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The gas desorption process from the Zr (62) — Ni (38 wt.%) non-evaporable getter produced by the calciothermal
technology have been studied. The comparison between the thermostimulated desorption spectra of the samples,
which had different prehistory, has shown the history-dependent behavior of spectral line profiles. Variations of the
partial pressures of gases released from the getter with temperature increased are presented. Hydrogen bond energies

in the hydrogen “traps” have been estimated.

INTRODUCTION

The Zr (62) — Ni (38 wt.%) non-evaporable getter,
that was prepared by the calciothermal technology [1]
and contained Zr,Ni and ZrNi intermetallids was abled
absorb of hydrogen under the 1 Pa pressure and hold it
small amounts up to 1200 K [2, 3]. These properties
make it possible to suggest given getter for using as
hydrogen “traps” in materials whose resistance to brittle
fracture caused hydrogen dissolved therein is one of the
basic requirements [4].

X-ray structure analysis of the material under
examination have showed this getter contained only two
Zr,Ni and ZrNi phases with crystallographic dates
agreed with PCPDF database [5]. Difference at lattice
parameters ranges within the accuracy of measurements.

Given getter can be used widely as catalyst in many
technical process, like waste rocket fuel, solid — silicon
production of good quality and a host of compoundings
for perfume manufacturing, hydrocarbon hydro -
dehydrogeneration, carbonous oxide hydrogeneration
[7] and also in electric — chemical generators [8].

Note that all these appliances use in the modern
scientific — technology progress.

As such further study of the Zr (62) — Ni (38 wt.%)
non-evaporable getter characteristics it is important and
of great scientific and practical interest.

SAMPLES AND INVESTIGATION

TECHNIQUES
The calciothermal technology allows produce
required materials correctly sized, chemically

uniformed, it is energy efficiency and mustered by
Ukraine industry.

Zirconium concentration in study ingots is
determined by chemical analysis and reached
~ 62 wt.%.

Substantival composition of major impurities is
reported in Table.

Impurities content, wt. %
0, N, C Ca Fe F
0.12 | 0.011 | 0.01 | 0.07 0.1 0.05

Zr and Ni primary compound concentration in study
getter are corresponding to the chemical composition to
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the Zr-Ni master alloy, obtained in Pridneprovsk
chemical plant [9].

Technic for the samples preparation included multi -
stage grinding of getter ingots to grit sized 0.2...0.6 mm
which is then selected individual flake thickness
(~0.1...0.01 mm) required for the selected research
method [10, 11].

To study the desorption process of the
Zr (62) — Ni (38 wt.%) non-evaporable getter were used
thermally and temperature — programmed desorption
(TPD) methods [10, 11].

Apparatus and methods for obtaining of thermal
desorption spectrums and TPD are described in [12].

In this study the heating rate of test samples was
chosen based on the requirements of high-grade peaks
resolution. On the peaks resolution are influenced by
various experimental factors: the heating rate and the
temperature of the sample heterogeneity, gases pumping
speed from the measured cell and others.

In this case the heating rate of the most important,
since on the one hand its decreasing give increasing
peaks resolution making them more visible on the other
— their height is decreasing and may cause some peaks
will be separate hardly from the background on the
obtained spectrum.

Accordingly the heating rates of the samples were
determined from the heating curves and chosen in the
range ~ 12...25 K/min.

Made estimate of the error in the determination of
the intensity maxima in the obtained spectrum by the
TPD — method was ~ 5%.

Selected methods provide an opportunity to obtain
the necessary information relating to the nature of the
sorbed and desorbed gases and their interactions; allow
for assessment of binding energy of hydrogen in its
“traps” (Ep) [10], i. e., research and development of new
structural materials purposefully and more effectively.

RESULTS AND DISCUSSION

Fig. 1 shows the thermodesorption spectrums total
gas release obtained early in [11] with the getter
samples had different prehistory to their studies.

The spectrum 1 in Fig.1 (labeled 1) refers to a
sample that had been in contact with air at 1-10° Pa and
room temperature during one month, didn’t get heat
treatment, and didn’t become saturated with hydrogen.
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The spectrum 2 in the same figure describes the sample
further annealed at ~ 1200 K during one minute and at
pressure below ~1-10° Pa which provided the
necessary activation of the surface.

The view of the thermodesorption spectra shown in
Fig. 1 is typical for the materials had before their
research of the intensive deformation as is the case in
this study.
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Fig. 1. The thermodesorption of the total gas release

obtained getter samples had to study their different

prehistory

The presence of each of these spectrums of two
distinct maximums, the position on the curves and their
amplitudes are  explained  theoretically  and
experimentally confirmed in many studies [11, 12].

Comparison of the spectrums presented in Fig. 1
shows the spectrum 2 is dislocated to the spectrum 1 to
lower temperature to about 370 K, counting by the shift
of the maximum with the greatest amplitude on the
curve 1 of the thermal desorption spectrum. Spectrum
has become more difficult in the temperature range from
650 K up to temperatures exceeding 1200 K.

Initial position of the spectrum 2 is a straight line
shifted by relative intensity scale desorption spectrum 1.
Clearly shows the increase (more than 2 — fold)
desorption rate from the sample heat-treated.

View the spectrum 1 initial position to a temperature
of ~ 530 K was analyzed in [11].

A comparison of the spectra 1 and 2 in Fig. 1 shows
that the samples prehistory also affects the view of the
thermal desorption spectrum curve. So, most of the
points of inflection on the curve 2, relating to the heat-
treated steel sample became barely visible, or their
position on the curve it is impossible to pinpoint,
because they escaped thick graph line.

Plateau on the same curve 2 have arised on those
parts of the spectrum, where they previously were not,
and those that were changed their length. On the
spectrum 2 also have been appeared new maximums,
and those that previously observed, changed their
amplitude.

In the thermal desorption spectra presented in Fig. 2,
showed the changes of partial pressures of all the
observed gases (except hydrogen) with masses from 16
to 44, released from the test samples with the increase
of temperature from room temperature and up to
~ 1200 K.

Each graph Fig. 2 compares two spectra, taken from
samples that had to their research different prehistory,
exact, as already reported in the analysis of the thermal
desorption spectra in Fig. 1.

All graphs Fig. 2 clearly show that the thermal
desorption curves taken from samples subjected to heat
treatment are higher, ie of them is more intense gassing.

This fact was the case when comparing the spectra
in Fig. 1. This feature of the thermal desorption due to
the fact that the heat-treated sample destroyed and
largely removed passivated surface layer. Thus, the
surface has acquired the ability to more intense as the
absorption and release of gas, depending on the
conditions under which the sample is.

The knowledge of the partial pressure of the
impurity gases can more accurately determine the
locations of the maxima in the thermal desorption
spectra of the total gas release, and the partial pressure
of the impurity gas, and thus pinpoint on the total
outgassing spectrum the maximum of hydrogen
desorption. The clean atmosphere in the mass
spectrometer measuring cell, the lower the hydrogen
scattering by impurity gases and fragments thereof, and
therefore, it is possible to more accurately determine the
maximum desorption temperature. And, hence, more
accurately estimate the magnitude of the hydrogen
activation energy (Ea). And since between this value
and the value of the hydrogen binding energy (Ey) in his
“traps” is a slight difference, we can use this fact to E,
estimates [9, 10, 13].

Explanation of the partial pressure spectra all
desorbed gas, represented in the Fig. 2, especially in the
field of high-temperature areas (above ~ 900 K)
presents considerable difficulties and may lead to
erroneous conclusions. This is due to the fact that the
process of thermal desorption gases imposed a humber
of factors that affect the appearance of the obtained
spectra.

First of all, hydrogen thermal desorption from it
“traps” with different E,,.

Furthermore, if in the thermal desorption process of
the getter material phase transitions occur, as is the case
if some of initial getter components have polymorphic
transformations [14], this can lead to a significant
complexity of the spectrum and its subsequent
explanation.

This is because the getter material having various
types of defects that their interaction occurs, annealing,
etc. This also leads to a complication of the form of the
spectra and their interpretation.

It should also be noted that for the type of thermal
desorption spectra, particularly their high temperature
regions may influence desorption of the vacuum
chamber, although this effect was minimized by
structural design of used techniques.

Based on the analysis of the spectra presented in
Figs. 1 and 2 has been selected maximum corresponding
to a temperature of 884.15 K, as such, which is
characterized by the most intensive hydrogen
desorption, and it choice makes it possible to determine
the hydrogen E.; most accurately. In addition, the
intensities analysis of all gases observed in the spectra



of Fig. 2, shows that at a temperature corresponding to
884.15 K, they are minimal.

Thus, it can be said that hydrogen is desorbed from
the getter at 884.15 K, it is the most pure and compared

with the hydrogen desorbed from getter at all
temperatures less than this.
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Fig. 2. Partial pressure dependences of gases with mass
numbers from 16 to 44 that released
from samples:
—=— _pefore thermal treatment;

—#— _ after thermal treatment

The hydrogen TPD spectrums used to evaluation the
E.« magnitude in his “traps” on a scale-up on the
temperature axis, shown in Fig. 3. They show that the
position of the maxima of desorption depends on the
sample heating rate and with it an increase in the spectra
are shifted to higher temperatures. There are new
inflection points, plateaus, and highs on the curves of
the spectra.
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Fig. 3. The hydrogen TPD — spectrums given from
Zr (62) — Ni (38 wt.%) getter after heating for
several of heating rates:

1 —13 K/min, Tpa,=841.15 K;
2 —15 K/min, T1,x=863.15 K;
3 —20 K/min, T,5,=897.15 K;
4 — 25 K/min, T,5,=906.15 K
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The value E.,; of hydrogen desorption was
calculated according to the formula proposed by
Redhead [10]:

E  _ In(n-Towd
R'Tmax ﬂ
wherein E — is activation energy of hydrogen

3.64, (1)

J .
Eat), - R — is absolute gas constant,
mole

Tmax — IS the temperature at which the hydrogen
desorption rate is a maximum on the TPD -
spectrums, K; y, — is the rate constant, taking 10™° s™;
S — is the given desorption rate, K-s™.

Calculated according to the proposed formula was
E.ct ® 250 kJ/mol. And as E, not much different from
Ey, [13], the calculated value (E. = 250 kJ/mol) can be
referred to E,. E, in the literature lead to other units:
kcal/mol or eV/at. In these units, Ey is ~ 59.75 kcal/mole
and 2.59 eV.

E, also has been calculated by a different method —
form of hydrogen desorption peaks shown in Fig. 3
[11]. To do this, we used the expression:

mole- K

E,= x-R-T2 /5, )
where y — is the order of reaction 1 or 2; R — is the
absolute gas constant, J i Tmax — IS the

mole-K
temperature at which the hydrogen desorption rate is a
maximum on the TPD - spectrums, K; 6 — is a

desorption peak half-width at half-height, from the high
temperatures, K.

To calculate y was taken equal to 1, because TPD
spectra shape of the curves in Fig. 3 are asymmetrical
[9, 10].



As a result of the calculations the average value of
E, was obtained for each curve Fig. 3 equal to
~ 207 kJ/mol (~ 49.52 kcal/mol; 2.145 eV).

Made in this study estimate E, using the formulas
(1) and (2) to hydrogen “traps” which contained in the
Zr (62) — Ni (38 wt.%) getter is in good agreement with
the value E, equal to 243 kJ/mol (58.2 kcal/mol,
2.53 eV) to “traps” a zirconium-based alloy [14].

Defect analysis in the zirconium alloys, carried out
in [13, 15], considers contained in them “traps” such
microstructural defects as — vacancies, impurities,
dislocations, their accumulations and all sorts of
combinations, micropores, grain boundaries and areas
near them ... ie to localized areas on the surface and
within the alloy, where the hydrogen atoms have a
lower free energy in comparison with their positions in
the lattice.

The above-mentioned defects, as well as others, may
be present in samples of almost any solids. This will
depend on the prehistory of the sample, its chemical and
phase composition. Thus, in this study in the
Zr (62) — Ni (38 wt. %) samples getter, such defects are
in phase grain boundaries (ZrNi, Zr,Ni), the boundary
between these phases, and possibly other defects. In the
literature, the hydrogen “traps” associated with such
defects, referred to as weak coupling “traps” [13].

Of course, even greater interests are a strong bond
“traps” such as macropores and cracks are present on
the surface of the getter. As is known, the hydrogen
desorption from the strong bond “traps”, which are the
materials containing zirconium, as is the case in the test
getter occurs at temperatures above 1200 K [13].

In this work, gas desorption wasn’t studied at
temperatures higher than 1200 K, but the analysis of
Fig. 1 (curve 2) shows that the a strong bond “traps”
with hydrogen present in the test getter — hydrogen
desorption at a temperature corresponding to ~ 1200 K
doesn’t stop or observed his gradual decline, which
would have been otherwise.

Without a doubt, and the maximum value of the
bond energy in hydrogen “traps”, and the temperature at
which the last observed gas desorption is of great
interest, since they determine the potential use of the
getter material.

Nickel, which is part of the test getter material, is
not an element, whose radioactivity, arising under the
influence of neutrons reaches a safe level for the time
planned for use in the next — generation reactors.
However, it will be of interest for use in a wide range of
materials to which the requirements are not so strict
[16].

It should be noted, and it is very important that TPD
— method largely displays imperfections microstructure
features of the samples. The spectra were obtained with
samples with different chemical and phase composition,
but differ little imperfection of its microstructure will
give similar in view spectra [17].

CONCLUSIONS

1. The results of these studies have shown that
selected for that TPD method is highly sensitive and

allows obtaining the necessary information about the
properties and the behavior of the materials.

2. Defined hydrogen desorption maximums on the
TPD - spectrums and highs of all partial pressures of
impurity gases in the partial pressure spectrums.

3. Estimated value of the hydrogen bond energy in

his “traps” by two independent methods, which
amounted to =<250kJ/mol and =207 kJ/mol,
respectively.

4. Implementation of using the

Zr (62) — Ni (38 wt.%) non — evaporable getter requires
the development of appropriate methods of doping it in
the test and developed materials.
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W3YYEHHUE ITPOONECCOB JECOPBIIUN U3 HEPACHIBL/ISIEMOI'O 'ETTEPA
Zr (62) — Ni (38 mac.%), IOJTYYEHHOI'O 11O KAJTBIHUETEPMUYECKOHU TEXHOJIOT'UU

A.H. Axcenosa, FO.I1. Boopos, H.H. ITununenxo, A.Il. Céunapenxo

W3ydeHsl mpoueccsl JecopOuuu H3 HepacneuisiemMoro rerrepa Zr (62) — Ni (38 mac.%), THOMy4eHHOro 1o
KaJIbIIUETePMHUYECKOH TexHonoruu. IIpoBeieHo COmoCTaBleHNe CIEKTPOB TEPMOCTHMYIUPOBAHHOH AecopOuuu c
00pasloB, UMEBLIMX pPa3HYyI0 NpeabicTopuro. [loka3aHo, YyTO OHa BIMsAET Ha WX BHA. [IpHBeAeHBI Pe3yNbTaThl
W3MEHEHHH MaplUUaibHBIX JaBJICHUN T'a30B, BBIICISIONIMXCS U3 HEro C yBeNIWYeHHEM TemrepaTypbl. OueHeHa
BEJIMYMHA DHEPIHHU CBS3H BOAOPOJIA B €T0 JIOBYLIKAX).

JOCJII)KEHHS ITPOIECIB JIECOPHIIII 3 TETEPA
Zr (62) — Ni (38 mac.%), IO HEPO3IIUJIIOETHCSA, OTPUMAHOI'O
3A KAJIBUIETEPMIYHOIO TEXHOJIOT'TEIO

I'M. Axcvonosa, I0.11. boopos, M.M. Ilununenxo, O.11. Céunapenko

BuBueni mnpouecu pecopOuii 3 rerepa Zr (62) — Ni (38 mac.%), 110 HEPO3NWIIOETHCS, OTPHUMAHOTO 32
KaJIbIIETEPMITHOIO TeXHOJOTier. [IpoBeeHo 3icTaBICHHS CIEKTPIB TEPMOCTUMYIBOBAHOI JecopOIii i3 3pa3KiB, AKi
MajH pi3Hy mepenicropito. [loka3zaHo, 0 BOHa BIUIMBAa€ Ha 1X BUIAA. HaBeneHi pesynbTaTd 3MiHH HapLiabHUX
THCKIB Ta3iB, sKi JecOpOYIOTh 3 HBOTO i3 MiABUIICHHAM TeMmreparypu. OliHeHa BEIMYHHA SHEPTii 3B'13Ky BOIHIO B
HOro «macTKax».



