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W OE . BT g-CN, WM 5 B G RE A 220 F 05 W 5 AR R AR . ARS8 a3 7K
P& T — R IR R 49K £k (Carbon nanospheres, CS) ¥ il i [ x-CS/g-C3N, (x=4wt% . 5wt% Fl 7wt%)
BACMEAF, DURAT CIRB T WG, 4858 T x-CS/g-CN, M B A 1T i Ak b et Ak . 45 SR =0 .
5wt% CS/g-CoN, M CHEALIE M e i, JeHEAL BT 150 min, FRIEME I (IR 53] 95%., FIELEHEEY, o
CsN, 5 CS B UM n-n SLHELEH, 5 BA: n-n EBUHEAERMAR TR FRT . —HEGERAMIERE g-
CoNy X AT WG AW AR e, B AR L3 1 / R i A i rEL AT S L BHL, S S B SR B R F 1AB 5 1 . x-CS/g-C3N,
AR — R R0 AT LG A R R T ML kLR, A R AT 5
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Improvement of the performance of photocatalytic degradation of acid orange |l by

carbon nanospheres combined with g-C3N,

ZHANG Caixia , HUO Yanting , ZOU Laixi , SHU Qing’
(Faculty of Materials Metallurgy and Chemistry, Jiangxi University of Science and Technology, Ganzhou, 341000, China)

Abstract: The heterojunction photocatalytic material constructed with g-C;N, as the matrix shows excellent ef-
fects in degrading toxic and harmful pollutants. In this study, a series of x-CS/g-C3N, (x=4wt%, 5wt% and 7wt%)
composite photocatalysts with different addition amounts of carbon nanospheres (CS) were prepared by hydro-
thermal method, and the photocatalytic degradation performance of x-CS/g-C3N, on acid orange II were explored
when a xenon lamp was used as a visible light source. The results show that the photocatalytic activity of 5wt% CS/g-
C3N, is the highest, and the degradation rate of acid orange II reaches 95% when the photocatalytic reaction is 150
min. The characterization results show that g-C3;N, and CS have a similar n-n conjugate structure, and n-n stacking
interaction is prone to occur, which is beneficial to electronic transition. The combination of g-C3N, and CS can ef-
fectively enhance the absorption efficiency of g-C3;N, for visible light, reduce the charge transfer resistance at the
surface/interface, and significantly enhance the transport capacity of carriers. x-CS/g-C3N, can be used as an effect-
ive visible light catalyst for the degradation of organic dyes and has application prospects.

Keywords: carbon nanospheres; g-C3N,; composite photocatalyst; photocatalytic performance; acid orange II
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Y. WO, 5 FIEM B E A8 7 s, &—
FlvBE A R0 1 g-CyN, H e 5 W& A Y Jr 3k Bl
R, W T 5 g-CN, B &8 5 FL4s (4 2F 4k
MERZE T4 m A, NMUE 5 H XTI
RAE, HHZEESE R K53, NmkE%
T g-CyNy 1B —Fh B e A 70 9 i AN (B . e
KR, YKk iR % (Carbon nanotubes, CNT)
1471 2 M5 (Graphene), J&—28%} e Fl h*&f H A4 4
F IR R SRR, YT, C8f
CNT % Graphene 5 g-C;N, & A1 5042 1 g-C3N,
A AL IS Pk 1 HiAE Y X R T g-CaNy S5 h
B C. NJEFLLsp® 284k T8 A8 B T i B B ) -
nILHI R, AR FEE SR DA R R
D175 S L AT 43 B RIRE O 54 1) L fr FE A AR PE . CNT
H1 Graphene 25t Hh # 5 A n-n L 454, 2 g-
C;N, 5 CNT 5 Graphene & &1, 5 k45 F1N
n-n YEBUH EAE R Z2fb2e 16, i EHA BT g-C3N,
Y B 5 5 4 4> F 3L (Highest occupied molecular
orbital, HOMO) | 1 i, 754 7% B AR AR 5 70 7
il (Lowest unoccupied molecular orbital, LUMO),
A PREAR T g-CoNy WA B . SR, % H T il %%
CNT F1 Graphene 45 fiic 44 K A L 1 5 R 22 S8 A8 7]
HAM AR, ok, Bt RE, xR
Ak ) FH B 7E — a2 2 B b BRI T B 48 oK A4 ) 1 AT
Fret B, [FBE S8 T R AR R, R,
TERZ BB AR M R, B i iR B R AL
I Bk 4% K Bk (Carbon nanospheres, CS) M H it i
Ty, H AT 38 o i A B K G AT . CS N g-
CoN, W EA KU nn LYW, —HEEHRIH K
A w-m HEBUR B A R T BRIk
SR A AL o Q) WA R S DA
R R JrOREE S K BGE  AAE 3) CS, HE TR R
T (H Tl A% g-CaN, B9 kL) 5 — % & 1) CS iR
&, AR A R B T CS/g-CaN, Ak
Fl, ZERR, S ERRE AR g-CN, Y
b B i 2,4-— 0K B 164 A0 7K = &
W95 & N A CS $ 5 g-CyN, G AE AL 16 PR Y I A an
T #Woasibry CSHA - b, il
im CS B 7E g-C3N, 2 Il n] A3 & b A% J IF- 7% 7% g-
CoN, YA, M ek HoOG AR 2 + 19 40 2
X} CS Fil g-CsNy HAT KMl n-n eBi 2 My, —H R A
Gy KA n-n HERRE A R F i BRI BF 0 1
B K, HF X CS Flg-CaN, & A4 n-n HEFUE )
ML #EAT R RIR R, AR TIAR E#R S g-

CsNy B R n-n S YIS MR 5 HE A )5 12
HE AR A T T 1 52 e AR AL, TTXT LL g-CoN,,
SRy R AR (1 R 3 A S B ' A T A A R R
HOSARHE . L, AWFFE 226 CS Al g-CsN, Y -
n HERE ML AT IR R

gE LTIk, AHIESE 1 o X A AT K AR
TR Ak BRI A 30 Cs; dEim, K CS 5 = WU A
REFAMM g-CN, A, 4 T AR CSEHM
1 x-CS/g-C3N, & A6k o 3 1 Ny W Fff -t
fif. FTIR. XRD. PL. UV-Vis. 2N ILHY (DRS).
TEM. XPS. W4 3 1H 6 H K% (TPC), EIS &%
fiE, WA CS & A X g-CN, R I3 . fh
TR G50 BG4 PR B2 e, I LR A8 1T K T
BELE K, REHE T ANIE CS T E Xt g-C3N,
FE 1T UL 5 A A A e i T 1 A T BB P 2 i

1 X
1.1 RE#HE5E

WA SR (G Hral, 2B 99.9%,
Aladdin A RN H]), #%0E (Orbra, vapeib T
MABRAF), KO (GrPral, ZiEEH 99.5%,
PE btk Ty A R A R, iR (oA s, 25N
68%, POPEfk TR BRA ).

1.2 SeEAFIH&E

T o 7K AR Ak A B A RS B S, HLR R
Wr. (1) HEFRFEFRE8 g #i % H (CgH.,04),
T 80mL £ B 7K, #1130 min; (2) 4%
VBT ML # 2 100 mL 1Y KH-100 B /K #4248 (7
LR AU R ABRA A B, HARTF47 B O
&, MR, R R AR R 180°C .
I E] 10y (3) RE ML, WA B ERE,
MNCBEFE o B R N &, JF B &R O 40 pm
A DL JEE X 22 P8 JR AR B S M A T Ak, B AR
UUVEW 285 T OK F1 95% 2 BE S S Ve Lk, B
BRI E AT (4) B I AR 4, T
A DGG-9053A 7 i, $AE T 55 KT B 46 (1 AR A
SIAL RS A PR AT BT 60°C FHRad e, MR
i, HIARE] CS,

CS/g-CsN, & & MR B il £ . (1) FRHL— & T
1 CS Fl = R E M E T 100 mL ¥ £~ 1 mol/L
) HNO, %, 80°C 7K i fin #4 1 w77 1 £ 4 FH
1h; QHEHSIEM 1h, HRZRERY, HMHEH
LPEMEBE T RREURGE =%, FE, HaAa6
WA (3)FAFEIM F Ak oK & THUE T, 60C T
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PRt R (4) B TS 1Y Ry R A BS 5 ik Tl
P& T, 7E KSL1100X %Y 54 8 4 (4 BB
i AR R A BR A w]) i AT R T AR . LA 8°C/
min M\ % i& 7+ & 300°C, 2°C/min M 300C J} &
500°C, 1°C/min M 500°C F} % 550°C, 550°C {4 ik
4h; (B)BRE R, PR HBEIERE, B, Ik
15 B K [ 4, B A x-CS/g-CaN, & & # K,
R4S E o g-CoNy il £ B T A cs, HAh¥y 5
x-CS/g-C3N, & A M4 B il & i< FE AH ] .
1.3 EUFIRMES

i 57 SEM(QUANTA F250, % [& FEI 2\ &) ) %}
g-C3N, Fl x-CS/g-C3N, 1 4k 51 1 JE 0 45 4 i A7 T
LS, WL 2T 2 K A% % 50 000~200 000
5, Jn R 0.2-30 kV, i HLE N 0.05~30 kV;
i i+ TEM(JEM-2100F, H 7 JEOL 2\ &) X 5wt%
CS/g-C3N, i AL A I &5 M A7 T %85 R A
By B [ X (Quadrasorb SI, 3£ [E Quantachrome
2 H]) MFE T g-CNy 1 x-CS/g-CoN, HEAL T 1 HE 3
A FLASFIFLAR 5 Ao e B v AR 48 21 A0 S i A
(Nicolet-470, FE[EJEm 123 H]), X g-CsN, Fil x-CS/
g-CsN, ML /T B REHIE T T 40075 dlid XRD
(Bruker D8 Advance, & [Efi & 7w /N wl) M T g-
CsN, Fl x-CS/g-C3N, fEALFI AL LE R, R CuK,
WARETE, LR 40KV, ASHIEK A M 0.15444nm,
U 40 mA, HHNE B 4°/min; OO0
Y (F-4500, H A H 37 AL#ER A Al X g-CsN, 1 x-
CS/g-C3N, 1 AL AR 5 47 T 06 80k 6 (PL) 3% 4
Mrs ST W4 6T (UV-2600, HAE
A A ME T g-C3N, Al x-CS/g-C3N, AL 7 A i
PN St R R WARL D85 b oyt A [ BUREZ
Iy g U4 - e 1% {X (XPS, ESCALAB 250XI, 3
EFER G A A, RHHM ALK (hv=1 486.6 V),
1%k 150 W, 50 000 3 B Xf 5wt% CS/g-C3N, f
AT N TR 6 F 2 18] 9T T 8 04 A O 22 S R A T
T 5 #r, FFF F XPSINSTALLATION Avantage %X
P % B PR AT T Ay e b R R R Ak 2 TR
(CHI660D, HE i RAUAR A H]) e T g-C4N, Al
5wt% CS/g-CaN,, 4K T A i 19 9 25 vl Ul S BELATL -
1.4 NeEHEE

PLERVERE T Bl e kb5 Y, LURAT G IR
BRSO, X 3B b — R A5 1Y g-C3N,
Ml x-CS/g-C3N, 1k I HE 4T T A Ak B At 1 e 1F
. LRI MT (1) HHEFRKFEFR R 50 mg iR
PERE I, ik A 100 mLEEAR T, FEHIA 50 mL 7518

K, #E+E30min 5, EAE 1000 mL A&,
e it 50 mg/L A9 R M4 T i, AE B 401 Ep
JEK . (2) B 100 mL FRPERE [T, I ADGAE 1L
WAL (500 W AR, 284 LK 400 nm) .
Btif, JIIA 50 mgg-CyN, 5% x-CS/g-CsN, Hoafifb 7,
TR EKIER R G, HFFRELE 25°C, A
(MG RO )o [ABS, $E4E 30 min, DL IE G4 AL
IR R G R I TR B W B -l T A . (3) 4T T PLS-
SXE300 AUR AT G IR (b 5 in FESR B H A A F),
FEREA I N AR, PR 30 min BL— AR . BEA
i Anke TGL-16C # 15 # &5 2.0 0L (11 2= 8}
AL ER ) L 10 000 r/min 14 %% 3 25 .0 /E ] 6 min,
B0 JE By R W UV-6300 548 kAT L 46
BET (H A B AL AR A ) 76 552 nm A 5 Hmg
BE o TGRS, RAEMBHREARE T -

D =(Cy—C)/Cyx100% (1)
K. D RBRYER T MRS, Co NIRYER I i
WP IR OGBS 5 C R A Ak S50 J5 A DU A ot 1Y
WO R

2 HBZRE55W
2.1 EUFINEREHIH

J T WESE CS il x-CS/g-CyN,, FE 5 B T S5 AR
K HI SEM X bR iE AT RAE, 45 R A 1 FR .

i 18 1(a) AT, HALHLS Y CS B BRI A ER
W, (BRARDMAE], RiF RN 0.4~1pm, 43
R, A ERAAL 25 4 — T8 USR5 8] 1(b)
1 5wt% CS/g-CsN, FE i 1) SEM El%, g-C3N, & H
YK R AH EME B R i B A, HOR/ING Sl U
K, HEHRm AT —RRIRAAE, XERH
CS UK BTt g-C3N, KT ; &l 1(c) A&l 1(d) 4301k
7wt% CS/g-C3N, Fll 4wt% CS/g-C,N, £ i i) SEM [#]
%, EIHESHEL T —A EHAR 2 500 nm 1) 5k E 5T
REEH (M AL briE). X &M T CS Ript — K
M A, BEE R TR A E 390C, S REMIT
R G E N g-CN,, [AII), CSTEZ P ikbe,
FEAE R CO, M, WY g-CNy 2,
T W% B Y e AR 254

il ik TEM i#f — 20534 T 5wit% CS/g-CsN, FF i
W TE S A FLIB 254, Z5 R aniE 2 froR o o]
5wt% CS/g-CsN, AL i) CS S AL SRR R,
RAE LYk 50 nm, LSO ER AIER B ) 5 R 45 A
KAEFE, AR, RS BIERA
BT eme e, B aA B T i G R 1) Rk g5
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N A g-C3Ny, [RIEF, 1] LI 2] 407N i FL B 43 46 7E
A g-CN, P, XATRER T = REMIFIH AR

HV WD mag HFW | tilt| det |
2000 kV| 8.1 mm |80 000 % |3.73 pm| 0 ® | ETD

wD mag HFW
mm | 40 000 x | 7.46 pm

L T
J -

.,

s |

[E1 CS Hl x-CS/g-C3N, fEALFIfY SEM 1%
Fig.1 SEM images of g-C3N, and x-CS/g-C3N, catalyst
((a) CS; (b) 5wt% CS/g-C4Ny; (c) 7wit% CS/g-CsNy; (d) 4wt% CS/g-CsN,)

200 nm

2 5wi% CS/g-CsN, #EALFIH TEM 1R
Fig.2 TEM images of 5wt% CS/g-C3N, catalyst
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H T HE g-CN, SAFM &= CSE G
R H L RME A, LA ML= A R 1 52
Mel , 38 S N, W B -45 i 2k (77 K) € T g-CsNy,
Hl x-CS/g-CyN, AL F 1 b 2w AL . fLAE FfL1E
AL . BERE LR, A g-CN, 5 x-
CS/g-C3N, W F-HFLAZHI7E 2~50 nm AN, J& T4~
LA B, i HRE CSH N 5 g-CN, B & i,
X} g-C3N, 1 bt 3% TR AR R LA HAT A R A el 308 -
TESCH S Bl Y, A i Y b 3R T AR AN L 2 Y B
% CS TR i i K, 7wt% CS/g-CoN, 1 b 3
ML AR, 4094 48.18 m?/g 1 0.39 cm®/g.
F T B KA L 2 1 AR e Sy oy 4 L T 2 ) R 1
WAL, H K FLEESS A W] /D e Fl bl A% i
B MR A E A3, a2 3k St ik ) n;
BT . L, x-CS/g-C3N, il BE [t g-C3N, LA
T AT T

R 1 g-C3N, 1 x-CS/g-C3N, L FIH L REFR
LEMALEE
Table1 Surface area, pore volume and pore size of g-C3N,
and x-CS/g-C3N,

Sample Specific sufface Ppre Pore V?lume/
area/(m*g™) size/nm  (cm®g™)

g-C3N, 10.09 31.04 0.14

4wt% CS/g-C3N,  34.41 26.32 0.23

5wt% CS/g-C3N,  39.17 28.35 0.27

7wt% CS/g-CsN,  48.18 31.87 0.39

i 3F FTIR Y% . XRD Ml PL, 43 #7 T g-CyN,
il x-CS/g-CaN, i 1k 5 19 2% T B BE AT 4544 . A
gifgfle 5 WE GENES, g R mE 3
o HE3(a) T LAWERE], Fr A RE S8 7E B 50k
808 1 885 cm™ Ab H B T 55 g-CyN, 11 s- — R IR IR
JCAR X O 1 B A0 27 AN AE IR S04 ™ 72 1232 cm ™
1325cm™, 1325cm™, 1505cm™, 1631 cm™ 4k
B £ PR AE T Wi X B T C—N 24 3Rk A5 4
f14) B 76 fof 45 91 2 0 Y5 6 2 900~3 500 e X5k
P H B0 21 40 R AE W0 X6 B R 4R A N—H
g R s, saE T RE S R TR i 2R I A AE TR R
K 5§22, B FTIR BS AHr 4 R e Al AR
Tt CS 1 A I A T 8L g-CoN,, 19 2 1h1 H AR S
MR A= AR Ak . L 3(b) T LSR5 . Ir A B
wn 7E 260 2R 27.7°F01 13°4k 3 0 H B T — 4> B I A A
55 B ERE AT S, 3495 g-CyN,, 11 S R BRAF £ 5
AL, 405 H 8 F g-C3N, 14 (002)F1 (100) A I
(JCPDS No.87-1526)>1, [A i, XRD 4 #7 4% St iE

@) Twi% CS/g-C:N,
e e I

© 5wt% CS/g-C)N,

5 :
2 ¢ 4wt% CS/g-CyN, i
g : Y
g :
@ : ‘i
= : v
s * :
— . N
= : L
: i
: >~ O
Na) ey =
O la x
— oo .
N — :
e o — =
O < —_
—— f:l [}

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™!

(b)

(100)

© Twt% CS/g-C,N,

2 °
g :
£ | Swt% CS/g-CN,
| 4wi% CS/g-C,N,
10 15 20 25 30 35 40
20/(°)
800 + (¢
700 |
600 |
500 |
=
Z 400 |
2
=1 L
= 300 NCN,
200 |
100 | o
ol / —
Twi% CS/g-C:N, Swi% CS/g-C,N,
_100 1 1 1 1 1 1
400 450 500 550 600 650 700

Wavelength/nm

83 g-CyN, Hil x-CS/g-CyN, fEALFIAI FTIR i (a),
XRD Kli# (b) F1 PL &3 (c)

Fig.3 FTIR spectra (a), XRD spectra (b) and PL spectra (c) of
g-C,N, and x-CS/g-C3N,
W17 A AR R S A R E 1Y 3-s- B IR R T 4
¥, x-CS/g-CsNy By EAHAS N g-CsN,o HI &l 3(c) 7T
PIWLELR], AT g-C3Ny, x-CS/g-CaN M1k i1
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Fig.4 XPS spectra of 5wt% CS/g-C3N, catalys
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Fig.5 Absorption spectra (a) of g-C3N, and x-CS/g-C3N, and

their corresponding Tauc'’s plots (b)

M IE 5(a) AT DASEL E] . 47 HE T g-C3N,, x-CS/
g-CsN, & A MHBHFE TT UL N 48 A1 S IX 8 A o't W i
RE BB IEsR . &2 m A ML T g-CN,, x-
CS/g-CsN, E 5 M B h s A 218, KW g-
CsN, 28 CS & & J ReHy s L e, I B B Ak

I 25 6 H 9 I 3K AT LA SO Dl R Ak X e )
W W R AL RE T, A BRSO HL R 5 (TPC) WF5T
T 5wt% CS/g-C3N, Fl g-CoN,, #EAk 71 P4 56 A 2537 T
B RR T, 5 R a6 frn . wIg1, FEOGRTTF
A IEIA] A i 408 2 30 1 2R %) O L R I B o T
5wt% CS/g-C3N, i H g-CyN, 22 B H 8 38 B (1) S H
T R, 3% AT AE R T CS T g-CyN, LA LY -
LB LG, DT AT O A G A Ak 3R B H - BB 4

Fz2 g-CyN, 0 x-CS/g-C3N,, L FI IR U B FO T BRAE
Table 2 Absorption edge and bandgap energy of g-C3;N, and
x-CS/g-C3N, catalyst

Sample /lg/nm Eg/eV
g-C3N, 452 2.74
4wt% CS/g-C3N, 455 2.72
5wt% CS/g-C3N, 457 2.71
7wt% CS/g-C3N, 457 2.71

Notes: 1,—Absorption edge; E,—Bandgap energy.
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G Je f e R B ) . TPC INIK 25 R 5
5wt% CS/g-C3N, X IR 14 1 11 1) [ ik e ) 220 & T
g-C3N, ML I 25 SR A — 2.

10
b
8
<
=9 6
=
E
o 4 L
5 5wt% CS/g-C,N,
@]
2+
T rurururururur L eoN,
0 1 n 1 1
0 100 200 300 400

Time/s
6 g-CsN, Fll 5wt% CS/g-CsN, K i I AL i
Fig.6 Transient photocurrents of g-C3N, and 5wt% CS/g-C3N,
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Fig.7 EIS Nyquist plots (a) and equivalent circuit
(b) of g-C3N, and 5wt% CS/g-C3N,
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Table 3 Comparison of the results for a number of CDs/g-C;N,-based nanocomposites
Photocatalyst Preparation method Degradation Light source Efficiency [Ref]
5wt% CS/g-CsN, Hydrothermal Acid Orange II Xenon lamp (500 W) 95% in 150 min :;}:ll;y
CQDs/g-C3N, Precipitation RhB Xenon lamp (250 W) 95.2% in 210 min [32]
g-C3N,/CDs/AgBr Precipitation RhB Xenon lamp (250 W) 96.0% in 40 min [33]
g-C3N,/C-dots Hydrothermal MO Halide lamp (35 W) 92.0% in 180 min [34]
Graphene/CQDs/g-CN, Hydrothermal MO Xenon lamp (100 W) 91.1% in 240 min [35]
nanosheet
SDAg-CQDs/ultrathin g-C,N, L €rmo- Naproxen Xenonlamp (350 W)  87.5% in 25 min (36]
3 polymerization :
g-C3N,/CQDs Deposition RhB Xenon lamp (300 W) 100% in 210 min [37]
) . 100% in 75 min (MB) &
g-C3N,/AgCl/CD Impregnation MB and RhB LED lamp (40 W) 90% in 75 min (RhB) [38]
Thermal 70, 95, 60% in 120 min
CdS/CQDs/g-C3N, L. MB, RhB, phenol Xenon lamp (300 W) (RhB, MB, phenol, [39]
polymerization -
respectively)
) . In-situ calcination 95% in 45 min (RhB) &
8-CsNu/BI,WO,/NCQs and hydrothermal RhB and TC Xenon lamp (800 W) 80% in 60 min (TC) [40]

Notes: CS—Carbon nanospheres; CQDs—Carbon quantum dots;

CDs—Carbon dots, SDAg—Single atom-dispersed silver;

NCQs—Nitrogen-doped carbon quantum dots; RhnB—Rhodamine B; MO—Methyl orange; MB—Methylene blue; TC—Tetracycline.

CS N JIN 1z ) x-CS/g-C3N, (x=4wt% . 5wt% il 7wt%)

BAMALH], X H T RAE AL PERENE ST,
25 .

(1) 5wt% CS/g-CsN, 7 1] WL T 2 Bt d5e 1)
JEMEALTE P, Ak &N 150 min S5 X R PE A 1T
) A A R A 3 95%, B 4liAH g-CoN, A ML E 1w .

(2) g-C;N, 5 CS & A J& ] I 35 3 K H b e i
B, BEAT R i O T LY A W RO SR

(3) CS 5 g-CsN, ¥ H A KU m-n L4454,
Gy M m-n HERRRE BAE A AT BRGE, BE
1K g-CsN, 2 11 / 55 17 Ak 11 v ff 7 S FLBHL, 9 3 2K
AR ERE T

(4) CS/g-CsN, & A A Ak 770 H AT 45 w35 ) ] I
SIS M, RTAE  — A R0 AT IS A £ 5
T AR AR, A R RS
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