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Study on photocatalytic performance of WO,/g-C,N, modified by dual auxiliaries
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Abstract: Ag-MnO_/WO,/g-C;N, composite photocatalyst that are modified by dual-auxiliaries is prepared via
photo-deposition method supporting selectively Ag and MnO, onto the surface of WO,/g-C;N, NS.The prepared samples
are characterized by XRD, TEM, FT-IR and DRS.The photocatalytic activities of Ag-MnO, /WO,/g-C;N, are evaluated
through photocatalytic degrading Rhodamine B.Results indicate that Ag is deposited on the surface of g-C;N, and MnO,
is deposited on the surface of WO, successfully, which promotes effectively the separation of photogenerated electrons and
holes.In the experiment of photocatalytic degradation,the degradation rate over Ag-MnO_/WO,/g-C;N, NS is 1. 87 times
that over WO,/g-C;N, NS.Ag-MnO,/WO,/g-C;N, NS derives higher degradation rate than both WO,/g-C;N, NS that is

modified by single auxiliary and the composite photocatalyst prepared by impregnation method.

Key words: WO,/g-C;N, ; dual-auxiliaries modification; photocatalysis; Rhodamine B

A BMHAIK (g-C,N,) & —FhIE & 8 k2K
JGAEALR], C N JH It sp® Z2 BT BUZARZE 1Y A7 B 58
R E2.7TeV(E,=-1.1eV,E,=1.6¢eV),H
AR Syl g R T SO, e — P e I Y
JemEAR . AR (WO,) & —Fh T R E
PG AT, A7 BRSEFE A2 2.7 eV, N H A
3.44 eV, RUDLA: 25 7O IR R I S8 AL 1, K Ry ety
HZ10-0. 74 eV A0 L 71038 5k A s 45
Sy FIF SR X E G, FEBOLHEAMERER
iR, K g—C,N, FIl WO, B A TIE i Z-scheme
JEHEARIRZ Bl g—C5N, Hvalr 25 /X H WO, i HL 1
AR A, NITEAS ] E I3 B g—CyN, B L 1
WO, Mair 2 7 IR T HL R3S 7R Y 380 5
AR RO} -0 R

TE ARG 4 B0 ) i — 202 Bl
PEA TR, AT LA 2R 80070 5~ DA T 400 i 56 A= v 5 A

2N H B R A [FEHA AT DR N 16 e R, #1
JCHEA SN R HEAT | I S 't fie A S g B 43t BT 22 1Y) 7
PERLE O SR B K SO UGy R 2 ik
R AR AR B, 340 28 By 50 S A AR RN
M IVER, & LAY A B SRR St 4 s A Akl
Bl B AR 5 25 7O AR T, 5 O i A Ak 2D B
il A =R e 7/

T WO0,/g-C;N, J& T Z-scheme JGCIELIAR
HATR A B R8BIl FE ¢ —CN, Fll WO,
b P RT AR D CITRR B 5 ik 15 B AE ik
R A SR B R DURE ¢ - CoN, b A Bh 25 X
AACYER AL B B DU AE WO, b XN 71 [F] 48
Wit — Pt AL TG . I, 2B IR Ag 1E
IR Bl R MO, AE AR B B R A Ag -
MnO,/WO,/g-C;N, XU FMEM & & ), 38
VIHAE 2P P B(RhB) ¥R ) EE AL PERE

s BHHA.2018-04-15; & E HHA.2018-10-08

EE BN PR (1991-) 55 WL 05T AR, B GO REA IG BF 58 TAF , yangzebin@ tju. edu.cn; SRR (1970-) , 55, {4, ml 242, EZ
A ST A28 TAE i TR R tjzxb@ tju.edu.cn,



- 150 - FAX AL L

1 SCIEEy

1.1 WO,/g-C,N, %l &

0.2 g EAB(WCl,) I8 T/ o lrh AR5
58.0 g KHATIR G, e+t , B A 45 mL KA
HI10°C IR 2.5 h, AR A 2 =0, 200 [ A
A IEH H,0 YEVR 3 K, T 80CHEAE T T8 12 h,
FFAS AR A WO, .,

FREL 6 ¢ PRZE T, DL 3°C/min 1Y T
IR, T 550°C gl hgbe 4 h, AR H 2=
T B BT ) T RIS 2y AR BRI 0. 3 ¢ iy
KT, LL3C/min BFHEBCRTHE , T 550°C
g ERE 3 h, ARG HI B IR BT ARG [E A
FES AR AR, F AR AR SR B g-C,N, o

FREL 0. 04 g WO, F10. 16 g g—C,N, 23550 H7E
20 mL ZEEH EEAEANIE 1 h, SRS BORIR &
MR AR 1 b SRS AE 60°C 7K 500 r/min $iEHE R4
CWEZE T, A5 BRI S J5 T 80°C HLAH b T 4
12 h, BRSBTS, L 3C/min 7
TR THE, T 450°C DI rfugle 4 h, ARBH
SRR A [ R AR AR, BT A A R i B
WO0,/g-C,N,,

1.2 Ag-MnO,/WO,/g-C,N, By#l&

FREL 0.3 ¢ WO,/g-C,N, 34> BUAE 100 mL
0.070 g/L [ MnCl, & W H, b5 ZE £ 30 min, 7F
1000 W GUAT BEES T HEFE 6 h, B0 405, i [ 1k
FH,0 FIJG/K P 3 Uk, BT 80°C LA T4

12 b BIFEE Ok AR, BT 45 B [ 4R B4 MnO,/ WO,/

(E#% 148 W)
(5] T, W, R BE, A5 2 i I SRR L 2R R H ok fg
[J]. 5 A ,2005,36(1) :70-74.
[6] B, s/ 5k 1 2 TR M S B AR B SR ke [ ]300
JET A R4 ,2003,32(5) :81-86.
[7] SRk, HERE, XA 55 i PEAE A 5 16 1 e A BT Y 56
BRI R[] LA A 2017, (28) :65-67.
(8] THMEHRE, HIF, B 36, 45 4 A2 50 T £ 4 FORUR I 38 35 2 19 )
FEITIE[T] EIRBHE A B A 4l (A SRR RR) L 2008, (5) < 64
65.
[9] Xu T,Liu X.Peanut shell activated carbon ; Characterization , surface
modification and adsorption of Ph?* from aqueous solution[ J].Chi-
nese Journal of Chemical Engineering,2008,16(3) :401-406.
[10] El-Shafey E I.Removal of Se( IV) from aqueous solution using sul-
phuric acid-treated peanut shell[ J].Journal of Environmental Man-
agement,2007,84(4) :620-627.
(117 @arik, AR, T, 45 SOt AE A= 7o % 4@ Cr(VI) 1
B PERERT ST J ] PULRHOR =240, 2014, (5) :585-590.
[12] WS 2 e 5 B0 2 24 3% 1 ) 4 K JC T Cu™ W 1 B 52

B33 HE 12 H

g-C;N, B &t kH, # MnO,/WO,/g-C;N, 53
HUFE 100 mL 0. 050 g/L Y AgNO, ¥ H, A 5 mL
=B W EBERE 30 min, 7E 1 000 W AT IR
PPt 3 h, B0 TR A H,0 F1Jo/K B
V3K, BT 80 CHUAR T T8 12 b BIFES B R AR
B3 EARED Ag—MnO_/WO,/g-C,N, B4 CHALH],
1.3 Ag-MnO,/WO,/g-C,N,(imp) By %I &

FREL 0.3 ¢ WO,/g—C,N, NS 43 Hi£E 30 mL
AgNO, FRHE-HREE N 0. 157 g/L Mn(NO, ), JF Rk E
90.207 /L IR AR5 2 h J5 28 T4 5
FHERRE S B T T, LU 3°C/min A9 THIR B R T
I, T 400°C B prrhiBibe 2 h, ARBR AR =R,
JIT A B [ AR B2 2 3 AR AR, 43 AT Y T R v i
6 h, B0 R 32, JF oK CBEVE % 3 WK, 7E
8OCHLAS 4% 12 h, Fr 5 B K ED A Ag—MnO /
WO0,/g-C;N,(imp) .

1.4 Ag-MnO,/WO,/g-C,N, BJ&R1E

| FH 8 A 6 e, AXS 23\ 4B 72 B9 D8 —Focus
X TR AT S ASORT AR S 1 & A SR AT RAE, SRR
Cu-Ko, TAEHLH R 40 kV, TAERLE N 40 mA 394
TEEA 10~80° , F4#5 3 B2 hy 5°/min; FI ] H A HL+
INEVAETE R JEM=2100F %937 % 5135 5 B 1 5 1 i
NS RE R B AMRIEAS | A LSS R R R, TR
JEA 200 KV, S 23HER K 0. 19 nm ; F) 118 FE A 6 72
ISV TR Vertex 70 i LI AR o 217 4RG3 47
FERRLL AT 4345 R H A B A R UV -
2550 2E50—17 UL 43 060 BE TH DRSO 22 g
PE, LA BaSO, fENZ 1L,

[D]. M : AR, 2015.

[ 137 B 22 AR ek AR SE bR i 45 S0 Cd> W B RE T
FELD]J I ARB BT RS, 2013.

[14] WAFEE, GRRRGER, TR, 45 KO HERE A= s X 7k Cr (VD) 19T
BHPERET]. Tl K AL R, 2017, (10) :52-56.

[15] . AR FRET O XS A6 A 52 I Cd> A Ph>* 9 PR ANHLEE
IISZIR D). M AR R B TR %, 2014,

[16] Xl {5 fi , EFR I8 SO A Fe XK B i MR AR [ ] 7T
FA B ,2017,45(24) :255-258.

[17] BRE, S8/, e 3252, 5 UHEAR A Fe X R YRR 1T Ay W% Y 522 i
WR L S E0 58 )] A B 5 Y TR, 2017, (10) :44-48.

[18] Liu Z, Jiang L, Qi M, et al.Preparation of tetraethylenepentamine
modified straw and its adsorption of sulfur dioxide [ J]. Fresenius
Environmental Bulletin,2015,24( 12A) :4458-4464.

[19] Yang C,Tan T,Zhu X.Adsorptive capacity of ethylenediamine trea-
ted oxidised rice straw for sulfur dioxide [ J ]. Carbohydrate
Polymers,2012,87(2) :1843-1848.

[20] FRaGxit, 24, A4 0% 4. 20 M HEAR 27 4k B 570 10 1 4% F 55
[J]. 5085 TR, 2009, (6) :1089-1093. 1



2018 FE 12 B

W : EDFS U WO,/ -C N, RESCEMIEREAR - 151 -

1.5 JefE ek

L 100 mL 0. 03 mmol/L RhB & ¥ & T KL
R, FREL0. 01 g A5 B T RhB %, LA 1000 W
TR BA O GIE , 76 S0 H T B & 4 FF 30 min
PLIR B0 iS5 . e v AR I, R 20 min B4 mL
FEa, B0 B TEARE S R Ah =T W4 St
FIXE BT EATARIN 10 5% 554 nm b e AR W ic g 1)
TR

2 #ZR5itE

2.1 XRD 534

g-C;N, WO, . W0,/g-C;N,  Ag/WO,/g-C,N, |
MnO,/WO,/¢g-C,N, #1 Ag-MnO_WO,/g-C,N, NS i
XRD &A1 R,

TREF/a.u.
afunfsfw (o =

10 20 30 40 50 60 70 80
20/(°)
1—Ag-MnO,W0,/g~C, N, ;2—Mn0,/WO0,/g-C; N, ;
3—Ag/WO,/g-C3N, ;4—WO,/g-C3N, ;5—WO0, ;6—g-C; N, NS

W1 #E&E XRD 4T 43 A

1 AT LA 1, 4l g-C,N, NS BESRTE 27. 70
13. 00 B 2 A5t U, 43 IR I g —Cy N, 9 (002)
FI(100) fb T, (002) f TAT 2 L0 05 AR 2 1 J2 ) 4
YRZER, (001) fhifi 2 g—C,N, NS i1 =3 =
W5, 5 g-CN, kR #E R (JCPDS: No. 87 -
1526) — 3, WO, 1451 W xF 1 2 5.8 WO,
(JCPDS:No.72-0677) , WO,/g—C,N, & &HES
I WO, Fil g—C N, FOFRENE , 1] WO, Il
A g-C;N, R, HAr#H5), Ag Fl MnO, &1
J5 .3 FhEER 5 WO,/g—C N, 5 B AT F LG 17 55
g, ORI K Ag R MnO, $7 45 i AR, 7 365 i A
2,5 W0,/g-CN, SIS TLF- 3 R m e,
2.2 TEM $#f

FESL A TEM EAnE 2 Fos

M 2(a) R LIE H, g—C N, HA A1) #E
RRZREEH , WO, Uk 5] M/ A 7E g—CN, NS
Fm, ME2(b) K 2(c) Rl LIE H, Ag F1 MnO,
A3 IS 17 23] WO,/g-C,N, b, H Ag JLF4>
THTE g~C,N, NS i, MnO, /i 75 WO, F T,
E2(d) rTLAE 1l i GUTRN Ag A e 3%

(a)WO;/g-C;N,

(d) Ag-MnO_/WO0,/g-C,N,

(¢)MnO,/WO0,/g-C;N,

K2 FE&%HTEM K

TE ¢—-C,N, 3R1f, MnO, A £ 71 2 7F WO, R,
Rt Ag F1 MO, 7] DL A 54 kb i 25 0
R IHRAEE Z R0 T
2.3 FT-IR 5#f

FEM Y FT-IR YIS E A 3 s,

]

2500 2000 1500 1000 500
BB /em?

1—Ag-MnO,WO;/g-C;N, ;2—Mn0,/WO;/g-C;N,;
3—Ag/WO0;/g-C3N, ;4—WO0;/g-C5N, ;5—g—C3N, ;6—WO,

B3 FLHFT-IR g HE

& 3 W LIE X Fall g-C,N,, 1 206~ 1 638
em™ Z [AFAAE 22 A0 R AE R IS0 3X 2 g - C5N, NS
AL C—N Al C=N 51K, 7€ 810 em ™' &b
LRI I e g —C N, NS Y = BREIR 45 4 5| i
M), &l WO, 7€ 821 cm™ 3 A7 78 58 (1 WL g e 32
TR WO, B 0—W—O0 45k 3 51 & 1,
WO0,/g-C;N, EECHALF Y T WO, fl g-
C;N, PURFIE IR IS g, B FMEME ) WO,/g-C3N, 5
WO,/g-C,N, 1 BLAY I e e A — 34, R W] Ag I
MnO, %A 5 WO0,/g-C,N, 72285 Ak 25, i
ANEREM WO, Fl g—C, N, [EAG M,

2.4 DRS &o#f
g—-C;N,. WO, WO,/g-C,N, fl Ag/WO,/g -



152 - A AL T

C;N, .MnO_/WO,/g-C,N, F1 Ag—MnO,WO,/g-C,N,
¥ DRS 3 UnIE] 4 Brs

1

BOLEE

200 300 400 500 600 700 800
B /am
1—WO0, ;2—Ag/WO0;/g-C;N, ;3—W0,/g-C;N,
4—Mn0,/WO0,/g-C;N, ;5—Ag-MnO,W0,/g-C;N, ;6—g—C;N,
Bl 4 #&th DRS F i

ME 4 ] LI H, g-C,N, NS X484k 2 0] I,
JEIX A W, B30 %% % 438 nm, 5 HA P
(2.7 V) HFF A, 41 WO, FEf B R sk,
XA RTAT WA 58 ZU A I, 33X 2 A WO,
TR AN, TR BB S g—CN, A it
WO, BEENATRETH R T, OB IR AL g-C,N,
A PT¥G s, WO A LR, 28 Bl R A Y
WO,/g-C;N, IR EER WO,/g-C,N, WOGIREE
A IS , P UL G Y WO A g AR A X R
Ag Ml MnO, 2 F1E WO,/g—C,N, £, I W0,/
g—C, N, X AL Ml
2.5 eEEsENER

g - C;N,, WO,/g - C;N, . Ag/WO0,/g - C,N, .
MnO,/WO,/g-C;N, Fl Ag—MnO,/WO,/g-C;N, K
JCHEAL R AR AR A 5 F

1.0r

0.8

4 3
0.2 4

6
0 20 40 60 80 100
IR ]/ min

1—g-C3N, ;2—WO0,/g-C;N, ;3—Ag/W0,/g-C;5N, ;
4—Ag-MnO,WO0;/g-C;N,(imp) ;5—Mn0,/W0,/g-C;N,;
6—Ag-MnO_WO,/g-C;N,
B 5 B8 OUAE LR A% RhB 203

H1IE 5 ATLLA 62k B 300 A9 B 6 RhB A
AR WO,/g—CoN, 38 —E #m, Jf H Ag-
MnO_/WO,/g-C,N, JEHEALFEAE RhB MIRCREL Ag/
WO,/g-C,N, F1 MnO,/WO0,/g~C,N, A # — i
F+,100 min N Ag/WO,/g—C,N, Fl MnO_/WO,/g~

B33 HE 12 H

C;N, 1 RhB % W W B it 25 50 3 R 73.5% i
80. 0% , 1M XX Bl 571) 2 [F] & i ) Ag —MnO,/WO,/g~
C,N, HYFEfR IR 3 85. 8% , 7% HH AU i o Y it
TR A st A A AR T

S T UL O AL R A RRB 1 BN
RN RE LG ALK A RhB 1A V810 2N 6 3E
A, 5 R 6 FioR, H s R ki sk 1
FiR .

2.1f
1.8}
1.5}
S12
=09}t
= 0.6}
03} 6

A NS TS

0 20 40 60 80 100
BB ] /min

1—Ag=Mn0, WO, /g—C3N, ;2—Mn0,/W0,/g-C;N, ;
3—Ag-MnO_ WO;/g-C5N,(imp) ;4—Ag/WO;/g-C;N,;
5—WO0;/g-C;N, ;6—g-C;N,
B 6 # &M R o — 3 ) Fak
®1 REUERBHNEXREHLE

B k/min™!
g-C;N, 0. 0039
WO0,/g-C;N, 0. 0101
Ag/WO0,/g-C;N, 0.0130
MnO,/WO0,/g-C;N, 0.0159
Ag-MnO_/WO0,/g-C;N, 0.0189
Ag—MnO,_/WO;/g-C;N,(imp) 0. 0146

SCHEALRE S RhB A5 18— 3l ) 25 R AR
6 N[ LB UL A 5] Ag—MnO_/WO,/g-C;N, A e
IR %, R 1 HRmT UE 8L 771 3R] &
i WO0,/g-C,N, }ﬁ,Ag—MnOx/WO3/g—C3N4 FA) A fi
BRI — DT R R G F] 0. 018 9 min™'
I3 g—CyN, Fl WO,/g-C;N, 1 4. 84 {5 F1 1. 87
¥, & Ag/WO0,/g-C,N, Fl MnO,/WO,/g-C;N, [
i R AY 1. 45 A5 A1 1. 19 475, 2 BH 7 X Bh 7 T LU
TR RO AR AL R o e

R T HBCUIRRAE Ag Fl MnO, A BEFEME
Iy BITAERTE g—C N, F1 WO, FE T H 403 il 112 i
& K Ag F MnO, JCBEREMEHL 7 38 7E WO, /g
C,N, AL [ Ag-MnO_/WO,/g-C,N,(imp) ],
S5 FK W], Ag - MnO,/WO,/g — C;N, NS (imp) 7E
100 min PN 19 B i R AA 72, 6% , FL [ N Ry



2018 F 12 B

0.014 6 min™", YU i YEUTRZAS Ag A1 MnO, 43
Mz F] g-C,N, NS 1 WO, | fE T A % b 3 35 A
Ay B AR LRI AS 7 DIt R A TR P

Ag-MnO_/WO,/g—C,N, HEA i T Fl4s 75
BEHLEANE 7 R,

K7 Ag-MnO,/WO,/g-C,N, & il

HE 7 ] IE H, W0,/g-C N, i, T Z-
scheme YOHEALIAR R | IO A B FAEAE T g—-C;N,
b ZSSHEE WO, B SRR S R BRI, ¢—C, N,
LA TR R Agt AR Ag, i Ag DLELTE g-
C,N, I, [ #H, wo, a7 & b Mo™ A i
MnO_,ffi MnO, JLEE WO, |, JEUTRR s £
BRG] LAy S G AE B s s GR B A
AL RS AE T, I BEAE 5 e e A 72 U
BA EEDCER Y, T E B e R S
SNl o] DA T 2 B TE PR 5, A BT RhB
SRR R e, bR s I R

3 #ig

I TR 5 Ag AT MnO, LRI &4 1
Ag-MnO_/WO,/g—-C,N, Z &M, Ag 7T DL K
H RN SE 7 56 4 H1 7, MO, AT K B4 4R 5% 72
250, ARG DG A -2 R A BT
Bl % B9 Ag—MnO_/WO,/g—C,N, 7564 Ak [ f#
RhB ¥ S g H BTG B 391 B — Bl 351 R 35 7
2 LB ) AR i 2B B T AR R A R

&% ik

[1] Wang Y, Wang X C, Antonietti M. Polymeric graphitic carbon
nitride as a heterogeneous organocatalyst; From photochemistry to
multipurpose catalysis to sustainable chemistry [ J].Angew Chem-
Int Edit,2012,51(1) :68-89.

[2] Maeda K,Wang X C,Nishihara Y, et al.Photocatalytic activities of

graphitic carbon nitride powder for water reduction and oxidation

MR  ENFUEME WO,/ g-C N, RELEHEEILIEREAR -+ 153 -

under visible light[ J].J Phys Chem C, 2009, 113 (12) :4940—
4947.

[3] Kumar S, Surendar T, Baruah A, et al. Synthesis of a novel and
stable g-C3;N,-Ag;PO, hybrid nanocomposite photocatalyst and
study of the photocatalytic activity under visible light irradiation
[J].J Mater Chem A,2013,1(17) :5333-5340.

[4] Miao X L, Shen X P, Wu J J, et al. Fabrication of an all solid
Z-scheme photocatalyst g-C;N,/GO/AgBr with enhanced visible
light photocatalytic activity[ J].Appl Catal A-Gen,2017,539,104-
113.

[5] Huang L Y, Xu H,Li Y P,et al. Visible-light-induced WO,/g-
C;N, composites with enhanced photocatalytic activity [ J ]. Dalton
Trans,2013,42(24) :8606-8616.

[6] Zhao Z G ,Miyauchi M.Nanoporous-walled tungsten oxide nanotubes
as highly active visible-light-driven photocatalysts [ J ]. Angew
Chem-Int Edit,2008,47(37) :7051-7055.

[7] Chen SF,Hu Y F,Meng S G,et al.Study on the separation mecha-
nisms of photogenerated electrons and holes for composite photocat-
alysts g-CyN,-WO; [ J]. Appl Catal B-Environ, 2014, 150 564—
573.

[8] Chen SF,Hu Y F,Jiang X L, et al.Fabrication and characterization
of novel Z-scheme photocatalyst WO;/g-C;N, with high efficient
visible light photocatalytic activity [ J ]. Mater Chem Phys, 2015,
149.512-521.

[9] Xu H,Liu L,She X J, et al. WO nanorod photocatalysts decorated

with few-layer g-C;N, nanosheets ; Controllable synthesis and photo-

catalytic mechanism research[ J].RSC Adv,2016,6(83) :80193-

80200.

[ ik B ARG A B A R 2 B RERIF R (D]

B BIFE T K2 ,2015.

[11] Li R G,Han H X, Zhang F X, et al.Highly efficient photocatalysts

[10

—

constructed by rational assembly of dual-cocatalysts separately on
different facets of BiVO, [ J].Energy Environ Sci, 2014,7(4):
1369-1376.

[12] XVBE BB AN KA S Bk B AL AT ULt fi fb ot
FEL D] 2B BB T K24, 2013.

[13] XK, BRAA, BRAs , 5. B AL 7 AL 7 ik ™= S0 b i
REALT] BT, 2018, (3) :28-31,3.

[14] Lin F,Wang D G,Jiang Z X, et al.Photocatalytic oxidation of thio-
phene on BiVO, with dual co-catalysts Pt and RuO, under visible
light irradiation using molecular oxygen as oxidant[ J].Energy En-
viron Sci,2012,5(4) :6400-6406.

[15] SREE, WRHE AT S5 Ti( V) — 1 8208 U8l 70 D10 ) 58007 14 548 42
PR EGHEALEREL ) ] TEHUM R4, 2017, (3) :269-274.

[16] AT BT, skaK, 55 PLEIFIX N 828 Tio, "] WGt hE
fEAERR S )] AL, 2011, (1) :100-105.

[17] Obregon S, Colén G.Improved H, production of Pt-TiO,/g-C;N,-
MnO, composites by an efficient handling of photogenerated charge
pairs[ J]. Applied Catalysis B: Environmental , 2014, 144 775 -
782.1



