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alternative papers, they occupy octahedral positions of the face-centered cubic (fee) lattice.
One can suppose that the arrangement of hydrogen atoms over either of the two types of
interstices is temperature dependent. So, for experimental solution of this problem, it is of
interest to study crystal structure of high-temperature zirconium carbohydride by neutron
diffraction. In the present work the zirconium carbohydrides ZrC0.63H0.28 (sample 1) and
ZrCo 76H0.21 (sample 2), obtained by self-propagating high-temperature synthesis (SHS), were
studied. This synthesis method is characterized by high burning temperature during
exothermic reaction, by both short synthesis time and rapid cooling of the final product.

Usually the crystal structure of the product synthesized by SHS corresponds with the
high-temperature state. According to X-ray phase analysis, the samples under investigation
contained a small mixture of oc-Zr and had the NaCl-type structure (space group- sp. gr.
Fm3m) with the lattice parameters of a = 4.698 A and a = 4. 690 A, respectively.

The calculation of the neutron patterns, fulfilled by Rietveld method, showed that the
samples have cubic structure described in the framework of sp. gr. Fd3m; carbon atoms in the
main fill up practically all of the octahedral position 16 (c), and the rest small part of C
arranges over octahedral interstices 16 (d); hydrogen atoms in the main occupy octahedral
position 16 (d) and partially (from 21 to 32 %, depending upon concentration of nonmetals) -
tetrahedral ones 8 (b). Annealing of the samples at 700-500° C during 100 h leads to full
transition of hydrogen atoms to octahedra 16 (d).

Thus, our experiments have shown that the arrangement of hydrogen atoms over definite
type of interstices of the crystal structure of zirconium carbohydridc depends on temperature.
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As a result of neutron diffraction study of titanium carbohydrides of a number of
compositions at the lower limit of the carbon homogeneity region (TiCo47Ho22, TiC0.47II0.19-
TiCo47Hoo7, TiCo5oHo2i) after by heat treatment using special regime for preventing exit of
hydrogen out of the lattice, five temperature ranges of temperature of structural changes are
found out.

1. T > 1200 °C, at which titanium carbohydrides have disordered cubic structure, is
described within the framework of sp. gr. Fd3m, where the carbon atoms occupy octahedral
interstices and the hydrogen atoms - tetrahedral ones.
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2. 1000°C < T < 1100 °C: it is still observed the disordered cubic structure in which the

hydrogen atoms statistically are arranged on both octahedral and tetrahedral interstices.

3. 800°C < T < 1000°C: formation of long-range order is observed. Crystal structure of the
ordered phase is described within the framework of sp. gr. Fd3m, where the carbon atoms
occupy one type of octahedral interstices 16 (c) and the hydrogen atoms - the other type of
octahedral interstices 16 (d).

4. 600°C < T < 800°C: the decay of ordered cubic phase with segregation of a-Ti is
observed.

5. T < 475 °C: the formation of metastable ordered cubic phase with the formation of
periodic antiphase domains is observed, at these temperatures process of the decay is
hindered.

It should be noted that the formation of ordered periodic antiphase domains (long-period
structure) in the interstitial phase is found for the first time.
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When a neutron collides with a nucleus three important types of interaction can occur:

elastic scattering, inelastic scattering and nuclear reaction. The (n,p)-collisions on hydrogen or

other light elements are applied to produce secondary recoil protons used for the development

of nuclear reactor produced proton activation analysis technique (NRPAA}. The induced

activity of radio-nuclidcs in activation analysis is directly proportional to the cross section of

applied nuclear reactions and the activating particle flux. These two fundamental important

parameters mainly determine the sensitivity of the technique. The elastic scattering has a very

high cross section, for example, for (n, p)- process on hydrogen in the energy range of reactor

fast neutrons it is 5- 4,5 b. We estimated the number of recoil protons produced on hydrogen-

containing target by Np = \nanp(E)Nn(E}dE, where n -the number of hydrogen atoms in a
0

target; a n D ( E ) - the cross section for np -scattering; Nn(E) - the energy distribution of fast

neutrons;

For our investigation on activation analysis with secondary nuclear reactions the recoil

protons of more than 2 MeV energy are of importance. Therefore we investigated the
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