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CdS-intercalated K,Nb, ,Cu,O,; Composite: Synthesis and Photocatalytic Activity for
Hydrogen Production

CUI Wen-Quan LIU Yan-Fei LIU Li QI Yue-Li FAN Li-Hua HU Jin-Shan LIANG Ying-Hua*
(College of Chemical Engineering, Hebei United University, Tangshan, Hebei 063009, China)

Abstract: Cu doped K ,NbO,; was obtained by a solid reaction with a mixture of Nb,0s, K,CO; and CuO. The CdS
intercalated Cu doped KyNbsO; composites (designed as K Nbs_Cu,0,/CdS) were synthesized via direct cation
exchange, alkylamines intercalation and sulfurization process. The products were characterized by X-ray
diffraction (XRD), X-ray photoelectron spectroscopy (XPS), scanning electron microscopy (SEM), ultraviolet-
visible diffuse reflectance (UV-Vis), photoluminescence measurement (PL). The photocatalytic properties of these
catalysts for hydrogen production were also investigated. The results reveal that Cu ions enter the crystal lattice of
KuNbgOy7, and the CdS is located in the interlayer of Ki,NbsO;. The maximum absorption wavelength of CdS
intercalated Cu doped K4NbsO,; composites is about 550 nm. The compound photocatalysts exhibit high activities
for photocatalytic hydrogen production under both UV light and visible light irradiation, and the amounts of
hydrogen produced are 279.83 mmol g, and 7.11 mmol -g, " after 3 hours of irradiation, respectively. The
mechanism for separation of the photo-generated electrons and holes at the compound photocatalysts are

discussed.
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Fig.1 XRD patterns for photocatalysts with different

doping contents of Cu ion
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Fig.2 XPS spectrum of pre-doped and doped catalysts



1456 Jx Hl fk

Ui B KNbs;Cugs0,; HEAE I H B H 35 DL Cu A AE24

XPANTA] Cu 8 2% 4 A6 7] K Nb,_ Cu,0,; 75 7] I
6T AT AR IS PRI DU E e B A
SRNE 3 N, RBAAEARIAE T WO T &A™
AW Cu B A UL TR AT UG TG M X 2
T Cu B T840 K.NbO,, T 5Mir 2 5] A
BT A RE S, BN KNDO, 254 58, 4R B
KyNbeO 7 X AT K6 i mag 1131 7 Sk Bl 5 2% 5 1
B S B RS W/ M« =0.3 B B A 4R 5
K Nbs-Cug:0p, JCEIE PE R, H 3 h Bt & &
A 3.23 mmol - g,

PL K Nbs;Cugs0p; AAMEEL, 6145 1 CdS i 2

H, production / (mmol -g.")

x=0 x=0.06 x=0.15 x=03 x=045 x=0.6
Doping content of Cu

Kl 3 RIF Cu B A% AR T WL T OB A )™ A i
Fig.3 H, production of catalysts with different doping

contents of Cuiron under visible light

i) K Nbs-Cugs0,, A (K,Nbs,Cug;0,,/CdS), Kl 4 &
il #5 KuNbs;Cugs02/CdS & A5 A7) o 72 v 4% B B ™
Py XRD B, 40 7R K Nbs;Cug;0 ., 4F1E 14 (040)
i F 10.78°, ABE TG, 6 B KNbs,Cugs0,5, F
FRAE 6 (040) 47 % 2 10.96°, X &2 1 T HPER /N T
K*, 2 HHUL KiE A K Nbs,Cug;0,; /2 8] J2 8] # 25
AH N bW /N X BB H R B B e K iE A
KyNbs;Cug;0 JZ 18], H,Nbs,Cugs0,; 75 9.24° H Bl—A4>

FoE 55 28 4
._//(34‘0,* o KNDs;Cuy40,,,CdS
040
5 (C,HyNH 3),Nbs ;Cu,;0,,
S 040
2
% A K Nbs ;,Cu,;0,,
040
KNbs;Cu,;0,7

10 20 30 40 50 60
20/ )
Bl 4 K,Nbs;Cups0,/CdS il & 32 2 45 B BO™ 9 19 XRD
Qi
Fig.4  XRD patterns for the products at each stage in
synthesizing K,Nbs;Cug;0,,/CdS

AT 0 AT B R TR A4 S I ik R v 2 )
A H0 /3 FRIGH, IET RS, mE R
(040) 2245 22 5B T | J2 [A] I o AH . 386 K | [W) B IF B
TIE T R £E T HNbs,Cuos0y, 210, H T CdS
g7 T2/ T CHNH,, 5 (C.HoNH3)NbsCug;0,; AH
FE , KiNbs7Cuos0/CdS 7 57 1 (040) 47 7% 2 9.44° | )2
BRI/, AT K F K Nbs7Cugs04;, 1 HNbs:Cugs04,
M Z R EE R PSR ST CdS B WY A
KyNbs-Cug:0, JZ ]

Kl 5 SRR 0 SEM K, a EIRBT, &0
K NbeO, HORL K /NEETLASROK B3], N b AR K
K ILAB 2% a5 AR R 0 K ANTE ST B AT R AR AR K AR
fb,3X 5 XRD /B 45 8 — 280, o B2 E & H1
A K Nbs;Cup;0,/CdS # SEM Bl , WKl x| 5
K,NbgO,7, K;Nbs;Cugz0y; A Ho | K Nbs;Cugs0,//CdS 5
BT T AE /N T BUAR Z /NI R 3X 0] g FAE 4 2 4
P R 22 S N BUZ M S5 M R, RAER B IS
H K d B K Nbs;Cues0n/CdS 11 X HHEERETS A
Eh BT 0,S,Cu,Nb,Cd, K TR Mg, Hi Cu

)
@
3
8
o

1000

Intensity / (counts's™

50010
S Cd
C K Cu Cu
2 4 6 8 o
Kinetic energy / keV

a: KyNbO 73 b: KyNbg920Cuig260175 ¢: KsNbgg20Cug29017/CdS; d: corresponding EDS spectrum

K5 fEfeil SEM K
Fig.5 SEM images of photocatalysts



7

B SO L CdS H 2 B9 KNby . Cu, 0, 56 W 9 S FCOE A A ) %00 1 1457

IHJE T A K,Nbs;Cug;0,,/CdS f & o1 1) Cu 70 % |
Cd,S ¥ A TE G MAFZH 1 CdS,EDS EAES:
WEH TR EE Y S TR NAETE, T iE—
A ST R 4 A 8 X LRI R (XRF) 4
Bi T KNbs:Cups0,/CdS " EE TR M & ik, 450 %
B2 PRB 2 B nene, 2N 0.03:1, T BE(E N
0.05:1, XA[FEAI & CuO A #F AMELL A ks
I3 AR AT O, AR Z 1 neginyg, BT 419 L
254 0.26:1,

X AR R HE AT 48 Ah— 1T D8 f 3R AE . WAl 6,
K NbeO; X 320 nm B35 3 K 1 28 0 56 A7 4008 19 1
WO T W WA 1 7F 400 nm, i i B T A TR
HoEE AT T AN 3.1 eV, 1B 2% )5 i 1k
K Nbs7Cuoz0 (- ZE b) 156 W Wy i 45 # 2 500 nm
Ay, ULBB 2% Cu ¥ T K ,NbgO,, I 1] ULt i
N, M RESFPIACK Cu 1Y 3d B FHLES O 1 2p
B R BB I RE G, AH S T AE K NbeO,, 147 Al S
W Z BB T Z EReG, Ml F ] RLAr SR AT,
HA— 9 BRE r s M se /N F KB R0
K NbeO; FUREBR , At AH 4 T80/ K,NbeO,, I REP
fd K,NbeO, AT FIH AT UL . K NbgO,/CdS(H1 4k ¢) 1)
Wi BE7E 500 2 550 nm Z 8] X 2B AW CdS
W MSC AT D' 7 1 33t A T UE 5K T CdS i )2 1
iR

K.Nbs-Cup;0,/CdS (14 d) w6 e i 5
KNbeO,/CdS #H b JF & A A& 2 01 & A8 4k | i B
K,Nbs,Cugs0,/CAS 1 25 Hb 98 & £ 2 & i
K Nbs;Cug;0y; 2 CdS 73 F Y E 1,

Gy TS R BT -2 O B AT
RGBSR S X B T B BRI AR R

Absorbance (a.u.)

300 400 500 600 700
Wavelength / nm

a: KyNbsO,7; b: KNbs;Cug30,7; ¢: K{NbO-/CdS; d: K,Nbs;Cu:0,,/CdS
Bl 6 ML LA T Bl S S O 1% 1A
Fig.6 UV-Vis diffuse absorption spectra of photocatalysts
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Fig.7 Fluorescence spectra of photocatalysts(A =250 nm)
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Fig.9 Electron and positive hole transition under irradiation
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