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Preparation and Photocatalytic Properties of Hollow Spheres-like Zn-doped
CuO/CuAl,O, Composite Photocatalysts
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(1. College of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China; 2. School of Chemis-
try and Chemical Engineering, Hunan Institute of Science and Technology, Yueyang 414006, China)

Abstract: Zn-doped CuO/CuAl,O, composite hollow spheres with high specific surface area were synthesized by
hydrothermal method, using glucose as template and Zn(NO;),-6H,0, Cu(NO;),-3H,0, AI(NO3);-9H,0 as raw materi-
als. The samples were characterized by XRD, SEM, HRTEM, BET, DRS and PL spectra. The results showed that Zn-
doped CuO/CuAl,04 composites possessed hollow microspheres shape with specific surface area up to 214.97 m/g
and diameter of about 2 pm after calcined at 600°C. The Zn doped photocatalysts exhibited enhanced absorption inten-
sity, decreased electron-hole recombination. Further photocatalytic activities of the samples were greatly increased.
The influences of calcination temperature and Zn doping content on photocatalytic activities of the samples were in-
vestigated by measuring the degradation rate of methyl orange (MO) under simulated sunlight irradiation. The sample
doped with 0.5wt% Zn which was calcined at 600°C showed the highest efficiency. Under visible light irradiation for
60 min, the decolorizing efficiency of 25 mg/L MO by 0.5 g/L photocatalyst reached 97%.
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BERE B2 CuALOs GKMIRL, BIFFTA AR AR
b BE 10 52 W Bdrisi 25 PR T 4 4R 0 TE % 4
CuALO,, FHHRFTCUALO, M % 4 LiangZ5®
WFFUA JEORE S JBERE T B X NH;5-SCO S M. [ 5 o 3T
ok, @ BIBARE ARG Rk A AT R A
TGS . AL — 1) ARG, SRRl
U A A B AR IR (BRI A FTRE L, 8 i 5 7 Bt
o GARAE ] WG Rl K T, i 2 A AL e TR
J Ik B, B AR PR A, I AR L O 1)
B, KGR T, Fme i, A
TAERHMCus Al. ZnlQRERRERAE 5kl LA 2 bl
R, il & A O ERIR 1 Zn-CuO/CuAL O, A0k
MEAGT o DAY A B A FR SR8 SR VP AN LG A A 12,
AIF 9 4B o 50 58 R Zn I N B2 6 A i 45 A4 R G i 1k
BE [ 5210 o
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1.1 REAFIEH &

Zn WERIHI & 15 ¢ MR 4.48 ¢ THREE >
BT 120 mL ZEMEK, 7RI ZL B HE T 2212 3 N
25%M%K, A pH A 6, 4R4EHIFE 10 min, A
200 mL SR PUGK & s e &5, 180°C T PRt
24 h, AR RATOED AT HIE, L KR
LWEZ IRk, HAS T8 5 WD ER .

Zn-CuO/CuAlLO, T ERIIHI&: FREL— ¢ &
) Zn FER 2T 100 mL &2 F/K 4, A 1.208 g
HERE . 3.75 ¢ fHMERE. 0.09 g PEGCKE 4 %), ##
7 30 min, EPEHEIE R 2R NR T I 25% 1 2K I 2
pH & 8, 75 30 min, SAJGIEE M FHEF: Sh, K=
YIREAT HOE, UURE Y 25 3 T OK R Sl 2 IRTEU,
B A B A DR AR S Ry R, BT 3R
RN BB e 4 h, RIS R [R5 & 1 4 LI
Zn-CuO/ CuALOy B &L A, 1A 4%
Zn-CuO/CuAl,O4.

1.2 RIELFIBYIRIE

K H A2 Rigaku D/max 2550 VB/PC X it
LRATHMN(Cu Kok, &K 40 kV, & 300 mA, 1
TG 20 2 10°~90°, FHHHHE N 10.00°/min) %
A ) d AR S5 R AT e B o R FH 3% K AT Nova
NanoSEM230 ! 414 H1 7~ 2 fll 8% ! Tecnai G20ST %Y
17 R LT BN B SR R AT A T
K H BET L& H AL (ASAP2020, 3 [ 3 T #%
25 W) E FE i () LR AR A FL &G R R/ o SR H ST
U-3010 58400 W43 SO BETHIEAT S8 4b— ] L3 s St

J6E (DRS) AT FE oL B | EQCM LS-55
PN IEICTE Vo TR i R e BUR Y I 3
1.3 JefELERERNE

75 I A PR ' SR 2% T B A T A At i
5, KH 150 W mUAT A 06Us, AhEAE H MG KR
AW EA RS . 1F 500 mL. 25 mg/L ) F 2L
B, NN 0.25 g JefEfbF, 1R A S R
WPt 10 min J5, $TFFGAT, BEBE 10 min HUFE, &
By B B R, AT WL o B
THEPE K 465 nm Ab I FH LR MRS (4), #ebi
R
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2.1 XRD ##7

K1 5 0.5wt% Zn IIN = BIFE 523 BILE 500
600 700, 800, 900°CHx¥%E 4 h J5 ) XRD Klif. H
1wy g, BEAG B i T, e A
CuO [l CuAlLO4 K AEHEAS . 500°CHEke, P EE N
CuO, Ff it g 5 hxifE &5 H CuO #H(JCPDS 78-0428)
UURC, Hirh 26=35.49°. 38.96°4b [KIAiT 5143 5t [
T CuO #IH1(002)« (200)fH 1. 600~700°CHBLE, 7=
Y CuO I CuAl,O4 P AHZL . o M loe il I 4k 252 1 T,
CuO MHIEA K, MILTEHE, WAL WL, 5
I 5 FrUERE T CuAlLO4 HH(JCPDS 78-1605)VCHL,
Horb 20=31.29°, 36.87°. 44.86°. 55.69°. 59.42°,
65.29°4) 5§ T CuAl,O4 #H1(220)~ (311)+ (400)-
(422). (511). (440) 1M -
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Fig. 1 XRD patterns of 0.5wt% Zn-CuO/CuAl,O, samples
calcined at different temperatures
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Fig. 2 XRD patterns of Zn-doped CuO/CuAl,0, samples
calcined at 600°C

(a) Owt% Zn-CuO/CuAl,O4; (b) 0.5wWt% Zn-CuO/CuAl,0y; (¢) 1wt%
Zn- CuO/CuAl,0y; (d) 2wt% Zn-CuO/CuAl,O4

TERT U, ATREAZ DN D REIBA Zn O %4
Tabkg, Al ZnO FELT XRD &Ml . AT
KrlRe S BB 5H Zn TR SR B B
W, X 1wt% Zn-CuO/CuAl,O4 FE i I WA X 17>
AT EDS Ju#E S m o, HAdRA R YT 1.
& 1 A4, FERTPERT Cu. AR O EEICHEAN,
BEHIEFHA 0.38%1 Zn JuER, XA I & L
) 0.94%, HPXIAN S0 T s 2 LR
Peiin, KW Zn JUHEBIEY), I HFE T %
TCE IS .
22 MO

Kl 3 N AN[EBE 5L ) SEM AT HRTEM I8 o i1 K]
3(a, b) AT A, Zn R OGN, BRI B AAAE 7~ 8
pm, BRE 215 Kl 3@ KN Zn Bk EDS
O3MT, SRR, Zn BEREEH C. O LUK ET
Zn JCFE A AuTo # = HRE A s A HR I TN
). B 3(c) A Zn FHERTE 500°C BB T3 FE a1
SEM [ v, i gn, ek G E] ZnO BKAE,
RRERT EAT Zn 0%, X 5K 30 Hras R—2.
3(d, e)h 0.5wt% Zn-CuO/CuAl,O4 # 4 K] SEM [
Jv, HHERTA, ASOBREE IR RS, A ] S
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AR F) 2 um 247 o 25O BRI ERBE VF 2 /N

%1 1wt% Zn-CuO/CuALO, # M #) EDS £ #iéE R
Table 1 EDS analyses of 1wt% Zn-CuO/CuAl,04 samples

Area 1 Area 2
Element
wt% at% wt% at%
(6] 32.00 52.78 30.99 51.06
Al 33.76 33.01 36.15 35.32
Cu 33.30 13.83 32.03 13.29
Zn 0.94 0.38 0.83 0.34

FEAATT, ANRTRLI RS RAAE 30 nm. B 3(H) 0
0.5wt% Zn-CuO/CuAlLO4#¥ i Y HRTEM [ v, 4]
A%, CuO Fl CuAl,O4 2 [ A7-7E 35 T (1) 57 T &5 45 14,
FWIRES T CuO F1 CuALO, E AT, X5 XRD
(R 56 25 AV 5 o CuALO4 I diinys dianoyfE 530
4 0.2541. 0.2865 nm, 1fi AK45%% CuALO, 1] di311y
dofH5Y 4 2.4360, 2.8560 nm. AL, Zn 7%
CuALO, [ T () B 1 K, 32 i Zn*(0.074 nm)
HEA DY AR 48 Cu?(0.072 nm)Tii 5 1AL .
2.3 BET LbxEMEILEMD

BB E  600°C Y, AIH Zn IO EFE S
LR AL S H TR 2. 1138 2 o0, B
Zn JINEICREIN, A E R AR LA AR S 18 K S
WD, WA EGIN Zn A LMESE CuO/CuAlO4 K i
(I HL, 24 Zn IMNER 0.5 wilh), P29t EL R AR
MAUAEREK, 435020 214.97 m*/g F10.71 cm’/g. K]
4 4 Zn %5 CuO/CuAlO4 F1: it F) N W BRIl B <5 et
2 KL A . PG BDDT 732K, & 4(A)W 45
WML ETIVHE. Hy WG, £ Zn-CuO/CuAlO4

BBk EAEAE LAY ik al by o dAE

A S FHAF G 5 v 17 (0.8<p/po<1.0) YU [ 9 2 AT —
SE [RTWRCBR P, AT D9 S5 BR AN SRR T 2 T R
TE R INMLA R, 5 IRGRL T2 R A TE K
AL Sl i LU I I 3(d, e)iEsk. BEFE
Zn IO IER, FLARARNRAEPEZMN, 9 Zn
IIANEA 0.5wt%, Mk b 1 FIFLEN 9.2 nm,
T HAR I AN LR, XS A S D ERI
TN S A .
2.4 UV-Vis DRS 9 #f

Kl 5k Zn $57% CuO/CuAlLO, FE ShAE 600°C Mk
RS- W8 G, mET LA, Y Zn
IR 0.5wt%I, FE5 Bk e ik, B2k
Jii PR b 70 58 SR 6 [ ) D6 e e ) K
B, FEAEREAE A T WO AL, X ] g
SEHT Zn BIAGINT RN, 1545 BE FEAIK,
DAL v r LG % o R AN, B Zn N E ISR,
P Bt h sk A - B - Kk R AT b
CuO/CuAlLO4 FE i 7E 400~800 nm Abth AT — 31
WOk fE 1, £ CuO/CuAlOs A & HAT—E 1] W,
FECPERE . ARHE A Eg=1240/0, 0T LGS =401
AR Y, By RUNAET WL (AL eV), A Kn T
A RIS 57 A K 28 55 A A Ak )8 KA (R
f7:nm) . WK 5 Prox, ®LBLAE S 0.5wt%
Zn-CuO/CuAlL,O, E WAL SR 1.55 eV, /)
T CuALO4 (1.92 eV) A5 58 i .
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K3 Zn FER(a, b), 500°CHEERE Zn Ik (C)F 0.5wt% Zn-CuO/CuAlLO, £ fi(d, ) SEM M /i, 0.5wt% Zn-CuO/CuAl,Oy4 FF: 5 ()
HRTEM &}

Fig. 3 SEM images of Zn microspheres (a, b), Zn microspheres calcined at 500°C(c), 0.5wt% Zn-CuO/CuAl,O, samples (d, e) and
HRTEM images of 0.5wt% Zn-CuO/CuAl,O, samples (f)

%2 Zni8Z% CuOICUAl,O, ¥ 5 H M IE 14 FiR
Table 2 Physical property of Zn-doped CuO/CuAl,O, samples

Sample Sper/(m*g™h) Adsorption average pore width /nm  Pore volume /(cm*-g™)
0.3wt% Zn-CuO/CuAl,0, 208.25 7.7 0.59
0.5wt% Zn-CuO/CuAl,04 214.97 9.2 0.71
1wt% Zn-CuO/CuAl,0, 182.92 7.0 0.45
2wt% Zn-CuO/CuAl,O, 171.42 6.5 0.37
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4 Zn 7% CuO/CuALO, F¥: i [11(a)N, W Bl B 45U 22 A1 (b)FL AR 20 A
Fig. 4 (A) N, adsorption-desorption isotherms and (B) pore size distribution curves of Zn-doped CuO/CuAl,O4 samples
(a) OWt% Zn-CuO/CuAl,04; (b) 0.5wt% Zn-CuO/CuALOy; (¢) 1wt% Zn-CuO/CuAl,04; (d) 2wt% Zn-CuO/CuAl,0,
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Fig. 5 UV-Vis DRS spectra of Zn-doped CuO/CuAl,O, samples
(a) OWt% Zn-CuO/CuAl,0s; (b) 0.5Wt% Zn-CuO/CuALOu; (c) 1wt%
Zn-CuO/CuAl,Oy calcined at 600°C

25 PL HiEah

Kl 6 A 0wt% Zn-CuO/CuALO, 1 0.5wt% Zn-CuO/
CuALO4 FEf ) PL B, WOR BN 233 nm.o il
HUR e e s o = At e AR
K 6 ATLUEH, SIAN Zn HEA5IRBECELS,
B2% Zn 5, CuO/CuAl,O,4 Y6 il o & W Gk sy, W]
Zn B4 AT DL R 2 O R A . AR G4l
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LF A TS T o
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2.6.1 IRIRIRE RIS

Kl 7 £t 500600+ 700+ 800+ 900 CHEEE I 0.5wWt%
Zn-CuO/CuAl, O, Ff it 0] F LR 75 1) B A A o el
7 AP, MBURETEL Rt 500°C THE E] 600°C, YAk
T AR, 600 °CBUEEAE S IR G AE AL S M A
Ak Th B e, R 1) 6 AR A I P T BRI
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CuO AL, ATHFESREL, AARE AT, g
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2 0.5wt%
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=
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Fig. 6 PL spectra of Owt% Zn-CuO/CuAl,O4 and 0.5wt% Zn-
CuO/CuAl,O,4 samples

Bl 7 BB R 0.5wt% Zn-CuO/CuAl,O4 FF il FEfiA I JERS
I

Fig. 7 Effect of calcination temperatures on methyl orange
degradation of 0.5wt% Zn-CuO/CuAl,O4 samples

(a) 500°C; (b) 600°C; (c) 700°C;; (d) 800°C; (e) 900°C

BRI BE (T, P I AL 43 ROk A2 K /N R
AARRAZA, CuO AHATSIEZ H ik /N, CuALO4 FHAT
SPGB Wi K, 76 600, 700°CHBELE =Y A CuO/
CuALO, &Y . kL TF it E, CuO FHIH R, W)
FEN CuAlLO4, F H R RS, el fbin
/N o FE R 600 C MR BTG 1 gz e, SIS 3 31 e A
CuO/ CuAlL,O, A Hefl.
2.6.2 Zn IMAEHIFN

Kl 8 22 600°C ke o AN IR Zn I AL okt
FH BB VA0V P B AR R . Owt%  Zn-CuO/CuAlLyOy-
0.3wt% Zn-CuO/CuAl,04- 0.5Wt% Zn-CuO/CuAl;O4+
Iwt% Zn-CuO/CuAl,O4. 2wt% Zn-CuO/CuAl,O4 £
i X I PR B R R AR IR R 78% 90%- 97%- 76%-
60%. BEAE Zn IO IE 0, A0 06 A P 5
BRGNS o 3K T BEAE Zn IONERIEGIN, #
FFoxk I (R B R T AR Se 3 K G ok, M Zn IINEh

Time / min

Kl 8 Zn INAEXT CuO/CuAlO, K it i F FE RS (1 5
Fig. 8 Effect of Zn doped content on methyl orange degrada-
tion of Zn-CuO/CuAl,O4 samples

(a) OWt% Zn-CuO/CuAl,0q; (b) 0.3wt% Zn-CuO/CuAl,O4; (c) 0.5wt%
Zn-CuO/CuAl,O4; (d) 1wt% Zn-CuO/CuAl,O4; (e) 2wt% Zn-CuO/
CuAl,Oy, calcined at 600°C
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0.5wt%Itf, FF i (¥ FL I BN AL AR B K o L& I
PR, $ROERIEPEAL R, AT AT N 1)
VR A Py 0 LA (R R, DR T R A ek R A A 202,

3 i

1) HBCRE IR SRR i 1) A 45 1 A R e i« i
F il LT, CuO MATSIEZEHT/D, CuAlLO4 AH
R 5 32 W 8 5, 600~700 °C 1ELBE = CuO Fil
CuALOy, ZEW, Meill ke Tt an, =W E 8,
CuAl,O4 4.

2) GIN Zn AR R A I AL R, BEA
Zn NN BIHEIN, B S AR AR S 1 XS vk,
M Zn MNER 0.5wt%I, B R IR R, A
214.97 em’/g; Zn 5% CuO/CuAl,O4 k¥ i 754 4P A AT
DG D3 1) S W A i S B, G EUROGBR R
59, RUDEA T2/ A LR, Fim s
g A BT

3) HIBEERE N 600°C, Zn I A 0.5wt%IH,
FERR D CHEAGIE PR mr, AERLATRBDEN HH 60 min,
0.5 g/L b7 BT B2 R 25 mg/L 1 AR 1
I L 2R IE H 97%.
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