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Abstract 

The reaction characteristics between Sm metal and H2 or N2 gas have been studied by means of isochorothermal 
analysis and X-ray diffraction. Samarium was found to react with hydrogen forming SmH2+x (0 ~<x <0.63). The 
reaction is very abrupt, exothermic and takes place at a temperature of between 300 and 525 °C depending on 
the initial size, surface contamination and surface structural defects of the samarium metal. Sm hydrides are 
partially decomposed into b.c.c. Sm203 under ambient conditions. The reaction of Samarium with N2 initiates 
at about 600 °C and proceeds very slowly forming StuN. SmN hydrolyzes in the presence of atmospheric moisture 
to form b.c.c. Sm203, hex-Sm(OH)3 and NH3. Sm oxide surface layers containing f.c.c. SmO, b.c.c. Sm203 and 
monoclinic Sm20~ were found to form upon heat treatment of Sm metal under vacuum or argon gas flow. 

1. Introduction 

The "samarium-hydrogen" system has been studied 
in terms of its phase diagram [1]; crystal structures of 
Sm hydrides and phase relationships between SmH2 
and SmH3 [2, 3]; low temperature thermal expansion 
of Sm hydrides [4]; and proton self-diffusion and hy- 
drogen-ordering effects [5]. The preparation and crystal 
structure of SmN have been studied by Eick et al. [6]. 
Samarium is known to form a series of oxides such as 
f.c.c. SmO (NaCl-type according to Eick et al. [7] or 
ZnS-type according to Bist et al. [8]), b.c.c. Sm203 [9] 
and monoclinic Sm203 [10]. 

The discovery of a new magnetic material, Sm2Fel7 
nitride [11], triggered a renewed interest in Sm-Fe 
intermetallic compounds in general. Permanent magnets 
based on Sm2Fe17 nitride have already been developed 
by several methods such as mechanical alloying (MA) 
[12, 13], rapid quenching [14, 15], conventional powder 
metallurgy [13, 16, 17] and hydrogen treatment (HDDR) 
[18, 19]. All of these methods involve two major steps: 

(a) the formation of the Sm2Fe17 phase (preferably 
in a microcrystalline form) and 

(b) the nitrogenation of Sm2Fe17 in N 2 o r  ammonia 
to form interstitial Sm2Fel7 nitride which is responsible 
for the hard magnetic properties. 

So far many studies have been published based on 
Sm2Fe~7 nitrides and are mainly concerned with the 
nitrogenation kinetics [20, 21] and substitutions [11, 
22-27] of Sm or Fe with other rare earth and transition 

metals, respectively. In step (a) of the previously men- 
tioned preparation methods, usually one has to deal 
not only with the major Sm2Fe17 phase but also with 
other phases such as Sm, SmFe2, SmFe3 and a-Fe. 
Consequently, in the whole process (steps (a) and (b)) 
one has to consider the reaction products of these 
"secondary" phases with hydrogen and nitrogen as well 
as oxygen. The reaction products have an effect on the 
details of the processes as well as on the magnetic 
properties of the final product. Experience of working 
with other magnetic materials such as the Nd2Fe14B- 
based magnets shows that the presence of the secondary 
phases plays an important role in the development of 
the intrinsic c0ercivity. 

Presently, there is little or no specific information 
about the kinetics and reaction products between the 
Sm-Fe alloys and hydrogen or nitrogen. The lack of 
such information led us to make a series of studies of 
the reactions between Sm, SmFe2, SmFe3 and Sm2Fe17 
single phases, and hydrogen or nitrogen gas as a function 
of temperature. In the present paper, only the reaction 
between samarium metal and H2 or N2, and some 
information on the formation of Sm oxides will be 
reported. The reaction of H2 and N2 with the other 
phases (SmFe2, SmFe3 and Sm2Fe17) will be reported 
in the near future. Such information on the reactions 
between the Sm-Fe alloys and H2 or N2 has been used 
to interpret the resulting phases and magnetic properties 
of Sm2Fe17 nitride-based permanent magnets prepared 
in our laboratory by several methods; these will also 
be published in the near future. 
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2. Experimental details 

The samarium used in the present study was 99.9 o 
wt.% pure. Samarium metal was used both in the form 
of powder passed through a sieve of 150/zm mesh and '~ 
small bulk single pieces. The purity of H2, N2 and Ar 
gases was greater than 99.999 vol.%. 

The constant volume reactor isochoro-thermal ana- 
lyzer (ITA) which was used in the present study is 
similar to the thermopiezic analyzer (TPA) used by 
other researchers (for instance, Coey et al. [ l l  D for 
the study of gas-solid reactions. The volume of ITA 
was about 2.3 cm 3 and only about 5% of the total "-" 
volume was heated. The Sm samples, weighting between ='~ 
2 and 6 mg, were placed in a quartz tube and heated 
with a precisely controlled programmable furnace ca- 

).~ 

pable of reaching a temperature of 1000 °C. The pressure 
was measured with a pressure sensor capable of de- 
tecting pressure differences of about 100 Pa. The tem- 
perature was measured with an accuracy of _+ 1 °C. N 

o.~t 
The pressure vs. temperature data was collected in a ~ .... 
computer and analyzed by taking into consideration ~ .... 
the pressure variations due to the thermal effects (heated ~ .... "~ o.z~ 
volume). By utilizing the ideal gas law, the data was ~ ~ 
transformed and plotted in terms of atoms of gas .... 
absorbed by the solid or desorbed from the solid as .... 
a function of temperature. The ideal gas law which 
was applied in the case of hydrogen and nitrogen is 
considered to be a very good approximation since the ~!~, 
pressure-temperature conditions (0-150 kPa and .... 
20-1000 °C) are far above their corresponding critical ~ "01',', 
pressures and temperatures. ITA isochores were ob- .~ 0~ .... 
tained for the "Sm (powder)+H2 or N2" and "Sin ~ .... 
(bulk) + H2 or N2" systems in the temperature range ~ .... 
of 20 to 950 °C. °°' o,ol 

Phase analysis was performed by X-ray powder dif- 
fraction. X-ray powder diffraction patterns were ob- 
tained under ambient conditions by using a Philips 
automated diffractometer with a CuKot radiation mono- 
chromated by a graphite single crystal. 
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Fig. 1. XRD patterns of (a) Sm powder, (b) bulk Sm, (c) bulk 
Sm metal heat treated under argon flow at 500 *C for 2 hours, 
and (d) bulk Sm metal heat treated under vacuum at 800 °C 
for 1 hour. 

3. Results and discussion 

3.1. Samarium metal and oxides 
3.1.1. The powder and bulk samarium (Sm) 
The X-ray diffraction (XRD) patterns for powder 

and bulk samarium metal used in the present study 
are shown in Figs. l(a) and l(b), respectively. Both 
exhibit a rhombohedral crystal structure (a-Sm, a = 3.626 
~ ,  c = 26.180 ~ )  which is the stable structure of samarium 
at room temperature [28]. A close inspection of the 
diffraction pattern of Sm powder (Fig. l(a)) reveals 
the existence of a thin surface layer of the hexagonal 
Sm(OH)3 phase (a = 6.36/~, c = 3.66/~). The broadness 

of the Bragg peaks between 20= 27.5 ° and 20--35 ° in 
both powder and bulk Sm (Fig. l(a, b)) is an indication 
of the structural deformation on the surface of Sm 
metal, apparently caused during the cutting or grinding 
process. As shown above (Fig. l(c)), annealing of the 
Sm metal at 500 °C under argon causes "sharpening" 
of the Bragg peaks due to the removal of such surface 
structural defects. Therefore, both powder and bulk 
Sm as-prepared were structurally deformed on the 
surface. In addition, the Sm powder surface was covered 
with a thin layer of Sm(OH)3. No oxides or other 
surface contamination was observed in the case of bulk 
Sm which was carefully cut from the bulk of a big Sm 
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metal chunk. Some chemisorbed oxygen is most likely 
to be also present in both powder and bulk Sm samples. 

3.1.2. Samarium oxides 
Figures 1(c, d) show the XRD patterns of a bulk 

Sm metal (Fig. l(b)) heat-treated under argon flow at 
500 °C for 2 hours (Fig. l(c)) and in v a c u u m  ( = 1 0  - 6  

Torr) at 800 °C for one hour (Fig. l(d)). Both heat 
treatments (under argon or vacuum) resulted in the 
formation of f.c.c. SmO (a = 5.027 ~ )  and b.c.c. 8m203 
(a=10.931 ~) .  In addition, vacuum heat treatment 
resulted in the formation of monoclinic 5m203 [3]. 
Surface polishing of the heat-treated Sm samples re- 
moved the Sm oxides and the XRD pattern is the same 
as that of the initial Sm sample (Fig. l(b)). 

The heat treatment of Sm metal under vacuum or 
argon gas flow results in the formation of Sm oxide 
surface layers. The source of oxygen might be both the 
surface chemisorbed oxygen (which is unavoidable under 
ambient conditions) and oxygen present as a residue 
in vacuum or as an impurity in the argon gas. This 
observation is important because during the preparation 
(i.e. MA and HDDR) of the Sm2Fe17 nitride-based 
permanent magnets, one has to take into consideration 
the possible formation of Sm oxides and try to minimize 
them. 

3.2. Reaction of samarium with hydrogen 
3.2.1. Hydrogen absorption 
The ITA isochore trace of the "Sm(powder)+H=" 

system is shown in Fig. 2. On heating, samarium begins 
to absorb hydrogen abruptly at 330 °C with the hydrogen 
concentration reaching a value of about 2.17 H atoms 
per Sm atom. On heating at higher temperatures, 
hydrogen begins to desorb partially. On cooling, hy- 
drogen is reabsorbed and the final composition of Sm 
hydride at room temperature (RT) becomes SmH2.14. 
In this sample the final hydrogen concentration is 
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Fig. 2. ITA isochore for the "Sm(powder)+ H2" system; the final 
RT Sm hydride composition is SmH2.14. 

underestimated because during heating at high tem- 
peratures (above 850 °C) a portion of Sm is consumed 
due to reaction with the quartz tube, inside of 
which the reaction took place. In order to avoid this 
effect, an ITA isochore was obtained for the 
"Sm(powder) +H2" by heating only up to 360 °C and 
then cooling to RT as shown in Fig. 3. In this experiment, 
an SmH2.z5 hydride is formed at 304 °C on heating. 
On cooling, the hydride absorbs more hydrogen (es- 
pecially at  around 190 °C) and the final composition 
at RT becomes SMH2.63. In the cases of Sm powder 
experiments, the hydrogen absorption temperature was 
found always to be between 300 and 330 °C. 

Different hydrogen absorption temperatures were 
found for the cases where bulk Sm samples were used 
in the experiments. The ITA isochore traces for the 
"Sm(bulk) + H2" system are shown in Fig. 4 for three 
separate bulk samples weighting 4,65, 2.8 and 2.2 mg, 
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Fig. 3. I T A  isochore for the "Sm(powder) + H 2 "  system by heating 
up to 360 °C only; the final RT Sm hydride composition is 
SMH2.63. 
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Fig. 4. ITA isochores for the "Sm(bulk, single piece) + H2" system 
in the case of  three separate samples of different mass: (a) 
rn = 2.20 mg, Po = 145.72 kPa,  (H/Sm)0 = 18.805, (b) m = 2.80 mg, 
Po= 142.31 kPa,  ( H / S m ) o =  14.311 and (c) m =4.65 mg, Po = 145.11 

kPa,  (H/Sm)0 = 8.804. 
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respectively. The hydrogen absorption temperatures 
(steepest rise in hydrogen concentration) were found 
to be 423,495 and 524 °C, respectively. In these samples, 
hydrogenation begins gradually from lower temperatures 
up to a temperature where it then proceeds rapidly. 
Also, as the hydrogen absorption temperature increases, 
the instantly produced Sm hydride contains less hy- 
drogen (see Fig. 4). 

The hydrogen absorption temperatures for the Sm 
powder were found always to be lower than those of 
the bulk samples. This can be attributed to the fact 
that the powder samples have much higher surface area 
available (as compared with bulk samples) for the 
hydrogen dissociation which occurs before diffusion; 
the greater degree of surface contamination of the Sm 
powder may have some effect although it was not 
confirmed. The large variation (up to 100 °C) in the 
hydrogen absorption temperatures of the bulk Sm sam- 
ples, may be due to the different degree of surface 
structural deformation in each individual sample. 
Smaller samples (single pieces) exhibit higher hydrogen 
absorption temperatures possibly due to heavy defor- 
mation during the cutting process. The shift in the 
hydrogen absorption temperature is much less (up to 
30 °C) in the case of the powder Sm samples. That is 
because in general, powder samples do not differ much. 
The abruptness of the hydrogen absorption may suggest 
that the reaction of Sm with H2 is not diffusion con- 
trolled; once the "surface resistance" is overcome, 
absorption occurs quite rapidly. The gradual H2 ab- 
sorption observed prior to the abrupt H2 absorption 
in the case of the bulk Sm samples is most likely due 
to the non-uniform surface (local degree of deformation) 
of these samples. In the case of the powders, the H2 
absorption was observed always to be abrupt since the 
surface of the particles is uniform with respect to oxygen 
contamination and degree of structural deformation. 

The absorption of hydrogen by samarium involves a 
change in the crystal structure from rhombohedral (a- 
Sm) to f.c.c. (Sm hydride). The XRD pattern of the 
SMH2.63 is shown in Fig. 5(a). In addition to the Bragg 
peaks corresponding to the f.c.c, hydride (a = 5.366/~), 
there are also Bragg peaks which can be indexed 
according to the b.c.c. Sm203 phase (a= 10.931 /~). 
This was an indication that the Sm hydrides are very 
sensitive to oxygen (atmospheric conditions). In fact, 
for longer exposure times, the intensity ratio between 
the Bragg peaks corresponding to Sm203 and Sm hydride 
becomes higher (compare Figs. 5(a) and 5(b)). Also 
the color of the sample turns from black to creamy- 
yellow. The sensitivity to oxygen is more profound as 
the value of x (SmH2+x) increases. Sm hydrides which 
have a composition closer to Sm dihydride showed much 
less sensitivity to oxidation. 
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Fig. 5. XRD patterns of the SMH2.63 taken (a) immediately after 
its preparation and (b) after 2 hours' exposure to ambient 
conditions. 
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Fig. 6. ITA isochore for the "Sm(powder)+H2" system dem- 
onstrating the exothermic nature of the hydrogen absorption 
reaction. The time period between data points is 12 seconds. 

The hydrogen absorption reaction is very exothermic. 
This can be detected as an immediate increase followed 
by a decrease of the temperature, or in general a 
disturbance of the imposed heating rate during the 
ITA experiment. This is demonstrated in the ITA 
isochore trace of the "Sm(powder) + H2" system shown 
in Fig. 6, and can be explained as follows. The ther- 
mocouple of the temperature controller of the furnace 
is in contact with the outer surface of the quartz tube 
in the region where the Sm sample is located. During 
hydrogen absorption, heat is generated. Subsequently, 
the temperature of the thermocouple increases faster 
than the imposed rate of heating (1 °C min -1) and 
therefore, the temperature controller in response cools 
down the furnace in order to re-establish the imposed 
heating rate. This observation is very indicative of the 
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usefulness of the isochoro-thermal analyzer not only 
in detecting variations in gas densities but also in 
detecting heats of reactions (exothermic or endo- 
thermic). It is worth noting here that the mass of Sm 
powder used in this ITA isochore trace (Fig. 6) was 
only 2.41 mg. 

The composition of the SmH2+x obtained by the ITA 
isochores varies with x taking values of between 0 and 
0.63, depending on the hydrogenation conditions (es- 
pecially temperature). This is in agreement with the 
results obtained by Daou et al. [4] who measured x to 
be up to 0.6. The XRD patterns always showed the 
presence of an f.c.c. Sm hydride phase accompanied 
by a b.c.c. Sm203 phase. The 8m203 phase was present 
even when the original Sm hydride was kept under 
paraffin oil to prevent oxidation. Contrary to the work 
done by Greis et al. [3] and Pebler and Wallace [2], 
no body centered tetragonal Sm3H7 or hexagonal SmH3 
phases were observed. The possibility exists that these 
phases were oxidized instantly upon exposure to ambient 
conditions and therefore were not found in the XRD 
patterns. 

The Sm dihydride possesses the f.c.c. CaF2-type struc- 
ture with the hydrogen atoms filling all the tetrahedral 
interstices. The excess hydrogen atoms (for 0 <x < 0.6) 
is known to be distributed randomly in the octahedral 
interstices [2, 4]. 

3.2.2. Hydrogen desorption and dissociation o f  Srn 
dihydride 
The ITA isochores of four separate Sm hydride 

samples are shown in Fig. 7(a-d), and they were obtained 
under initial vacuum conditions. Most of the Sm hydrides 
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Fig. 7. ITA isochores for the "Sm-hydr ide+vacuum" system. 
The compositions of the Sm hydrides were (a) SmHo.82 (mixture 
of 41 mol.% SMH2+59 mol.% Sm), (b) SMH2.63, (c) SMH2.14 
treated under  continuous vacuum at 300 °C for 1 hour, and (d) 
SmH2.6 treated under  continuous vacuum at 400 °C for 4 hours. 
The characteristics of each of the samples are listed in Table 
1. 

(samples (a), (b) and (c)) were prepared inside the 
ITA apparatus in order to control the final hydrogen 
composition and more importantly to avoid exposure 
to oxygen. The Sm hydrides prepared outside of the 
ITA apparatus (sample (d)) were handled carefully, 
but a temporary (10 minutes) exposure to ambient 
conditions was unavoidable. Nevertheless, no visible 
oxidation was observed for these samples (their color 
remained black). The process history and other char- 
acteristics of each of the Sm hydride samples (a-d) 
used to obtain the ITA traces (Fig. 7) are listed in 
Table 1. 

Hydrogen atoms located in the octahedral interstices 
begin to desorb at temperatures as low as 150 °C (Fig. 
7(b)). By the time a temperature of 400 °C is reached 
most of the hydrogen atoms in the octahedral sites 
were desorbed. This was concluded by comparing the 
original hydrogen concentration of sample (a) (SmHz.63) 

with that of the hydride at 400 °C (=0.63 H/Sm 
desorbed) as shown in Fig. 7(b). Meanwhile, hydrogen 
atoms in the tetrahedral sites begin also to desorb 
gradually at about 320 °C as shown in Fig. 7(d). Sample 
(d) is expected to contain only tetrahedrally situated 
H atoms since the SmHz.6 was subjected to vacuum at 
400 °C prior to the ITA experiment (Fig. 7(d)). Sample 
(c) was subjected to vacuum at 300 °C prior to the 
ITA experiment (Fig. 7(c)) and therefore it still contains 
some octahedral H atoms. Consequently, desorption of 
H atoms in sample (c) begins at 220 °C, which is 
between the desorption temperatures corresponding to 
samples (b) and (d). 

The ITA isochores obtained for samples (a)-(d) 
suggest that the hydrogen atoms in the tetrahedral sites 
begin to desorb gradually from 320 up to about 725 
°C, where the dissociation of Sm dihydride into Sm + Hz 
initiates and proceeds rapidly at about 850 °C. The 
occurrence of the dissociation reaction is clearly shown 
for sample (a) in Fig. 7(a). The overall composition 
of sample (a) is SmHo.82 (Fig. 8). According to the 
Sm-H binary phase diagram [1], this composition falls 
inside the equilibrium phase boundaries of a-Sm and 
Sm dihydride (SmH~2). As a result, sample (a) contains 
a mixture of Sm dihydride and Sm. Therefore, essentially 
little or no desorption (retaining the f.c.c, structure) 
of H atoms occurs in this sample, and the dissociation 
reaction is selectively isolated and can be seen clearly. 
The dissociation of Sm dihydride can be seen occurring 
not only under vacuum but also under the presence 
of hydrogen gas (i.e. Fig. 2). It is worth noticing here 
that the dissociation of Sm dihydride occurs at about 
the same temperature as Sm vaporization. ITA isochore 
traces obtained for pure Sm powder under vacuum 
showed that the contribution of Sm vaporization to the 
steep rise in the concentration of the gaseous species 
in the ITA isochore traces (shown in Fig. 7) is relatively 
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TABLE 1. Process history of the Sm hydrides (a, b, c and d) prepared for obtaining the ITA isochore traces shown in Fig. 7 

ITA isochore Preparation of Heating and Room temperature Final heat treatment 
trace in Fig. 7 SmH2+~ cooling rate composition of before lTAinvacuum 
Sample ITA (°C min -1) SmH2÷~ is taken 

a Figure 8 2.5 x=0.0 none 
(bulk) (41 mol.% SmH2+59 tool% Sm) 

b Figure 3 2.0 x=0.63 none 
(powder) 

e Figure 2 2.0 x=0.14 300 *C (1 h) 
(powder) under continuous 

vacuum 

d 400 °C (2 h) 2.0 Estimated to be 400 °C (4 h) 
under H2 flow x= 0.6 under continuous 
(powder) vacuum 
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Fig. 8. ITA  isochore for the "Sm(bu]k)+H2" system; the final 
RT composition of the Sm hydride is SmHo.s2 (mixture of 41 
tool.% SmH:+59 mol.% Sin). This sample was used to obtain 
the ITA  isochore shown in Fig. 7(a). 

small. The reason is because the Sm vapors condense 
almost instantly on the colder part of the quartz tube 
inside of which the reaction took place. 

Information obtained from the study of hydrogen 
absorption by Sm, hydrogen desorption by Sm hydrides, 
as well as the dissociation characteristics of Sm dihydride 
is very important for the hydrogen treatment process 
(HDDR) used to prepare permanent magnets and more 
specifically to prepare Sm2Fe17 nitride-based permanent 
magnets. The present study shows that the recombi- 
nation process (Sm hydride + a-Fe,~, Sm2Fe17 + H2) can 
be initiated at temperatures close to 725 °C (under 
vacuum), which is about the temperature where dis- 
sociation of the Sm dihydride begins. Under argon gas 
flow conditions one might expect the recombination 
temperature to shift higher. In fact, current application 
of the HDDR process in our laboratory [18], shows 
that recombination is initiated at 725 °C under vacuum 

and indeed at higher temperatures (=800 °C) under 
argon gas flow conditions. 

3.3. Reaction of samarium with nitrogen 
3.3.1. Nitrogenation 
The ITA isochore trace of the "Sm(powder)+ N2" 

system is shown in Fig. 9. It suggests that by heating 
the Sm powder under nitrogen gas at the rate of 5 °C 
rain -a up to 950 °C and cooling to RT, only 51 mol.% 
of SmN forms. An ITA isochore trace of the 
"Sin(powder) + N2" system obtained at a constant tem- 
perature of 850 °C for 12 hours (Fig. 10) resulted in 
80 mol.% conversion to SmN. Consequently, the reaction 
rate of Sm with N2 is very low. In fact, when a bulk 
piece of Sm metal (= 1 mm 3) was used instead of 
powder, only 4 mol.% of Sm was converted to SmN 
at the surface. The reaction of Sm with N2 involves a 
change in the crystal structure from rhombohedral (or- 
Sin) to f.c.c. NaCl-type (SmN). This may require long 
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composition was 51 mol.% StuN+49 mol.% Sm. 
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Fig. 10. ITA isochore for the "Sm(powder) + N+" system obtained 
isothermally at 850 °C for 12 hours; the final composition was 
80 mol.% S tuN+20  mol.% Sm. 

distance diffusion of the N atoms in the solid. Ap- 
parently, the slow diffusion of the N atoms is the major 
obstacle to the formation of SmN. Nitrogen diffusion 
in solids is found to be slow in other cases too where 
a change of crystal structure does not occur (i.e. diffusion 
of nitrogen into the SmmFe+7 structure [20, 21]). 

Heat treatment experiments of SmN under vacuum 
showed that SmN is a very stable compound resisting 
dissociation at temperatures as high as 1000 °C (the 
highest temperature tried in this study). Eick et al. [6] 
reported that SmN resists dissociation up to 1600 °C. 
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Fig. 11. XRD patterns obtained for the SmN prepared by 
nitrogenation of Sm powder at 850 °C for 12 hours: (a) immediately 
after preparation,  (b) after 30 minutes exposure to ambient 
conditions, and (c) after one day exposure to ambient  conditions. 

3.3.2. Decomposition of  S m N  under ambient 
conditions 
The XRD pattern of a sample prepared by nitro- 

genation of Sm powder at 850 °C for 12 hours is shown 
in Fig. l l(a), and it was obtained immediately after 
its preparation. The sample contains mostly SmN 
(a = 5.018/k) and unreacted a-Sm together with some 
b.c.c. Sm203. The XRD patterns of the same sample 
exposed to ambient conditions for 30 minutes and for 
one day are shown in Figs. 11(b) and 11(c), respectively. 
After 30 minutes exposure to ambient conditions (Fig. 
11(b)), the concentration of SmN becomes noticeably 
less. On the other hand, the b.c.c. Sm203 concentration 
increases. Exposure of the sample for one day caused 
the complete decomposition of SmN into b.c.c. Sm203 
and mostly into hexagonal Sm(OH)3 (a = 6.36/~, c = 3.66 
~). During the exposure of SmN in the atmosphere, 
the smell of ammonia was evident. Therefore, it is 
concluded that the decomposition of SmN was due to 
its hydrolyzation in the presence of atmospheric mois- 
ture according to the following reactions: 

2SmN + 3H20 < ) Sm203 + 2NH3 for short times 

SmN+3H20 < , Sm(OH)3-+-NH3 for long times 

The above decomposition scheme was also reported by 
Eick et al. [6], who in addition observed the presence 
of some SmO(OH) phase in such samples. 

The hydrolyzation of SmN may be proven to be very 
important in future studies on the corrosion resistance 
of Sm2Fe17 nitride-based permanent magnets, which, 
depending on the preparation conditions, may contain 
some SmN as a by-product. 

4. S u m m a r y  

The reaction kinetics between samarium and hydro- 
gen or nitrogen have been studied. Hydrogen absorption 
is strongly exothermic and occurs rapidly at temperatures 
between 300 and 525 °C dependent on whether powder 
or bulk Sm metal is used. The composition of the 
hydrides was found to vary between 2 and 2.63 H atoms 
per Sm atom, depending on the hydrogenation con- 
ditions. The Sm hydrides exhibit an f.c.c. CaF2-type of 
crystal structure with the H atoms occupying all the 
tetrahedral and a portion of the octahedral interstices. 
Upon heat treatment under vacuum, the hydrogen atoms 
in the octahedral sites begin to desorb at about 150 
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°C with subsequent desorption of the hydrogen atoms 
in the tetrahedral sites at about 320 °C. The desorption 
of H atoms continues gradually up to a temperature 
of 725 °C, where the dissociation of Sm dihydride into 
elemental Sm and hydrogen gas begins to take place 
(accelerating at the temperature of about 850 °C). The 
Sm hydrides decompose partially into b.c.c. S m 2 0  3 under 
ambient conditions. 

The results of hydrogen absorption by Sm, hydrogen 
desorption from Sm hydrides and dissociation of Sm 
dihydride provide useful information for the better 
understanding of the hydrogen treatment process 
(HDDR) used for the preparation of Sm2Fe17 nitride- 
based permanent magnets. 

The reaction rate between samarium and nitrogen 
to form SmN was found to be low due to the slow 
diffusion of N atoms into the solid. Upon exposure of 
SmN to atmospheric conditions (moisture), it hydrolyzes 
into b.c.c. Sm203, hex-Sm(OH)3 and NH3. This may 
be proven to be of great importance in the study of 
corrosion resistance of Sm2Fe17 nitride-based permanent 
magnets, which may contain some SmN as a by-product, 
depending on the preparation conditions, 

Heat treatment of Sm metal under vacuum or argon 
flow results in the formation of Sm oxide surface layers. 
Such oxides were found to be f.c.c. SmO, b.c.c. Sm203 
and monoclinic Sm203. This indicates the sensitivity of 
Sm to oxygen and the special conditions that one has 
to adopt in order to minimize the oxidation of Sm 
during processes such as MA and HDDR, as applied 
to the preparation of Sm2Fe17 nitride-based permanent 
magnets. 
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