SINEPHA ®I3VKA TA EHEPTETHUKA / NUCL. PHYS. AT. ENERGY 21 (2020) 308-311

ISSN 1818-331X

ATOMHA EHEPTETHKA

Y]IK 621.039.546

ATOMIC ENERGY

https://doi.org/10.15407/jnpae2020.04.308

M. I. Vlasenko?!, M. M. Korotenko*, S. L. Lytvynenko?, D. V. Pyshna?, I. A. Morozov?,
D. P. Stratilat®, 1. A. Khomych?, O. P. Budnyk*

! State Enterprise National Atomic Energy Generating Company “Energoatom ”, Kyiv, Ukraine
2]. M. Frantsevich Institute for Problems of Materials Science, National Academy of Sciences of Ukraine,
Kyiv, Ukraine
3 Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv, Ukraine
“Institute of Physics, National Academy of Sciences of Ukraine, Kyiv, Ukraine

*Corresponding author: mnkoro@gmail.com

ON THE PROSPECTS OF USING METAL HYDRIDES IN NUCLEAR ENERGY

The results of analytical and experimental studies of neutron-protective properties of a number of domestic materials
and of the SWX-277 material (manufactured in the USA) are reported. SWX-277 is employed for protection against
neutron irradiation in containers for dry storage of spent nuclear fuel in the Zaporizhzhya Nuclear Power Plant (NPP).
The results of studies have confirmed the high protective properties of some domestic materials (in particular, titanium
hydride), and the perspective of their wider use for protection against neutron irradiation.
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1. Introduction

The interest in the application of hydrogen-
containing materials for neutron shielding is
explained by a large number of hydrogen atoms per
1 cm® of material. Because of the proximity of the
mass of a neutron and that of a hydrogen nucleus,
essentially whole neutron’s energy can be dissipated
in one collision. Since the probability of a frontal
collision is small, about 15 + 18 collisions with hy-
drogen are usually needed for the thermalization of
neutrons with an initial energy of 1 MeV.

There are 4 + 7-10?? hydrogen atoms per 1 cm® in
such widely used materials in the field of nuclear
power as water, paraffin, and polyethylene [1]. Fac-
tors substantially constraining their use are the
narrow temperature range and insufficient strength
properties. Metal hydrides containing 4 + 10-10%
hydrogen atoms per 1 cm?® are more promising mate-
rials because of sufficient mechanical strength and a
wider range of working temperatures. It should be
noted that the neutron-protective properties of hy-
drides may be further enhanced by including in their
composition of boron-containing and hydrogen-
containing materials, which will also expand the
field of their application.

The applicability of metal hydrides in nuclear
power technologies will increase also due to an al-
ternative technology, which has been developed by
the 1. M. Frantsevich Institute for Problems of Mate-
rials Science (IPMS) of NAS of Ukraine, allowing
for obtaining titanium hydride with the quality com-
parable with that of titanium hydride produced by
Zaporizhzhya Titanium and Magnesium Combine

(ZTMC) [2]. The radiation-protective properties are
confirmed by the results of the estimation of the
number of hydrogen atoms in titanium hydride pro-
duced by IPMS and by evaluation of their total neu-
tron cross sections [3]. For this purpose, a special
experimental set up was assembled in a horizontal
channel of the reactor at the Institute for Nuclear
Research (INR) of NAS of Ukraine, which allowed
to determine the total neutron cross-section of the
pressed powder of titanium hydride and to calculate
the ratio between the hydrogen and titanium atoms.
It was found that the six samples of the pressed tita-
nium hydride powder produced by the I. M. Frantse-
vich IPMS have a ratio of 1.92, while the industrial-
ly produced (ZTMC) titanium hydride has the certi-
fied ratio of 2.0.

This is a continuation of previous studies [4]
aiming to favor a wider application of titanium
hydride in nuclear power plant technologies as a
protective material against neutrons.

The lids of containers for dry storage of spent nu-
clear fuel (SNF) at the Zaporizhzhya NPP contain a
proprietary SWX-277 (manufactured in the USA)
material for neutron shielding. The thickness of a
protective material layer is 50 mm. The experience
of operation with the dry storage of SNF has shown
the presence of certain problems related to the cost,
delivery, and storage time of SWX-277 starting
components, as well as with its rather limited neu-
tron-shielding properties. In this regard, the devel-
opment of a domestic alternative to SWX-277,
which would have a lower cost and better neutron
shielding properties is highly demanded.
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2. Results of analytical assessment

The results of the analytical comparison of the
neutron-protective properties of titanium and zirco-
nium hydrides with those of SWX-277 and some
other materials widely employed in nuclear power
technologies were reported earlier by using the
MCNP-4B program [4]. The cross-section values for
the interaction of neutrons with matter were taken
from the ENDF/B-V1 library.

For the sake of comparison of protective proper-
ties, the coefficient of attenuation of the neutron flux
density was used. It was estimated by the magnitude
of the radiation dose rate in the center of the weather
lid of the standard container for dry storage of SNF
of ZNPP. This parameter allowed for comparison of
the effectiveness of various protective materials as
well as for comparison with the results of direct
instrumental measurements of the radiation dose
rate, which are carried out by the NPP personnel
during routine maintenance in a dry SNF storage
facility. The averaged result of measurements of the
radiation dose rate on the lid of the container for dry
storage of SNF is 40 + 20 uSv/h. Note that the neu-
tron component of the dose makes a predominant
contribution to this value. The calculation results
from [4] are reported in the Table.

Dose rate calculation results with alternative materials

The value of the
Material Chemical formula dose rate,
mSv/h
Boron carbide B4C 56
Graphite C 216
Limonite 2Fe203H, O 128
Serpentinite 3MgO 2Si022H,0 127
ZhSTSBK - 143
Zirconium
hydride ZrH; 50
Titanium .
hydride TiH, 38
102 (measured
SWX-277 - 40 + 20)

Since in this case, the task was to compare the
neutron-protective properties of various materials,
the resulting discrepancy between the calculated and
measured dose rate values on the container lid is
considered acceptable and the calculation model was
not adjusted, and refinement of the accepted appro-
ximations was not made.

It can be seen from Table that in the case of using
boron carbide, titanium hydride, and zirconium
hydride to protect against neutrons, the dose rate is
significantly lower than in the case of using
SWX-277.

3. Results of experimental studies

This section presents the experimental studies of
the neutron-protective properties of pressed titanium
hydride powders manufactured by ZTMC and
IPMS NAS of Ukraine in comparison to SWX-277.

The experiments were conducted via the narrow
beam method by passing a neutron beam through the
material under study in the reactor horizontal chan-
nel. The transmittance (attenuation) coefficient was
determined by measuring the neutron flux density
(dose rate) after and before the sample.

The measurements were carried out using a
DKS-96 dosimeter-radiometer and a KURK radia-
tion monitoring installation. The equipment allowed
to individuate the contribution of the gamma and
neutron components of the total dose, as well as
evaluate the contribution of thermal, intermediate,
and fast neutrons. The measurement error is estima-
ted as not exceeding + 10 % of the dose from the
gamma component and + 15 % for both the total
dose and the dose from the neutron component. The
error is mainly determined by the precision of the
experimental set-up and a subtle inaccuracy of re-
installing the sample at a given point of the channel

The plates of pressed titanium hydride powder
with dimensions of 100 x 100 x 10 mm were used.
Samples of SWX-277 were 100 x 100 x 23 mm,
100 x 100 x 25 mm, and 100 x 100 x 50 mm. All
samples were irradiated at room temperature. The
error in measuring the dose rate is estimated as not
exceeding + 10 %.

Fig. 1 shows the dependence of the neutron and
gamma components of the total dose rate on the
thickness of pressed titanium hydride powders ma-
nufactured by ZTMC and IPMS NAS of Ukraine in
comparison to SWX-277.
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Fig. 1. The dependence of the neutron and the gamma
dose rate versus the thickness of samples.
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Fig. 1 shows that the neutron and gamma com-
ponents of the attenuation coefficient for the pressed
titanium hydride powders from both ZTMK and
IPMS are greater than for SWX-277. As expected,
the attenuation coefficient of the gamma-ray flux is
much lower than that of the neutron flux. Moreover,
the dose rate attenuation coefficients for samples
with different manufacturers of TiH, powder
(ZTMK and IPMS) practically coincide, which indi-
cates the possibility of an alternative power supply.

Fig. 2 reports the dependencies of attenuation of
the radiation dose rate due to the fast, intermediate,
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Fig. 2. The dependence of the dose rate of the neutron
component on the thickness of the SWX-277 and titanium
hydride produced by IPMS.

The existing differences (10 - 15 %) in the results
of the initial and repeated experiments, in our opin-
ion, are explained by the measurement error bars and
design imperfections of the experimental set-up for
irradiation, which did not allow to restore the exact
fixation of the samples upon irradiation. In general,
the results obtained make it possible to consider the
studied properties of pressed powders stable at least
within the indicated time.

4. Conclusions

1. The study on the neutron-protective properties
of the pressed titanium hydride powders produced

and thermal neutrons of the useSWX-277 and titani-
um hydride manufactured by IPMS. It can be seen
that, in terms of the neutron components of the dose
rate, the protective properties of SWX-277 material
are noticeably inferior to the domestic materials
from the pressed powder of titanium hydride.

To study the stability of the properties of
SWX-277 and pressed titanium hydride powders
from time, experiments with samples of ZTMC and
IPMS were repeated 18 months after their initial
irradiation in a horizontal channel of the reactor. The
results are presented in Fig. 3.
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Fig. 3. The dependence of the dose rate on the thickness of
SWX-277 and TiH; produced by ZTMC and IPMS, where
the 1o — is initial irradiation, and t; — is repeated irradiation
after 18 months of storage, respectively.

by the ZTMC and IPMS, as well as of the SWX-277
material (manufactured in the USA), which are used
as a shield against neutrons in containers for dry sto-
rage of SNF of Zaporizhzhya NPP was performed.

2. The absorbing properties of titanium hydride
produced by IPMS NAS of Ukraine and ZTMC
coincide within the experimental error bars and are
stable over time. They exceed similar properties of
SWX-277.

3. The prospects of using metal hydrides in
nuclear energy is highlighted.
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PO NEPCIIEKTUBHICTb BUKOPUCTAHHS
B ATOMHII EHEPTETHIII I'IJIPUJIIB METAJIIB

HaBeneHo pe3ysibraT aHAJITUYHUX Ta EKCIIEPUMEHTAJIBHUX JOCIHII)KEHb HEHTPOHHO-3aXMCHUX SKOCTEH psay
BITYM3HSIHHUX MarepiaiiB Ta Matepiany SWX-277 (BupoOnunrsa CILA). Matepian SWX-277 BUKOPUCTOBYETHCS JUIs
3aXUCTy Bill HEWTPOHHOI'O ONPOMIHEHHA B KOHTEHHEpaxX CyXoro 30epiraHHs BiANpanbOBaHOTO SICPHOTO IajuBa Ha
3amopizpkiiit AEC. PesynbraTs TOCTiIKeHb MiATBEPANIIN BICOKI 3aXMCHI BIACTUBOCTI NESIKUX BITUM3HIHUX MaTepialiB
(30KpeMa, TiIPUIY THTaHY), & TAKOXK MEPCICKTHBHICTH OLIBII MIUPOKOT0 BUKOPUCTAHHS X JUIS 3aXHCTY BiJl HEHTPOH-
HOTO ONPOMiHEHHSI.

Kniouosi crosa: koHTeWHED, 3aXUCT Bill HEUTPOHIB, KOSQIIiEHT MOCIA0IeHHS, TiAPUI TUTAHY.

Hagniiinira/Received 22.06.2020

ISSN 1818-331X SAJAEPHA ®I3UKA TA EHEPTETHUKA 2020 T.21 Ned 311


mailto:mnkoro@gmail.com

