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To investigate the physical-chemical processes occurring during the heating stage of spent nuclear fuel magneto
plasma reprocessing a study of thermal desorption of oxides and oxide mixtures as SNF simulators under the
influence of stationary laser radiation are being studied. Preliminary experiments were carried out. X-ray diffraction
and energy dispersive X-ray microanalysis of the film deposited on the substrate after laser influence on a mixture of

B,04/ZrO, oxides have been performed.
PACS: 28.41Kw

INTRODUCTION

Magneto plasma reprocessing of spent nuclear fuel
(SNF), which is an alternative to the radiochemical
methods involves the use of physical methods for a
cleanup of a multicomponent composition of spent fuel
from fission products (FPs) at heating, ionization and
plasma rotating in crossed ExB fields [1].

At the stage of SNF heating (~ 2800 K) due to the
difference of physical-chemical properties (melting
point, vapor pressure) up to 75% FPs can be removed
[2]. These are mainly gases, volatile compounds and
oxides with a low binding energy.

Investigation of thermal desorption processes for
oxide compounds and their mixtures at heating stage
will allow us to study the features of
SNF multicomponent composition to reduce energy
losses during conversion to plasma.

To accelerate the process of thermal desorption at
the stage of SNF heating, it is advisable to
preliminarily grinding the working substance to a
micropowder with particle sizes of 10...50 um [3].

Micropowder heating under atmospheric conditions
can be accomplished using a laser. Knowing the specific
power of the light flux onto the surface of the material,
we can estimate the temperature to which the
micropowder will be heated according Stefan-
Boltzmann law:

Q=¢o-T 1)
where ¢ is the emissivity of the grey body; o — Stefan-
Boltzmann constant; 7'— temperature; Q —is the amount
of energy emitted by an object per unit area.

When a laser beam hits the surface of individual
particles, the radiation partially reflects and partially
penetrates deeper, where it is absorbed and released in
the form of heat. At low power densities of the absorbed
laser radiation (q < 10*W/cm?), the laser action on the
material is associated with the processes of melting,
evaporation, and ablation [4].

PRELIMINARY EXPERIMENTS

It is advisable to carry out the experiments on the
study of thermal desorption with non-radioactive
substances that are simulators of nuclear material. Since
uranium oxide fuel is widely used as fuel in power
reactors, it isadvisable to choose oxides, for example,
zirconium oxide (ZrO,) and boron oxide (B,0s). In the
imitation experiments the carbonates of rare earth
elements can be used, for example, neodymium
carbonate (Nd,(COs)3) to produce neodymium oxide
(Nd,O3), which is present in SNF and has similar
properties with uranium dioxide (UO,). For obtaining of
barium oxide (BaO) barium sulfate (BaSO,) can be used
(Table 1).

For micropowders heating carbon dioxide CO,PL-
1600 laser with a maximum power of the continuous-
wave W= 80 W. When the efficiency of a carbon
dioxide laser is about 20%, the total energy
consumptions at 400 W. The beam diameter was 2 mm.
The duration of exposure time was 30...60s. In the
experiments, the power was adjusted from 10 to 100%.

Table 1
Chemical compounds used in the experiments and their properties
Compound amu Trp, K Top K Tee, K
B.O; 69 753 2133 -
BaSO, 233 1850 - > 1850
BaO (decomposition 153 2196 2973 _
product)
ZrO, 123 2988 4573 -
Nd,(COs); 468 - — 800...1150
Nd,O; (decomposition 336 2973 4033 B
product)
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When the laser beam hits the normal to the surface
where the working micropowder is located, the
maximum specific power of the laser radiation is:

Q = Winay/ . (2

In our case Q = 2.54-10° W/cm?.

Substituting the value of Q in relation (1), we can
determine the maximum temperature of thermal
radiation from the surface of the working substance. We
use the experimental data of ¢ for ZrO, [5] at
temperatures > 2000 K. Note that for 7= 2000...2400 K
¢ corresponds to a value of 0.8...0.9 and with a further
increase in temperature is in the same range that is
shown in Fig. 1. For these values of ¢ and W, We can
determine T, = 4500...4800 K from relation (1).
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Fig. 1. Dependence of the radiation specific power on
the temperature of ZrO,

When boron oxide B,0; isirradiated (Fig. 2) by a
laser, active evaporation is observed followed by B,0s
deposition on the substrate. After 30 s of the laser beam
effect at maximum power ablation of the working
substance and appearance of vapor were visually
observed. The vapor effect can be explained by the
storage conditions of the initial samples of boron oxide
in atmospheric conditions. Boron oxide interacts with
water vapor, which is part of the air atmosphere, and
under laser irradiation, the evaporation of the material is
accompanied by a vapor phase.

o 500

Fig. 2. B,O3 micropowder under laser beam effect

At stationary laser irradiation of zirconium oxide
(Zr0Oy), the intense luminescence and local heating of
the working substance at the site of impact of the laser
beam was observed (Fig. 3).

A micropowder of BaSO, was used for BaO
obtaining that upon heating by the laser beam is
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decomposed into three components according to the
chemical reaction:

BaSO,—BaO+ SO,+0, (~ 1870 K).

Fig. 3. ZrO, micropowder under laser beam effect

In this case, SO,
components and volatilizes.

By analogy with BaSO, laser beam effect on the
carbonate of neodymium (Nd,(COs)3) allows to obtain
neodymium oxide (Nd,O3) at decomposition of
neodymium carbonate. It was shown in [6] that at
temperatures of ~ 800 and ~ 1100 K, under atmospheric
conditions, neodymium carbonate is converted to
neodymium oxide (Nd,O3) with the release of carbon
dioxide and an intermediate product of oxycarbonate.
The process is described by the following chemical
reactions:

Nd,(CO3);— Nd,0,CO; + 2CO,T, (~ 800 K),
Nd,0,CO3—> Nd,05+ CO,T, (~ 1100 K).
Figs. 4 and 5 show the result of chemical reactions
with sulfur and carbon traces in the BaSO, and

Nd,(COs) samples, respectively, after laser irradiation
during 30 s.

reacts with atmospheric

Fig. 4. BaSO, sample after laser irradiation

To study the possibility of separating a component
from a mixture of oxides by difference in vapor pressure
during thermal desorption the B,0s/ZrO, mixture was
used (Fig. 6). The vaporized substance after heating by
laser irradiation for 30 s (at a given power density of
300...400 W/cm?, which corresponds to the thermal
radiation from the surface at the temperature of
~2800 K (see Fig. 1)) was deposited on a copper
substrate for subsequent film diagnostics.
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Fig. 5. Nd,(COs3); sample after laser irradiation

To determine the phase composition of the film an
X-ray diffraction analysis was performed (Table 2). The
complexity of the analysis was the formation of a film
with an insufficient thickness of 1...3 um. The presence
of lines corresponding to the zirconium oxide were not
found in this analysis. This may indicate a lack of
sensitivity of the method at a small amount
of evaporated substance. However, the traces of triclinic
modification of orthoboric acid (boron in combination
with oxygen and hydrogen (Fig. 7)) were found, that,
apparently, was the result of the interaction of boron
with atmospheric components.

Fig. 6. Photo of a copper substrate:
copper substrate (a), copper substrate after laser
influence on B,O3/ZrO, mixture (b)
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Fig. 7. Diffraction pattern of the copper substrate after
laser influence on B,O5/ZrO, mixture

Table 2
The results of the X-ray diffraction analysis
Phase Lattice parameters, A
a=17.04;b=7.05;
C = 6.58;
HaBOT | — 92,600 p= 101.17°;
y=119.83°
Cu a=23.615

Additionally, an energy dispersive X-ray (EDX)
microanalysis of the deposited film (Figs. 8, 9 and
Table 3) shows the presence of boron oxide polycrystals
with a maximum particle size of ~ 5 pm.

sEM WD 10mm

Fig. 8. Results of EDX analysis of a mixture
of B,Os/ZrO, at various scales

Thus, separation of B,Oz; component from the
B,03/ZrO, mixture under laser effect with specific
power range of 300...400 W/cm? (or 10...15% 0of Winay)
during thermal desorption process due to difference of
physical-chemical properties was performed.

193



10 um 3nekTpoHHoe u3obpaxeHue 1
Fig. 9. Photo of boron oxide polycrystals
Table 3
Results of EDX analysis. Spectrum 1
Element wt. % at. %
B 36.63 46.10
@] 63.37 53.90
SUMMARY

e The use of a stationary-power CO, laser for
heating and thermal desorption of B,0s/ZrO, mixture
with subsequent deposition of the film on a substrate is
considered. X-ray diffraction analysis of the film
deposited on the substrate does not show the presence of
lines corresponding to the lines of zirconium oxide.
EDX analysis of the film deposited on the substrate
show the formation of polycrystals of boron oxide with
sizesof 1...5 um.

e Preliminary experiments with a mixture of oxides
showed that under laser irradiation of a given power it is
possible to remove the target components from oxide
mixture (to clean up mixture from the impurities) during
thermal desorption process due to vapor pressure
difference.

e An analysis of the results indicates that it iS
necessary to take into account the influence of
atmospheric conditions and the interaction of the
working substance with air components under laser
effect.
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HNCCIEJOBAHUE TEPMOJAECOPBIINU OKCUAHBIX CMECEHA
IIPU JIABEPHOM BO3I[EI7[CTBI/II/I
B.B. Kampeuxo, /I.B. Bunnukoe, B.b. IO¢gepos, B.O. Hnvuuesa, A.C. Ceuuxaps, U.B. bypaeunos,
B.Jl. Tumodghees, A.I. Boopos

I[J'If[ H3YUCHUS CpI/I3I/IKO-XI/IMI/I‘{eCKI/IX MpoHeccoB, MNPOUCXOIAAIIUX Ha CTaAuHW Harpesa MarHUTOIIa3MEHHOM
nepepaboTku otpadorapmiero sigepHoro TtorutBa (OST), mpoBoOIWTCS HCCIEIOBAHHE TEPMOACCOPOIMH OKCHIOB H
OKcUAHBIX cMecell — umuratopoB OST mpu BO3AEHCTBMM CTAlMOHAPHOIO JIA3€pHOTO M3IydeHMs. IIpoBeleHBI
IIPeABAPUTENbHBIE DKCIEPUMEHTHI, BBINOJHEHBI PEHTICHOAM(PAKIMOHHBIA M SHEPrOJUCIEPCHOHHBIN PEHTICHOBCKUI
MHUKpOaHAJIN3bI IIJICHKH, OcaH(HeHHOﬁ Ha IOJJIOXKKY IIPpH JIa3€PpHOM BO3H€I>IICTBI/II/I Ha CMEChb OKCHJIOB B203/Zr02.

JOCJIIIKEHHS TEPMOI[ECOPB]_[Ii OKCHUJHHUX CYMIIIEA
IMPHU JIABEPHOMY BILJIUBI
B.B. Kampeuko, /I.B. Binnikos, B.b. IOgepos, B.O. Inviuosa, O.C. Ceiukap, 1. B. Bypaginos,
B.JI. Tumodpees, O.I. boopos
Jns BuBYEHHS (Hi3MKO-XIMIYHUX MpPOIECiB, IO BiAOYyBarOThCA Ha CTaJil HArpiBy MarHiTOIUIa3MOBOI IMEpepoOKH
BiIpaiiboBaHoro sjaepuoro manuea (BSIIT), mpoBOAUTHCS MOCTIIKEHHS MPOIIECIB TEpMOeCcOpOIii OKCH/IIB 1 OKCHIHUX
cymimieid — imitaropie BSIl npu BIUIMBI CTAI[iOHAPHOTO JIA3epHOTO BHITPOMiHIOBaHHSA. [IpoBeieHO momepenHi
EKCIICPUMEHTH, BHMKOHAHI PEHTTeHOAUPAKUIHHUA 1 EHEeproJucrepCiiHii PEHTIeHIBChKUI MiKpOaHANi3H IUTIBKH,
0Ca/DKEeHOI Ha TKJIAAKY MiCIsl Ja3epHOTO BIUIUBY Ha cyminn okcuaiB B,O5/ZrO,.
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