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Abstract. The improved performance properties of metals are ensured by introducing into them certain set and amount of alloying elements. Nitrogen,
which is an area of growing interest, is one such element. Publications show that nitriding with gaseous nitrogen is also used for plasma-arc remelting.
They provide data on metal alloying with nitrogen at the granules and powders production stage. This paper studies the process of nitriding in
obtaining metal microgranules from EP74 NP alloy by means of plasma centrifugal atomization. Metal powders are obtained by melting the end face
of a rotating workpiece with a stream of ionized gas (gas mixture). The technology allows for nitrogen-alloyed fine metal powders of multicomponent
alloys of spherical shape with a minimum number of satellites, which do not differ in size or chemical composition, to be obtained. The study of
the nitriding rate is of great interest, especially in production of powder metal. One parameter which affects the degree of metal saturation with
nitrogen is the residence time of the liquid melt under the nitrogen-containing plasma, and the crystallization time of a metal droplet. This paper
presents a methodology which allows quantification of the role of these parameters on the absorption of nitrogen by the metal in obtaining powder.
The kinetic parameters of the nitriding process are influenced by the interface area of two metal — gas phases. In the case of obtaining powder, this
parameter depends on the size of the powder particle. In this regard, this paper presents a calculation method which allows the average fractional
composition of metal powders to be estimated depending on a number of process factors. The values obtained are compared with the data of semi-
industrial melting. It is demonstrated that the fractional composition of microgranules depends on the rotation speed and diameter of the workpiece to
be remelted, as well as the alloy density and the surface tension force. It has been established that by increasing the rotation speed of the consumable
electrode it is possible to achieve a decrease in the dispersiveness of metal powders.
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AHnHomayus. TIoBbIIIEHHE DKCILTYaTAlIHOHHBIX CBOMCTB METala 00eCIIeyrBaCTCS BBEJICHUEM B HETO OIPE/ICIICHHOr0 HAbopa U KOJIMYECTBA JIETHPYIOIIHX

3eMeHTOB. K TakuM 3JeMEHTaM OTHOCHTCS M a30T, UHTCPEC K KOTOPOMY ITIOCTOSHHO pPaCTCT. B HyGHHKaHHﬂX OTMCEYCHO, YTO a30THPOBAHUC
Fa3006paSHBIM Aa30TOM HCIIOJIB3YETCS, B TOM YUCIIC, IIPU TUIA3MEHHO-AYT'OBOM IICPECIUIABE, NPUBOAATCA HAaHHBIC JICTUPOBAHUA MCTaJUla a30TOM Ha
CTaluH IIOJIyHUCHUS I'PAHYIT U TIOPOIIKOB. B HaHHOﬁ pa60Te HCCJICAO0BAH NIPOLECC a30TUPOBAHMS TIPU MMOITYUCHUN METAJNIMICCKUX MUKPOTPaHyJl U3
CIUI1aBa MapKu OI1741HIT METOIOM IIJIa3MCHHOI'O HeHTpO6e)KHOF0 pacrbUICHUS. Meraumnyeckue TIOPOIIKH IMOJYYArOT ITYTEM OIUIaBJICHUS TOpLA
Bpama}omeﬁcn 3aroTOBKH TIOTOKOM HOHU3UPOBAHHOT'O I'a3a (CMeCI/I ra3013). TexHomorus Mo3BoOIsIeT TI0JIy1aTh JICTHPOBAHHBIC a30TOM MEJIIKOANCIICPCHBIC
METAIMYCCKUE TTOPOIIKH MHOIOKOMITOHEHTHBIX CILIaBOB C(i)equeCKOﬁ (bOpMLI C MUHHUMAJIbHBIM KOJMYECTBOM CATCJIJINTOB, HC OTIIMYAIOIIUXCA I10
pasMepy U XUMHYECKOMY COCTaBy. I/ICCJ'IC,HOBaHI/Ie CKOPOCTH a30THPOBaAHUS TIPEACTABIISICT OOJIBIIION HHTEpEC, 0COOEHHO IIPH TIOJTy"C€HUH TIOPOIIKOBOT'O
METaJiia. O)IHPIMI/I U3 NapaMeTpoB, BIMUAKOIIUX Ha CTCIICHb HACBILICHHUA METAaJUIa a30TOM, SBJIAIOTCA BPEMS HAXOXACHHUS JKUIKOIO paciuiaBa Mol
aBOTCO,HBp)KaHICfI TIa3MOM 1 BpEMs1 KpUCTAJUIU3alUuU MeTaJUIMYeCKOl Kariu. B pa60Te NpUBCJICHA METOAMKA, ITO3BOJIAIOIIAS JaTh KOJIMICCTBECHHYIO
OLECHKY POJIM HaHHBIX [AapaMETPOB Ha IIOITIOLICHUEC a30Ta METAJJIOM IPH IOJYUYCHUU IOPOIIKaA. I/I3BeCTHO, YTO Ha KUHETHYECKHUEC IapaMETpbl
Tponecca a30TUPOBAHUSA ONPEACIIAIOIICE BIMSHUC OKa3bIBACT IUIOLIA[b KOHTAKTa ABYX q)as Meran — ra3. B ClIy4ac IIOJIy4dCHHMs IOPOIIKa, 3TOT
rapamMeTp 3aBUCUT OT pa3sMepa IMOPOIINHKH. BcBsizuc OTHUM, B pa60Te TIpUBECHA METO/IMKA pacucTa, IO3BOJIAIOIIAas OUECHUTh cpem—mf/'l Q)paKHHOHHBIﬁ
COCTaB MCTAJUIOIIOPOIIKOB B 3aBHUCHUMOCTHU OT psifa TEXHOJIOTHUYICCKUX q)aKTOpOB. HpOBC,HeHO CPaBHCHUEC TIOJTyYCHHBIX 3HAYCHUU C JaHHBIMHA
TIOJIyITPOMBILIJIEHHBIX TJIABOK. 1'[01<a3aHo, 4qTO (bpakuuom{mﬁ COCTaB MUKPOI'paHysl 3aBUCUT OT CKOPOCTHU BpallICHUA U JUaMETpa HepeHHaBﬂﬂeMOﬁ
3aroTOBKH, IITIOTHOCTH CIlJIaBa U CUJIC TIOBEPXHOCTHOI'O HATSXKCHUSL. YCTaHOBJ'ICHO, YTO IIPHU YBEIIMICHUH YaCTOThI BPAILICHUS PaCXOyEMOI'0 JICKTPOAa

MOXXHO )106I/ITBC$[ YMEHBIUICHHWS BEJIMYUHBI TUCIIEPCHOCTU METAJUIMYCCKUX TTOPOIIKOB.

Knawuessle ca08a: nina3MeHHOE uempoGe)KHoe pacnbUICHUE, a30T B CIlIaBax, METaNTHYECKUI TIOPOIIIOK, IJ1adMa, a30TUPOBaHUE
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[ INTRODUCTION

At the present time metal powders are actively used
as the main resource for additive technologies [1, 2], and
products made of them are widely used in a variety of fields:
electrical power engineering, aircraft construction, automo-
tive industry, health care, etc. [3]. The service properties
of steel are largely determined by the presence therein of
a particular set and amount of alloying elements, one of
which is nitrogen. The influence of nitrogen as an alloying
element on service properties has been proven by many pa-
pers. This also applies to powder metal, and thus obtaining
nitrogen-alloyed powder metal at the stage of its production
already is highly relevant.

Studies [4, 5] estimate a number of thermodynamic
parameters which influence the powder nitriding pro-
cess during plasma atomization of a rotating workpiece.
The nitrogen content in the obtained powders has been
noted as being quite far from thermodynamically justi-
fied concentrations. The paper focuses on the kinetics of
this process. It provides calculated indices for the size of
droplets — future powder particles, the contact time of li-
quid melt with plasma containing nitrogen and a number
of other parameters.

The main factors of rapid development of layer-by-layer
spraying processes are: the flexibility of the process; the
possibility of manufacturing products of different geomet-
ric shape; a wide range of metallic materials; homogeneity
of the chemical composition and product microstructure.
Due to the high demand for the products manufactured by
additive manufacturing methods, there are special require-
ments for manufacturing of metal powders aimed at im-
proving the service properties of the end product. Powder
metallurgy products are characterized by the best physical
and mechanical properties compared to cast ones [6].

The most well-known and widespread methods of ma-
nufacturing metal powders are [7, 8]:

— atomization of a metal jet by a gas stream [9, 10];
— atomization of a metal jet by a water stream [11, 12];
— plasma centrifugal atomization [13].

As practice and the number of works show, the most
promising method for obtaining metal granules is plasma
centrifugal atomization of a workpiece. This method has
several advantages. In particular the applied mechanism
of liquid droplet formation and its subsequent crystalli-
zation in inert gas atmosphere create conditions for the
formation of a dense structure with a minimum number
of satellites. Furthermore, the high rate of crystallization
makes it impossible for the liquid melt to contact other
materials, e.g. lining. In this case, nitrogen mixed with ar-
gon can also be used as plasma-forming gas. This method
is of interest both for the production of pure metals and
alloys in powder form and for nitrogen alloying of metal
powders [14 — 18].

The authors of work [4] presented data on semi-indus-
trial melting with the production of nitrogen-containing
metal powders of the EP741NP alloy by plasma centri-
fugal atomization. Granule production by this method in-
volves melting the end face of a rotating workpiece to be
melted by plasma which is a mixture of plasma-forming
gases. The plasma melts the metal workpiece, and centri-
fugal forces move the liquid metal from the central axis
of the workpiece towards the periphery, forming a crown.
Overcoming the surface tension forces, metal droplets are
torn from the workpiece, becoming spherical in flight and
crystallizing. The variation of process parameters, such as
rotation speed of the consumable electrode, workpiece dia-
meter, and plasma unit power, may significantly influence
the grain-size distribution of metal powders and the nit-
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riding rate. For example, when obtaining metal powders
of Ti-6Al-4V, 316-steel, Co-29Cr-6Mo alloys by plasma
centrifugal atomization, the authors of paper [19] note that
the fractional composition of metal granules is inversely
proportional to the square root of the rotation speed of the
consumable electrode. Works [20 — 24] reflect the effect of
the rotation speed of the workpiece, the remelting speed
and diameter of the electrode to be remelted on the size of
the metal power obtained.

The process of metal saturation with nitrogen in the
plasma centrifugal atomization unit depends on kinetic
and thermodynamic parameters. Due to the high rotation
speed of the workpiece being consumed, the residence
time of the liquid melt under the nitrogen-containing plas-
ma arc is limited, when compared with conventional plas-
ma-arc remelting, and the microgranules obtained have
a high rate of crystallization. In order to assess nitrogen
solubility, it is necessary to consider a number of process
parameters affecting the size of metal powders, the resi-
dence time of the liquid melt under the plasma column,
and the granules crystallization time [5].

In order to analyze and study the above parameters
and dependences, the authors of this work used the infor-
mation given earlier in work [4].

When the plasma arc transmits heat to the workpiece,
the process of metal melting begins, and some volume
of liquid metal is formed at the end face of the electrode.
The liquid metal formed under the influence of centrifugal
forces moves from the central axis to the peripheral part of
the rotating electrode. At the moment when the centrifu-
gal forces exceed the surface tension forces, the droplet
detaches. At the moment of detachment a thin “bridge” is
formed between the droplet and the workpiece. It should be
noted that in addition to the above forces the metal drop-
let is also affected by other forces, such as gravity forces,
gravitational forces, the plasma arc pressure force and other
forces. However, the influence of these physical parameters
on the liquid metal retention on the workpiece or droplet
detachment from it is very small [25].

[ RESEARCH MATERIALS AND METHODS

Nitrogen-containing metal granules were produced at
an industrial plasma centrifugal atomization unit equipped
with a consumable workpiece rotating mechanism, an
atomization chamber, a heat source — plasma torch, a hop-
per for granules and a water cooling system.

The model alloy, for which nitrided metal powder
production was studied, is high-temperature nickel alloy
EP741NP as per GOST 52802-2007.

A remelted electrode obtained in a vacuum induction
furnace (VIF), weighing about 20,000 g, was placed and
fixed on a plasma centrifugal atomization unit. Then, the
furnace body was closed and pressure was evacuated to
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10~ mmHg, after which the furnace chamber was filled with
inert gas, argon. The pressure of the working gas mixture
(argon, nitrogen, helium) in the plasma torch was 1.2 atm.
The operating current of the plasma torch was 1.05 kA.
The plasma torch voltage was 90 V, and the clearance be-
tween the plasma torch and the workpiece was 30 — 40 mm.
The rotation speed of the workpiece for the first series of
experiments was set to 15,000 rpm, and for the second se-
ries to 20,000 rpm. The workpiece diameter was 75 mm,
length 670 mm, remelting time about 20 min. The nitrogen
content in the plasma-forming gas mixture varied and was
15 and 20 %.

- ESTIMATION OF THE RESIDENCE TIME OF LIQUID MELT
UNDER PLASMA ARC

It appears to be very difficult to experimentally de-
termine the residence time of liquid metal under plasma
in the process of heating, melting and atomization of
electrode, as well as crystallization. In particular, in or-
der to establish the residence time of liquid metal under
the plasma flow and the crystallization time of the liquid
granule, the most suitable methods are those of mathe-
matical modeling, making a number of the following as-
sumptions:

— the anode spot is located strictly in the center of the
end face of the consumable electrode;

— the workpiece is heated and melted by the heat emit-
ted by the plasma arc;

— metal saturation with nitrogen occurs only under the
plasma column;

— due to the high crystallization rate of metal powder
and melting conditions in the inert gas and nitrogen mix-
ture atmosphere, nitrogen desorption does not occur.

It is possible to estimate the residence time of liquid
metal from the moment of melting to droplet detachment
from the end face of the workpiece on the basis of the
mass melting rate of the unit. The resulting time will be
taken as the residence time of the metal under plasma. In
order to analyze this parameter, let us estimate the mass
melting rate, i.e. the mass of molten metal per unit time.

Mass remelting rate:

vrem:_’ (1)

rem

where m, is the mass of the workpiece to be remelted, g;
t .., 1s the time of remelting of the workpiece, s.

¢!

Let us assume that the thickness of the liquid film at the
end face of the electrode is equal to the average diameter of
the granules of the resulting metal powder. Then it is pos-
sible to estimate the instantaneous volume of liquid metal at
the end face of the electrode. The area of the end face of the
electrode to be remelted is found by the formula:
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S=m. 2)

The volume of liquid metal at the end face of the elect-
rode:

V=5d, 3)

where S is the area of the end face of the electrode to be
remelted, m? d is the diameter of the powder particle
formed, m.

Then the residence time of liquid metal under plasma,
taking into account the remelting rate, will be:

T= mlAMe , (4)
%

rem

where m, , is the mass of liquid metal at the end face of
electrode, g.

Using the above method, we estimated the residence
time of liquid metal under the nitrogen-containing plasma.
The results are presented below.

Parameter Value
Mass rate of remelting, v, g/cm 16.898
Electrode end face area, S, m? 4.415-107
Volume of metal at the electrode end face, V, m*>  6.62-1077
Mass of liquid metal at the end face, m, , .. g 5.53
Residence time of liquid metal under plasma, 7, s 0.327

If we assume that the limiting stage is the convective
diffusion of nitrogen atoms in the melt, the nitriding rate
equation may be written as follows:

d[N]
- a([N], - [N]). (%)

By integrating the above equation, we obtain:

1 e ~ NI

= o, 6
NL-IN] (©)

!

a's .
where oo = — is the mass transfer rate constant, cm/s;

o' is a semi-empirical parameter determining the rate of
mass transfer; S is the area of the interphase surface, m?;
V' is the volume of the metal droplet, m?; [N, is nitrogen
concentration in the surface layer of the metal — gas inter-
face, close to equilibrium with the gas phase, %; [N] is ni-
trogen concentration in the metal volume at the moment
of time 1, %; [N], is the initial concentration of nitrogen in
the metal volume, %; t is the time of metal saturation with
nitrogen, s.

Using the data of semi-industrial melting and calculated
data obtained by the above method, we estimated the rate of
metal nitriding in the process of atomizing the consumable
electrode with nitrogen-containing plasma.

Fig. 1 shows the dependence of the nitriding rate on the
partial pressure of nitrogen in the plasma-forming gas. It
shows that an increase in the nitrogen pressure contributes
to an increase in the nitriding rate.

However, the graph is not increasing constantly,
and once a certain nitrogen concentration in the melt is
reached, the nitriding rate ceases to depend on the nitro-
gen content. It should be noted that the calculated data is
higher than the experimental data. This difference can be
explained by the fact that a number of assumptions were
made, in order to develop a mathematical model for esti-
mating the residence time of metal under plasma and the
rate of crystallization.

- METHODOLOGY OF DETERMINING CRYSTALLIZATION
TIME OF LIQUID DROPLET

The linear velocity of the melt flow can be determined
by means of the following equation

V= oR, (7)
where ® = 27mn is the angular rotation speed of the work-

piece, rpm; 7 is the rotation speed of the workpiece, rpm;
R is the radius of the workpiece, m.
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Fig. 1. Dependence of nitriding rate on partial pressure
of nitrogen in the plasma-forming gas.
Points are experimental data, and lines are calculated data
at different values of a":
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Let us calculate the volume of a droplet:

4 3
V'=—mr’, 8
3 )

where 7 is the droplet radius, m.

Let us find the mass of a liquid droplet:
m="V'p, €

where p is the alloy density, kg/m3.

The residence time of a liquid droplet from the moment
of detachment up to complete crystallization can be found
from the equation

C,m T —T
T= djp 0
aSy  Tha—To

m

(10)

where C_ is the specific heat capacity of the melt.
We take it as equal to specific heat capacity of nickel
(500 J/(kg'K)); S, = nd? is the specific surface area of a
liquid metal droplet, m?; 7' is the droplet temperature at
the moment of departure from the electrode. We take it
as equal to the alloy melting temperature +200 degrees
of superheat (1860 K); 7| is the temperature of a com-
pletely crystallized droplet, taken as equal to 300 K;
T .. 1s the alloy melting temperature (1660 K); a is the
heat transfer coefficient between the droplet and the am-
bient atmosphere, W/(m?-K);

The heat transfer coefficient can be found from forced
convective heat transfer equation [26]

Nuh,
o=
dy

; (1)

where d, is the droplet diameter, m; A, — is the coefficient
of heat transfer of the gas medium, W/(m-K)). For argon,
according to [27], we find A, from equation:

A, =(4,923 +0,04657 - 8,028:10°77)-107%;  (12)
Nu is the Nusselt criterion
Nu =0,62+Re; (13)
Re is the Reynolds number
Re = LA ; (14)
Y%

v is the coefficient of kinematic viscosity of argon,
cm?/s [27].

Be estimated the time of crystallization of the metal
powder particle by substituting all coefficients determined
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by equations (11) — (14) in equation (10). The calculation
results are given below.

Parameter Value
Alloy density, p, kg/m? 8350
Melt flow rate, V, m/s 58.875
Droplet volume, V', m? 2.679-10°13
Droplet mass, m, kg 2.237-107°
Droplet surface area, S, m? 2.0096-10°8
Heat transfer coefficient, o, W/(m?-K) 2818.954
Nusselt criterion, Nu 10.637
Reynolds number, Re 294.375
Crystallization time, 1, s 2.696-1073

[ ANALYSIS OF METAL POWDER
GRAIN-SIZE DISTRIBUTION

It is possible to determine the size of granules by exa-
mining the influence of the main process parameters on
the mechanics of droplet formation. The main contribu-
tion to the detachment of liquid particles from the crown
is made by centripetal acceleration force. This depends
on the rotation speed and diameter of the workpiece to be
consumed. The counteracting force is the surface tension
force, the value of which depends on the density and sur-
face tension coefficient of the alloy in the liquid state. On
this basis and according to the data given in [22, 25, 28],
we can use the formula that allows us to calculate the
centrifugal force:

nd’pw’D
Fo=—"
12

(15)
where d is the diameter of the liquid droplet, m; D is the
diameter of the consumable electrode, m; ® = 2nn is the an-
gular rotation speed of the consumable electrode, rps; 7 is
the rotation speed, rps; 1 is the detachment coefficient; o is
the surface tension coefficient of the melt, N/m; p is the al-
loy density, kg/m?.

The surface tension n force can be calculated by the for-
mula

F =ond,, (16)

where d, is the diameter of the visible “bridge” between
the workpiece and the droplet of metal at the moment of its
detachment, m,

(17

where 1) is the detachment coefficient; according to [26, 29]
we take it as equal to 0.85.
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The presumed diameter of the liquid droplet can be es-
timated based on the equality of the centrifugal force and

surface tension:
g=2n o
o} pD

When the metal droplet detaches, it can have an ar-
bitrary shape. However, due to the high rate of rotation
of the workpiece, the metal droplet is globularized and
crystallized in flight under the effect of surface tension
forces.

(18)

Using the experimental data on the rotation speed, mass
and geometric dimensions of the electrode to be remelted,
we estimated the average size of metal powders formed us-
ing the above method. The results are shown in Fig. 2.

The dispersiveness of metal powders obtained is deter-
mined by the following main parameters:

— centrifugal force determined by the rotation frequency
and diameter of the electrode;

— surface tension force which depends on the surface
tension coefficient of the alloy and temperature.

The results of calculations agree conditionally with
data obtained during semi-industrial tests at the plasma
centrifugal atomization unit. Any difference in the data is
due to the absence of all forces affecting the droplet size
in the calculations, as well as the impossibility of esti-
mating all physical parameters used in the calculations
accurately. However, calculated and experimental data
show that while maintaining the diameter of the work-
piece to be consumed, the alloy grade and, consequently,

170

150
130
S
= 110
=
90

70

50 1 1 1 1 1 1 1
10 12 14 16 18 20 22 24 26

n'103, rpm

Fig. 2. Dependence of the granules diameter
on the workpiece rotation speed. Points are experimental data,
and the line is calculated data

Puc. 2. 3aBucuMOCTb 1aMeTpa rpaHyl OT CKOPOCTH BPALIEHUS
3aroToBKM. TOUKH — dKCIIEpUMEHTAJIbHBIE JJAHHEIE,
JIMHHS — PACUETHbIE JaHHbIE

the density, viscosity and the surface tension coefficient,
the rotation speed of the electrode remains the key pa-
rameter.

According to equations (5) and (6), one parameter
which affects the nitriding process rate is the mass trans-
fer rate constant. The value of the mass transfer rate
constant is influenced by the surface area of the powder
particle, i.e. the interface area between the liquid metal
and the gas phase, and the volume of the microgranule
formed. These two parameters depend on the diameter of
the microgranule formed. As shown above, the powder
diameter can be affected by changing the rotation speed
of the workpiece. Therefore, the rotation speed of the
workpiece influences the final nitrogen concentration in
the powder particle.

Figure 3 shows the calculated dependence of the ni-
trogen content in the microgranule on the metal — gas in-
terface to microgranule volume ratio. Increasing the ro-
tation speed of the workpiece allows powders of smaller
diameter to be obtained. This in turn increases the me-
tal — gas interface area to microgranule volume ratio.

The data in Fig. 3 suggests that by reducing the size
of the metal granules, it is possible to achieve an in-
crease in the nitrogen concentration. However, it should
be noted that a constant increase in the rotation speed of
the workpiece, thereby obtaining more finely dispersed
granules, will make the nitriding process impossible due
to the small surface area of the metal — gas interface and
a high rate of crystallization.
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Fig. 3. Dependence of nitrogen content on the metal — gas interface

to the microgranule volume ratio.
Points are experimental data, and the line is calculated data

Puc. 3. 3aBucHUMOCTH cofepaHus a30Ta OT OTHOIICHUS IOBEPXHOCTH
B3aMMOJICHCTBHS METAJII — ra3 K 00beMy MUKPOTPaHYJIBI.
ToukH — dKCIIEPUMEHTAIILHBIC JAHHBIE, JIMHUS — PACUETHBIC TAHHBIC
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- CONCLUSION

In this paper we studied the effect of a number of ki-
netic parameters on the process of metal nitriding in the
production of metal powders by plasma centrifugal ato-
mization. In particular, we examined the contact time of
the nitrogen-containing plasma with the liquid phase, the
crystallization time of microgranules formed, the rota-
tion speed of the workpiece to be remelted, and the size
of powder particles — granules obtained.

The nitriding rate of metal powders depends on the
partial pressure of nitrogen in the plasma-forming gas. For
example, at a partial pressure of nitrogen equal to 0.15
atm, the nitriding rate may be 0.08 — 0.14 %/s depending
on o' (adopted parameter determining the mass transfer
rate). The above dependence shows that an increase in the
partial pressure in the plasma-forming gas contributes to
an increase in the nitriding rate. The quantitative depen-
dence between the process parameters and indices that

characterize the process of metal saturation with nitrogen
has been demonstrated.

The calculation procedure was presented, allowing for
prediction of the average size of metal powders obtained
by plasma centrifugal atomization, depending on a num-
ber of process parameters of the unit. It was shown that in
the plasma centrifugal atomization unit, it is possible to
adjust the size of granules by changing the rotation speed
of the electrode to be remelted. The data calculated in
the work shows that by increasing the rotation speed from
15,000 to 20,000 rpm, the average diameter of microgra-
nules can be reduced by 25 pm. The validity of these de-
pendences established mathematically has been confirmed
by the experimental data.

The dependencies thereby obtained support metal nitrid-
ing conditions at the stage of powder production by plasma
centrifugal atomization, also by varying the partial pressure
of nitrogen in the plasma-forming gas mixture, the atomiza-
tion rate and the related fractional composition of granules.
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