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Preparation and photocatalytic performance of CeO,/g-C;N, photocatalysts

ZHANG Cong'? MI Yidong' MA Dong'™* DU Hao' SUN Yuying'

(1. Qingdao Engineering Research Center for Rural Environment, Qingdao Agricultural University, Qingdao, 266109, China;
2. Hebei University of Technology, Tianjin, 300400, China)

Abstract; A metal-free g-C;N, photocatalyst was prepared by calcination method, and the
Ce0,/g-C;N, composite photocatalysts were synthesized by deposition of CeO,. The samples were
characterized by X-ray diffraction ( XRD ), nitrogen adsorption and UV-Vis diffuse reflectance
spectroscopy ( DRS) techniques. The photocatalytic activity and mechanism of the CeO, doped on
g-C;N, catalysts were tested in the degradation of Rhodamine B ( Rh B) under visible light
irradiation. The results showed that the g-C;N, was graphite phase and the CeO, was fluorite phase in
the composite photocatalysts, and the composites had mesoporous structure. The doping of CeO,
increased the surface area of the Ce0,/g-C;N, composite and improved the electron/hole separation
efficiency. Compared with the pure g-C;N,, Ce0,/g-C;N, showed higher photocatalytic activity, and
the photodegradation rate of Rh B was 94% on the 6% Ce0,/g-C,N, composite with visible light
irradiation for 150 min. The photogenerated holes on the composite are the main active species in the
photocatalytic degradation of Rh B.

Keywords: visible light photocatalysis, graphite carbon nitride, cerium dioxide, doping,
Rhodamine B.
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T A B AR SR A e PR3 15 Y FIRE R SR 0 G B0 18 2 — e IR YAk Ak , K28k SRtk
FHR T T LG AN AL BT RCRAR SRS R, TR B A K TS Y i 28 2 S AR R AR 7
TR B AL S A T s 2 — P B AR (g-C N, ) B fb2ffa e ey e s B FR
DA SR AE B A AL SR )32 DG TR L g-CoN, I B BE (E,) 29 2.80 eV, HLA&& 1T UL St
NfES HH FHOC A RR TS E S, B FRCRIMa e 7.

LSO E T RCRIE S R E T A T B AR RER UL CE SRR A %0 45
B SRR LR T Fe' $824e-CN, , BB Fe 8 A N[ [ g-C, N, (AT B 58 BE | I nl A 54 il Ho i
TR IR A BT T g-CoN, GG M Ah B RS il 45 T8 8 BiyFeO,,/g-Co N, B A CHELTH,
T HH T30 P R s Y A R fie | 45 SR 6 W Bis FeO, 5 4] B 8 ole s HOGAEAL 1% 1. CeO, 22— R +
SIS, T AR A Y PP R, B VRIS 2R A M AR ) S s T R IR
JE-BERE I 25 T Ce0,484% TiO, AEAL T, CeO, F415) M43 Aii 7E TiO, 40 K b7 - 35 I 1fif A #F AL A%, B
Ce BEME O A B FAE R Ce™ , E A S A 8 TR A A K AMES Hil & T AR B AR/
Ce0,/Zn0 JEAEALF , Ce (4B 22 0] LIBH B M5 ZnO (R IAVIRE , 72 A B8 2 585 B 2.

ST LIRSS B A SCRUEE A AR TR §il 2 AN ] Ce0, 1874 1Y Ce0,/g-C,N, B ARG,
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1T TR

1 SZEG#P4) ( Experimental section)

L1 ek

PR T i 1) = SR F e T M Bt e, 550 Cn#k 4 h, R HEWHES 158 g-C,N, . B Ce (NO, ) ,-6H,0
BT — RN TR G R IEH—E R g-CoN AT BRI, #4530 min JGRFLEDEFE R L WE5E
VR AR AR B AR T 320 CR55E 2 h, BIFS Ce0,/g-CN, B A EHEALF. FATH CeO, B ERE
EOCEAEFNICH x%Ce0,/g-CoN, (FHiH1 x% N Ce Hg-C;N, B FBTHRELL ).
1.2 SR RAE

F X AT I (XRD, B2 D/ max-rB #Y) XA HEA TP AH 50 H7 5 RS RO B ( BET , 5 s
T JW-BK122W #80) 0 5 Ak 7] 16 Fb 32 i AL N FL&5 4 5 3 ik 28 4 ] UL 18 & 816 3% ( UV-Vis DRS, %
TU1901 AL ) XAk R G oM BE A 7 R AE.
1.3 SRR

L 500 W GUTBEUR BB  WILAWKRE C, o8 5 mg- L7 Rh B iAW x4, 25858 e meAb )
FOCEAIEPE BN 1.0 ¢- L' & &40 2 Rh B W, S 647 30 min M5 SN, SR 5 I 75 Ot R IR
BEFEBLL AT B I, B V8 AR I R 554 nm AR GE Rh B (WGBS, I 450 50l 58 i 20 vk B2 €. LA
5 mmol « L™ [ RERREAFN Cr( V1) 23 5l4E Ry 25 7R L F-HEE ), HEA T30 M Fh () HE R 56

2 ZEHL 53718 (Results and discussion)

2.1 AT A S BT

[ 1 Jeg-C N, FIRIA] CeO, #2441 Ce0,/g-CoN, & B FHRHY XRD J51EL I 1 AT, g-C N KA 7E
TGt 20 S 27.4°1 13,00 W b th BUAT 406, 43 39 %F B Fg-C,N, (JCPDS 87-1526) K H iy (002) Fil
(100) FhTa , J& T BAH SR AN, g-C N BESAE 27.4° b (A7 565 06 2 55 A W S 00 ) J2 [ o e | L% 0
FOWE IR B, 2 I 2B i LA AR 85 1 4% 0 3, 7E 1300 &b A7 S0 & melon 26400 5 (9 R AF 017 X L
g-C,N, FIAR[A] CeO, AR 1) Ce0,/g-CN, FEAHAY XRD L, B % CeO, 15 222 By fi, XRD &3
g-C; N 4 107 5 06 5 F8F 20 7 A I, DR CeO, OB 2RI T o-C, N, SR A AR 4 DR ZERT 5 £ 20
28.6°.33.1° 47.5° 1 56.5° 4k B 4 4B (AT ET G, 3 B3 T CeO, (JCPDS 34-0394) 4R e J iy
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Fig.1 The X-ray diffraction patterns of the CeO,/g-C;N, composites
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Fig.2 The N, adsorption-desorption curve and poresize distribution of g-C;N, and 6% Ce0,/g-C;N, photocatalysts
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Table 1 The performance parameters of different photocatalysts
B Samples - HeRmA L . -%lﬁﬁﬁ‘é *%&E}:ﬁ?ﬁ(

Specific surface area/(m™g ) Binding energy/eV K/min

53N, 8.32 2.80 0.004
29%Ce0,/8-C5N, 12.5 2.82 0.007
3%Ce0,/g-C;N, 16.8 2.82 0.008
49%Ce0,/g-C5N, 17.1 2.81 0.009
6%Ce0,/g-C3N, 17.3 2.82 0.019
8%Ce0,/g-C3N, 29.9 2.83 0.012

2.3 St em e

e K g-Co N JG P A LA L - RE DA N, BB Y Bl (VB) REZEE A% 3 C,, BB P iy ol
(CB) BEZL, D11 Jre 9+ AR frg b ARG Wi, 5 A0 T DL 18 i S ' i T LA sz Bk o I 44 A 700 6T ' 1y WA s
E. I8l 3 /& Ce0,/g-CyN, B A AL Y 52 0 a] ULT8 KO GEIE . g-C,N, M2 Ce0,/g-CyN, B G W) 7E Al WOt
X N BRI, 6% Ce0,/ g-Co N, WSO T i BRI AR X F g-C, N, A & A B 78 Ak W SOG 3 1) mT I,
DA o] WL (] 3a 41D B CeO, 1524 5 3 N, AT U5 XA MRz MAC e e 35 2P Wk o R AT Pk T
T2 PG A BRAE nTARYE (X 1)

ahv=A(hv—Eg)"/2 (1)

o RSB b R B 58 R 0 S ISGR B X AT A R E G E, A BEE. R 1 A T
iR 1 EAE BRI A BRAE. S CeO, 8228 BTN, Ce0,/g-C,N, & A YEAEAL ] (717 iR
BEMS I A IR 3b BT UL, o-C N, U B AE A 2.80 eV, 1 6% Ce0,/g-C,N, I B AE N 2.82 eV, 6%
Ce0,/ g-CsN, WY 1 5 g-C, N AH LB [a] 45 35 07 10 8% 3, % 52 65 AL ] 6% CeO,/g-CoN, T 7, U
M 1) S 1) B RS B A T ] DGR M 2t (B R T LA R AN X B A A 384 i R th AN, DR
Ce0, 18 AXT I A SCHEALT A AT WLEI S RERZ AR /).

@ 4% CeO,/g-CsN, [ ®
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Fig.3 UV-Vis light absorbance abilities of the g-C;N, and CeO,/g-C;N, composites

(a) UV-Vis diffuse reflectance spectra; (b) Band gap energy
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FEIAR B AOUALFIXT Rh B MR X & T
CeO, A4 = T A OGHEAL T Y L F R, W
T Rh B A9 2% 1H W B E R, DT 4R T AR R 0
P AE AR CeO, B 2% B AL F T, 6%
Ce0,/g-C,N, & A AT (1) 6 A0 16 1 fe v, 76 7]
LGRS 150 min J5 %7 Rh B 0 R i R385 94%. bifi
A CeO,BAMARLLIE N, 2 A CAEAL R 4 6 PEAS
TR, AT e 0 CeO, Mt 1E g-C N, F 1, T3
HOb b i 7 R B Rh B B9 GAE AL 5 A — AT & —
Rl 1A O A R i R K AT — 2%
IR (K 2) KA.

In(C,/C,)=Ki (2)
A, CoONIR RIS s C IR o« I 2 e 3
K Rl 0 K0 0 S OB L DL In (Co/C,) X
HEATERAE A 73BT, 75 20 45 Ak 390 119 5 0 0% 4K
SERILFE 1.H P 6%Ce0,/g-C,N, B A CHEALFI B
o R E R K B R, 0.019 min™'.
2.5 Ot A AL

12 B —a— -GNy
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—a— 3% CeOy/g-CN,
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02k || R
| Dark |Lighton
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Fig.4 Effect of CeO, doping amount in Ce0O,/g-C5N,

composites on Rh B degradation

L PR RO KR IR R Ce0,/g-CoN, B A LHEAF I SV ALEE. 7E 6% CeO,/ g-C N, P14

AR Cr( VL) 70 53 FIARAEH h* F1 e IR E P4 f

JUER LA 5 BB LI 6. 24 % R

IR TR AP b )5 Rh B FEMFRKIRE N, mNA Ce( VD) #ilk TR R H e )5, Rh B PR R IE L
Then. i ERIRI IS AT h* 2 6%Ce0,/g-C, N, FEAR A 22 i T B35 PE Y R
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3oL 4 ZE7HEMN h' scavenger
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Fig.5 Effect on different scavengers on Rh B photocatalytic
degradation by 6%Ce0,/g-C;N, composite
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Fig.6 Possible photocatalytic mechanism of

Ce0,/g-C;N, composite

FERT WIEHR T, g-C N, Fl CeO, My 11 e PIRERRE B 347 , iy LAE R T K b T CeO, 9T
(+2.50 eV) Hg-C,N, a7 (+1.57 eV) HIE, CeO, TS A e A 5 H#5 5g-C N, I I, Hg-C3N,
B h*FHSE A, T T CeO, | e Fl " 192 &, SEFL CeO, Ml F h* i K B AL CeO, IO 4T HL AL 8 T

-OH/OH™ YA ALIR AL (+2.40 eV) , KL CeO, B9 h™ ks OH AALAY - OH , i AL R A 2T

3 %51 ( Conclusion)

(1) ZACHEAT P g-C N HT CeO, Y R 090 D 41 SR AR A1 41, CeO, BB AR AT A BLMGE 5D
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(2) Ce0,/g-C;N, H A CAEALF TG PE L 4lig-C N, A T T, Hoh CeO, 8248 R 6% M A 6
AR PRy, 76 R WO IR 150 min J5 X5 Rh B AR AR R TGk 949% , FL G fift i 3 1 BOUR i i g-C N, Y
4.75 5. CeO, BBIR Pt iR TOLA B T—25 O I 73 B 80R , B AL SR T CeO, Al 1 i RERA) b
Je EEMTE Y.
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