Material Sciences #1412, 2024, 14(8), 1247-1253 Hans X
Published Online August 2024 in Hans. https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2024.148138

ZHIRSNO@NC LR RIAY
il 2 B SR R 51

WFFL, XER, BAER, HRER, RREY

VTRV GO REIR S AR R, AR T
P EI T O B, AR TR

h

ks H . 20244F7H10H; FHBEM: 20244F8A17H; KA HM: 202448 28H

wm B

KRAAKRA BER] & T —F=EIRSn0Kk AL, H 2 ERIEARFEERRAGE —ERBRKE
(Sn02@NC). 1E AR FHEMARMEL, Sn0.@NCHH L FSn0 R H F N R BILEERE. LR
#EER: Sn0:@NCHEL A-g- 1B % TG 500 158 f7%7430.9 mA-h-g W L A&, FFREREES
A-g THREE T HEA566.9 mA-hg IR ESE. HNURHNBILEEREERE TINIEBENRESR T
SnO: RSB AR, UREBHREMR TR BT /AR,

KT
Sn02, FilRFTR}, ERTF M, LSRR

Preparation and Lithium Storage Properties
of Three-Dimensional Flower-Like Sn02@NC
Anode Materials

Qiangian Lin?, Zhilong Wu}, Jiayin Hong}, Zhiya Lin2?, Xiaohui Huang?!*

College of New Energy and Materials, Ningde Normal University, Ningde Fujian
2College of Mathematics and Physice, Ningde Normal University, Ningde Fujian

Received: Jul. 10%, 2024; accepted: Aug. 17, 2024; published: Aug. 28", 2024

Abstract

A three-dimensional flower-like SnOz micromaterial was prepared by hydrothermal synthesis and
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coated with a nitrogen-doped carbon layer (SnO:@NC) using dopamine as a carbon source. As an
anode material for lithium-ion batteries, Sn0:@NC exhibits superior electrochemical properties
compared with SnO2. The experimental data show that Sn0:@NC maintains a reversible specific
capacity of 430.9 mA-h-g-1 after 500 cycles at a current density of 1 A-g-1, and a high discharge ca-
pacity of 566.9 mA-h-g-1 at a current density of 5 A-g! for multiplication performance. The excellent
electrochemical performance is attributed to the externally coated carbon layer that mitigates the
volume expansion of SnO: during charging and discharging, as well as the nitrogen-doped carbon
layer that accelerates the electron-ion transport rate of the material.
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1. 51§

I AP SR RS - FELI R TR H R AR TS R4S BIRRSRRR 2 1 B, 7E B 3C SR A B AR L.
SR SNO2 FURRARIE 78 5 LI R H 3 3 A B O AR RS AL, DU B 22 17 >R (1 25 K i 5 B0 ekt
T HATHH _ERAT A SR AR R T IS LA B N, S RIREMREREE RS, etk
BEUF (R SO B o i 4 S R I PR A 2R M R . AT B rEVb R SRR T B R . B3k RE
FEA R, Hrb SnO, BB LA B Rk 1494 mA-h-g™t, 2R S8 ORA RIS LA R 4 £5[2]. 1H SnO;
VR B HIB I ST RE, TIAEAE T IR EEAR RCRAR . AR ARRE I e % 1] R [3] -

NT R BRI, Fan S N [A1H&H T —Fi AT R i — 4t 5 3R 77 1%, TE R Sn@Sn02-3DGHPC (=
Yoy 2 ZFLBR) MR FITF Sn@SnO, 1% 5540 K B0k 34 21 [ i 7 = 447 SR Ak 1 73 2 2 FLI N % 1, HAESE
ZAMESR A E SR 1201 mA-h-gt, 7E 100 KIEAMTIAAOREE 1127 mA-h-g ™ () S L 25 & - Zhang 55 A [5]
G R HA RO R 2 LYK A SnO.@C EAMEL, M EA T SR, FMAIEH TR &
B, ARARes FEmM P B, Bl MM EE 0.1 A-gt &id 150 KIEHF G AT {REF 745.7
mA-h-g SR B, 752 Ag tINmE S E T, MEARIAR 292.0 mA-h-gt. Qin % A[61# T
8] B AT R IR R AL AL 2 SARDURU(CVD)BR,, JF R — B Hilis i =4 2 fL A BRI 4, [ 58 9K Bk
(5~30 nm) 25 54 SIE S EZ 1 nm (Sn@G-PGNWS)VE AL HR ¥4 25 7 B vt b4 A, X Fb 3D VA Bk
FILH AR R R MEAE 0.2 C B A 1022 mA-h-g™t, 0.5 C A 865 mA-h-g™t, 1 C ik 780 mA-h-g%,

IR SR AR TR A, A SCR A R K BGE A R = 4ERIR SnO, I LA ELREAE N BRI
il 815 =4ELIR SnO.@NC ZEAEMEL. R T /MR & A, HIfHM SnO.@NC Z&MEMESR
BT HIB AR, IR R AT R LS IS FR A R AR I AR E T

2. SCIRERSY
2.1. SNO,@NC #E H%1&

FREX 0.6561 g ] NazSnO3-3H,0 ¥ T 35 mL {ITE/K L/, #7510 min, TEEGAR A. ¥ 0.56 g 1
NaOH ¥ 35 mL &7k, P2 M, TRIEW B. KHEl A 5V B IRA#E A 15 min, N 100
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mL R M2, Lh200°C R Y. 48 ho BEEHT, LB F/KFITK CBENIERIZ B B0, T
Ja 132 SnO2-pre.

FEF ARG E Tris 2SR, KW PH EFEHI7E 8.5, FR&E 100 mg ] SnO, % fi# T 100 mL
RPN RR, BB 3 30 min, M 60 mg 2 ELRHEAE 12 he fRRMNEER, B TKMIGK OB
THYE BEUUED, 132151078 £ I SnO; (SnO.@PDA). i SnO.,@PDA VliE NS A .
¥ SnO,@PDA & TERWIW, DESNSIR, FHEEZ 3~5°C-min't, 400°C{EHE 2 h, 53] SnO,@NC
SEME XA R SnOz-pre, TINE XY ER LG FHRESR . EIE N RIFERE, 1538408
1) SnO2.

2.2. BAREIHIEREBAYER

# SnO,@NC E &4k TR B Super P (SP). R LM(PVDR)#% I 7:2:1 M E ISR AT N-
FH LI I B2 B (NMP) R TR &9 - BT B R VR A 20O i, RSP 5 P fEm i L, NE
ZTEFE, 110°CHUL 12 h, RPN MESRIGHE . ST . A ARRE . VA 1E st Ak,
FAL ARV B 5 — YR LA (LB-275 1.0 M LiPFs in EC:DMC:DEC = 1:1:1 Vol% With 10.0% FEC), 7ES4R
N A FER A2 R

2.3. SE¥IFRAE

JE I 37 R S BB (SEM, SUS010) W 224 BB IS . Jlit X 2R AT (XRD, Bruker-
D8-Advance) R AE# Al AR L4 o

2.4, HHAYER LSRR
SI26: K FH 22 388 8 W PR AT 2R B8 (CT3002C A)BEAT MBI 78 L FEL IR, FiL IR 7 11 /2 0.01~3.00 V. i

i R AE AL 22 T AR 3 (CHIB60D) FEATIE AR 2 i (CV) AN A i BT R (EIS), 0.1 mV-st HH# %, 100
kHz~0.1 Hz %5 .

3. ER57vHe
3.1. SHIRIE

NT RAE SNO.@NC B AFHRAHLER, ¥ SnO, il SNO,@NC 23 HIFIFEBEAT X SR ATHHINR . TR 4
B 1 B SnO2 A1 SnO2@NC 7 26.61° 33.89°. 37.95°. 38.97°. 42.63°. 54.76°. 57.82°. 61.87°. 64.72°,
65.94°. 71.28°A1 78.71° HELMIRFIEVE, ZJl5t N &40 4589 SO, ki A (PDF#41-1445) . DL FAFAIEIE
b R T 29531 9(110) (101)+ (200). (111). (211). (220). (002). (310). (112). (301). (202)#1(321) [7]-
Wi BH S8 18 I 7K FA02: e D ) 4% tH 464 SnO2.

& 2 JE7R T SnOx-pre. SnO,. SnO,@PDA Fl1 SnO,@NC 494 Hi T B85 (SEM) . Hidr(a). (b))%
N SnO,-pre 1 SN2+ SNOz-pre FEG ISR F 4T 400 CHAEL G, MO EIH =4e10REER), £
4G . (©). (d)7 %14 SnO,@PDA F1 SnO.@NC, W] LAE % By 5 a7 T = 4e IR S My %
FEGN A N A 400°C PR S, RIME AR, 8 TR 5ZH B E SnO2 (£ A TBCEEH
Ja R I AT R I AR IR, [RIE 2035 2 Bk e % 4 = DRE ) 3 F 2 [8]

3.2. ELEFMEREMI
N TWHFE SnO,@NC E&APRHEM & 7 it P AL AV RE, X HBEAT IR ZIEME . R PERE.
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Figure 1. XRD profiles of SnO2 and SnO2@NC
1. SnO2 #1 SnO2@NC KJ XRD [l

(a) SnO,-pre (c) SnO,@PDA

Figure 2. SEM images of SnOz-pre (a); SnO2 (b); SnO2@PDA (c); SnO2@NC (d)
[# 2. (a) SnOz-pre; (b) SnO2; (c) SNO2@PDA; (d) SnO.@NC HJ SEM [Elitk

KAFAPERE R ZZ IR BHFTINR . 14 3 SnO, Al SNO,@NC R 3%, HUE X 8] % B A 0.01~3.00 V, F##iE
FoN 0.1 mV-st, FuRFAHERT, & 3(a)d 0.71 V AT 3(b)dr 0.67 V ACAS AT 3 34 JR UG I A 7E 4R T R I
T TR 7E S R T % SEI (Solid Electrolyte Interphase)fii; B 0.19 V = 4EiE ik, *FR SnO, 5 LitP 4
A e, 053V Fl 1.26 V AL FIAAIE 2 B LikSn 1255 4 v PR CBE B8 F et 5 1S idss Bhab, 75 1.81
V Kb 55 B A AR BT84 SnO2 T NaO [ B A [9]-[11] AHELT SnO2v SnO.@NC Ji 4 18l # &
FERIT, IXETH SNO,@NC EA BT I Bk 2 T 1 1
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Figure 3. The cyclic voltammetry curves of SnO2 and SnO2@NC
[&] 3. (a) SNO2 F(b) SNO2@NC TEERMA L2 phZk [

R TR SnO,@NC EAMEHES It J5 AL YRR W2 1R T, ZHAR e Mt b AT = i 6
PEAEIR - 4 4 iR SnO.@NC B A EE 02 A-gt.05A-g. 1.0A-g L. 20 A-gL.5.0 A-g 1 f1 0.2 A-gt
LI FE T AT A5 2R M AR, S R i L 25 &2 23] 1026.4 mA-h-g 71, 851.3 mA-h-g~1. 754.8 mA-h-g*.
675.6 mA-h-gt, 575.2 mA-h-g*. 776.9 mA-h-gt. SnO, 7EAH [A] FEIA 2 B R IS LL 25 &40 7l & 817.5
mA-h-g1. 706.5 mA-h-g”l. 657.4 mA-h-g"L. 598.7 mA-h-gt. 509.3 mA-h-g~1. 663.6 mA-h-gt. 4HLH%
[EiEF] 5.0 A-gL i}, SnO.@NC i L 78 &A% 575.2 mA-h-g™L Fll 557.8 mA-h-g™, SnO, il B 75 Bk #
509.3 mA-h-g"1 F1 379.8 mA:-h-g 1. SNO,@NC . 7 1 AL 2= 1 B T LI D) T &35 44k /= AL 7 SnO, K 1,
P UARHR) S [E LU R THIAR NG N, 3 e R R R A B T A i e, g g 1 A 2
oAb RN s BAME KRS E T, BRIEA R SN0k AR AL K AR IR A 38 I 4 [12]
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Figure 4. Rate performance graphs of SnO2 and SnO2@NC under different current densities
B 4. TEIEFRZEET SnO2 1 SnO2@NC K& 21 4EE]

# SnO,@NC BT 1 A-gt HHE T, #H4T 500 XA HEIEK IR . IIE 5 FTEUE H, SnO,@NC
HAEMRHENEEE 500 VG MARFEELE 430.9 mA-h-g IR LL ¥ &, A ELRFFR I 55.61%; 1 SnO, 7EIEH
200 K Ja Lk A& 4 108.5 mA-h-g?, FEMRFRICA 19.64%. LA LUIER SnO, RINEE R B I:HZ,
GRRARRIZ KA R fE T, SEnES M RIAR e v, TEOR HIRT S FE T B 4 i r A R M R AR

X SnO, F1 SNO,@NC H Litd ik — 2 i 5t, KL 0.1 mV s i1k, 7EAI% 100 kHz~0.1 Hz i [
PN SnO, At SNO,@NC #4728 i BELPT G INR . 15 6 SnO2 A1 SNO.@NC 7l A4 REE A I 5 1) Nyquist
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Figure 5. Cycle performance curves for SnO2 and SnO2@NC
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Figure 6. AC impedance spectra of SnO2 and SnO2@NC electrodes
[ 6. SnO2 #1 SNO@NC BY3Z R BRI BLL &

4, g5ig

JE I ] B K BGE AN R RAL H1 Y SnO.@NC B &80k, 1 VAL E T b A kL, 78 1 A-gt IR
R NIEIA 500 B WT{REE 430.9 mA-h-gt RIS LS R, RMEEEE 5 A9 BIREE THlHE 566.9
mA-h-g™! (R A . RUTFA AL 22 e 32 B A R T AN .78 O R15 22k 2 2 R MRS IR I R v
R, RN EME SEYE, REtREI fa et SR kR
E&InE

1o TG 2 B b i 4F BOM BT B % 4 151(20222Q104) : 2. K2R GIH 6L I 213t % 15 B
(202410398004) .
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