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Understanding of the thermal stability of intermetallic SmCos powder is essential for
designing the working atmosphere in all phases of the technological procedure in the produc-
tion of sintered SmCos magnets to obtain maximal magnetic properties. The thermal stability
of the SmCos powder with defined chemical composition and particle size was investigated in
the interval from 20 to 900 °C. It was found by thermogravimetric analysis (TGA) that up to
240 °C, the oxidation of SmCos does not occur. X-Ray diffraction of the thermogravimetric
experimental residue of the SmCos powder. heated at 240 °C, yielded only the presence of
the SmCos phase. By X-ray diffraction analysis different crystal forms were identified
depending on the maximal heating temperature. The following phases were identified: SmzO3,
Co. Co0, Co304and SmCoO3. According to T and X-ray results, for each of the investigated
temperatures, the corresponding chemical reactions were established. The experimental data
from both the thermal and X-ray investigations confirm that the phases of pressing and
aligning the SmCos powder, in the process of producing sintered SmCos magnets, may be
performed without a protective atmosphere.
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The appearance of rare earth-transition metal based permanent magnetic
materials enabled the improvement of existing, as well as the construction of complete-
ly new plants and systems with active magnetic components, in almost all technical and
technological fields.

Sintered permanent magnetic materials of the SmCos type have shown the best
permanent magnetic properties both as a powder and a compact body formed by
procedures of powder metallurgy. These magnetic materials are characterized by high
stability of the permanent magnetization during the effect of a demagnetization field
and they possess the best ratio of the energy product BHp, and the temperature
interval of exploitation.

The high reactivity of rare earth metals requires special precautions in each
technological stage of the production of permanent magnets based on SmCos.! Each
variation of the chemical composition caused by the presence of metallic and non-
metallic impurities damages the magnetic properties of these materials. A mere 800
ppm shift in oxygen content from its control level can, indeed, change the rare earth
c%rglapos(ijtion by 0.5%,>° beyond the range within which the optimal properties can be
obtained. »
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From the point of view of magnetic properties, it would be idgal if the magnetic
material consists of a pure SmCos phase, as the carrier of magnetic propcrucs(.jTth
goal is impossible to reach in commercial production, and a purity of 95-97 mass7 has
been considered to be the most desireable.>

Most authors insist on a protective atmosphere in all technological procedures
of production, not only in phases that are performed at clevated temperatures such as
sintering and heat treatment, but they also suggest the use of a protective atmosphere
during pressing and aligning of the SmCos powder. 243

Understanding of the thermal stability of the powder of intermetallic SmCos, is
necessary for designing the working atmosphere in all stegs of the lechnolqglml
procedure during the preparation of sintered SmCos magnets  in order to obtain the
maximal magnetic properties of the final product.

EXPERIMENTAL

Commercial SmCos powder was used in these experiments and the chemical composition. given by
the producer, in mass percent was: Sm = 34.7 + 0.3% and Co = 64.8 = 0.3%. The powder was milled in
anhydrous toluene in an agate mortar to fine powder of quality used in the production of sintered magnets.
All the experiments were carried out with powder of an average particle size of 7.23 um, established by
scanning electron microscopy (SEM), using a Texture Analysis System (TAS+). The thermal stability of the
SmCos powder in static air atmosphere was investigated by thermogravimetric analysis (TGA) using a
DuPont Thermal Analyzer. Investigation of the behavior of SmCos powder during heating were carried out
using new samples of SmCos powder for each of the investigated temperature cycles.

For each investigated temperature the structural changes were observed using the powder X-ray
diffraction method using a Philips diffractometar and a copper anticathode with the wave length 4 =
0.154178nm.

RESULTS AND DISCUSSION

Numerous samples of SmCos powder of the same quality and particle size, were
heated in different temperature intervals. The maximal heating temperatures for each
investigated sample are presented by points in Fig. 1. For each investigated tempera-
ture the corresponding increase of mass is given. The increase in mass during the
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ig. 1. TGA curve of SmCos powder.
Heating rate 20K/min.
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heating of SmCos powder in air atmosphere, is also presented in Fig. 1. by the TGA
Curve obtained in the temperature interval from 20 to 900 °C.
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Fig. 2. X-ray diffractograms of SmCos powders: a. starting powder; b. heated at 200 °C;
c. heated at 240 °C; d. heated at 270 °C:; e. heated at 285 °C.

The phases present after each heat treatment were determined by X-ray diffrac-
tion. The X-ray diffractogram of milled SmCos powder (Fig. 2a) was presented as a

reference, together with diffractograms of samples of SmCos powders heated up to
different temperatures (200-285 °C) (Figs. 2b-¢).
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Fig. 3. X-ray diffractogram of SmCos powder heated a1 500 °C.
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The result of the X-ray analysis of a SmCos powder heated up to 500 °C,as shown
in Fig. 3 and the diffractogram of SmCos heated at 700 °C in Fig. 4.

The results of the TGA (Fig.1) and X-ray analysis (Figs. 2-4) of SmCos are
presented in Table I, indicating the dependence of the mass increase and the identified
structures on heating temperature. The points in Fig. 1 correspond to the mass increase
presented in Table I for every investigated sample, i.e., temperature interval.
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Fig. 4. X-ray diffractogram of SmCos powder heated at 700 °C.

Between 285 °C and 300 °C the complete oxidation of SmCos to SmO3 occurs
and the oxidation of metal cobalt begins. The results of X-ray diffraction for a SmCos
powder heated at 500 °C, were very much the same as at 350 °C, the same phases were
identified, only a quantity of cobalt(IlI) arises in the form of the mixed oxide Co304.
X-ray diffraction of the thermogravimetric experimental residue of SmCos powder,
heated at 700 °C, yielded a SmCoO3 phase beside the two cobalt oxides Co:04 and
CoO. The ratio of the Co3O4 phase to CoO phase is similar at 700 °C as at 500 °C. On
the TGA curve (Fig. 1) in the temperature interval from 800 to 850 °C a mass decrease
was observed, having a minimum at 835 °C. The reason for this is the reduction of
C0304 10 CoO, a reaction already confirmed in the literature.” For the sample heated
at 900 °C the same structures were found as at 700 °C, only the CoO phase is dominant
in comparison with Co304 due to the partial reduction of Co304 to CoO.

The results of the X-ray analysis are summarized in Table II presenting the
temperature dependence of the first five most importam‘o diffraction peaks for the
SmCos phase.
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TABLE . Results of thermogravimetric and X-ray analysis

The phases identified by X-ray diffraction (sorted by

Temperature (°C)  Mass increase (%) intensity of diffraction peaks)

First Second Third
200 0.01 SmCos - -
240 0.16 SmCos
270 0.51 SmCos -
285 0.78 SmCos -
300 6.30 Sm;0;, Co CoO
350 12.30 Smy04 CoO Co30,
500 18.27 Smy0, Co304 CoO
700 23.86 SmCoO4 Co304 CoO
900 25.71 SmCo0O; CoO Co304

By observing the TGA curve (Fig. 1), it is evident that the oxidation of the Squos
powder did not occur up to 240 °C, and by X-ray diffraction, only SmCos is identified
for this sample (Fig. 2¢).

In the temperature interval from 240 °C to 285 °C there is an increase in mass,
caused by oxidation, but the amount of resulting oxides is small enough that they can
not be identified by X-ray diffraction (Figs. 2c-¢).

TABLE 1. Temperature dependence of the first five most important diffraction peaks for the SmCos phase

d=0.212 nm d = 0.293nm d=0.250nm d=0.216nm d=0.199nm
Temperature  p1ane (111) plane (101) plane (110) plane (200) plane (002)

¢S peak (cts) peak (cts) peak (cts) peak (cts) peak (cts)
20 100 59 62 76 40
200 62 25 45 104 10
240 42 14 15 22 31
270 58 45 34 41 16
285 46 15 15 42 19

From the diffractograms in Figs. 2b-e and by comparison of the experimental
data in Table II, it can be stated that the temperature increase causes a decrease of the
diffraction peaks of SmCos from 240 °C to 285 °C. This indicates that between 200 °C
and 285 °C the crystallinity decreases, and that this could be the reason for the decrease
of the magnetic properties in the final sintered magnet.!1

~According to the results of TGA and X-ray analysis the corresponding chemical
reactions were established:

- until 240 °C - there is no oxidation of SmCos powder
(Fig. 1 and Fig. 2a, 2b and 2¢)

- 240 - 300 °C - complete oxidation of SmCos to Smy03 (Fig. 1, Table I):
4 SmCos + 3 Oz = 2Sm,03 + 20 Co (1)
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- 285 - 900 °C - the oxidation of cobalt:

5 Co+30; » 2Co0 + Co0304 (2)
- 500 -900 °C - the formation of SmCoOs3:
Sm,0; + Co304 »2SmCo0O3 + CoO (3)
- 800 - 900 °C - the reduction of Co304:
Co0304 = 3Co0 + 1/20; (4)

From the results obtained by the investigation of the behavior of SmCos powder
at elevated temperatures we may draw the following conclusion:

- The results of thermogravimetric analysis proved that up to 240 °C the oxidation
of SmCos does not occur.

- By X-ray analysis of SmCos powder, heated at 240 °C, only the SmCos phase
was identified in a minimum amount of 95 mass%, and fulfills one of the essential
conditions for obtaining maximal values of the magnetic properties.

- The thermal stability of the SmCos powder proved by TGA and X-ray inves-
tigations, that the phases of pressing and aligning SmCos powder, in the process of
producing sintered SmCos magnets, could be performed without a protective atmos-
phere.
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H3BORA

OKCHJIALIMOHH ITPOLIECH ITPH 3AT'PEBAIDLY [TPAXA UHTEPMETAJTHOT JEJIMELEHA
SmCos

HAIEXAA M. TAJIHIAH, ATEKCAHJIPA MUY THHOBHR-HHUKOJIMH 1t XKAPKO /1 JOBAHOBHR

HHCTHTYT 34 XeMM]Y, TEXHOROTH]Y I MeTanypru)y, Eherowena 12, iunp. 815, 11001 Beorpan

Tlo3HaBatbe TEpMHUYKE CTAOMIIHOCTH NPAXa HHTCPMETATHOT jeiHiberba SmCos HEeONXO/HO je 3a
npojekToBame pajaHe arMocdepe y cauM (hazama TEXHOJIOUIKO MOCTYNKA 06Mjaiba CHHTEpOBaHOT
SmCos mMarxera j1a 61 ce 06e3be/u1e MaKCHMAHE MarHeTHe ocobune. Menurana je tepmuyka crabu-
HocT npaxa SmCos, 1epUMHHCAHOr XEMHUJCKOI CACTARA M BEJIMYMHE YECTHUA Y MHTepRaty 0120 j10 900 °C.
Tepmorpasmerpujckom anaimsom (TGA) je ycTaHORBEHO J1a Ha TeMneparypama j1o 240 °C, ne pqonasm
Ao okeraaumje npaxa SmCos, Takohe, penjireHckoM aHanuaom SmCos npaxa sarpesador jao 240 °C
uaenTHdukosana je jenmno SmCos hasa. PEHANCHCKOM aHAJIMIOM MEHTHOHKOBAHE Cy pasziMuMrTe
KpHcTasiHe ase, y 3aBUCHOCTH 0JI MAKCHMAJIHE TEMIICPAaType 3arpesarha. MaeHTHdukosatie cy haze:
Sm203, Co, CoO, Co304 u SmCoO1. Ha octory pesynrara TGA W penireHcke aHajiuse, 3a CBAKY
ucmm.my TEMIIEPATYPY, HABEACHE CY OJroBapajyhe Xemujcke peakumje. EKCIIepUMEHTAIHU peayJITaT
TCPMHJCKHX M PEHANCHCKMX HCITMTHRAILA 0KA3Yjy J1a ce (haza npecoBarba M yemepanarsa npaxa SmCos,
Yy nocTynky nobujarba cuHTepoBaHuX SmCos MarHera, MoXe ofBMjaTH Ge3 KOpHIIheha 3alITHTHE

aT™mochepe.

(Mprouneno 22 Jyna, pemtipano 22. geuemGpa 1995)
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