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Abstract

A manganese-chromium sulfide/nitrogen-doped carbon nanocomposite (MnCr:S4@NC) was syn-
thesized via a facile annealing strategy. The material structure was systematically characterized by
X-ray single-crystal diffractometry and scanning electron microscopy, while lithium-storage proper-
ties were evaluated through electrochemical workstation measurements and galvanostatic charge-
discharge tests. The results demonstrate that the as-prepared composite features a stable hierarchical
porous architecture, offering a large specific surface area, abundant active sites, superior electronic
conductivity, and excellent lithium storage performance. This comprehensive chemical experiment
integrates multiple key procedures, including nanomaterial fabrication, structural characteriza-
tion, Lithium-ion battery assembly, and electrochemical performance evaluation, thus encompass-
ing a wide range of research domains with strong systematic integrity. Designed to center on the cul-
tivation of students’ comprehensive experimental capabilities and the enhancement of their overall
scientific literacy, this study significantly advances their integrated practical skills and research
competence in both depth and breadth.
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Figure 1. Powder X-ray diffraction spectra of bare MnCr2S4 and MnCr2S4@NC
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Figure 2. X-ray photoelectron spectroscopy spectra of MnCr2S4@NC. (a) Mn-2p; (b) Cr-2p; (c) S-2p; (d) C-1s and (e) N-1s
2. MnCr2Ss@NC BJ X G FREIEEI(XPS): (a) Mn-2p; (b) Cr-2p; (c) S-2p; (d) C-1s; (e) N-1s
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Figure 3. Scanning electron microscope image (SEM) (a) MnCr2Ss; (b, ¢) MnCr2S4@NC; High-resolution
transmission electron microscope image (HRTEM) (d) MnCr2S4@NC
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MnCr2S4@NC
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Figure 4. TGA thermogram of MnCr2S4@NC composite
4. MnCr2Ss@NC E &R E L E
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Figure 5. Isothermal nitrogen adsorption/desorption curves of (a) MnCr2S4;(b) MnCr2Ss@NC; (c) Pore Size
distribution of MnCr2Ss@NC
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Figure 6. (a) The first three cyclic voltammetry cycles of MnCr2S4@NC electrodes; (b) Long-term cycling
stability test; (c) Rate capability test; (d) Cycling durability of MnCr2Ss@NC electrode
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Figure 7. Electrode cyclic voltammetry curves (a) MnCr2Ss; (b) MnCr2S4@NC; The linear correlation coefficient b; (c)
MnCr2S4; (d) MnCr2Ss@NC; Bar chart of capacitance contribution ratio (e) MnCr2S4; (f) MnCr2S4@NC

7. BARMEIMALZEIZE (a) MnCraS4; (b) MnCraSs@NC; logi 5 logy £ MM X B E b;(c) MnCr2S4; (d) MnCraSs@NC;
A TRAEEBIFEIRE (e) MnCr2Ss; (f) MnCraSs@NC

i=aV €8

b A5 MBI B OIAE O . 37 B 2 OB 2 B2 WO R, b (IR T 0.5 #ZHAK
NS, W b AU T 1o UG B S HRESR v BOST S R a5 8] — 4 H L4, HARRERN b 4,

g 7(c)s Bl 7(d)FTR. 4 MnCraSs UGS FRIY b (E#IT 0.5, Ui AL AT Ay HUd 2 3 5

T MnCr,Ss@NC B TR b AEHGE 1.0, 22 B% FA I i Ak 2 S 80 52 FEL AR 428

i=kyv+k,y" 2)

ARQATHFHEEEAT AT ], A, kv AR B AT sl 1 s AL 2 R S S LA

FEFEE WAL R, ki Al ko NEEEE . Bl 7(e)s 1 7(HAAFEHFTE TR, MnCr,Sq Al MnCroSs@NC HLH ) L2

DOI: 10.12677/ae.2026.16102271 1654 HaidtE


https://doi.org/10.12677/ae.2026.16102271

®iaR %

AT ARG R IR TTIR LB . IR A, AHECT MnCraSs, MnCraSs@NC 3 H: 5 & ) A STk EL 451,
AL HANAE ORI LRI AR, RESEBUE 2 A B A A R

4. SRR RHE

AR AN GEE T RS, LI NAEEIRPORM R & R & b, SRR, B
WA N A, B SR ARG 2T, e IR ARG ERE ), RIPRIER TR . ARG SLInk
TR 16 220, BL 20 N4/ TT B, 2~3 NN—ANINH . SRIBpRaEm ek, sSetid f2 /%
I 2 ST SO HRAE AV, (IR 2P, RN FORICIHBENX, 28 M LI R A, PRARSE
W) 22 kAT (8] LR A LI Bk LA 1.

Table 1. Comprehensive chemistry experiment teaching arrangement
T GEUFTRHFRE
S 2z H SEIAE I /h HEEHOR

TR R MRk R A R AR S B
T SEUR AR T R R

FEH MnCr2S4 fll MnCr2Ss@NC E -G BH ] £ 18, 153

SERTF AR T (5 YR 2

%IJ%’ MHCI'ZS4 7}:[] MIleZS4@NC Eé\*j*’:l‘ 4 MnCr2Sa *D MIICI"ZS4@NC E%*Z'—*’:I'c
MnCr2Ss F1 MnCr2S4@NC 5 &4k 1 4 i Y S s S, D RE R BRAEAAR B SR L
R RAE 1 LRI R, TSR R R AE .
N e s #il% MnCr2S4 fll MnCr2Ss@NC Hifl, ZERFERMHEH, 5%
X N Q 2
R 2% . T AR ] SR s 7 At 2 2 2 PR 26 FeL 2L
A2 1 B 4 56 MnCr2S4 F1 MnCraSs@NC [ H it P4 g i o

5. KRHFEE

Nl AR B, 7o KA B RESN I, Lh o A AN St AR AT R R S I
Bz 53seidok, LRl 74 L - ARG EHEA[9]. RN, TR S M 25 (OBE)HM
o, WOE TSI AR BRI 2). BEADNECAE AR NET L L EEABNEL, B R R TR
RN BE D) BT ERAE RE AR 22 B R g
Table 2. Three-dimensional teaching objectives for comprehensive chemistry experiment
T2 GEUFTHR-UKFEF

H bt 2 HARA 2 Xof BT

SRR TR AR . R B, IE PR RS . #4238 XRD.
SEM. HiAb S AR ol SR 4% (0 AR B S A

ML SERRARI RS R AR C ] TR 0t 3 Kt
HiReHbR 1 RERRIRIE T EM BN AT, JFREIZM Origin BAFAEEE MM £ SEHe. B b2t
FET AL H o

= Hbr  HFRLAEMVEREIR. HBPMEREM . $RTHERG KU RE I AR R IR - SRRBIE . NAYME

KR H b 2 LW, REPHE

SCIRTTAGHT, FUTEILLE F7 6 (e 28 kAT AR50, kA4 B B ARG R, 1R
THMAHREARE 5, A7shas, SIS RN, 1A R R B RAEA AR (S 06 ] . $2 80 b
ETERMM . SRS EEIEAUI, k2 A SCIR A PR AT R

cie R, BT RERE R, DUNLOMER T IR ekl . AR IRMS S 24E R

DOI: 10.12677/ae.2026.16102271 1655 HHHRE


https://doi.org/10.12677/ae.2026.16102271

®iaR %

BTG &R RIER R . 18 S RIS FE, AR AZ AT S8, MR SR
MG S B0, MBI B [ e 1 Ol o X SEEG I R B B 1 A8, sRh AR el il A L SRR
WET BT, MAEEERS TESR, WG MLai5 B

SEIGEE RS, BHR AR EEEEAN SLIO AR, XSG R AR R A g R AT R . A A . X TSE
BRI /NI TG R . R RSS), TRESRME R, B T A, AR
WIS IRk R, BUMSRSLGRT IR, SLH py sei i BRI, DA
B ASRAT W S TR S HERVE S LR G RN AR AT Z 4R GV . BARPEM AR L2 3.
Table 3. Comprehensive chemistry experiment course evaluation criteria
= 3. RAENEIRRETNRE

W S e
BIST5EIE: SeROUE . STRACHIT ME SR ALy S R
E, BREARIIFE)IFAT AN, $EH SCIR R R A s AR T .
BRAERYOE: SERAMRE  FEAR S RV A R — R A RAE,
133 & 31 SE I e -
FIEME S T B AREE: NAPNEREE &) L. BEMRE, SEREmad
&, T AR KNG, AT R RO A .
RAEFERE: LA (RSO REIZI IR, WA TR, HuERS. GRS
IS EH, e A REIEIT A R

15%
TR AN 30% 60%
15%

25 PR 40%

6. B

PAZ IR e i AR SINBCE T, e . B T sSein A3 p 83 1 Rk 5 H R AR TR,
Wor 7 AR R W 2 iz SR AR AT VIR, I TR IR R Bt 2 87%I1 A
WA “IZSRIRMGIT AT, R SET T2, A EAR GEIAIE 1 SE UG (U BR B 72 55) HI AT EE (2 60%)
KUEERTTo LAk, SEIGI M KA AR RAE S A B AR S5 3RS, 2 73% 10 22 A2 3RS AL I S0 7 AR % i
I XRD. SEM. HZFEMGERMAES, SREMEBERMNERE A, AAEMBIKRE, 5] 35k,
TR AR KRR FN, B TRAAHEE, ANRREHED T, Foih/, BB ERE 0GR
Tt O A LG L, B e ST BTSSR, JRAE SCT IR R TSRS, 24K
LRERE IR R IR R T B R AR T B REA DS T RRKIL 5, MIGIE TR F R e i A
BT R SEI6 A7 B R AR R 1

7. &Eig

ARERA S DU RO SRR AR, SR A e LR KT i 4 T BT 02 2 FLETHI ) MnCraSs@NC =
TREMEL. ZEAGMEHERTBUR, RREGMERH, Slrker, M. BOmafrsscnhmn
HEE, RIEBST, WA S ZMRBERRAL, W Bms A sesRie . 51953
AR BB RIR S LA RS, WK B B IUER, RITRITRE I SRR IR, R, KT SR A s
BRI H SINLR LR AR R, WSEBISHIR A WA SR R RIS A BRAh, B SER
THRE, ZEAERTERESOR . B REBAT LA —E T, XA JERERL. sl i B — 4RSI AR .

EHEWH

I HREAREREE R B S HE G TR H (0G2025-XG-0603-015); W R IVl 22 Be AR S 20 &8 ##
P TH (LSIG2427); WA R T 27 B B 0 20 F 20 I T H (LSIG2528); | ARA WA E B H iK1

DOI: 10.12677/ae.2026.16102271 1656 HHHRE


https://doi.org/10.12677/ae.2026.16102271

H(2026JGXM_135); #LHTE 5 BhRHZ MG rHRIIE (2025B01112).
SE 3k

(1]

(2]

(3]

(7]

(8]

IS e ss, B0, REARR, S5 HOETIE BT BT R AT S OO RERAE——— MR A SR ] R,
2026, 41(6): 395-403.

M—i&, ToF, o, & ARVEZRG 2RI BITT: KRR T it 4 S INK[]. W, 2024, 45(4): 47-
53.

T, ZEEE, FRER, S AT 9K ORE BB AR R A% M R R AR LS A S SL IR [T]. LEEHE, 2022,
43(16): 86-91.

BRYT, AUREE, SR, 4% DUBMRREL JET AT Diels-Alder 88 1 E& 8 SRS M & A 1 70 TR 4 A S 3L
SRR AT]. FEE, 2023, 44(16): 53-58.

Isa, J., Ma, C. and Rubin, A.E. (2016) Joegoldsteinite: A New Sulfide Mineral (MnCr2S4) from the Social Circle IVA
Iron Meteorite. American Mineralogist, 101, 1217-1221. https://doi.org/10.2138/am-2016-5594

Zhang, P., Wang, Z., He, Z., Zhang, D., Wang, J. and Zhao, Y. (2025) Research Strategy of Transition Metal Sulfide-
Based Composite Materials in Sodium-Ion Batteries Anodes: Heterostructure and Theoretical Calculation. Composites
Part B: Engineering, 303, Article 112564. https://doi.org/10.1016/j.compositesb.2025.112564

Wang, S., Qu, C., Wen, J., Wang, C., Ma, X., Yang, Y., ef al. (2024) Progress of Transition Metal Sulfides Used as
Lithium-Ion Battery Anodes. Materials Chemistry Frontiers, 7, 2779-2808. https://doi.org/10.1039/d2gm01200f
BRI, BREUE, MR, & SEA ARSI BRARESERET K BH A Bt DK B /N KU BB SRR W 5 SR [T]. (kA
HH, 2025, 46(6): 42-47.

PIVUG, BRI, W, 4 SRE AR DNAS-I) SCHUKGE M il 4 S RAT ). (223, 2024, 45(2): 59-
65.

DOI: 10.12677/ae.2026.16102271 1657 HHHRE


https://doi.org/10.12677/ae.2026.16102271
https://doi.org/10.2138/am-2016-5594
https://doi.org/10.1016/j.compositesb.2025.112564
https://doi.org/10.1039/d2qm01200f

	锰铬硫化物/氮掺杂碳复合材料的制备及储锂性能研究综合实验设计
	摘  要
	关键词
	Comprehensive Experimental Design for the Preparation and Lithium Storage Performance of Manganese-Chromium Sulfide/Nitrogen-Doped Carbon Composite Materials
	Abstract
	Keywords
	1. 引言
	2. 实验部分
	2.1. 实验目的
	2.2. 实验原理
	2.3. 实验仪器与试剂
	2.3.1. 实验仪器
	2.3.2. 实验试剂

	2.4. 实验步骤
	2.4.1. MnCr2S4@NC和MnCr2S4样品的制备
	2.4.2. MnCr2S4@NC和MnCr2S4电极的制备
	2.4.3. 锂离子电池的组装及性能测试


	3. 结果与讨论
	3.1. 结构及形貌分析
	3.2. 电化学性能评价

	4. 实验安排
	5. 实验教学过程
	6. 教学成效
	7. 结论
	基金项目
	参考文献

