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Empowering Talent Development in Emerging Engineering through University Innovation Projects
— The Educational Path of Research and Practice in Defective Nanocatalysis Projects
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Abstract: Based on the background of the National College Students' Innovation and Entrepreneurship Training Program, this study
takes the project "Clear Mud Flowing Light - A Global Leader in Persistent Organic Pollutants Treatment" as a vehicle to
systematically explore the construction of defective nanomaterial catalyst MnS-x and its application in practical wastewater treatment.
It also focuses on analyzing the effectiveness of this research practice in cultivating undergraduate students' innovation capabilities and
comprehensive competencies. By regulating ultrasound duration, the project successfully synthesized a series of MnS-x materials with
varying defect concentrations and systematically investigated their thermodynamic behavior and photocatalytic performance.
Experimental results demonstrate that moderate defects significantly enhance the photocatalytic activity of the material, achieving a RhB
degradation rate of 78% under optimal conditions. This innovation and entrepreneurship project exemplifies the effectiveness of the
educational model centered on "student-led, problem-oriented, and project-based" approaches, providing a referential implementation
pathway for innovation and entrepreneurship education in higher institutions. It fully highlights the important value of "research-based
education and practice-based education™ in cultivating interdisciplinary talents in the context of emerging engineering education.
Keywords: college innovation program; new engineering education; interdisciplinary research; research skill development;
research-informed education

515

REEAEQRE GDNEIIZRTt-d) CBURfadR “ REImHE "
S R K QT IR BN e i 5 Rz QI ML 3R B, 2
X RGN TIABIET BOE SR EY Y. Mk
] 228 35 B 74 7 20 S 340 o 75 B 9 B8 5 SR RE ) e o
MR RAAC. FRAE N ANA R L, T4 QU
WHE AL KRBT H RS E R, L
AN TR CLREDY S ) DA E RSB S B
Ao ARG I O SR B B A
SHRAERAIIE “IEROL”, TR SRS TRESEE

Copyright © 2025 by authors and Viser Technology Pte. Ltd.

MIAHRR . T H RERRM T R SN, IR A 24
J7 WSCHRIRBIE S 7 S seit MRk & 1 el 21 50
MR AR R SE i, EARBUCHT U A SR B
B A BB ST T AIBAVA I8 5 ) gt RE 0 - TEYETOL”
TEEFARKIE QIH QLR IR 58, BIBAFRD T R SA
filis AR S R T, B BORE S Tiadi &
BN, I TR E SRS HER.

“TBVETE " ET R KA AEAE IR R U B8 5 S
RE ISR 1), @I B SR fe JJ3R T+ 5402 7 Kl
& FEDSEARBRRMFER, H7R T &G, S



@" VISER

2025 F 6 & 8 M

e )1 S-S TUREIEENA, I T “RIFE N7 5“5
BEN” BE, NERAE B E R L.

1 RZFEAFHEDIEFEXAESFHREX

1.1 EREMIE TRt 8 E

0 R R N SIZ ) 39T B0 R R, Ak T 28 5 i R T 4
SRR RIS ), XSS E A BRI E
TR T IR APTRE R AR A SRR R I 1
EREATMAA . EFHEE “KAEbk. HxaH” 57
T Z T, A QN A E AR AA R R,
JRN T S RN A S 4 AR T (A% 0 51 e R
B . AA Sk GBS S g S
Ji5 SO SRR T R L S R AT A A A

1.2 REERHFEOUTIE: EAHENRKSEY

KA E 2 B KRR S 2E ST R Lk E R
A, BERBAASGHE BRI, EARER
BRESIRFR BRI, M@ A AR O
BLEANEEAS . I “LAZOM A0 B “ Ll ik,
MRS R se R, ST S SeR, BoR rEzh 1,
MRS B <RIBS 7, FSES R i
FHARR, 3597 RGBS A R e f; N “iRE RS
B “TiH SRR, DLEMAATS NIKEE, STl “fipss. %
ol B R ER o

1.3 SHENESENIERER

KON H A EALAE T BOR B 7= e, BB TR
LU PRI A R B TR H R, R
SCHRRE . 77 SR SO0 1 1 R S 45 F A TR R BT
SERE, BRI YRR H RN . B FRME
h, STV 5 BN AR RE F1; 78RR ST 2 5 AR M
R, PR R TR 1 BB AR R RE g o R TSI H R E
RGN HARGES, HEEhE ARG G N B4ms, 2aH
TR AR OB RS,

1.4 KXWREBK: SERRL” WBEHTEHEX

ASCHFEMRGITE VR, = ik e

S B SR M1 o T SR AT TR CRADRLIE A 5 LT S AR B B
AN BLRBUOY A TH RIE” S, &

SRR S TSR )y, R “RHFE N7 5“8
BB N7 HE. TE S R AR R R U #7552
BRI R IR, R R 2R, B iR TS A R oK
A, TERUSHEAR SRR IR, 85758 1 R AHgae . s
BB 5 S THUERNTEENS . AT “IHRRE”
RER, REAELSLIE RS A, DA RIZERH AL
HEWHEESE,

2 ZHDH—: E TR ERAENRIRS
2R

2.1 TEIRFIFIILES

WA BT A 35 8 ik R (AR), LR —D 4l

LB AT B A . PUK A SALER (MNCl, 4H,0). b4l
(Na;S). =M% (C3Hg05) T/KZEE (C,HOH) FlIF
IEE (IPA, C3HgO) 340K [ [ 24 48 H Ak R A TR A
al; ZFH] B (RhB, CpgH3iCIN,O3) 3K R T R EF K
2R PR AT 3 3 LIRS Bl (PVP, (CeHgNO),)-
D-t4% 8 (CyHpN,0) XTRER (PBQ, CqH,0,) F1=
LFElE (TEOA, CoHisNOy) I SE [ iR hr T A AR}
BB PRA R o ARSI A5 A By 18.20 MQ-cm™
MEETK (H0).

128 TR (XS3DU). &G IE I i B
JiPEHEEs (DF-101S). Hdas it s veds (JP-100S). H
POE R B R T M (DZF-6050 ) . H & TR
(DZF-6050AB). =i A7k 504l (H1850R) . ik
HIR KIS (XOGDH-0506). 4 4h-1] W 6 e FE it

2.2 BRFE

2.2.1 49Kk MnS il &

B4, FREL 0.594g MnCl, fl 1.441g Na,S T 50 mL %%
e, S5 I 15.0 mL 1) H,O, #23 IA 0.5000g ] PVP
IR, A8 I NG 20min, IR A5 R H#R 3] 50mL
SRVUSK 05 P9 RE ) i e OB 28 v 5 o B S TN R FAVTE R
FATHRA R 200°C A 24h #EAT N, S5 3R EUH
MR TR, FTTFRMEE, BN . i pH
FIVTHER L, 439 HoO F CoHsOH #5334 5 Ik, 1E
WFER 60°CHI A T/ T4 6h, EIEFRI49K MnS
KL, iy 444 Eth0-MnS.

2.2.2 BREBEGIK MnS-x 1] %

B, 2 BIFRE 5 ¥k 0.1000g #1451 MnS & T 50mL
Beb, HUOmA 30.0mL #9 H,05 T S E e LR
4y 0.5h. 1.0h. 1.5h. 2.0h. 2.5h; 4>%IH H,0 M
CoHsOH %9k 3 1K, IR Peik s I FE i B T B T
Fah, FEHLEEN 60°C B2 TRFa h T4 6h, B3R
AN BB E T MnS-x RAIEES, 20l 2R
Eth0.5h-MnS. Eth1.0h-MnS. Eth1.5h-MnS. Eth2.0h-MnS
F1 Eth2.5h-MnS.

2.3 RERBERENFIVEERBABASHEE
A

W 1 Fios, SR KBR Ak AR AOARAE JBE IR VA AR 75 A 37
e 0 P A R) R B 2 (R AATE B R Rk, ] 1a
51 1b 550K, MnS-x [ bR BE 2R 7 i 5 A 1 i R
W R P ] (0 284 00 T PRI, 3 R R R R
i B R R 5 A T R R A B [RIEE, A
1b FTUAEH, BEERET G, brdEE KSR SEmETE B
RESZ MRS, B A BN E] . ZEE R, TE
AR (AH®) SiEmmtE (0 Z A REHEE: b
FHE A K, A AN, BB EEE (W
32815 K) A TREHE N, 2 LTk, RESHS

Copyright © 2025 by authors and Viser Technology Pte. Ltd.



BUACH F iy

Frontier of Modern Education

@ VISER

I 10 2 ) 5 o v JBE 7K V98 55 A 4 B e S S R AR ) AR A
1709, HLAE il 2% A0 8 P I AL e 34 ) 22 B R
BN

2. 4 RS B R B (8] R AR R AR A AR AR R 2

TR SRRk B K/ i L BEHHE Y, R R TR B TE
T2 o b BT, AR A e, [ R P
7 AR A AR I IR AT B L s sh AR AL
P 2a A1 b AT AT, MNS-x [ EE IR 2 T A4 E 5 P I ) AR
JE R LRVER DS, P I [ 30, LB R R T A g i 4
s AHEEE IR TR, HEE R R T A AE RN . A
NIRYES) 2 B R, IR ETh v, HORL T ARSI =
R, FEEBEERAN, BTt g K. HiRE b
THENZE iR, R ARSI R 3 KB AN 5 R
M Jid Jo DA~ R o ER T K ARG T Bk d okt
AR I R, R 2 [ R AR I R S e, A
b, FPBORE5 (8] (A AR IR 5, BRI RORE - (A B4
KIGAF T, 3 BOLBE R F AN,

3 RHIDH=. ETEIFHLILEREARELT
S tE L s BT

FEGEG )3 Hr e, R E R H 2 A L BAAE (R R

KR O I ZR T RITUH “3E R KM
MNS-x Ak 75 7E S B R 7K A B AR R 82 o 2 A 7] R A1
FEORIL T B E R EAEEM R T AR B, R R
F B HE RN S Ts Yein BE ROV 77 IS, RIS TR
B A IR RN S TR ST AR 45 &, B L SERAE )
& I ST A BT M A DT R ) R

ASHIE 78 AL I 2 A AL BRINF ] (0.5~2.5h), Kkl
%7 IR MnS-x 6T, SZERSE R 3 Frs, A
BN 1.5 /N MnS-x3 FE 6 RhB B Al 280% i
(%1 78%), EMTHAMAIEH (x1: 0.5h; x2: 1.0h;
x4: 2.0h; x5: 2.5h). A1, HHEFHEEEL 1.50 J5,
MnS-x4 5 MnS-x5 (MM IS HEL R . PLfIIE 7R
Wy, fEREAEWIE (0.5~15h), FALBNALHE T B 207 (1)
FER, SN T RN S, AR T A -2 O
SESITE; mAHEAELEKSE 150 MLE, RS
i A WA A IR 38 o e AR R TR IE R I R R B IR
A MR R A, & SO RERRIG. 1%
BIFE ARG FE R TG BN I8 R Tk
IR TENIAT RN, miskfEE N S E R EES S, &
FOGCHEALE 1 F pg

a "1 = 28815 b *1 " Ef0.5h-MaS
® 289815 42 & Eth1.0h-Mn3
0 . & 30815 & Et.5h-MAS
38 4 . v 31815 40+ . ¥ EM2.0h-MnS
a5 A .- + 32815 38 . + Eth2.5h-MnS
] L] - 36 . Ll
= 34 & - = . -
. * E 34 . . -
E v s - £ L]
5 32 L 5 - - &
3 . x . 2 324 .
"j:L 30 4 - N - w£ 304 . - & -
= 24 - . 26 - ¥ "
v
26 ol 26 - * N
* v
24 4 v 24 .
22 * 22 -
T T - T T T T T T T
05 1.0 15 20 25 280 280 300 310 azn 330
th TIK
1 ERBAGRERL SRR RER N 8 S EE R AR S Hh T EHERNXER
0.70
a = 28815 b = Eth05h-MnS
064 w 298.15 . 085 ®  Eth1.0h-MnS
A 30815 . G . A Eth1.5h-MnS
v 3815 L} 1 v Eth2.0h-MnS
+ 32815 . 0ss ] * ® Eth2.5h-MnS
0.5 . : v % EmheSh-Mng |
v — *
-:! - el - -¥ 0.50 4 A - -
7 - L - v
= 5 0454 *
g o . > * £ . v
: 5 0404
< 2 ; g - e . L
T - & 0354 -
L 03 s * "D . a
. . 0.30 . .
‘. - - -
v 0.25 4 .
02 4 * -
0.20 .
05 10 15 20 25 280 200 00 a0 320 30
th TK

2 RFEARERILIRRE A KB A B SRR E AR X R

Copyright © 2025 by authors and Viser Technology Pte. Ltd.



2025 F 6 & 8 M

—@— MnS
10 O, —@— MnS-x1
MnS-x2
—@— MnS-x3
08 | —@— MnS-x4
—@— MnS-x5
< o
o
0.4 ' \ \g\ 9
\0\8
02} ° ]

-20min  Omin 20min 40min 60min 80min 100min 120min
Time(min)

B3 BRIGARMUBEINARTUBA L IEREXT LEXF

4 #FER5HR

Wi RGH R USRI KOITH , 128 AR
B MnS-x HEALFIBIRT R « VG2 5 52 br N O T B 7S
WY BEE AR, PRI T KR RO H S ST RE T T

4.1 REEEHIRASCIFHAR

FETH HEE A, B CARHT A 514, R
MR SR T &, B BRI AR 5 TRE L
B RE T o I A R P e IR 4 S, BT 4% B
FEVR B AT 35 (1) MInS-x HEALF],  JF R G S L3y et
ST . SR, 7F 1.5h A &IE AR B A
IR (RhB BEARZRIL 78%), WAIE T 1A LE S8 5
T B e 45 A A AR T T 20 B8 T o WU 38R T
BB “CXTIE” SN Ja BT B 5 AR, R
IR BN IE LA BT R 7R RSB, R
DUREMEL 0% B 20N, LR R,
PTE T RGeDYERI 52 B v A PR 77 W I 524 2 5 R
AR, SRR T AR & SRR, BEIR T R
AP BB RS RS R8T, NACSKEF S EARTT K
BEE T A

4.2 ELMERR B

A AT, I ERH = H 5 G088 R 7% 07 S
LR : BRFARWL 2 5, FRAURHEFR] 2 1, 52
FRT B LR 3 T, “IEUR it 70 “ KA Ak 5587
HERBE R &2 o RN T B S A0 [ A VM, B
SRR T SAAE S RS T H BRSBTS A
Bt e FEH— DI TSR, B8 T R
A7 B SEZ 1] 7L 1 1) 3 5 AR e

XL R TR H AR S bR &, A2 AR 53 R
B LRSS0 RN R R R IR, N EE T
ERR N

4.3 BABRYEHESEX

CEVRTE AMUAER AR L oenl, 8 E M NA B

It FHFIIZR S QUE NV B IR RS, BiaR T %A MR
RBYE . LA STERAN A BA M ERS ol A EAL . B
Y s R A 04T, 2V AR E ARG 5
WRREGWRIRSR), I TH IR “E40AA"
F5 7 B bR o U H A e B0 AR SUAR R K AL B B (3 S
HA N RS AL 2O, R i S G 20 $ it
S 5 R B, Hesh “RMFE AN, A N7 BATE L
5kt

5 £5iE

“TETRTE I H AE A E R g SR A AR D
ZRHRISTER R0, ARILH TR AT RITER 72 m = B AH A
A7 T A S TR R e TR RS, A AR
TR R PERENNR S A LB Fe SR B, FEAE 4R
FES 5 g TE T QE BYE . TR SRS S I UME R 7%
KON E LA AR TR 8RS A TE AR (1)
HER, ARITHEREE 2, 2SR X mE, N
SRR T NI N EE SRR I BT A .

ZIH W, KEITRIZSSH “BHFE N “ LS
UNGOESE o Sl b RS T eI gt 4N )
BRI E B, . AR N B AR
¥em “EFIRROE”, FHEMRE IR A R AR T
B S THERMZ G R “WERAN” FIRINE
SR, KOImE EHER S QR N BB s R
BRNAFEFRAZS 7T BATTHET AN 5 305t KRR R
HBE— B4 KT H 7 55 115 PR SCRE, RG], 52
ORISR ZJuRE E AL, R E S
B AR SERR AL /) S5 4L S 1 i 75 A A SR AL IR s
T

BEEmH: ERREEQHONNZITRITE (No
202410608003X, S$202410608362X, S202510608210).

(5% 3]

[1]5K P A ¥ AU F I L YA R E S RERE R 2
#FAHR[D] K R E K ¥,2022
[21E 57 # /0 R F fe 3k, & SR A| R E £ = R B W
R—HIMEET AR EMTEAERZFAN M
T,2024,52(22):172-175.
[31X R, 0 B L, 45 22 e, 4 A T 50 B FA A o = 2 3 2E 22 )
152 B R [J]. T B A% F,2025(8):165-169.
[A1E 4, % KK ¥ £ ) E A . V7 A& SO B & R E 4l
F ek gk A7 5 7 A [J). % ## F1,2025,11(10):78-81.
[BI¥ = %, E % B M. 77 m AL AU el A A 3
TR R 2 5 B [J). A A TR FT & ,2022(24):60-61.
(6] % . B 5EMBFTRRWUTAL BHERAT X,
BT 5 842 [J].% 7 1T 6,2024(10):11-18.
[715k 3, 2 &, (6 K, % . LUK AT B Aot 3R O IR 20, 1% 3
TR HT A A 3 R [J]. R A2 2 F A 50,2019(17):33-34.

Copyright © 2025 by authors and Viser Technology Pte. Ltd.



BUACH F iy

Frontier of Modern Education

@f VISER

[BIxfF = R L% FR W AL A& T AR TE AR R F LA
MEGFRAHFERESZKR[D KIZE
#£,2025(2):27-30.

[917K %, Al & 47 15 4,5 “ A 61 BUE » 52 1k T & 22 [ & R
(= S - ) M L Y 2 i S = e
#,2024,7(17):1-4.

[10]Li W, Cui Z, Duan H, et al. Effect of nanoparticle size on
the thermal decomposition thermodynamics in theory and
experiment[J]. Applied Physics A,2016,122(2):99-100.
[11]5K %8 7 BR 2 W, x| 0 4k AR A8 T3R — F B & kAR R
RAFSMNMD 28 AFFR: 848#8F

Copyright © 2025 by authors and Viser Technology Pte. Ltd.

H%,2007,29(1):80-85.

[12]Liu H, Yang B, Liao G, et al. Facilitating carrier kinetics
in ultrathin porous carbon nitride through shear-repair
strategy for peroxymonosulfate-assisted water purification[J].
Nature Communications,2025,16(1):5909.

[13]1Xu N, Qi X, Shen Z, et al. Point defects in metal halide
perovskites[J]. Nature Reviews Physics,2025(1):1-11.

EH AN ML (20056—), FEHS 7 E AT Y gk
MBF R, BERY, THREAFAFAI¥K, £
ERRFTEAARENRAM: EEWT, T HEREAFA
el ¥, TERRFTMAEEFRAFALET,



