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Investigation of chemical nickel plating of powdered carborundum

The technology of application of metal coatings on the surface of powder carborundum was developed. At.the
same time, the process of chemical nickel plating was used for this purpose. It was found that carborundum,
although not included in the number of catalysts of this process, could contribute to the reduction of nickel
ions. It was assumed that in the high-temperature decomposition of the hyposphyte ion, hydrogen evolution
took place at the carborundum surface with a slowed-down stage by recombining hydrogen atoms mto the
molecule. The high reactivity of hydrogen atoms leads to the reduction of nickel ions. This makes:it possible
to activate the surface of carborundum and to further build up the metal under conditions typical for chemical
nickel plating. Experiments in which the surface of the powder was investigated by means of a scanning elec-
tron microscope showed that such a mechanism for activating the powder surface was valid. Testing of this
technology under laboratory conditions allowed obtaining a coating having the necessary adhesion to.carbo-
rundum particles and containing 95 % of chemical nickel.

Keywords: carborundum, silicon carbide, chemical nickel plating, composite material, hydrogen atoms, acti-
vation, nickel-phosphorous coating.

Introduction

Carborundum (silicon carbide) is a refractory (melting point 2830 °C), chemically permanent, second in
hardness to diamond and boron nitride. Silicon carbide has high thermal, chemically and radiation perma-
nent, stands out for its oxidation resistance among many metal-resistant alloys and chemical compounds.
These properties contributed to its widespread use.as a material of ceramic composite materials and coatings
[1-4].

But at the same time, in order to ensure adhesion between the individual components, it becomes neces-
sary to clad the surface of powdered carborundum with various metals. The coated particles of carborundum
can be used for the manufacture of abrasive tools and composite materials such as metal-ceramics. Such ma-
terials are used for the manufacture of corrosion and erosion-resistant nozzle inserts; for the manufacture of
parts of heat exchange equipment and parts of pumps for pumping acidic solutions and other corrosive lig-
uids [1-4].

Known methods of applying metal coatings on dielectric powders can be divided into physical and
chemical methods [5—7]. Physical methods, when the metal is first converted into vapor or liquid applying to
the surface to be coated, where‘they again turn into a compact solid metal, forming a coating [8—10]. Chemi-
cal methods, when a metal is formed during a chemical reaction and, settling on the surface to be coated,
create metallic coatings [657]. Chemical methods are more convenient for the metallization of powders since
in this case, it is easier to obtain coatings from particles uniformly distributed over the entire surface.

So for'the metallization in the gas phase, the reaction of thermal decomposition of metal carbonyls can
be used [11]«During the course of the reaction, they decompose, leaving the metal on the surface to be coat-
ed and release carbon monoxide, which can again be used to produce metal carbonyl. Currently, using car-
bonyl‘technology, it is possible to apply dielectric powders of iron, nickel, cobalt, tungsten, and chromium
coatings. The disadvantage of this method is the use of high temperatures necessary for the decomposition of
carbonyl compounds, and the high cost of carbonyls.

Plasma-chemical method [9] allows obtaining a metal coating on the surface of the powder material lo-
cated in the pseudo-boiling layer. The disadvantage of this method is the need to obtain high temperatures,
the complex design of the reactor, the use of the working gas, additionally purified from oxygen, the fragility
of the electrodes.

The electrochemical method [12] requires preliminary deposition of a metallic sublayer on dielectric
materials using other methods. The method does not have the disadvantages of the above analogues, allows
obtaining higher performance, however, in the case of obtaining powders with a metal content of up to 50 %,
the quality of the coating deteriorates significantly.
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The chemical method of precipitation from solution involves the pretreatment of the starting powder in
solutions of the palladium and tin salts in order to obtain active catalytic sites [6, 13]. Then, in solutions con-
taining a compound of the corresponding metal, the reducing agent and the complexing agent are chemically
coated with copper or Nickel coating. The disadvantages of this method are the high cost of palladium salts
used to activate the surface of the powder particles and the possibility of desorption of palladium from the
surface of the particles, leading to the formation of a coating metal in a solution outside the surface of the
powder particles.

Palladium-free methods for powder metallization are proposed. So in [14, 15], pretreatment is carried
out by creating on the surface of powdered particles a layer of copper sulphate, which is then transferred with
the help of a phosphine gas to a metal-like layer of copper phosphide. This film allows to further obtaining a
metallic coating by chemical or electroplating. But the use of phosphine requires a process in‘secaled:condi-
tions, which creates additional difficulties.

The analysis shows the relevance of the metallization of the carborundum surface and the need to de-
velop new alternative methods for this purpose.

Experimental

In this work, it was proposed to use a process of chemical nickel plating for the application of a metallic
coating. Chemical nickel plating was carried out in electrolytes containing a nickel salt, a reducing agent:
sodium hypophosphite, as well as buffering additives (salts of organic acids). The process flows at a high
temperature on the surface of metals that are catalysts for the decomposition-of hypophosphite. Thus, the
process begins spontaneously on metals such as nickel, iron, aluminum, and palladium at temperatures above
50-70 °C. The process of chemical nickel plating was accompanied by the release of hydrogen. Moreover,
there is often a relationship between the amount of the deposited nickel-phosphorus coating and the volume
of hydrogen released [6].

NaH,PO,+ H,0 — NaH,POs+ 2H" + 2¢~ (1)
NaH,PO, + 2H,0 — NaH,PO, + Ho+ 2H" + 4e 2)
3NaH,PO, — 2¢e- - NazPOs+ 2P + 3H,0 3)
5NaH,PO, —4e” — NazPO,+ 4P + 2NaOH + 4H,0 4)
The electrons formed by reactions (1, 2) reduce the Ni** and H' ions in the electrolyte solution.
Ni*+2e = Ni ®)

There are other hypotheses explaining the mechanism of chemical nickel plating. So the process of

deposition of coatings can be linked by the reactivity of hydrogen atoms.
2H+ Ni*" — Ni + 2H" (6)

In this case, part of the hydrogen released, always accompanying the process of chemical Nickel plat-
ing, is the result of a side reaction.

The study of the mechanism of chemical nickel plating by measuring the stationary potential of some
metals in solutions containing 10 and 50 g/L of sodium hypophosphite in the temperature range of 20—100 °C
showed that the stationary potential of the nickel electrode sharply shifts to the negative nickel at tempera-
tures above 70 °C[16]. In addition, spontaneous chemical nickel plating on copper phosphides deposited on
dielectric materials is noted, although in this case this potential is not reached. Moreover, even after the dep-
osition of a layer of chemical nickel, the stationary potential was in a more positive area than the reduction
potential of nickel ions. Therefore, the reduction of nickel ions can occur only at the expense of atomic hy-
drogen.

The study of chemical nickel plating was carried out on carborundum powder 93CF40. Samples of
powders at various stages of the process were studied using an ISM-6490-LV scanning electron microscope
(JEOL, Japan), which allowed obtaining electronic images (photographs) of individual sections (spectra) of
the surface at given magnifications. The microscope made it possible at the same time to obtain elemental
compositions of the spectra in the form of a table.

The initial powders were decreased in a 20 % solution of sodium carbonate at a temperature of 40—
500 °C until the surface of the particles was completely wetted and washed in hot running water. The powder
prepared in this way was placed in a Petri dish and dried at 50 °C to constant wt. Then 10 g of the powder
was placed in a heat-resistant beaker, poured 100 ml of NiSO,-7H,0 solution — 30 g/L. NaH,PO, — 10 g/L,
CH;COONa — 10 g/L and subjected to activation. For this, the solution was heated to boiling. The heating
process was carried out on a hotplate and usually took about 10 minutes. After boiling the solution, heating
was stopped and the solution was allowed to cool to 70 °C. At the same time, visual observations show that
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when the temperature rises, hydrogen evolution is practically absent. But after boiling it is already visually
possible to observe the release of gaseous hydrogen. Consequently, silicon carbide, which has semiconduct-
ing properties, can be a catalyst for the decomposition of hypophosphite ions after such activation, and there
is slow recombination of adsorbed hydrogen atoms. The temporary existence of hydrogen atoms and can
lead to the process of chemical nickel plating.

Results and discussion

Figure 1 shows the electron image of the carborundum powder after such an activation cycle. This fig-
ure, it is possible to distinguish light areas characteristic of the metal phase and dark areas of carborundum.
The spectral analysis presented in the table shows that the content of carborundum (Si + C) is over 94 % in
dark areas, and the content of nickel phosphorus coating (Ni + P) is over 90 % in light areas.

At the same time, even in the dark area, nickel is released (3.28 %), which indicates the initial stage of
activation of these areas. It also draws attention to the fact that when nickel is released, no phosphorus is re-
leased. Perhaps this is due to the fact that when activated, reaction (6) is predominant. In general, after acti-
vation, the nickel extraction process takes up about 36 % of the total carborundum.

Experiments have shown that after carrying out the activation process three times, a nickel layer is
formed that is sufficient for carrying out the process at usual temperatures (80-95.°C). This technique should
be considered more preferable than prolonged boiling in the electrolyte of chemicalnickel plating, in which
undesirable decomposition of hypophosphite and nickel release outside.the surface of carborundum is possi-
ble.

Element Weight, %

Total |8psc! |Spec2
[ X001 3158 [ 497
0 645 5.33
Al 042 - -
B 36.78 61.84 | 284
P 2.09 - 9.73
Fe 0.24 - -
M 34.02 126 | 8246

Figure 1. Electronic image after one activation cycle
(the Table shows the elemental composition common to the whole powder and for individual spectra)

Further growth of the metal film was carried out by chemical nickel plating in the usual solution of the
following composition:' NiSO,:7H>,0O — 30 g/L, NaH,PO, — 10 g/L, CH;COONa — 10 g/L, at an electro-
lyte temperature of 90 °C for 30 minutes.

The data of the spectral analysis of the powder (Fig. 2) show that the carborundum particles are 95 %
coated with a nickel-phosphorus coating.

Element Weight, %
C 1.54

Si 3.15

P 8.75

Ni 86.46

20kv %1000 Toumt ¥_ %,

Figure 2. Electronic image of carborundum powder after three cycles of activation
and chemical nickel plating at 90 °C in ordinary acid electrolyte
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A photograph of the powder, taken at a magnification of 8,000 times (Fig. 3), shows that the coating is
formed in the form of spherical particles, the average diameter of which ranges from 300 to 750 nanometers.
It is also seen from this figure that the individual spherical particles are collected in large agglomerates hav-
ing a dense packing.

20kv  X8,000

Figure 3. The structure of metallic nickel particles deposited on particles of carborundum powder
after one cycle of activation in a solution of chemical nickel plating

It can also be seen from the above figures that the:formation of a coating occurs only on the surface of
the carborundum particles. Consequently, such a coating will provide the necessary adhesion between the
particles of carborundum and the matrix in obtaining composite products or coatings.

Conclusions

Silicon carbide can be a catalyst for chemical nickel plating. However, this catalytic activity is mani-
fested at high temperatures, which are achieved by boiling the electrolyte of chemical nickel plating. Such
activation is explained by the decomposition of hypophosphite ions, leading to the release of hydrogen. The
intermediate stage of the process is.the formation of atomic hydrogen adsorbed on the surface of silicon car-
bide. As a result, the interaction of nickel ions with hydrogen atoms on the surface of carbide particles forms
a metallic nickel film, which makes it possible to carry out the process at lower temperatures. In addition, for
solutions for chemical‘nickel plating, electrolyte regeneration methods have been developed that make this
process cheaper and more technologically advanced.
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II.T. Komkap6aesa, M.C. Caraes, I1.A. A6nypa3zoa, K.b. Aman6acBa, E.b. PaiibimOexoB

YHTAaK TIpi3ai KapOoOpyHATHI XUMHUSIIBIK HUKEJIbAEHAIpY/i 3epTTey

¥YHrak Topi3ni KapOOpyHIATHIH OeTiHe MeTail >KaObIHABICHIH KOJNJaHy YIIH TEXHOJIOTHs a3ipiaenai. byn
MaKCcaTTa XUMHUSIIBIK HUKEJIb KalTaMachl KOJIaHbULABL. BYJT yp/IICTIH KaTaian3aTopiap KaTtapblHa Kipe aimaca
Jia, KapOOpYyH/I HUKEIIb HOH/IAPBIHBIH a3al0blHA BIKNAI@TCTIHIr aHBIKTAI/IBl. I MIOCHHUT HOHBIHBIH YKOFaphI
TeMIlepatypaiarbl  bIbpay — Ke3iHge KapOOpYHATHIH - O€TiHae  MoJeKynara CyTeri  aTOMAapblH
peKkoMOHMHaIMsIIay apKbUIbl Oasyinay caThIChIHAA XKypeni Aen OoipkaHyna. Cyreri aTOMAApBIHBIH JKOFaphl
PEaKTUBTIK KaOUICTTUIIrT HAKEIh HMOHIAPBIHBIH a3aroblHa dKkeneni. by kapOopyHATeIH OeTiH OenceHaipyre
JKOHE XMMISUIBIK HHKENb KalTamachblHAa TOH JKardaiiia MeTajgsl OJaH opi YAeTyre MyMKiHAIK Oeperi.
PacTpibl DIEKTPOHABI MHKPOCKON @pKbUIBl YHTaK O€Ti 3epTTenreH Toxipubenaepae yHTaK OeTiH
OeJceHIipyAiH OChIHAAH MexaHH3MI KapaMIAbl ekeHiH KepceTTi. OChl TEXHOJOTHUSHBI 3epTXaHAJBIK
*Karaaiinapsa celHay KapOOpyH/ITHI OeJIIeKTepre KaKeTT aaAre3nsachl 6ap xoHe KypambiHaa 95 % XUMUSIBIK
HUKeNb Oap >KaOBIHIBI alyFa MYMKIHIIK Oepai.

Kinm co30ep: xapbopyHI, KPEMHHH KapOHi, XMMHSIBIK HUKEIIBACHIPY, KOMIIO3HIUSIIBIK MaTepHall, CyTeri
aToMIapsbl, OenceHaipy, HUKeb-(hochopiIbl KanraMa.

II.T. Komkap6aesa, M:C. Caraes, [1.A. A6nypasosa, K.b. Aman6aeBa, E.b. PaiibimOexoB

HccnenoBaHue XUMHYECKOI0 HUKEJIUPOBAHUSA HOpOIHKOOﬁpEBHOFO Kapﬁopyﬂ):[a

PaspaGoTaHa TEXHOJIOTHS HAHECEHUsS METAJUIMYECKOro MOKPBITHSA Ha MOBEPXHOCTh HOPOIIKOOOPA3HOro Kap-
OopyHna. IIpu 3TOM 11 3TOIl 1IeNM MCHOJIb30BAaH MPOLIECC XMMMYECKOro HukenupoBanus. Haiineno, 4ro
KapOOpyH/, XOTS M HE BXOJUT B YHMCIIO KaTaJM3aTOPOB 3TOr0 MPOLECCca, MOKET COCOOCTBOBAThH BOCCTAHOB-
JICHUIO MOHOB HUKeJs. [Ipenmnornaraercs, 4To NpH BBICOKOTEMIIEPATYPHOM Pa3JIOKEHUH TMIOCHUT-HOHA BbI-
JieJIeHre BOJIOPO/ia IPOUCXOAUT Ha ITOBEPXHOCTH KapOOpYyHAA ¢ 3aMeUICHHOHN CTaanell peKoMOMHAINK aTo-
MOB BOJIOPOJIa B MOJICKYITy. BIcOKasi peaknmoHHasi CIIOCOOHOCTh aTOMOB BOJIOPO/ia MMPUBOINUT K BOCCTAHOB-
JICHUIO MOHOB HUKeEIs. DTO MO3BOJISIET aKTHBHPOBAThH IIOBEPXHOCTh KapOOpYyH/A M MPOBOJIHUTH JallbHEIIee
HapaluBaHUe MeTajlla B YCIOBHUSX, OOBIYHBIX JUIST XMMHYECKOTO HUKEIHPOBAHUS. DKCIICPUMEHTHI, B KOTO-
PBIX MOBEPXHOCTH MOPOLIKA HCCIEA0BAIACH MPH MOMOIIH PACTPOBOTO SIEKTPOHHOTO MUKPOCKONA, TOKA3AIH
CIIPaBEAJINBOCTh TAKOTO MEXaHH3Ma aKTUBMPOBAHUS MOBEPXHOCTH nopouika. [IpoBepka 1aHHON TEXHOIOTHH
B JIa0OPATOPHBIX YCIIOBUSX MO3BOJIMIIA IIOJYYHUTh OKPBITHE, HMEIOIIEe HEOOX0UMOE CLICIUICHHE ¢ YaCTULIA-
MH KapOopyH/a U coaepxariee 95 % XUMHUECKOTO HUKEIIS.

Knrouesvie crosa: Kap60pyHZ[, Kap6I/IH KpEMHUA, XUMHUYCCKOC HUKECIIUMPOBAHUE, KOMITO3UITMOHHBIN marepual,
aTOMBbI BOAOpOAa, aKTUBAILlu, HI/IKCJ'IL-(i)OC(i)OpHOG TIOKPBITHE.
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