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Abstract Cu-Co composite oxides with different Cu/Co

atomic ratios were prepared by the calcination of the pre-

cursors synthesized via a co-precipitation method. The

samples were characterized by XRD, SEM and TEM,

respectively. The XRD analysis revealed that only spinel

structure of Cu-Co composite oxide was confirmed with

lower Cu/Co ratio (\1:2). The sizes and morphologies of

samples are controlled significantly by the Cu/Co atomic

ratios. The electrocatalytic activity for p-nitrophenol

reduction in a basic solution with the samples decorated on

glassy carbon (GC) electrodes was tested by cyclic

voltammetry (CV). The results showed that the sample

with Cu/Co ratio of 2:8 exhibited the highest catalytic

activity for p-nitrophenol reduction. The photocatalytic

performances of the samples for the degradation of methyl

orange under irradiation of visible light were investigated.

The samples with Cu/Co ratios from 5:5 to 10:0 all showed

better photocatalytic activities for methyl orange degrada-

tion, but the sample with Cu/Co ratio of 9:1 exhibited much

higher catalytic activity. The catalyst with Cu/Co ratio of

9:1 also exhibited excellent repeatability for the catalytic

degradation of methyl orange.

1 Introduction

Copper and cobalt oxides, which both are important

p-type semiconductor, have been investigated extensively

recently. CuO, with a narrow band gap (1.21 eV) [1], has

interesting photovoltaic, electrochemical, and catalytic

properties [2–4], and is widely used as catalysts, gas sen-

sors, varistors, magnetic storage media, solar cells, and

cathode materials [5–8]. Co3O4, with direct optical band

gaps at 1.48 and 2.19 eV [9], has a stable normal spinel

structure of AB2O4 type, where Co2? ions occupy the

tetrahedral 8a sites and Co3? occupy the octahedral 16d

sites [10]. Co3O4 has been investigated extensively as

promising materials in gas-sensing and solar energy

absorption and as an effective catalyst in environmental

purification and chemical engineering [11, 12]. In addition,

Co3O4 has been widely studied for its application as lith-

ium–ion battery electrodes, catalysts, ceramic pigments,

field-emission materials and magnetic material [13–18].

Cu-M (transition metals) composite oxides have been

studied extensively as catalysts for CO oxidation, such as

CuO-CeO2 [19, 20], CuO-Co3O4 [21], and CuO-TiO2 [22].

Besides serving as the catalyst for CO oxidation, Cu-Co

composite oxides have been investigated as anode for

lithium–ion batteries [23, 24]. In addition, CuO and Co3O4

nanoparticles were used as photocatalysts for chemical

pollutants degradation [4, 25]. Up to now, scarce reports

have involved in the electro- and photo-catalytic perfor-

mances of Cu-Co composite oxides. In this work, we have

synthesized Cu-Co composite oxides with Cu/Co atomic

ratios ranging from 0:10 to 10:0 via an easily controlled

and inexpensive method. The electrocatalytic activities of

the samples with Cu/Co ratios from 0:10 to 3:7 decorated

on a glassy carbon (GC) electrode was tested, and its

electrocatalytic activity for p-nitrophenol reduction was
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much better than that of bare GC electrode in a basic

solution. The photocatalytic properties for the degradation

of methyl orange with the assist of H2O2 under visible light

using the samples with Cu/Co ratios from 5:5 to 10:0 were

investigated, and the results indicated that the as-prepared

samples exhibited excellent photocatalytic activity for

methyl orange degradation.

2 Experimental details

2.1 Preparation of CuO/Co3O4

The precursors of CuO/Co3O4 composite oxide nanoparti-

cles with different Cu/Co atomic ratios were prepared via a

co-precipitation method. Typically, 10 mmol of mixture

composed of CoC12�6H2O and CuSO4�5H2O with Cu/Co

atomic ratios ranging from 0:10 to 10:0 was dissolved in

40 mL distilled water in a beaker, then 40 mL of solution

containing 15 mmol NH4HCO3 and 20 mmol (CH2)6N4

acted as precipitation reagent was added by dropwise under

vigorous stirring. After addition of the solution, the beaker

was stood for 6 h, finally was placed in 80 �C water bath

for 6 h. The precipitation was filtered off and washed

several times first with distilled water then with absolute

ethanol. The as-prepared precipitation was dried at 105 �C

for 6 h in an oven. The Cu-Co composite oxide samples

were obtained by the calcination of the dried precursor in

air at 400 �C for 3 h according to the TG analysis of the

precursor. .

2.2 Sample characterization

Morphologies of the precursors were observed with scan-

ning electron microscopy (SEM, KYKY- EM 3200). Phase

identification was carried out by X-ray diffraction on a

Philips X’Pert SUPER powder X-ray diffraction with Cu

Ka radiation (k = 1.5418 Å). The transmission electron

microscopy (TEM) images were taken on Hitachi model

H-800 transmission electron microscope with tungsten fil-

ament using an acceleration voltage of 200 kV. N2

adsorption of the as-prepared samples was determined by

BET measurements using a NOVA-1000e surface ana-

lyzer, and the surface area of Co3O4, CuO and CuO/Co3O4

samples are presented in Table 1.

2.3 Electrochemical property measurement

The electrochemical property measurements of the CuO-

Co3O4/GCEs were carried out on LK 98 microcomputer-

based electrochemical system. (Tianjin Lanlike Chemical

and Electron High Technology Co, Ltd., Tianjin in China).

A three-electrode single compartment cell was used for

cyclic voltammetry. A glassy carbon (GC) electrode

(3.7 mm diameter) was used as working electrode and a

platinum plate used as counter electrode and a Ag/AgC1

electrode used as reference electrode. Prior to each mea-

surement, the GC electrode surface was carefully polished

on an abrasive paper first, then further polished with 0.3

and 0.05 lm a-Al2O3 (Buehler) paste in turn, finally rinsed

thoroughly with 1:1 (v:v) HNO3 aqueous solution, acetone

and doubly distilled water and dried in the air. A total of

20 mg of CuO/Co3O4 sample was dispersed in 4 mL

doubly distilled water under an ultrasonic treatment to

obtain a black suspension solution. Of the solution, 50 lL

was taken out and trickled on the carbon surface of the GC

electrode. After being dried in the air, the modified GC

electrode was prepared and used directly for electrochem-

ical measurements.

2.4 Photocatalytic properties of CuO/Co3O4

The photocatalytic degradation experiments for methyl

orange were carried out in a self-prepared reactor. In a

typical degradation procedure, a certain weight amount of

CuO/Co3O4 catalyst was dispersed in a 250 mL beaker

containing 200 mL of wastewater (initial methyl orange

concentration was fixed at 20 mg L-1) under ultrasonic

treatment for 30 min by keeping from irradiation of light.

Before the solution was irradiated by a 200 W incandes-

cent lamp, the vertical distance between the level of the

solution and the horizontal plane of the lamp was fixed at

10 cm. As soon as irradiation began, 0.5 mL of oxydol

solution (30%, m/v) was added to the beaker, and the

wastewater was stirred vigorously. At an interval of

20 min, 3 mL of sample was taken out from the reactor and

centrifuged for analytical determination. The absorbance of

the sample was determined on a UV–Vis absorption pho-

tometer (T6, Puxitongyong analytic apparatus Ltd. Inc.,

Beijing, China) worked at 464 nm wavelength. The resid-

ual concentration of methyl orange in the wastewater was

Table 1 BET surface areas of as-prepared samples

Material (Cu/Co molar ratio) BET surface

area (m2/g)

Co3O4 (0:10) 32

CuO/Co3O4 (1:9) 41

CuO/Co3O4 (2:8) 53

CuO/Co3O4 (3:7) 59

CuO/Co3O4 (5:5) 53

CuO/Co3O4 (6:4) 52

CuO/Co3O4 (8:2) 57

CuO/Co3O4 (9:1) 82

CuO (10:0) 87
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obtained according to a working curve. When the degra-

dation reaction was finished, the beaker was placed in a

magnetic field, and the catalyst was recovered for reusing.

The degradation rate of methyl orange (g) was calculated

as the equation:

g ¼ C0 � Ct

C0

� 100

where C0 is the initial concentration of methyl orange;

Ct concentration of methyl orangeat any time ‘t’.

3 Results and discussions

3.1 SEM images of precursors

Morphology of the precursors with Cu/Co atomic ratios of

1:9, 5:5 and 9:1, respectively was revealed by SEM as

shown in Fig. 1. The precursors shown in Fig. 1a, b were

amorphous particles and of sizes of approximate several

hundreds nm. The mean sizes of the particles in Fig. 1a are

larger than that of the ones in Fig. 1b. The precursor

exhibited in Fig. 1c was sheet-like shape, and was piled up

by a great deal of irregular little sheets with various sizes.

Manifestly, the precursor with different Cu/Co ratios

exhibited different morphology. The SEM images of the

precursors suggested that the morphology of the resultant

sample obtained by the calcination of the corresponding

precursor could be nanoparticles at low Cu/Co ratios but

nanosheets at higher Cu/Co ones.

3.2 TG-DTA analysis

Figure 2 shows the TA-DTA curves of the precursor of

CuO/Co3O4 samples with Cu/Co ratio of 5:5. Two broad

endothermic peaks at 190–297 and 297–370 �C, accom-

panied with two obvious weight losses, are observed

clearly. The reduction of the sample’s weight in the

intervals of 190–297 �C and 297–370 �C are indicative of

isolation of oxygen to obtain Co3O4 and CuO, respectively

[26]. The weight of the sample is constant in the range

370–800 �C which indicates that no obvious amounts of

any other volatile impurities are present. To obtain the

CuO/Co3O4 samples, the corresponding precursors were

calcined at 400 �C for 3 h.

3.3 XRD patterns of samples

Figure 3 displays the XRD pattern of the CuO/Co3O4

composite oxides with different Cu/Co ratios along with

Co3O4. All the diffraction peaks of Co3O4 can be ascribed

to the cubic spinel structure of Co3O4. For the sample with

Cu/Co ratio of 2:8, the strong diffraction peaks ascribed to

the spinel phase of Co3O4 could be observed distinctly, and

nearly no diffraction peaks ascribed to monoclinlic tenorite

structure of CuO phase could be observed. The diffraction

peaks with broader width indicates the crystallite sizes of

CuO/Co3O4 composite oxides become smaller. By further

increasing Cu/Co ratio to 5:5, the diffraction peaks attrib-

uted to Co3O4 and CuO were both detected. As Cu/Co ratio

increased to 8:2, only monoclinlic tenorite structure of CuO

phase could be observed. Figure 4 shows the XRD pattern

of the CuO sample with monoclinlic tenorite structure.

Fig. 1 SEM images of the

precursors of the samples with

Cu/Co ratio of a 1:9, b 5:5 and

c 9:1

Fig. 2 TGA-DTA curves of the precursors of CuO/Co3O4 sample

with Cu/Co atomic molar ratio of 5:5
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Thus, CuO/Co3O4 samples can be obtained by the calci-

nation of the precursors at no less than 400 �C for 3 h in

air.

As mentioned in introduction, tricobalt tetraoxide

(Co3O4) is described by a formula unit AB2O4 (A ? Co2?,

B ? Co3?) and exhibits a normal spinel crystal structure

with occupation of tetrahedral A sites by Co2? and octahe-

dral B sites by Co3? in cubic closely-packed structure of

O2-, where the ratio of Co3?/Co2? is 2:1. As Cu2? possesses

the ionic charge and similar ionic diameter (DCu2?=73 pm)

to Co2? (DCo2?=74.5 pm), it is reasonable to speculate that

Cu2? could replace Co2? entering the cubic structure of

Co3O4, and a composite spinel structure of CuxCo3-xO4

could be formed. If Co2? in Co3O4 was replaced totally by

Cu2?, the maximum number of Cu2? accommodated by

CuxCo3-xO4 with spinel structure was at Cu/Co ratio of 1:2

[21]. According to XRD pattern of CuO/Co3O4 composite

oxide with Cu/Co ratio of 2:8, nearly no diffraction peaks of

CuO could be observed, which revealed that CuxCo3-xO4

with spinel structure was possible formed in the sample.

3.4 TEM images of samples

Morphology of the CuO/Co3O4 samples with different Cu/

Co atomic ratios was demonstrated by TEM shown in Fig. 5.

For Co3O4 (Fig. 5a), the product was nanoparticles with

mean size of approximate 25 nm. By increasing Cu/Co ratio

to 2:8, the CuO/Co3O4 sample was still nano-sized particles

but with smaller size (mean size was approximate 15 nm)

(Fig. 5b), which was in good agreement with the XRD anal-

ysis of CuO/Co3O4 samples. With further increase of the Cu/

Co ratio to 5:5 and 6:4, the size of CuO/Co3O4 nanoparticle

further decreased and only was about 10 nm, and obvious

aggregation of particles were observed (Fig. 5c and d).

When the Cu/Co ratio increased to 7:3, the size of the sample

increased and a few sheet-like products, which could be piled

up by smaller sized CuO/Co3O4 nanoparticle, was observed

(Fig. 5e). Further increasing Cu/Co ratio to 9:1 and 10:0, the

resultant samples with sheet-like shape were obtained

(Fig. 5f and g). One can find out that the samples have

numerous micropores, which is favorable for enhancing the

specific surface areas. Based on TEM images in Fig. 5, with a

lower Cu/Co ratio, the CuO/Co3O4 sample was in good

dispersion, and with a higher Cu/Co ratio, CuO/Co3O4

nanoparticles was inclined to aggregate until form

nanosheets.

3.5 Electrocatalytic performances of samples

Cyclic voltammogrames of bare GC electrode and GC

electrode modified with different CuO, Co3O4 and CuO/

Co3O4 samples with different Cu/Co ratios in presence of

p-nitrophenol in a basic solution are shown in Fig. 6. When

a bare GC electrode was used, the electrocatalytic activity

for p-nitrophenol reduction was low, only with a cur-

rent peak value of 40.07 lA at a potential of -1.044 V,

as curve (1) in Fig. 6. Thus the bare GC electrode dem-

onstrated poor electocatalytic activity for the p-nitrophenol

reduction in base solution. When the GC electrode modi-

fied with Co3O4 was used, the reduction reaction could be

carried out at a potential of -1.020 V with a larger current

peak value of 115.57 lA, no oxidation peak could be

observed, as curve (2) in Fig. 6. When the GC electrode

modified with CuO/Co3O4 samples with Cu/Co ratios of

1:9, 2:8 and 3:7, respectively were used, correspondingly

two, three and two reduction peaks in curve (3), (4) and (5),

respectively were observed, but each oxidation peak in

curve (3), (4) and (5) was detected as shown in Fig. 6.

The peak potential value vs. peak current value was

Fig. 3 X-ray diffraction patterns of samples, a Co3O4, b–d CuO/

Co3O4 with Cu/Co ratio of 2:8, 5:6 and 8:2, respectively

Fig. 4 X-ray diffraction pattern of CuO
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-1.020 V * 163.48 and -1.106 V * 242.29 lA, respec-

tively in curve (3), -0.748 V * 144.99, -1.029 V *
314.06 and -1.108 V * 435.91 lA, respectively in curve

(4), as well as -0.982 V * 195.06 and -1.068 V *
250.55 lA in curve (5). Compared GC electrode, the

electocatalytic activities for p-nitrophenol reduction with

GC electrode modified with CuO/Co3O4 samples with Cu/

Co ratios of 0:10, 1:9, 2:8 and 3:7, respectively were

excellent. It is detected clearly that p-nitrophenol nearly

could not been reduced at low potential (lower than

-0.75 V) with GC electrode modified with CuO/Co3O4

samples with Cu/Co ratios of 0:10, 1:9 and 3:7, respec-

tively, but reduction reaction could be performed on the

GC electrode decorated with CuO/Co3O4 sample with Cu/

Co ratios of 2:8 at low potentials (lower than -0.75 V),

e.g. the electrocatalytic reduction for p-nitrophenol could

be performed efficiently even at a lower potential of

-0.748 V with a larger peak current of 144.99 lA using

the GC electrode modified with the catalyst, and the peak

current value was approximate 3.6 times bigger than that

with bare GC electrode in a basic solution, and the peak

potential value had decreased of 0.296 V. If electrocata-

lytic reduction of p-nitrophenol was carried out at a

potential of -1.044 V, the current value with GC electrode

modified with CuO/Co3O4 samples with Cu/Co ratios of

0:10, 1:9, 2:8 and 3:7, respectively was 2.8, 4.1, 7.9 and 5.5

times bigger than that with the bare GC electrode in basic

solution. The GC electrode modified with CuO/Co3O4

samples with Cu/Co ratios of 5:5, 7:3, 9:1 and 10:0 were

also used to investigate the electrocatalytic activities for

p-nitrophenol reduction in a basic solution, the experiments

revealed that the stability of the modified electrodes

Fig. 5 TEM images of a Co3O4, b–f CuO/Co3O4 sample with Cu/Co ratio of 2:8, 5:5, 6:4, 7:3 and 9:1, respectively, g CuO

1266 J Mater Sci: Mater Electron (2010) 21:1262–1269

123



decreased dramatically with increasing Cu/Co ratio in

CuO/Co3O4 samples. In addition, the GC electrode deco-

rated with CuO sample was used to investigate the elect-

ocatalytic property for p-nitrophenol reduction (as curve

(6) in Fig. 6). Two reduction peak potentials, locating at

-0.718 and -0.966 V with corresponding peak current

values 87.05 and 246.53 lA, respectively, are observed. It

was found in the experiments that the stability of the GC

electrode modified with CuO sample was poor despite of

its excellent apparent electrocatalytic activity. Thus the

CuO/Co3O4 sample with Cu/Co ratio of 2:8 exhibits more

excellent catalytic activity for p-nitrophenol reduction than

that with the other samples.

Generally, catalyst with large specific surface area

shows high electrocatalytic activity [27]. Based on

Table 1, the special surface area of Co3O4 is 32 g/m2,

which is lower than the ones of CuO/Co3O4 samples with

Cu/Co ratios of 1:9, 2:8, 3:7 and pure CuO (corresponding

special surface area: 41, 53, 59 and 87 g/m2, respectively),

so the catalytic activity of Co3O4 is lowest in the five

samples. Obviously, the special surface area is only the

one of factors playing important roles on p-nitrophenol

reduction. The CuO/Co3O4 with Cu/Co ratios of 2:8 and

3:7 almost possess the same special surface area, further-

more, CuO sample has the largest one, but the CuO/Co3O4

with Cu/Co ratio of 2:8 exhibits the most excellent elec-

trocatalytic activity for p-nitrophenol reduction. As for the

composite binary metal oxides, Cu(II) and Co(III) or

Co(II) might have synergic electrocatalysis for p-nitro-

phenol reduction, which is needed to investigated in the

next work.

3.6 Photocatalytic performances of samples

In this work, the resultant Co3O4 and CuO/Co3O4 samples

were used as photocatalysts in the degradation for methyl

orange under irradiation of incandescent lamp. The effect

of irradiation time on the degradation rate of methyl

orange using CuO/Co3O4 catalysts with different Cu/Co

ratios are shown in Fig. 7. One can observe that degrada-

tion rate of methyl orange increased with increasing irra-

diation time with each catalyst. It is evident from Fig. 7

that the catalytic activity of composite oxides increased

with increasing Cu/Co ratio in CuO/Co3O4 samples. As the

irradiation time lasted for 60 min, the degradation rate of

methyl orange was 16.8, 35.4, 40.9, 54.1, 80.5, 91.3 and

87.9% when Co3O4, CuO/Co3O4 samples with Cu/Co

ratios of 5:5, 6:4, 7:3, 8:2, 9:1 and pure CuO product were

used, respectively. It also can be seen from Fig. 7 that if

the methyl orange solution was irradiated for a long

enough time, e.g. for 120 min, the degradation rate of

methyl orange all exceeded 93% using the samples except

for Co3O4 as catalysts. Of the samples, the composite

oxides with Cu/Co ratio of 9:1 and pure CuO showed more

excellent catalytic activity for the degradation of methyl

orange, 97.6 and 96.4% methyl orange respectively could

be degraded when the degradation reaction was lasted only

for 80 min. According to the TEM images shown in

Fig. 4f and g, the two samples were composed of nano-

sheets with numerous micropores and possessed larger

specific surface areas (82 and 87 g/m2, respectively, from

Table 1), which indicated the samples had higher catalytic

activity.

Fig. 6 Cyclic voltammorgrams of bare GC electrode (1), GC electrode

modified with Co3O4 (2), GC electrode modified with CuO/Co3O4

samples with Cu/Co ratios of 1:9 (3), 2:8 (4), 3:7 (5) and CuO

(6) respectively, in 1.0 mol L-1 sodium hydroxide ?1.0 mol L-1

p-nitrophenol (scan velocity 0.02 V.s-1)

Fig. 7 Effect of irradiation on the degradation of methyl orange

using CuO/Co3O4 catalysts with different Cu/Co ratios
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The CuO/Co3O4 samples with Cu/Co ratios of 0:10, 1:9,

2:8, 3:7 and 4:6 as catalyst were used in the degradation of

methyl orange. The experiments revealed that the degra-

dation rate of methyl orange was low even the irradiation

time lasted for 120 min, indicating the samples could not

utilized visible light efficiently and showed poorer catalytic

activity for the degradation of methyl orange. Thus, we

speculated that it was favorable to degrade methyl orange

with the CuO/Co3O4 sample with a higher Cu/Co ratio.

As p-type semiconductors, CuO and Co3O4 have different

band gaps, CuO with 1.21 eV but Co3O4 with 2.19 eV,

which indicates that CuO utilizes visible light more effi-

ciently than Co3O4 which leads to different photocatalytic

activity under irradiation of visible light.

The above experiments suggested that the CuO/Co3O4

product with Cu/Co ratio of 9:1 exhibited most excellent

photocatalytic activity than the other as-obtained samples

for methyl orange degradation. Table 2 displays the effect

of catalyst concentration on the degradation of methyl

orange using the catalyst with Cu/Co ratio of 9:1 when the

irradiation time was controlled for 80 min. With decrease

of the catalyst concentration from 0.5 to 0.1 g L-1, the

degradation rate of methyl orange almost kept constant,

and it only decreased 0.9% (from 98.7 to 97.8%). Further

decreasing the catalyst concentration to 0.05 g L-1, the

degradation rate of methyl orange only decreased a little

(from 97.8 to 92.8%), indicating that a lower concentration

of the catalyst with Cu/Co ratio of 9:1 still showed higher

catalytic activity.

To investigate the mechanism of photocatalytic degra-

dation of methyl orange, no H2O2 was added to the reaction

system in the controlled experiments. The results are

shown in Table 3. As can be seen from Table 3, when

methyl orange solution was irradiated for 20 min, the

degradation rate of methyl orange was only 9.1%, further

prolonging the irradiation time to 120 min, the degradation

rate of methyl orange almost kept constant (varying from

9.1 to 10.1%). As the comparison experiments, the methyl

orange solution was irradiated by an incandescent lamp

with addition of H2O2 but without addition of any catalyst.

The results are shown in Table 4. Without addition of the

catalyst, the degradation rate of methyl orange was very

low, and it was only 6.3% even the irradiation time was

120 min. Based on the Tables 2, 3, and 4, we could

speculated that the important degradation processes for

methyl orange were involved in the following:

SC semiconductor catalystð Þ + hm! SCðhþmb; e
�
cbÞ

! recombination ð1Þ

2H2O2þhþmb ! HOþH2OþHþ ð2Þ
HO + HO! H2O + 1/2 O2

HO + H! H2O recombinationð Þ ð3Þ

Hþ + e�cb ! H

H + H! H2:

Degradation of methyl orange by HO• radical

HO + methyl orange! CO2þH2O: ð4Þ

Under irradiation of visible light, water is difficult to

split by the visible light with lower energy and almost no

HO• radical can be obtained even at the catalysis of

semiconductor. So the degradation rate of methyl orange is

very low (less than 11%) under the irradiation of visible

light for 120 min. With addition of the catalyst, a great deal

of HO•radicals can be produced by the decomposition of

H2O2 under irradiation of visible light, leading to

significant degradation of methyl orange.

Although the above experiments indicated that the

CuO/Co3O4 sample with Cu/Co ratio of 9:1 had shown

higher photocatalytic activity in the degradation for

methyl orange, it was not confirmed if it could be reused

for many times. The Table 5 shows the repeatability of

CuO/Co3O4 catalyst with Cu/Co ratio of 9:1. Each

degradation reaction was carried out for 80 min. After

being used for eight times, the catalyst still exhibited high

catalytic activity, furthermore the degradation rate of

methyl orange almost kept unchangeable in each

experiment.

Table 2 Effect of catalyst concentration on the degradation rate of

methyl orange

Catalyst concentration (g L-1) 0.05 0.1 0.2 0.3 0.4 0.5

Degradation rate (%) 92.8 97.8 98.2 98.4 98.5 98.7

The catalyst with Cu/Co ratio of 9:1 was used, and irradiation time

was 80 min

Table 3 Effect of irradiation time on the degradation rate of methyl

orange without addition of H2O2

Irradiation time (min) 20 40 60 80 100 120

Degradation rate (%) 9.1 9.9 10.1 10.1 10.1 10.2

Table 4 Effect of irradiation time on the degradation rate of methyl

orange without addition of catalyst

Irradiation time (min) 20 40 60 80 100 120

Degradation rate (%) 3.8 5.9 6.0 6.2 6.3 6.3

Table 5 Repeat ability of the catalyst with Cu/Co ratio of 9:1

Recycle times 1 2 3 4 5 6 7 8

Degradation rate (%) 98.6 98.4 98.5 98.6 98.3 98.3 98.2 97.4
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4 Conclusions

In the work, the as prepared Cu-Co composite oxides with

Cu/Co ratios ranging from 0:10 to 3:7 decorated on GC

electrode showed excellent electrocatalytic activity for the

p-nitrophenol reduction in the basic solution. Of the sam-

ples, the one with Cu/Co ratio of 2:8 exhibited the highest

catalytic activity, for the p-nitrophenol could be reduced

efficiently at a lower potential (decrease of 0.296 V) but

with a 3.6 times bigger current compared with the bare GC

electrode. The samples with Cu/Co ratios from 5:5 to 10:0

demonstrated high photocatalytic activities for methyl

orange degradation under the irradiation of visible light.

When the samples whose concentration was 0.5 g L-1 was

used, the degradation rate of methyl orange all exceeded

93% under the irradiation for 120 min. In comparison, the

sample with Cu/Co ratio of 9:1 exhibited the highest cat-

alytic activity for the degradation of methyl orange, and the

degradation rate could reach 97.6% even by the irradiation

for 80 min, furthermore, when its concentration decreased

from 0.5 to 0.1 g L-1, the degradation rate of methyl

orange almost kept unchanged under the same time of

irradiation. The sample with Cu/Co ratio of 9:1 showed

high repeatability and the degradation rate of methyl

orange was almost invariable after it had been used for 8

times under the other conditions were fixed. The samples

with different Cu/Co ratios have potential applications in

electrocatalysis and photocatalysis.

Open Access This article is distributed under the terms of the

Creative Commons Attribution Noncommercial License which per-

mits any noncommercial use, distribution, and reproduction in any

medium, provided the original author(s) and source are credited.
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