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Abstract: Currently, metal ferrites are promising yet under-researched narrow band gap semiconductors for preventing 
biofouling. In the present study, nanoparticles with copper ferrites content of 55, 85 and 95 % were synthesized by 
electrical explosion of iron and copper wires in mixed oxygen and argon atmosphere. CuFe2O4 content was ranged by the 
wires diameter. According to the X-ray diffraction analysis, an increase of iron content in the twist led to an increase of 
copper ferrite phase up to 95 %. Copper oxide (I, II) and copper phases also were found in nanoparticles. The XRD data 
showed a uniform distribution of Cu and Fe in nanoparticles. Nanoparticles with CuFe2O4 content of 85 wt. % showed the 
highest efficiency in Congo red degradation reaction under visible light irradiation (decolorisation efficiency of 72 %). 
Nanoparticles (85 wt. % CuFe2O4) showed a high antibacterial activity against antibiotic resistant MRSA ATCC 43300 
(bacteria growth reduction by 98.7 %). Moreover, NPs were active against P. aeruginosa biofilm, thus making them 
potential antibiofouling agents for water-contact items. 
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Аннотация: В настоящее время ферриты металлов являются многообещающим, но недостаточно исследованным 
классом узкозонных полупроводников для борьбы с биологическим обрастанием. В работе наночастицы, 
содержащие феррит меди (CuFe2O4) с массовой долей 55, 85 и 95 %, были получены при помощи электрического 
взрыва железной и медной проволок в смешанной атмосфере аргона и кислорода. Содержание CuFe2O4 
варьировали диаметром проволок. По данным рентгенофазового анализа увеличение содержания железа в скрутке 
приводило к увеличению массовой доли феррита до 95 %. В частицах также обнаруживались фазы оксидов меди 
(I, II) и металлическая медь. Данные ЭДС анализа показали, что Cu и Fe распределены в частицах равномерно.  
В реакции разложения модельного красителя Конго красного установлено, что наночастицы, содержащие  
85 масс. % CuFe2O4, обладали наибольшей фотохимической активностью (степень деколоризации 72 %) под 
действием видимого света. Наночастицы (85 масс. % CuFe2O4) продемонстрировали высокую антибактериальную 
активность в отношении устойчивого штамма MRSA ATCC 43300 (сокращение количества бактерий на 98,7 %). 
Кроме того, частицы продемонстрировали активность в отношении биопленок P. aeruginosa, что позволяет 
рассматривать их в качестве потенциальных противообрастающих агентов для изделий, контактирующих  
с жидкостями. 
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1. Introduction 

 

Currently, the problem of biofouling caused by 
biofilms is of serious concern in healthcare, water 
treatment and marine structures [1]. Biofouling of 
surfaces, especially fouling of ships [2] and medical 
implants, catheters, hemodialyzers, biosensors, 
respirators [3] remains a serious problem. In practice, 
copper (I) oxide-based substances are used to combat 
biofouling. Protective compounds are used to paint 
the surfaces of ships, fishing nets, sensors, etc. [4]. 
However, Cu2O-based compounds have low 
efficiency and, therefore large amounts (at least 40 % 
by weight) of copper (I) oxide is used, which can 
harm marine organisms [5]. With long-term use of 
paints containing Cu2O, some microorganisms 
developed resistance to them [6]. Thus, there is  
a need to develop alternative antifouling additives to 
replace traditional toxic biocides. Such additives may 
become competitive and effective means for 
combating biofouling. 

Due to their developed surface and high activity, 
nanoparticles (NPs) are widely used in coatings to 
suppress corrosion, fouling and scratching of metal 
materials [7]. The most promising for preventing 
biofouling are metal NPs (Cu, Ag, Zn, Ti, etc.), their 
compounds and complex nanostructures metal-metal 
oxide, metal oxide-metal oxide, etc. [8]. A promising 
class of narrowbandgap semiconductors is ferrites – 
oxide compounds with the chemical formula 
MeFe2O4, containing Fe3+ and a cation of another 
metal (Cu, Zn, Co, etc.). Ferrites are characterized by 
absorption in the visible region, tunable 
optoelectronic properties, and high chemical and 
mechanical stability [9]. CuFe2O4 nanoparticles are 
one of the most promising spinel ferrites due to their 
magnetic properties, low toxicity, and photochemical 
activity under the exposure to visible light [10]. 
Copper ferrite nanoparticles have a band gap of about 
1.8 eV. The absorption band edge may shift slightly 
depending on the synthesis method, the presence of 
impurities, the carrier concentration, the crystallite 
size, and the lattice deformation. Such NPs can be 
easily separated by magnetic separation for recovery 
and replacement in the reaction mixture [11]. 
CuFe2O4 NPs demonstrate antibacterial activity 
against Escherichia coli, Staphylococcus aureus [12], 
methicillin-resistant Staphylococcus aureus (MRSA) 

[13], Bacillus cerus [14]. The authors [15] confirmed 
the antibacterial activity of CuFe2O4 NPs in the 
absence of toxicity to erythrocyte cells. In [16], it was 
shown that the addition of 6 % CuFe2O4 NPs to the 
zeolite framework allowed for 98 % inhibition of 
Escherichia coli bacteria growth on the surface even 
after 7 recirculation cycles. 

Various methods are used to synthesize 
CuFe2O4 NPs, including chemical precipitation, 
hydrothermal synthesis, sublimation drying, 
microemulsion synthesis, and sol-gel synthesis [17]. 
Of greatest interest are the methods for synthesizing 
NPs based on the self-assembly of target phase 
clusters under highly non-equilibrium conditions in  
a gas atmosphere. Such methods are relatively 
simple, have no synthesis by-products, are scalable, 
and do not use harmful solvents. 

In this paper, electrical explosion of wires 
(EEW) – copper and iron – in an oxygen-containing 
atmosphere was used to obtain CuFe2O4 NPs. 
Previously we had prepared CuO/CuFe2O4 NPs with 
a ferrite phase content of 10 % by weight [18].  
In order to increase the proportion of this phase, the 
iron content in the exploded wires was increased in 
this paper. The synthesized NPs were characterized 
by a set of physicochemical methods of analysis, and 
examined for photochemical, antimicrobial, and 
biofouling activity. The results showed that the NPs 
exhibit high antibacterial activity and are effective in 
combating biofilms. 

 
2. Materials and Methods 

 
2.1. Initial materials 

 

Nanoparticles with different CuFe2O4 content 
were prepared by electric explosion of copper and 
iron wires twisted together in a mixed oxygen and 
argon atmosphere, the oxygen content of which was 
20 vol. %, using the UDP-2 setup (Advanced Powder 
Technologies LTD, Tomsk, Russia). The CuFe2O4 
content in the nanopowder was regulated by the 
diameter of the metal wires. The EEW parameters, 
such as wire diameter dw, wire length lw, capacitor 
capacitance C, discharge voltage U0, are given in 
Table 1. The numbers in brackets correspond to the 
content of the ferrite phase in the NP. Photographs of 
the prepared samples are shown in Fig. 1. 
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Table 1. CuFe2O4  NP synthesis parameters 
 

Sample Wire material dw, mm lw, mm N, at. % C, µF U0, kV 

CuFe2O4 (95 %) Fe 0.3 
90 

69.8 
3.2 24 

Cu 0.2 30.2 

CuFe2O4 (85 %) Fe 0.2 
60 

49.9 
3.2 28 

Cu 0.2 50.1 

CuFe2O4 (55 %) Fe 0.2 
75 

30.2 
3.2 33 

Cu 0,3 69.,8 

 

 
 

Fig. 1. Photos of NPs: 1 − CuFe2O4 (95 %);  
2 − CuFe2O4  (85 %); 3 − CuFe2O4  (55 %) 

 
2.2. Determination of photochemical, antibacterial 

and antifouling activity of nanoparticles 
 

The photochemical activity of NPs was studied 
in the reaction of decomposition of the model dye 
Congo red. For this purpose, 0.01 g of nanoparticles 
was added to 50 mL of the dye with a concentration 
of 10 mg⋅L–1. The resulting suspension was dispersed 
in an ultrasonic bath (VU-09-“Ya-FP”-03, Russia) for 
15 min, after which the solution was constantly 
stirred in the dark for 60 min to achieve adsorption-
desorption equilibrium in the system. Then the 
suspension was irradiated for an hour with visible 
radiation with a wavelength of λ = 550 nm, generated 
by a xenon lamp (OLKs-150M, Russia). Every  
10 min, a sample was taken from the solution and the 
optical density of the supernatant was measured on an 
SF-2000 spectrophotometer (OKB Spektr, Russia) at 
the wavelength of maximum absorption (500 nm). 

The degree of dye degradation was calculated 
using the formula: 

 

,%100%
0

0

tCC

C
D

−
=                      (1) 

where С0 is initial concentration of dye, mg⋅L–1;  
Сt  is concentration of dye after irradiation, mg⋅L–1. 

The antibacterial activity of CuFe2O4 
nanoparticles was studied against the MRSA ATCC 
43300 strain. The growth of the bacterial culture in 
the control solution and in the solution with CuFe2O4 
nanoparticles was compared. For the control solution, 
bacteria were cultured in the Mueller-Hinton broth 
nutrient medium (Research Center of Pharmacology, 
Russia). The final concentration of bacteria was 
brought to 105 CFU (colony forming unit)/ml by 
serial dilutions according to MUK Instructions 
4.2.1890-04. The solution with nanoparticles was 
prepared by introducing CuFe2O4 NPs (512 μg⋅mL–1) 
into the previously prepared bacterial suspension.  
All solutions were incubated in a thermostat for 
(12 ± 1) h at (37 ± 1) °C. After the incubation time, 
the solution samples were additionally diluted 10, 
100 and 1000 times with a buffer medium (saline 
solution), the resulting suspension was placed on  
90 mm diameter Petri dishes with Mueller-Hinton 
agar medium (NICF, Russia) and incubated for 
(24 ± 3) h at (37 ± 1) °C. Antibacterial activity was 
measured using the formula: 

 

( )

( )
,%100

kx

xkx
R

−
=                       (2) 

 

where ( )kx  is average number of colonies grown in 
the test solution; x  is average number of colonies 
grown in the solution with nanoparticles. 

The antifouling activity of nanoparticles was 
studied according to the method described in ISO 
4768:2023 “Measurement method of anti-biofilm 
activity on plastic and other non-porous surfaces”, 
using the bacterial strain Pseudomonas aeruginosa 
ATCC 27853. The choice of the bacterial strain was 
due to its wide application for assessing antifouling 
activity, difficulty in treatment, and ability to quickly 
form biofilms that cover them [19]. 
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A bacterial suspension with a concentration of 
107 CFU/mL with the addition of CuFe2O4 NPs  
(512 μg⋅mL–1) was placed in a 96-well sterile plate 
(TPP, Switzerland) and incubated at 37 °C for 24 h. 
Bacterial suspension without NPs was used as  
a control. Bacterial growth was monitored over time 
using optical density on a plate spectrophotometer 
(Thermo Scientific Multiscan FC, China). Then the 
contents of the plate wells were drained and washed 
with distilled water, and the biofilms were fixed with 
gentian violet dye (0.1 %), followed by rinsing with 
an ethanol solution (95 % by weight). The color 
intensity of the rinsing fluid was estimated by optical 
density on a spectrophotometer. Antifouling activity 
(B) against biofilm was calculated using the formula: 

 

( )

( )
,%100

kOD

ODkOD
B

−
=                  (3) 

 

where ( )kOD  is the value of the average optical 
density in the test wash liquid; OD is the value of the 
average optical density in the wash liquid of the 
tested sample. 
 

2.3. Analytical methods 
 

The morphology and elemental composition of 
the NPs were determined using a JEM-2100 
transmission electron microscope (JEOL, Japan) with 
an integrated X-Max energy-dispersive X-ray 
spectroscopy system (Oxford Instruments, UK).  
The phase composition of the NPs was analyzed by 
X-ray phase analysis (XRD) using an XRD 6000 
diffractometer (Shimadzu Corporation, Japan), with 
CuKα radiation at 40 kV and 30 mA in scanning 
mode in the 2θ angle range from ~ 20° to 80° with  
a step of 0.02°, and an exposure of 1 s. Qualitative 
phase analysis was performed using the PDF-2 
Release 2014 powder diffraction file database.  
The size distribution of NPs and NP agglomerates 
was determined using the sedimentation method with 
a CPS DS24000 disk centrifuge (CPS Instruments, 
USA). The specific surface area was measured by 
nitrogen thermal desorption using a specific surface 
analyzer (Sorbtometer-M, Russia). The specific 
surface area was determined using the Brunauer-
Emmett-Teller (BET) equation using the instrument 
software. The surface composition was studied using 
X-ray photoelectron spectroscopy (SPECS Surface 
Nano Analysis GmbH, Berlin, Germany). Zeta 
potential measurements were performed in deionized 
water at 25 °C and pH from 5 to 11 on a Zetasizer 
Nano ZSP equipped with an MPT-2 autotitration 
device (Malvern Instruments Ltd, UK) using 
Zetasizer software. 

3. Results and Discussion 
 

During an electrical explosion of copper and iron 
wires, pairs and clusters of metals are formed, which 
are oxidized and, due to self-assembly, combine into 
NPs [20]. Since nanoparticles are formed in  
a medium of a mixture of inert gas and oxygen, the 
presence of undesirable impurities at the phase 
boundary is excluded, as in chemical methods of 
forming nanoparticles [21]. Self-assembly of clusters 
into NPs occurs under conditions of rapid cooling, 
which allows stabilizing potentially active 
nanoparticles with a non-stoichiometric composition 
[22]. 

According to the phase diagram of Cu and  
Fe metals in an oxygen-containing atmosphere  
(Cu–Fe–O system), the following phases can be 
formed depending on the metal ratio: CuO, Cu2O, 
CuFeO2, CuFe2O4, Fe3O4, FeO [23]. The results of 
X-ray phase analysis showed that the main phase is 
the copper ferrite phase CuFe2O4 (PDF Card  
No. 060545). The phases CuO (PDF Card  
No. 440706), Cu2O (PDF Card No. 351091),  
Cu (PDF Card No. 031005) are also present. The Fe 
phase was not detected, indicating complete oxidation 
of the metal by oxygen (Fig. 2).  

 

 
 

Fig.  2. XRD-patterns  
of the CuFe2O4 nanoparticles 
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Fig. 3. CuFe2O4 mass ratio in NPs in dependence  
of Cu content 

 
The crystal structure of spinel is a face-centered 

cubic packing formed by O2– anions, Cu2+ and Fe3+ 
cations located in the voids. The diffraction peaks at

2θ angles of about 30.15°, 35.52°, 43.18°, 53.60°, 
57.12°, 62.73° and 74.25° were identified as the 
(220), (311), (400), (422), (511), (440) planes of the 
cubic structure of CuFe2O4 spinel. This is confirmed 
by the data given in [24]. 

The diffraction peaks at 36°, 42.5° and 74° 
belong to the Cu2O phase, and the peaks at 39° and 
71° correspond to the CuO phase. The content of the 
ferrite phase was estimated by calculation based on 
the stoichiometry of this chemical compound, taking 
into account that all the iron was consumed in the 
synthesis of this compound. It was found that the 
content of the CuFe2O4 phase is inversely 
proportional to the copper content in the exploded 
twisted wire (Fig. 3). 

Transmission electron microscopy showed that 
all particles were nearly spherical in shape; the 
smallest particles had weak faceting, while Cu, Fe 
and O were distributed uniformly in the particles 
(Fig. 4). 

 

 
 

Fig. 4. TEM-images and EDX-analysis of CuFe2O4 nanoparticles 
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An increase in the CuFe2O4 phase content 
resulted in an increase in the specific surface area 
(from (3.2 ± 0.4) to (6.9 ± 0.2) m2⋅g–1), which is 
associated with an increase in the number of smaller 
agglomerates (the agglomerate size decreased from 
0.66 to 0.49 μm). A study of the sizes of NP 
agglomerates by the sedimentation method (Fig. 5) 
showed a bimodal distribution with maxima at 30–50 
and 100–200 nm. Based on the TEM results, the first 
maximum corresponds to the sizes of NPs, and the 
second to the sizes of particles and their 
agglomerates. 

The effect of the medium pH on the NP charging 
properties was assessed by the change in the zeta 

potential (Fig. 6). For all particles, the zeta potential 
changes from (48 ± 2) mV in an acidic medium to  
(–35 ± 3) mV in an alkaline medium. In media with  
a physiological pH value (7.2), all nanoparticles were 
charged positively. The isoelectric point for  
a suspension of CuFe2O4 NPs (55 %) was 9.38; for 
CuFe2O4 (85 %) nanoparticles – 9.19; for CuFe2O4 
(95 %) nanoparticles – 8.42. The shift of the 
isoelectric point towards lower pH values with an 
increase in the content of the CuFe2O4 phase is 
associated with a change in the composition of the 
NP surface. An increase in the content of copper 
oxide in NPs leads to an increase in its content on the 
surface. 

 

 
 

Fig. 5. Particle and agglomerate size distribution of CuFe2O4 NPs in an aqueous suspension 
 

 
 

Fig. 6. CuFe2O4 NPs zeta potential dependence on the pH 
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Figure 7a shows typical spectra of Cu 2p NPs 
using CuFe2O4 (95 %) – 8.42 as an example.  
As is known, the Cu 2p spectrum is a Cu 2p3/2 – 
– Cu 2p1/2 doublet, the integral intensities of the 
components of which are related as 2 : 1. The spin-
orbit splitting (the difference in the binding energies 
of Cu 2p3/2 and Cu 2p1/2Cu 2p3/2) is 19.9 eV.  
The shape of the spectrum indicates that copper is in 
the Cu2+ state, since there is a characteristic intense 
“shake-up” satellite in the region of high binding 
energies, usually observed for copper in the Cu2+ 
state [25, 26]. The integral intensity of the “shake-up” 
satellite in the CuO spectrum, for example, reaches 
55 % of the intensity of the main line Cu 2p3/2 [27]. 
In the spectra of Cu1+ compounds, as well as in the 
spectrum of metallic copper, the “shake-up” satellite 
peaks are absent. 

The Fe 2p spectra of the studied samples are 
shown in Fig. 7b. As can be seen, the Fe 2p spectra 
are the Fe 2p3/2 – Fe 2p1/2 doublet, the integral 
intensities of the components of which are related as 
2 : 1. As a rule, to determine the state of iron, both 
the position of the main Fe 2p3/2 line and the shape of 
the Fe 2p spectrum are used, namely the intensity and 
 

 
 

(a)  
 

 
 

(b) 
 

Fig. 7. X-ray photoelectron spectra  
of Cu 2p (a) and Fe 2p (b) for CuFe2O4 NPs. 

The spectra were normalized by the integral intensity  
of the peaks corresponding to the metals included  

in the NPs 

relative position of the shake-up satellite lines caused 
by the manifestation of multielectron processes.  
The position and intensity of the shake-up satellite 
line depends on the chemical state of iron. In the case 
of the studied samples, the Fe 2p3/2 spectra are a peak 
with a binding energy in the region of 710.8 eV, 
while a shake-up satellite is observed, located 8.7 eV 
from the main peak. According to the literature data, 
iron in the composition of copper ferrite is 
characterized by Fe 2p3/2 binding energy values at 
710.1 and 712.0 eV [28], with the “shake-up” 
satellites located at 5.7, 8.5 and 8.8 eV from the main 
Fe 2p3/2 peak. The high binding energy value and the 
presence of “shake-up” satellites allow us to state that 
iron in these samples is in the Fe3+ state. 

One of the mechanisms of antifouling and 
antimicrobial action of NPs is generation of reactive 
oxygen species (ROS) due to radicals (•OH) and 
(•O2

–), which damage the bacterial membrane, 
oxidize proteins and DNA and lead to cell death [29]. 
To study the possibility of ROS generation by 
CuFe2O4 NPs, their photochemical activity was 
studied in the decolorization reaction of the model 
dye Congo red under the influence of visible light. 
The choice of the dye was due to its resistance to 
light and natural decomposition, high carcinogenicity 
and presence in wastewater as textile waste [30].  
The results obtained are presented in Fig. 8. 

The studied nanoparticles showed different 
photocatalytic activity in decomposing the dye 
depending on the composition of the particles.  
A comparative assessment of the obtained results 
with published data is given in Table 2. 
 

 
 

Fig. 8. CuFe2O4 NPs photochemical activity  
in Congo Red degradation reaction 
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Table 2. Comparative assessment of the photochemical activity  
of copper-containing ferrite nanoparticles during the decomposition of Congo red 

 

Sample code Synthesis method Decomposition conditions Decolorization, % References 

Copper ferrite 
nanocomposite (CFN) 

Solvothermal synthesis UV, 120 min 96.19 [31] 

Co1–xCuxFe2O4 Combustionmethod Visiblelight, 90 min 71.37 [32] 

Ni0.6Cu0.4CexFe2–xO4 Chemical precipitation Visiblelight, 120 min, 84.51 [33] 

CuFe2O4 

Cu0.5Fe1.5Mn0.5O4 

Sol-gelsynthesis UV, 100 min 55  
79.1 

[34] 

Co0.4Mg0.4Cu0.2Fe1.9Cr0.1O4 Sol-gelsynthesis UV, 160 min 84 [35] 

Cu0.1Zn0.9Fe2O4 Chemical precipitation Visiblelight, 105 min 70 [36] 

ZnO–CuFe2O4 Chemical precipitation Visiblelight, 120 min 82 [37] 

CuFe2O4 (85 %) EEW Visiblelight, 60 min 72 This paper 

 
The possible mechanism of dye decomposition 

by copper ferrite has been described in detail in  
a large number of works, for example [38], and can 
be represented as the following reactions (1) – (4): 

 

CuFe2O4 + hv → e− + h+;                                  (1) 
 

CuFe2O4 (e−)+O2 → •O2
−;                                (2) 

 

CuFe2O4 (h+) + H2O → •OH;                           (3) 
 

Congo red + •O2
−/•OH = dye decolorization.   (4) 

 

When exposed to visible light, electrons in 
CuFe2O4 are excited and move from the valence band 
to the conduction band. These electrons can react 
with oxygen dissolved in water, forming the 
superoxide radical •O2

−. The holes formed in the 
valence band react with water molecules, forming the 
hydroxyl radical •OH. The resulting ROS interact 
with the dye molecules, which undergo 
decolorization to form H2O, CO2 and other mineral 
acids (decomposition products). With an increase in 
the copper content in the samples, the ability of 
ferrites to generate ROS decreases, as does their 
photocatalytic activity. CuFe2O4 NPs (55 %) 
practically did not lead to decolorization of the dye 
during 60 min of exposure (the degree of 
decolorization is about 16 %). This effect is an 
indirect evidence of an increase in the copper oxide 
content on the surface of the nanoparticles and  
a decrease in the CuFe2O4 content. With an increase 
in the copper content in the sample, the content of 
Cu2O and CuO oxidesthat do not have photochemical 
activity increases. 

Studies of the antibacterial activity of CuFe2O4 
nanoparticles in the concentration range of  
16−1024 μg⋅mL–1 showed that at a concentration of 
512 μg⋅mL–1, the CuFe2O4 (85 %) sample has a more 
pronounced antibacterial activity compared to other 
NPs, since the reduction in the amount of 
microorganism growth was on average 98.7 %  
(Table 3). This correlates with the results of the 
photocatalytic activity of the particles (Fig. 8).  
The high value of antibacterial activity can be 
associated with the fact that CuFe2O4 (85 %) 
nanoparticles more effectively generate hydroxyl and 
superoxide radicals, which are capable of disrupting 
the integrity of the bacterial cell membrane, which 
subsequently leads to its death. 

Biofouling studies were performed on samples 
of CuFe2O4 (85 %) and CuFe2O4 (95 %) nanoparticle 
powder, which demonstrated the best antimicrobial 
efficiency. At the end of the incubation time, the 
optical density of the suspensions containing NPs had 
 

Table 3. Antibacterial activity of CuFe2O4 
nanoparticles 

 

NPs % reduction in MRSA ATCC 43300 
bacteria after exposure to particles 

CuFe2O4  (95 %) 95.2 ± 0.7 

CuFe2O4  (85 %) 98.7 ± 3.2 

CuFe2O4  (55 %) 62.4 ± 4.2 

R* – Reduction in microorganisms, %. 
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Fig. 9. P. aeruginosa biofilm growth inhibition study  
 
a value close to the optical density at the beginning of 
the experiment, which indicated the suppression of P. 
aeruginosa bacteria growth by nanoparticles at  
a concentration of 512 μg⋅mL–1. The results of wipe 
tests showed active formation of P. aeruginosa 
biofilms on the bottom of the polystyrene plate. In the 
presence of NPs, the antifouling activity reached  
88 and 75 % for CuFe2O4  (85 wt. %) and CuFe2O4  
(95 wt. %) NPs, respectively (Fig. 9). 
 

4. Conclusion 
 

In this study, nanoparticle samples with copper 
ferrite CuFe2O4 content of 55, 85 and 95 % by weight 
were prepared by combined electrical explosion of 
copper and iron wires in an oxygen-containing 
atmosphere. Regardless of the composition, the 
particles had a close to spherical shape and a bimodal 
distribution of agglomerates by size with distribution 
maxima in the range of 30–50 and 100–200 nm. 
Nanoparticles at a pH close to the physiological 
environment had a positive zeta potential, which 
promotes their adhesion to negatively charged 
bacterial cells. CuFe2O4 (85 wt. %) nanoparticles 
demonstrated the highest efficiency in the reaction of 
decomposition of the model dye Congo red: after  
60 min of irradiation with visible light, the degree of 
decolorization of the dye reached 72 %, while for 
CuFe2O4 (95 wt. %) and CuFe2O4 (55 wt. %) NPs it 
was 53 % and 16 %, respectively. The resulting 
particles had antibacterial activity against MRSA and 
antifouling activity against P. aeruginosa biofilms. 
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