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Abstract
In this work, SiC-Cucermet coatings were deposited on C45 steel substrate by using the plasma spray technique, at varying spaying
parameters under atmospheric or Argon gas ambiances. The microstructure of sprayed coatings was exanimated by using scanning
electron microscopy (SEM).The coating elemental and compositional analysis was performed by using Energy-dispersive X-ray
spectroscopy (EDX) and X-ray diffraction (XRD) techniques. SEM/ EDX/ XDR results indicate that the optimal factors were: (i)
85SiC : 15Cu powder feedstock, (ii) 42 g/min powderfeed rate, (iii) 380 A plasma current, (iv) 50 mm spraying distance, and v) under
Argon gas protection. The apparent porosity of sprayed coatings was only in range from 1.38 % to 1.65 %. The average thickness of
coatings was in range from 200 µm to 300 µm. By SEM images, many SiC particles are seen in the coating, but their shape become
smoother than that in the as-received SiC powder - due to the presence of Cu in their surface as binder. XRD analysis indicated that
content of SiC phases is 86 ±3 %.wt; and Cu content is 14 (±3%) wt.%. The application of this plasma spayed SiC-Cu coating is very
promising in the severe corrosion environment.
Keywords: SiC; Cu; plasma spray; cermet coating, SiC-Cu coating

1. Introduction

In the field of coating science, SiC is expected to provide the

By having excellent thermal, chemical and mechanical

extremely high anti-corrosion, strong wear resistance, heat and

properties, SiC has been considered as the most promising

chemical resistant properties for both industrial and space

ceramic for high performance applications in the aggressive

applications (against wear and high temperature oxidation)

environments.

[1].
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In this regard, SiC can be used in various types of coatings,

plasma spray, using a mixture of SiC and ZrB 2 as spraying

such as organic, metallic and ceramic coatings. In case of

material. As reported, these two compounds formed a eutectic

organic

phase, at a temperature lower than that of SiC decomposition.

coatings,

filler/reinforcer
matrices,

such

in

SiC

particles

various
as

had

types

polyfluo

of

been

used

as

organic/polymeric

wax/polyurethane

Regarding the third pathway, incorporation of metallic binders

[2],

could facilitate the bonding of SiC particles, allowing SiC-

polyetheretherketone [3, 4], poly(o-toluidine) [5], epoxy [6,

based coating to be deposited. Recently, we successfully

7]. For metallic coatings, SiC particles could be embedded

fabricated the ceramic/metal cermet coatings using plasma

into metallic matrices, such as Cu [8, 9], Al [10, 11], Ni [12-

spaying (Cr3C2-25NiCr coating) for protection of steel from

19], Ni-Co [20], Co [21] matrices.

corrosion-erosion [26]. Thus we focus on the SiC-Cu cermet
coating in this work.

SiC coatings have been mostly fabricated by using the
chemical vapor deposition (CVD) [22, 23], with low growth

The most common method for fabricating of SiC-Cu

rate (~10 µm/h - without adding HCl to the standard process

composite is the powder metallurgy (PM) with sintering or

[24] and small scale production. For industrial scale-up

hot-pressing, at the temperature below the melting point of

application, thermal sprayed SiC-based ceramic coatings have

SiC (2830 0C). However, significant decomposition of SiC in

been developed.

PM process was observed by several researchers [27, 28].
Kang et al [9] fabricated the SiC/Cu metal matrix composite

Regarding the thermal sprayed SiC coatings, many efforts had

(MMC) using plasma spray. The authors prepared ball-milled

been carried out to fabricate the pure (100%) SiC coating, but

Cu/SiC powder as spraying materials(powder feedstock)at

still being challenge due to the nature of SiC raw material.

different portions (Cu–27SiC, Cu–50SiC, Cu–60SiC) of SiC

Several approaches have been developed, such as i) plasma

powder (<45 µm) and Cu powder (<45 µm). The authors

spraying at high current/power to melt the SiC powder

indicated that SiC was decomposed into Si and C, and copper

material, ii) conventional plasma spraying for mixture of SiC

silicide was then formed under plasma spaying. Similarity,

and other ceramics (with lower melting point for a eutectic

several works have been done for decomposition of SiC-Cu

phase, and iii) plasma spraying at low current/power to

powder mixture. Suganuma et al. [29] indicated that when SiC

fabricate the SiC/metal cermet coating using metallic phases

was in contact with Cu, it decomposed into Si and fine carbon

as binders (bonding agents).

at 1100 oC. Lee et al. [30] found the formation of Cu7Si and
very small amount of graphite in the interface of Cu and SiC

On the first approach, many researchers, including our group,

at the reaction temperature of 1100 oC.

found that SiC was decomposed under plasma spraying
process at high current/power. It was reported in literature that

In this work, we focus on the third approach, using plasma

pure SiC coating could not be deposited by thermal spray

spraying at low current/power to avoid the degradation of SiC

because SiC materials should decompose before melting [25].

material. Cu sub-micro particles will be mixed with SiC

That is why we could only observe small amount of SiC

powder as spraying material. These Cu particles are expected

phases in XRD pattern, along with its decomposed products.

not only to bond the SiC particles, but also to protect SiC from

On the second approach, Tului et al. [25] successfully

degradation during the plasma spraying process. In addition,

fabricate the coatings containing up to 66 vol.% of SiC by

in this study, we use the inert gas (Argon) to protect both
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spraying materials and coatings during the plasma spraying

porosity of sprayed coatings was determined by using the

process. This idea comes from the fact that Argon can be used

optical microscopy analysis (Axiovert 40 MAT, Carl Zeiss,

as inert/shielding gas in the plasma arc welding.

Germany), according to the ASTM B276 standard.
The

morphologyand

elemental

compositionof

powder

feedstock and coatings were analyzed by using FEI Nova

2. MATERIALS AND METHODS

Nano SEM 450 Scanning Electron Microscope (Japan) with

2.1. Materials
-3

SiC powder (> 80%, density: 3.2 g.cm ) was obtained from

Energy-dispersive X-ray spectroscopy (EDX) option.

Ermakchim (Russian Federation).Cu powder (>95%, density:

To identify the possible phases that present in the powder and

-3

8.96 g.cm ) was provided by Guangzhou Hongwu Material

coatings, X-ray diffraction (D8- Advance, Bruker instrument,

Technology(China).The steel (C45 - DIN 17200, Russian)

Germany) has been used at temperature of 25°C, with 2θ angle

substrates were high carbon steel with the chemical

scanningfrom 15˚ to 65˚. The obtained X-ray diffraction

composition: C(0.42-0.5%), Mn (0.5-0.8%), P (≤0.035%), S

patterns are analyzed (using the Eva software) and semi-

(≤0.04%), Si (0.17-0.37%), and Cr (0.2-0.4%). The size of

quantitative evaluation (using Dquant software with an error

steel coupons was 50×50×5 mm. Prior to the plasma spraying,

of ± 3%).

the surface of steel coupons was cleaned by abrasive blasting
(using Al2O3 powder) until their roughness (Rz) reached a

3. RESULTS AND DISCUSSION

value of ~ 50 μm.

3.1. Characterization of powder materials
a. SiC powder

2.2. Coating preparation

Figure 3 shows the SEM image of as-received SiC particles.

SiC-Cu coatings were fabricated by using 3710 Plasma spray

As can be seen in Fig. 3, the SiC has an angular morphology

equipment-PRAXAIR-TAFA

The

for hard particles, with a mean diameter of 40 - 50 μm. To

technology parameters (powder feed rate, spray distance,

evaluate the elemental composition of this as-received

plasma current) has been presented in the Table 1.

powder, EDX analysis was used (Figure 4). From the EDX

Figure 2 shows the standard SG-100 gun (a) and customized

spectrum, the content of Si element in this powder ranges from

SG-100 gun (b) for Argon protection of materials and coating

58 wt.% to 60 wt.%. Whereas, the content of C element ranges

during the spraying process. As can be seen in Figure 2, the

from 35 wt.% to 37 wt.%. In addition, Aluminum and Oxygen

size of plasma flame with standard gun (Fig. 2a) is much

elements are observed at the contents of 0.6-0.8 wt.% and 4-5

larger than that with the customized gun (Fig. 2b), due to the

wt.%, respectively.

(USA,

Figure

1).

presence of oxygen in the ambience.
For comparison, SiC-Cu coatings are plasma sprayed with

To identify the phases that present in this powder, X-ray

both standard (Air deposition) and customized (under Argon

diffraction method has been used. Figure 5 presents the XDR

protection/under shielding Argon) SG-100 guns.

pattern of SiC as-received powder. As can be seen in this
figure, XRD of the prepared SiC shows the single phase of

2.3. Characterization

SiC was hexagonal (at content of 78.2%). In addition, one

The thickness of the coatings was measured by using Digi-

weak diffraction peak for SiO2 was observed.

Derm (Model DGE-745, Mituyo, Japan). The apparent
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Figure 1: Plasma spray equipment 3710-PRAXAIR-TAFA (USA)

Coatings
SiC-50Cu (in
Air)
SiC-20Cu (in
Argon)
SiC-15Cu (in
Argon)

Powder feed

Spray distance

Plasma

rate (g/min)

(mm)

current (A)

42

50

380

42

50

380

42

50

380

Voltage
(V)

Gas flow rate (L/min)
Argon

Hydrogen

58

50

8

58

50

8

58

50

8

Table 1: Technological regimes for plasma spraying of SiC-Cu cermet coatings
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Figure 2: a) Standard SG-100 gun, b) Customized SG-100 gun for Argon shielding of materials and coating during the spraying

Figure 3: SEM image of SiC powder. Magnification: × 550
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Figure 4: EDX spectrum of SiC as-received powder.

Figure 5: XRD diffraction pattern of SiC as-received powder
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b. Cu powder

then its thickness was measured/checked on-site. Figure 8

Figure 6 shows the SEM image of as-received Cu particles. As

presents the average values of their thickness. As can be seen

can be seen in Fig. 4, the Cu exhibits as soft flake particles,

in Figure 8, the thickness of coatings is these SiC-Cu coatings

with a mean diameter of ~1 μm. Figure 7 presents the EDX

is in range of 200-300 μm, with the SiC-15Cu being the

spectrum for this Cu as-received powder. Calculation from

lowest (204.67 ± 26.5 µm). This lowest value might be

this EDX spectrum indicates that the contents of elements that

attributed to the lowest content of Cu powder in the feedstock

present in this powder are C (1.38 wt.%); O (0.3wt.%); Fe:

powder. In case of SiC-20Cu coating, its thickness has the

(1.5 wt.%) and Cu (96.82%).

highest value (295.67 ± 21.5 µm), whereas it is 220 (± 20.5)

Regarding the mixture of Cu and SiC powders as feedstock,
-3

due to the density difference between Cu (ρ = 8.96 g.cm ) and
-3

µm for SiC-50Cu coating.
We also estimate the thickness by using optical microscope for

SiC (ρ = 3.2 g.cm ), we have to select the different size of

the cross section of the sprayed coatings. Figure 9 presents the

Cu and SiC particles, such as 1 µm and 50 µm, respectively.

cross-sectional image of SiC-20Cu coating att the optical

In addition, in order to mix them uniformly, various portions

magnification of 200 times. As can be estimated from this

(SiC : Cu) of mixture are prepared, such as 50:50; 80:20;

figure 9, the thickness is about 280 µm.

85:15 and 90:10.

In addition, we had also tried to fabricate the coating at
90SiC:10Cu portion, but no coating had been deposited on the

3.2. Coating characterization

steel surface, due to the low content of Cu powder in the

SiC-Cu cermet coatings have been deposited on C45 steel

feedstock acting as the binders (to facilitate the bonding of

substrates with various Cu contents in the powder feedstock

SiC particles under spraying).

(from 10% to 50%) using plasma spraying method (Figure 1).

In the next parts, we discuss the morphology and

Each sample was sprayed during 5 minutes (Figure 1b), and

elements/phases that present in these coatings.

Figure 6: SEM image of Cu powder. Magnification: × 500
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Figure 7: EDX spectrum of SiC as-received powder.

Figure 8: Thickness values of plasma sprayed coatings
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Figure 9: Cross-sectional image of SiC-20Cu coating. Magnification: × 200

a. SiC-50Cu coating sprayed in air

To avoid these issues, we use the customized plasma gun (for

Figure 10 shows the SEM images of surface for SiC-50Cu

Argon protection, Figure 2b) and reduce the content of Cu

coating. The surface is slightly rough and may round particles

powder in feedstock for other coating samples in the next

(1-5 µm) are obvious. No solid (hard) SiC particles (40-50

sections.

µm) are seen in Figure 10. To verify the presence of SiC in

b. SiC-20Cu coating sprayed in Argon

this coating, EDX and XRD have been carried out. Based on

Figure 13 shows the surface of plasma-sprayed SiC-20Cu

the EDX analysis (Figure 11), the element composition is C

coating. The surface is rough and some pores are observed. In

(6.3 wt.%); O (7.09 wt.%); Si: (3.66 wt.%) and Cu (81.13

addition, numerous SiC particles are also seen, but their shape

wt.%). XRD analysis (Figure 12) confirms that this coating

become smoother than that in the as-received SiC powder (due

contains mostly of Cu (face centered cubic). Other weak

to the presence of Cu in their surface as binder). EDX analysis

diffraction peaks are contributed to CuO2 and Aluminum

(Figure 14) indicates the high content of Si in the coating with

Silicon Carbide (Al8SiC7).

the element composition: C (19.96 wt.%); O (29.96 wt.%); Si

SEM/EDX/XRD analyses indicate the decomposition of

(28.37 wt.%); Fe (1.27 wt.%) and Cu (7.24 wt.%). Based on

powder feedstock during plasma spraying process due to

the XRD analysis (Figure 15), the content SiC phases is ~53

spraying environment in air (using the standard plasma gun,

wt.% (~ 42%: crystalline phase; ~ 11%: amorphous phase),

Figure 2a). Thus, the content of SiC in this SiC-50Cu coating

and Cu content is about ~ 47 wt.% (using Dquant software

is undetectable or too low (few % ).

with an error of ± 3%).
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Figure 10: SEM image of SiC-50Cu coating (sprayed in Air). Magnification: × 750

Figure 11: EDX spectrum of SiC-50Cu coating (sprayed in Air).
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Figure 12: XRD diffraction pattern of SiC-50Cu coating (sprayed in Air).

Figure 13: SEM image of SiC-20Cu coating (sprayed in Argon). Magnification: × 500.
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Figure 14: EDX spectrum of SiC-20Cu coating (sprayed in Argon).

Figure 15: XRD diffraction pattern of SiC-20Cu coating (sprayed in Argon).
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c. SiC-15Cu coating sprayed in Argon

range from 1.38 % to 1.65 %. This average value is much

Figure 16 presents the surface of plasma-sprayed SiC-15Cu

lower than that for the plasma sprayed Cr3C2-25NiCr cermet

coating. As can see in this figure, there are many solid SiC

coating (from 3.1% to 3.4% [26]). In the previous work [26],

particles. EDX analysis (Figure 17) indicates the higher

we used the Cr3C2-25NiCr powder (35±5 µm) as feedstock,

content of Si in the coating, as compared to the SiC-15Cu

under plasma current of 600 A atmospheric ambiance (spray

coating. The elemental composition is C (29.81 wt.%); O

distance of 100 mm). Reduction of porosity for SiC-15Cu

(8.24 wt.%); Si (40.79 wt.%); Fe (3.18 wt.%) and Cu (17.01

coating could be attributed to the combination of i) the

wt.%). Based on the XRD analysis (Figure 18), the content

presence of Cu sub-micro particles in powder feedstock, ii)

SiC phases is ~86 wt.% (~ 71%: crystalline phase; ~ 15%:

low plasma current of 380 A, iii) short spray distance (50 mm)

amorphous phase), and Cu content is about ~ 14 wt.% (using

and iv) Argon gas protection under plasma spraying process.

Dquant software with an error of ± 3%).

The presence of Cu sub-micro particles (together with SiC

Figure 19 presents the cross-sectional photos of SiC-15Cu

particles) in powder feedstock is not only to bond the SiC

coating for evaluation of apparent porosity (taken by an

particles, but also to protect SiC from degradation during the

optical microscope Axiovert 40 MAT). From the optical

plasma spraying process, thus reduces significantly the

microscopy analysis, the values of apparent porosity are in

porosity of coating.

Figure 16: SEM image of SiC-15Cu coating (sprayed in Argon). Magnification: × 500

Kenk Nanotec Nanosci 6:15-33(2020)

Kenkyu Journal of Nanotechnology & Nanoscience 6:15-33 (2020)

Figure 17: EDX spectrum of SiC-15Cu coating (sprayed in Argon).

Figure 18: XRD diffraction pattern of SiC-15Cu coating (sprayed in Argon).
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A

B
Figure 19: Cross-sectional photos of SiC-15Cu coating. Magnification: × 200
A) Optical image, B) Image with annotations
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CONCLUSIONS
The main findings of this research were:


content of SiC phases is 86 ±3 %.wt; and Cu

The SiC-Cu cermet coatings were successfully

content is 14 (±3%) wt.%.


fabricated on C45 steel substrate by using the
plasma





spray

technique,

under

XRD analysis for SiC-15Cu coating indicated that

Argon

gas

For the next study:
- For industrial application, SiC-15Cu coatings

protection.

will be then sealed with polytetrafluoroethylene

The optimal parameters for plasma spraying are i)

(PTFE)

85SiC:15Cu powder feedstock, (ii) 42 g/min

corrosion and wear resistances.

powder feed rate, (iii) 380 A plasma current, (iv)

- The erosion resistance of this SiC-15Cu coating

75 mm spraying distance, and v) under Argon gas

(with or without nano-PTFE sealant) will be

protection.

carried out by using a slurry flow (SiC particles in

The average thickness of SiC-15Cu coating is

HF/HCl solution) at 70 oC, under rotational speed

204.67 ± 26.5 µm

950 rpm (Figure 20).

By SEM images, many SiC particles are seen in

- For industrial application, the nano-PTFE sealed

the coating, but their shape become smoother than

SiC-15Cu coating will be used to protect pump

that in the as-received SiC powder - due to the

chamber against the apatite sludge solution

presence of Cu in their surface as binder.

(Figure

emulsion

to

enhance

further

their

21).

AB

Figure 20: A) Customized corrosion testing chamber; B) systematic design: 1- PTFE based (chemical) tank, 2- Testing samples, 3Rotator.
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Figure 21: Protection of pump chamber against the sludge solution: a) sludge pump; b) pump chamber without coating, c) pump
chamber with nano-PTFE sealed SiC coating

Materials Science and Engineering: A, Volume 426,

References

Issues 1–2, 25 June 2006, Pages 59-65

1. Phuong Nguyen-Tri, Tuan Anh Nguyen, Pascal
Carriere, Cuong Ngo Xuan (2018), Nanocomposite

2.

3.

3.G. Zhang, H. Liao, H.Li, C.Mateus, J.-M. Bordes,

Coatings: Preparation, Characterization, Properties,

C. Coddet, On dry sliding friction and wear

and Applications, International Journal of Corrosion,

behaviour

Volume 2018, 2018, Article ID 4749501, 19 pages,

coatings, Wear, Volume 260, Issue 6, 10 March

https://doi.org/10.1155/2018/4749501

2006, Pages 594-600

Hao-Jie Song, Zhao-Zhu Zhang, Investigation of the

4.

of

PEEK

and

PEEK/SiC-composite

Ajay Kumar Kadiyala, Jayashree Bijwe, Prashantha

tribological properties of polyfluo wax/polyurethane

Kalappa, Investigations on influence of nano and

composite coating filled with nano-SiC or nano-ZrO2,

micron sized particles of SiC on performance
properties of PEEK coatings, Surface and Coatings

Kenk Nanotec Nanosci 6:15-33(2020)

Kenkyu Journal of Nanotechnology & Nanoscience 6:15-33 (2020)
Technology, Volume 334, 25 January 2018, Pages

matrix composites: a comparative study, J. Mater.

124-133

Process Technol., Vol.142, 2003, 738–743.

5.

6.

12. G. Jiaqiang, L. Lei, W. Yating, S. Bin, and H.
Preparation and Corrosion Resistance of poly(o-

Wenbin, Electroless Ni–P–SiC composite coatings

toluidine)/nanoSiC/epoxy Composite Coating, Int. J.

with superfine particles, Surface and Coatings

Electrochem. Sci., 10 (2015) 10607 – 10618

Technology, vol. 200, pp. 5836–5842, 2006

Jian-Yi Xue, Jun-Hong Chen, Jun-Hao Dong, Han
Wang, Wen-Dong Li, Jun-Bo Deng and Guan-Jun

heat

Zhang, The regulation mechanism of SiC/epoxy

characteristics

coatings on surface charge behavior and flash over

nanocomposite coatings, Ceramics International, vol.

performance of epoxy/alumina spacers, Journal of

40, pp. 9279–9284, 2014

Physics D: Applied Physics, Volume 52, Number 40
7.

8.

treatment

on

structures

of

and

electroless

corrosion
Ni–P–SiC

14. Y. Zhou, H. Zhang, and B. Qian, Friction and wear

Zijun Pan, Ju Tang, Cheng Pan, Yi Luo, Qinyi Liu

properties of the codeposited Ni-SiC nanocomposite

and Huasuan He, Contribution of nano-SiC/epoxy

coating, Applied Surface Science, vol. 253, pp. 8335-

coating with nonlinear conduction characteristics to

8339, 2007

surface charge accumulation under DC voltage,

15. H. Ogihara, H. Wang, and T. Saji, Electrodeposition

Journal of Physics D: Applied Physics, Volume 53,

of Ni-B/SiC composite films with high hardness and

Number 36

wear resistance, Applied Surface Science, vol. 296,

S. M. Mirsaeedghazia, S. R. Allahkarama, S.

pp. 108-113, 2014

Mahdavib and A. Varmazyara, Characteristics and

16. A. Zoikis-Karathanasis, E. A. Pavlatou, and N.

properties of Cu/nano-SiC and Cu/nano-SiC/graphite

Spyrellis, Pulse electrodeposition of Ni-P matrix

hybrid composite coatings produced by pulse

composite coatings reinforced by SiC particles,

electrodeposition technique, Canadian metallurgical

Journal of Alloys and Compounds, 494, 2010, pp.

quarterly,

396-403.

2018,

https://doi.org/10.1080/00084433.2018.1444368
9.

13. C. Ma, F. Wu, Y. Ning, F. Xia, and Y. Liu, Effect of

Hyun-Ki

Kang,

Suk

Bong

Kang,

17. Y. J. Xu, Y. Y. Zhu, G. R. Xiao, C. Y. Ma,

Thermal

Application of artificial neural networks to predict

decomposition of silicon carbide in a plasma-sprayed

corrosion behavior of Ni-SiC composite coatings

Cu/SiC composite deposit, Materials Science and

deposited by ultrasonic electrodeposition, Ceramics

Engineering A 428 (2006) 336–345

International, vol. 40, pp. 5425-5430, 2014

10. 10 J. F. Garneau, R. Angers, MR. Krishnadev and L.

18. W Huang, Ni60-SiC coating prepared by plasma

Collins, Fabrication and Characterization of Silicon

spraying, plasma re-melting and plasma spray

Carbide/6061 Composites, 32nd. Annual Conference

welding on surface of hot forging die; Journal of

of Metallurgists of CIM, 1993, 27-36.

Wuhan University of Technology -Mater. Sci. Ed.

11. M. Shorowordi, T. Laouip, A.S.M.A. Haseeb, J.P.
Celis, L. Froyen, Microstructure and interface
characteristics of B4C, SiC and Al2O3 reinforced Al

Kenk Nanotec Nanosci 6:15-33(2020)

August 2011, Volume 26, pp 153 – 161
19. 19.

Ruiqian

Li,

Qingwei

Chu,

Jun

Liang,

Electrodeposition and characterization of Ni–SiC

Kenkyu Journal of Nanotechnology & Nanoscience 6:15-33 (2020)
composite coatings from deep eutectic solvent, RSC
Adv., 2015, 5, 44933-44942

28. 28 E.A. Gulbransen, K.F. Andrew, F.A. Brassart, The
Oxidation of Silicon Carbide at 1150° to 1400°C and

20. 20.Y. Yang, and Y. F. Cheng, Mechanistic aspects of
electrodeposition of Ni-Co-SiC composite nanocoating on carbon steel, Electrochimica Acta, vol.

at 9 × 10 − 3 to 5 × 10 − 1 Torr Oxygen Pressure, J.
Electrochem. Soc. 113 (12), 1966, 1311.
29. K. Suganuma, K. Nogi, Interface structure formed by
characteristic reaction between α-SiC single crystal

109, pp. 638-644, 2013
21. M. Jafari, J. Mostaghimi, H. Monajatizadeh and M.
Rafiei, Microstructure evaluation of CO-222/SiC

and liquid Cu, J. Jpn. Inst. Met. 59 (1995) 1292–
1298.

coating produced by the plasma spraying method,

30. H.K. Lee, J.Y. Lee, Decomposition and interfacial

Journal Surface Engineering; 34 (3) 2018, pages 220-

reaction in brazing of SiC by copper-based active

225, https://doi.org/10.1080/02670844.2016.1259731

alloys, J. Mater. Sci. Lett. 11 (1992) 550–553.

22. Laifei Cheng, Yongdong Xu, Litong Zhang, Xingang
Luan, Oxidation and defect control of CVD SiC
coating on three-dimensional C/SiC composites,
Carbon, Volume 40, Issue 12, 2002, Pages 22292234
23. 23.Yao-Can Zhu, S. Ohtani, Y. Sato, N. Iwamoto,
The improvement in oxidation resistance of CVDSiC coated C/C composites by silicon infiltration
pretreatment, Carbon, Volume 36, Issues 7–8, 1998,
Pages 929-935
24. Milan Yazdanfar, Precursors and defect control for
halogenated, CVD of thick SiC epitaxial layers,
Doctoral thesis, Linköping University, Sweden, 2014
25. Mario Tului, Barbara Giambi, Stefano Lionetti ,
Giovanni Pulci, Fabrizio Sarasini, Teodoro Valente,
Silicon carbide based plasma sprayed coatings,
Surface & Coatings Technology 207 (2012) 182–189.
26. Tuan Nguyen Van, Tuan Anh Nguyen, Thu Quy Le,
and Thi Ha Pham, Influence of plasma spraying
parameters

on

microstructure

and

corrosion

resistance of Cr3C2-25NiCr cermet carbide coating,
Anti-Corrosion Methods and Materials, 66 (2), 2019
https://doi.org/10.1108/ACMM-09-2018-2003
27. A.A. Istratov, E.R. Weber, Physics of copper in
silicon, J. Electrochem. Soc. 149 (1), 2001, G21–
G30.

Kenk Nanotec Nanosci 6:15-33(2020)

