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Abstract. Hysteresis alloys based on Fe-Cr—Co system are extensively used in the instrument-making industry as a material for
synchronous motors of navigation systems, in the electronic industry, and other mechanical engineering fields. The following
requirements are imposed on Fe—Cr—Co alloys: temperature stability of magnetic characteristics over time, manufacturability,
low porosity and concentration inhomogeneity, which allow to obtain high-quality magnetic and mechanical properties. Materials
based on conventional alloying systems, such as Fe—Cr—Co, have outlived themselves. An urgent line of the development of new
materials and improvement of the properties of existing ones is alloying with rare-earth metals. The effect produced by Sm
addition on powder analogs of Fe-Cr—Co system remains unstudied. In this paper, 22Kh15K4MS powder magnetic hard alloy
alloyed with samarium in an amount of 0.5 wt. % was studied. The billets were obtained by cold pressing at a pressure of 600 MPa
followed by vacuum sintering. The concentration inhomogeneity of Cr, Co, Mo, Sm was determined after 12 different sintering
modes. A model of diffusion homogenization of ridge alloys, which allows to numerically evaluate the effect of sintering modes
on the concentration inhomogeneity, was plotted. The distributions of chromium, cobalt, and molybdenum correspond to the
asymptotically logarithmically normal law. Samarium is unevenly distributed in the structure. The effect of samarium additions
on the magnetic properties of the alloy has been demonstrated. The alloying of 22Kh15K4MS alloy with 0.5 wt. % of samarium
allows to obtain powder hysteresis magnets with a coercive force in the range from 3.9 to 33.0 kA/m and a residual magnetic
induction from 0.44 to 0.95 T.

Keywords: hard magnetic alloy, powder alloy, magnetic properties, concentration inhomogeneity, diffusion, concentration variation
coefficient, Fe— Cr—-Co—-Mo
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AHHOTauMﬂ. I HUCTCPE3UCHBIC CIIJIAaBbI HA OCHOBE CUCTEMBbI Fe-Cr—Co IIUPOKO MPUMCHSAIOT B HpI/IGOpOCTpOGHI/II/I B Ka4CCTBE Marcpuaia

JULSI CHHXPOHHBIX JABUTaTeNIeH HABUTALIMOHHBIX CUCTEM, B 2JICKTPOHHOMN IPOMBILIIEHHOCTH U APYTHUX 00JIACTAX MAIIMHOCTPOCHHSI.
K crmaBam Fe—Cr—Co npenbsiBisieTcs psiji TpeOOBaHHNA: TeMITepaTypHast CTaOHIbHOCTh MarHUTHBIX XapaKTePHUCTUK BO BPEMEHH,
TEXHOJIOTHYHOCTh M3TOTOBJICHMS, HU3KAsl MOPHCTOCTh M KOHIIEHTPALMOHHAs HEOMHOPOIHOCTb, — MO3BOJSIOIINX JT0OUBATHCS
COYETAaHMs BBICOKMX MAarHUTHBIX M MEXaHHYECKMX CBOMCTB. Marepuaibl Ha OCHOBE TPaJULIMOHHBIX CHCTEM JIETMPOBAHUS,
takue kak Fe—Cr—Co, ncuepnbiBaioT ceOs. AKTyalbHBIM HalpaBlIeHHEM IIPH pa3pabOTKe HOBBIX MAaT€PUAIOB U IOBBLIIICHUH
CBOICTB CYIIECTBYIOIIHX SBIISIETCS JISTHPOBAaHUE PEAKO3EeMENBbHBIMU MeTauiaMu. D(QeKT, MpOU3BOANMEIN J00aBKol Sm Ha
nopo1koBsle aHanoru cucremsl Fe-Cr—Co, octaeTcst Hen3yueHHbIM. B paboTe uccieioBaH MarHUTOTBEP/IbIi HOPOILIKOBBIH CILIaB
22X15K4MC, nerupoBanHblii camapueM B konudectse 0,5 Mac. %. 3aroToBKM MOJIYy4EeHbI METOJIOM XOJIOIHOTO IPECCOBAaHMS
npu aasiernu 600 MIla 1 nocneayromuM criekanueM B Bakyyme. OrnpezieneHa KoHIeHTpalnoHHas HeoHopoaHocts Cr, Co,
Mo, Sm mocie 12 pa3muaHbIX pexxuMoB criekanus. [Tocrpoena mMozxens auddy3HOHHON TOMOTCHU3AIMH TPEOHEBBIX CILIABOB,
T03BOJIAIOIAs YUCIICHHO OLICHMBATH BIIMSHHUE PEKUMOB CIIEKAHMSI HA KOHLIEHTPALMOHHYIO HEOIHOPOAHOCTh. Pacmpenenenus
XpoMma, KoOabTa U MOJINO/IeHa COOTBETCTBYIOT aCHMITTOTHYECKH JIOTapU(QMIIECKH HOPMAITBHOMY 3aKOHY, CAMapHii pactipe/ieiieH
B CTPYKType HepaBHOMepHO. [TokazaHo BiusiHIE 100aBOK caMapysl Ha MarHUTHBIE XapaKTepUCTHKHY CIIaBa. JlernpoBanue cruiaBa
22X15K4MC camapuem B konmuectse 0,5 mac. %. 103BOJISIET OMYYaTh MOPOIIKOBBIE THCTEPE3UCHBIE MATHUTHI C KOIPLIUTUBHON

cunoit 3,9-33,0 kA/M 1 octarouHoi MarHuTHOM uHyKuei 0,44-0,95 To.

KnroyeBbie cioBa: MarHUTOTBEP/IbIil CIUIAB, IIOPOLIKOBBIIl CIUIAB, MAIHUTHBIC CBOWCTBA, KOHIECHTPALMOHHASI HEOJHOPOIHOCTb,
1 dysus, kodpduuenT Bapuanmu koHuenTpamuy, Fe—Cr—-Co—-Mo

Ansa untuposaHmna: Mapuesa M.A., [llaioB A.A. I[IporHo3upoBaHne KOHIICHTPAIIMOHHON HEOTHOPOJHOCTH TOPOIIKOBBIX Mar-
HUTOTBEP/IBIX CIIJIABOB Ha 0cHOBE cucteMbl Fe—Cr—Co—Mo u BiusiHue 100aBOK Sm Ha MX MarHWTHBIC CBOiCTBA. M36ecmus
8y306. Ilopowikosas memaniypeus u ynkyuonanvuvle nokpvimus. 2023;17(1):12-20.
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Introduction

In order to obtain materials with specified charac-
teristics, it is necessary to establish the relationship
between structure and properties [1]. Porosity and con-
centration inhomogeneity have a considerable effect
on the processes of structure formation and magnetic
properties of alloys [2—4], reducing their mechanical,
physical and performance characteristics [5]. The inho-
mogeneity of alloys is estimated using diffusion coef-
ficients [6-8], however, their determination does not
allow to predict the concentration inhomogeneity with
reasonable accuracy, since it is associated not only with
diffusion, but also depends on a number of other fac-
tors [9; 10]. The study of diffusion at the stage of sin-
tering of powder materials is performed using diffusion
couples, however, the application of this method within
multicomponent systems results in considerable experi-
mental difficulties [11; 12]. The numerical methods for
solving homogenization equations [13—15] do not take
into account the properties of powder particles, their
shape and defectiveness, and models based on statisti-
cal processing of data on diffusion homogenization pro-
vide only qualitative information on the element dist-
ribution. One of the modern approaches to the study of
diffusion is the experimental study of homogenization
patterns [13].

In work [16], the non-monotonic effect of concentra-
tion inhomogeneity on the magnetic properties of a mate-
rial was proved experimentally. Furthermore, there is an
approach based on the assertion that the homogeniza-

tion process has a noticeable effect on the properties due
to a change in the phase composition and distribution
of phases, and a parallel transformation of the porous
structure. In this paper, such a statistical value as concen-
tration variation coefficient (V) was taken as a criterion
for the inhomogeneity of the alloying element distribu-
tion. The technique allows to determine and predict the
inhomogeneity and distribution of elements, provides
a criterion for comparing the homogeneity of powder
steels and alloys, allows to select the composition of
materials and the technology for their production. The
validity of this method for assessing inhomogeneity has
been repeatedly confirmed in works [1; 11].

Recently, the alloys based on Fe—Cr—Co system with
alloying additions, including rare-carth metals, have
been extensively studied. The ferromagnetic materials
based on SmCog, Sm,Co,, compounds are widely used
for the production of permanent magnets [17]. They
exhibit a high Curie temperature, anisotropy field, and
remanence, but exhibit high hardness and poor proces-
sibility. The alloys of Fe—Cr—Co system exhibit a high
temperature stability, corrosion resistance, ductility and
lower production costs compared to hard magnets made
of rare-earth metals. In work [18], the alloying of a cast
alloy of Fe—Cr—Co system with samarium up to 2 wt. %
resulted in a significant increase in its magnetic pro-
perties: BH__ by 86 %, B by 47 %, and H_ by 28.7 %.
The described approach to the alloying of chromel-copel
alloys is of scientific and practical interest, however, the
impact of concentration inhomogeneity on the effect of
samarium additions has not been studied.
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The study is aimed at the development of a homo-
genization model for predicting the modes of sintering
of concentration-inhomogeneous powder hard magnetic
alloys based on Fe—Cr—Co system with samarium.

Research methodology

This paper investigates the samarium-alloyed
22Kh15K4MS powder alloy, which exhibits the follo-
wing chemical composition, wt. %:

Fe Cr Co Mo Si Sm
57.0 225 150 40 1.0 0.5

The following powders of metals and alloys
were used as initial components of the charge: chro-
mium PKh-1S (TU 14-5-298-99, average particle
size r =10 pm, standard deviation ¢ =5 pm); cobalt
GP-OK (TU 1793-008-92, =24 pm, o= 13 um);
iron OSCh 6-2 (TU 6-09-05808008-262-92, r=2 um,
o =2 um); ferrosilicon FS50 (GOST 1415-93-92, r=8 um,
6 =4 um); molybdenum MPCh (TU 48-19-69-80,
r=2um,c =1 pm); samarium-cobalt (GOST 21559-76,
r=39 um, 6 =21 pm).

The charge was sieved through a mesh with a cell size
of 63 um and averaged in a mixer with a shifted rotation
axis for 8 h.

The sample billets were obtained by cold pressing
at a pressure of 600 MPa, followed by vacuum sinter-
ing with a residual pressure of 102 Pa according to the
modes specified in Table 1.

The sintering temperature range was selected on the
basis of the fact that sintering at temperatures below
1200 °C results in obtaining magnets with a non-mag-
netic y-phase production. Increasing the sintering tem-
perature up to 1400 °C causes the evaporation of com-
ponents from the surface of the billets. In both cases,
these processes lead to the deterioration of the magnetic
properties of the alloy [19].

All samples were quenched in 15 % aqueous NaCl
solution at the temperature starting from 1250 °C. The
aging of the billets was performed sequentially at 9 stages,

Table 1. The sintering modes of 22Kh15K4MS alloy
with 0.5 wt. % Sm

Ta6nuya 1. Peskumpbl cnekanus ciiaBa 22X15K4MC
¢ 0,5 mac. % Sm

Sample Sintering Holding
No. temperature, °C time, h
1 1250
2 1300
1,3,8
3 1350
4 1380

14

and the processing indices are provided in Table 2. The
main parameters and the shape of the magnetic hyste-
resis loop of the test samples were determined by means
of “Permagraph L” hysteresis graph (Magnet-Physik,
Germany) with PERMA software after the quenching
and multistage aging.

To examine the patterns of changes in the concentra-
tion inhomogeneity of element distribution during sin-
tering, the concentrations of Cr, Co, Mo, and Sm were
measured at 100 points being equidistant from each
other on the surface of the section. The concentrations
were measured by the method of X-ray microanalysis,
using “Tescan Mira 3” electron microscope (Tescan,
Czech Republic). The measure of concentration inho-
mogeneity is the relative fluctuation of concentration,
i.e. the concentration variation coefficient V, being
equal to the ratio of the square root of the concentration
dispersion to its average value:

V:?v (1)

where D is the element concentration dispersion, and C'is
the average concentration [16].

The assumption of the logarithmic normality of the
distributions was tested using Pearson’s y? test. The
entire measurement range of the random variable was
divided into disjoint intervals k. In accordance with the
given division, the number of sample values that fell
within the i-th interval (designated as 7). The obtained
histogram of the sampling distribution serves as the
basis for selecting the distribution law [20]. The value
characterizing the deviation of the sample distribution
from the predicted one is determined by the following
formula:

2
n. —np.
XZ — ( i pz) , (2)
np;

Table 2. Billet aging modes

Ta6nuya 2. Pe:xxuMbI cTapeHns 3ar0TOBOK

Stage Aging Holding time,
No. temperature, °C min
1 670 30
2 640 40
3 600 40
4 575 40
5 555 30
6 535 30
7 525 30
8 500 30
9 480 30
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where 7 is the sample volume; n, is the number of sample
elements, falling within the i-th interval; p, is the proba-
bility that the random variable under study falls into the
i-th interval, calculated in accordance with the hypotheti-
cal distribution law F(x).

In order to predict the concentration inhomogeneity,
the following homogenization equation was used:

V=0, exp[Bjtcjz./3 exp {—%D, 3)

where V/ and c; are the variation coefficient and the
average concentration of the j-th matrix component;
t (h) and T (K) are the sintering time and temperature,
respectively; R is the gas constant, J/(mol-K); o is the
effective activation energy of mutual diffusion in the
system, J/(mol-K); o, and Bj are the coefficients [16].

Research result
and disussion

The structure of the alloys after quenching rep-
resented an a-solid solution of Cr, Co, Mo, and Si.
Samarium was in the form of individual inclusions
(Fig. 1) with very low solubility in the a-phase. The
presence of dark areas in Fig. 1 testifies to the residual
porosity of the material.

The first stage was to obtain the values of the concen-
tration inhomogeneity for Cr, Co, Mo, Sm. The concent-
ration inhomogeneity decreased with an increase in the
sintering temperature and holding time (Table 3).

To determine the law of distribution of concentra-
tions, Pearson’s y? criterion was calculated after each of
12 sintering modes. No distributions corresponding to the

Fig. 1. The microstructure of 22Kh15K4MS alloy
alloyed with 0.5 wt. % of Sm after the quenching

Puc. 1. Mukpoctpykrypa crutasa 22X 15K4MC,
neruposanHoro 0,5 Mac. % Sm, noce 3aKanku

normal law were identified for chromium. 7 distributions
out of 12 distributions corresponded to the logarithmi-
cally normal law. A similar pattern was observed when
calculating y? for cobalt and molybdenum. Samarium is
unevenly distributed in the structure, so it is impossible
to establish the law of its distribution within the specified
scope of the experiment.

Upon the construction of element distribution histo-
grams, the entire range of data was divided into 8 inter-
vals (Fig. 2). The distribution histograms of chromium,
cobalt, and molybdenum exhibited a right-hand asym-
metry, which increased with rising temperature and sin-
tering time.

The approximation of experimental data (Table 3,
numerator) allowed to determine o, ; coefficients of the
homogenization equation, activation energy Q (Table 4),
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Fig. 2. Distribution histograms of cobalt concentrations (a),
molybdenum (b) and chromium (c¢) after sintering
at a temperature of 1250 °C, 3 h
[l — observed distribution, ll — expected normal distribution,
M — expected log-normal distribution

Puc. 2. TucTorpaMMBbl pacripeesICHNs KOHICHTPAIUit
kobaibTa (@), MonubaeHa (b) u xpoma (¢) mocie CreKaHus
npu temneparype 1250 °C B Teuenue 3 4
m- Ha6moz[aeMoe pacopencienue, m- OXKHIAEMOE pacupeaciIi€eHue
110 HOpMAJIbHOMY 3aKOHY, - OXXKHJaEMO€ paclpeaciCHUE
1o J'[Ol"apI/Iq)MI/[‘IeCKH HOpMaJIbHOMY 3aKOHY
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Table 3. Experimental (numerator) and predicted (denominator) concentration variation coefficients

Ta6bnumya 3. JkecnepuMeHTalbHbIE (YHC/IUTENIb) U IPOTrHO3HpPYeMble (3HAMeHaTeJIb)
K03 GUIMEeHTHI BADUAIIMY KOHIEHTPAalUU

Sintering Sintering Holding time V

mode temperature, °C | during sintering, u Cr Co Mo Sm
; | 0.16 0.30 0.52 0.87

2 3 -
0.14 0.14 0.29 1.07

2 1250 3 0.2 =
3 3 A2 13 0.21 0.?8
0.20 0.19 0.34 0.70

4 1

3 -
0.17 0.18 0.25 1.08

5 1300 3 0.29 =
6 3 0.09 0.11 0.29 1.03

0.13 A 0.22 -
7 | 0.11 0.10 0.33 1.23

0.31 -
0.15 0.20 0.30 1.19

8 1350 3 0.14 0.27 -
.10 0.90 0.20 1.15

? 8 0.20 -
0.15 0.16 34 0.91

10 ! 0.14 31 -
0.11 0.10 0.18 0.70

11 1380 3 0.15 ~
0.09 . 0.16 1.66

2 8 0.10 0.07 0.19 -

as well as the predicted values V' (Table 3, denominator).
Due to the uneven distribution of samarium in the struc-
ture and high values of concentration inhomogeneity, the
prediction of Vg was not performed.

The dependence of V ratio (the experimental coeffi-
cient of variation) to v, ratio (predicted) on the sintering
mode was plotted (Fig. 3). The closest V, and v, ratios
were obtained upon modes 4, 6, 8, 9, 10, which corres-
pond to sintering at temperatures of 1300 °C (1 and 8 h),
1350 °C (3 and 8 h), and 1380 °C (1 h).

O, values correspond to the activation energy of
chromium in the o-Fe phase of the cast alloy obtained
in work [21]. The activation energy amounted to

Table 4. Activation energies and equation coefficients

Tabnmya 4. JHepruu aKTUBALNHU
H K03 QpunmenTs! ypaBHeHHUI

Element 0, kJ/(mol-K) o B
Cr 209.2 0.157 0.252
Co 288.0 0.207 5.134
Mo 282.0 0.340 1.190
Sm 40.3 0.940 0.003

16

197 £ 10 kJ/(mol-K) for the alloy with 25.8 wt. % of
Cr, which is likely associated with the formation of
low-soluble compounds during the heating. Q. value
appeared to be higher than the one specified in the lite-
rary sources [22].

Anincrease in sintering temperature and sintering time
resulted in an increase in homogeneity and a decrease in
V coefficient. Activation energy O,, appeared to be at the
level of activation energy in binary alloys of iron with

1.8
1.6
1.4
1.2
1.0
0.8
0.6

v,

I
1 2 3 4 65 6 7 8 9 10 11

Sintering mode number

Fig. 3. The dependence of V, ratio (experimental)
to Vp ratio (predicted) on the sintering mode

Puc. 3. 3aBucumocTh OTHOIIEHHS V, (3KCTIEPHMEHT)
K V_ (pOrHO3) OT pexKMMa CHIEKAHHs
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Mo [20], which is associated with a high ratio of surfaces
and the formation of low-soluble compounds during
the heating. In Fe-6%Mo alloy, the activation energy is
at the level of 262.5 J/(mol-K), and in powder alloy O,
it accounts for 282 J/(mol-K) (Table 4).

Sintering at 1250 °C allows to obtain J at the level
0f 0.16-0.12 for Cr, 0.3-0.1 for Co, at the level of 0.5—
0.2 for Mo, and at the level of 0.9-1.1 for Sm, depend-
ing on the sintering time. It is noted that the resulting
concentration inhomogeneity is directly proportional
to the atomic mass of the element. An increase in
the sintering temperature up to 1300 °C results in
V' decrease only after 8 h of holding: 0.09 for Cr and
0.11 for Co, the inhomogeneity values remain the same
for Mo. The lowest values of concentration inhomoge-
neity were obtained after sintering at 1380 °C for 8 h:
0.09 for Cr, 0.06 for Co, and 0.16 for Mo. A further
increase in the sintering temperature requires more
energy and may result in intense evaporation of chro-
mium from the surface of the billets, which, in turn,
will lead to inhomogeneity of the chemical composi-
tion between the surface layer and the volume of the
sample and a decrease in magnetic properties [5; 23].
Thus, for powder magnets made of 22Kh15K4MS
alloy, alloyed with Sm, the optimal sintering mode is
the one at a temperature of 1350 °C for 1-3 h. The con-
centration inhomogeneity of Cr, Co, and Mo, depending
on the holding time, varies within 0.01-0.06 (Table 3).
The application of quenching after sintering allows to
reduce the concentration inhomogeneity of chromium
and cobalt to the level of J'=10.06 ~ 0.08 [24].

The magnetic properties of the samples after sintering
for 8 h, quenching, and multistage aging (see Table 2) at
various sintering temperatures (Fig. 4) were determined.
Upon an increase in sintering temperature from 1250

29 1.0
28 b {09
g Z7f 107
< 6 {06 =
m?“ 25 E 0:5 =
24 r 0.4
23 403
1 1 1 1 1 1 1

22
1240 1260 1280 1300 1320 1340 1360 1380 1400

Sintering temperature, °C

Fig. 4. The dependence of coercive force ()
and magnetic induction (B,) on the sintering temperature

Puc. 4. 3aBUcUMOCTb KO3PUUTUBHOM cuitbl (H )
Y MarHUTHON MHAYKIMH (B) OT TeMIepaTyphl CICKaHUs

to 1380 °C, an increase in the level of magnetic proper-
ties by 18-20 % was observed, which is associated with
a decrease in the concentration inhomogeneity of the
alloy (Table 3). The optimum magnetic properties were
also obtained after sintering at 1350 °C.

For testing the homogenization model as per equa-
tion (3), the sintering time for each mode and element was
calculated. Table 5 shows the calculated sintering time
for the element with the longest homogenization time at
a given temperature. According to the results obtained,
the level of concentration inhomogeneity is achieved
in a shorter time at temperatures of 1250 and 1300 °C
(1, 3 and 8 h), 1350 °C (1-3 h), 1380 °C (1 h). At sin-
tering temperatures of 1350 °C, 1380 °C and holding
time of 3-8 h, the calculated sintering time significantly
exceeds the actual time. This is associated with the fact
that the activation energy may not match the value used
in the calculation. The used effective activation energy is
applicable precisely for this process at the boundary of
the existing model.

Table 5. Calculated sintering times

Tabnnya 5. PacueTHble 3HaYeHNs] BpeMeHH ClleKaHUsl

Sintering Element with the longest y Holding time during sintering, h
temperature, °C homogenization time Actual Calculated
Co 0.30 1 0.82
1250 Mo 0.29 3 1.10
Mo 0.21 8 3.20
Mo 0.34 1 0.61
1300 Mo 0.25 3 2.10
Mo 0.29 8 2.90
Mo 0.33 1 0.61
1350 Mo 0.30 3 0.83
Cr 0.10 8 11.80
Mo 0.34 1 0.61
1380 Co 0.10 3 6.90
Co 0.06 8 13.50
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To assess the effect of samarium addition on the mag-
netic properties of 22Kh15K4MS alloy, the multistage
aging of samples without samarium as well as samples
with 0.5 wt. % of Sm was performed. The fastest growth
of the magnetic properties (B, and H ) of the alloy with
0.5 wt. % of Sm occurred at the first three stages of
aging. In subsequent stages, only H_ growth continued.
Upon that, the magnetic induction B reached its peak at
the 4™ stage of aging with further permanent decrease
(Table 6).

The rectangularity coefficient of magnetic hysteresis
loop (C) had the highest value after the 3 stage of aging
(Table 6). Compared to the initial alloy, C is 9-11 %
higher for the alloyed alloy under this heat treatment
mode. According to the X-ray diffraction analysis per-
formed in work [25], the diffraction peaks corresponding
to Sm,Co,, (64.9°, 74.68°) and SmCo, (50.798°) phases
were identified in the samples after aging, except for the
a-phase. This, in turn, testifies to the redistribution of
samarium during aging and the production of a stoichio-
metric composition distinct from the initial component.

Conclusions

1. The distributions of chromium, cobalt, and molyb-
denum correspond to the asymptotically logarithmically
normal law. Samarium is unevenly distributed in the
structure, therefore, it is impossible to establish the law
of its distribution within the specified scope of the exper-
iment. The homogenization process did not effect the
homogeneity of samarium distribution, which is appar-
ently associated with the non-solubility of Sm in iron.

2. A complete statistical description of the distribu-
tion of Cr, Co, Mo of 22Kh15K4MS ridge alloy with

Table 6. Magnetic properties of the 22Kh15K4MS alloy
with a additive of samarium after aging

Tabnuya 6. MaruuTHble cBoiicTBa cijiaBa 22X15K4MC
¢ 100aBKOii camapus nocJje cTapeHnst

22X15K4MC +
A 22X 15K4AMC 059 o

t ture, °C: :

emperature, °C H.kAm| B.T |H,kAm| BT
670 27 0.40 39 0.44
640 51 0.77 6.5 0.82
600 8.5 0.97 10.7 0.93
575 16.8 0.99 19.5 0.95
555 247 0.99 26.4 0.92
535 284 0.98 29.7 0.90
525 284 0.93 29.4 0.86
500 313 0.92 32.9 0.86
480 32.1 0.92 33.0 0.85

BH__ KI/m’ 12 11

C . at 600 °C 0.66 0.73
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the addition of samarium in the amount of 0.5 wt. % is
presented. Based on the experimental determination of
V criterion, a homogenization equation, which allows to
numerically evaluate the effect of sintering modes on the
concentration inhomogeneity, was obtained.

3. The optimal sintering mode for powder magnets
made of samarium-alloyed 22Kh15K4MS alloy was
experimentally selected.

4. The alloying of 22Kh15K4MS alloy with sama-
rium in an amount of 0.5 wt. % makes it possible to
obtain powder hysteresis magnets with a coercive force
of 3.9-33.0 kA/m and a residual magnetic induction of
0.44-0.95T at C, up to 0.73, which constitutes an actual
index for precision tool-making.
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