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ABSTRACT

The mineral-like matrices containing up to 10 % wt. of the oxides of U, Np, Pu and Am were produced
by self-propagating high-temperature synthesis (SHS).

Matrices with incorporated actinides were produced with preliminary compacting of the batch mixture
as well. X-ray structure analysis showed that basically the matrices consist of a phase of yttrium
titanate having pyrochlore structure with isomorphically incorporated actinides.

Stability of matrices relative to hydrothermal leaching (MCC-1) was studied. It was shown that
leaching rates of the actinides lay within the limits of 10° -10° g/cmz*day.

INTRODUCTION

The present technology of solidification of long-lived constituents of high-level wastes (HLW) by
vitrification does not ensure in full measure radioecological safety because of low hydrothermal and
crystallization stability of glasses [1]. Now isomorphous incorporation of the actinides into the composition
of crystalline phases being analogue of natural minerals having high radiation and chemical stability (e.g.
zircon and titanates with pyrochlore structure) is studied rather intensively [2-4].

The processes of preparation of the mineral-like matrices are very laborious, and they require using
complicated equipment for cold pressing and sintering [5], hot pressing [6], induction melting in cold
crucible [7]. Self-propagating High-temperature Synthesis (SHS) [8, 9] is proposed as an alternative
for these conventional methods. SHS consists in local inducing of strong exothermal reaction of
interaction of the metal and oxidizer being in a charge consisting of a mixture of powders of chemical
elements and mineral additions. The heat released as a result of this reaction induces exothermal
reaction in adjoining layers of the substance, resulting in rapid self-propagating process. In such
process chemical reaction (combustion) proceeds in narrow zone moving spontaneously along the
substance with linear speed of 0.1 - 15 cm/sec at 1700-2500°C. Such high temperature initiating rapid
proceeding of the reaction is produced as a result of liberation of chemical energy of the initial batch
mixture.

EXPERIMENTAL

Using batch mixture with composition presented in Table 1, samples of actinide-containing mineral-like
matrices were prepared by the SHS method. Contents of the actinide dioxides in these samples are
presented in Table 2.

COMPOSITION CONTENT Wi % Table 1. Composition of batch mixture used for performing

Y,0; 434 SHS process.
Ti 17,7
TiO;, 4,6

MoOs; 34,3




Table 2. Matrix samples containing the actinides obtained by SHS method.

SAMPLE, ## CONTENT, wt. % m, g 0,9/ om’
4.495(NpO;) + 5.5 (UOZ) +
! 0.005 (PuOy) + 0.0005 (Am,03) 1.80 2.65
2 10 (NpO,) 187 368
3 7(U0,) + 3(Pu0y) 1.78 3.50
4 9.7 (UO,)*0.3(Am;03) 184 4.07

Because of large activity of the actinides (Np, Pu, Am) the mixing of their compounds with a batch
mixture should be carried out in alcohol solution followed by filtration of the suspension, using water-
jet pump. The filtration was performed through special funnel; assembled with the use of cylindrical
press mold, paper filter “white tape” and Teflon spinneret with great number of holes.

After filtration the press mold was taken from the funnel and dried for 5 hours at T=90°C in drying box.
After that the mixture was pressed, using massive clamp and plunger of stainless steel. The tablet was
placed on a layer of incendiary mixture situated on a support of fire brick and covered with safety
quartz beaker. SHS was initiated by applying electrical firing supplied from below, and the tablet was
burned out.

The formation of pyrochlore analogue occurred according to redox reaction:
(2-x)Ti + xTiOz + Y,03 + 2(2-x)/3 MoO3 = Y,Ti,O7 + 2(2-x)/3 Mo,
where Ti — reducing agent and MoO; — oxidizing agent.

Burning proceeded with access for air, burning time was 2-3 sec. At that there were observed little
sparking and fuming. After cooling the samples their weight and dimensions were determined. The
samples prepared were black colored, and they had porous structure with splitting in some sites.

SEM/EDS and X-ray analysis were used for the structure examinations of the samples.

The study on chemical stability was carried out according to the MCC-1 standard. The samples under
study were placed into Teflon containers. Twice-distilled water (pH=5.80) was used as leaching agent.
The containers with the suspensions were placed into drying box with established temperature 90°C.
After keeping the containers during necessary time they were removed from the drying box and cooled
to an ambient temperature. After that radionuclide concentrations were determined in the leaching
solutions.

The results of analyses of the solutions after leaching were used for a calculation of leaching rates of
the actinides according to the formula:

R =m;/ (f - S- t,), were R, — leaching rate of the i-actinide, g/(cm>day); m; — mass of the I-actinide in
the solution, g; fi— mass part of the i-actinide in the initial sample; S — open «geometric» surface of the
sample, cm?; t,— duration of the n-period of leaching, days.

RESULTS AND DISCUSSION

X-ray diffraction patterns of the samples ##2 and 3 are shown in Fig. 1. Roentgen characteristic of the
compound with pyrochlore structure proved to be identical to those of standard Y,Ti,O; phase.

SEM photomicrographs of the samples ##2 and 3 are shown in Fig. 2. It is seen that dominating
phase is pyrochlore (gray colored; content of the actinides is higher in lighter central part). The lighter
phase is molybdenum and, possibly, molybdenum dioxide and rutile.

The data obtained on hydrolytic stability of the samples under study are presented in Table 3.

During the first days of contacting matrix samples with a water leaching rates of incorporated actinides
proves to be higher than those for subsequent days. Apparently this is connected with insufficient
homogeneity of the batch mixture and as a result with increased surface content of the actinides in
comparison with their average contents in a volume of matrices. Therefore from the beginning
relatively large liberation of the actinides from surface layers into the leaching solution is observed.
Then actinide contents on a surface and in a volume of the matrices are equalized, and leaching rates
are stabilized.
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Fig. 2. SEM photomicrographs of the samples: a) 10% NpO,, b) 7% UO, + 3% PuO..



Table 3. Summary table of the data obtained on hydrolytic stability of the samples.

SAMPLE, | 1 R, g/(cm”.day)
, day 237Np 29p, 2430 1 217 238
1 2.28.10° 1.39.10° - 558.10° 1.52.10°
3 9.23.10° 9.52.10° - 1.69-10° 1.95.10"
7 2.15.10° 3.15.10° - 5.84.107 2.30-107
10 1.13.10° 1.51.10° - 3.25.10” 6.37-10°
14 1.06.10° 8.12.107 - 7.95.10° 4.63.10°
21 1.14.10° 9.96.107 - 2.24.107 7.12.10°
28 2.65.10° 2.02.10° - 4.13.10" 4.82.10°
28 2.07.10° 1.26.10° - 2.70.107 2.46.10°
1 1.69.10° - - - 3.96.10"
3 1.7510” - - - 2.99-10"
7 1.33.10° - - - 1.06-10"
10 9.41.10° - - - 7.39.10°
14 5.38.10° - - - 3.02.10”
21 3.87-107 - - - 7.64.10°
28 8.10-10° - - - 5.39.10°
28 1.10.10” - - - 8.12.107
1 - 6.95.10° - - 574.10"
3 - 6.17-10° - - 4.72.10"
7 - 3.62.107 - - 4.16.10°
10 - 2.85.107 - - 2.68.107
14 - 5.70.107 - - 2.63.10°
21 - 7.44.10” - - 2.87-10°
28 - 4.54.107 - - 1.12.10°
28 - 4.12.107 - - 5.36.10"
1 j - 2.12.10" - 3.96.10"
3 - - 3.77-10° - 2.99.10"
7 - - 2.75-10° - 1.06-10"
10 - - 5.69.107 - 7.39.10°
14 - - 1.20.10" - 3.02.10°
21 - - 5.02.10° - 7.64.10°
28 - - 8.44.10° - 5.39.10°
28 - - 7.03.10° - 8.12.107
CONCLUSIONS

As a result of SHS initial mixtures of reagents, mineral additions and constituents of HLW
produce solid final products analogous to natural minerals (zircon, pyrochlore) containing
actinides incorporated owing to isomorphous insertion.

Densities of matrix samples are equal to 2.7-4.1 g/cms.

On producing mineral-like matrices by the method of SHS material balance regarding
radionuclides under study remains.

Matrices containing up to 10 wt. % of the actinides and prepared with compacting a batch
mixture consist of both yttrium titanate phase with pyrochlore structure and metal molybdenum
phase. Proper phase of actinid oxides is not revealed.

The produced matricgs hagve goozd hydrothermal stability: leaching rates of the actinides lies
within the limits of 10 —10  g/(cm”xday).

In comparison with the conventional methods of producing ceramic matrices for immobilizing
the actinides SHS has a number of advantages: simplicity of an equipment, high synthesis
rates and minimum volumes of secondary wastes.
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