425 A S G N SN - Vol.42 No.4
20204F- 8 H Journal of Wuhan Institute of Technology Aug. 2020

XEHS 1674 - 2869(2020)04 — 0401 - 05

R AL LB AN RS 1R AR R A B A BHT)
e 51k RE

Z"J’E‘%ﬁ’4qﬂﬂj?vjlliéa$ %*
XX IREXEMHBARSFE T2FR, B XL 430205

O DIRIRAGE ML (ESM) R, W45 7 — Fh B AT B A7 rl 25 1 R 19 B 10 3 25 IS /Rk 94 K 45 (CNTs )/
L4 (MnO,) (cESM/CNTs/Mn0,) &2 & M B o 1 28K CNTs T [ 2 ESM I, 38 5 filk {45 5] cESM/CNTs, F:
$ H 5 4 BR A (KMinO. ) 38 53 480 Ak 348 B2 I3, 76 cESM/CNTs | A= 1, MnO, 94 K UKL | B 2 45 3] cESM/CNTs/
MnO. & & # ke SR X TR AT G A4 7 0 BB R AF 52 A MR SO0 TR S0 55 25 0, 3 3 9 IR AR 2 T
TH I HL A7 3K T cESM/CNTSs 5 KMnO, 19 Ji &8 L AS [ i i 45 73 21 (19 cESM/CNTs/Mn0. & 45 4 k4 i1 1 4k 24
PERE . JHREE R KB 7F 2 cESM/CNTs 5 KMnO, [ 57 & Lk 1:4 B, cESM/CNTs/MnO, & 45 #1 kL 881 1 5
LS MERE , T FLZEFI 4 1 000 BBl | &2 & b1 R 25 i DR 535 93.4%

KB ALY R AR RS s A AR R

hE S %ES 0633 SCERARIRAD A DOI : 10.19843/j.cnki.CN42-1779/T(Q.201909025

Synthesis of Carbonized Eggshell Membrane/Carbon Nanotubes/Manganese
Dioxide Composite and Their Performances

LI Sibo, HE Minghong, LIU Yulan, LI Liang’
School of Materials Science and Engineering, Wuhan Institute of Technology, Wuhan 430205, China

Abstract: We prepared a carbonized eggshell membrane/carbon nanotubes/manganese dioxide (cESM/CNTs/
MnO,) composite materials as the supercapacitor with high performances using the natural eggshells membrane
(ESM) as the substrate. The CNTs were firstly adsorbed on the ESM, followed by the carbonization to form
cESM/CNTs. Then, MnO, was immobilized on ¢cESM/CNTs via the reaction between KMnO, and carbon to
obtain ¢cESM/CNTs/MnO, composite. X-ray diffraction and scanning electron microscopy were conducted to
characterize the morphology and structure of the composite materials. The electrochemical properties of ¢cESM/
CNTs/MnO, composite materials with different mass ratios of ¢cESM/CNTs and KMnO, were tested by using
cyclic voltammetry and chronopotentiometry. The results show that ¢ESM/CNTs/MnO, composite materials
exhibit excellent electrical properties when the mass ratio of cESM/CNTs and KMnO, is 1: 4. The composite
exhibits high capacity retention rate of up to 93.4% after 1 000 cycles.
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B 1 CcESM/CNTs/MnO.E&#MHK & B REE
Fig. 1 Schematic diagram of synthesis of

cESM/CNTs/MnO, composite materials
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B2 BECNTsBI/EHI ESM: (a)4f ESM R,
(b)ESM/CNTs f&

Fig. 2 Contrast photographs of ESM before and after
adsorbing CNTs: (a)pure ESM membrane,
(b)ESM/CNTs membrane

2.2 SEM 5 XRD R1E
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i) SEM &, KT 3(b) Ha] LLE B ESM B I 1 = 4k
fLREEH . B 3(e) T LUF B4R 28R 5 1 #8 4r Ah
TE ESM (LI L fiff L bE 3 AR R KBS M, 2 MinO,
PEALTT 2 0 17 20045 R) B R M3 T R L
o B 3(d)h A LI B 27 cESM/CNTs |11
MnO. 44 K 153K ; 18 3(e) ~1&1 3(h) 435124 cESM/CNTs
5 KMnO, i R 1:1.1:2,1:4,1: 8 B & AL 11

cESM/CNTs/MnO, = 41 5+ & & ¥ KL #9 SEM K& .
&l 3 (e)~1& 3(h) I 1 B & 79 448 2K UKL MnO,, 78
cESM/CNTs K /0 A8 5] . K 3(e) I 3(f)
A ZEFR L 1011 2k a] LA 23R %
Y CNTs 2544, (F 2 Fifi 35 MnO, 75 5% #8016
B 3(g) FIE 3(h) FEEATE ANF CNTs 8548 T, iX 3%
HH B2 MnO, & =AY N, CNTs # MnO,78 7 .

B3 SEMME:(a)CNTs, (b)ESM, (¢)cESM/CNTs, (d)MnO,
KB, (e—h) cESM/CNTs 5 KMnO, BT & EL 53 34
1:1,1:2,1:4,1:8 &Y cESM/CNTs/MnO,

Fig. 3 SEM images: (a)CNTs, (b)ESM, (¢)cESM/CNTs,
(d)MnO; nanoparticles, (e~h) cESM/CNTs/MnO,
synthesized with mass ratios of 1:1,1:2,1:4,1:8 of
cESM/CNTSs and KMnO,

A ) R FE I cESM/CNTs/MnO, = 4 43 & &
OB OS5 I & 4 s, WL 4(a) TR ol DL
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BHE 26=37°F1 66° [ It 4 W] 1 1Y FRAE DG | XTI A
MnO, [ 477 064, AN TR] BT & LY 19 cESM/CNTs/
MnO, = 41457 52 & #F R XRD B ] DLE Y
cESM/CNTs 5 KMnO, BT it Fbohy 101 F1 1: 2 6, 7E 26
4 26°,56° 0 43 Bl AT REAE I, 20=26° 10 2 Bk 1Y) FF
fIE I, 20=56°4b J& Mn, O B 435 fF 165 {H 24 cESM/
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B4 () FRERELEMH ESM/CNTS/MnO.ZHSEH
AR XRD B, (b) HERZE 100 mV/s AEEE TR CV # £
Fig. 4 (a)XRD patterns of cESM/CNTs/MnO, composite
materials synthesized with different mass ratios of
cESM/CNTs and KMnO,, (b)CV curves of samples at

100 mV/s scanning rate
23 HEUFHEaEN
23.1 PESHRRZE AR ATE 100 mV/s $74 5
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233 wEAHFER EHMEE R 100 mV/s B,
cESM/CNT 5 KMnO, it & [t 4 1: 4 5 BUH cESM/
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B5 (a)cESM/CNTs 5 KMnO.RELL A 1:4 B & B A cESM/CNTs/MnO, Z AN EAHREREBREE THITRBEAAR,
(OWARESGHMHETERRZEE THLLEE-BREEML, (c)cESM/CNTs 5 KMnO. RE A 1:4 B & MK
cESM/CNTs/MnO. =5 E G M BMEARBEL-FERFTXRE
Fig. 5 (a)CP curves of cESM/CNTs/MnO, composite materials synthesized with mass ratio of 1:4 of cESM/CNTs and KMnO,,
(b)specific capacitance-current density curves of different composite materials at different current densities, (¢ )relation between

capacity retention rate and cycle numbers of cESM/CNTs/MnO, composite synthesized with mass ratio of 1 : 4 of cESM/CNTs and KMnO,4
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