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Low temperature gas-phase technology cladding powdered silicon carbide

A technology for applying a metal coating to the surface of powdered silicon carbide has been developed. For
this purpose, a film of copper phosphide is initially applied to the surface of the powder. The process consists
in wetting the powdered carbide with a solution of copper sulfate and subsequent treatment with gaseous phos-
phine. The resulting film of metal-like copper phosphide_has sufficient electrical conductivity, and is also a
catalyst for the process of chemical nickel plating. This makes it possible to use chemical or electroplating
methods for plating the surface of powders with the necessary metal. Testing this technology in the laboratory
allowed obtaining a nickel coating that has the necessary adhesion to silicon carbide particles.All samples of
powders at various stages of the process were examined using a scanning electron microscope 1SM-6490-LV
(JEOL, Japan), which allows to obtain electronic images (photos) of individual areas (spectra) of the surface at
specified magnifications and chemical composition. The results of the scanning electron microscope study
showed that the nickel coating contains 7 % phosphorus and covers about 90 % of the powder surface, and the
estimated coating thickness is 0.8-1:0 microns. This makes it possible to use such silicon carbide powders in
the preparation of composite products or coatings. If necessary, the degree of closure of the powder surface can
be increased by re-performing the operation specified in this article. The article is intended for scientists and
researchers, who are also interested in the problems of obtaining composite coatings.

Keywords: silicon carbide, copper sulfate, phosphine, copper phosphide film, chemical nickel plating, compo-
site material.

Introduction

Modern production requires the creation of new engineering materials that can be used as special mate-
rials in fillers for composites. Such materials can be metalized dielectric powders that have thin-film metal
coatings on the surface. Combining the useful properties of dielectrics, such materials have unique properties:
high strength, thermal and heat resistance, electrical conductivity and can be used as dual-use materials [1-5].

The main purpose of coating is to improve the retention of grain in the tool matrix, increase the thermal
conductivity of the working layer, which allows intensifying cutting modes and thereby increasing the effi-
ciency.of the tool. This is especially important in the production of abrasive powders that can be used in the
manufacture of various tools, as well as an independent product.

In addition, the metallization of particles can significantly improve the process of feeding the powder into
the plasma jet, which has a positive effect on the uniformity of the formed coating, reduce the oxidation rate
of sprayed powders (for example, carbides), reduce the porosity of coatings, increase the adhesion strength of
coatings to the substrate and increase their wear resistance [6-8].

One used for this purpose is silicon carbide. Because of its increased hardness, silicon carbide is widely
used in engineering. On the basis of silicon carbide, lining wear-resistant plates, o-rings and bushings, reaction-
bonded ceramics are produced. Rings and bushings made of wear-resistant silicon carbide material are
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designed for sealing shafts and sliding bearings in pumps that pump oil, petroleum products, liquefied hydro-
carbon gases, organic solvents, neutral liquids, as well as acids (except fluoric acid) and salt solutions at tem-
peratures from —100 °C to +500 °C. The products are suitable for use in any designs of friction pairs with the
presence of lubrication or self-lubrication [9-11].

The literature describes many methods for applying metal films to dielectric materials that can be used
for applying films to silicon carbide. The most commonly used of these are so-called physical and chemical
methods. In the physical method, pre-molten metal particles are sprayed onto the coated surface with com-
pressed air or gas. Liquid metal particles on the way to the surface are partially cooled and only melt the
surface, sticking to it. A variation of this method is vacuum metallization [12].

For chemical deposition of metal coatings, reducing agents in the gas phase or compounds dissolved in
an electrolyte solution are used [13-15].

When using hydrogen gas as a reducing agent, the reduction reaction is carried out at a-high temperature
of several hundred degrees. In this way, it is possible to obtain coatings from a fairly large number of metals,
but the need to have special equipment for heating and dosing gas mixtures limits the wide application of the
method.

Thermal decomposition reactions are often used for metallization in the gas phase. The most suitable
compounds for this purpose are metal carbonyls. During the reaction, under certain conditions, they decom-
pose, leaving a metal on the coated surface and releasing carbon monoxide, which canagain be used to produce
metal carbonyl. That is, CO plays the role of a metal carrier reagent. This is not only convenient in terms of
production, but also minimizes the unproductive costs of auxiliary reagents;-and.eliminates environmental
pollution. The relative high temperature of the process and the high cost of metal carbonyls prevent the wide-
spread use of this method [9].

In chemical-electrolytic metallization [13-15], to create an electrically conductive layer, the dielectric
surface is activated by creating catalytic centers, which are then coated chemically.

Chemical-electrolytic technology has limitations associated with the use of expensive substances, the use
of high temperatures, and the inability to apply coatings on highly porous materials.

The above analysis shows that the task of developing effective methods for applying metal coatings to
powdered silicon carbide is relevant.

Experimental

In this paper, we consider the technology of metallization of silicon carbide powders by preliminary ap-
plication of metal-like copper phosphide (Fig. 1). At the same time, the process of obtaining a copper-phos-
phorus film is based on the reaction-of reducing divalent copper with gaseous phosphine. To do this, first a
film of copper salt solution is obtained on the surface of the sample, and then this surface layer is treated with
phosphine. In this case, the film of the copper salt solution is converted to copper phosphide. Sulfates, nitrates,
and copper chlorides were investigated as copper salts. However, in most experiments we used the available
and cheaper copper sulfate.

1 3 5 7
e
2 4 6
_— - -
1 — separate particle of silicon carbide; 2 — wetting in a solution of copper sulfate;

3 — sorption layer of copper sulfate; 4 — treatment with phosphine; 5 — a film of copper phosphide;
6 — chemical nickel plating; 7 — nickel coating

Figure 1. Scheme of metallization of silicon carbide particles

The initial powders are degreased in a 15-20 % solution of hydroxide or sodium carbonate at a tempera-
ture of 40-500 °C until the surface of the particles is completely wetted, washed in hot running water. Then a
layer of metal-like copper phosphide is applied to the surface of the powder particles. To do this, the powder
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is immersed in a solution containing 100-200 g/l CuSO,4-5H20. The ratio of the volume of the powder to the
volume of the solution is 1:1.2-1.5 at concentrations of copper sulfate less than 100 g/l, the resulting copper
phosphide film will have: a thickness insufficient to build up the metal with a chemical or galvanic metal. At
concentrations of copper sulfate more than 200 g/l due to the formation of large crystals of copper sulfate in
the subsequent drying of the powder increases the heterogeneity of the thickness of the resulting films. The
remnants of the solution are not adsorbed by the surface of the powder is separated by filtration. After that, a
sorption layer of the solution with a thickness of 50—70 microns is formed on the surface of the powder parti-
cles. The powder is dried for 40-50 minutes at a temperature of 18-25 °C to create gas permeability between
the individual particles. The dried powder is placed in a sealed chamber and treated with phosphine gas. Phos-
phine for research was obtained by acid decomposition of powdered technical zinc phosphide. This phosphide
contains about 22 mass % of phosphorus and therefore it can be considered that the main component:is zinc
phosphide with a small amount of free zinc.

When treated with phosphine in the metallization chamber a reaction occurs between phosphine and the
adsorption film of the copper sulfate solution leading to the formation of copper phosphide by reaction:

6CuSO; + 3PH3 + 3H20 — 2CusP + 6H2SO04 + H3POs (1)

A small amount of phosphine remains in the gas environment after its reuse, so-this gas must be purified.
For this purpose, the residual gas was passed sequentially through a layer of copper carbonate and an oxidizing
solution (500 g/I of potassium permanganate). After this treatment, phosphine is not/detected in the waste gas.

During the experiments, 10 g of skimmed silicon carbide powder was filled with10 ml of CuSO4-5H>0
(200 g/l). After stirring for 5 minutes, the excess solution was filtered out. The powder was transferred to a
Petri dish and dried at room temperature until moist state (40-50minutes).

A Petri dish with dried powder was placed in a sealed chamber. The air was forced out of the free space
of the chamber with nitrogen. Then phosphine was fed into this.chamber by forcing it out of the bottle with
water. At the same time, phosphine was absorbed by the surface film of copper sulfate.

The phosphine treatment process took place at room.temperature for several minutes.

Further build-up of the metal film was carried out by chemical Nickel plating in a solution of the following
composition: NiSO4-7H.0 — 30 g/l; NaH,PO, — 10 g/I; CH;COONa — 10 g/I, at an electrolyte temperature
of 90 °C for 30 minutes.

Samples of powders at various stages of.the process were examined using a raster electron microscope
ISM-6490-LV (JEOL, Japan), which allows obtaining electronic images (photos) of individual sections (spec-
tra) of the surface at specified magnifications. The-microscope made it possible to simultaneously obtain the
elemental compositions of the spectra in the form of a table.

Results and Discussion

Figure 2 shows an electronic image of carborundum powder after applying a film of copper phosphide.
The spectral analysis in Table 1'shows that the content of this phosphide (Cu+P) is about 44 %. However, the
entire surface of the powder has a light gray tone characteristic of metal-like copper phosphide and the presence
of silicon is due to the fact that due to the small thickness of the copper phosphide film in some areas, the
scanning probe partially captures the signals of the lower layer of silicon carbide. If this is the case, then after
the deposition of a sufficiently thick layer of chemical nickel, the signals of the lower layer should disappear.
In addition, the phosphide film has good adhesion to the carbide particles. This is due to the fact that the copper
salt solution penetrates all the pores of silicon carbide, which become gas-permeable as the solution dries.
Therefore, the course of the reduction reaction in the pores also provides good adhesion of the film with silicon
carbide.

Table 1

Elemental composition of carborundum powder

Element Weight, %
C 12.68
0 13.79
Al 0.92
Si 25.76
P 7.69
Cu 36.75
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1mm 3nekTpoHHoe uzobpaxenue 1 100Mem - - IneaTponmoe mobpawenme 1
Figure 2. An electronic image of the silicon carbide powder after application of a film of copper phosphide

Copper phosphide is a catalyst for the chemical Nickel plating process, so nickel deposition oceurs on the
surface of silicon carbide particles covered with a phosphide film, including in the pores. This should also
provide the necessary adhesion of the coating to the base. In addition, the process-of chemical nickel plating
on the surface of copper phosphide is characterized by increased gas release [16,17]. This leads to some
fluctuations of the powder particles and contributes to the formation of a nickel coating over the entire surface
of the powder particles. Therefore, such a coating will provide the necessary adhesion between the carborun-
dum particles and the matrix in the preparation of the composite product or coatings.

The reaction occurring in this case is described by the following chemical equations:

NaH,PO; + H,O — NaH,POs + 2H' +2e~ 2
NaH,PO; + 2H,0 — NaH.POs+ H, + 2H* + 4e” 3)
3NaH:PO; - 2e” — NasPOsz + 2P + 3H.0 4)
5NaH,PO; — 46~ — NasPO. + 4P + 2NaOH + 4H,0 (5)
Ni*+ 2e-=> Ni (6)

2H* +2¢" > H, (7)

As can be seen from these equations, the process of chemical nickel plating is accompanied by the release
of hydrogen. In addition, elemental phosphorus is also released, which gives the coating additional hardness.

Figure 3 shows the electronic.image and the elemental composition (Table 2) of the powder after applying
a layer of chemical nickel. The estimated coating thickness is 0.8—1.0 microns.

This data shows that the nickel coating contains 7 % phosphorus and covers about 90 % of the powder
surface. This makes it possible to use such silicon carbide powders in the preparation of composite products
or coatings. If necessary, the degree of closure of the powder surface can be increased by repeated conduct of
the above operations.

1mm 3nexTpoHHoe uzobBpaxenme 1 100MKM

Figure 3. An electronic image of silicon carbide powder after application of chemical nickel
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Table 2

Elemental composition of silicon carbide powder after application of chemical nickel

Element Weight, %
C 7.18
0 2.38
Al 0.39
Si 13.22
P 5.48
Ni 71.35

In a similar work [18], a nickel coating was obtained by electrodeposition. This method is very well
known, but has its drawbacks. The main disadvantage is the reduced hardness and complexity of production.

Conclusions

Phosphine gas is used for applying metal coatings to powdered materials. Thus, for metallization of sili-
con carbide powder, an adsorption layer of copper sulfate solution is first created by wetting on its surface,
which is then transformed by phosphine treatment into a metal-like copper phosphide. Copper. phosphide is a
catalyst for the chemical nickel plating process. This allows you to apply a layer of chemical nickel. Although
the thickness of the copper phosphide film is insignificant, it catalyzes the chemical nickel plating process
well. This allows you to apply a coating of the desired thickness to the surface of the silicon carbide powder.
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IT.A. A6aypazoBa, M.C. Caraes, lII.T. Komkap6aesa, K.A. Aman6aeBa, E.b. PaiibiMOexoB

YHTaK Topi3Ai KpeMHUH KapOMIiH KanTayablH ra3ogasabl
TOMEHTEMIIEPATYPAJIbI TEXHOJIOTHACHI

YHTaK Topi3al KpeMHUH KapOumiHiH OeTiHe MeTajul KalTaMachblH TOCEyIiH TEXHOJOTHACH d3ipieHreH. by
MaKcar YIIiH YHTaK OeTiHe OacTankpiaa MbIC pocuIiHIH KanTaMacklH KOJIaHa bl Y pIic YHTAK TOpi3/i Kap=
6uaTi MBIC CyIb(ATHI epiTiHAICIMEH cyar, ra3 Topi3ai GochuHMeH eHneyneH Typaasl. by perre Tysinerin
MeTaJul Tapi3ai MbeIC GochumiHiH KarTaMachl KETKITIKTI 3JIeKTp OTKI3TilliHe He, COHAai-aK XUMHSUIBIK HH-
KeJIb/Iey TPOILECIHIH KaTanu3aTopsl OOk TaObUIaasl. byl YHTaKTHIH O€TiH KaKeTTI MeTaIMeH KarTayFa ap-
HaJlFaH XUMISJIBIK HEeMece TajbBaHUKAIBIK dicTepl MaiifanaHyra MyMKIHIIK Oepemi. OCbl TEXHOJOTHSHBI
3epTXaHANIBIK JKaFJaliaa Tekcepy KpeMHUI KapOuIiHiH OeeKTepiMeH KaXeTTi ycTacysl 6ap HHKeNb KarTa-
MachIH anyFa MyMKiHIik 6epai. [IpouecTin opTypii caThuiapbiHaa YHTaKTapAblH 6apibiK yiurigepi [ISM-6490-
LV (JEOL, XXamnoHnust) pacTpibIK 3JI€KTPOHIBIK MHUKPOCKOII KOMETIMEH 3epTTeNreH. PacTpIbIK 3JIEKTPOHIBIK
MHKPOCKOI 9JIiCIMEH XYPIi3UIreH 3epTTey HOTWKellepl HUKeNbIi KanTaMaHbIH Kypambiaaa 7 % docdop 6ap
JkoHe yHTaK OeriHiH mamameH 90 % jkaOaThIHBIH KOPCETTi, ajl KanTaMaHbIH KanbiHabFbl 0,8—1,0 MKkM Ky-
paiipl. Byi1 KoMITo3HIMSITBIK OYIbIMAap bl HeMece KalTaManapabl aly Ke3iHae KpeMHUI KapOuAiHIH OChIHAal
YHTaKTapblH KOJIaHyFa MyMKIiHIiK Oepeni. Kaxer OoiFaH jxaFaiiia YHTaK O€TiH KanTay TOPEKECiH OChI Ma-
KaJiaJia KepCeTUIeH ONepanlrsIHbl KaliTa )KYprisy apKbUIbI icKe achIpyFa Oomaapl. Makana FamsIiMaap MEeH 3epT-
TeyLIijepre, COHIal-aK KOMIIO3ULMSIBIK KalTaManapibl ajly MocelleepiHe KbI3bIFYIIBUIBIK TAHBITATHIH TYJI-
Fajapra apHaJIFaH.

Kinm ce30ep: kpemHmii kapOusi, MbIC cynbdatel, pochuH, Meic HOChHUAIHIH KarnTaMachl, XUMHSIBIK HAKEIIb-
Jiey, KOMIIO3HIMSIIBIK MaTepUal.

IT.A. A6nypazosa, M.C. Caraes, I11.T. Komkapoaesa, K.A. Aman6aeBa, E.b. PaiibiMOexoB

HuskoremneparypHasi razodg)a3zHasi TEXHOJIOTUSI JIAKHPOBAHUS
NMOPOLIKOOOPA3HOI 0 KApOuIa KpeMHHS

Pazpaborana TexHONOTHSI HaHECEHHs METAUIMIECKOTO TIOKPHITHS HA MOBEPXHOCTH MOPOIIKOOOPA3HOTO Kap-
6uma kpemHus. s 9TOH menu Ha TIOBEPXHOCTH ITOPOINKA MEPBOHAYAILHO HAHOCAT IUICHKY (ochuma MeJi.
IIpomecc 3axmrogaeTcs B cMauMBaHHU ITOPOMIKOOOPA3HOTO KapOraa pacTBOPOM Cyb(aTa MM U MOCIEMYI0-
nieit oO6paboTke razoodpazHeM GochuaoM. OOpa3zyroniascs Mpyu 3TOM IUICHKa MeTauioo0pasHoro ¢ochuna
MeJH 00J1aJaeT JOCTaTOYHON AIEKTPOIPOBOAHOCTEIO, a TAKXKE SIBJIAETCS KaTaJu3aToOpOM IIpolecca XUMHYe-
CKOTO HHMKEJMPOBaHUsL DTO JaeT BO3MOXHOCTh MCIIOJIb30BaHUS XUMUYECKUX WM rajbBaHMYECKHX METOJI0B
JUIS TUTAKMPOBAHMsI IOBEPXHOCTH IOPOIIKOB HEOOX0MMMBIM MeTasuioM. [IpoBepka JaHHOH TEXHOJIOTHH B Jia-
0GOpaTOPHBIX YCIOBUSX MO3BOJIMIIA MOTYyYUTh HUKEIEBOE OKPHITHE, UMEIOIee HE0OX0AMMOe CIETUICHHE C Ya-
CTUIaMH KapOua KpeMHHs. Bce 00pasiisl MOPOIIKOB Ha PA3IMIHBIX CTAIHAX MPOLEcca MCCIeJOBAICH TIPH
MOMOIIM PacTPOBOTO 3JIEKTPOHHOTO MUKpockoma ISM-6490-LV (JEOL, SlnoHus), MO3BOJISIONIETO NOTy4aTh
JJIeKTPOHHBIE H300paskeHus (poTorpadun) OTACTHHBIX YYaCTKOB (CIIEKTPOB) MOBEPXHOCTH TIPH 33/1aBAEMBIX
YBETMYEHHAX I XUMHIECKHH cOCTaB. Pe3yIbTaTsl HCCIEOBAHUS METOJIOM PACTPOBOTO 3JIEKTPOHHOTO MUKPO-
CKOIa IOKa3aJii, YTO HUKEJIEBOE MOKPhITHE conepxHuT 7 % docdopa n 3akpsiBaet 0koio 90 % moBepXHOCTH
[OPOIIKa, a pacueTHas TONLIMHA MOKpbITUS cocTaBisieT 0,8—1,0 MkM. DTO faeT BO3MOXKHOCTh NIPUMEHEHUS
TaKUX IOPOIIKOB KapOuaa KPEMHHS MPH ITOJYYEHHH KOMITO3MIIMOHHBIX H3ENNi WiIN NOKpEITHH. [Ipn Heob-
XOAUMOCTH CTCIEHb 3AKPBITHUSA ITOBEPXHOCTHU MOPOIIKA MOXKHO YBEJIMYUTL IIOBTOPHBIM IPOBEAECHUEM OIl€pa-
ITMH, yKa3aHHOf/’I B }IaHHOﬁ cratbe. CTaThs npeaHasHa4Y€Ha YUYCHbIM U UCCIIEOBATEIIAM, a TAKXKE JIMLaM, HHTE-
pecylomumMest pobIeMaMy OJyIeHHsT KOMITO3UIIHOHHBIX TTOKPBITHI.

Kniouesvie cnosa: xapoun kpeMHuus, cynbhat Meau, GocduH, mieHka Gocduaa Menu, XMMIIecKoe HUKEITHPO-
BaHHE, KOMITO3UIIMOHHBIA MaTepHall.
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