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SORPTION INVESTIGATION OF FISSION
FRAGMENTS OF URANIUM NUCLEI
BY TITANIUM PHOSPHATE IN WATER SOLUTION

H.V.Vasilieva', V.V.Strelko', A.P.Osypenko?, V.S.Kouts"

!nstitute of Sorption and Endoecology Problems, Ukrainian National Academy of Sciences

>

Kyiv, Ukraine
2 Department of Nuclear Physics, Uzhhorod National University,
Uxhhorod, Ukraine

The interaction of titanium phosphate (two modifications) and absorbate with the
radioactive microadditives in the water solution was investigated using gamma
spectrometry of fission fragments. The sorption of Y, “Nb , *Zr, *Mo, P*Te, ¥,
Ce ions was investigated. The fragments were obtained in thermal neutron in-
duced fission of uranium-235. To provide the reaction under study the M-10 micro-
tron located at the Department of Nuclear Physics (Uzhhorod National University),

was used.

From the environmental point of view
the problems of water and air purification
from different pollution agents, in particular
from radionuclides, are of high priority.
Various sorbents are used for this purpose
[1]. The investigation of their properties as
well as working out new experimental tech-
niques are of major importance. A great at-
tention to the sorption of radioactive frag-
ments of the heavy nuclei fission in water
solution was paid. Such sorption process can
be used as one of chemical techniques for
extraction and collection of the fission frag-
ments at the investigations of their cummu-
lative and especially independent yields un-
der different conditions of the experiment.
Therefore the investigations like this pro-
mote for the search and usage of sorbents for
solving ecological problems.

In the present work the preliminary re-

sults of the absorption studies of the 235U fis-
sion fragments (97Zr, ce, Mo, “'Nb
33Xe) by titanium phosphate in water solu-
tion are described. The radioactive fragments
were formed at thermal neutron fission of
23, With this purpose four targets of 90%-
enriched uranium oxide with the thickness of
1.75 mg/em® and 5 cm diameter each were
installed in the vessels with water 3 cm apart
from the water surface. These vessels were
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situated very close to the Be target which
was installed ~15 cm apart from the brake
target of the microtron and was surrounded
by a polyethylene moderator. Electrons, ac-
celerated in the microtron up to 7-8 MeV,
emitted hard gamma-rays hitting the brake

target, which caused the reaction IBe(y

2)8Be in the Be target. The emerged
neutrons were moderated in Be target and

polyethylene and subsequently caused
25U(n,f) fission reaction hitting the uranium
target. The fragments were partly

accumulated in water. The water from all
vessels was poured together and divided into
several portions 20 ml each in two hours
after the irradiation of the target block in
microtron beam. One of them sorbent was
not added to. Each other portion contained
titanium  phosphate  (~1g) of two
modifications with Ti/P ratio 1 and 0,8,
respectively. The time intervals of sorption
were 1, 2, 4 and 16 hours under static
conditions and at room temperature. After
sorption the water was poured out into an-
other vessel. The y-spectra of such solution
were measured by Ge(Li) spectrometer. The
content of certain fragments was determined
from the intensity of the characteristic
maximum in y-emission spectra. Immedi-
ately after irradiation the measured intensity
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spectral maximum S is related to the number
of fragments N by a relation

N=SH o),
&

Here ¢ is y-ray registration efficiency
with account of the measurement geometry,
t; and t, are the start- and stop-time of y-
spectrum measurement, respectively. t=0
corresponding to the end of the irradiation
process.A = In2/Typ, is decay constant of the
radionuclide, T is the half-life of the nu-
clide. If half-life of the precursor was com-
parable to that of the fragments of interest,
the contribution of the precursor decay was
done.

The efficiency of sorption is determined
as

Sy is the sum of pulses from the sample with-
out contact with the sorbent with correction
made for the decay effect; S is the similar

quantity for the sample having been put into
contact with the sorbent. The results of the
measurement for the fragments of *°U which
show the sorption effect are given in Table 1.

Since we deal with the microquantities
of fragments, whose migration in water is
studied poorly, the comparison of the regu-
larities of the sorption process for macro-
and microquantities of fission fragments is
important. With this purpose the sorption
efficiency of Zr ions was determined using
complexonometric titration [3], based on
creation of stable complex of Zr ion and
black eriochrome 7 at high salt concentration
(2n HCI) with the mole ratio 1:1. This tech-
nique allows determining up to 1000 mg of
Zr in the volume of 100 ml with error less
than 1%. The results of this measurement are
given in Table 1 as well. It is seen that the
values obtained by using both of these tech-
niques (gamma-spectrometry and complex-
onometry) are similar however the values
obtained by gamma-spectrometric technique
are somewhat smaller.

Table 1. Physical and sorption characteristics of the *U fission fragments obtained by
gamma-spectrometric (Cly, C2y) and complexonometric titration (C7,,C2,)

frag- | Ty, | branch | Tsoption | Cl, ACI C2, AC2 Cl C2
ment | min | ratio min Ti/P=1 Ti/P=0.8 Ti/P=1 | Ti/P=0.8
Ce-143 | 1980 | 41.3 60 0.62 0.43 0.29 0.18
240 0.57 0.23 0.53 0.22
960 0.60 0.33 0.70 0.30
Xe- 545 | 90.6 60 0.18 0.01 0.10 0.006
135 240 0.30 0.06 0.22 0.005
960 0.44 0.30 0.24 0.160
Mo-99 | 3961 | 90.1 60 0.51 0.38 0.27 0.230
240 0.32 0.13 0.13 0.049
960 0.33 0.08 0.37 0.070
Nb-97 | 72.1 100 60 0.50 0.20 0.32 0.12
240 0.47 0.09 0.52 0.09
960 0.63 0.21 0.75 0.30
Zr-97 | 1020 | 94.6 20 0.66 0.68
40 0.70 0.70
60 0.55 0.21 0.38 0.17 0.70 0.71
120 0.71 0.79
240 0.48 0.08 0.57 0.10 0.71 0.81
960 0.68 0.24 0.78 0.21
1440 0.81 0.85
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The correlation coefficients between the
sorption values for two modifications of tita-
nium phosphate obtained by using both of
these techniques are ri(Ti/P=1)=0.936 and
ro(Ti/P=0.8)=0.828, respectively. Therefore,
the obtained values r; and r; indicate on the
quantitative relation between the sorption
characteristics obtained by both of these
techniques. Thus, the preliminary results of
the investigation indicate the possibility of
the gamma-spectrometric technique to be
used for qualitative and/or quantitative
analysis of the sorbent properties at the

sorption of the radioactive fragments formed
at trans-uranium elements fission,
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TOCHULKEHHS COPBII YJIAMKIB IOALTY
SITEP YPAHY ®OC®ATOM TUTAHY
Y BOJTHOMY PO3YMHI

I'.B.Bacuibesa’, B.B.CTpemcol, A.IL.Ocunenxo’, B.C.Kyub1

MuctutyT copbuii Ta npoGnem ennoexonorii HAH Vipainu, Kuin
2 Kadenpa saeproi hisuxy, VKropoIchKuit HaiOHATEHTH YHIBEPCHTET, YIKTOPOX

Mertosiom ramma-cneKkTpoMerpil yIamKiB moaity JOCHiIKeHO B3aemomio tocdary
TUTaHy (mBOX MoaMikauiit) i abcopbaty 3 pafioakTHUBHMMH MIKpPOLOMIIKaMH Yy
BOJHOMY po3uuHi. Busyero copbuito ionis Y, “'Nb , *Zr, Mo, **Te, 1, "Ce.
Vnamkad Oyio OTpUMaHO B pe3yJbTaTi posnagy YypaHy-235, BUKIHMKaHOTO
TEIIOBMMH HeHTpoHaMmu. [ins 3abe3neveHHs JOCHiIKyBaHOT peakuii BUKOPHCTaHO
MikpotpoH M-10 xadenpn simepHoi ¢isuxky YXTropoachKOro HalioHaIBHOTO

yHIBEpCHTETY.
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