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The Influence of Protective Atmosphere on the Oxidation of
Sintered SmCos Magnetic Materials
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Abstract: The possibility of using low and medium vacuum ( 103-104 bar), as a protective
atmosphere, in the sintering and heat treatment of SmCos magnets was explored. The influence of the
used protective atmosphere on structural changes in SmCos magnets was investigated, for different
temperature and time intervals, but for a constant temperature and time of heat treatment. The
presence of oxides, or any other inclusions, was not proved in any part of the sintered SmCos sample,
except in the surface layer. The width of the oxide layer was measured by Scanning Electron
Microscopy (SEM), using the Texture Analysis System (TAS+). A regression model was established,
showing that the width of the oxide layer grows with the square of the sintering temperature, and
linearly with sintering time, for defined heat treatment conditions.
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Peziome: Hecaeqopana BoIMOKHOCTE HEHOTEIOBANNAT BaK YYMa HA Ipannye MeXTy HE3KHM H BRICOKHM
(1073 - 104 6ap) Kak 3alUHTHON ATMOCGDEPLI B IPOHEECAX KNS I Teputeckof 00paborkn Sm005
marnirros. Heetegosano srusuite samutHol armociepsr na CIpyKTYpHbic ussencus SmCog Marunros
ApH PasTHIHEIN TEMICPATYPHBIX H BPCMCHHLIX HHTCPBATOR CHEKANIS, It ApH HOCTORHHBIX TEMIEPATYPEI
I LPOJOTKHTEALNOCTI TEPMUTECKON 00pAGOTKH, 3 HCKAIOICHIEM JTOBEPXHOCTHOIO CIOA, IPHCYTCTBHE
OKCHAHLIX It ApYrux BKTIONCHER B CHEYCHHEIX 06Gpaznax SmCos me ycramosueno. Ilpn nmosounpr
CRANHPYOIETO  NCKTPONHOIO MHEKPOCKOHNA € HCHONBIOBAHHEN —CHCTEMBI TCKCTYpHOIO anann3a
APOBENCHO HIMEPCHNE TOMUNHE! OKCHHON 30mHLI. YeTanopaena PEIPCCCHBRAR MOJENs, COrmactio
KOTOPOR NIpH OHpPEREACHNON TEMIEPATYPE TEPMIrIecKod 00paboTKN TonmHRa OKHCAHTCALRON 30HbI €
KBAAPATOM TCMIEPATYPLI CCKAHNUN YBENUTHBACTCR I JHHERHO CO BPEMCHEM CIICKaHNA.

Kmovessre croga: Sm Cog sMarunt; Cirexanme; amurias a ™ochepa; Oxncrenne.
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TOMPBDATYO8 CHHTEPOBANS, & /IMNOEPHO C8 BDOMONMOM CHHTEPOBAIE, 38 [OPHINCENY
KBGO TOM

reMIEPATYLY TOPMHYIKE OODEJE. ' 2
Arvyywe peyn: SmCog Marner, CHHTEPOBENE, JaUITHTHE armocepa,; ONCngaymye.

Introduction

The reactivity of materials used for the production of rare earth based .mRS"C"C
materials is considerable and grows with increasing temperature. All the heat opcrauon.s mr:s;
occur in an atmosphere of inert gas, reductive atmosphere or vacuum [1,2]. The final sinte
SmCos magnet, of good quality, should consist of at least 95mass..‘%? SmCos hard
imcnn-ctallic phase, and up to 5 mass.% of a phase richer in Sm, usually thIS.IS SmyCo;y. The
presence of phases that have less of the rare earth component is allowed only in tmf:es. [1-3]

Keeping in mind that SmCos is a carrier of magnetic properties, and knowing t'he fact
that oxygen most usually decreases the amount of the SmCos phase, in that way lowering fhc
magnetic properties, the concept of this paper was to examine the influence of protective
atmosphere by observing the content of SmCos. ‘

The great majority of authors most commonly suggest argon of high purity, then the
combination of hydrogen and helium, as a protective atmosphere for sintering and heat
treatment [2,3]. High vacuum is only occasionally mentioned as a possible working
atmosphere, and even then, only in combination with some inert gas.

For the purpose of designing the working atmosphere during sintering and heat
treatment, the possibility of using low and medium vacuum (10-3-104 bar) as a protective
atmosphere, was investigated in this study for different temperature and time intervals of
sintering, but for a constant time and temperature of heat treatment,

Experimental

In this paper part of the results investigating the possibility of using low vacuum as
a protective atmosphere during sintering and heat treatment [4] ar presented. As a protective
atmosphere vacuum of 10-3-104 bar was applied. The investigated temperatures of sintering
were 110, 1120, 1140, 1160 and 1180°C, and for eath investigated temperature sintering
lasted 30, 45 or 60 minutes.

The temperature of heat treatment was 900°C.The heat treatment lasted 90 minutes
for all investigated sintering conditions. Using continuous X-Ray analysis structural changes
f’f the SmCos phase, were investigated in all sintered and annealed samples. The
investigation was carried out for the inner structure of the sample as well as for the surface
layer. The presence of the oxide layer was proved by X-Ray and SEM analysis only in the
surface layer, and the width of this layer was measured by SEM, using TAS+.

The experimental data obtained by measuring the width of the oxide layer were
cvaluat.cd by means of a mathematical - statistical method. The approach was to u
regression analysis to establish the influence of the sintering process parameters: time ans:j=

temperature on the width of the oxide layer, for the gi
. , ' given temperature
900°C in the applied protective wihiias pe of heat treatment of
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Results and Discussion

Fig.1. presents representative diffractograms of sintered and heat-treated samples of
SmCos without a surface layer. Fig. 2. shows one randomly chosen diffractogram of the
surface layer of a sintered and heat - treated SmCos sample.

2-1100°C,60 min
b-1120°C,60 min
c-1140°C,60 min
d-1160°C,60 min
c1180°C,60 min
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Fig.l X-Ray diffractograms of SmCos samples sintered at different temperatures; Heat
treatment :900°C, 90 minutes, the surface layer has been removed
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Fig.2 X-Ray diffractogram of the surface layer of a SmCog sample sintered at 1160°C, 60
minutes; Heat treatment:900°C, 90 minutes

Identification of the diffractograms of the cross-section of all the investigated
samples (Fig. 1.), without any doubt prove the existence of minimum 95mass.% of the
SmCog phase. The presence of less magnetic phases, oxides, or any other inclusions, was not
proved in any part of the sintered SmCos sample, except in the surface layer. By X-Ray
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face layer for all the examined samples, the following phases were
and Smy03, the B type (Fig. 2.) [5]. On the surface of
atment is over, the surface layer

analysis of the sur
identified: Hexagonal Co, Cubic Co
s during cooling, after the heat tre :
becomes oxidized. It must be presumed that the oxidation is caused by a solid state reaction
with oxygen which was present in the initial powder, rather than with oxygen adsorbed

during pressing, as well with the oxygen present in small amounts in the used protective

the sintered SmCos sample

atmosphere [4]. . l
The explanation for the formation of the oxide layer can be found in the crysta

structure of SmCos. The intermetallic SmCos compound consists of two groups of atoms of
significantly difﬁ". at dimensions, having a CaCus type of structure. The structure of SmCos
may be described as an alternate stacking of layers, one formed by cobalt atoms and the other
h;l\jing one atom of samarium on every two cobalt atoms (CopSm) [1,6]). If samarium is to fit
easily into the CosSm layer, then the samarium/cobalt ratio should not exceed 1.31. On the
other hand, if it is to fill the hole in the adjacent cobalt layers this ratio should be 1. 58. The
actual Sm/Co radius ratio is 1.44. [6]. .

According to all this, samarium is too large to fit easily into the CopSm layer and too
small to be in contact with its 12 cobalt atoms in the adjacent layers. The ease with which
samarium atoms can be detached from SmCos and then quickly oxidized is thus readily
understood. The presented interpretation could be the explanation for the appearance of the
oxide layer that was observed on the investigated sintered and heat -treated SmCos magnetic
materials.

Figs.3a and 3b with microphotographs of the cross-section of the surface layer of
sintered SmCos samples illustrate the growth of the width of the oxide layer with the increase

of the temperature and time of sintering .

e “‘)' — —— ‘?)_

Fig.3 Scanning electron micrograph of sintered SmCos; temp.of heat treat.900°C, time 90
min. a) temp. sint. 1120°C, time 30min; x750 b) temp.sint.1180°C, time 60min: x750

. | By observing the microstructure of the cross-section of the surface layers of all
m\fcsngaled samples (Fig..3.a,b), the presence of the oxide layer is evident. The width of the
oxide layer grows with increase of temperature and time of sintering corresponding to the
experimental data obtained by measuring the oxide layer. The maximal measured average
width of the oxide layer did not exceed 45pum and was measured for .the highest tempcratugne
and the longest sintering time :1180°C, 60 minutes.
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Fig.4. graphically presents the experimental data obtained by measuring the oxide
layer as a function of temperature and time of sintering, evaluated by regression analysis
together with a graphical presentation of the regression function itself for the investigated
interval of temperature and time of sintering.
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Fig. 4 Graphical representation the dependence of the width of the oxide layer on
the temperature and time of sintering

Different regression functions were investigated [4], and the regression model with

the highest value of the square of the coefficient of correlation (0.94) was chosen. The
regression equation for the established model 1s:

A=7019.55 - 10.0519T - 3.541987 + 0.00360005 T2 - 0.00548588 1+ 0.002968621T
The meaning of the symbols is as follows:

A the width of oxide layer [pm]

T temperature [K]

T time [min.]

From the graph (Fig. 4.), good agreement of the experimental data to the regression
model is evident. It can be stated that the influence of sintering temperature on the width of
the oxide layer is much more significant than the influence of the sintering time. The width of

the oxide layer grows with the square of the sintering temperature and linearly with the
sintering time, for a heat treatment temperature of 900°C.

We may draw the following conclusions:

A. The possibility of using low and medium vacuum (10-3-104 bar), as a protective
atmosphere, in the sintering and heat treatment of SmCos magnet was confirmed.,
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Using the continued X-Ray analysis of sintered and heat - treated SmCos samples, only

. the SmCos phase was identified in the amount of a minimum of 95mass.% for all the
investigated conditions of sintering and heat treatment. '

C.  The presence of oxides, or any other inclusions, was not proved in any part of the
sintered SmCos sample, except in the surface layer. ‘

D. By X-Ray analysis of the surface layer, for all the examined samples, the following
phases were identified: Hexagonal Co, Cubic Co and Sm»O3, the B lyPe.

E. By SEM analysis of the microstructure of the surface layer of the sintered and .hcat
treated SmCosg samples, the existence of an oxide layer was confirmed. The maximal
width of the oxide layer, for all investigated cycles of sintering and heat treatment,
was 45 im.

F. It was established that the width of the oxide layer grows with the square of sintering
temperature, and linearly with the sintering time.

G. It is possible to remove the oxide layer during machining, a common phase in the
tehnological procedure of under the production of sintered SmCos magnets. Therefore,
we state that the measured width of the oxide layer, a the investigated conditions, can
not affect the magnetic properties of the final magnet.
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