Vol.48 No.6
e 216 -

& T

B

i

NEW CHEMICAL MATERIALS

Bk 5 48 B 6 I

2020 4 6 H

Cu,0-CuO/g-CG:N, EENELAFHNFERLE
LR R
M 4 FF= BT R imA&

(ZHIBRFEYSALFIRFRE, H 241000)

A

il
2

R =

C:o
==

1 DABK BB AR A AR W A AR AT RA @i k- B A KGR R kL RAL R (g-Cy Ny R & R AL I AR 46
&7 A9 RABAR-BACAR/ FACHE (Cu, O-CuO/g-CoN D BB A, KA e FEHRE . EH L TFREHRE LB E
B X HHEAT AL E ST o bk it e X & F AR AR AE S M TARAL A M LT 50 A LM R &
AENERAEERE L, FRLERAN .Ci,O-CuO ¥ ANTH gCN, B G EB KA AR Z LB, AL EH
TR R E Cu” 483G e B F A B AT AL (O /O 89 TR 45 Cu, O-CuO/g-C3N,-100>>Cu, O-
Cu0/g-CsN,-50>>Cu; O-CuO/g-Cy;N,-10, KA AEFF R AW 3 T ¥ A9 B 5 & 9 A 3 9 kLK M#E, Cu,O-
CuO ¥FIANTHRE gCN, #LEMER; M 0.u,/0., MR EH Y TREGLELMELEE,

EEE R AT A- AR, KRR BB, BT, R AR R

Preparation and performance of Cu,0-CuQ/g-C;N, photocatalyst
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Abstract  The Cu,O-CuO/g-CsN, photocatalysts were prepared by solid-liquid two-phase hydrothermal
reduction using alkaline copper carbonate as copper source and glucose as reducing agent. The microstructure. crystal
structure, valence state and oxygen vacancy of various catalysts were characterized by SEM, TEM, EDS,XRD, UV-Vis
and XPS.The results showed that: the introduction of Cu, O-CuO promoted a significant red shift and a wider visible
light response compared with that of g-C;N,.With the increase of Cu™ ,the changes of oxygen vacancy (O, /Op) of
the samples followed as: Cu, O-CuO/g-C5N,-100 > Cu, O-Cu0O/g-C5N,-50 > Cu; O-Cu0O/g-C;N,;-10. The results
indicated that the photocatalytic activity of the catalysts could be improved via introducing Cu, O-CuO for the

degradation of RhB and MB. Moreover, the increase of .4/, ratio was helpful to improving its photocatalytic

performance.

Key words

B Tl Al i 1 bR B 358 RE U IR AL H £
K. AYTG R RO B L E T LM, W
I o fff DR B YRR A B3 () 50 AR A B . DL SR AR
Sy ik 1) S A AL B AR D S R R ORI BRI AL 1t T
Bk B AR (g-C N & — Rl JC 7 L AR B
o B AR ARE B S M AR AR
i RE T WO R ET R R B e AR SR,
g-Cs Ny S A 07 7 70 B RO Al 23 R AL BE D
B, PR 20 7 AR G A BT

g-C3 N, . Cu; O-CuO, hydrothermal reduction.oxygen vacancy.photocatalytic degradation

FURT 52 i g-Co Ny HE A 1R BE 19 J7 3k A LR L
s (D@L B4 O [ SHH P R AR g T, T 4R
5 g-Co Ny B AT WLl 5 (2) 38 i 3% i R AL 5.
W g-CoNy 5 H A S R B2 5 A 758
FO 5 s (3D T TS FLEEHY g-Co Ny 3T 1
FMARN 5 (4) 3 1 R B g-Co Ny 4 D A s 7
ZPGERIE R . m ] L, R AE M R B g
CaNy B HEALCRAR AL T8 i R

Xu S5 o B 2 e s ) A T AR A

EE£TB :HRA KRB #H 4 (51572004, 51202003) s ZHUA R A R FH= B30 R H (KJ2016SD06) 5 % 8 TR K2 A F R %35 &
(2016JQOL) ;s B T FE K2 h 75 AR 4K R A A I H (2016 BJRC002) 5 % # TR K¢ K¢ A BHF I H (2017DZ22)

EERE N EIF Q1997 & AR, EEBFFT7 10 b AL

B R N BOAEQI79 B HER WL A T 0L B 58T S AL .



%56 1 5 I5% . Cu, O-CuO/g-Cy N, & A GBI 300 i il 2 S H i Ak 1% BB 1 5% ¢ 217 o

AR A AL (TiO, /g-Cs N & A # ok, B 58 % 1
%A MR B R T Ak R X ok i A R
Zhang 551 SR FH VA e -5 JE 1%« 38 Ao D o7 T AR o A%
T g CyN,/TiO, #EAH . g-CN, By 51 A W] & 45 55
T TiO, WEE 588 82 8 T HARIL TG M. Uksh, A
KW oE R Ti0, ™ BRALH (CASPY VB IR B
(ZnWO )™ B 8 (BiPO O™ 4 %F o-Cy N, #E4T
e SL B L 35 0T 4 S8 O e 7 L B v A L
FRE 7 306 A -2 O B A DT B i O 4
feis . BALWAH (Cu, OEH p RISk, B AT —
E WA P HLICRE AN B . X SR A AR
(Cw O/GOYE &M B 1/0 - — A Lk (Cu™/
Cu’-TiO, ,Cu’ /R Cu ) & A Wy i 4 Ak 1k fig i
FFRIFST . 45 S 3 W 3 LT 45 M 9 3 44 ] B 35 4R v
Cu, O 1 TiO, M bdERE" >,

X F A CAE AR T . 2 B I Y 2 il X 2R
TG 5 R W -2 RO R A A A N T
M, DR AR A R B R T R T e T, L AR
TF 5% R FH -1 P A A SR R, 78 g-Cy N, 3% T 38 5
AT 2] R 7K VS R A i T A e = e R A O i T KD L
i EAE PR RIS CuO-Cu, O/g-Cy N, S fb 5], 4
XoF T -V PR A SR Y- A AR DR T A R
R Ji B By 1) R R S g-Co N, 3R T 245 44 1 00
P, BR Cu,0/g-C,N, B4 M KEHRE, HX T
CuO-Cu, O/g-Co N, I & 4 16 9 6 A 1k 7, T
HJ2 3 3 M- 58 2 ] 45 CuO-Cu, O/g-Cs Ny K
UL AR E

AW 58 1 5038 A R 2 A T A B A T
g-Cy Ny s SR LA g =X i 2 4 S 40 U5 0 % W oA 346 i
F 5 R FH YA 1 T A 7K A D e i e e 1 A i A6 3
JEUURRAE g-Co N, i, Hil % 1 CuO-Cu, O/g-Cs N,
JefEfbF . DA L EE R P B S BARTS R
FGE T A Ak 790 18 ' A A e ik 1 i

1 SCIg#ER4y

1.1 ERS5NE

VR A w2 L 3 Ry A BT 4 5 25 B
K S E A

X P AT L (XRD, Bruker D8 Advance ),
T8 E AT & 5w A |l H A B RS [ SEM, S-4800
R i RE A O B (EDS) ], B AR B 7 A A 5 3 5t
M, 7 2 1 8 (TEM, FEI Tecnai F20-TWIN #1), 3
E FEI 23 A 5 5 b0 WL 43 56k B2 3t (UV-Vis, UV-
2550 A1), H A & B A Al X 2Ot ML F BB i A

(XPS,Kratos XSAM 800 %), H A & Ht28 wl 5 61k
22N AL (BL-GHX-V B L | L AR A BRA A .
1.2 KWFHE

g-C, N, My % AR 10. 0g IREE TS+,
By Al B E NS g b T 550°C B 3h, L
JER 2°C/min, HARWEH G, 15 8 & @K K o
Cy N, HFEE 2 .

Cu, O-CuO/g-Cs N, s i 4k 5 19 il % . Fr B
300mg g-C; N, .250mg kiR Hl T 50mL 7K #4
B2 L B A 10mg. 50mg. 100mg % %5 B Al
8mL 2% B F K R S B P SR IR . T 190°C K v
B 24h, FIVEE G A E IR B0 E. I
FEFKRTCK CBEGRG W) 3 I, T 80 C HZS T
i 6h, 13 5] Cu, O-CuO/g-CyN, . AR 4% % 4 # 19
A AR RE 5 2 02 /B Cu, O-CuO/g-CyN,-10,
Cu, O-Cu0/g-C;N,-50,Cu, O-Cu0/g-C;N,-100,
1.3 M5SR4

SR XS 4R A S AN AE 4 A 50 i 9 FR 25 4 L
FVE 10~ 805 R F 1 4 o 7 I 1 8% o0 A A 1L 391
B TEOUR T B30 >R FH 6 et €00 1S 430 0 344 £ 390 b iy ot
B3 A 5 R 3% S L S GO W W SR B0
] 5, SR J5 5 A 1 s o ot T 0] B 0 A7 % LG L A 2 b
T 5 SR FH 58 -1 UL 4356 56 B2 1 Xof A Ak 751 1) D6 i i
REHF S5 MY AT 20 AT 5 2R FH XS R0 He 1 RE 3% A3 ) 4
A7) B 2 T 4L R RN T B AN S HEAT T .

1.4 tEAXE

DL PRI B R F 3L W5 Sy H bR TS Y, P T
HUEEN 10mg/L. # 80mg fiEfLFH 100mL £
B F KA A JE 28 L, 7 28 T T 47 0 B il S
PL500W fUAT AR R 6 U L SR FH 6 Ak 2 B I A0 3 '
W fif PR RE . SCI8 JF 4R Wi S #E 4T 30min B AL B, SRS
TEOEIE R S0, AR 30min BU— UORE, R AT 4
Ah-1 L4356 BE AR I

2 #FR5iTR

2.1 XRD ##7

B 1 Mai g-C,N, K Cu,O-CuO/g-Cs N, fiEt 1k
FIRE ) XRD 3% &, i B A 0. 4l g-Cy N, 7E A 5t
fA 20=27. 4°F0 13. 0°4&b HH BL T B & () A9 B g o )
XN F g-Cy N, # (002) F1 (100D & i (JCPDS 87-
15260 5S4l o-C,N, #H L, 4 46 500 B & bR T 78
20=27. 4°F 13. 0° &bt B BH 5 (%) i1 S 04 A1, 7€ 20=
35. 57 38. 7°RbAn B T AT 5 0, 43 50 % R T CuO
(9002) A1 (111§ i (JCPDS 45-0937), I 4h, fi



. 218 1 T 8 B 948 &

PRSI RE S AE 20=37. 01° kbt 1 B T 437 5 W, % 1 T
Cu, O By (111) §4 1 (JCPDS 34-1354), i i3 XRD
3BT RTAT 38 3 - [ K AAGA D ek =Xtk R A B
AFE g-Cy N, 2 T8 55 B XA 434 S A ) Cu, O-CuO/
g-Cy N, il £ .

* C,N,
v Cu0

v Cu,0
- v d

R /(a.u.)

\Mk a
10 20 30 40 50 60 70 80
20/(°)

K1 4 g-CsN, o Cu, O-CuO/g-Cy Ny HEALFIEE 5 By
XRD i &
[(a)li g-C; Ny 5 (b) Cup O-CuO/g-C5Ny-10;
(¢)Cuz O-Cu0/g-C3N;-503 (d) Cuz O-CuO/g-C5N,-100]
2.2 EDS &#r
S R AR AL R Y OT 4L W 4l e-CoN, K
Cu, O-CuO/g-C;N,-100 # 47 T EDS 43 #7, 25 1 WL
B 2, A A, 4 ¢C,N, H&5 A C.N T,
Cu, O-Cu0O/g-C;N,-100 M4 Cu.C.N.O MFhT
o U I ok -1 K R e el X e TR AR 1Y) L T
g-C,N, REEIIFIA Cu. O TE,
®)

1 L L 1 ! 1 1

1 2 3 4 5 6 17 8 9
Wi F2259 cts)ehR: 0.000
2458 keV

(b)

T R T R ST S B S
WiE 259 cis)hR: 0.000
LA HE/ keV
K2 4 g¢-CyN, (a) K Cu, O-CuO/g-C3N,-100(b) 1Y
EDS 3% &
2.3 SEM # TEM 4 #f
& 3 Rl g-Cy N, F Cu, O-CuO/g-Cs N, fiE 1k
FIEESh B SEM K, M IE 3 AT, 4l g-Co N, A
FRI R AR G5 A L . K B 3(b)—3 (D) H & 3(a) ik
FEXFEE, T L& B Cu, O-CuO/g-Cy N, i AL 77 1 5

BS54 ¢-CoN, BIE S5 /8 AH oL, R B Cu, O-
CuO kIR R g-Cy N, 1Y 21008 $5 45 4 7= A
FRW . M EDS i 25 R R, 4 g N, HEf
CHMNX 2 FotE[IWLE 3 E ;i Cu, O-
CuO/g-CyN,-100 W42 & T Cu. O.C.N M Fot &
CILIE 3CAD I T,

B 3 4 g-CyN, & Cu, O-CuO/g-Cs N, fiEfb#
FEfh B SEM
[(a)4li g-C5Ny ;5 (b)Cu, O-CuO/g-C3N,-10;
(¢)Cuz O-Cu0/g-C3N,;-503 (d) Cupy O-CuO/g-C3N,-100]

B4 h R A RN A 4 g-CoN, K& Cu, O-
CuO/g-C;N,-100 ) TEM K, B K 4(b) o] I FE
L4l g-CoN, 8B 5 A% 4 80, T Cu, O-CuO/ g-
CyN,-100 AU i 3 2 2% B W i) i A% S 0[O &1 4
()T, T 1a) BE 43 914 0. 214nm F1 0. 253nm, 43 31
X Cu, O B (200) 1 AT CuO A (002) f 1 . % 11
WRER S A Cu, O F1 CuO, TEM 20 #r & it — 4

B4 BRRERAF AL ¢ Cs N, K

Cu; O-Cu0O/g-C;N,-100 By TEM
[(a) i g-C3 Ny (X40000) 5 (b) 4fi g-C5 N, (X 800000) 3

(¢)Cuz O-CuO/g-C3 Ny-100( X 40000) 5

(d)Cuz O-Cu0/g-C3 N;-100( X 800000) ]



46l H 55 Cu, O-CuO/g-Cy Ny S A5 L 10 700 A ] 5 B A Al REATT 50 « 219 -

HER Cu, O-CuO EHIGIA g-C; N, K.
2.4 XPS &R

Sk it — 20 W AR T AR K A TR M A
X4l g-CyN, K& Cu, O-CuO/g-Cy N, i 4k 77 £ & idF
17 XPS RIE. 4R WE 5. E 5a) M4l g-C; N,
K Cu, O-CuO/g-Cy N, #EALFIFE & C s XPS 3%
K., HETTH . 284, 7eV.286. 2¢V Fll 288. 1eV [fliE
M T R FEN C Is FRAE U, Horp 286. 2V F
288. 1eV 3 BIHJE T g-C,N, B C—(N), Al C—
NS 284, 7eV A Hy BB FFAE I B0 S C—C 4544
(R C, N 7 2 BB i ik . B 5 (b) 4l g-Cs N,
K Cu, O-CuO/g-C; N, #EALFIFE G 1 N 1s XPS 3%
&, H &R H1:398. 56V .399. 4eV & 400. 8eV [ it
LN Is FRAEIE ; 455 BB 398. 5eV BYFFE I IH &
FTNIRETH sp? b (C—N=C); g5 &5 f N

288.1eV
(a) 286.2eV ¢

2847V | 040y
/ﬂ: Cu,0-Cu0/g-C,N,-100
] t\rﬂe\&eﬁwﬂc@‘ﬁo

.26V~

fikvh/s

A

Cu,0-Cu0/g-C,N,~10
8-GN,

282 284 286 288 290 292 294

L4 RB eV

(b) 398.5¢V
0.1eV—| 399.4eV

A |- \ Cu,0-Cu0/g-C,N,~10
[fu.0-Cu0/e-GN10

=03V - e CN, |

396 397 398 399 400 401 402 403
4 R8 eV

400.8 eV
Cju,0-Cu0/g-C,N,~100

fkuh/s

Cu,0-Cu0/g-C,N,-50

Vi)

(c) 932.8¢V

952.7¢V 954.6eV
934.4eV SHAHE I

/NJG8,0-Cu0/g-C,N 100

Cu? 2p3/
Cu? 2p1/2
Cu' 2p3/2
,< Cu,0-Cu0/g-C,N,-50
e ——

/ Cu' 2p1/2

L Cu,0-Cu0/g-C,N,~10
T T T T |1¥. I T T
930 935 940 945 950 955 960 965
ith/ev

fkuh/s

()

531.2eV

532.7eV

Cu,0-Cu0/g-C,N,~100

fkuh/s

~_Cu,0-Cu0/g-C,N;-50

Cu,0-Cu0/g-C,N,-10

528 5:;0 5:")2 534 536
Zi5Re/eV

Bl 5 4l g-CyN, & Cu,O-CuO/g-Cy N, {4k

B i XPS 3% K
[(a)C 1s;(b)N 1s;3(c)Cu 2p; (DO 1s]

399. 4eV BYFFAEIE I XS g-Cs N, Z5#H N—(C);
By NG S54 68 400. 8eV 9 4R 1 16 ) XoF 137 25 R
EPhARTE2RAMBER T RN N-H o3&
—NH,", & 5(c) N Cu,O-CuO/g-CsN, 1 1k 7
FESL 1 Cu 2p XPS % B, i B Al H1. 932. 8eV,
952. 7eV.934. 4eV il 954. 6eV BT B 4 AN HRAE
W, o 45 A el 932. 8eV il 952. 7eV (1 F5fiF I 43
M XF R Cu®™ 2p3/2 A1 Cu®™ 2pl/2; 45 & fE M
934. 4eV F1 954. 6V Y FFAE WE W XT 1 Cu'™ 2p3/2
F Cul™ 2pl/280  Cul't 2p BYH B, 18 BH TR - 1B K
PGR JE B X B TR 7= 4 T CuC 1), B 5(D R
Cu, O-CuO/g-C; N, fEALFIFE M 1Y O 1s XPS 1K,
Hy T 41,531, 2V Fil 532. 7eV AR T O 1s 4%
fiEWE, 43 50U JE F A A% S (O ) T 3R TH TR B 4R
(O, BFFE R, O, & B B3 A B T4 5
HEAL R fi A e RE e

SRy 53 A G 2 P B AR SRR i R T CuC 1)/
CuC Il (— M8l 5 =l & = Z . i XPS 4341
B ARAE) W2, XA S Cu 2p XPS 3% K i 17 43
WA E LA A58 CuC TH/Cu IHEHE(WLFE D,
FH 22 AT A, Bl A AR S R3S, CuC 1) /CuCID
B, FREA R A 6 F B R A A CuC DO B
I AR — 2 O3 BT i AR R B AR A X
O 1s XPS i & i 17 53 W Fi s B L&, 15 21 &2 0
O/ O B (WLFE 1), 3 1 nl 0, bl 25 3 4
BEF B B3I O,/ O B T3 A, 26 B 38 3 428 il 7K
ot B2 b A B R, AT S Cu, O-CuO/ g-
Cy N A Al 700 3R 1 423 6 I A RO 95

£ 1 Cu0-CuO/g-C;N; EAFHSEMN Cu(I)/Cu(ll) 5

Ouas/ Orare B 1
FE i CuCI)/CuClD Ouds/ Olane
Cuz O-Cu0/g-C3Ny-10 0.61 0. 32
Cuy O-Cu0/g-C3N;-50 0. 68 0.39
Cuy O-Cu0/g-C3N,-100 1.11 0.56

2.5 UV-Vis o#f

& 6 Jyaf g-C;N, . Cu, O-CuO/g-C; N, 41k |
FEEL I UV-Vis 3% [ K& B84 58 5 o0 i 18 . B 6 ()
AL L 7E K <T380nm B4 4P X 8, 4 AN FE
P Beum e i, 4L o-CoN, fl &t Cu, O-
CuO Bl g-Cy N, BIA B0 1) 5 A ama B . SR M
TEP A =>380nm 1Y AT UL G X R, 4 g-C, N, JLT 1%
H W R, 10 28 Cu, O-CuO B 1Y ¢-Cy N, FE S B
NI AR R AR I, AR Cu, O-CuO 5] AT 5]



.+ 220 - o T BB ow 5 48 &

e g-CoN, MU B 4. MK 6 (b) WA, 4l g-
C;N, . Cu; O-CuO/g-C;N,-10, Cu, O-CuO/g-C;N, -
50 Al Cu, O-CuO/g-CyN,-100 Y 28 27 58 FE 43 51 R
2.91eV.2. 44eV.2. 40eV il 2. 35eV., M ILAT WL, Bl
# Cu, O-CuO 5] A, g-CsN, 128 HF 58 1 9l /N B
i 5 3 T 700 A 20 W P S T 35, R L Y 5 A E B
Wraail, ER s RE W, Cu, O-CuO By 5| AW
H5E g-Cy N, 1 AT WOB I i,

(a) 1. ig-C,N,

2. Cu,0-Cu0/g-C,N,-10
3. Cu,0-Cu0/g-C,N,-50

4. Cu,0-Cu0/g-C,N,~100
4
3
2
%

1 1 1 1 1
300 400 500 600 700 800

W% YEHE /(a.u.)

K /nm
(b)
E =235V,

.;.; 1. Hig-CN, )

2. Cu,0-Cu0/g-C,N,-10 4/
I e e s /E =2.40eV
| 3.Cu,0-CuO/g-C,N,-50 A
| 4. cu,0-Cu0/g-CN,-100
B g E =2.44eV
= 2

1.6 2.0 24 28 32 36 40 44 438
RER/eV

l’é—] 6 é’@ g’Cx N, .Cu, ()’CU()/g’Cz N, f’éfh?‘fﬂ#;ﬁ:ﬂ’ﬂ
UV-Vis i & (a) J2 B85 5 BE 73 A 18] (b)

2.6 ELMEERR

7 M4 g-C;N, K Cu, O-CuO/g-C;N, fi 1k
FRE o FH B W RN 2 P B O A AL R Tk e
M AT, 54l g-CoN, A Eb, Cu, O-CuO/g-Cs N,
FEALFARE & X 2 R 3 5 RN PR B B i kR 1

1.00
a 1. ZigC,N,
= 0.95r @ H 2. Cu,0-CuO/g-C,N,-10
0.901 3. Cu,0-Cu0/g-C,N,-50
§ 0.85}F »\'\_ 4. Cu,0-Cu0/g-C,N,~100
R 0.80f \ e
= 0757 —
& 0.70F 2
= 0.65} 5
®oeof | TT——
0.55} M . . ) ) 4 )
-30 0 30 60 90 120 150
S [8] /mi
LOS® HE mlH;E N,
) Dm - #ig-CN,
 0.95f 2. Cu,0-Cu0/g-C,N,-10
\ 3. Cu,0-Cu0/g-C,N,-50
§ 0.90f \-\'%O—Cuolg—ch‘—IOO
R 0.85} —
£ 0.801 T
£ 075 S =
# 0.70} \v\'\sv
R 7
0.65 . : . L
-30 0 30 60 90 120 150
Fif [ /min

B 7 4l g¢-C;N, K& Cu, O-CuO/g-C, N, #E1LFIHE 5
FFF LW Ca) AL B BCh) A4 G Ak I i 1 fi

3 O 5 A ok R v B o R A P S A )
B P BE I B4R . XPS Ml UV-Vis 4145 B %
W, A A 3 A B TR A Cu D) /Cu D
1 O.4e/ O s Cu, O-CuO B 5 AT AE #F g-C, N,
AE 1Y 4 s HLBE & 5 ok A A 0 B 4R e,
CuC IO O & it s, i — 20 3 8 T Ak 70 19
AT 1

3 RENBEEIERR

8y Cu, O-CuO/g-Cy N, Ak 71 5 i Ak 9% fit
HLEL &, f AT, 24 A] OOk B A -Gy N, 2 A
FU B L Al B R AR A R BRAE 77 A B AE LT (e
MZZICh™ ), 2 A i L F-28 7GE 3 Cu, O-CuO #
T % B S A R0 T L BC R e ol I B A AL TR R
T 4 W BEE 4R O, #23K B B 4807 8 1 (O, ) L T h*
A5 W B A AR AL 7 FR i 9 OH A1 HL O 481k il #8 5
HHFEOH) ., B O, il OH-#HA 1R 5% i & ik
PE BT A PLY A R B 2= CO, A1 HL O, 38
B H 1

YL

it

CO,+H,0

g-C,N, H,0/0H-

K8 Cu, O-CuO/g-Cy N, AT A AL R fie HIL B E

4 #Hig

SR FH V- [ 19 AH K #4648 S i 78 g-Cy N, R 1
YR T o T A e e e e ) D T R A A T
CuO-Cu, O/g-C; N, Sk 7. A~ H 5] A%
2] 8 R e X TR A, T R AT PR & B R R, CuO-
Cu, O BI5I AR g-Co N, HIYE TR I H | BEAIGH
AT SR L AR R R 0 e R B . g o A
2t B A A R r A, AT SE B CuC 1) /CuCID A
O/ O YA RO A AT 3 — 204 5 g-Cs Ny 1906
AL RE .

&% ik

[ 1] Wang X,Blechert S, Antonietti M.Polymeric graphitic carbon
nitride for heterogeneous photocatalysis[J].ACS Catal, 2012,
2(8):1596-1606.



6 3] -l

754 . Cu, O-CuO/g-Cy N, B A e b 70 1 il & B A b M BE A 52 ¢ 221

[3]

[4]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

Cao S, Yu J.g-C3Ny-based photocatalysts for hydrogen gener-
ation[J].J] Phys Chem Lett,2014,5(12):2101-2107.

Zhao Z,Sun Y, Dong F.Graphitic carbon nitride based nano-
composites:a review[ ] ].Nanoscale,2015,7(1) ;15-37.

Yu H,Shi R,Zhao Y.et al.Smart utilization of carbon dots in
semiconductor photocatalysis[ ] ]. Adv Mater, 2016, 28 (43) ;
9454-9477.

Shalom M,Inal S,Fettkenhauer C,et al.Improving carbon ni-
tride photocatalysis by supramolecular preorganization of
monomers[ ] ].J] Am Chem Soc,2013,135(19):7118-7121.
Zhao X,Ma Z, Wu D, et al. Computational study of catalytic
effect of C3Ny,on Hs ,release from complex hydrides[J].Int ]
Hydrogen Energy,2015,40(29) :8897-8902.

Wang X, Maeda K, Thomas A, et al. A metal-free polymeric
photocatalyst for hydrogen production from water under visi-
ble light[J].Nat Mater,2009,8(1):76.

Zhang Y W, Liu J] H,Wu G,et al.Porous graphitic carbon ni-
tride synthesized via direct polymerization of urea for efficient
sunlight-driven photocatalytic hydrogen production [ ] J.
Nanoscale,2012,4(17) :5300-5303.

Liu G,Niu P,Sun C,et al.Unique electronic structure induced
high photoreactivity of sulfur-doped graphitic C3N,[J].] Am
Chem Soc,2010,132(33):11642-11648.

Li J,Shen B, Hong Z,et al. A facile approach to synthesize no-
vel oxygen-doped g-C3 N, with superior visible-light photore-
activity[J].Chem Commun.2012,48(98):12017-12019.

Liu G.Niu P,Sun C,et al.Unique electronic structure induced
high photoreactivity of sulfur-doped graphitic-C3N,[J].] Am
Chem Soc,2010,132(33):11642-11648.

Zhang Y.Mori T, Ye J,et al.Phosphorus-doped carbon nitride
solid: enhanced electrical conductivity and photocurrent gener-
ation[JJ.] Am Chem Soc,2010,132(18) :6294-6295.

Wang Y,Di Y, Antonietti M, et al.Excellent visible-light pho-
tocatalysis of fluorinated polymeric carbon nitride solids[]J].
Chem Mater,2010,22(18) :5119-5121.

Deng Y, Liu K,Cao H,et al.Synthesis of graphene with both
high nitrogen content and high surface area by annealing com-
posite of graphene oxide and g-C3N;[J].] Iran Chem Soc,
2015,12(5) .807-814.

Rajendra Pawar C, Suhee Kang, Sung Hoon Ahn, et al. Gold
nanoparticle modified graphitic carbon nitride/multi-walled
carbon nanotube (g-C3N,;/CNTs/Au) hybrid photocatalysts
for effective water splitting and degradation[]]. RSC Adv,
2015,5(31):24281-24292.

Zhang M, Xu J. Zong R, et al. Enhancement of visible light
photocatalytic activities via porous structure of g-CzNy [J].
Appl Catal B:Environ,2014,147(8) :229-235.

Yang S,Gong Y,Zhang J,et al.Exfoliated graphitic carbon ni-
tride nanosheets as efficient catalysts for hydrogen evolution
under visible light[J]. Adv Mater,2013,25(17) :2452-2456.

Xu Z,Zhang C,Zou Z, et al.Enhanced photocatalytic activity

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

by the construction of a TiO»/carbon nitride nanosheets het-
erostructure with high surface area via direct interfacial as-
sembly[J].Nano Res,2017,10(7):2193-2209.
Zhang H. Liu F, Wu H. et al. In situ synthesis of g-C;N,/
TiO; heterostructures with enhanced photocatalytic hydrogen
evolution under visible light [J]. RSC Adv, 2017, 7 (64):
40327-40333.
Yan H, Yang H.TiO;-g-C3; N, composite materials for photo-
catalytic Hs evolution under visible light irradiation[ ] ].Jour-
nal of Alloys & Compounds,2011,509(4) :26-29.
Cao S W,Yuan Y P,Fang J,et al.In-situ growth of CdS quan-
tum dots on g-C3 N, nanosheets for highly efficient photocata-
lytic hydrogen generation under visible light irradiation[ J].Int
J Hydrogen Energy,2013,38(3) :1258-1266.
Wang Y,Wang Z, Muhammad S, et al. Graphite-like C3 N, hy-
bridized ZnWO, nanorods: synthesis and its enhanced photo-
catalysis in visible light[J ].Cryst Eng Comm,2012,14(15):
5065-5070.
Pan C,Xu J,Wang Y,et al.Dramatic activity of C3N,/BiPO,
photocatalyst with core/shell structure formed by self-assem-
bly[J].Adv Funct Mater,2012,22(7) :1518-1524,
Huang Y, Yan C F,Guo C Q,et al.Synthesis of GO-modified
Cu; O nanosphere and the photocatalytic mechanism of water
splitting for hydrogen production[]].Int ] Hydrogen Energy,
2017,42(7) :4007-4016.
Rather R A, Singh S, Pal B.A Cu™!/Cu’-TiO; mesoporous
nanocomposite exhibits improved Hj; production from H,O
under direct solar irradiation[J].] Catal,2017,346:1-9.
Cao S.Low J, Yu J, et al. Polymeric photocatalysts based on
graphitic carbon nitride[ J]. Adv Mater, 2015, 27 (13) ; 2150-
2176.
Yang R C,Lu X ], Huang X, et al.Bi-component Cu; O-CuCl
composites with tunable oxygen vacancies and enhanced pho-
tocatalytic properties[ J]. Appl Catal B: Environ, 2015, 170-
171(1301) :225-232.
Yang R C,Lu X J,Zhang H,et al.Glycol-assisted construction
of three-dimensionally ordered microporous ZnO-Cu; O-TiO;
with enhanced photocatalytic properties[J]. Appl Surf Sci,
2016,36:237-243.
e I, A1 %, T8 4. C/ TiO2-SOF 1 il 4 B FL e itk
PERELT AL T4 41,2017, 68(11) :4414-4422
Yang R C,Zhang Z H,Ren Y M, et al. Green synthesis of bi-
component copper oxide composites and enhanced photocata-
lytic performance[ J]. Mater Sci Tech-Lond, 2015,31(1):25-
30.
Yang R C,Lu X J,Zhang Z H,et al. Three-dimensionally or-
dered macroporous LLaMnQOj; with tunable oxygen vacancies
via nitric acid-aided modulating and their catalytic combustion
properties[ J].RSC Adv,2015,5(119) ;98404-98411.
W #E HH#:2019-01-02
&7 B #1:2020-02-19



