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Application of photocatalytic degradation of formaldehyde
by g-C3N,-Ag/Si0, heterostructure composites
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Abstract: Composite photocatalytic materials were synthesized by liquid-phase ultrasonic exfoliation-photochem-
ical deposition method-impregnation method of monolithic Ag, thin layer of graphitic phase carbon nitride (g-
C3N,) and silica-alumina colloidal spheres (SiO,). A formaldehyde degradation hermetic chamber was designed to
investigate the photocatalytic properties of g-C;N,, Ag-g-C3N, and g-C3N,-Ag/SiO, materials and their degradation
effects on formaldehyde. The results show that the efficiency of degradation of formaldehyde can reach up to 65.6%
for SAG materials under visible light source conditions. 40% relative humidity can effectively enhance the degrada-
tion efficiency.The formaldehyde degradation efficiency decreases by only 9.71% when the silica-alumina spheres
load with 30 mg 4%Ag/g-C3N, are recycled for 16 times. The results of material characterization show that the vis-
ible light absorption intensity and absorption range of the material are enhanced by ultrasonic stripping and the in-
troduction of Ag, and the separation of photogenerated electrons and holes are effectively promoted, which effect-
ively enhance the degradation efficiency of formaldehyde molecules. The results show that the g-C3N,-Ag/SiO, ma-
terial has excellent stability and good photocatalytic performance, which provides a better scientific basis for the
application of practical organic pollutant treatment.
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1.2.2 W2 g-CN, $B7¢ Ag %
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1.2.3 g-C3N,-Ag/SiO, Yotk bt B i il 45

PAURE SR Bk B — o i Y R BRI BR (R AR
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50(IL 3% 2),

1.3 MEMHRE

FIH X B £k fi7 5} (X-Ray Diffraction, XRD, H

Ay H/NE, Empyrean &, IR 454 Cu Ko 5



EEMRER

£ 630 -
®1 Ag-HEREHEALE (8-C;N,F) EEMHBITE
Table 1 Naming of Ag-thin layer graphite phase carbon nitride (g-C;N,-F) composites
Sample g-C3N,-F/mg Concentration of AgNO5/(mg-mL™) AgNO;/mL Na,S/mL
0 500 0 5 2
1%Ag-g-C3N,-F 500 1 5 2
2%Ag-g-C3N,-F 500 2 5 2
4%Ag-g-C3N,-F 500 4 5 2
8%Ag-g-C;N,-F 500 8 5 2
12%Ag-g-C3N,-F 500 12 5 2
16%Ag-g-C;N,-F 500 16 5 2
#2 EBATLE (g-CN,)-Ag/Si0, EAHRINA ‘
Table 2 Naming of graphite phase carbon nitride
(g-C3N,)-Ag/Si0, composites
Sample Ag-g-C3N4-F/mg SiO,/g Ethyl alcohol/mL
g-C3N,-Ag/Si0,-10 10 30 100
g-C5N,-Ag/Si0,-20 20 30 100
g-C3N,-Ag/Si0,-30 30 30 100 7 ——. ._— :
g-C3N,-Ag/Si0,-40 40 30 100
g-C5N,-Ag/Si0,-50 50 30 100
2k, Nk R 40 KV, 20 ¥ il 20°~90°) Xt bR fb = —
PRGG G b A% R e T 2E B o3 R AE o A 3 ki 6 4 3

Al B 7 OB OSM-7900F, H A i T #k e &t
(JEOL)) F137 & 4t 1% 5 M - . 5% (Tecnai G2 F20 S-
TWIN, £[E FEIA A]) R M BHOWIE S . R H
X £k B3 1% (EDS, Escalab 250Xi %!, 26 [E %% &
IR T XA R EAT T R Ao R 4 50 -nT L i
563 (UV-vis DRS, Cary 5000, UL BaSO4 Jy#x
WEFAM, 2P PER(ET 0.2nm, FIEENE K 0.2,
H 4 8] B 1 nm) 03B 5 6 i WOCRE T K o i
ReAF 45 M . I ZEOE6IE (PL, Cary 100, Xe £T2H
BRI b RO AR LTS R, R
GEH o B AR . SR AT AR 2% AR B (LK1100A,
300 W Xe 4T, 3 K 7 Bl 420~780 nm) 7 N i % 6
TR Al 1) b 22 R M AT RAE IR 1
FEL i T 17 fih 28 R E b 2E BB
1.4 NENEBREXRE

L1 ] TS I A S 0 0, ' A A B i
H S S g e s AT, M, B G FRA
T, BRI AREE, T XU R R
B, B HR HIRGHA G, TR RN,
SRIG AT IFAT BEGTefAb R, SEAT 6k W 2 h,
SR FH B 3 300 2 o O B vk N o PR R B, H R AT
B A 0.5 mg/m®, JGUR S FHKEE R 8 W H G
LED T, 5 [Hh 450~460 nm,

1—Light source; 2, 7—Extraction sampling port; 3—Temperature and
humidity meter; 4—Photocatalyst to be measured;
5—Formaldehyde volatile device; 6-Fan

P R SRR A
Fig.1 Formaldehyde degradation chamber

2 #RE5TR
2.1 g-C3N,-Ag/Si0, B RIUELERE D7
2.1.1 A4 5 534

% 2k g-C4N,-B. g-C3N,-F F 4%Ag-g-C3N,-F
BB XRD E 3% . 7T UL, g-C3N,-B. g-C3N,-F Al
4%Ag-g-CyN,-F 7E 20}y 13.6°H1 27.3°4b 17 7E g-C3N,
FYRRIE AT S, KU X I g-CaNy, 1R il 1 24 1 45 4
f) (100) & 11 A1 JZ (0] E B 25 #4149 (002) & 1 e,
W RIS HLIA HoAh 2 08, 1] g-CaN, 45 i FE 85
1, AL RO TR A AR g-CoNy 1Y i R,
T 20=13.6° M FFIERT ST I & I, g-C3N,-F BH B A%
T g-C3N,-B, ULHAHE 7 AL BRAL IR T (002) & 1 X [
B ERHE B 250, RT3 2 g-CoN,y
Tl 7 ; 4%Ag-g-C3N,-F ) XRD (K3 7E 26 4 38.1°
Fl 442209 0 B b B0 Ag B9 4R AF AT 505, AR R
N Ag T 77 R ALK (111) A1 (200) §H1E M, 55 4k
Lj g-C3N,-B/g-C3N,-F XFHUE Y, Ag B4 11 4%Ag-
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Fig.2 XRD patterns of bulk graphite phase carbon nitride
(g-C3N,4-B), g-C3N,-F and 4%Ag-g-C3N,-F

g-CsN,-F M oBL, 558 A7 W1t H AR5 1Y g-CaN, ¥
TEAT S0, VoA FLAth =0, 3R W R 75 A 38URN DY 1T
T A MAE 4%Ag-g-CaN,-F 1 g-C3N, 1Y i AU
2.1.2 OWIES S 504t

[ 34 g-C3N,-B. g-C3N,-F fil 4%Ag-g-C4N,-F
B EH® SEM ., TEM K& 1 EDS El3 . 4nf&l 3(a) fir
/N, g-C3N,-B F i 2 Bl A8 4, A ) RO 3k 5]
WKL . [ 3(b)iE /R~ g-CyN, b AL B
B RSP, OF B RER 5000, WA
PERRE 4 . W& 3(d)Fin, g-CaN,-F Rk T
WG ER AR LI Fr 2 AR 00k, TEM EIR 3R Wi
YR RIRL T B 5T, 454 EDS 45 5 Ul W 2k
90K T Ag 135 4%Ag-g-CyN,-F K fi .

% 4 2 Si0, Fl g-C4N,-Ag/Si0,-30 (1) SEM E{%
wmE AR, g LAk B0 Rk 4SS IR (g-C3N,-

(a) [

g-C;N,-B

B3 g-C,N,B(a). g-CsNyF(b). 4%Ag-g-CsN,-F ((c). (d)) # Kt
SEM [El% & 4%Ag/g-C3N,-F ((e). (f)) #9 TEM K%

Fig.3 SEM images of g-C3N,-B (a), g-C3N,4-F (b), 4%Ag-g-C3N,4-F ((c),
(d)) and TEM images of 4%Ag-g-CsN,-F ((e), (f))

Ag/Si0,-30) AL B, FLAR R KB BIHOKR K,
T T Ag-g-C3N, [ISi0, FTm HHLAE, FH] 4%Ag-g-
C5N-F A 67 2% 31 47 LAk 40 i Bk i) 2% v A 43 L
EEE B R LVE AR fLIE IR TR A Ag-
g-GN, 13, MERIFAEL),
2.1.3 SANAT WEWOE 5 B

Kl 54 g-C3N4-B, g-C3N,-F il 4%Ag-g-CsN,-F
A REIY 5840 AT LR W OG5 B . an Bl 5(a) TR,
g-C3N,-B, g-C3N,-F Fll 4%Ag-g-CyN,-F X 3 Fh 1k}
HBAT WM 1 . g-CuNy-B W 1 457 T 460 nm [
I, fEM R N 2.69 eV, T g-C,N,-B A Al Wk

A

4 Si0,(a) il g-C3N,-Ag/Si0,-30 (b) fJ SEM F{4

Fig.4 SEM images of SiO, (a) and g-C3N,-Ag/Si0,-30 (b)
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Fig.5 UV-vis DRS (a) and corresponding Tauc'’s plot (b) of g-C3N,-B, g-C3N,-F and 4%Ag-g-C3N,-F

Mg N, 5 SCHR [19] #E — 3. g-C3N,-F Y W Yy
AT g-CoNy-B, K AEEFETE 450 nm ff i, 7 B
21k 2.75eV, XSEH T H A A HE g-CoNy-F (1Y i
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U2 4%Ag-g-C4N,-F B W 1 A XF T g-CyN,-
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2.58 eV, VLWL KT Ag, fE i & Hh4& ot
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T AR M
2.14 PGSR 504

¥ 6 A g-C3N,-B. g-C3N,-F Fil 4%Ag-g-C3N,-F
MR D TE R . L, 3 R AL RHAE 450 nm
B3I A B 1) g-CoN R AE 1%, 5 Zhou % P il
Shi %5 P B 5% 285 S — 3. g-C3N,-F 11 2 ) 5% JiE 1A
AR T g-C3N,-B, LM AL HLS ) g-C3N,-F
[t g-CsN,-B EAHEMAEARRFEAR, B
M43 B R AR R R, N = A B8 2 16 A4 il
2S5l g-CoN, T BAK 5E U E AL 1 A
HEAEH TR 2R G, It B AR e,
BB 7O T 525X miE %, i B 21 85l g-
CsNy A RSF AR/, BRAR T 2 5 )2 Z 18] 19 & 5
JLAEAE Sy, YN T AR A HL T RS 9T
H s MIERe, HEmG e TOCMIRE .. 4%Ag-g-
CsN,-F 260 B U] AT g-C3N,-F, R4k
MU Ag B4R, WK T T A F T RIS o
EFRMTRER, R T Ag AR KM B A,
AITE g-CsNy 5 Ag A8 SN I B + 35 B, 3E
PEFEE R F L FAL IR R . [FE Ag HATIL
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516 g-Cy;N,-B. g-C3N,-F. 4%Ag-g-C;N,-F [5G El 3%
Fig.6 Photoluminescence spectra of g-C3N,-B,
g-C3N,-F and 4%Ag-g-C3N,-F
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C3N,-F 1156 L 3 %5 B 43 il a8 1) T g-C3N,-B 19 1.7
R A, X H TR g-CNy I R s 24 40
KT Ag AT LUA R & HOG AR HL - A X 0 B
BOR, IFH Ag 1918 2% v DL S mPoE AR o 7 1
IEREE . K 7(b) s, 3R AR Ak 22 BE BT il
2R SN HES S Sl S NG R GBS K
BB, B AR B R/ N HES T 2 g-C3N,-B>g-
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Fig.7 Transient photocurrent response curves (a) and EIS curves (b) of g-C3N,-B, g-C3N,-F and 4%Ag-g-C3N,-F
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Fig.8 Effect of Ag mass ratio on formaldehyde degradation rate
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