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Abstract

Copper oxide films with nanoparticles or nanosheets morphologies were prepared on the surface
of brass substrates through anodic oxidation of the brass at 10 mA-cm-2in 1.0 - 10.0 mol-L-1 NaOH
solutions, at 55°C, then heated at 150°C in air. The structures and morphologies of the oxide films
were analysed with XRD, SEM and Raman spectroscopy. The photocurrents of the films were
tested in 0.1 mol-L-1 Na;SO4 solution under a visible light and zero bias. Results show that nano-
sheet CuO/Cu;0 composite films can be obtained by anodic oxidation of the brass in 3.0 - 5.0
mol-L-1 NaOH solutions, and the films generate the photocurrents of 1.9 and 1.4 pA-cm~?, respec-
tively, at zero bias.
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1. 5]

B B E A ) B SR A T A (Cu,0) FI AR AL B (CuO), B H A p AL 34k, AR5 98 B Eq 70 AN 1.9~2.2 eV
1.2 eV [1]-[4], sefeWfion] ok, HA R AR METE (L] [41-[7]. 2 H A 2 AamasRBaity
PGB R 2 —.

F 2 WA A 4, TR R R AR BB AL S Ik [8] . TE AN [R) 14 P AR TV VA HP F A 272 B
W SE A AT 3 AT DATE R T R T4 B AS [7] 1 S8 [9]-[14] . Morales [11]55 N AT 54 A S 4 200 7E B R
E-PRERZZ MR 0.5 mol-L ™t Skl + TERTNAR £k 2 b i b BE AR AL B S B e A W I ROBIAGZ , BT R
FE i . Biton [12]45 FIE ML iAW T T BARAE SR B KOH ¥R P BRI, R BHTERAR FL AL
(—350 mV vs. SHE) N ¥4 1 32 By Cu,0, TER = HLAL(—150 mV vs. SHE) FIIJE B Cu,O/Cu(OH), 2
45Ky, Maryam [14]25 H4R3E T 78 0.01~0.2 mol-L ™" NaOH i, #H125d 6~24 V HIHALBHREAL)S
P ARRIR B . R AN PEAR AT 8], T DU BIGOR RRCK RSBk FRk. 246, Ry N
T AT T AR TR 1A 2R T SRS o E: DA (AT 7 2 5 4 w7 3 0 B R S0 A P 1 A s 2 AR 7 5 o2
JiiH, HMARA G TERE AT SIRIE . N T R R R AORME G AL DT I R, A SCE I AE NaOH
VR R LR P AR SR, E SRR R A AT, AT T AR G e R S A5 L VERE, RIS T
NaOH ¥ & 25 25 1455 T4 Vo IS PH B AL IR T 30 S5 M ROl LA 2% P BE R 52 T

2. LI
2.1 BifEFEEAENEENHE

PATHES ) H70 354 (a- 3541, Cu:Zn 70:30) BHML, 44T F(99.99%) MBI, K H — B bl Ak 22 0t 5 4 i3k
TR AL . SRR T BT B . MRS VE. QB AIZEW/KIS Ve S, 7 55°C 9 1~10 mol-L
NaOH FELfFEW 1, 10 mA-cm ™ [ B AR FLI 35 FEE A Ak 300 s [ 5 5 BH W8 F) T R EL AN ) 25 2 591 4 4:1 F11 2.0 em.
Z PR G BB A Ak, CEEEVE R BN D I, fEEAAA T, BL5Comint FHEE 150°C,
TR 2 h, BERAHEZR. 2565 T R il 7).
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2.2. BERMHEMFIRRAE

K H A 22 Phillips 2 7] ¥ PW3040/60 %4 X 5 26 fi7 5 (XRD) 7 M #ER ¥ 45 7 o @i H AR Hitachi 23w 1)
S4800 HU 44 HL T W AR (SEM) A AT IR T 3 . FH 9 [E Renishaw RW1000 4 & i g2 o fr 8ol ik
AU FE S HEAT i SO EARIN, BOR KA 514.5 nm. FIAURGR B B EALIE MR ERE S, EHAR
T2 F ¥ JEM.2100F BUE 5 HL1 Bt AT TEM RALE.

2.3. EHYERRAYS LR M REMIR

KPR R, DB R B0 A TAE A, B2 e TR 2 cm?, Pt A Xt Bidl, HifE
74 0.1 mol-L ™" Na,SO,. JIEA Xe AT (A 41 ELAF R A BR A 7)) 08 F 28 Ak - 38 A ZIB380 JE %
ANy o TEZ R R IR S G R~ TR (G~ ih 28 BiTAT 1) s Ak 220 rRLAG 22 IR 72 CHIB60C H
T2 T AR, EidkAT.

3. BREIHR
3.1. NaOH JREX IR, ST

P 1 s R [E] NaOH 375 T il 46 (R 2R T 1) SEM G o ] ILLE A 151 £ BH B S84 B 70 R I ] 4% 12F
N, £E 1.0 mol-L ™! NaOH i 13 31 (1 AL I N B4k i itk (14] 1(a)). NaOH ¥ % 4 3.0~5.0 mol-L™
i 45 240K R (1] L) RTAL 1(c)), T 205 e gk, i AN . NaOH i i 4k 47+ 7 %5 8.0~10.0 mol-L ™,
B R AR RS AN — 2 TR BURL, (H57E 1.0 mol-L™" NaOH ¥R 15 BIFE AR EL,  B0RLR T 58 0
A5

P 2 BT AN IR NaOH 3 2 R il 2% (AR fh 1) XRD B3 o BT A (R S R B 20 R 42.324°.49.274°
72.243° 11 87.452° 1Y 5%, J7 01l %6f BT BRI Y a- B HAH (111) (200) (220)F1(311) il [ HI AT 5T I (JCPDS
NO.50-1333). ZPHMEMNG, WL 7 — L3 ATaf e, IXEORTIRIEARSS, IR b1 A2 B A A IR
W, BRI LLE P HAE 1.0~5.0 mol-L ™" NaOH 53 i B AR S84k 5 IR & (7 2(a)~(c)), 1E 32.563°.
35.604°, 38.712°11 67.985° 4k ¥l CuO(110). (200). (111)F1(113) 5 I (AT 5% (JCPDS NO. 80-1268), 7
29.521°. 36.507°F1 61.908° Bl Cu,0(110). (111)F1(220) & M FfT $11%(JCPDS NO. 74-1230). ififE 8
10 mol-L ™" NaOH V& T BH MR AL ke i, 32.563°. 35.604°. 38.712°F1 67.985° FIRT ST I FE A 2%, 29.521°
A 61.908° FATHT I B WG 9%, FF HAE 84.337° BT BT Cu,O(321) i I AT HS U (14 2(d) ¥ 2(e)). W
W, 4 S22 E AR, 7E 1.0~5.0 mol-L ™ NaOH VAW P FH AR EA L RE 22 T S8 A0 o T 77 A
Cu,0 Ml CuO. Tfi7E 8.0~10 mol-L ™" NaOH ¥ FF BHAR EALBIRE i, #1H HA Cu0. 76 XRD i %A
HIL ZnO HIRTETUE, IXNAZAR BT Bt 2 fF T, SR ) Zn A0S RS R T ATV I R IR 2R 5
PRI BOENAE,  EFHEAEAE ZnO.

[l 3 45 T RE S AR TH Raman BIUH 20 Hr4s 5. NaOH & 4 1.0~5.0 mol-L ™ i FH K 484K 1) 2% T e
300, 348. 630 fi1 1133 cm ' 4bHi Bl Raman HUff &, #<J% A 8.0~10.0 mol-L™ i FI4EALIE NI 7E 150, 221,
297. 417. 513. 649 Fl1 789 cm ' 4k Hi ¥ Raman i fHi& . Hamilton [15]28 A J5 47 Raman #f 7T T NaOH
VAW R BH R EA R, K 147, 2200 297. 412, 492, 515, 609. 649. 661 Fi1 786 cm * Abf¥IE ))& T
Cu,0 [ Raman #ihflg, TiF&IA 300, 347 #1635 cm * (i Ny CuO () Raman B4 1& . Hagemann [16]25 A
MHIE T #A5 CuO #E 1100~1200 cm * 2 [A]#£4F Raman U4 . A] #E&17E 1.0~5.0 mol-L ' NaOH ¥ i T 45 3 1)
SRR EEN CuO, {HYE 140 F1 230 cm ™ 550 B on G > &) Cu0 1776, 8.0~10.0 mol-L ™' NaOH ¥ i
BRI AR T £ BN Cu0. FITE RS P B A A8 DI ZnO HIFFAE . 78 1.0~5.0 mol-L ™" NaOH 5 5
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Figure 1. Morphologies of the anodic oxide films on the brass grown in various
NaOH concentration (mol/L, 55°C) :(a) 1.0; (b) 3.0; (c) 5.0; (d) 8.0; (e) 10.0

& 1. AN[E] NaOH ;R T 4R PR & (AR AR E A7 : NaOH SR EE (mol/L, 55°C):
(@) 1.0; (b) 3.0; (c)5.0; (d)8.0; (e) 10.0
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Figure 2. XRD pattern of the anodic oxide films on the brass grown in various
NaOH concentration(mol/L, 55°C): (a) 1.0 (x5); (b) 3.0 (x5); (c) 5.0 (x5); (d) 8.0;
(e) 10.0

[ 2. N[ NaOH RE T &EIRE LAY XRD EiZ: NaOH JREE(moliL,
55°C): () 1.0; (b)3.0; (c)5.0; (d)8.0; (e)10.0
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Figure 3. Raman spectra of the anodic oxide films on the brass grown in various
NaOH concentration (mol/L, 55°C): (a) 1.0 (x5); (b) 3.0 (x5); (c) 5.0 (x5); (d) 8.0;
(e) 10.0

3. & NaOH RE FNEFPARELIZAT Raman BSTEE: NaOH iKE
(mol/L, 55°C): (a) 1.0 (x5); (b) 3.0 (x5); (c)5.0 (x5); (d)8.0; (e) 10.0

AL TR H BB () Cu,0 Raman Eiiti, 5 XRD 201 &om B AEAE Cu0 4 AN e 4 — 5L,
AR A N R B Cu,0 NJEJZ 1T CuO 7E3R J2 KIXUZ £5 19 UL K F 1] Raman 43 T A 1 B2 L
XRD A K[12].

254 SEM. XRD Ml Raman B4 8, wILAE R, EH BB K EAHRIRN, BE3E NaOH #KEEM
1.0 mol-L ™" #4in ) 10 mol-L™, S 42 1fi A SPGB S0 AN 4L 8T R A B SR (28 Ak . 72 NaOH 3% 3.0 Al
5.0 mol-L~ i, S LI 48K R Cu,0/CU0 45K, TEM ik — bR, 4k F EAF(EIR 2 L HE
RARIGRAE o X LEGORAEA NI PR 4). La [17]5AERRIE I B B AL SR B T4 R 87
7F 20°CFfJ 1.0 mol-L™" NaOH %53+, BF B S 4015 137 25 [100] & P S B i 4 K B R4 7 4 Cu(OH), 9K R,
MRS T 50°CHY, Cu(OH), L2 Ji 2 &AL S B0 i K AR K Folk CuO. 75 35 4 BH AT 48
R P BRI 9K B R AT R 2R A0l (HVRAR R B LEE K B AR S A S L e, I8 Ttk —
B2V

3.2. BRI

fE8 0.1 mol-L ™" Na,SO, i FLfAR, FHPT AR ZR, 7E MR IERE L B IR 1 RE A e etk . <]
5(a)#&7E 3.0 mol-L ™" NaOH ¥ 1 BH A S A 15 20 (R 5 78 T L RSN 7 26 0 o FRLIAT A L B 2 o A P vy
DES], EFMEIRABEE, BB ANOEET, RI5RHRRIE, B HI~2 pA-om™ BB IR
PG IR T IO B2 p AL SR A SUBUARFAE[18] . IR AT i B AR FL R SZ BV 2k
M T E . BTA 4 B G 15 30 BRI 6 s ATy . BRATEUC G e T i
FHAR IR 6 H IR Z A B XA, DL 2 VO R IR R 45 S -P 3B R i SR R o AL S M RE 148
Fr. FERLEE A 10 mAcm 2, LK) )9 300's, HUMRIGE N 55°C, 1Bk A 150°C 2 h I
PR, ANTF] NaOH & F5 Hh i) 2% PR it PR ' FRLUI 28 5 L 25 7E 1] 5(b)

ME 5(b)FATLAE H, 7E 1.0~10.0 mol-L ™ (S FE Py, Bfi% NaOH ¥ B 1 ' i i 2 B A8 2 3 K s
Yo/ o 7E NaOH % 2 3.0~5.0 mol- L Hif 75 21 ff) JF A S0 T B 2 75 i K 1 ' L IE T 380 6 FRL I 25 T2 43 oA 1.9
1.4 pA-cm®). 454 SEM. XRD Hil Raman K434 5t Al &17E 3.0~5.0 mol-L ™ NaOH ¥ il 75 (B
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Figure 4. TEM image of nanoplate oxide obtained from 3.0

mol-L ™ NaOH
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Figure 5. (a) The photocurrent-t plot of the oxide film obtained from 3.0 mol/L NaOH at zero bias poten-
tial in 0.1 mol/L Na,SO, electrolyte under visible light; (b) the photocurrents of the oxide films obtained
from various concentration NaOH solution

5. (a) 3.0 mol-L ™! NaOH ;&i& PSR M RETIRE THR WL ER - BHEfhsk; (b) LR
ZEERERE AT RR S NaOH iR ET (s

SR ELAT A K KIS Cu,0/Cu0 &AM . IXEEg A F 70 RE 5 F T HEAT i 2 FLG Mg, {5 3 2 T
PR, AT ARSI AR B T S v b R S e L . T ELAAOR T AR b P R A R
T BRI T B R, B TOREBOR T 24 L. R 2 LG8 TOL T 3N AL R
Kb, FFREECTEILN SRS, AR TR E O . BRI TSR R A2 PR
BRI LR L 22 B, AT B PN RGBT 3 . Cu,0/CUO FRIAR L AT R A TR R T S -
Wu [19]2558 5 PVA [ BE FA T35 161 % Y Cu,0/CuO g Kbk, 75 1) 5% FII#4 Cu,0/Cu0 K He
SRR FL R0 6 pA-em 2. ASCHTAS Cu,0/CUO 44K F BE it (1 96 FAL 2 5 L Cu,0/Cu0 4K HE %,
ABASC IRl S PR B AT o S IR R AL P AR SR B, T 2B A S 4 2 T 1) 45t i Fh A 2 B 5
5 R K 25 A S

4. g5ig

1) RAUE AR AT, (5 M R P 10 mA-om ™, 1ED 300's, MBI
55'C {4 fF ¥, & 1.0~10.0 mol-L™ i i Py MU BB LIN 1) NaOH ¥, B T 6 th IS 7
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