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Abstract 

Bimetallic nanoparticles have been drawn much attention from many researcher due to present 

greater abilities than monometallic nanoparticles. The bimetallic core-shell products of Cu and Co 

have been prepared by aqueous reduction process, which was added copper nitrate into an aqueous 

mixed solution that had been contained sodium citrate, nickel sulfate, and sodium borohydride. 

According to the advantages of this preparation process, not only it was not complicated, fast, and 

performed at room temperature, but also the core and shell type could be formed and desired. If the 

adding time of copper nitrate was changed, we were able to obtain either Cu-Co and/or Co-Cu  

core-shell systems with various in their morphology. Therefore, we studied the bimetallic 

nanoparticles with different adding time of copper nitrate such as 1, 5, and 10 min, respectively. 

While, monometallic Co nanoparticles were prepared with the similar method but no added copper 

nitrate. The bimetallic samples were investigated by X-ray diffraction (XRD), high resolution 

transmission electron microscopy (HR-TEM), and Energy Dispersive X-ray Spectrometer (EDS) 

methods. Besides, the photocatalytic activity under UV light illumination of the bimetallic 

nanoparticles were observed with UV-Vis Spectrometer (UV-Vis). Compared with the monometallic 

nanoparticle, the bimetallic products enhanced the photocatalytic activity. 

 

Keywords: Bimetallic Cu-Co and/or Co-Cu core-shell nanoparticles, Monometallic  
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1 Department of Applied Physics, Faculty of Sciences and Liberal Arts, Rajamangala University of Technology Isan, Nakhon 

 Ratchasima, 30000, Thailand. E-mail: rarm.phin@gmail.com. 
2 Department of Applied Chemistry, Faculty of Sciences and Liberal Arts, Rajamangala University of Technology Isan, 
 Nakhon Ratchasima, 30000, Thailand. 
3 Synchrotron Light Research Institute (Public Organization), Nakhon Ratchasima 30000, Thailand.  
* Corresponding author 

Suranaree J. Sci. Technol. 29(4):030076(1-8) 



 

030076-2               Synthesis, Structural Analysis, and Photocatalytic Activity of Cu-Co and/Or Co-Cu Core-Shell Nanoparticles 

Introduction 

Recently, many researches base on bimetallic 

nanoparticles have been produced and published. 

According to the co-existence and cooperative 

working of two metal components in nanoscale, 

they enhance and improve physical, chemical, 

optical, electrical, magnetically, and catalysis 

properties (Albonetti et al., 2008; Tee et al., 2009; 

Liu et al., 2011; Barakat et al., 2013). Therefore, 

they have been widely utilized in many fields, such 

as catalysis (Huber et al., 2003; Lim et al., 2009; 

Ibrahim et al., 2016), electrochemistry (Murray, 

2008; Bing et al., 2010), magnetism (Sun et al., 

2000; Song et al., 2009), and optics (Fu et al., 2012; 

Yan et al., 2012), respectively. 
One of the most interesting application  

of bimetallic nanoparticles is using as  

a photocatalytic to remove and degrade of organic 

dyes effluents from many industrials, such as paints, 

textiles, printing inks, and papers (Safavi and 

Momeni, 2012; Sinha and Ahmaruzzaman, 2015; 

Hashemizadeh and Biglari, 2018). The eliminating 

of toxic dyes has been related to activate the suitable 

bimetallic nanoparticles in aqueous solution by 

sunlight to achieve high strongly oxidizing agents 

(O2
.- and OH redical), subsequently, degrade and 

remove organic dyes. 

Nanocomposites materials base on either 

copper or cobalt have been derived much attention 

and studied for many years. Since they are not 

expensive, easy available, less toxicity, as well as 

express very interesting abilities in electric and 

catalysts, which have been used in various 

application fields such as catalysts, electrical, and 

sensors (Jeong et al., 2011; Ansari et al., 2017; Ojha 

et al., 2017). In addition, cobalt nanoparticles have 

been used as recording media, magnetic sensors, 

magnetic memories, and magnetic composites due 

to their excellent in magnetic properties (Puntes  

et al., 2001; Lim et al., 2013; Thanha et al., 2015). 

It gets even more interesting that when Cu and Co 

nanoparticles are combined and working together or 

knows as bimetallic products. Since, these 

bimetallic have been expressed higher and superior 

in physical and chemical abilities when compare 

with monometallic Cu or Co and the co-presence of 

monometallic Cu and Co nanoparticles. 

It has been reported that Cu-Co nanoparticles 

presented high catalytic efficiency for producing 

high amount of alcohols from the conversion of 

synthesis gas (Wang et al., 2012; Xiao et al., 2013; 

Liu et al., 2015). In addition, Co-Cu alloy 

nanoparticles embedded in carbon nanofibers 

(CNFs) have been expressed well electrocatalytic 

properties for methanol oxidation, which have  

 

 
application on fuel cell. It also mentions that the 

catalytic ability of bimetallic alloy Co-Cu CNFs 

overcame pure Co and Cu nanoparticles 

incorporated in CNFs (Ghouri et al., 2015).  

The fabricated bimetallic nanomaterials of tricobalt 

tetraoxide (Co3O4) and strontium carbonate (SrCO3) 

on CNFs support, have been observed for capable of 

urea electrooxidation at lower onset potential with 

high-current density (21.33 mA/cm2). These results 

implied to enhance the overall efficiency for 

utilizing in direct urea fuel cells. (Ghouri et al., 

2017) Moreover, the synthesis of Co-Cu alloy, Co, 

and Cu nanoparticles on carbon nanowires (CNWs) 

have been evaluated for both oxygen evolution 

reaction (OER) and hydrogen evolution reaction 

(HER) during electrocatalytic water splitting.  

All the bimetallic CoCu alloy on CNWs was 

founded to improve electrocatalytic activity, which 

was obtained the optimum composition for good 

yields of OER and HER at Co0.95Cu0.05 CNWs  

(Ghouri et al., 2021). 

To derive and achieve the greater and desirer 

physical and chemical abilities of bimetallic 

nanoparticles, their morphology, such as shape and 

size, as well as, metal compositions and how they 

form or agglomerate are very influent parameters 

(Gilroy et al., 2016; Srinoi et al., 2018). Therefore, 

the understanding, control, and improve nanoparticles 

morphology are huge necessary and essential. 

Among of several bimetallic nanoparticles synthesis 

methods, aqueous chemical reduction process has 

been reported to obtain the nanoparticles with 

capable of precisely control of their structure 

(Carroll et al., 2010; Phinjaroenphan et al., 2020). 

Not only that, but it is also not complicated and 

expensive, do not take time, not need of specialized 

instruments, and perform at room temperature and 

atmospheric pressure, which might have potential  

in commercial. 

Although Cu-Co nanocomposite have been 

emerged interesting properties and widely utilizing, 

there is just a few reports on the investigation of 

them. Hence, we presented Cu-Co and/or Co-Cu 

core-shell and Co nanoparticles prepared by 

simultaneous aqueous reduction process under 

ambient conditions. We also introduced a simple 

way to achieve and control desired core and shell 

type as well as their nonstructural information. 

Since the bimetallic nanoparticles were obtained by 

injecting copper nitrate into a mix solution that 

contained sodium citrate, cobalt sulfate, and sodium 

borohydride. The injecting time of copper nitrate 

would be the most effective parameter to control and 

select either Cu-Co or Co-Cu core-shell products at 
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different in average size of core and shell. The effect 

of copper nitrate injecting time on the bimetallic 

nanostructure will also be investigated and 

discussed. Moreover, the photocatalytic activity of 

the prepared bimetallic products in term of an 

organic dye degradation such as methyl orange 

under UV light illumination has been demonstrated 

and compare with the monometallic Co 

nanoparticles. 

Materials and Methods 

Sample Preparation 

All chemical reagents, such as copper (II) 

nitrate trihydrate (Cu(NO3)2 3H2O), trisodium citrate 

dehydrate (Na3C6H5O72 H2 O), cobalt (II) sulfate 

heptahydrate (CoSO47H2O), sodium boro hydride 

(NaBH4), and methyl orange (C14H14N3NaO3S) 

were derived in analytical grade from Sigma 

Aldrich and used without further purification. 

 

Synthis of Co and Cu-Co and/or Co-Cu Core-

shell Nanoparticles 

Monometallic Co nanoparticles could be 

synthesized by mixing 0.46 mM trisodium citrate 

and 4.6 mM nickel sulfate into 100 mL distilled 

water under constant stirring at room temperature. 

During stirring, added 8.8 mM sodium 

borohydride into the previous solution, then  

the color of combined solution was changed from 

clear to a dark gray and black (indicated that Co 

nanoparticles were started to form). The mixture 

solution was stirred for another 10 min to make  

a complete reaction, after that quenched by 

ethanol several times. The precipitation of Co 

nanoparticles could be extracted by using  

a centrifuge and washed with distilled water.  

The particles were dried in a vacuum oven at 

room temperature for 24 h. 

Bimetallic Cu-Co and/or Co-Cu core- shell 

nanoparticles were obtained by using the same 

method as above, however the difference was  

the adding of copper nitrate at various times. In 

this synthesis process, 0.5 M copper nitrate 

solution was prepared as a stock solutions. After 

preparing the aqueous mixture solution that 

contained trisodium citrate, nickel sulfate, 

distilled water, and sodium borohydride,  

the copper nitrate precursor is added into the 

solution for the different time at 1, 5, and 10 min, 

respectively. 
 

Characterization 

The X-ray diffraction (XRD) measurements 

were carried out using a Rigaku D/Max 2,500 X-ray 

diffractometer with CuKα radiation of wavelength 

0.154 nm. The high resolution transmission electron 

microscopy (HRTEM) were measured by a Tecnai 

G2 20 transmission electron microscopy. To obtained 

HRTEM images, all sample solution was dropping 

over the copper grids and let them dried in the 

vacuum chamber at room temperature for 24 h.  

The energy dispersion X-ray spectrometer (EDS) 

that attached with the scanning electron microscopy 

(SEM) was also used to characterize. The SEM 

samples were also prepared by placing dried 

nanoparticles on the carbon tape. 

 

Photocatalytic Activity Evaluation 

The photocatalytic activity of the 

synthesized Cu-Co and/or Co-Cu core-shell and 

Co nanoparticles were determined in term of  

the degradation rates of methyl orange (MO) by  

UV-Vis spectrophotometer. For 0.2 g of each 

nanoparticles was dispersed in 50 mL at an initial 

concentration of 8.15 mg/L of MO in solution. 

The mixture solution was stirred for 30 min in the 

dark (to confirm the equilibrium of adsorption 

and/or desorption of the nanoparticles), then 

irradiated under UV light with a 300-W high-

pressure Hg lamp working as a UV light source. 

At every 30 min for the irradiation time, 5 mL of 

the combined solution was taken, centrifuged, and 

filtered. The photocatalytic activity was derived 

by calculating the MO concentration of the filtrate 

with a UV-Vis spectrometer at 463.8 nm (This 

wavelength corresponding to MO maximum 

absorption). In addition, the percentage of eliminate 

MO under UV light (% MO photodegradation) 

and the kinetic behavior of nanoparticles could be 

defined as shown in Equation 1 and Equation 2, 

respectively. 
 

 MO photodegradation (%) = (
𝐶0−𝐶𝑡

𝐶0
) × 100% (1) 

and 

ln (C0/C) = kt (2) 

 

where C0  and Ct represent the MO concentration 

at initial time and irradiation time t in min, 

respectively. While k is the apparent rate 

constant. 

Results and Discussions 

The crystal phase of the bimetallic Cu and Co and 

monometallic Co nanoparticle products were 

identified by XRD analyzed as shown in Figure 1. 

The diffraction peaks of Co nanoparticles were 

obtained at around 2 = 41.55°, 44.47°, 47.45°, 

and 75.96°  corresponding to reflection plane 

(100), (002), (101) and (220) of hexagonal closed 

packed (hcp) Co metal, according to JCDS file  
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no. 5-0727, respectively. In addition, there was no 

observed undesired oxides phases such as CoO 

and Co2O3. 

In case of bimetallic Cu-Co samples, their XRD 

profiles were observed similarly regardless of injecting 

Cu(NO3) 2 at 1  min (b), 5  min (c), and 10  min (d).  

The diffraction patterns showed double peaks, which  

could be extracted each diffraction peaks at around  

2 = 43.60° and 44.47°, respectively. The other two 

diffraction peaks were derived at around 2 =  47.45° 

and 50.89° as well. Lastly, the merge peak was 

obtained at around 2 =  75.54°. These peaks were 

matched with the characteristic peaks from both fcc Cu 

(2 = 43.60° (111), 50.89° (200) and 74.81° (200), 

according to JCDS file no. 4-0836) and Co metals  

(2 = 44.47° (002), 47.45° (101) and 75.87° (220)), 

which suggested the presence of both Cu and Co 

phases. Additionally, these patterns were clean and no 

impurity oxide phase occurred. 

Morphology and structural information of  

the nanoparticles were extracted by HR-TEM, as 

shown in Figure 2. The monometallic nanostructure 

of Co was observed in a spherical shape with 

average particles size about 20.631.59 nm, as 

indicated in Figure 2(a). While, the bimetallic 

conformations of Cu and Co were obtained at 

different forms due to a huge effect from time of 

adding Cu(NO3)2.  In more details, when Cu(NO3)2 

was combined at 1  min (Cu-Co 1) , the Cu core-Co 

shell nanoparticles were successfully formed as 

shown in Figure 2(b). Their average particle size 

was observed about 76.646.63 nm with 41.584.91 

nm of core size and 1 7 .5 3  nm of shell thickness. 

However, if the time of injecting Cu(NO3)2 

increased to 5 min (Cu-Co 5), the Co core-Cu shell 

nanoparticles were derived instead, also shown in 

Figure 2(c). The average particle size of the Co core-

Cu shell was obtained larger than sample Cu-Co 1, 

approximately 130.0910.65 nm, with also having 

higher core size and shell thickness about 

89.466.83 and 20.32 nm, respectively. If the time 

of adding Cu(NO3)2 increased further to 10 min (Cu-

Co 10) , the core-shell system was disappeared, the 

cluster core of Co with small island of Cu 

overgrowth was revealed at this situation, as 

indicated in Figure 2(d). Their average total 

particles size were obtained about 1 2 0  nm. 

Experimental results indicated that morphology and 

structural parameters were significantly influenced 

by the time of adding Cu(NO3)2. 

Moreover, increasing adding time corresponds 

to increase reaction time, which could generated 

more atoms. All the structural information are 

summarized and shown in Table 1. To gain more 

knowledge and confirmed of the type of core-shell 

nanoparticles, the EDS from SEM are needed to 

probe atomic percentage of the nanoparticle samples 

surface. In order to exclude the effect from Cu, all 

the measurements was used the carbon adhesive 

tapes as a sample holder. According to the EDS 

results, the atomic number of Co was only founded 

in the Co sample, while both atomic weights of Cu 

and Co were derived from all the Cu-Co products. 

These studies confirmed that the monometallic Co and 

bimetallic Cu-Co nanoparticles were successfully 

synthesized.  

The atomic percentage of Co was revealed to 

be higher than that value of Cu for Cu-Co 1 (32.2% 

 
 

Figure 1. XRD results of the synthesized nanoparticles 

 by aqueous reduction process; (a) Co 

 nanoparticles; Cu-Co/Co-Cu core-shell 

 prepared at different times of adding 

 Cu(NO3)2; (b) 1 min; (c) 5 min; (d) 10 min  

 (* Cu JCDS file no. 4-0836 (Cu) + Co JCDS 

 file no. 5-0727 (Co)) 

  
(a) (b) 

  
(c) (d) 

 

 

Figure 2.  High resolution TEM images of the 

 synthesized nanoparticles by aqueous 

 reduction process; (a) Co nanoparticles; 

 Cu-Co/Co-Cu core-shell prepared at 

 different times of adding Cu(NO3)2; (b) 1 min; 

 (c) 5 min; (d) 10 min 
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of Cu, 67.8% of Co) but lower than that value of Cu 

in case of Cu-Co 5  (70.2% of Cu, 29.8% of Co). 

These results suggested that Cu core with Co shell 

was developed at Cu-Co 1 , but Co core with Cu 

grow around was founded at Cu-Co 5. Moreover, 

the atomic percentage of Co was observed to be 

slightly higher than that value of Cu for Cu-Co 10, 

it corresponded to the Co core cluster was formed 

with small Cu grow as islanding were obtained.  

The metal surface compositions of the synthesized 

Co and Cu-Co/Co-Cu nanoparticles were also 

presented in Table 1. 

The structural mechanism of developed Cu-Co 

and/or Co-Cu core-shell, also Co nanoparticles 

could be explained as presented in Figure 3.  

The time of injecting Cu(NO3 ) 2  into the mixture 

solution of cobalt sulfate, trisodium citrate and 

NaBH4 would pay the most important role to control 

the morphology, as well as average size and type of 

core and shell nanoparticles. Since the reduction 

potential of Cu2 +  to Cu is founded at 0.34 V, higher 

than that value of Co2 +  to Co, which is obtained  

at -0.28 V, respectively (Gilroy et al., 2016), Cu ions 

can be reduced and transformed to Cu atoms  

at faster rate than that of Co atoms. Therefore, at  

1 min after NaBH4, the Cu(NO3)2 was injected into 

the solution, Cu ions could be reduced to become 

atoms faster than Co ions, so Cu atoms formed as a 

nucleation center for the Co to grow around, finally, 

Cu core and Co shell nanoparticles appeared. 

However, if the time of adding Cu(NO3 ) 2  was 

increased to 5  min, Co atoms could be formed and 

behaved as a nucleation site instead due to they have 

a sufficient time to reduce and transform, then 

followed by Cu atoms to encapsulate, leading to Co-

Cu core- shell nanoparticles was fabricated. 

Not only that, more Co atoms could be 

produced and formed, but there atomic growth was 

not uniform, resulting to have higher mean particle 

size and standard deviation. When the injecting time 

of Cu(NO3)2 was more increased to 10 min, a lot of 

Co atoms were created and formed as a large core 

cluster, having Cu atoms grow over as small 

islanding. 

Table 1. XRD results of the synthesized nanoparticles by aqueous reduction process; (a) Co nanoparticles;  

 Cu-Co/Co-Cu core-shell prepared at different times of adding Cu(NO3)2; (b) 1 min; (c) 5 min;  

 (d) 10 min (* Cu JCDS file no. 4-0836 (Cu) + Co JCDS file no. 5-0727 (Co)) 
 

Sample 
Nanostructure 

(observed)a 

Particles size  

(nm)a 

Diameter core 

size (nm)a 

Shell thickness 

(nm)a 

Co Spherical 20.631.59 - - 

Cu-Co 1 Cu core-Co shell 76.646.63 41.584.91 17.53 

Cu-Co 5 Co core-Cu shell 130.0910.65 89.406.83 20.32 

Cu-Co 10 Co cluster attached with Cu islanding 120 - - 
 

Sample 

Metal surface compositionb 

Cu Co 

(Atomic %) 

Co - 100.0 
Cu-Co 1 32.2 67.8 

Cu-Co 5 70.2 29.8 

Cu-Co 10 44.1 55.9 
 

aNanostructure, particles size, diameter core size, and shell thickness were determined by HR-TEM 
bMetal surface composition was evaluated from EDS attached to the SEM 

 
 

Figure 3. Schematic representation of the formation 

 mechanism of the synthesized Co 

 nanoparticles and Cu-Co and/or Cu-Co 

 core-shell nanoparticles at different times 

 of adding Cu(NO3)2 (1, 5, and 10 min) into 

 the mixture solution; trisodium citrate, 

 nickel sulfate, and NaBH4 

 
 

 
 

Figure 4. Photodegradation rate of MO with and 

 without UV light irradiation by the synthesized 

 nanoparticles; (a) Co nanoparticles; Cu-Co/ 

 Co-Cu core-shell prepared at different 

 times of adding Cu( NO3) 2; (b) 1 min;  

 (c) 5 min; (d) 10 min 
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In addition, the photocatalytic activity of  

the obtained nanoparticles were evaluated by 

monitoring degradation rate of methyl orange (MO) 

under UV light irradiation as a function of time, and 

presented in Figure 4. It was also found that  

the Cu-Co 1 (b) presented the highest ability in 

degradation rate as it could eliminated MO up to 

91.03%  within 120 min. Then, Cu-Co 5 (c) and  

Cu-Co 10 (d) nanoparticles had lower in  

the degradation rate as they were able to remove 

MO at about 89.16%  and 85.34%  within 120 min, 

while the Co (a) samples presented the lowest ability 

to degrade MO at about 7 8 .1 7 %  within the same 

time. 

Overall, the experimental results of all  

the bimetallic products displayed enhancement of 

photocatalytic ability  over the monometallic Co. 

Moreovere, the Cu-Co core-shell (Cu-Co 1), the Co-

Cu core-shell (Cu-Co 5), and the Co-Cu core-

islanding (Cu-Co 10 ) showed high performance to 

eliminate MO, which was improved by about 

12.9%, 11.0%, and 7.2%, respectively, as compared 

to the Co. The main reason for higher develop and 

improve photocatalytic efficiency of the bimetallic 

could be considered as the synergetic effect between 

of  Cu and Co. Besides, the obtained particles size 

of Cu-Co core-shell (Cu-Co 1 ) was very small, 

leading to have very large active surface area. 

The study of kinetic behavior of 

nanoparticles were shown in Figure 5. These results 

were fitted to pseudo first order rate equation from 

Langmuir isotherm. It is noted that the rate constant 

obtained from the Cu-Co core-shell (Cu-Co 1 ) was 

very high compared to the Co-Cu core-shell (Cu-Co 

5), the Co-Cu core-islanding (Cu-Co 10) and the Co 

displayed its superior photo-catalytic activity. 

The possible mechanism of eliminate MO dyes 

by photocatalytic ability of Cu-Co/Co-Cu and Co 

metallic nanoparticles has been involved with 

electrons and holes induced by the UV light 

irradiation. This phenomena occurs when the light 

is absorbed by the catalyst, the electron (e-) obtains 

energy from photon and get excited to conduction 

band (CB) of the nanoparticles. Simultaneously,  

the hole (h+) is generated in the valence band (VB). 

The electron (e-) can move freely through to  

the catalyst surface. Then, the photogenerated 

electrons (e-) are react with O2  molecules, 

subsequently, receive super oxide radical (O2
.-). 

While photogenerated holes (h+) are react with H2O 

molecules, lastly, receive hydroxyl radical (OH. ) 

(Saud et al., 2016; Al-Meer et al., 2017; Ghouri et 

al., 2018). These radical active sites are highly 

strong oxidizing agents that can degrade MO. Due 

to the synergetic effect of Cu and Co nanoparticles, 

the surface electronic states of the bimetallic can be 

created more than those in monometallic. This result 

may be attributed to the high amount of electrons (e-

)-holes (h+) pair are better generated and separated, 

as well as prevented them from the recombination 

of e- and h+, leading to have high number of O2
.- and 

OH. redical. 

The Cu-Co core-shell nanoparticels have been 

exhibited high performance in removing methyl 

orange dye from water. Hence, thet have potential 

utilize as a photo-catalyst for eliminating of hazard 

dye effluents from industrials, such as paints, 

textiles, printing inks, and papers, which can serve 

as a promising material for water treatment. 

Conclusions 

Bimetallic Cu-Co and/or Co-Cu core-shell 

nanoparticles have been prepared with a simple 

aqueous reduction method, which has many 

advantages such as very convenient, cheap, not need 

to use specialized instruments, and prepare under 

ambient conditions. It is not all that, but this process 

also use only one parameter, such as the time of 

injecting Cu(NO3) 2  after NaBH4 , to determine and 

desire size and type of core and shell of  

the bimetallic nanoparticles. When the injecting 

time of Cu(NO3)2 was 1 min, Cu-Co core-shell 

nanoparticles were observed to be round with 

average particle size about 76.646 .6 3  nm, but if  

the adding time was increase to 5  min, Co-Cu core 

shell  nanoparticles were found instead. They were 

still in spherical shape with larger average particle 

size as about 130.0910.65 nm. However, if  

the injecting time was longer up to 10 min, Co core 

cluster attached with small Cu overgrowth as 

islanding was obtained with approximately particle 

size as about 120 nm. In addition, monometallic Co 

nanoparticles was prepared by the same method, but 

without adding Cu(NO3)2. 

Moreover, the Cu-Co and/or Co-Cu core-shell 

nanoparticles presented highly efficiency of 

photocatalytic activity that have been used in  

 
 

Figure 5. Rate kinetics of (a) Co nano particles;  

 Cu-Co/Co-Cu core-shell prepared at 

 different times of adding Cu(NO3)2;  

 (b) 1 min; (c) 5 min; (d) 10 min 
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the elimination of organic methyl orange (MO) dye. 

The improve and enhance photocatalytic ability of 

the bimetallic Cu and Co compare with  

the monometallic Co due to the synergetic effect of 

Cu and Co. Moreover, Cu-Co core-shell 

nanoparticles posed the highest ability of 

photocatalytic activity, which could remove MO 

about 91.03% after 120 min. 
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