R R iE eI
MnO, J&— = SR RE G AR S5 4 ] 23

manganese dioxide,supercapacitor, preparation method, modification

SR BRIE LR ARG R S5 A . R A
RIZER L[ MnO;, I\ AR R ZE Rl 6 4> O A F A
T AR 00 A5, Min A5 F /i AR 1) Hp ol B AR 5 5 O
W HEFR LS, X TR b | TATE SR [ ) A 42 O o
TERCR R 0 S B Z5 40 . 8 DL MinO, B4 o
By A0, ORTAI B SO 25 44 5 80 MO, [ HL k2%
PERERRAR ANl . MinO, 14 FL I8 M B K (4R & &5
¥ = AR G540 = B 16 45 K)o B R T B T 1 i A/
WA AR A A R bt Re, bR A LS
MnO, HH AR K, LT 241F /g,

MnO. HLRAEK R HLE B T8 5 A 2 i he
FRE o OCH 2R H 2 FRL A TR Y 5 T B
FC(C"H H .Li" \Na" # K, F[E)7E MnO,
FL i % T & A W R0 T o A OF i A7 g ok s 0 — b
EMERA BRI HE T CT AR R

HEEWAB BHE AR FILL T H (21204072) ; P76 248 T 5B Q18T BL 5 Bh 30 H (2014KCT-04) 5 Bk 7445 5 2 0F & 11 X1 (2017GY-133)

EB BN I (1994 . Lo WL WF 0 A, RN FIIREM BRI 98 AR

B R AN Q977) B W B B AT ST AR W, WS [ A S RE o T AR



.« 64 - o T BB ow 5 48 &

T A v e A A A i T B IO i 7 RE Bt
2 40K MnO, ##eyH & 75 %

ok MnO, AR & 77 8 A AR 2 K 3k
W E-BE I A2 LTI TE A . il T AN T, 4
K MnO, B JE 5D S A= PR 22 5% .
2.1 [E#E%E

AR s B A 20 R T R AR T Y
1R R g R A B G R R e RT g e g A 2R
M4, Fang 0K WK A L4 Mn(CH;COO), »
AH, O RR (H,C, O, « 2H, OO FZEE/R I 1: 119 [k
BITE % R ALMER B S5h, AR5 T 250°C 1S 10h, &
W T HAY 200nm ) «-MnO, 1 y-MnO, & /i 44
Kb, FEEEALA (KOHD) L R R 6mol/ L,
HMH AR 2mV/s 54T 8 & 9K KL MnO,
L L 252 337F /g A 4l U 1 2] 50mV /s
B KA 2R RS 197F /g. A WLEEO08E UK A B
M2 (MnSO, « 4H,O) ., I /K & & b & (MnClL, «
4H,O) Al Mn(CH;COO), «4H, O 43 %5 & 5 Bk 40
(KMnO D) # IR Ee 3+ 2 19 Eb i £ AR T ifF 47 [ A
FR S il A% 3 FOE LA R A 400Kk MnO, # %}, Ho
Bl A N G0 S5 L FE L B ORGSR L RE
CoNRRGEM . FEdh A Fl B A EETE MnO, 2514,
RO P AEAT N, FERL B B LA Gk
254.3F/g. FEfL C M85 a1 v-MnO, 45
¥, 2R B O S5 00 00 B0 AR P L D A 800 IR A, LAY
RN 952,
2.2 k#Ek

K A 28 B A OK MR EL S e RN A
PRV L 5 A8 e 5 20 S5 D0 0 3 3 45 o S g S A7 T o
HARFEIES A K MnO, , Kang %" 7E KMnO,-
H, SO, KR H I A SR Z 38 2 32 1 7K $0R 2 Al T
2 ff a-MnO, , Bl MO-1 J Bk MO-2 94K, 7&
HLUL % B 200mA /g 5 F T, MO-1,MO-2 i LL i
R0 24. 99F /g Fl 27. 58F /g, Su ZEH AR K #h
A R AN 3 T T MR SO AR B SRR B R T X
& a-MnO, GK#E, FEHRTEE R 2A/g ZMFT,
ZHLE Y L ZS IR 182F /g, Shao %61 F FHA skt
Y WK OB BT ASRDE SR 992Kk MinO, . 7E
TCHEG R BE W 45T - B 1 a-MnO, 44K ki 45
i ER 2%, HAR 2 T0nm; WG 9 FE Ry 0. 3T B, 5 B
) a-MnO, GHK 545 5 BE B . AR 2 60nm; B
FREE N 0.6T B, & M AY «-MnO, Fil y-MnO, & ¥
PIRLHAY 40nm, K2 1pm, H i, e-MnO, 44

KEF A AR TR IR B N 0. 5A /g B, 1%
HL B LE FL 78 3K 31 306F /g,
2.3 BEK-EEE

T JE - R Jd 125 ] 45 ) A0 OK A R 4 B e L BORL 2
R A 5] AR T A % R, Ja I M be 7
A%, Liu F M E SR A KMnO, 1F LK
VWD HEAT OB, A TS AR S5 L 1 RSE Ry
100~200nm [ -MnO, . TE#i R 1 (Na, SO, ) H fiF
W E i Tmol/L LR R 0. 4A /g T . i%
HLAR LL 25 187F /g, ML & N2 1. 5A /g
BF, HL B L A (R 3] 146F /g, Chin %5 7E pH=
10. 6 A BE 7K A ot . F R SR B A I KMInO, &
T MnO, B2 B V7 3 5 8 4l K 3B By, o I
pH M 10. 6 &3 5. 7, e J5 280 T 48 6 75 A 7] 51
B4k MnO,, pH=10.6 I, #4519 41 K MnO,
BRI AR Y 10nm, b HL %5 & 38 7T00F/g; pH=5.7
B, 145 B9 MnO, 40Kk HAE 2 10nm, L B &35 5]
800F/g. B EEZRY LA & R 4l AR 45 1R A L ol 4%
T HAEZ 200nm ) a-MnO, 44Kk, 75 H 7 55
A 1mA/cm B, BB L H 25 A F) 146F /g,
2.4 WEHIREE

b 28 I T 5 B4 VIR AR ARG (B = 9
S %, Ding &7 L KMnO, F3 iR M Ik 25
MK P B iR e W FLW, T 06 T PR FF 24h, Hl 45 th
MnO, GK - H 4% 1) “ W 55 2540 7 9 K G Bk, L
##)100nm, FICAH " L KMnO, 1 MnSO, 4
JFRE, F 70°CHA M T HAR 20~100nm 4K MnO,
BT, BB RN 0.3A /g B, % B L H 2 ik
194. 7F /g A B FE Jy 2A /g . 1000 YR8 i 78 7%
B . AR 385K 102, 7%, Chen 25590 58 53 1 4
MnCl, « 4H, O, KMnO, F1 5 N B # K 61, T
83°C A WL T EF Ik B AN 5 R AR 45Kk MinO, » Hop 4
RYK MnO, 19 L 25 5 = . 18 1 209. 8F /g,
2.5 HitH&EHE

Ay £ L MnSO, « H, O #1 KMnO, X 5
AR R E S S T v-MnO, 992K B, 78 L %
FER 1A/ g i, il L L 253K 3] 397F /g, HIR AT
LI MnSO, B f# W, R F B DTBLE il 48 T Lt
753k 142F/g B9 v-MnO, 99k 2%, ¢ 58 &0 D)
KMnO, B8 KB (CNTs) M ECRE, F) FH R A 8 J 32
% T HAY 30nm 1 6-MnO, 94K #, 78 3 1 o
FH2mV/s B K LB IR E] 117F /g,

3 LK MnO, BB R R
1L 5 7 ¥R 4 1 MnO, LR S L M 22 (g 3%



551 4] B MnO, G0 A6 BT R BT 5T B + 65 -

K107 ~10°S/em) ™ AEFMERE 2 ME IR E
2 AR BE A FRAR . B MnO, 5 HoAth 44 R
HEAT AL % MnO, B9 SR, MO 4R R Ho
RN AT AR RE S RIS K LA W R E Tk,

3.1 MnO,/mEA#HE

B b L EL A K B 3 T AU S R v A R L R
FHAE XU EEL J22 FEL 25 25 110 R AR o L Pl A b FR 251G L F Ak
S0k AR E DL AR e M ORE 3 TE DT R 4N oK
MnO. , A LABS & A A0 RHY LR 1w AR L2 S e
R, T B3 2 A MR HL 2R R RE . H L R A
BT IG5 (AC) (\CNTs ., £ 845 (RGO) A ¥ 4L
i (OMCs) %5 ,

Wang %7 I KMnO, ., Mn (CH,CO0), -
4H, O AC Ry 5w}, ok R A ALl & T MnO,/
AC B & il Ak, & i # o KMnO, 5 Mn
(CH;CO0),«4H, O FEIR AR FRTE 223, A%
K 2mV/s B, MnO, /AC 5 A HUR AR EL i 25 55 5]
332. 6F/g. BN 0.92Q. FERFEE N 0. 1A/g %
R A7 0 7 R AL 2 SRR A R R
2R IR 3 324. 3F /g, HABEH 2000 K5, H HL 254X
FEUH 0. 0068% , Donghee 2528 ¥E CNTs % 4 K
MnO, , il & T #%-52 45 MnO,/CNTs & & W #F
B, HTE BN 2A /g B IE IR TR 4000 WS
G HLROM Bl L S DR AR 2 Ry 100 %6 5 L U B
H0.5A g B, 5 A MR LE B 4E 35 307F /g, L
# CNTs B 7l 285 14 %, L8 MnO, ki T L
FLZE R 3 A s X HL I % B 20 £, &2 A A
B AR R 76 %, Billyde 2% MnO, UL
FRUT A7 88 -k 40 K 4 (g-CNT) L 2 A, 1 75 o
CNT/MnO, & &AM R, IS ik g CNT %
Il RGO W% B 1 A PR R . g-CN'T ALK £ 2%
MnO. J& , =3 [0 By B [F4E 2 G d i p R B A
MEWHEZ . 24 MnO, £ g-CNT H ) 5 UL AL
BN 2.3mg/em® BF, & & R MR LG LA ik
640F/g; B W % FF 4 1mA/cm® B, g¢-CNT/MnO,
524 IR A R B R B CNT/MnO, & 6 f5.
Gao Z FIH KMnO, FIA JF oLk CMK-8 #l &
7 MnO,/OMCs M L. £ KOH H fif W B
N 6mol/L, FHi # % K 1mV/s i, MnO,/OMCs
) L 28 = 3k 576F /g,

3.2 MnO,/SHREWEESHR

SHREGYWEA SRR RN AL
T J5U BE AT A5 A L ELAE B O/ e R
REWH Tk / W%, S E AR

WG R AT o 5 P 2R 5 0 o R 0 P 2 8 v 1 0 A2
FIBREN S, ¥ MnO, 5SS BSYWHITE A G
FHEREIE R A HL-TCHLE A AR, AT DU & A A b
R AL S PERE . BT Z 0 A MnO, /3 LR
GWE G MBS MnO, /R A i (PAND . MnO,/
FL% (PPY) \MnO, /R BV} (PTh) Ll K& MnO, 5
RUEMT AW 2 A MR,

Jiang %5908 PANI 44 K 41 4512 1 78 KMnO,
FWh L FE PANT 99 K 25 4 1 53 6 28088 1 0 10
MnO, , BB MnO, £ F] F k17 3 148 %
N, PANT 44 K £F 4 Sy i T34 7 DU i B8 1Y SR
TER L% N 0.5A/g &1 7, MnO,/PANI & &
A AR L H 35 B 383F /g, FF R R i 1E R
PEBE AT RMERE . Wu %06 PANT IR E7EE Y
Ak A B E bl B PANI/RGO R & 91Kk R, 7
PANI/RGO FJ§ 74K MnO, , 15 3 B Ak 2= 1 fE A
S0 =T gK B AR MnO, /PANT/RGO, 1 HL K
BHER 0. 5A /g I IZ HL M B HL ¥ B 3k 1090. 2F /g,
2ot 5000 IR JE, A IR FFE N 82.3%.
John B R H — 23k I & T MnO,/PPY 44
KEAHRWA R, 75 pH=4. 0. F K 10mV/s
ZAFF . MnO, /PPY 44Kk & A H A B E fL 25
312F/g. i ¥ 1000 K J5, ML 2 i £ £ & &
93.2% . Liu %V R H B UTBLL il 28 T -5t 451
7 MnO, /% 3,4-24 Z A WEM (PEDOD) il 1) 4 K
2. 240 PEDOT 52 J2 F T il Fl L ff 50 B8 9
B MnO, 8% N , 7] B 5 8 F AR b R 0 BILBR 58
3.3 MnO,/B#EEREESHH

AT A Sf [ B EL A 00 REL 23 R 2 R R 25 1 3 O 4
Ja& S8 AL W 2 T R B R AR o U A AR AR 1 L
HLZRIEIE K T RUH 2 LAY . 78 MnO, &4
%2 HoAth 42 Jm oo 2 0] DL Ak H AR 1 S r 1 () B 4
L A G e . b A R T T
U BT R T R L AR R T, AT LS PR
FHCH . BT KRB 3 R B A
BB LRSI,

Lv 0 B 2 W T Rk (NCTs) 5458 44
Au 94K KL F 1) MnO, (ANPDM) #4175 & . H1 1%
NCTs/ANPDM & & Lt # ®t. # [\ & 4 F.
NCTs/ANPDM & & W W% A B 09 i Ak 2% P 8 T R
Ba Au 9K R NCTs/MnO, PERESL . ML
N 5A/g BF, NCTs/ANPDM & & Ltk #1 K 1L
HL % 7 35 1106F/g, M NCTs/MnO, H H & K
TA0F /g, WL JER M E 30A/g B NCTs/ANP-



e 66

& T BB OB

48 %

DM & & AR B LU L 2835 3] 806F /g, I FF 5000
Wa » AR R FER A 5] 103% 3 NCTs/MnO,
HLA AN 548F /g, I P IR IR B ) 5 L 25 90 2k 24
27% ., Li%EM ORI B REBREE A 2 T84 ALY
a-MnO, 9 KK . BFFR 45 R KW, Aloos/Mny, o
O, MM iy oL Ak 2= Ve R B b ZE A 3 Rl 2mV /s
5mV/s,10mV/s B, % % 59 Eb B 25 43 51 1k 3
64.3F/g.56.0F/g.47. 6F/g, Shanbhag &£ ¥ &
JREER 1: 1/ MnSO, il KMnO, 5 & % R
0. 4mg/mL B E A B A MRS B IFEIRG
Y oim A TR B8 10% B9 SnCl, < 2H,0, F
150°C /K I B 240, 145 MnO,-RGO/Sn & A HLH)
MR AR E R N 20mV /s B %5 A B A REAY
FEHL 7835 3 460. 9F /g, Zhao 25 LK R N B &
R\ LR N B0 IR TR HIR R R AT i e - i S 0
K MnO, K, IF 802 La X HSME, £
B K 20mA/s B AT Ll & 1 La 8 4% MnO,
FL A B B L F 25 3K 168. TF /g,

4 ZiE

MnO. $EWF & A ARRE IR A Bl
# T20TE B AR R Y R AR AR M R AL R A
M AH Tl A b AR A 22 0 £ AR 1 RR L
MnO, FLIE RS, BRI F 2 7 ik A/ AR
A5 545 1 LA 2 PR R LR R A S5 R MnO, fL
EARFRE K, L AR F] 241F /g, 1 MnO, HH 2
HAl 4 8 B2 Wl MnO, ks 0h 245 435 IF i =X
S5KE  3X A B T RS ST R A B s IR
il S I REZ K . MnO, #8444 8 S kW) )5 T SR A7 7E
5 A R AR AR (R R i — 2B AR AR SO S5 48 DR IE 2 A
L 70 S b s AR 8, R A MR S L T
REXS W B 5% 3 1. ROk MO, Hi B A4 RL 1 &
Tl E L5 AT KRB Ak e 5 T kY
MnO. & & kI .

2% Uk

[1] Aurelien Boisset, Laurence Athouel, Johan Jacquemin, et al.
Comparative performances of birnessite and cryptomelane
MnQO; as electrode material in neutral aqueous lithium salt for
supercapacitor application[ ]J]. Journal of Physical Chemistry
C,2013,117(15) :7408-7422.

[ 2] Zhang Genggian,Xiong Wen (David) Lou.Controlled growth
of NiCo;O; nanorods and ultrathin nanosheets on carbon
nanofibers for high-performance supercapacitors[ ] ].Scientific

Reports,2013,3:1470-1475.

[3]

(7]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Lim Y S, Tan Y P,Lim H N,et al.Potentiostatically deposited
polypyrrole/graphene decorated nano-manganese oxide terna-
ry film for supercapacitors[ ]J].Ceramics International, 2014,
40(3) :3855-3864.

PR, bR W SCHR L A5 OR R 30— S Ak il 14 ] 4 % I R Ak 2
PEREWFFE[J]. JEMLER Tk, 2017,49(10) :42-56.

BT TSI R A OGS Ak 1 o A A o A R e M g
(3H[J].H i ,2005,35(2) :105-108.

QOuassim Ghodbane,Jean-Louis Pascal, Frédéric Favier.Micro-
structural effects on charge-storage properties in MnQO;-based
electrochemical supercapacitors[ J]. Applied Materials &. In-
terfaces,2009,1(5):1130-1139.

Lee H Y, Goodenough ] B.Supercapacitor behavior with KCI
electrolyte[ J 1. Journal of Solid State Chemistry, 1999, 144
220-223.

Daniel Bélanger, Thierry Brousse,Jeffrey W Long.Manganese
oxides:battery materials make the leap to electrochemical ca-
pacitors[ ] ]. Electrochemical Society Interface, 2008, 17 (1) :
49-52.

Fang Daolai, Wu Bingcai, Mao Aiqin, et al. Supercapacitive
properties of ultra-fine MnQ; prepared by a solid-state coordi-
nation reaction[ ] ]. Journal of Alloys and Compounds, 2010,
507:526-530.

L, T, 580, 45 AR R T8 AH 725 1 4 20 0k — S B K i e
PERELT ] HUJRHE A ,2014,38(11) :2019-2022.

Kang Ling,Zhang Lining,Zou Huijun,et al.Urea-assisted hy-
drothermal synthesis of manganese dioxides with various
morphologies for hybrid supercapacitors[ ] ].Journal of Alloys
and Compounds,2015,648:190-194.

Su Xiaohui, Yang Xianfeng,Lin Yu,et al. A facile one-pot hy-
drothermal synthesis of branched a-MnO; nanorods for su-
percapacitor application [ J ]. Crystengcomm, 2015, 17 (31):
5970-5977.

Shao Jiajia, Li Wenyao, Zhou Xiying, et al. Magnetic-field-as-
sisted hydrothermal synthesis of 2 X 2 tunnels of MnQO;
nanostructures with enhanced supercapacitor performance[ ] .
Crystengcomm,2014,16(43) :9987-9991.

Liu Wen-Jay, Dai Yongming, Jih-Mirn Jehng. Synthesis, char-
acterization and electrochemical properties of Fe/MnQO; nano-
particles prepared by using sol-gel reaction[ ] ].Journal of the
Taiwan Institute of Chemical Engineers, 2014, 45(2):475-
480.

Chin S F,Pang S C, Anderson M A.Self-assembled manganese
dioxide nanowires as electrode materials for electrochemical
capacitors[ ] ].Materials Letters,2010,64(24) :2670-2672.
BEABME A Y AR R AR )] Bl
Tk ,2013,18(5) :240-243.

Ding Sheng, Liu Chunliang, Gui Dayong, et al.Preparation of

graphene/nano-MnQ; composite and its electrochemical per-



Bl #

T4 - MO, J 8 9% B 75 45 L B A LB 5 .+ 67 -

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

formance as supercapacitor electrodes [ C ]. International
Conference on Electronic Packaging Technology, 2013: 209-
213.

EICA L BRDIA 4 5 B MnOy 99K R0 F 19 1] 48 B L A 2
PEBTRFFE L) ]. Ak 24 5158 5 5 . 2018, 30(1) :69-73.

Chen Sheng,Zhu Junwu, Han Qiaofeng, et al. Shape-controlled
synthesis of one-dimensional MnQO; via a facile quick-precipi-
tation procedure and its electrochemical properties[ J].Crystal
Growth & Design,2009,8(4):1-15.

MREL R ENEE XA L 55 Fe 8 2 010 HE 99 K 1 19 1l &5 &%
Horp A2 PEREL) 1 IR A R, 2016,40(6) 1 1225-1227.

HUES R WE L, B L. — AP0 R B o X I A g v A 2
REMSE )] B, 2015, 21(6) :577-582.

Ao L TR SSEIE T A0, S5 B 95 2% 1 IR B /R 4 K A Ak
LA A L L) ] AR 25 24 4. 2011, 27 (10) £ 2340~
2346.

Wei Weifeng, Cui Xinwei, Chen Weixing, et al. Electrochemical
cyclability mechanism for MnQO3 electrodes utilized as electro-
chemical supercapacitors[J].Journal of Power Sources,2009,
186(2) :543-550.

Li Mingjie, Liu Chenming.Cao Hongbin,et al. KOH self-tem-
plating synthesis of three-dimensional hierarchical porous car-
bon materials for high performance supercapacitors[ ] ].Jour-
nal of Materials Chemistry A,2014,2(36) :14844-14851.
Wang Qian, Yan Jun, Wang Yanbo, et al. Three-dimensional
flower-like and hierarchical porous carbon materials as high-
rate performance electrodes for supercapacitors[ J]. Carbon,
2014,67(2):119-127.

Wang Qian, Yan Jun, Fan Zhuangjun. Carbon materials for
high volumetric performance supercapacitors: design, pro-
gress, challenges and opportunities [ ] ]. Energy &. Environ-
mental Science,2016,9(3):729-762.

Wang Jiawei, Chen Ya,Chen Baizhen. A synthesis method of
MnQ: /activated carbon composite for electrochemical super-
capacitors[ J ]. Journal of the Electrochemical society, 2015,
162(8):1654-1661.

Donghee Gueon, Jun Hyuk Moon. MnO; nanoflake-shelled
carbon nanotube particles for high-performance supercapaci-
tors[ ] . Sustainable Chemistry & Engineering, 2017,5(3):
2445-2453.

Billyde Brown,Isvar A Cordova,Charles B Parker,et al.Opti-
mization of active manganese oxide electrodeposits using gra-
phenated carbon nanotube electrodes for supercapacitors[ ] ].
Chemistry of Materials,2015,27(7) :2430-2438.

Gao Jiao, Wang Xianyou,Zhang Youwei,et al.Preparation and
supercapacitive performance of nanosized manganese dioxide/
ordered mesoporous carbon composites [ ] ]. Electrochimica
Acta,2016,192.234-242.

Wang Kai, Wu Haiping. Meng Yuena, et al.Conducting poly-

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

mer nanowire arrays for high performance supercapacitors
[J].Small,2014,10(1) :14-31.
Kharade P M,Chavan S G, Salunkhe D J.et al.Synthesis and
characterization of PANI/MnQ; bi-layered electrode and its
electrochemical supercapacitor properties [ J]. Materials Re-
search Bulletin,2014,52(2) :37-41.
Shayeh J S,Ehsani A,Ganjali M R, et al.Conductive polymer/
reduced graphene oxide/Au nano particles as efficient com-
posite materials in electrochemical supercapacitors [ J]. Ap-
plied Surface Science,2015,353:594-599.
Jiang Hao, Ma Jan, Li Chunzhong. Polyaniline-MnQO; coaxial
nanofiber with hierarchical structure for high-performance su-
percapacitors[ ] ]. Journal of Materials Chemistry, 2012, 22
(33):16939-16942.
Wu Qianhui, Chen Ming, Wang Shishuang, et al. Preparation
of sandwich-like ternary hierarchical nanosheets manganese
dioxide/polyaniline/reduced graphene oxide as electrode ma-
terial for supercapacitor [ J]. Chemical Engineering Journal,
2016,304:29-38.
John Kevin Gan, Yee Seng Lim,Nay Ming Huang, et al. Effect
of pH on morphology and supercapacitive properties of man-
ganese oxide/polypyrrole nanocomposite[ ] ]. Applied Surface
Science,2015,357:479-486.
Liu Ran, Sang Bok Lee. MnQ>/poly (3, 4-ethylenedioxythio-
phene) coaxial nanowires by one-step coelectrodeposition for
electrochemical energy storagel[ ] ].Journal of the American
Chemical Society,2008,130(10):2942-2943.
Wang Yan,Guo Jin, Wang Tingfeng,et al. Mesoporous transi-
tion metal oxides for supercapacitors [ J]. Nanomaterials,
2015,5(4) :1667-1689.
Machefaux E,Brousse T,Bélanger D,et al.Supercapacitor be-
havior of new substituted manganese dioxides[ J].Journal of
Power Sources,2007,165(2) :651-655.
Lv Qiying, Wang Shang, Sun Hongyu, et al. Solid-state thin-
film supercapacitors with ultrafast charge/discharge based on
N-doped-carbon-tubes/ Au-nanoparticles-doped-MnQ, nano-
composites[ ] |.Nano Letters,2015,16(1) ;40-47.
Li Yang, Xie Huaqing. Mechanochemical-synthesized Al-doped
manganese dioxides for electrochemical supercapacitors[J].1-
onics,2010,16(1) ;21-25.
Shanbhag D, Bindu K, Aarathy A R, et al. Hydrothermally
synthesized reduced graphene oxide and Sn doped manganese
dioxide nanocomposites for supercapacitors and dopamine
sensors[ ] |.Materials Today Energy,2017,4:66-74.
Zhao Naying, Hou Zhenzhong, Yang Qinghao, et al. Towards
enhanced electrochemical capacitance with preparation of La-
doped MnQ; nanoparticles| C]. AER-Advances in Engineering
Reserch,2017,113:585-588.
Wk B #:2018-08-27
&7 B #:2019-09-17





