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Preparation of a novel conjugated polymer based on
triphenylamine and its photocatalytic performance
Student name : Yueping Lai Class: 170232
Supervisor: Yuancheng Qin
Abstract: Covalent organic frameworks (COFs) with high porosity, low density,
diverse composition, facile functionalization, and high thermal/chemical stability COFs
are proven competitive candidates in various applications, such as storage/separation,
energy storage, biomedical applications, optical device, and catalysis. Photocatalysis
enables multifarious transformations of chemicals under mild conditions without
enormous energy consumption and contaminant generation.

At first, this research using 4,4',4"-Tricyanotriphenylamine, cyanoguanidine, KOH
and methoxyethanol as raw materials synthesized by amino monomer unit A, and the
specific polymer photocatalyst L-COF was synthesized by the condensation reaction of
amino unit A and aldehyde. The structure of amino unit A was confirmed by hydrogen
nuclear magnetic resonance spectroscopy(NMR).The structure of polymer photocatalyst
L-COF was confirmed by infrared spectroscopy, and the thermal stability of polymer L-
COF was tested. The thermal weight loss temperature was 442°C, and the thermal
stability was good. Field emission scanning electron microscopy (SEM) analysis of the
polymer shows that it is amorphous and has many holes. Finally, the photocatalytic
experiment was carried out. The degradation of 100 mL 10 mg/ L Rhodamine B dye was
completed by 15 mg polymer photocatalyst in 40 minutes. The catalytic performance was

fine, which was greatly improved compared with the traditional photocatalyst TiO».

Keywords: Covalent organic framework(COF); photocatalytic; degraded organic matter
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fr BE AR IR AR, IFRE T & AT RT OGRS T oG . 5 HAl MOF Al
COF Mt fbAaLL, XFh COF-MOF bt kHE R ik m b &d 2, X IAH
T NH,-UiO-66 1 TpPa-1-COF Z [AJULHC R 47 A B, A SRRl At b A 2k
HLAT 73 59

FIRE, PERSE NARGE AN ARSI AR, DLEOR B R 4 B v
GhAA, R ENEAT], T ORHEEARIERY. @il 2,4,6- = FH AL 2R =8 (TFG)
FTFSA [JE F 40 & [ Bitfi & tH T FS-COF M4k dfy . FLRE AR LI E S 450,
A, FS-COF 7R Him Al &E TR (3.2%) M E b & # 2£(10.1 mmol-g'-h™), 7
420 nm MEEE KA SN ATIA 50 h
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TFG FSA
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HO OH
+ O )
Os _0
OH O//\\O
— =
= 6
éﬁj 1, 3, 5—— I
6M Mt HR
0.0

FS-COF

1.5.3 BT R Bt

TG IR BRI LR — B2 BT SE, POVE S HFZ IR T AN
SR O, AT I e S RO AR B T MR SRR AR, I EAR
MBEG IS B BE B R 22 A A58 1) B . FLEGIN i, V22 /N ARIR 1 T oK 38 R 4k
) A AL BRIE O L AL, il 5N RIRE EL, B A TR
EEEEI; AR IREE Sl o i L K P e TR T WNIAD T R S ) 2 o
MEUTIE TS0t 5e, He, T COFs J&RATE M s At 7 DLm Bl f i bhn]
T )7 RO HEAL B TR R BT AR A S, DR SIS 1RO ORTE . Bt
b, I IEFESE R R, EER N HE SR, T LA O E e R0
HURFIEANAT B . [RIIN % COF 5 2 FEPERIR A, AT R T & FOGMEA kL 2R
m, mTEMEYINE, MER COFs RGAAHRKNSHERIT, ZKIHMG T ENF
I A2 384 SEOC AL VR AT R, B AR SRS . ORSR I AR L s AT 20 I 2
FRKIAR . AT IR, He 5 NEGE R T — R 20 5eng, @it
Hetir 8 & MOFs A1 COF KA m— R 5 2 47 A MR
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1.5.4 SRR

A E R A RE R WK AL FE4I & B JGsh AR . IR
I FH BE S B0 IR BR B R 7 e, DNA $ifh . sk )06 3) /197 %(PDT)
IR G} 2 45 A FH w1 P 38 T 8 4 tHE 552 310900 .

BRI ARk, BF 7N SR B S AE & ot i 4k COF, % COF Al it —22 H]
TAMBLER. Jang ENERK T —FEAE&EREME. V8 o L5, RirlEeEE
ARG EE A IR . IR MR 1) —4E COF 731 H T A U & A )

1.5.5 AN

KT F AN ARG AR R D mT DA% 663 6 B R0 52 44 50 70 L RCBATTE)
FEFISRE T EATR P EE,  Br DT S AR A 2 2 WG, e S g A R A
PERT WO AL SN (AR E - 610 240Kk, & Mg & B & AME gk C
ARV 2O EA N TR AR CARAGT, 2SI . A B ]
SN 22 e m [T R ) T AT TR R R, F o B 8 2] COFs B AL, x4 Adid
SRR S 2,5 F AR B T R R TR R4 A ORI % T AR T =R
COFILUS™ . e T H A IAME IR o BRI 25T A 1 S & T RIFIG
Gaiip-¢ ?ﬁwﬁ?%é%ﬁmﬂfﬁ% it b, XA ERA RFMETY
BRI . eAh, TR EA HAR LA A, e ()5 758 IR <18 f B A 2 a4,
%ﬂ@ﬁ%?%%ﬁﬁﬁ;@%%ﬁ%%%%m,%ﬁT%%%ﬁ%

1.6 XRS5 HRER N

B2, COF Z—MZALI. &orddmayaeEL, ERetiaiLs1 LRSS
BRI R T2 G A 7 2 o RN E AT B MR R, a4y 1 it T
FEALAEI mALBRER . AT 0 B R AR S AR e . IR AR COF #4
BHESABF e B AL TR FI (A0S U it T s8R . TERX PP SR
FHAAIECEF K T Z2MERITE, BREERR 878 Uy, B,
TR AN 2 B o

JUFRTAR R COFs MEHIE UL FRHEA — 2 ME M. i, K
I TSR PR PR SO, 26 B FE S, ok T 18 v S 36 = T 0 B8R AN Tl
H:7% COFs [IBRHIIF % . %%cm@mmr% MY ey 58 BE A FE e DA — 28
To Bk, FFRIBASRERIT& %, $&m COFs N TR 20t 7t 0 e s Fl#i
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[FJIf COFs [ 1t e 3 EEHR e T 20 il FL 25 B RN Z5 M IR R 1% o SR, i
EE R ) 2% b S i R A S AR VR 2 AN E k. RIS, g Y R v N T #R
PE+r 2B, HIbE LB N REERL. THE TR B shALERE DU AS [F) 5 A
FI R R G R TERE, X BRE IR AR BRI o) e [F] BEAR T S AN SRR R AT
PAAH FLAIE S H IR ZI R 45 1 5 1 RE 2 AN AFAE T N E G R o (HTH SR R 3t — 2
TR T VSRR (1 KRR AR B S it e

JUEBE— BAFAE, (AAT RN COFs 2R A A& ra bRl Hik,
AURFEALEI N COF FEAM R, FHROGHE ) B i 46 S A i s R 20 & 07 2UR 2
fili b, RS G SN BT A T — MBS S YOG RE, A TR BT ) 4%
PPUIEER o B IEPESE R, 1% o ILHEA B B AR COF RA BRI T HiAE
FIRARAE AT WG XA B e i, JF HES & COF A& AA s LR AR b2y
FEME IR, PR DT BRI B B TR RE

14

22



[EEi= R AN = e A7

% 2 FE COF BAYbEMAFE R

2.1 SEIAE R RS
S B FEGRITE WK 2-1, SIS B XIS TE LR 2-2
F2-1 SEIB T2 i S )
2 AR A PR R
4,4'4"-=J] =K AR 123 3 K 13 A
AN AR 123 3 7R )
S KOH AR [GENAN
A EE OB AR 13 3 7K 1)
PO NN AR BN
N, N- FF 3 F i fre AR (GETN
Z.1%,CH3;COOH AR Bl T
i ,CH3COCH; AR i
IUENURE AR Bl T
S HE,CH.LCL, AR R AN
oK .1, CH3CH,0H AR ] 24371
TR R EE,MgSO4 AR (GETAN
FERR 300-400 H B WIRAE A B 7]
IRALEH,KBr AR 5Btk T
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R2-2 LR AR
WA R [NEZithes G
FL R X TR A 101-2A KA R A 7]
TR FA1004 g RAPAGRAGEA IR A A
TEA KA E TR SHZ-D(III) S P AL A R DL A A
AR R S22-2 i RIRAGREA IR A
Tt 28 KA SY-2000 MRS AEAAES
e VOLING Sl a7 Cary 300 % [ Varian A 7]
i P T e KQ3200DE E LT R P A AR AT PR A ]
WG R Bruker dmx 400 78[5 Bruker 27
AT G PLS-SXE300+ LRI A
FHRAEI X WFH-2048 WU S5 BAX R PR 2 ]
eI AL HC-3018 ZRUP R PR AER A IR A A
ZLAMEIEAX Vertex Hii - Bruker /A
AR ACO0-003 BRAREEH AR A
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2.2 il & SEI ER 53
SR £ B AR =4 L-COF ()& B 2 an + B 2-1 7w
NH, NH;
Wy o
CN HoN \N)\©\ /@N NH
NH,
© NHz)\\N/CN KOH N
N O~y 150C 12h -
NC” : : “CN NN
)\\ |

HoN N NH,

5 mL DMF

20 uL 2%
CHO
3 130°C 72h
s\\N N iN
NJ\ NJ\
NN
)\Q /©/\N N’\@AN*N)\Q Q/\N N tho

l\?\l l\?\l

PSNENENTR PSNENEN
E2-1 L-COF I & R 2%
2.2.1 FEHILEAR A FIRTHE R

¥ 4.4 .4"-=F =714(0.6402 g, #£)2mmol). FIEAN(1.0143 g, Z 12 mmol).
SAEAE(0.2244 g, 2 4 mmol)FlI FH AL 2 (30 mL)fE =R NERiRE, H
BAAGRY, FHBEE R, FHREEFE R 150°C, KB 12 /M. RB5E
Y 5 BT A5 0 B [ AR (RN UK (500 mL)H, AR5 i i e Ve i 0k HE 3 e e
FHHPIK(100 mL)Pedk Tk Bkt M ITIEfE B2 N T4 48 /NI, DUA ik
CIR CTe=4:1 i ahtl, DAERONE A, X TREEMm KT ER S, 15
F 1.1 g BAEHLITHRAK A, RN 96%.
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2.2.2 COF RE5YmAFIE A& R

AN IR H m B R R R 1 W 585 Schlenk &7(50 mL), FREX
R A(570 mg, £ 1 mmol)FIX K — H (486 mg, %73 mol), FHIA 5 mL N,N-
THIEHEBHER 20 uL ZERVENTER, % RARIKE R TS i R AR IR A A B
&), SRJG¥% Schlenk & E TWAT, FFE AR RRESG, 2R HH
B, REHT, FWRKNUR KRR R, 85 gk SRl N W R Aab e, %I/
FRRAERE 3R RIESEIAR R TR IR m BT, A% EUEE, 130°C
TR 72 he RNSERJG, BRMAHEZR, A& F R, PRI SRR
B3E SR, RETEEZE TR HIE 80 C T 12h, VIIEM A ~%. 133603
mg L-COF RAWIMATIN= LN 57%).
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% 3 2 COF R eELTBIRAE

3.1 &
3.1.1 Bk A SR 2 (NMR)
NH. Nj\f:

N
T Tl_
S 88
. . . . : : . ‘—" - o . . - - . . .
5 15 14 13 12 11 10 9 8 7 6 4 3 2 1 0 -1 2 -3
1 (ppm)
& 3-1 Btk A MBS IREE &

SIIG R BT 46 ) B AR JE T THNMR B BT A B (i 3-1), BLURAR = H
T IRENTAL DMSOYNARHEZE 5, UITARCE DT N, i R =0 P
~, MEERIRE N 2.5 T AT (g TARGE D 10, A2 88 0y 3.3 247 iR D ST AR
P gk, Fo N AR AR EE O 1:1:2, Z58 54k A KSR AT R, BAk A
A=HAFE A, PWAHES EE, —4UDhE R B, HEEN S

N 112, SEIEE . BRI RAR A f %R
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3.1.2 L-COF BA Yt AT S M E (AR)

Transmittance

1564

3425 3317

L L L
4000 3000 2000 1000

Wavenumers (CM™1)

3-2 Bk AL STERZHEER L-COF RAMMa /et &

Xt RA LI PN RSP (BLR A R 2 B ) A E ARF=4) L-COF 247 1 404k
TR RAE . W 3-2 Frs, BAR AARZE) v nn £E 3500~3200 em™ X3 2 L H P
AN RRTET, AR IR ARIR NGRS AR AE RS0 . X 2K — PR IEAE 1697
em™ HYL TS SR OR H OB RFIE I, DU BRIE IR AE RS o [R] N 53— KRRV
SERE R T HIM4EIRE, fE 2880~2650 cm™ HYBLAI AN A AR U, et e 2%
KR Ao X LERFAEUELE H AR =) L-COF iy %, HAE 1564 cm™ i
HIL T s (RCH=NH) [ FFE 0, 28 DRTRIERE 1, RSt 5mEIER A T G/ 45
BRI, KGR T W, B RBIRAEET, BISE] T HARE A% L-COF.
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1B UK R
3.2 REWEANEFRAE
3.2.1 AR HNA(TGA)

105

Weight ratio

65 o o o
200 400 600 800
Temperature (°C)

& 3-3 AL IR E 7 E
M A A (Tl 3-3) AT, L-COF REVICHENFILE 350°C LR FEARA K AE
OrfR, SUIVREIRFELE 442°Ch A, BZAE 790°C IR &L B ER
67%. Zi EJTiR, L-COF ZEEYMESCIEATI A FEE RIF, Ao AR A iR

WL,
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3.2.2 R AR T EHE 2T (SEM)

& 3-3 REavtiumrataes R
X L-COF BT KA1 BAds o, A sian & 3-3 fos, L-COF
ROWIEAR RN /NERERR, FiR K NEARER/NTF 500 nm, {HIE RN FI4H
KR (100 nm), K] T SLERH &R RS M e MRS, LK Z,
FFEILMAVHEZ R Z AR, REAUR, W RPN
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3.2.3 REVOLAEATIN Z T B AR KIRT 5

0
i
1.0 — ¢ A A A A
T\o
|
i \o
ST ™~

= I ¢

L I

O 0.5 i —u— [-COF
! —o— K T AHER
| —a— A
i [
i
|
i
i
! .\

0.0 L i L L '
=20 -10 0 10 20 30 40

TIME (min)

& 3-4 EVDCREATINZ FH B 1R

FEE A 100 mL 10 ppm(10 mg/L)i %' FFH] B ZKIEWRH) 200 mL BEFFH A 10
mg REVICHETI(L-COF), BGHIA R SN 20 min, Sebedt FmA#E -+ 378
PSR E T AT, B0 10 min AP PHI] B /KIE A 5 mL VES 28I 2 mL %
W B NIESGS IR 2 mL OB N, W 10655, £ 552 nm NllE IO
£ A, & Co WRMHATIREE, C &OGMEA RN EHREE, W4 B R E =,
Co/C=Ao/A. VARFIA] T AfEALKR, DL Co/lC NN, 1E DR B G ATIREE 2
FHIF B FIRCR B 3-4). RIS PLGNK S A ER N 6 HE AL 7R 25 VS LU SE 36 AR
Kl (&l 3-4),

N 3-4 IR T REVOCEATIN D P B JubH MR TEGETE DL, P
RS, PR BT REE YR b AR R i R AT 2 i
SECT OISR MPEL, A — . BT, P B 7E 40
SRR BEARTEE . ML TR, ARGOBHETIZNK TiO, TEMFISEIE AT 40 4%
AL B 60%, B 40 4350 AWM L-COF HIFEMEEZRYK TiO2 1 2.5
T, XERY T EREYOUHEAT] L-COF X 2 FHE B Jubl M RCR LT, A RIEFEDE
fiEfhRE
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AR GRERE

ARG FETAER L 4,447 =F =K. SR, SR 22 O
NIEBHERSIE TSN G A, R EAR A FIRESE 1 S 40 & S N ot 17—
PN AT HUHESE(COF)E L AL, DU IR AL AN e i A FRAR AT R S )
IG5 . DARAARE PRI 2 PR IR N 442°C, AR MEEUT . A
il T R AT AR P N e E I 2 LR G BRI PO B it
ITOCHEACERAR, 10 mg JLHELLTR] 40 73 8H5E R 1 50 mL 10 ppm 2 FH] B (FIFEAE, F%
R R GNK AR 2 15, A REFPDOCHEARES . 28 EARSKIR R Ih 5 T
ARBIFOCHEANERER COF #kE, J COF MEHEME TBwt i =4, JF9 COF #4
R &AL T B

W& WS 2 SR TS U HEJiE . COFs APRLRIN I 1 REFRIRT 5. SR,
IR B £ 55 Wit veit, I SEBUARUE S5 1 RIS i e A L (1Y
— ANy COFs FPBHNMH R IEAR X, Ik, 20T 2 IRNKIHT T,
PAFERRS 26 A IR T AL AR E M. Ak, L 20U W [ I Bt LR A B SR 2
DIRER EM R LR, BhAh, EZHIZMANTT, U1 COFs A4 RL A SR K HH
ERA TR IRR . I TEX BN AR 2 S BT B2 I TE, LU % i
H ) COFs M. LAk, FETHEAER UK T 2t — B0 5T COF MR AR FP 2
[ BRI EAR . R QBT 7SRRI R, H COFs HIBEREIAL T4
Z B ABIRATGE, FEAZIHRER, COFs ik — 2 K e b IS B Kk .
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Preparation and properties of neodymium-containing nickel
selenide composite

Student name: Yudi Jing Class: 170232
Supervisor: Qiuhua Xu
Abstract: A series of neodymium containing nickel selenide materials were
synthesized by hydrothermal method in one step. The products were characterized by
X-ray diffractometry (XRD) and scanning electron microscopy (SEM). The
electrochemical hydrogen evolution performance of the samples was investigated by
linear scanning voltammetry (LSV), and the effect of the doping amount of neodymium
on the electrocatalytic hydrogen evolution of nickel selenide was also studied. The
experimental results show that neodymium doping can improve the electrocatalytic
hydrogen evolution performance of nickel selenide. The overpotential of nickel selenide
without doping neodymium is 420 mV at the current density of 10 mA/cm?, while the
overpotential of nickel selenide containing neodymium doping with the best
performance is 274 mV at the current density of 10 mA/cm?. Moreover, the
electrocatalytic hydrogen evolution performance of nickel selenide is related to the
doping amount of neodymium. When the ratio of the doping amount of neodymium to
nickel is 1:40, the product has the best performance. Subsequently, the more the doping
amount of neodymium, the worse the performance. The X-ray diffraction (XRD) results
show that the diffraction peak of the prepared products is obvious, and the diffraction
peak of the nickel selenide doped with neodymium is higher and sharper, and the
crystallinity is better. The results of scanning electron microscopy (SEM) show that the

doping of Nd changed the morphology of nickel selenide.
Keywords: neodymium doped; nickel selenide; electric catalytic; hydrogen evolution

reaction
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AL R R A ATRL, RS Rl AL B AR F A KA SR RE . BRI B A% & 51Nk
Ber, FECETELL B I, A B B S RE, AN TS v il A B ) 1
(ARG CPIR AT FIWEISEIR S IETE Y CIE | Sos e nd RN G A Sl ey IV E = @

LSHANE

CARH IR B TR W AT IRAR . AHIREL 9B 2550, SRADKAGE, @ RS
B, G RIUAF R L S Bl AL R R SRR FHER MRS IR 20K BT 5 1
ISR 2% B P AT A A A PR RENS, AR AL R B BEAT VRO, FRHR
B AL BRI BT ERBCR IR B ST AN [R5 21k B0 T A A5 40 K URE A 12K e 1) 5
W, o e B A R R 3R AT 0 BE DA RN G5 R RAE o X L A5 2% B S5 Al AL AR 1 ROW
A VISR UL A At SR REMINA LG R, R B AR 515 3% 5 Il AL B T

H
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B BT KA 2 A S

SUPERSIZE S, BRTOHC S WAL 2 U DR, 75 S H7 S R 5 1 AL
K.
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H B K RS
B2 E MRBIH] & &R IR
2.1 SRR ZG s A A

2.1.1 £ 255

2.1 ERA
7 2 alifE R
itk Se AR B T BR A )
INIKE TR AR Ni(NO;); * 6H0 AR g MR BR A
AL Nd>03 AR b2 S R PR A T
el HNOs AR P Bl k2 B A R 22 )
LG R LI Nafion AR 5% [ AL
Tk L CH3;CH,OH AR 24 £ A A R A BR A 7]
S NaOH AR PEBE R B A PR
SRR KOH AR [ 25 4L Ak 2l 0 PR A D
2.1.2 LIS AN AR
2.2 LR
AR LERSH ]
R AR B R A DHG-9030A R R SRS % A PR A T
L T Red DL-1 AEsC T OB BRI 7 AX B PR A
HLA 2 T AR, CHI760E b RS A PR A
X SFERATHAX DSADVANCE ey ESR TR/
TR LT R SU8010 Hitachi
HCH i T e AR KQ5200DB E& LTI B PR A A A PR A ]
& A O L 1-300C AesARIER
L R T ME204E HERE B-400 2 03 (i) A BR A 7]
2.2 LK IR
2.2.1 AL BRE ) 2%

(1) FREL 0.58 g AR EE T 100 mL Hedrd, A in 50 mL 281K, F)
FRIAR a, SRJGHEF ALFR 30 min, [EIRBIR AN .
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(2) FRHC 0.158 g fili¥n T 50 mL Bt 1, FEFRHL 4 ¢ NaOH I A, &HL 10
mL EEFIKEIN, BHIBIER b, FBESHENRE, £F NaOH 58 MG, 875 b
¥ 30 min, {ERRHOISA .

(3) WA a FIVETR b IRABEFE, 75 30 min f5, FFZE 100 mL RNEN,
TR B R A T 180 'C N H M 12 he

@) RNFERSE, SRRNEERAHESE, T, BB, Jokke
dn IR 50y, FRRAE S BN

(5) SRR P (e R AT — VRGBT, B 2B TRV AT O, W
BRI RE =R, BRI K QR G B0, EEIERE=IR.

(6) KBS J5 1= i B T H A TIRAET, ££ 60 CT TR 8h, 151 AN
IR R

2.2.2 THEREL I I %

(1) FHL 0.0017 g AL BT 100 mL BEARH, A LIRS IR L IL A R, SR )5 A
T JIREl /N0 kg ah, RUAT IR . Rz bemt I EARSE, Ridh 1 5.

(2) 43 HIFREL 0.0084 g, 0.0168 g+ 0.0336 g+ 0.0672 g, 0.1344 g, 0.1680 g %
AL T 6 A 100 mL et b, 2 0B IR0 BRI & A R R A IR L, R ARIE N 2

F.35. 45, 55, 65, 75,
2.2.3 EEIALE ] &

(1) FREL 0.58 g SR EE T 1 SRR, NN 50 mL 25551 7K, fidEAl Has i,
Fe VAT A. B ALEE 30 min, (EVETRIIEIRES .

(2) FREL 0.158 g fifik5 A1 4 ¢ NaOH T 50 mL B+, BN 10 mL £ 5 7K,
FCHGAW Bo 14, 17F NaOH 582 fiffo, 75 4L #E 30 mins

(3) KA A FNATE BIRGHEHE, B A 30 min J5, KRG 2 100 mL
RNEN, FHELET 180 CHAEZE XM 12 h,

(4) FF IR B AR IR, BUHFES, G —80 RIERE, FRFE 5
N7

(5) FESREAT — IR B DAL TR, T 25 BT K ATG 7K SBEA3 IR B0 =K

(6) B BS.OJ5 1= i B T B TRAEH, £ 60 CT TR 8h, RIWI1H3IE #il
WERE S
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(7) HARKFIHEAZL, #bs T ARBIGEN, EE ERSIPDER, & AR A
IRELI & AL B S AR

2.3 PRHRIRALE

K X AT AN(XRD),  RALFE b B PDAH S S AR SR FAE o« SR 4313 L T
TAABE(SEM)RALRE it (T3 S5 4 o

2.4 FHRLE EE AL 2R
2.4.1 BRI &

(1) B0 5 ORE & 2 BRI R AT IS, A HOIRAR R AROIR,  AF I 5 2
NIREE A, WFbrss, BAr& .

(2) 73 MFREL 5 mg Kl TR, 3T S .

(3) LT 7K Z.B% 600 uL. 2 B 77K 4800 pL. Nafion ¥ ¥ 300 uL T/ +
e, AR, ISR E, BN 500 nLIRA IR T, # e
15 min JE B35 51 5 BOH

(4) BUHL 8 Brik 2z, MW ARHATIT BE J5 F K S BEr e, F587 0.5 cm>0.5 cm
WA+, KB o AR 22 b

(5) FHR WAL 25 pL 2 BURRETE AN 0.25 em? IBAR R, BAEET T
#% 20 min 74, AERRAG R ) 7 BORBRE T, AR R AR 22 igs% 180 ° , fdif A ¥
Fe—TH, FE S ERAE,

(6) TUERFE S IR 2 VE R TAE MR, RIBMREBRIE NS L, b AR
TE N AR, HRAAWCN 1 M ¥ KOH, 7F = BB R 4 Bk 2% A S EAT FELAL 220
ko
2.4.2 TEMRZIE(CV)

TTOF i 2 AR TR, it STIFIBUERAE, FEH e EN-09 V ~
-1L5V, S 0.1 V/s, A 2 min, ERRIELL.

2.4.3 REPHARZIEWDLSY)

FHHEZE R E N 0.005 Vis, LM EEN-09V~-1.5V, XKEEHE
k& 0.001 V.
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3.1 AR AL AR AT

0«
&
g -50=
o
<<
£
> 1001
‘»
qc) s NiSe,
© s NiSe,-Nd(0.01 mmol)
c -150 1 e NiSe,-N(0.05 mimol)
'g s NiSe,-Nd (0.1 mmol)
(&) s NiSe,-Nd(0.2 mmol)
-200 5 NiSe,-N
= NiSe,-Nd(0.4 mmol)
s Pt/C
-250

-06 -05 04 -03 -02 -01 00
Potential (V vs RHE)
B 3.1 R4k £ A

B 3.1 9Pl 2 0077 dh s A LSRR BR AT R AR AL it 28 1, A bn 9 AR X T
SR ERAL, MR L. Az T LU Pl 2 iR R Ea B 0k B i
Z AL BT S RCR i e 22, 54Dy 0.2 mmol HIF RS AR AL B AT EHCR
s BacE/NT 0.2 mmol KA R B EREIL T AEMIAL B, P Sk RE SR df
2525 E 9 0.05 mmol MIREILER, (ERCRIE A dAssts kL .

800

Overpotential at j=10 mA/cm?

7001 Bl Overpotential at j=30 mA/cm?

600 4

NiSe2-Nd(0.4mmol)
NiSe2-Nd(0.2mmol)

NiSe2-Nd(0.01mmol)

500 A

NiSe2-Nd(0.1mmol)

400 4 NiSez-Nd(0.06mmol)

300 4

Overpotential(mV)

200 4

100 -

0

Catalysts
& 3.2 fEHRIRZE S B8 10 mA/cm?. 30 mA/ecm? B, =55 B AR E
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N

H

B R i
R E AR 2 RS

K] 3.2 Jy7 it AR A BEE B 2 BEIA 2] 10 mA/em? F1 30 mA/cm? IS 11
AR, 1% BT DL R — PR FE T o M (9 oKD, AT R A 9 LU 3
FEA A Rk 15 2 B AL AR AT SR, . SR AL ERAE 10 mA/em? FELIR %5 5 5 22
3 AL 420 mV,  7E 30 mA/em? LI 2 2 T 7% A0 BN 513 mV s Nd 1
5k &N 0.05 mmol I, BRI AL M EMERE SR AF . 7E 10 mA/em? HLIR S FE AN
30 mA/em? HL I EE B R fF E I AL SR A N 274 mV.L 382 mV: BIRE N 0.2
mmol f, A T EPERe S 2E L BRI AT A REZE A £, #E 10 mA/em? UL
FERN B AL 413 mV, £E 30 mA/em? HLI R B AL N 517
mV; 4BAERT 0.2 mmol I, 4 1 = MmT AR ZRHMH; HBiE
/NTF 0.2 mmol B, il €& B 7= S AT S RE A BT o T BB R FE 1K B P EL A
PN AL A 31 mV AT 95 mV,  #AT I A% PR S AE LR R IA E] 10
mA/cm? F1 30 mA/cm? I i B A7 35328 w5 T 8B Kk, 10 BH B i 4 1 P AT AU R
S HmM B Z B IG IR K

3.2 MR XRD FIE4SHT
NiSeZ-PDF#88-1 711
3
S
z N |
(/)]
-.dc-’- WJU
£
| | ||| i
5 60

10 20 30 40 0
2 theta(degree)
& 3.3 RBIEIAEILE XRD 475 B

N TR B AR SRR S R AE SR X S AT (XRD)#EAT 4>
o B 3.3 NARBE IR R X 2T B0 . MBS UG 1, Frfs
P i A AR 7 55 NiSeo () 88-1711 AHILHED, #F S ATHS IR, 45 ddMEaar, ik
BH1Z 7 D 4 tH T AL ERARE,  HOZ RS T BB B L U 45 s AR
7£29.945 ° | 33.579 ° | 36.893 ° . 50.737° . 55.519° . 57.808 ° 4 HXf N T

70 80
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NiSez (1(200)~ (210). (211)~ (311)s (023). (321)EhMH, f7HTIE Shruklg JLT- 4348
Yitr, WEBARGL JEEUD, BT E.

NiSe,-PDF#41-1495

Intensity(a.u.)

NN
10 20 30 40 50 60 70 80

2 theta(degree)
& 3.4 BEEN 0.05 mmol HIEILER XRD A7 5 Bl

i 3.4 s, dEId X ZATHX B RN 0.05 mmol (AL R HEAT Y AH 43
M, A LLE WA 5T DR IFH 5 NiSes () 41-1495 K Fr AHUG D, B 5 A7 4T i
BR, 4 YRR, UEEZ VR A BT AR, HOMSL T A NiSexs HE
fEUEAE 29.945 ° .« 33.579 ° . 36.893 ° . 50.737° . 55.519 ° . 57.808 ° 437X}
N NiSez £1(200). (210). (211). (311). (023). (321)&hTH , B 77 5 B2
B, HARR BT IATI AR D, R FTIRAR ) A AR A

NiSe,
NiSe,-Nd(0.05mmol)

MNUNM
L e

10 20 30 40 50 60 70 80
2 theta(degree)

Intensity(a.u.)

& 3.5 kBREB4EN 0.05 mmol L XRD 75 B

14
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B BT KA AR S

W 3.5 ffraw, X ECEB 2R A0 G AL AR 7™ i, B85 (1077 i FL XRD AT i i
(RRFAE IR 5 R 4B 2 1 P i B A AR ], (RIS S SR,  HLRIE s /D, S5
SRR B E E L, PR A X ERAT I R IR B 2 AR U
(IVIRRZE R, HAEB A — e R B mT ARG 9™ S 45 fa e . th4h, 7€ XRD AT
S IR ORISR B Nd RFIENE, X ATRER S Nd RSV m B cE o5, 83
Nd #ELAFE XRD B3R AR 2

3.3 BT SEM A4

B 3.6 (a) KRB EWILER SEM E; (b) BEEN 0.01 mmol FIFiI{LER SEM B; (c) BH#E
A 0.05 mmol KffitL4E SEM B; (d) BEE N 1.0 mmol Kffi{L 8 SEM B

K 3.6 (a) NARB RSB T BT, A% R DUE B & (1 B
WAL, BASLITAK, X —405 XRD RIEDHrasi R —2, (Hiz™
A RURLAR /N, R, XA R T A AN, 3 BRI B 58
LTEHRL: B 3.6 (b) NiBEEN 0.01 mmol MIREAL BRI R BRI, 2 Rkl
NGUKRFPRL, BURLBAT S5 854, B 9KRPRIRAE R, ORI SR RE AN, i Pk
ALRCERTE ;3.6 (c) ABEE N 0.05 mmol WAL M B R B BT, X
— i R s R GUORERR, AL, S5 RRR IR, BRER N E 2 MR R4
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ms B03.6 (d) ABECEDY 1.0 mmol RS ACERF BRI B B, % TR
I, RKIUVE I, SBOEVEA SR, Mtk rERe R 2. AR4E DL E
PR USRS, BEEBRENIEZ, 7 b R ™ 5 9K BURLE 8 5 22 BN
Y HRIIARPRIR, S PELL R, LA A Mk RE e o, (BB R 2N, HE K
ORI — KRB )7 i, T VEREIR 22, ULRIERINI 5 2% & i3 i i (R 30
2k, SRR TECL RECH BRI SO AL AT A RE . 83T XRD A1 SEM AL
ZORATHL, BB RS SR T A B, RIB IR TR B4 HL S Ry 0.05
mmol FRIARALERES S AR, 1M 45 ol BERLAR 7™ wh BT ™ 2, T CR AN
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B BT KA 2 A S

BA4E BEE5RE

ci

4.1 255

AR AR AT SR NE PERIAN L, XL AT 8 0%, RAK G
— R RIE R E SRR, RGBT AR . SRR T LA 4

W

(1) x5 2% RE G 3 e AL B A AT S B AEA i 1, A o A7 Hy 420 mV %
K2 274 mV, KRR 7 HEMrEMERE, JFHRI T AR B REN T RER 52
Wi, 132 E YRR Y 1:40, EE LN, SSBBRERL, TEE
=

(2) B AL B XRD 75 B A RFIE IR S A 5 R B IR I — 2 77 AR
SRR, BT I BE iy SR, A sE /b, UL RAT ST I 4

(3) BB A 2 R BR I LSS5 ), ANRIS S BXTFE dh 277 A A R IR 3
Wi, HiB 25 EAKT 0.05 mmol I, FEHEBIRENIEZ, FFihh FIE™E 9K
FIURLIZ 9 55 A2 NN 73 BRI AR MR, mT DR 5 B v it T, AR PR 87 6
IS B & A, $&5 HER A8, HIBHMEBHRSERIR.

4.2 fEE

A TAFUEM 1 4035 2 AL AR LB m B /K AT PR RER AT AT 1, (HARRSCA 2
3L XRD. SEM RAE LA S AL 22k BE MR AT 70 35 Bl AL B i AT &k g, IR R
IRANIRTCIL B R LB s K A LRSS o A5 077 i Ik REm AN it ek, 8
TR E N REOL R AL B B AL ), B RRATRE DRI, IR A TAEDE ST
Tl ATOAMPLALsegn a6 Bt hl e r s KAARBHIS A 2B 6.
il 2 A [F TR S AOAE i 55
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Hont

A2 AR TE, AR GE BRSSO EES . SR, B EITTE
WA REE . SLIRprBL BUR B CEES, AT T H SR Z 0, WA
Uity T L UIH BAe [R) 2 R 5 B Ak 1 AR 22 el

L, FABRE R AL TR S 2 TR e, IO ERATIER O T A
REF R SRIRIABE, i A2 BATH 25 i AR RO 755K, 2P TAFIR 2, (EAEER
B AP B AR I Ot S BATT, 4 T RATEKKIF L, ZImAR™ 14,
MBECGOAERATOAES 5. JESCOCREI R JHER S DU IRSC, IR B
B, AEBANMEBIMER TR -

U REA T D B IR B A AL SN B T VE SO IR Btk
FAFR LIRS V) B FE 2R R B A, RNt g I bl e s g A i 4 7
25 b S Lo RIS B o A SRR T S B 2 B PR S B T XS AT
(XRD) B 1) 70 M I B AR 73 o 8l R B 501 1) Sl A 35 Bl A 2 b AT
9 7 BB (SEM) &AL

U S BRSSP IT BN S Al 5 . R ME (R 22 AT 2= iR [F) 22, XL H —
ALPESEI MRS, BB B R R TR, g T MO S ST AR
FRI RN, MR, AEE, RS, R T Lt

U QORI ARIROT e sEte, IR E QAR HG 3 1 AV
TP 27 = LT} 18

B REAR X 287 1P &, iERATRAZ00 2], HHRZR.

W T, AR TR, XGRS B R BIRE A AT R A R A
RN USRS R W bR S, RORIE W E K P p SRR
R, BRI E A
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LB TEE
Z 22 R 64 = B

ANFEH, B 2 SORANAE BT 5 F AL 58 W OR . BR T
ORI ARRE S I S, RSO SRR X B CE TR AR
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Electrocatalytic Reduction of Carbon Dioxide by Porous
Copper Oxide

Student name: Shuxiang Ni Class: 160231

Supervisor: Zhixia Zhang
Abstract: The continuous accumulation of carbon dioxide causes the ecosystem to
lose its balance to some extent, and the catalytic reduction of carbon dioxide to Ci and
C2 energy and it is profond. In this paper, the preparation of porous copper oxide and its
electrocatalytic reduction performance were studied. The porous copper oxide was
prepared from copper nitrate and copper sulfate by different calcination methods. The
microstructure of the material was characterized by XRD, SEM adsorption desorption
isotherm curve of nitrogen and the catalytic properties of the material were also studied
by cyclic voltammetry. The experimental results show that the materials obtained at
different calcination temperatures from the same precursor are different. The materials
obtained from the calcination temperature below 400°C are the mixture of copper oxide
and cuprous oxide, and the materials obtained from the calcination temperature above
400°C are copper oxide. The cyclic voltammetric behavior of cuo-d shows that cuo-d
has the best catalytic performance. The adsorption desorption isotherm curve of
nitrogen shows that the material has a large specific surface area, and the SEM results

show that the material is porous copper oxide.

Key words: CuO; porous material; electrocatalytic reduction; COz
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U5, RIBEUSAR Gy SEUBR AR A A B IR A0 ) KRR AT, R AT DR KAZ S B P
=R AR HE R, AT 2R MR AR BT /7. 52 A A AL R — SRR
(RIwF 7E SN LA AT

1.2 HAEMER —EALTRAE R

TEEACERFAC IR U7 R A A A SR A RS, LR, A
FEAE < I AR Dy ra R A LG A — S ARy T 1 K AR P H AT Fe i
RNHHAL AR SR AR AL T R 2l IR AR, BR V2l Rtk noh, i&fh
2 I 2 FEREALT IR A RO BRIE R AR, g AR RIS 1% . fE iRl
JUTER, M. B 8. @FIRZEREHEHHRIE AT IR = A aR )
AR, BEE A S IHEE, BHARORI R R R LT SURR N, B E I
RN T BR 2l & B AL ) 2 SN RO BT FOB T Y 22 o — SR AT ) HL AL A I
PRI A g SR AL R A R A XN CGR 1D, 8. ok, Y. HHEES
JERISTE RS, YR EREUT IR s & R FEAE AR e m A A R S
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1 Sn, Hg, Pb, In HCOOH, HCOO"

2 Au, Ag, Zn, Pd CcoO

3 Cu CHa4, C2H4, CH30H, EtOH
4 Ni, Fe, Pt, Ti H>

HALSIEE  CO2 MG JE = HIRZ T, FERSMAE“YHA CO. CHa CaHas
C2He, FERRAT=YH HCOOH. CH3OH. CoHsOH Z5:(22261, CO, Hifk ik 515
BB PP ST DA K R 28 R AR S AR R, AT DL A R o 45 AT O,
AR AR S AR B (= DB AS AR A o 3R 1. 2025 — S AR TE KTV P 1 F IR R
ANE = AR E R DT 2 Bl L . FAG R R AR K AR W 2 I,
FEVTEATIE FH AR A AREE 21 1) R HE 048 P 38K i o YRR EE R AR AL TS 1
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iR Pt 2= EATIAR 2 A I 55
®12 _ﬁﬁtﬁiﬁﬁﬁﬂiﬂlﬂiﬁ H$ (Vvs.SHE) ™

Electrode potentials (V vs.

Half-electrochemical thermodynamic reactions SHE) under standard
conditions
COs(g) + 4H' + 4¢" = C(s) + 2H:0(1) 0.210
COx(g) + 2ZH20(1) + 4¢ = C(s) + 40H’ -0.627
COx(g) + 2H" + 2" = HCOOH(]) -0.250
COz(g) + 2H-O(1) + 2¢ = HCOO(aq) + OH" -1.078
COx(g) + 2H" + 2e = CO(g) + H10(1) -0.106
COx(g) + 2H:0(l) + 2¢ = CO(g) + 20H" -0.934
COs(g) + 4H* + 4e" = CH0(I)+ H20(1) -0.070
COs(g) + 3H:0(l) + 4¢ = HCHO(I)+ 40H -0.898
COx(g) + 6H" + 6e" = CH30H(l) + H:0(1) 0.016
COa(g) + SH:0(1) + 6e" = CH30H(1) + 60H" -0.812
COx(g) + BH" + 8¢ = CHa(g) + 2H-0(]) 0.169
CO(g) + 6H-0(1) + 8e = CHas(g) + 8OH -0.659
2C0x(g) + 2H® + 2e = H:C104(aq) -0.500
2C0x(g) + 2¢ = C204” (aq) -0.590
2C0Ox(g) + 12H' + 12¢ = C:Hs(g)+ 4H,0(1) 0.064
2C01(g) + BH.O(1) + 12¢ = C:Has(g) + 120H" -0.764
2C0x(g) + 12H" + 12 = C:HsOH()+ 3H:0(1) 0.084
2C0x(g) + 9H:0(1) + 12¢ = C:HsOH(I) + 120H -0.744

1.3 FME T R — AR BE A R

S SRR 1) PR A 3 JELAS 21 10 77 0 ) R 288 i K D BT 3R D A LA o £
IRA kL ASFEIRA R 5 0 B ARAE AL IR R COL I T 45 21 A = M) thAS AR [ 1H-27
FHEE T DLHABA R E D9 AL A, PA Cu ZRAPEME S AL 2238 B — S R R i AL
PRAEHS — A BOE SR BB AL AW WE SR BRI AR AL PR = 126200, ] R A 1
AR R S, Hoh @ Jm AR BT B SR SE N, AT 2L
BitEN R, Fiem Cu BVHRAGEZIY, BFLRE, MR, 5%
53], HheE o s, BT USSR Z BONBAR A AL B2, Cu SR RHE Y
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ik

AACHT R R TR s RA) 3K, AN E - SRBONEE N ThfE
kL HSSSEAIEIER B ERONEE, I HO LURMRAR . SR E. [
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E AR AL B S B T B L MR s . J14h, ZALe R RN A
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S PEEE . B BL, AR B GK A, 2 ALK R R A S m i OBE T,
o AR RE, JF B ik e bR T i . 22 L s REIT I 2 R S5 F 1 R
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2 2 I CuO B B AN F RS 5, TUHAGIOR S5 M B BUORZE R e Bk &)
il HICuO, il & T AR B MRS R % o ASSE 02 8 I MR8 AU R i SR 4

5

77



[FER=L PN = e LIRSS

KA 2 A5 B CuO HLARAT AL, I 0 A 1 T 2 30 I ] P P o PR o 8 s e o Al 26 15
Fo PO AT AR ] & A5 2 CuO R R, JBURIR LT, Bz 2 AR RO ™
IR ILR R RBORE R 5 R] e = T A3 21 B CuO AL 7 A A AR . AR SRS
X RBUGR L P X i #6792 ) FAR AT R SE AL 1 55 . i 45 A9 B AR AT R G X Lt
ITX-F M RATH . FRET 2B (SEMD R 50 S0 B B0 45 5 i 2R R AE, A
TR S8 FEAR AR AT RSE S Ak P 20— A0 5 ) ot T 155 700 A R RRSE PR R AR K /N4
G R I LA O FLARE . R 2 I RALJE R SR DU R ] 26 o e A P Al X L g
7 AL SAAT AT

78



[FER=L PN = e LIRSS

B2 E LRFS
21 5|8
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2.3 AR &

2.3.1 BiEH & CuO

S HIFLE 1mol/L [RRER ¥ A RS BR B 7T, T AR A VA P i N 3& =+
TR RN R, IR A A R A A EUE o BE B R
2 = Feliirh, 4 = USRI E IR R ) PR SE b, 1EIR 80°C, HiHEEE Y 8500
r/min, AN WTH IR, 1 /INE S DK 0 0 PR R T e Y VR 12 T Y o 281) = 3508
R RN 4 /N o RMEER G, ERGMIE. YRR S RI0 . K A gy
UL, BN FEAP 3 B BL 250°C. 300°C. 400°C 500°C AN [ i B 1B e v ]
i, B Sh, BRI E] CuO. N T 7L, MITEHASERREE 250°C. 300°C.
400°C. 500°C 15 ZIFIFE i 4 il dr %4 CuO-a. CuO-b. CuO-c. CuO-d.

2.3.2 BB ERRER R AT WX 4A ] & CuO

IrMIFREL 12.08 g B = K SR AR [ 1A T 5.295 g BRIRAM A, K FriR i [ 14
I STBONT ST BB, NN 50 ml Z& UK HRa AR, T 515 380 00 Tl T i
BRI RIVR BE 34 9 1 mol/L, R Je R P T B 100 0k PR BN 8 VAR 40 T i T 81 kS P A v o
P BFE MR T HE 15 50 Jm R TR 5 VR A8 K IR 2, KA RONEIR 9 120°C, =
RIS TEIDN 5 h, ONEERE, BARGED, KGRI AT B0, PREHIE, Pedk,
8OCH AT, BIRISRIIRIRI AT IR, SRJ5 500°CHEbE 5 h BTS2 2 fLY KA AL
il N7 IS, R ER S IR R 4409 CuO-e.

2.3.3 BRERRE AT A H] & CuO

3 AMECE 0.0125mol/L I I HR VA YBURTAH [R) R B IR S R VA, S8 5K 50 ml
WY 0.0125 mol/L B R VETR 22 12 M 50 ml ¥  0.0125 mol/L B PR VA K
d, B S)E, BEBIRIR AT 6 min 5, FAOKIIRNEH, 7£120CF
IKEAREE 5 h, FARVED, B EsL, AWK BEGRBIR)G, Fifer= i 80°C B2
THE, BURTA3 B RERR A AT IR AA o KA B I B RR AR T SRR BB T S 3R, 500°C %
R BBE 5 h, AEIEIE R Z FLEAAR, Kk D7 i AR 4408 CuO-f.

80



2.4 AT Z FLEACE IR
2.4.1 X-5H &R RATS

X-S 2k RATH (X-ray diffraction, fij’5 XRD) @It A RMEAT X S LATH,
SRR 1S, T3 BIA R RO AR A 358 4010 BT AR o T 155 40, DA
TR AR AR R /INEEAR B o ARSI E T X AT 5 BT ) 4 19 B B 72 b 2 758 CuO .

2.4.2 ARMBETFEME (SEM)

KM R4 T B BOW MBI LTS, A 10 BOIRES 9Kk
TR Lo Ao ARSERHE I S U RHEAT SEM 3t — 2D %€ il 25 B AR 2Lk
LHRG N LR

2.4.3 TSR PR A P <5 v 2 00 X

A PR B S5 H 2 R R AR 22 SLAT RS, AR R AL SR T AR 3 22 SLA R L
R LB FEE, WA B ot 2 JUMEHEH SPERER R R 524t T
INVESE RS o 38 I U 2R B st 2 18 AT 5 Pl 6 I AT R R 8 2 AL R A
S 56 308 o 20 R A <5 2 b 28 0 A 2 T 545 B A R T o8 2 SLARL

2.5 CuO 1AL B B 1l 26 K FL AL AT N
2.5.1 CuO 14k AR H il &

FREX 0.01 g 11 CuO FEAINA 40 pL 281K, B 20 puL 1 Nafion ¥,
G, BHBSERAE 1.5 cmx1.4 cm R4S L, RIS EIGTE, X
W, 58 R HEAR I 4

2.5.2 ERATBRHEIT AR

Rl 13 B S A A AR AT FELAL AT A I, AR SEIRAE = R AR R P EEAT, CuO
A AR Oy AR AR, B AR Xt i Ak, A H ok AR O 2 Bk
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3.1 XRD FTAF45 R

NT TR AR B RS, XTI AR BI K — R RET X 5
RATH, [ XRD RAE, MR X SR ATHOEE . WKl 3.1 FiR, CuO-a.
CuO-b. CuO-c. CuO-d NIRRT IRAAA [ Bebeiti 215 3 A ARE, B B v (R i o

W 55 kR BT EE R B, E 250°C 1 300°C HIBUREIREE T, W RRE S 2 A S8 Ak 4 A
EALAR R EPAH, 110 400°C LA_EZAAF T, JBUR1S BIRIM B v E AL . CuO-d.
CuO-ev CuO-f M [a]— )il LA [R5 1) 2 A3 B 1) AR, ol oy b br itk 1 1
R LA E 5 B AR 9 A B o a8 o AT A L, R DAAR BIEAR T 400°C IR AR
PR R, 215 3058 AL A A AL A P RO R A A, 75T 400°C 1
vyt G RS i [Eiap % p S R o P = Wl X e

—— (CuO-a)
. —— (CuO-b)
—— (CuO-c)
——— (CuO-d)
7 ‘ —— (CuO-¢)
| e A A LA e | (CuO-)
e | |
s N |
% ] L
J N e M
\\~*“,,JJ_MLAJAJaAMwN¢
‘A_J _L_A_J\_J\_ALMW

10I20I30'40I50 6Ol70'80I90I100
2 Theta(degree)
Bl 3.1 & FE 2R XRD B

3.2 BALZEAT AR

I XRD RAELGE IR AT S, 7E 500°C ke A T il & A4 LS S A0, BT
KEANTR) 5925 1) — R B T Mo o] 6 45 28 B0 S8 B 71 4 D i A R AR FEBEAT IR R %2
ITNIETE, 78 = HARAR 2 b A EAL 2 AR AT 7. = /AR IIE IR 2205
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0.0 CuO-¢
CuO-d
0.2 1
0.4 A
~~
<
g 0.6
=
0.8 1
1.0
12 I T I T I T I T I T 1
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E vs RHE

B 3.2 Fl— 1B B RNy ) 448 ) B ADRH B3R 1R 22
3.3 FUS PR A Y 5T 2 RS R

ik B FEA R G PR 22 4T 45 2R R CuO-d B A6 M BB A T Ho At A4 R
Bt RS A R P A 50 0 s R, 1 30 E R/ A 5l 2 2%
BRI R LR AN 20.315 m¥/g, H A FZE SR BB BRI R AR,
WHH RN Z AR USRI N &R A RE,  Frfs 2 2 FLEA A LS RN —
IR AL
3.4 SEM RIAEE R

T ] £ 75 2 B A A AT RL AT RAEA AL 22 AT A A S, BRI AL,
B CuO-d i#1T SEM FAiE. a1l 3.3 fran, B AT LAE H il 2% (A4 BL A i iR
MEL B80T LR AR R R A IR 21088, 3 49K SR HERR
B, B AT A4S 2] B 80 8 2 AL kL. A T LR 2, EERfSE
N, GURBEHEAE — i 2 I H JE R e R TR o
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4.1 B4g

ARV ST I IR IR R ATt R ] DA R R FH A [ PR 75 3k ) % AT SRR KB e 19 31 2
FLEEACH, SR AR A REAT 1 RAE R AL AT A TT, AR 458

1) [5]— Fr SR AR AN R RBOGR iR RE A5 2R 77 i, £E 400°C LR B 2548 45 21 B9 AR
T EAARARIIAE AL, T 400°C 126 1F MBS 2RI 08 2 LA £E R —
JBGER I 500°C 26 AF I AN [ 7 ik il 26 15 2 (17 it 489 08 22 AL AL A

2) JEIE AT A MR IR AN [R5 ¥ 2 45 2 007 i AR IR 24T . MR
CuO-d 13t JF R i K, HAEAL P RE el

3) CuO-d LR MFN 20.315 m¥g, LW iZA R B IR N RS, A2 4L
FoBL: XA RREAT SEM RALW AT, 152U E NK 2 SLBIRF R
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Preparation and performance optimization of
two-component condensation solid silicone rubber

Student name: Peiwang Tang Class: 150233

Supervisor: Dan Zhou
Abstract: Silicone rubber is a kind of silicone product. It has good insulation,
weather resistance, stability, and simple production process. It is widely used in
electronics, automotive, medical, defense and other industries. With the progress of the
science and technology in China and the rapid development of the economics, the
research on silicone rubber is becoming more comprehensive and deeper.
Two-component condensation type solid silicone rubber is also a kind of silicone
rubber. It is currently used in molds, electronics and automobiles. However, compared
to other silicone rubber products, little research on two-component condensation type
solid silicone rubber, thus there is still a lot of room for development.

In this paper, the preparation methods and types of condensation type silicone
rubber at room temperature are firstly discussed. Secondly, the effects of a series of
different proportions of reagents on its properties are studied. The test results show that
the higher the amount of catalyst, the higher the content of crosslinker and the
vulcanization of silicone rubber. The faster the speed; the more the amount of white
carbon black doped in the silica micropowder, the lower the tensile strength and the
elongation at break, indicating that the reinforcing effect of the white carbon black on
the two-component condensation type solid silicone rubber is not Obviously; when 107
adhesiveness is the influencing factor, 107 glue with viscosity of 5000 and 100,000 is
used as raw material, and 107 glues with different viscosity are arranged, and the

higher the viscosity, the lower the Shore hardness of the prepared silicone rubber.

Keyword: Two-component Room temperature Solid silicone rubber  Viscosity
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Effect of organic ammonium salt on the morphology of carbon
encapsulated magnetic nanoparticles

Student name : Zepei Nie Class:14023211

Supervisor: Liushui Yan

Abstract:We chose magnetic ferric oxide as the coated material, because iron oxide
particles are easier to be prepared in the laboratory, and iron trioxide nanoparticles have a lot
of points and have been widely used in many ways. But the stability of iron trioxide in some
dispersions is not very good. We need to coat it with a layer of material to make it have better
stability and play the role of magnetic particles, so we choose carbon as the appropriate
coating material. In the process of coating, organic ammonium salts should be added as
structural guidance agent to suppress the focus of carbon to form carbon spheres, The organic
ammonium salt is more suitable as the structure guiding agent and can improve the properties
of the carbon-clad magnetic materials

In this paper, three kinds of organic ammonium salt ammonium formate and ammonium
acetate CTAB were used as structure guide, two kinds of sugar sucrose and glucose were used
as carbon source, and FeCl3-6H>O was used as raw material to prepare ferromagnetic particles.
Then, Fe3O4 nanoparticles were prepared from Fe3O4 nanoparticles. The appearance of carbon
coated magnetic nanoparticles was observed by SEM.It was found that sucrose as carbon

source and ammonium acetate as structural guidance agent had the best effect.

Keyword: Carbon coating Iron oxide nanoparticles Organic ammonium salt

Structural guidance agent
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HUNAS TR 1 R/ NGet, 43 il 5 1-6,

1-3 SR F 5N 60 mL Z8187K, 48550 BN 30mg?2 i) FesOq4
TER, ARG 73 NN 1.368g FERE, % MRIT7E 1 5 ket i 3.08g (1)
CH3COONH4, 7E 2 S i 2.5¢ B IR, 3 SHEMH AN 3.0g 11
CTAB, 60 5% [ L A5 VAR 30min, SR 5K A 70l e 7% 2R 100mL 5 1Y
B OIHEBE IR, 78 190°C TN 48h, R 5 F/KIEBE 5 W, LBHE T 5 K,
N2 T15AE 60 BRECHE T 12h,

2.3.3 DA & HENBRIE ] &5k & FesO4 LT

3-6 SEM A HIIIN 60 mL ZZ1HK, SRJE 3 HIINA 30mg Y FesO4 il
BR ARG 7 AN 1.368g i it , 76 1 5 HEAM I 3.08g 1) CH;COONH4,
12 2 SR 2.5g A IREL, 3 SHEM A 3.0g ) CTAB. 60 %X

- P AR 30min, SRR REE T A FE R 2R 100-mL VU5 24 3 = 1
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%, 1E190°C Nm# 48h, SRJGHKIESE S X, TKOBEE S IR, TRANES
1A 60 5 [IREET-#4% 12h.
K 6 AFE 3 I BIE IS I 2B N5 s A5 A il
2.4 SEM FR1E
W/ IR R A R, BRUD B IR LA TN S AN 1.5mL 1) B0
, SN ImL JE/K ZBE, 875 30min, 73 B IR AR /N

i
£, bR 1-6, AR, LI TG ERE, IR)E B SRR .
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BIFE GRETR

3.1 B
CAREREOuIIR, @A 24 IR . CTAB =FiANFIA LR £
TEONGEHF R57, B RS 2 F 3 B T

; 5

B 3.0 DAREREATRIE 2 bk it T B B e AR R
Wt SEM FIIWELE 3.1 (a) F1 (b) , KIEHER NIE, 4R

HONSERF R, 1930 IBRELIN FesOu 9K T BB (1% L L 3 &),
RIMHLBOGHE, O BWEE, bRERH 650nm H %] 720nm /£
A, BRIZ R RERNES 35nm, KRR (19 73 BORE B2 LA, i B B SR 4R
JRER IR LD, AHE A A RIS DU B B IR 2R AR AR KREAR OB ER o

o ffmm Nova NanoSEVI 450 2 | 1500 kv 00 % E{D lm
B 3.2 DARREARRIR B RS THIANREkEH el
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MERE 3.2 (o) A (d) , KIUEFHIERE VBRI, IR B A N ai ) = )
7, 132K FesOs PIARNL T HIBR BB LB, BRZEARIRES, Ky HHE
9 760nm iy, Bk)E R B KBEN 55nm, K7 HURE 7~ 1K) 73 HORE FE A 2 1R
U, AIRZHRTRED —EEHERILR, WA H 5 R AL
BRER IR o

0 000 x ETD | 52mm
(e)

B33 CABEREABRUER R A F /A mm aak i s |
WMEZP 3.3 (e) A1 () , KIEHER AKIE, CTAB AZEH S IH7,

132 FesO4 PUKRL T 1t WA T DA IR IR, BRIZANIYS), I HABIR
2 AL FesOu GKRL T FH 8] 8 7 AR AT AU e ) 2R i 0 2 (e
JZRCIRERARAIY 2, REARARGH, SWEKZIREANN, A
SIBETER), AR T BEEDEAL T K5 B EAR Y 760nm, 5k = 1 )5 2K
HON 55nm, KL AURL T BRI . AT A ER B S IR AR AR KK
B

L B9 Rl N IR . WYL . CTAB =R AN A A HLEL #
NG TR, B RS RS E AT
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[ — ] g —

um
Nova NanoSEM 450

@ (b)
B 3.4 DAEEFARIE ZRE%EE THIBMRESGRmERE

W 3.4 (a) A1 (o) B EHE IR,  ZIRE NS Z A5,
1SRRI FesOa GRML T B B 1O T DL LI E 2], R LE RO, B
BN LU, R ORI BORE EE RS, B H B R BRI L B L
b, BRSBTS DU B B TR AR IORLAR (UBRER o R Bl 45 F5C Al
W R, LRI 2 A7, BN FesOs KR T 1SN ARERE
NI BB OB AZH, WRNEE MR KB 720nm /247, Bk
JZ )RR 35nm.

Nova NanoSEM 450

(¢) (d

B 3.5 DAEEREARIE T R T I8 I askam a s A
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W 3.5 (o) M (dD RV AR BRI, IR B NS 3 1 77,
FERFIEERLS (@ M (b MIFKEAEE, H2aEK5
FEBAT UL SRR AR N 2 M I O S0 S, R BRI (a) A
(b) MIPEZETIL, KECN 720nm,[FR-B A D EREER B 5 K& KL

(e) (D
B 3.6 CAEERARIE CTAB & FTHIENREERTEER

MENEE 3.6 (e) M () KIUAEHIH @ HE VKR, CTAB AL 7
[ RIS, )86 ) FesOa Z0KRL 7 B B G LA AR &), i 2 AR
ZHRBIB OB, FesOs PIKKL T EAL )Y 760nm /ity , HAHIES] T
820nm, BR/EHIERELLEON, B H S EEGHE BTN E 2 —5%, JFHEN
Ko

Lia A HIRGE ,  TRERE A % 08 A AT LU E A BRIR G FesOa, (2 HENE
TE N A RN 078 FI B E BN R — /L, HRIFTER KRB, " REE A
ATEREIN KR 23 0 R BN R R MR SRS, Horb, #R&A KRR
&N, IO T IRISE BT E RN, TERE S R AR S BRI T, A
T SRR, R TR U e B S D 1, Bt DA LR R AR e 4
Fe 3 [ 701 7 AR ORE T B = ) )5 AT RE S A UR — Lo
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3.2 BBIE B9

Drniact 1

Spectrum processing :
Peaks possibly omitted : 1.743, 2.068, 2.620 keV

Processing option : All elements analyzed (Normalised)
Number of iterations = 5

Standard:

& CaCO3  1-Jun-19%3 12:00AM

N Not defined  1-Jun-1999 12:00 AM
o 502  1-Jun-1599512:00 AM

Fe Fe  1-Jun-1999 12:00 AM

Element Weight% Atomick
CK 21.31 35.93
NK 4.04 5.84
OK 3449 43.66
Fe K 40.16 14.57
Tpm Electron Image 1
Totals 100.00
Spectrum
]
€
c L Fe
0 1 2 3 4 S 6
Comment:1 [Full Scale 2254 cis Cursor: 9.220 (9 cis)

Fl- 1| == 1040 |0 HitSides |

B3.7 DARERENTRIR, ZIRBONEEH T FIFIH] & KIFe;ORL T HIRES
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Spectrum processing ©
Peaks possibly omitted :1.744, 2.076, 5.440 keV

Processing option : All elements analyzed (Normalised)

Number of iterations = 5

Standard :

c CaC03  1-Jun-1999 12:00 AM

N Notdefined  1-Jun-1999 12:00 AM
L] 5i02  1-Jun-1995 12:00 AM

Fe Fe  1-Jun-1999 12:00 AM

+
C‘.
Element Weight3 Atomick
CK 2581 4180
NK 484 6.73
oK 3145 38.28
Fek 37.86 13.19
Totals 100.00
= = 4

Comment:2

2um Electron Image 1
Spectrum 1
(o}
c
IF
%, Fe
A Fe
0 1 & 3 4 5 3 F: 8 b
Full Scale 2254 cts Cursor: 9.220 (5 cis) ke

Spectrum processing ©
Peaks possibly omitted : 1.744, 2.062 keV

Processing option : All elements analyzed (Normalised)
Mumber of iterations = 4

Standard :

C CaC03  1-Jun-199% 12:00 AM

N Notdefined  1-Jun-1599 12:00 AM
o 5i02  1-Jun-159% 12:00 AM

Fe Fe  1-Jun-1999 12:00 AM

Element Weight% Atomick
CK 37.78 54.54
NK 0.00 0.00
oK 3383 36.65
FeK 2838 BBl
Totals 100.00

Comment:3

B3.9 UARERENTRIR, CTABANZEHI 7% % K Fe; OB T HIRELS B

2ym Electron Image 1
Spectrum 1
o}
c
Fe
Fe
Fe
T T T u T T T FAN T T T
o ! 2 3 4 5 [ i 8 ]
Full Scale 2254 cts Cursor: 9.220 (3 cis) ke
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Il PN R e A9

Spectrum processing :
Peaks possibly omitted :1.744, 2.074 keV

Processing option : All elements analyzed (Normalised)
Number of iterations =5

Standard :

C CaC03  1-Jun-1999 12:00 AM

N Notdefined  1-Jun-1999 12:00 AM
o Si02  1-Jun-199% 12:00 AM

Fe Fe  1-Jun-195% 12:00 AM

3
Element Weight®% Atomich
CK 2187 3631
NK 421 6.00
oK 35.21 4388
Fek 3871 1382
2um Electron Image 1
Total. 100.00
— o Spectrum
] 1/
Fe
c
Fe
Fe
W N
X ] ¥ x T T T T T T
0 1 2 kS 4 5 6 7 8 9
Comment:4 Full Scale 2254 cts Cursor: 9.220 (4 cis) eVl

B3.10 CAEIEREABIE, ZERENSH T HFIHE K FesOR T HIREHK B

Spectrum processing -
Peaks possibly omitted - 1.744, 2.074 keV

Processing option : All elements analyzed (Normalised)

Number of iterations = 5

Standard -

C CaC03  1-Jun-1999 12:00 AM

N Notdefined  1-Jun-199% 12:00 AM
o 5i02  1-Jun-159% 12:00 AM

33 Fe  1-Jun-199% 12:00 AM

Element Weight3s Atomic
CK 2187 36.31
NEK 4121 6.00
oK 35.21 43.88
Fek 38.71 13.82
! 2pm Electron Image 1
Totals 100.00 z Spectrum 1
Fe
c
Fe
Fe
T
T T T T T T T T T T
o 1 2z 3 4 5 6 T 8 9
Comment-4 Full Scale 2254 cts Cursor: 9.220 (4 cis) L

B3.01 DVEEROABIE, FRENS T FFIH & K Fe; O T I REZK B
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Spectrum processing
Peaks possibly omitted : 1.744, 2.079 keV

Processing option : All elements analyzed (Normalised)
Number of iterations = 5

Standard -

C CaC03  1-Jun-199% 12:00 AM

N Notdefined  1-Jun-1999 12:00 AM
o 502 1-Jun-1999 12:00 AM

Fe Fe  1-Jun-1999 12:00 AM

Element Weight% Atomickh
CK 25.34 4238
NE 0.00 0.00
oK 34.34 4312
FeK 40.31 14.50
2pm Electron Image 1
Totals 100.00 Spectrum3
9]
C [IF:
Fe
k Fe
T T ~
o 1 2 3 4 5 6 T 8 ]
Ful Scale 2254 cts Cursor: 8.220 (6 cts) ke

3.2 DUETRENIIE, CTABNSSH S FIFIH & HIFe 0 TR
R AHoLR ZoteR. FULRMBOLR, HPmoiR NEER

=, FMgITREZNEL =231, ET20uR, FIOyEH AR
NH." H T U AE I BB 7E FesOq K7~ )R T, 2607 IR NHo 1 G 78 7
WET, TP A BOCRAFAE . Joil &0 IR B 2 A R ki, A
TAPIE BRI EE M 5 IR T LRI, Horh, R AR A R e
B 11) FesOq B 1B 1R 25 5 b DA 7 B A 5 N 1) BL 7B 1) Fes O RL1- Bk 1 5
BEW 5%EA, HPRIEERARBAAZLNL.
FAIAEBE S A BN I CTAB AR Z5 48 S 1A 7R A I, 0078 BB J2 EE
BRI ENOEEZEE L5, RS EES —5%, HEGMREERFIRI,
HU/E L CTAB 1E NS5 K T mIFRINy, TG iR ARERE I 2 7 & Bl ORI, & %
(1B FesOa KL I A S HE LR, MIMERL A —ERENE K.
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33451

TN Z=MAS R B 2540 F 07, 6 RO B R i R Y I i - ) R BE
f, BRI LR LIS, RS BT . CTAB YR Y4 S [ 711 i) /R AN
RARLF, TERHIEEARIRIYS, I B iaa 2R MR R B IES, wlae
& i RN IR A R R KX, R B AR & 1~ AR & 1,
B TKE A RERNE T, HArERE o h e I ER S
Fe;O4 PUKKL T HIZRTH, MRE THAEN T 713k, B2 TEAR, HiE
AEE MR E BER], 2RI AR AR R . Fr DL R B A0 & R B N
258 F M IE R AR AT . CTAB BN EE SR, FE T KM 2 ff 5
9 CTA Il Br ¥, CTA BRI EHAT, BEARR NHy BTG
£ FesOs K KL T HIR L ZAR A, FRIn_ERe R B IR AR H Z o=,
FEHARKHIBRER L, HEW CTAB A #2145 1 S [ 7 4

20

151



[1] BE. BREERCk AR O e[ 7], 798Ik, 1992, (10):6-8.

[2] Wi, b7 sk 2 H e v s AL R R AT 7. (D], s QB K%, 2012,

[3] Fhellie, & HE, FhJe. ARMEKAE A S &L LT TiOo[)]. AL B A AT KL, 2014, (5): 70-73.
[4] #f5. CoFex04154% PVDF JE [ 1] 4% & P AE W 72 [D]. L’éﬂljﬂiijt%, 2014.

[5] 5Kdwdf. BRI 2 A 2 WG REAT I FE D], BRIEITE K27, 2012,

[6] 7 &R FLEEAEGARNT AN FLEEALRERT BRI BT & B S B FE D). B HR 27, 2008.

[7] B, WET 105 A Bly-Fe0s@TS-1 HIA . RAEA N H[D]. KRIEFL TR, 2011

[8] B}, R{d Mgk FesOs ISk K& T /K th A BANBE K 25 BR[D]. 822 ITTE K7, 2016.

[9] Sun X, Li Y. Colloidal carbon spheres and their core/shell structures with noble-metal nanoparticles[J].
Angew Chem Int Ed Engl, 2004, 43(5): 597-601.

[10] Wei F, Patel P, Liao W, et al. Electrochemical Sensor for Multiplex Biomarkers Detection[J]. Clinical
Cancer Research An Official Journal of the American Association for Cancer Research, 2009, 15(13):
4446-4446.

[11] Liu J, Qiao S Z, Liu H, et al. Extension of the Stober method to the preparation of monodisperse
resorcinol-formaldehyde resin polymer and carbon spheres[J]. Angewandte Chemie, 2011, 50(26):
5774-5774.

[12] Lu A, Hao G, Qiang S. Can carbon spheres be created through the Stober method?[J]. Angewandte
Chemie International Edition, 2011, 50(39): 9023-9025.

[13] Zhao H, Cui H J, Fu M L. A general and facile method for improving carbon coat on magnetic
nanoparticles with a thickness control.[J]. Journal of Colloid & Interface Science, 2016, 461: 20-24.

[14] ZREEMN. A2 S B T ] 2 A HLIN & /e DL T P YA HLRCK 2655 N AU RERE IR ) P-N 2550
RLER I 5 [D]. 75 K57, 2012.

15] BRI AL SR AR 59K FesOu fiEAL HaOn BRI 38 G BB FE[D]. R IMYE K57, 2015.

16] THE. BEVEAUORARL SRR Ko F 7K AL BRI (¥ G B S VERERIE (D], Hh B A i K %2, 2008.
17] AR AN VU S84 =Bk 9K B A AR ) 8 S L s BSOS I BE 7E[D]. 220K E7, 2014,

18] Juis. LEEaik R R EER AL S P RO A B BRI FE (D). Hh B R BOR K27, 2008.
19] VEFe. 7> a5 DUAE A = BRI K AR & e PERE SN HIIE FE[D]. 2 BUME K57, 2013,

20] 1R 75, B, R, 5. WA 4E/Richeel/ £ SR ST 4T Y BRI [J]. B Y RHE, 2011,
39(8): 22-25.

[21] #HEEER 49K FesO4/NR EEFEHHTFE[D]. R K5, 2010.

[22] ZERiit, FBLLEE, )%, REPEA K DY A0 =B MORE A 2 ) % S N B Je ()], B, 2009,
31(4): 54-58.

[
[
[
[
[
[

21

152



(L BN e i e A

oo

FERSCTE M b, BELRT B 1 322 TR 7K 22 I AR R 24 X AV R P AT
BOIRT. ARPEER RS, BEEIMAMMARARMEE 7 RER O IATTK, ik
FEAER SO A B ATBORH AR DT T, 3B REAER SCRIBIE FE TV LS RO E s 5 T
AT 1 HEE ITAMAR A KB OB HO AT AR B, Rl A i 2218,
RIZMIZEARZR TR TN A ARG A — 22 AR [ TAR R XA R A A 52, AR R FL
MBI AR TR AU o
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