e

IS
[SSRIEN)

o g
&
=

ot ¥ o5 W o M

Spectroscopy and Spectral Analysis

it

BMKEERRAGRK/IEEA U AIBEN
L 2 3L T8 53 4 B T A AL I B 3R

e

oM. B, KER., £ A, B #, EH, KRNW, XN

BB TR R 5 TR, Zf W 650093

C:

B OB OSBRI AEA RIS e, R rERTE R T iE . R, B, B
B2 R (B A P REAE R TSRO AR R AT AR B S R R i A0 R [ 3 T
43 A LT AR B ) 3 B AR T K AR TP AR AT SR RS A ) 7 TR e — A RS D B IR R BBk, R A R
WOTHOR R BA SR BERRIR AR LA 2 B 2 50 . FIMEEHOTH AR TS R THRR G YO £
PR — Pl H AT e A AR T Cu MR R B R AR AR A BT R I A B T
FoAR, FIH O R SRS Cu Z 10 F i BRI (PAND B4 K8 (CNT) i il 58 79 45 I 16 42 ) 22 1 ol £ 52
Ao 3 I A A R ) ot 1 AR IR L B K TR L OB R LMW SE T PAN/Cu fl PAN+CNT/Cu %
P B SRR RN L PANAERRE 22 7, 7€ 2.5 mol « L' iR %t 15min #Y 57 28 L
AR F TSR PA F Ry 1. 39X 10" (1) 3 1A 14 3 4L 2 WU (SERS) RN o 38 2o i 1 4 8 O 1 o iR, 763R K
BES 140 CR, mT LI B4 8L 9 PAN 70 T 25 SR B b B =8I, 3L In/ I T3k 1.160 8, CNT
HE— 25 FH T B3 RS 5 2 18 (9 e AL PR BE » JAT o 1 4 TR o 1 9 22 B A KA (MWCNT) 5 PAN 45 5 0 fi
R GEBATEHE . B A 20CNT J5 . iBad 1% B #OT PAN W LIZE 40 CRYZM TR a 8. 1 1/1
PKE0.942 1. FF HBOGRITIAR KA & 7 8 0 AL i R P22 ORF R BR300 RO T 4 2 T 7™ A= i #iv s
Txb PAN B REACAE T . 52 s 7T RE A7 76 P A AL AL fr B2 AL RO BL A . — RS #0l il 3d CNT fif PAN 7 8

Vol 42,No. 9,pp2983-2988
September, 2022

. A —F oyl 7@ CNT /T PAN BHEH) O, . @i - O i PAN f184k.

KB RN RIAFEEOL; O S BRTUM R Z2T0 R B S O

hESES: TQL26.8 MERFRIRED : A

515

OB BNEIE (PAN) i T H SR, #2058
k¥ fa e SR SRR B T2 . TR LM,
PAN (#8438 58 4 A Ak, RAUAT LASR & 4R G S vk,
AR FHAEEERENEREAY (BB PAN WEIFALZ 45
WA P A S R A T AR R R R R, X R MRS T
A PR A PR TS e TR AL AT BRI R AR S — R
FEAAE T Z O, CWIE WA NIy Ag™ L Al K b
B9 PAN 76— B W T rT G4k A S g by, JRATH 1 = s 4
A B M R R PAN R G 881k,

FE R B MOT (LSPROSE LB AR . Cu MBI 4B

i HE: 2021-03-16, 1EiTHH#A: 2021-10-19
E2WH: BX ARSI (51662023, 11674136) % Bl

EER . #b . 1996 442, BRI RE AR 5 TR 2 e A L F 5 2k

* W HAEE e-mail; 852419171@qq. com

DOI: 10. 3964/j. issn. 1000-0593(2022)09-2983-06

BET ST, Zhang XL, E S R Cu 3t
LSPR i T — % %] 8 5%, Cu/TiO,"', Cu/g-C;N,"", Cu/
rGO™, CuCuy O/g-Cy N #f R T4 5 B il & Rk 1. Yao
AU ) ISR A5 PR 22 43 1 (FDTD) B A48 Cu/TiO, 5 5 245 14
o Cu PR BURL R ST . RGEH A BT T 5180 4E TiO, KBk 1
Cu 44K kL LSPR 1 P9 72 HLEE . 6% 490 K & (CNT) ¥ 48 2% af
PE—2 HE 1 PAN A9 H G 3, Maitra 2@ 13 78 PAN H1{5 7%
CNT JE i CNT/PAN & 4 %, 32 i 490K & w] 15k RN
NG A Bk 7EOG AT, B TR/ St & Jm AR AR B A
RAF Mo TR 3R P g, B kvl DUAE S fiE k) il 3Rk 2B |
T AT SO B e Sk A A i E AN HAe R K&
Wi/ 42 JB T PAN 7 854k 1 45 09 28 1k BB WML i AS 15 48
ASCH, FRAT LA Oy B, Al A R BTk 1 £ Bk AN K B

e-mail: sunnan018@163. com



2984 ik 56 4

%42 5

(MWCNT) 5 PAN %5 G X i1k & 48 #E4T B0 i oFse A
[Fi) 22 b bt [ 3R KR B L AR R ] O SR X PAN/Cu I
PAN+CNT/Cu A BALFEEE B MW, % PAN (54 A Bk
FAPIEAT T HRE . A, RATE K A B PAN(PANA+
CNDR AL KBRS HHBHAGTHER, FETRT
PAN/Cu #l PAN+CNT/Cu WY ¥7E G AL HLEE

1 gy

R NG (5 F & 85 000) ¥ F N, N-— B JL I i Ji
(DMEF) H, 38 5 5 P 48 75 T 8 S T 0 TG & 3 oy 0. 426 I
s K T 45 4 1) PAN-DMF 5 9 7 7 28 i R 2 1t 1) 4 36 1S
CH 9 JREBE 50 pm (9 22 SR 9, AHPR M FEH 2.5 mol « L1,
Zfh 5~25 min), EAEHLELL 300 r« min !5 5] HiE
W30 s, PRI THRA h 7E 40~160 CHEAF 1~12 h 1y
AL, B fE A 532 nm K R 2RI DL 12. 5~
50 mW O RHEAT 2 s WOLHH (B 2 ).

W AE 85 CF 5 10 mol « Lo Al B2 V4 W 81 3k 1 o 2L 43k
$ 8~10 h LAt MWCNT Zhigfh . KM AL # it i) CNT
M aliK B BRIEAE 120 CRYZ P A, DAZER SR I
Fl o AR SR M CNT 72 DMF i #4T 8~10 h gl 5
AR B UE L 58 LR E 7 d R UTEE) . A PAN 2
B 2% Wk M CNT (19 PAN-DMF ¥ Wk . 4R 5 43 1 3647 30
min [ 4EHE RV 15 B B VR, Z R BRAEIR Z R IR .

FHA R R 4% HE AT BRI Y L BR. R R R R S
mol « L1, s 4k 3 2ok i 0 ot ok PR S 350 5 4 4 Ak 9 PAN
TG A oA, g 3~5 h S R 4K ST DR

{8 ] 32 8 6 3% 1Y (LabRAM HR Evolution) 3k 7 i & 3
fiE, WOEEAR 1 pm, JRIIFEN 50 mW., AR H#H
F 5 145 (FEI Nova NanoSEM-450) #E 17 JE 51 FE4F, T/EH
FE 10 KV, i 78 [ £ € 78 (Bruker) 21 40 3% 35 4 315 {8 7.

20 min

PAN-DMF& i

Intensity/a.u.
Intensity/a.u.

PANH} A

it

(@) (b)

A8 3 27 4h (FTIR) SG3E
2 HiR5vhe

2.1 FAEHEEERFREERNSHHHR

BE T PAN #K & 0. 4% PAN-DMF % i (1 $i1 5
K[ 1], PANYE 2 250 e ' {2 C=N 45, (2
¥ PAN % F DMF il 55 W f5 - T PAN R EESIR, JF
NRETEWE P M 3] PAN ) C=N HRAE W, {AE M %2 31 7%
FIRERAEIE . 1 110, 1 675 F1 2 870 cm ' {9 U 43 ) A B T
C—NffigE, C=0O %, CH, st CH, Mig5. i/ 2.5
mol « L ¥ R X i Fv 3447 A [] 220 bt bk 5] 194 Ak 31 7R B 3%
gtk PAN If7E 40 "CiRk 6 h J5 . 33 7 & 1(b) irs iy
P&, T, ERBEMMRE LIERRRERREY
FIE B BSOS, W HNO, HURS 16 1 48 96 3 bz 2 ok 7
2253 em A AR C=N ik, I H AL
2920 em” "R H] C—H K& CH, B4R shi , HI+R M
KEER DMF W4FIE 0, 456 Z i aFsE, XA REIHH +
S MMT RSB, #HREEGY PAN KAET HT.
BT R#GEEE TRE WSS, B & aF b R4e
A0 R T 43 00 3% 1) A 2 EL AT i L T A R A B R B R
PEPR 2 253 cm ALAY C=IN UG S I RS e . & B 20
15 min B C=N W58 & I & 7T 35 600 T1 40 « s~ ', 405l 5
min U A 100 $H40 « s A4, M %100 25 min i, Hig
SR 100 ] 516 THEL « s A AE, U B 20 ol i ) A B R
TG AR AS B 35K th 3 WY 220 b B () &y 15 min A R RS 4 356 S 18
SRR IR A . T R bR 5 R TS Z0 00 15 min H1 LK | PAN
f SERS 348 [N T (EF)

ISERS/NSERS
IRS / NRS

EF = (D

1500 2000 2500 3000 500 1000
Raman shift/cm!

500 1000

1500 2000 2500 3000
Raman shift/cm!

1 (a)PAN $ K 0. 4%PAN-DMF BB R S i ; (b) B RMEERXIM 5~25 min§A 5 £ 40 C
B 6 h BTG PAN MR 2 KL ; (c)FHERZIMH 15 min $AE K SEM B &

Fig. 1

(a) Raman spectra of PAN powder and 0. 4% PAN-DMF solution; (b) Raman spectra of PAN obtained by smooth copper

and copper sheet with nitric acid etching 5~25 min annealing at 40 ‘C for 6 h; (¢) SEM images of copper substrate after

etching with nitric acid for 15 minutes
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Fig. 2 (a, b) Raman and Infrared spectra obtained by annealing at different temperatures of 40~160 ‘C for 6 h;

(¢) Raman spectra obtained by annealing at 140 C for 1~12 h
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Fig. 3

(a) Raman spectrum of CNT (black) and nitric acid modified CNT (red); (b) SEM image of PAN-CNT; (¢) Raman spec-

trum of PAN-CNT on SiO, ; (d) Raman spectra of PAN-CNT on rough copper sheet irradiated with different power lasers;

(e) Raman plan view of PAN-CNT under laser irradiation; (f) SEM image corresponding to the PAN-CNT laser irradiation

area in contact with the rough copper
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Fig. 4 (a) Raman spectra of PAN-CNT under different conditions; (b) Raman spectra of PAN under different conditions; (c)

Schematic diagram of PAN graphitization mechanism on copper sheet; (d) The charge transfer mechanism of CNT doping;

(e) Schematic diagram of PAN graphitization driven by thermal electrons
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Raman Spectroscopy Analysis and Formation Mechanism of Carbon
Nanotubes Doped Polyacrylonitrile/ Copper Cyclized to Graphite
at Room Temperature

SUN Nan, TAN Hong-lin® , ZHANG Zheng-dong, REN Xiang, ZHOU Yan, LIU Jian-qi, CAI Xiao-ming, CAI Jin-ming

Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China

Abstract Graphite carbonaceous materials are widely used in electronic equipment, composite materials, batteries, and sensors
because of their good electrical, mechanical and thermal properties. However. the current high energy consumption, high
pollution, high cost, and uncontrollable production is the core problem that needs to be solved urgently. Therefore, the method
of obtaining graphitic carbon structures in nanoscale devices by using simpler and low-cost manufacturing techniques is an
attractive area for exploration. Surface plasmon technology has attracted wide attention because of its environmental friendliness
and low energy consumption. Using plasmon technology to induce graphitization of macromolecular chain polymers is a promising
preparation technology. As a base metal, Cu has the advantages of high yield and low price. Based on the surface plasmon
technology, this paper uses laser radiation to graphitize polyacrylonitrile on the metal surface by irradiating polyacrylonitrile
(PAN) + carbon nanotubes (CNT) on the rough Cu surface. PAN/Cu and PAN-+CNT/Cu were systematically studied to obtain
the best graphitization conditions by changing the substrate etching time, annealing temperature, annealing time, and laser
intensity. The experimental results show that with PAN as the probe molecule, the surface-enhanced Raman scattering (SERS)

! nitric acid for 15 minutes. The enhancement factor is 1. 39

effect was observed on the copper substrate etched by 2. 5 mol « L™
X 10*. By using the Raman laser as the light source, when the annealing temperature is 140 °C, it can be observed that there are
fewer defects in the graphitized PAN molecular structure and the disappearance of carbon-nitrogen triple bonds, and the Ip/I;
can reach 1. 160 8. The CNT is further used to change the photocatalytic performance of rough copper substrates. We use nitric
acid-modified multi-walled carbon nanotubes (MWCNT) combined with PAN to improve the catalytic system. When 2% CNTs
are incorporated, PAN can achieve graphitization at 40 ‘C by surface plasmons. The I,/I; can reach 0.942 1, and the
introduction of laser greatly improves the controllability of graphitization sites. We attribute it to the catalysis of PAN by hot
electrons generated on the copper surface under laser irradiation. It is proposed that there may be two mechanisms of catalysis

and graphitization. One is that hot electrons graphitize PAN through CNT, the other is that hot electrons act on O, near PAN
through CNT, and PAN is graphitized through + O, .

Keywords Polyacrylonitrile; Surface plasmon; Graphite carbonaceous material; Surface enhanced Raman scattering
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