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Nouclear fuel reprocessing by fluorination, a dry method of regeneration of spent nu-
clear fuel, uses UO,F, for the separation of plutonium from gaseous mixtures. Since
plutonium requires special treatment, IrF, was used as a thermodynamic model of
PuFg. The model reaction of the interaction of gaseous IrF4 with fine UO,F, in the
sorption column revealed a change of color of the sorption column contents from
pale-yellow to grey and black, indicating the formation of products of such an interac-
tion. The X-ray photoelectron spectroscopy study showed that the interaction of gas-
eous IrF with fine UO,F, at 125 °C results in the formation of stable iridium com-
pounds where the iridium oxidation state is close to Ir3*. The dependence of the
elemental compositions of the layers in the sorption column on the penetration depth

of IrF4 was established.

Key words: X-ray photoelectron spectroscopy, uranyl fluorite, iridium hexafluoride,
technology of isolation of actinides from gas mixtures

INTRODUCTION

Nuclear fuel reprocessing by fluorination, a (dry)
method of regeneration of spent nuclear fuel (SNF), uses
uranyl fluorite (UO,F,) for the separation of plutonium
from gaseous mixtures [ 1]. The Gibbs energy (AG’,qg) of
74 kcal/mole for the suggested reactions of UO,F, with
PuFg, unlike that of UO,F, with UF, (51 kcal/mole), in-
dicates a possible PuFy selectivity from the mixture
(PuF, UF, F,, N,, and volatile fluorides) [2]. It has to be
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noted that the F, concentration can reach up to 25 vol.%.
Therefore, the optimal temperature regime for the PuF,
extraction on UO,F, is, obviously, related to the F,-
-UO,F, interaction (AG%g = —59 kecal/mole [2]). Ex-
periments with pure fluorine were performed in order to
establish temperature dependence on the UO,F, +2F, <>
UF+ O, reaction rate. At 130 °C, the UO,F, fluorination
was slow. Since plutonium requires special treatment,
IrF was used as a thermodynamic model of PuF. This
compound is as reactive and volatile as PuF,. Experi-
ments on the interaction of PuF, with UO,F, have to be
carried out and are scheduled for the nearest future.

An X-ray photoelectron spectroscopy (XPS)
study of the samples of the products of the interaction
of gaseous IrF; and fine UO,F, was carried out in this
work in order to study the possibility of the formation
of stable compounds on the surface of uranyl fluoride
granules, the distribution of these compounds along
the sorption column and to determine iridium oxida-
tion states. X-ray photoelectron spectroscopy is the
most adequate method to solve these problems. It has
been widely used to study compounds of various ele-
ments, including actinides [3-6].
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EXPERIMENT

Uranyl fluoride (UO,F,) was prepared from the
interaction of uranium trioxide (UO;) with dry hydro-
gen fluoride (HF) as reaction (1) (AHg98 — standard
enthalpy change of reaction):

UO; +2HF <> UO,F, +H,0
AHYog =—46kcal/mole (1)

in the temperature range 100-150 °C. The diagram of
the device is shown in fig. 1.

Figure 1. Diagram of the device for the synthesis of ura-
nyl fluoride

1—argon cylinder; 2 — container with hydrogen fluoride; 3 —
Sfurnace with oil bath; 4— teflon (platinum) cup with UO3,; 5—
teflon hood; 6 —cooling trap; 7— cooling coal trap; 8§ — pres-
sure-and-vacuum gage; 9 — differential manometer; 10 —
buffer capacity

The reaction proceeds at a significant rate and
with practically 100% yield. The crystallization water
was removed in vacuum at about 150 °C. The photo-
graph (fig. 2) shows UO,F, after a long contact with
water vapors (left) and after the removal of water

Figure 2. The photograph of UO,F, after a long contact
with water vapors (left) and after the removal of water
(right)

(right). The specific surface of UO,F, measured with
“Sorbi” by Brunauer-Emmett-Teller was 2.08 m?/g +
+ 0.07 m?/g. The porosity (¢%) and mean conditional
size were measured by the program “Surch” to be 39%
and 0.940 um, respectively.

Iridium hexafluoride (IrFg was synthesized
from metallic iridium by fluorination under static con-
ditions, according to the reaction (2) (AHg98 — stan-
dard Gibbs energy of IrF, formation):

Ir+3F, <> ItF,  AGlog =—110kcal/mole (2)

IrF¢ melting temperature is 44.4 °C and boiling
temperature is 53 °C. IrF, saturated vapor pressure vs.
temperature is given in fig. 3. Solid IrF is pale-yellow,
liquid IrF turns brown-yellow.
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Figure 3. Saturated vapor pressure of iridium hexafluoride
12]

Before —1 °C — phase-crystal II; from —0.2 to 44.4 °C —
phase-crystal I; above 44.4 °C — liquid phase

Gaseous IrF, was flown bottom-up (from 5" to
1% layer, general height 2 cm) through the fine (1 um)
layers of UO,F, granules in the vertical column (28
cm high and 1.2 cm inner diameter), at the rate of V=
=2 cm/s at ~125 °C (see fig. 4).

The interaction IrF, with UO,F, was suggested
to be:

UO,F, +2IrF¢ (gas) — 2IrF, + UFs+ 0O, (3)

with the formation of gaseous UF4 and O, which vola-
tilized during the experiment. After IrFs went through
the column, the column contents were separated by
five equal parts by height, so that five samples of IrF¢—
UO,F, interaction products were obtained: TNM-1
(grey powder), TNM-2 (grey powder with black inclu-
sions), TNM-3 (grey powder with many black inclu-
sions), TNM-4 and TNM-5 (practically black pow-
ders).
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Figure 4. Schematic diagram of the sorption column
filled with fine UO,F,

XPS spectra of the studied samples were mea-
sured with electrostatic spectrometers MK 11 VG Sci-
entific, using non-monochromatized AIK,,, and
MgK,, radiation under 1.3-107 Pa at room tempera-
ture. The device resolutions measured as full width on
the half-maximum (FWHM) of the Au4f;, line on the
standard rectangular golden plate was 1.2 eV. Electron
binding energies E,(eV) were measured relatively to
the binding energy of Cls electrons from hydrocar-
bons absorbed on the sample surface, accepted to be
equal to 285.0 eV. For the gold standard, calibration
binding energies £,(Cls)=284.7 eVand E, (Au4t;,) =
= 83.8 eV were used. The full widths at half maxima
(FWHM) in the tab. 1 are given relatively to that of the
Cls line of hydrocarbons, accepted to be equal to
1.3 eV for comparison with the data of other studies.
The uncertainty in determination of electron binding
energies were +0.2 eV and that of the relative line in-
tensities was less than 10%.

The studied samples were prepared as finely dis-
persed powders pressed in indium on titanium substrate
(flat, thick layers with mirror surface). The powders
were not ground to keep the surface intact. For all the
samples, the valence band (0-50 eV), U4£-5d, Irdf, Ols,
F1s, and Cls spectra were measured. To avoid sample
charging which can be really significant (up to 12 eV
and stable in time), the calibration was done for each
spectrum. It helped reduce the uncertainty in the bind-
ing energy determination down to 0.1 eV.

For all the samples, quantitative elemental and
ionic analysis was done. It was based on the fact that
the spectral intensity is proportional to the number of
certain atoms in the studied sample. The following ra-
tio was used: n;/n; = (Sy/S))(kj/k;), where n;/n; is the rela-
tive concentration of the studied atoms, S/S; — the rela-
tive core-shell spectral intensity, and &;/k; — the relative
experimental sensitivity coefficient. The following
coefficients relative to carbon were used in this work:
1.00 (Cls), 2.64 (Ols), 4.00 (F1s), and 15.8 (Ir4f;,)
[6]. For uranium, the coefficients 26.51 (U4f,,,) and
2.95 (U5ds,,) were obtained taking into account the
values for UO,F,, theoretical photoemission
cross-sections [7], and kinetic binding energies.

RESULTS AND DISCUSSION

The XPS spectra of the valence and core elec-
trons of UO,F, (TNM-0) and five products of
UO,F,-ItF interaction (TNM-1, TNM-2. TNM-3,
TNM-4, and TNM-5) were studied in the binding en-
ergy range 0-1000 eV. Only peaks attributed to the in-
cluded elements were observed (fig. 5). This binding en-
ergy range can be subdivided into three subranges: outer
valence molecular orbitals (OVMO) range, 0-13 eV, in-
ner valence molecular orbitals (IVMO) range, 13-50 eV,
and core electron range, 50-1000 eV [4]. Fine XPS struc-
ture parameters were also used. Since these parameters
characterize various properties of the compounds, they
are used together with traditional parameters like elec-
tron binding energies, chemical shifts and peak intensi-
ties [3, 4]. To simplify the discussion, both molecular and
atomic terms are used in this work.

Low binding energy (0-50 eV) XPS. Valence
electronic configurations for the basic state of atomic
U and Ir are: *2U6s%6p°5£36d7s? L’ and ""Ir5d76s>
%F4_1/o- One can see that uranium and iridium can ex-
hibit different oxidation states in compounds. Indeed,
uranium (UO,, UO,F,, etc.) and iridium (K,IrCl,,
K;IrCly, etc.) compounds of different oxidation states
are known [3, 4].
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Figure 5. Survey XPS from the TNM-5 sample
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In the binding energy range 0-13 eV, the XPS
from the studied samples (TNM-0—TNM-5) exhibits
the structure attributed to the OVMO electrons
formed from the U6p,5f,6d,7s, Ir5d,6s, O2s, and F2s
valence atomic shells (fig. 6). At the low binding en-
ergy (E,=2.4eV), anintense Ir5d peak was observed
as a shoulder. Its intensity is proportional to the irid-
ium concentration on the sample surface. This peak is
absent in the XPS from UO,F, (TNM-0). The Ir5d
relative intensity measured as the ratio of the intensi-
ties [I(Ir5d)/I(Ir4f;,,)] must be proportional to the
number of Ir5d electrons not participating in the
chemical bond and must characterize iridium oxida-
tion state (valency) in compounds. However, this is a
topic of a special study and development of a tech-
nique for the determination of iridium valency in
compounds on the basis of Ir5d relative intensity. In
this work, the ratio [1(Ir5d)/I(Ir4f;,)] was measured
to be 0.106 (constant) for all the studied samples, as
expected. It indicates that the iridium oxidation state
was constant. The calculated [I(Ir5d)/I(Ir4f;,,)] was:
0.144 for Ir?*, 0.125 for Ir**, and 0.105 for Ir** [7].
However, due to the high experimental uncertainty,
this ratio can not unumbigously point out the iridium
oxidation state (Ir>* or Ir*"). Also, the Ir4frelative in-
tensities were measured [I(Ir4f)/I(Ir4f;,)] to charac-
terize iridium contents in the samples (tab. 1). De-
spite the high measurement uncertainty, these values
agree qualitatively with those of iridium contents on
the basis of the [I(Ir5d)/1(Ir4f;,,)] ratio (tab. 1).

The second binding energy range (13-50 ¢V)
exhibits the structure attributed to the IVMO elec-
trons related to the low binding energy filled U6p
and O(F) shells. The parameters of this structure
correlate with uranium close environment structure
parameters in UO,F, (interatomic distance ura-
nium-ligand in axial and equatorial directions) [4].
The peaks at 14.9 and 20.1 eV (TNM-5) were attrib-
uted not to the atomic U6bpj;, shells, but to the 16y,~
and 9y~ IVMOs for the [(UO,)F]'% (D) cluster
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Figure 6. XPS of the valence electrons from the TNM-5
sample

[8] (seealso tab. 1, fig. 6). The OVMO-core binding
energy differences characterize the interatomic dis-
tances, uranium-oxygen in the axial direction and
uranium-fluorine in the equatorial plane. For UO,F,
(TNM-0), these interatomic distances are: Ry =
0.174(2) nm and Ry = 0.243(2) nm [4]. Also, it
was shown that the 16y, and 9y, IVMO binding en-
ergy differences also correlate with the interatomic
distance in the uranyl group UO,>" (see for example
[4]). As a certain approximation, one can consider
that, for example, the increase in the 16y,~ and 9y4~
IVMO binding energy differences indicates that the
distance Ry in the uranyl group in UO,F, de-
creases.

The following empirical expression based on
Ols binding energy enables us to evaluate the inter-
atomic distance Ry, [9]:

Ru.0=227(E,—519.4)" [nm] 4)

Indeed, taking into account the Ols binding en-
ergy 532.4 eV (tab. 1), one can evaluate the ura-
nium-oxygen distance on the basis of expression (4) as
Ry.o = 0.175 nm, which agrees satisfactorily with the
value 0.174(2) nm [4].

Core electron spectra (50-1000 eV). The third
binding energy range above 50 eV exhibits the core
electron structure. Core electrons participate weakly in
core molecular orbitals (CMO) formation. However,
the structure related to the spin-orbit interaction (AE,
eV), multiplet splitting (AE,,, €V), many-body pertur-
bation etc., can show up in this binding energy range
[3-5]. These XPS structure parameters were taken into
account.

Elemental and ionic XPS quantitative analysis
usually employs the most intense peaks of the included
elements [3-6]. In this work, the following peaks were
chosen: U4f,5d, Ir4f, Fl1s, Ols, and Cls (tab. 1). The
U4f,5d and Ir4f peaks were observed as spin-orbit split
doublets with AEy=10.8, 8.6, and 3.0 eV, respectively
([3-5], figs. 7-9). The Fls, Ols, and Cls peaks were
observed single and relatively sharp (figs. 10-12). The
Ir4s,5s peaks at 95 eV and 691 eV, respectively, must
widen as the number of the uncoupled electrons on an
iridium ion grow (one extra uncoupled electron results
inan 1 eV FWHM increase) due to multiplet splitting
[4]. Unfortunately, these peaks were not observed in
this work because of the low intensity.

The Ols and F1s spectra were always observed
single and sharp at £, ~ 531.4 eV and 685.7 eV, respec-
tively (figs. 10 and 11). The Cls spectra from all the
studied samples, except for TNM-4, were also observed
single at £, =285.0 eV (fig. 12). The Cls spectrum from
TNM-4 shows the CO,? -related peak at 288.2 eV. The
tab. 1 gives the calibrated FWHMs.

Data coming from other authors were taken into
account in the discussion of the XPS from the studied
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Table 1. Electron binding energies Ej, (eV), peak full widths at half maxima (FWHM)® T (eV), relative intensities™
I(Ir5d)/1(U4f5),), relative concentrations® C(Ir/U) and IVMO binding energy differences 16y; — 9yy (AU6p;.2, €V)

Sample

MO

AU6bps),

USfo,

USdsp

Il'4f7/2

Fls

Ols

Cls

TNM-0
(UOsF,)

5.9 (2.6)
15.6
20.1
249
30.1

4.5

383.3
(14)

99.2
(1.4

685.3
(1.1)

532.4
(1.3)

285.0
(1.3)

TNM-1

2.6
6.3 (2.1)
15.5
20.1
249
30.3

0.003

0.03

4.6

383.8
(1.3)

99.4
(1.4)

62.4
(1.3)

685.7
(1.0)

532.6
(1.3)

285.0
(1.3)

TNM-2

2.6
6.0 (2.1)
153
20.0
25.0
30.2

0.006

0.10

4.7

383.5
(1.3)

99.2
(1.2)

62.4
(1.3)

685.7
0.83)

532.4
(1.3)

285.0
(1.3)

TNM-3

2.6
6.2(2.2)
15.9
20.5
24.4
30.3

0.005

0.07

4.6

383.6
(1.4)

99.2
(2.0)

62.4
(1.2)

685.9
(0.9)

532.4
(1.3)

285.0
(1.3)

TNM-4

2.6
6.2 (3.1)
16.2
20.2
24.8
30.2

0.014

0.23

4.0

3833
(1.5)

98.9
(1.7)

62.8
(1.4)

685.7
(1.6)

5322
(1.7)

285.0

(1.3)
288.2

TNM-5

2.4
5.7(2.3)
15.9
20.1
24.2
29.7

0.007

0.11

4.2

383.1
(1.3)

98.8
(1.3)

62.7
(1.3)

685.1
(0.9)

532.1
(1.3)

285.0
(1.3)

Ir [3, 5]

60.3

IrCls [3]

62.7

K;IrClé [3]

62.7

KoIrCly [3]

63.9

@ FWHM are given in parentheses; ® relative intensities are given as the Ir5d/U4f;, intensity ratios; © for comparison, the atomic

concentrations Ir/U are given

samples. Thus, for UO,, UF,, y-UO; and UO,F,, the

U4, binding energies are 380.9, 382.7, 382.4, and

383.4 eV, respectively [4]. For Ir, IrCl;, K;IrCl,, and
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Figure 7. The U4f XPS from the TNM-5 sample
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Figure 9. The Ir4f XPS from the TNM-5 sample
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Figure 10. The F1s XPS from the TNM-5 sample
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Figure 11. The O1s XPS from the TNM-5 sample

Sample UO,F, (TNM-0). In UO,F, (TNM-0)
uranium ion presents as U". Indeed, the OVMO XPS
does not exhibit the USf peak at zero binding energy.
The U4f spectrum shows a doublet of the two sharp

Cis
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400
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200 4
100

0

Intensity [in arbitrary units]

-100

—200

295 290 285 280 275
Binding energy [eV]

Figure 12. The C1s XPS from the TNM-5 sample. The
solid line is a result of a S-point smoothing of experimen-
tal data applied 200 times

peaks (tab. 1), without the shake up satellites. It can be
explained by the violated long-range order and the fact
that the satellites at 3.5 eV on the higher binding en-
ergy side are low intense due to the restricted spec-
trometer resolution. The 16y,-%,~ OVMO spectrum
exhibits the two 4.5 eV distant peaks. A small amount
of the saturated hydrocarbons was observed on the
surface of the initial sample (tab. 1). It has to be noted
that parameters of all measured in this work XPS coin-
cide with the data for UO,F, [4].

Sample TNM-5. The XPS survey from the
TNM-5 sample, beside the UO,F, related peaks, ex-
hibits iridium peaks (fig. 5). The Ir5d peak was ob-
served at Ey, = 2.4 eV, the low intense IrSp;,, peak — at
Ey~50 ¢V and the Irdf;, one —at 62.7 eV (figs. 6 and
9). Spin-orbit splitting was AE(Irdf) = 3.0 eV. Since
the spin-orbit splitting is AEg(IrSp) =15 eV, the second
component — the Ir5p;, peak — overlapses with the
Ir4f peak (fig. 9). Going from UO,F, (TNM-0) to the
TNM-5, one can see a significant narrowing of the
peak in the Fls and F2s binding energy range (5ys~
-15,7 IVMO), as well as the decrease of the 16y, and
9ys IVMO binding energy difference (tab. 1, figs. 6
and 10). This can be explained by the rise of the chemi-
cal equivalence of fluorine ions and the decrease of the
U-O interatomic distance in the uranyl group on the
surface. The XPS of other electronic shells did not
change significantly (figs. 7, 8, and 11).

Sample TNM-4. Ir concentration in this sample is
the highest. Indeed, the Ir5d intensity for this sample is
about twice as high and the 16y, - 9y,~ IVMO binding
energy difference is noticeably less than those in the
spectra from the TNM-5 sample (tab. 1). Unlike the
TNM-5, the TNM-4 sample contains more oxygen,
fluorine, iridium, and carbon on the surface (see the el-
emental composition).

Samples TNM-3, TNM-2, and TNM-1. Going
from TNM-3 to TNM-2 and TNM-1, one can observe
the increase of oxygen and fluorine concentration and
a decrease of iridium concentration (see the elemental
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composition). The Irdf spectra from the TNM-2 and
TNM-3 samples at the lower binding energy exhibit an
extra complex structure, possibly due to the overlap-
ping with the iridium-related doublets. Since the simi-
lar extra structure was observed in the XPS from ura-
nium and other elements, it was attributed to the
heterogeneous charging of the samples. Since these
samples contained some black inclusions (conglomer-
ates), one can suggest that they are responsible fot this
effect. Taking into account that the iridium XPS from
the TNM-1 sample exhibits a normal structure, we did
not make any special conclusions on the basis of the
presense of iridium in other oxidation states in the
TNM-2 and TNM-3 samples.

Quantitative analysis results. The uncertainty in
peak intensities during the XPS quantitative elemental
analisys of the studied samples was increased due to
the multiplet splitting, many-body perturbation and
the dynamic effect related extra structure. While the
many-body perturbation effect results in the shake up
satellites on the higher binding energy side from the
basic peaks, the intensity of such satellites can be par-
tially taken into account. The dynamic effect can not
be taken into account, but its influence is negligible.
All these effects can increase the uncertainty of the
XPS quantitative analysis up to more than 10%. In this
approximation, the quantitative XPS elemental and
ionic analysis of the surface (~5 nm) of the studied
samples relative to one uranium atom yielded the fol-
lowing:

U, 0001.97F2.33C0.41 (TNM-0)
U1.0002.00F2.17170.03C0.69 (TNM-1)
U} 0001.85F2.11170.10C0.28 (TNM-2)
U, 0001 61F 1 90170.07C0 37 (TNM-3)
U}0002.90F253110.23C 0011004 (TNM-4)
U}.0002.14F 10511011 Co.63 (TNM-5)

The data for the sample surface can slightly dif-
fer from those for the volume, since the XPS data re-
flect the sample composition from 5-10 nm depth. Fig-
ure 13 shows the iridium non-volatile compound
distribution in relative to uranium along the UO,F,
layer in the column.

According to the Ird4f binding energy, the irid-
ium oxidation state was suggested to be close to Ir**
(tab. 1) [3]. The authors of [10] point out that IrF; and
IrF, can exist, and the authors of [11] state that iridium
trifluoride IrF; (black) can be synthesized by the re-
duction of IrF, with metallic iridium at 50 °C. IrF;
(slightly distorted ReO; crystal structure) is relatively
inert to water.

In conclusion, we’d like to note that the consid-
ered results showed that the XPS proved to be an effec-
tive tool for studying the elemental and ionic surface
composition of various compounds.
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Figure 13. Contents of non-volatile iridium compound
spread along the UO,F, column height measured as the
ratio of the number of iridium atoms to the number of
uranium atoms in the surface (5-10 nm) layer

CONCLUSIONS

The model reaction of the interaction of gaseous
IrF¢ with fine UO,F, in the sorption column revealed
the change of color of the sorption column contents
from pale-yellow to grey and black, indicating the for-
mation of products of such an interaction.

The XPS study showed that the interaction of
gaseous IrFg with fine UO,F; at 125 °C results in the
formation of stable iridium compounds where the irid-
ium oxidation state is close to Ir*".

The distribution of a non-volatile iridium com-
pound along the UO,F, column height was estab-
lished.

The highest Ir saturation of the sorbent (UO,F>),
measured as the ratio of the number of Ir to U atoms,
was shown to be 23%. It has to be noted that this ratio
(Ir/U) was found for the surface (5-10 nm) layer of the
samples.
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NCTPAXKNBAIBE PEHATEH-UHAYKOBAHOM
OOTOEJIEKTPOHCKOM CIIEKTPOCKOIIMJOM ITPOU3BOJA
NHTEPAKIINIE TACOBUTOT IrF¢ CA YUCTUM UO:2F>

IIpu penpouecupamy HykjieapHOTr ropuBa (pIyopu3aldjoM, CyBUM METOAOM pereHepalje
UCITy>KEHOT HYyKJIeapHOI TOpHBa, 3a cemapanyjy IUIyTOHHjyMa U3 TacoBHTE CMelle ymnoTpebibaBa ce
ypanungayopur (UO,F,). TTomTo miyToHUjyM 3aXTeBa NocebaH NOCTYIaK, Ka0 TEPMOJUHAMHYKY MOJIEIT
wrytonnjymxekcadpayopuga (PuFg) xkopuetm ce umpupujymxekcaguyopun (IrFy). MopenoBana
uHTepakiuja racoputor IrF ca uucrum UO,F, y cOpNIIMOHOj KONOHY yKa3aa je Ha IpoMeHy 0oje capxkaja
COpIIIMOHE KOJIOHE Off 3KyTe [0 CHBE M IpHE, Ha3Hauyjyhu HacTajame MPOU3BOJla TaKBe MHTEpaKIyje.
HcrpaxuBarmbe peHAreH-HHIYKOBAHOM (POTOEIEKTPOHCKOM CIIEKTPOCKOIINjOM TTOKa3yje 1a MHTEePaKIja
racoBuTor IrF ca yuctum UO,F, Ha 125 °C goBoau g0 HacTajama CTAOMIHUX UPUAUjYMCKUX jeUbEha Y
KOjMMa je CTare NP yMCKe OKcupanuje 6Jucko Ir’*. Y craHOBIbeHA je 3aBHCHOCT €JIEMEHTAPHOT cacTaBa

Kwyune peuu: penozeH-unHOyKo8aHa (oitioeneKilpoHCKa CleKiipoCKonuja, ypaHuigpayopui,
upuoujymxexcagphayopuo, iexHoaozuja u308ajarba aKiiuHuoa U3 ZacHe cmeule



