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Abstract A novel TiO2-SrCO3 co-catalyst with a porous

structure was fabricated by suspension plasma spraying.

SrTiO3 as revealed by high-resolution TEM was formed by

the chemical reaction of TiO2 with SrCO3 during the high-

temperature plasma spraying. A narrow band gap (2.58 eV)

and reduction in the recombination speed of photoinduced

carriers of the coatings were detected by UV–visible dif-

fuse reflectance spectrometry and fluorescence spectrome-

try, respectively. The enhanced visible light-driven

photodegradation properties of the coatings resulted in

promoted degradation of methylene blue. The composite

coatings also demonstrated significantly pronounced bac-

tericidal activities against the Gram-negative bacterium

Escherichia coli than the pure TiO2 coatings, achieving a

killing rate of over 99.7%. The results give insights on the

potential to fabricate large-scale nano-TiO2-based porous

photocatalytic coatings by suspension plasma spraying for

versatile environmental applications.
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Introduction

Advanced oxidation processes (AOPs) have gained great

popularity during the last decade owing to their versatile

environmental applications, including organic pollutant

degradation (Ref 1, 2), wastewater purification (Ref 3, 4),

deodorization (Ref 5), decontamination and sterilization

(Ref 6). The action mechanisms of AOPs are based on the

generation of reactive species (i.e., H2O2, OH, O2–, O3) via

O3/UV reactions, O3/H2O2 processes, UV/TiO2 catalysis

and Fenton or UV/Fenton reactions (Ref 7, 8). Among all

AOPs, in terms of environment protecting and energy

saving, the photocatalysis process by means of utilizing

advanced catalysts has its inherent advantages. Photo-

catalysis aims to initiate or accelerate reduction and oxi-

dation (redox) reactions by the light–matter interaction

(Ref 9, 10). Various catalysts (TiO2, ZnO, Fe2O3, CdS,

GaP and ZnS) have been intensively explored in newly

developed energy storage (Ref 11) and environmental

purification (Ref 12) systems.

Among the photocatalysts, TiO2 has attracted intense

attention due to its non-toxicity, cost-efficiency, thermal

and chemical stability and environment friendliness (Ref

4, 13). In principle, due to its wide band gap (3-3.2 eV),

TiO2 can absorb light within the ultraviolet range and

hinder the photogenerated electron–hole recombination.

However, this kind of light (360-380 nm) accounts for no

more than 5% of the total solar energy reaching the surface

of the earth (Ref 14). For better utilization of sunlight, there

have been persistent efforts to enhance the photocatalytic

property of TiO2 through a variety of techniques like

modifying its structure with noble metal loading, metal ion

doping, anion doping, dye sensitization, metal ion

implantation and coupling with other semiconductors (Ref

5). Among these techniques, the development of the

semiconductor–semiconductor structure has been proven

beneficial to photocatalysis in four ways: (1) widening the

light absorption range to the visible region, (2) enhancing

the photogenerated carrier separation (Ref 15), (3) allevi-

ating the photogenerated charge carrier recombination (Ref

16) and (4) protecting the narrow bandgap catalyst from

photocorrosion (Ref 17, 18). An example is the coupling
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effect between CdS and TiO2, which demonstrated

enhanced charge separation under visible light illumination

(Ref 19). Besides, the combination of n-type SrTiO3

(Eg = 3.3 eV) and n-type TiO2 (Eg = 3.2 eV) is a repre-

sentative example of coupling two materials that have band

gaps close to each other (Ref 20, 21). During this process,

the light absorption range of the semiconductor is not

affected. The band offset was reported to accelerate the

charge separation and inhibit the photogenerated charge

recombination (Ref 18). It was noted that, as a semicon-

ductor with a band gap similar to TiO2 and easy acquisi-

tion, SrCO3 was traditionally used as an additive in glass

cathode ray tubes and a constituent of magnetic ferrite in

DC motors (Ref 22). It has also been used in the production

of fireworks, rainbow glass and PTC thermistor compo-

nents (switch start, degaussing, current limiting protection,

constant temperature heating, etc.) (Ref 23). Nevertheless,

there are few reports available so far pertaining to the

photocatalysis performances of SrCO3 (Ref 24, 25).

Coating processes like sol–gel method, hydrothermal

method, chemical vapor deposition, physical vapor depo-

sition and electrodeposition have been adopted to synthe-

size the semiconductor–semiconductor structure (Ref 18).

However, application of these approaches is limited due to

either long preparation periods or strict experimental con-

ditions. Recently, plasma spraying has been proposed as a

versatile coating technique due to its cost-efficiency, con-

venient operation and merits in fabrication of controllable

nanostructure (Ref 26, 27). In this study, suspension

plasma spraying was utilized for the first time to fabricate

the semiconductor–semiconductor nanostructures with

remarkably enhanced UV and visible light adsorption

properties. Desired topographies of the deposited TiO2-

SrCO3 coatings were produced by modification of spraying

parameters. The microstructure, phase composition and

photocatalytic performances were investigated and

discussed.

Materials and Methods

Coatings were fabricated by suspension plasma spraying

(APS-2000K system, Beijing Aeronautical Manufacturing

Technology Research Institute, China). The suspension

used for plasma spraying was prepared by blending 20 g

SrCO3 (Sinopharm Chemical Reagent Co., Ltd C 99.0%,)

with 20 g Degussa TiO2 (Evonik Degussa P25, 99.5%) in

400 ml 50% ethanol solution containing 8 g

polyvinylpyrrolidone (PVP) and 2 g polyethylene glycol

(PEG) under continuous mechanical stirring. The feedstock

feeding system was established using a peristaltic pump

with a flow rate of 60 ml/min to a /0.7 mm spray-at-

omized injector. Compressed air with pressure of 0.6 Mpa

was used for suspension atomization. During the spraying

process, argon at a flow rate of 15 ml/min and under a

working pressure of 0.75 MPa was used as the primary

plasma gas. In the meantime, hydrogen at a flow rate of

1.8 ml/min and under a working pressure of 0.3 MPa was

used as the secondary plasma gas. The plasma power

ranged from 27 to 33 kW. All the coatings in this work

were fabricated with the gun moving parallel to the sub-

strate with two spray passes at a speed of 400 m/min and a

spraying distance of 80 mm. For comparison purposes,

pure TiO2 suspension was prepared by dispersing 40 g

Degussa TiO2 in the identical base liquid medium and

coatings were fabricated following the same protocol. All

coatings were deposited on sand-blasted 316L stainless

steel plates and left to cool for 10 min after spraying. Grit

blasting was carried out using corundum-based particles of

50-150 lm with compressed air of 5 bar. For all substrates,

it was propelled with an impact angle of about 45� and

target distance of around 100 mm.

The morphologies of the coatings were characterized by

field emission scanning electron microscopy (FESEM, FEI

Quanta FEG250, the Netherlands). The chemical compo-

sition of the samples and the phase composition of TiO2

were characterized by x-ray diffraction (XRD, Bruker

AXS, Germany) at a scanning rate of 0.18/s using Cu Ka

radiation operated at 40 kV. Further characterization of

surface chemistry was achieved using Fourier transform

infrared spectroscopy (FTIR, model 6300, BioRad Co.

Ltd., USA) with a resolution of 8 cm-1 and a scan number

of 4 at a spectral region ranging from 400 to 3600 cm-1.

The light absorption spectra of the coatings were acquired

using UV–visible diffuse reflectance spectrometry (UV–vis

DRS) with BaSO4 as the reference. Fluorescence spec-

trometry (FL3-111, Horiba, France) was used to acquire the

fluorescence spectra. High-resolution transmission electron

microscopy (HRTEM, FEI Tecnai F20, the Netherlands)

was employed to explore the detailed microstructure of the

coatings. For TEM characterization, the coatings were

scraped from the substrates and supersonically dispersed in

ethanol. The suspensions were transferred onto copper

micro-grids and dried under infrared light.

Photocatalytic activities of the coatings (20 9 20 mm2)

were assessed by examining the photodegradation of

methylene blue (MB, Aladdin Reagent Corporation,

China). For the degradation testing, each piece of the

samples was immersed in MB solution (15 ml, 5 ppm) and

positioned 15 cm below the lamp (UV light, Philips, TL-D,

15 W and Xe lamp, GXZ500) in a double-walled beaker

which can avoid thermal effect with the help of cooling

circulating water. After being placed in the dark for 1 h

with magnetic stirring to ensure adsorption/desorption

equilibrium, the degradation of MB under light was

examined by detecting the absorption at 664 nm using a
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UV–vis spectrophotometer (MAPADA, UV-3300 spec-

trophotometer) every hour. For assessment of the bacteri-

cidal properties of the coatings, Gram-negative bacterium

Escherichia coli ATCC25922 was used as the target bac-

teria. The Luria broth (LB) medium was prepared follow-

ing an established protocol reported previously (Ref 28)

and used to incubate E. coli in a shaker operated at

120 rpm for 24 h at 30 �C. The media containing the

bacteria were centrifuged at 2000 rpm for 5 min to remove

the supernatant, and the cell pellets were washed three

times with 0.85% NaCl solution. A bacterial suspension

with a concentration of 5 9 107 CFU/mL was obtained by

resuspending the cleaned cell pellet in 0.85% NaCl solu-

tion, and 4 mL suspension was added into each well of

sterilized 6-well plates. Samples were subjected to UV

light (200-280 nm) treatment for 5 h to avoid contamina-

tion before antibacterial tests. To carry out the antimicro-

bial test and avoid interference from other factors, 6-well

plates containing the bacterial suspension and samples

were placed 15 cm below a UV lamp (Philips, TL-D,

15 W) in an oscillating microorganism incubator. After

being cultivated at 120 rpm for 24 h at 30 �C, 2 lL bac-

terial suspension from each well after UV illumination was

diluted and plated on nutrient agar plates. The number of

bacteria was counted after incubating the plates at 37 �C
for 16 h. The colony-forming units (CFUs) of the bacteria

were examined, and the killing rate is calculated according

to Eq. (1), where the control group represented pure bac-

terial suspension without the coating samples.

Results and Discussion

During spraying, the suspension feedstock was transferred

into a high-temperature ionized gas that was created with

the mixed gas passing through a struck DC arc. After being

heated and accelerated by the ionized gas, the injected

drops were fragmented, vaporized and cooled to form the

coatings on the substrate surfaces. The morphologies of the

coatings are therefore closely related to spraying parame-

ters and physical–chemical properties of the initial feed-

stock. Figure 1 shows the SEM images of TiO2-SrCO3

composite coatings deposited by suspension plasma

spraying with the plasma power of 27, 30 and 33 kW. The

low spraying power resulted in an irregular surface struc-

ture of the coatings that consisted of clustered particles

(Fig. 1a-1). The spherical particles are clearly seen on the

top layer of the coatings (the red circles in Fig. 1a-2),

which were likely attributed to the gas produced by sudden

decomposition of PVP at high temperature and failed to

escape from the surrounding particles. The sphere was left

after the droplets impacted on the cold substrate (Ref 29).

The stacked particles would give rise to insufficient

mechanical strength of the coating and its bonding with the

substrate. We therefore developed a novel layered porous

coating structure, and each porous layer was fabricated

with the plasma power level of 30 kW. As the liquid

feedstock encountered the plasma jet with a higher power,

the fast evaporation and decomposition of the pyrolyzed

materials made them apt to escape from the molten parti-

cles, leaving pores in the coating when deposited on a cold

substrate. This phenomenon has been elucidated in a pre-

vious study (Ref 29). Interlamellar pores (Fig. 1b-2)

offered a large specific surface area and possibly facilitated

mass transfer. Besides, apart from releasing gas due to

decomposition, the residual PVP also served as a bonding

agent to ensure the bonding among semi-molten particles.

Further augmented spraying power resulted in increased

temperature and velocity of the plasma jet accordingly. As

a result, the gas and steam pressure exerted on surrounding

particles increased, resulting in the partially disappearance

of the layered structure and the porous structure, as shown

in Fig. 1c. Therefore, in this case, the plasma power of

30 kW was chosen for subsequent coating deposition. The

thickness of the coating was approximately 55 lm

(Fig. 1e). It was noted that the coating deposited using pure

TiO2 feedstock also presented a porous morphology

(Fig. 1d), but did not form a regular layered porous

structure. This nevertheless suggests the contribution of the

SrCO3 decomposition to constructing porous frameworks

during spraying process:

SrCO3 ðsÞ !900�1150 �C
SrO ðsÞ þ CO2 ðgÞ:

During spraying, SrO was easily produced and the

generated CO2 was simultaneously released (Ref 30). The

merit of the decomposition reaction of SrCO3 or PVP is

mainly the release of gas which increased the porosity of

the coating. The occurrence of these reactions was verified

by XRD and FTIR analyses (Fig. 2).

The strong and broad band located at 3420 cm-1 of the

IR peaks are attributed to the water absorbed on PVP

Bactericidal rate %ð Þ ¼ CFUs of control group � CFUs of experimental group

CFUs of control group
� 100% ðEq 1Þ

J Therm Spray Tech (2020) 29:1172–1182 1175

123



surfaces, hydrogen-bonded OH groups (Ref 31) and the

stretching vibration of carbonyl on pyrrolyl (Ref 32). The

peaks located at 2924-2843, 1671, 1462 and 1286 cm-1 are

attributed to the C–H stretching, C=O stretching vibration,

–CH2– stretching and C–N stretching vibration of PVP

molecules, respectively (Ref 33, 34). FTIR spectra of the

pure TiO2 coating and the TiO2-SrCO3 coating both show

the peaks relating to PVP at 2889, 1671, 1462 and

1286 cm-1, indicating the residual PVP in the coatings.

Since the FTIR spectra were obtained after background

removal, the signal at 2500 cm-1 is ascribed to CO2 that

was generated from the decomposition reaction of SrCO3

and absorbed to the coating surface as adsorbate (Ref

35, 36). These results suggest that the PVP in the suspen-

sion was partly decomposed during the spraying process,

and the remaining PVP served as the bonding agent among

the unmelted and semi-molten particles to ensure the

integrity of the coating. The broad band located at

700-1000 cm-1 of the pure TiO2 coating refers to Ti-O and

Ti-O-Ti skeletal frequency region (Ref 37). However, there

are weak bands located at 625 and 790 cm-1 for the

composite coating, corresponding to TiO6 stretching and

octahedron bending, respectively (Ref 38). This means the

formation of the perovskite structure. In addition, the peaks

at 1430 cm-1 and 1770 cm-1 are associated with the

symmetric stretching and the C=O stretching vibrations of

CO3
2-. The peaks observed at 1422, 862 and 708 cm-1 are

attributed to the C-O asymmetric stretching, out-of-plane

bending and in-plane bending of CO3
2-, respectively. The

infrared spectrum presents a weak band at 448 cm-1,

Fig. 1 SEM images of the TiO2-SrCO3 coatings fabricated under the

plasma powder of 25 kW (a), 30 kW (b) and 33 kW (c), and the pure

TiO2 coating was deposited under 30 kW (d); and e: typical cross-

sectional morphology of the TiO2-SrCO3-SrTiO3 coating. (- 2 is

enlarged view of selected area shown in - 1)
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associated with the SrO stretching, confirming the presence

of Sr-based compounds in the coatings (Ref 39). The FTIR

spectra of the composite corroborates that the deposited

coating are composed of TiO2, SrCO3 and SrTiO3 com-

pounds because the peaks are complete correspondence.

According to the decomposition reaction of SrCO3 dis-

cussed previously, the decomposition occurs at around

1000 �C, which is much lower than the temperature of the

plasma jet (usually up to 10,000 �C) (Ref 40). However,

XRD detection did not show the trace of SrO in the sam-

ples, which is very likely due to a small amount of SrO.

The XRD diffractogram (Fig. 2b) shows the strong peak

at 25.3� which is attributed to the (001) plane of anatase,

and the weak peaks at 27.5� and 54.3� which correspond to

the (110) and (211) plane of rutile. Both the pure TiO2

coating and the composite coating exhibited similar phase

composition to pristine P25, indicating the anatase of TiO2

was well-retained after high-temperature process. The

peaks at 25.4�, 45.8�, 47.8� and 50.3� are assigned to

undecomposed SrCO3. Furthermore, the formation of

SrTiO3 in the coatings was further detected by TEM. These

phases would ultimately influence the photocatalytic per-

formances of the coatings.

TEM analyses were conducted to further characterize

the TiO2-SrCO3 composite structure and evidence the

presence of SrTiO3 in the inner structure (Fig. 3). The

phase transformation from anatase to rutile was reported to

occur with the growth of grain size (Ref 41). Some crystals

as well as discrete particles had an approximate particle

size of 5-50 nm (Fig. 3a), and most particles had a diam-

eter of around 25 nm, which is consistent with the size of

the pristine P25 particles and in agreement with the XRD

results. The high-resolution transmission fringes of the

selected area I and corresponding selected area electron

diffraction (SAED) pattern shown in Fig. 3b and c suggest

a polycrystalline structure, which can be indexed as the

(101), (112), (004) plane of anatase, the (021), (002) crystal

plane of rutile, and the (110), (223), (310) plane of stron-

tium carbonate. Growth of SrTiO3 on TiO2 lattice was

confirmed by the faint fringe attributed to the (211) plane

from the HRTEM image of the composite coating. Inter-

estingly, the coexistence of SrCO3 and SrTiO3 was

observed, which could improve the catalytic activity and

inhibit deactivation of the catalysts, since SrCO3 can

extract photoinduced electrons from conduction band of

SrTiO3 to accelerate the separation of photoinduced charge

carriers (Ref 25). However, the presence of strontium oxide

was not clearly detected by TEM, presumably due to the

easy reaction of strontium oxide with H2O and CO2 in air

(Ref 42). A large number of irregular spots on the

diffraction pattern as shown in Fig. 3d indicate the pres-

ence of doping and disordered structures in the crystal

lattice. The existence of moiré pattern was marked by the

dotted box and the dislocations and small-angle grain

boundaries were highlighted by the arrows (Fig. 3c). The

small misorientation on the interface can lead to imperfect

oriented attachment and generate localized dislocations

(Ref 43). The influence of the formation of secondary

phases and small-angle boundaries, disorders and crystal

defects on semiconducting properties may be substantial by

providing a guiding center to optical excitation and relax-

ation and hindering the recombination speed of light-in-

duced electrons and holes (Ref 44, 45). It is worth noting

that the composite particles subjected to plasma spraying

presented a thin amorphous surface layer with a thickness

of 1 nm or less (Fig. 3b). It has been proven that the

generation of a disordered layer can lead to the narrowing

of the optical band gap (Ref 44). Hence, it is anticipated

that the composite structure would have a narrower band

gap than the pristine catalysts. Taken together, the TiO2-

Fig. 2 FTIR spectra (a) and XRD curves (b) of the pure TiO2 coating

and the TiO2-SrCO3 coating
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SrCO3 composite photocatalyst with secondary phases and

disordered microstructure are expected to enhance the

photocatalytic performance, as shown in the following.

Light absorption and photoexcitation mainly depend on

the band gap (Eg) of semiconductors. In this study, UV–vis

diffuse reflectance spectrometry (DRS) was employed to

examine the band gap energy and light absorption ability of

the coatings in the wavelength range of 200-800 nm. It was

observed that both coatings exhibited significant absorption

within the UV region between 200 and 350 nm (Fig. 4a).

Furthermore, a notable absorption extension comparable to

that in the UV light region was observed in the visible light

region for the composite coating, while no obvious

absorption peak was detected in the visible spectrum for

the pure TiO2 coating. These results closely agreed with the

TEM results and validated a greatly enhanced optical

absorption intensity of the composite coating. Compared

with the TiO2 coating, the absorption edge of the composite

coating slightly shifted to longer wavelengths, indicating

that the doping in the composite coating influenced the

main structure of the catalyst (Ref 46). With the anatase as

the main phase, the band gap value of TiO2 was estimated

by the Tauc plot as an indirect semiconductor according to

a previous report (Ref 47). As shown in Fig. 4b, the band

gap of the pure TiO2 coating was 3.08 eV, being consistent

with that of pristine P25. The composite coating had a

narrower band gap of 2.58 eV; thus, the presence of

SrCO3-SrTiO3 reduces the band gap value (Table 1), which

is beneficial to the formation of photoinduced electron–

hole pairs because less excitation energy is needed in this

Fig. 3 TEM imaging analyses of the coatings fabricated under the plasma powder of 30 kW, a: TEM image of the TiO2-SrCO3 coating; b, c:

HRTEM images of the selected area I and II; d: SAD pattern of the composite coating
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case. However, fast separation is another critical issue

during photocatalysis. In this case, photoluminescence (PL)

emission spectroscopy was carried out to investigate the

separation of electron hole pairs. The emission peak was

derived from the recombination of electrons and holes and

an enhanced charge carrier separation should give rise to a

low-intensity emission peak (Ref 48). As shown in Fig. 4c,

the pure TiO2 coating had a strong PL peak at * 490 nm.

Whereas the PL intensity of the composite coating is sig-

nificantly weaker, proving the capability of the TiO2-

SrCO3 composite coating to enhance the separation of the

photogenerated charge carriers and produce more surface

carriers. The composite coating is therefore able to provide

further promoted photocatalytic performances.

The role of addition of SrCO3 on photocatalytic per-

formance of the porous coatings was examined by

degrading MB dye in aqueous solution under the irradia-

tion of UV and visible light (Fig. 5). After 1 h of adsorp-

tion/desorption equilibrium, a negligible photodegradation

of MB was detected in the absence of photocatalysts. When

the pure TiO2 coating and the composite coating were

exposed to UV light, 63.9% and 83.4% of MB were

decomposed after 6 h, respectively, suggesting that the

composite coating was more effective. When placed under

visible light, the composite coating showed increased

photocatalytic activities (87.8%) while the TiO2 coating

demonstrated decreased photocatalytic activities (56.2%).

The Langmuir–Hinshelwood first-order kinetic model

lnðC0

C Þ ¼ kapp � t was then used to further elucidate the

photocatalytic properties of the samples, where k is the

apparent rate constant, C0 is the initial concentration of the

MB solution after the adsorption–desorption equilibrium

process and C refers to the residual concentration of the

solution at regular time intervals under UV light or visible

light irradiation. The k values of different samples under

different light resources are shown in Fig. 5c and d. The k

values for MB degradation by the composite coating under

UV light (0.2606 h-1) and visible light (0.29135 h-1)

illumination are about 2 and 3 times higher than those for

the pure TiO2 coating (0.13564 and 0.10693 h-1, respec-

tively). The higher efficiency of the composite coating

(especially under visible light irradiation) could be attrib-

uted to the coupling of TiO2 and SrCO3, the generation of

SrTiO3 and the presence of the disordered structure (Ref

20, 21, 44). Those structural features presumably resulted

in the reduction of energy gap and provided additional

electronic states among conduction and valence bands.

The bactericidal effect of the coatings was further

examined (Fig. 6). As expected, a maximum number of

colonies was found for the blank group. All samples

showed reduced growth of bacterial colonies after UV light

Fig. 4 Spectral absorbance (a), Tauc plot (b), and PL spectra (c) of

the TiO2-SrCO3 coatings fabricated under the plasma powder of

30 kW

Table 1 The band gap energy (Eg) of phases

Materials TiO2 SrCO3 SrTiO3

Eg, eV 3.08 5.14 3.24
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illumination, and the antibacterial activity of the composite

coating was significantly more pronounced than that of the

other samples. The killing rate of the substrate and the

TiO2 coating was 9.7% and 86.1%, respectively, while that

of the composite coating was over 99.7%. Living organ-

isms consist of abundant organic compounds which can be

easily damaged by the reactive oxygen species (ROS)

generated by photocatalytic reactions. In detail, bacterial

death is believed to be a consequence of a significant dis-

order in cell permeability and the decomposition of the cell

wall (Ref 49). This result clearly indicates the excellent

bactericidal ability of the composite coating.

Conclusions

In summary, suspension plasma spraying showed appro-

priateness in fabricating the novel TiO2-SrCO3 composite

photocatalyst. The composite coatings showed a unique

layered porous microstructure and a well-reserved nanos-

tructure. The special structure and the co-catalyst effect

offered by SrTiO3 resulted in accelerated generation and

inhibited recombination of photogenerated electrons and

holes. Significantly enhanced photodegradation effects of

MB dye under both UV and visible light, along with out-

standing antibacterial performances, were revealed for the

TiO2-SrCO3 coating. These results shed light on develop-

ing nano-titania-based photocatalytic surface coatings for

Fig. 5 Photocatalytic degradation of MB of the pure TiO2 coating and the TiO2-SrCO3 coating under UV light (a) and Xe lamp (b) irradiation

and linearly transformed ln (C0/C) of the kinetic curves of MB degradation under the UV light (c) and Xe lamp (d) irradiation

Fig. 6 The inactivation efficiency of E. coli by different samples. a

Blank; b substrate; c TiO2 coating fabricated under the plasma

powder of 30 kW; d TiO2-SrCO3 coating fabricated under the plasma

powder of 30 kW
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potential applications in environmental remediation and

antibiosis.
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