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Mor phology and catalytic wet peroxidation of CeO,/g-C3N4
synthesized by the double-template method
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Abstract: A series of CeO,/g-C3N, composites were prepared by microwave-assisted double template
method and soft template method. The composites obtained were then characterized and analyzed by XRD,
N, adsorption-desorption, XPS, SEM and TEM, and their wet catalytic properties were investigated. The
results showed that the D-CeO,/g-C;N4 composites prepared by double template method exhibited a
mesoporous structure of cubic CeO, hybridized laminated g-C;N4 with large specific surface area and pore
size. The presence of Ce®" and Ce*" on the surface was conducive to the formation of oxygen vacancies.
The D-CeO,/g-C3Ny(7.5) (cerium nitrate 7.5 mmol), obtained via microwave radiation reaction of sodium
hydroxide solution with 1 g block copolymer F127 dissolved in anhydrous ethanol for 120 min, exhibited a
uniform and homogeneous structure with best morphological characteristic. In the catalytic performance
test, under the conditions of reaction temperature being controlled at 75 °C, D-CeO,/g-C3N4(7.5) dosage of
0.7 g, H,O, of 0.5 mL, initial pH of 5, reaction time of 180 min and initial mass concentration of phenol
solution(200 mL) of 100 mg/L, the phenol removal rate reached more than 80%. Meanwhile, after
D-Ce0,/g-C3Ny(7.5) being recycled for 5 times, the phenol removal could still remained more than 60%.
Key words: microwave-assistance; double template; CeO,/g-C;N,; catalytic wet peroxide; phenol; catalytic
technology
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Fig. 1 XRD patterns of the samples
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Table 1  Structural parameters of the samples
v o e R T AR/ fLE/ TR fLAR/
R ) 3
(m?/g) (cm’/g) nm
D-Ce0,/g-C5N4(2.5) 34.27 0.07430 0.497
D-Ce0,/g-C3Ny(5.0) 46.56 0.06222 0.651
D-Ce0,/g-C3Nu(7.5) 55.00 0.05919 2.453
S-Ce0,/g-C3Ny(7.5) 50.32 0.05502 2.274
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FEHL L S-CeO,/g-C3Ny(7.5) Y He 26 1 AR - ¥ L 4%
BN, 5818 50.32 mP/g F12.274 nm, FE7E2FH
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FefhE%lH C. N, O, Ce 4 FCEHM. 7£ C s
1% (& 3b) H1, D-CeO,/g-CsNy(7.5)7E 284.6., 289.1 eV
I PN, S-Ce0,/g-CsNy(7.5)7E 284.8., 289.1 eV
S PR , AN A ik A e B, TR
284.6. 284.8 eV ALAYIEXT N T sp® 45 A Y C—C 4,
7E 289.1 eV A AYIEXT N T g-C3Ny ) C=N Fl N—C—
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XPS spectra of D-CeO,/g-C3Ny(7.5) and S-CeO,/
g-C3Ny(7.5)
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Fig. 4
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K (Bl 5a) HA B BRERREGH, B R/NARY
5], BEBZNGEHSS, BA—ENamk.
TE D-Ce0,/g-CsN,(2.5)FEdh (Kl Sb) o, ATLIBIE
MELE] CeO, PR AR AEFEIR g-C3Ny KT, X1 HE
R ATER &R PP R CeOy NS LI
T g-C3N, R B4 5 . D-Ce0,/g-C3Ny(5.0)
Feih ([ 5¢) 5 D-CeO,/g-C3Ny(7.5)F 4 (15 5d)
) CeO, IESBEILT, g-C3N, 45ty 58 % H 2 S M
fLBA

lgl 5 g-C3N4 ( a )\ D-CeOz/g-C3N4(2.5) ( b )\ D-CeOz/g-

C3N4(5.0) (c) Fil D-CeO,/g-C3N4(7.5) (d) [¥) SEM &
SEM images of g-C3Ny (a), D-CeO,/g-C3Ny4(2.5) (b),
D-Ce0,/g-C3Ny(5.0) (c) and D-CeO,/g-C3Ny(7.5) (d)

Fig. 5

g-C3N, AR Y ot i) 43531k 2.5, 5.0, 7.5 mmol
A D-CeO,/g-C3N, fJ TEM FE A 6 Frs .

Kl 6 g-CsN; (a), D-CeOy/g-C3Ny(2.5) (b ). D-CeOy/
2-C3Ny(5.0) (¢) Fil D-CeO,/g-C3Ny(7.5) (d) 1y
TEM K|
Fig. 6 TEM images of g-C3Ny (a), D-CeO,/g-C3;Ny4(2.5) (b),
D-Ce0,/g-C3N4(5.0) (c) and D-CeO,/g-C3N4(7.5) (d)

HE 6 o, g-C3Ny (K 6a) %%éﬁ*@%ﬁa
e SHBZEMESELSE 5 AL, D-CeO,/
g-C3Ny (& 6b~d ) Hu] UG EI38 B (9407 55 & 100 A A%
a0, MR d=0.30 M1 0.18 nm, 435X CeO,
Ar A (1) FN(220) fh AT, Herb (220) b THTHLAT 51 19
I fiE. CeO, FRIH i I BETE BUE ZS AL, WL B 3R 1T 4840
Fi, FEfEAL ST R R B = AT P
243 BHF F127 AW HH

XA I, Al AR & 7.5 mmol B, Hith
AR, AR F127 FHE 30 0.5, 1.0,
2.0 g 14 D-Ce0,/g-C5N4(7.5) , H: SEM KK 7
Frone BE 7 AT, B0 0.5 g F127 B9 D-CeOy/
g-CNy(7.5)FEdh (Bl 7a) t, fREBIMIEH g-C3N,
Bt B4, CeO, I, FERIEHATEH, X2
KA /b F127 ANAEHR CeO, $RILTEMT TSR o ¥R
1 g F127 #9 D-CeO,/ g-C3Ny(7.5)F: i (K 7b) i,
O 28 0 B T T A IR 2 454, CeO, LT
g-C3Ny 1, HA B MFLER, 2N 2 F127
K CeO, 2t TR . W™ 2 g FI127 1)
D-CeO,/g-C;Ny(7.5) 8l (Kl 7¢) H, fETERIRIZ S
SRR ERE LI

K7 @0 F127 0.5 g (a), 1.0 g (b) F2.0 g (c) WY
D-Ce0,/g-C3N,(7.5)FE M ) SEM &

Fig. 7 SEM images of D-CeO,/g-C;N,(7.5) with adding
F1270.5g(a), 1 g(b) and 2 g (c)

244 TEBARSHENH

MR L, R4 &4 7.5 mmol B, Hith
MR, BUE SRR R 20% . 50% .
100%71 451 D-Ce0,/g-CsNy(7.5)f SEM [l 4nf&l 8
FTR

H1 Il 8 1] L, ZBEARFR A B AN [ X F D-CeOy/
g-C3Ny(7.5)FE i T SRR AE RE i /N o AR BRI A
HH 5 1) CeO, J0URE LA S AR 2 G 45 48, i TG /K 2 B
Tl A IR S JIORL A/ NI 5] L TR AR o
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K8  ZEERFIET B R 20% (a). 50% (b) Fil 100%
(¢) #l%f D-CeOy/g-CsNy(7.5) kAR 1 SEM ]

Fig. 8 SEM images of D-CeO,/g-C;Ny(7.5) with ethanol

volume fraction of 20% (a), 50% (b) and 100% (c)

245 pH#Hh

WA I, iR 7.5 mmol B, Hith
FAEAE TSI pH 4 4.7 .10 ) D-CeOy/g-C3Ny(7.5)
) SEM E4nf& 9 R,

NENIIN 67 ias

E9 pHA4(a). 7 b )F110( ¢ il £ A D-CeO,/g-CsNy(7.5)
FEMY SEM [

Fig. 9 SEM images of D-CeO,/g-C;Ny(7.5) with pH 4 (a), 7
(b) and 10 (¢)

R 9 AU, TRAW pH w2 maRR 5 9 TE 54
fE. 24 pH g 4 i}, D-CeO,/g-CsNy(7.5)kE 5 (&l 9a)
BARRG, REDFTHORNI5). 4 pH 7
i}, D-CeOy/g-CsNy(7.5) K (&l 9b ) A5k [ BRAR:
R, SPHURE S HIG 2 . 24 pH 4 10 B,
R4l 5 NaOH JZ A= Ce(OH);, iz #AA: A
Ce0,, D-CeO,/g-CsN4(7.5) K (& 9¢) H I H /N
Gy FRRARGE , R 45 HA LI .
2.4.6  FRIE R B I 6 % R

MU 35, Sl JR BN &~ 7.5 mmol i, H
by 5 AN A AR U RO B T R 30 60 .
120 min il % #Y D-CeO,/g-CsN4(7.5)H SEM & 4
10 Frs

K10 {0 30 min (a ). 60 min (b) Fl 120 min (c)
il £ 1) D-CeO,/g-CsNy(7.5)FE il ¥y SEM [l
Fig. 10 SEM images of D-CeO,/g-CsNy(7.5) with
microwave reaction for 30 min (a), 60 min (b)
and 120 min (c)

A 10 AT UL, o S R B ) XF D-CeO,/g-
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Fig. 11 Influence of different reaction systems on catalytic

performance
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Fig. 14 Influence of H,O, dosage on catalytic performance
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