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KINETICS OF THE HYDROGEN-INDUCED
DIRECT DIFFUSIVE PHASE TRANSFORMATION
IN INDUSTRIAL ALLOY OF R;Fe,,B TYPE

The kinetics of the hydregen-induced direct diffusive phase transformation in industrial alloy of
R.Fe,.B type is studied. The isothermal-kinetics curves of this transformation are obtained for tem-
peratures from 690 to 760PC under hydregen pressure of 0.I5 MPa. The kinetics diagram for direct
transformation is obtained. This diagram is similar to ones for the transformations in steels during
heating. It is shown that the studied direct phase transformation is a diffusion-controlled one by the
mechanism of nucleation and growth.

Llocaidorcerno xinemuky iniyiliosanozo aooHem npsamoeo (hazoeczo nepemsopenria y NPOMuCI0E60-
My cnaaai muny R Fe B, Ompunano izomepmiusi xinemunni kpusi ybozo azoeozo nepemeoperin ons
memnepamyp 6id 690 do 760°PC niod muckom eoowio 0,15 Mila. s npamozo nepemaopernn ompuma-
HO Kinemuupy diazpamy. Lz diazpame nodibua do diazpam nepemsopend Y cmansx Npu HO2DIEaNHI,
Buneneno, wo docaidsicene npame asoaee nepemeopertn € Ougy3ilinoe Konmponboeanum ma gidbyea-
€moCcs 30 MexapiamMos 3apoddiceHHs ma pocmy.

- Hccaedosana xunemuxa undyyupoeanriozo 600opodoM npamozo (ba3oe0z0 Npeepalyenus & npo-
MbluineHom cnaace muna RyFe,,B. Hoayuenss usomepmuueckue xpusbie 3moeo hazoeozo npespaiie-
Hun 0as memnepamyp om 0690 do 760° C npu daesenuu sodopoda 0,15 Mila. Jlas npamozo npeapauye-
HUR NOAY4eHa Kunemuueckan ouazpauma. Jma duaepamma cxodha ¢ CUazPOMMaMu npeapaiijerus a
cmanu npu nazpeec. lloxasano, yme ucciedoganive npamoe azosoe npeepatyenue seasemes Oug-
YIUOHKO-KOHMPOALpYEMBIM U HPOLCXOOUM RO MEXAHUIMY 3aPOMCOeHUt U pocma.
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1. Introduction

Phase transformations have always been of the
main standpoint area of materials science and en-
gineering. The development of hydrogen treat-
ment of materials, as a new field of materials sci-
ence and engineering confirms that {1, 2]. For
example, the recently developed HDDR-process
is based on the hydrogen-induced phase transfor-
mation in intermetallic alloys {3—6]. This process

can be used to produce very fine subgrain materi-
als. The alloy of Nd,F,,B type undergoes to the
direct and reverse phase transformation in hydro-
gen and vacuum atmosphere. In the temperature
range between 600 and 900°C in hydrogen atmos-
phere the compounds Nd,F,,B absorbs hydrogen
and it undergone to the direct transformation
(decomposes into phases: NdH,, o-Fe and Fe,B
[4}]). When hydrogen is desorbed from the system
consisting of NdH,, o~Fe and Fe,B phases, the
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reverse transformation takes place and gives the
initial N4,F,,B alloy but just with improved very
fine subgrain structure.

This HDDR-process is used for preparation of
high coercive hard magnetic materials [5, 6], e.g
Nd,F,.B, Sm,Fe, N, and others alloys. The high
coercive force H, has been reached (more than
800 kA/m) in this way. The best isotropic bonded
magnets on the base of Nd,F,,B after HDDR
treatment have maximal magnetic eneigy (BH)_.,,
which is about 80 kJ/m>.

Kinetics of these transformations in R—Fe—B
alloys, however, is not studied up to now. The
kinetics diagram and the mechanism of these
transformations in R—Fe—B alloys are unknown.

In the present work the kinetics of the hydro-
gen-induced direct and reverse phase transforma-
tion in industrial alloy of R,Fe, B type was inves-
tigated at isothermal conditions and under the
pressure of hydrogen P=0.15 MPa.

2. Experimental Details

The components of the investigated alloy were
prepared by special technology. Then they were
melted in an induction furnace. The composition
of this alloy is: R—36.4 wt.%, Fe—62.45 wt. %,
B—1.15 wt.%, where R—32.0 wt.% of Nd+Pr and
4.4 wt.% of others rare earth metals.

The experimental special equipment for the
investigation of the kinetics of the hydrogen-
induced phase transformation was made. This
equipinent enables to treat the R,Fe,,B type com-
pound under pressure of hydrogen up to P = 0.2
MPa and at temperatures up to 800°C.

The idea of this method is based on the next
fact. The R,Fe,,B type alloy is paramagnetic
(Curie temperature 7, = 312°C) in the interval of
experimental temperatures (690—760°C), but
phases of decomposition (o-Fe and Fe,B) are
ferromagnetic.

This fact gives a possibility for magnetic investi-
gation of these phases transitions. The measuring
part of experimental equipment, which had been
used for investigation of transformations in steels
in 30th, was constructed by Sadikov method [7].
The reaction chamber with sample of R,Fe, B was

placed into alternating magnetic field about

15 kA/m. The bifilar measuring coil was situated
around reaction chamber. Then sample was un-
dergone to the direct transformation and electro-
motive force (e.m.f.) was induced. In this case,
values of e.m.f. were proportionally of quantity of
the ferromagnetic phases in the sample (o-Fe and
Fe,B).

The experimental procedure was as follow. The
samples (m = 1.016 gram) with size of particles
from 0.1 to 1.2 mm were placed into a reaction
chamber at room temperature. Then they were
heated to the temperature in the interval 760—
690°C in vacuum up to 102 Torr. Temperature
was measured by a chromel—alumel thermocou-
ple. Then reaction chamber was filled with hydro-
gen under the pressure of 0.15 MPa. From this
time the formation and growth of quantity of fer-
romagnetic phases (a-Fe and Fe,B) were meas-
ured continuocusly.

All experimental results were obtained under
strictly isothermal conditions.

3. Results and Discussion

Figure 1 shows the isothermal kinetic curves of
the hydrogen-induced direct phase transformation
in the R,Fe, B type alloy. As may be seen from
Fig. 1 at isothermal temperature 7T = 760°C the
direct phase transformation has very high-rate,
and was finished in 65 min (curve I). Decreasing
of isothermal temperature to 750°C induces
slowing down of the phase transformation rapid-
itv. At this temperature, full decomposition was
completed in 85 min (curve 2). At the tempera-
tures 730°C (curve J3) and 710°C (curve 4) phase
transformation was completed in 135 and 200 min,
respectively. Further decreasing of the tempera-
ture made transformatior to be more and more
slow. So, at the temperature 690°C (curve 5)
phase transformation was finished in 340 min. It
is important that at all temperatures there was
distinct incubation period of the phase transfor-
mation. At the temperatures from 760 to 690°C
this incubation period was equal from 3 up to
15 min.

Let’s discuss obtained experimental results. The
hydrogen-induced direct phase transformation in
Nd,Fe B alloy can be represented as [6]:
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Fig. 1. The kinetic curves of the direct phase transforma-
tion in alloy of R,FeyB type obtained under hydrogen

pressure of 0.15 MPa and different constant temperatures:
1-760; 2—750; 3—730; 4-710; 5—690°C.

Nd,Fe,,B+H,—Nd,Fe,,BH,—«-Fe+Fe,B+NdH.,.

It is obvious that for these phase transformations
the diffusive transfer of large atoms (Nd, Fe and
B) is necessary.

It is known that there are diffusive phase tran-
sitions of two types: spinodal decomposition and
phase transformation of nucleation and growth.

The spinodal decomposition necessitates the
diffusive transfer of alloy component atoms on
small distances. Because of that, the spinodal de-
composition occurs at the relatively low tempera-
tures and its speed is high. The phase transition of
nucleation and growth demands the diffusive
transfer of atoms on long distances (much longer
then atomic distances). So, this phase transforma-
tion occurs at more high temperatures, and it is
necessary more long time for its finishing.

As may be seen from Fig. 2, this type of kinetic
curves with gradual slowing down of transforma-
tion rate at the T < 730°C indicates that this
transformation develop by the mechanism of nu-
cleation and growth.

It is known that phase transformations by
mechanism of nucleation and growth, being well
investigated in steels, have two types of isothermal
kinetic diagram [8].

When lowering the temperature and increasing
the supercooling from critical point the growth of
speed of new phases nucleation dominates at first
and then the diffusion contro! begins to dominate.
In this case the diagrams of transformation are of
the C-shape.

The other types of transformations (for exampie
the ferrite—>austenite transformation in steels

durirg heating) have another type of kinetic dia-
grams. In this case both factors act along and with
the increasing of temperature phase transforma-
tion accelerates.

The kinetics diagram of the hydrogen-induced
direct phase transformation in R,Fe B type alloy
is showed in the Fig. 2. It is obvious that investi-
gated phase transformations have the kinetic dia-
gram of the second type (fiom above mentioned).
It is interesting that the shape of the kinetics dia-
gram, showed in Fig. 2, is similar to the diagram
such direct transformation in industrial alloy of
Nd—Fe—B-type, which was investigated in work
[9}

The diffusion coefficients of Fe, Nd, Pr, B and
others atoms are increasing as the temperature
become higher. This is an important factor. But,
so rapid rise of the speed of the phase transforma-
tion (about five times) into the interval of tem-
peratures only 70°C (from 690 and to 760°C) can
not be attributed to increasing of the diffusion
coefficients only (even in view of the fact that
hydrogen accelerates the diffusive processes in
solid body). It means that the rate of the genera-
tion of the centers of new phases (NdH,, o-Fe
and Fe,B) increased too.

The Avrami theory [10] for further analyses of
mechanism of this transformation was used. Ac-
cording to this theory the phase transformation
may be described by the following equation:

=1 —exp(-kt7),

where & is a degree of transformation, k, r are
constants, £ is a time.
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Fig 2. The isothermal kinetics diagram of the hydrogen-
mnduced direct phase transformation in alloy of R;Fe,B

type.
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Fig. 3. The kinetics curves plotted by the Avrami equation
for degrees of direct transformation from 10% up to 50% at
the different constant tempcratures: [—760; 2—750; 3—
730; 4—710; 5—690°C.
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The experimental results (from Fig. 1) were
plotted in the following co-ordinates: Inln{l/(1 -
— &)] - Inf, where £ = 0.1 — 0.5, ie. from 10% up
to 50% of degree of the direct transformation. As
may be seen from Fig. 3, these curves are straight
lines. The siope of the lines gives n = 3.98, on av-
erage. In case of hydrogen-induced direct phase
transformation in Nd—Fe—B alloy [9] n was equal
1.06. By Avrami theory [10], if 1 < n < 4.0 than
transformation occurs by the nucleation and
growth mechanism with diffusion-controlled
growth of particles. This fact confirms once more
that investigated phase transformations of this
kind are diffusion-controlled mechanism. They
may be classified as hydrogen-induced diffusive
phase transformations.

4. Conclusions

The investigation of the kinetics of the hydrogen-
induced direct diffusive phase transformation in
industrial alloy of R,Fe,B type is fulfilled.

@ Decreasing of the isothermal temperature of

the direct phase transformation in interval from
760 to 690°C induced slowing down of the trans-

formation rate in approximately five times.
¢ The kinetics diagram of this phase transforma-
tion was obtained. This diagram is similar to the
diagrams of the transformations in steels during
heating and hydrogen-induced direct phase trans-
formation in alloy of Nd—Fe—B type.
¢ The investigated phase transformation is de-
scribed well by the Avrami theory. This phase
transformation is developing by the mechanism of
nucleation and growth with diffusion-controlied
growth of particies.

So, this kind of transformations in industrial
alloy of R,Fe,,B type is needed to be classified as
hydrogen-induced diffiisive phase transformations.
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