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Phosphorus-32 is a B-emitter with a maximum energy of 1.7 MeV (such radiation is completely absorbed in a
layer of water or biological tissue up to 1 cm thick) and a half-life of 14.29 days can find application in medicine to
study the circulation of substances. This isotope is best obtained from sulfur by the reaction **S (n, p) **P, followed

by precipitation using neutron generator.
PACS: 82.55.+¢

INTRODUCTION

Radioactive phosphorus is used to study the func-
tional state of the kidneys, to detect superficial tumors,
to determine breast cancer metastases, blood flow rate,
phosphorus distribution in various structures of the eye,
in the tissues of the salivary glands and dental tissue.
Radioactive phosphorus is selectively deposited in
bones. In some malignant tumors, especially of the
brain, P-32 is concentrated 10-100 times, and some-
times up to 500 times, than in normal tissue. For radia-
tion therapy P-32 with activity calculated in millicurie
units (mCi) is used in the form of soluble disubstituted
sodium phosphate (Na,H>PO,) or as insoluble chro-
mium phosphate (Cr*>PO;). *P is considered the best
known remedy for the treatment of the hematopoietic
system. **P refers to substances of average radiotoxicity,
when working with an activity not exceeding 10 mCi in
the workplace, it does not require special protective
measures. It is used for brachytherapy, in particular for
the treatment of capillary hemangiomas as applications
[1], for the treatment of cancer of the pancreas and pros-
tate [2].

1. WAYS OF OBTAINING RADIOACTIVE
PHOSPHORUS

This isotope can be obtained in two main ways: from
sulfur *2S (n, p) **P and from stable phosphorus *'P
(n, v) *P. It is better to use the first way so as not to
have a mass of inactive phosphorus, but then it is neces-
sary to separate phosphorus from a large amount of sul-
fur. In general, phosphorus-32 can be obtained by other
reactions: >'P (d, p) **P; *°CI n, o) *’P; **S (d, o) **P;
¥Si (a, p) **P. However, in our conditions they are dif-
ficult to implement. The most attractive way is to obtain
radioactive phosphorus from natural sulfur, since there
are no harmful fumes of carbon disulphide. It is not pos-
sible to carry out an easy way to isolate phosphorus-32
from the mass of inactive natural phosphorus. As a neu-
tron source, we offer a compact generator that includes
a deuteron accelerator and a metal target.

2. NEUTRON GENERATOR

In the neutron generator, neutrons with an energy of
10 MeV will be obtained when deuterons interact with
lithium according to the reactions:

2H+Li—Be+n+15.028 MeV;
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2H+Li — 2*He+n+15.122 MeV;
2H+'Li — *He+’He+14.165 MeV;
SHe —*He+n+0.958 MeV.

The neutron generator [4] (Fig. 1) is a container
lined with graphite for neutron reflection; at the bottom
of the container there is a quartz glass vessel filled with
powdered sulfur or liquid carbon disulphide. Deuterons
are preliminarily accelerated in a linear accelerator. The
production of phosphorus-32 is carried out for at least
1 day.

Deuteron current
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Fig. 1. The main elements of the target location
and neutron motion:

A —primary fast neutrons, B —target block (deuterons
interact with beryllium or lithium nuclei); C — the target
for neutrons is a vessel with carbon disulphide CS,
or pure sulfur S; D — retarder-reflector (graphite),

A is the width of the layer of a substance containing
sulfur (CS,or elemental sulfur)

3. ISOLATION OF PHOSPHORUS
FROM THE TARGET

To facilitate the release of the accumulated phospho-
rus, it must be oxidized to orthophosphate ion ( PO,").

To do this, a few drops of bromine are added to the lig-
uid target, the oxidized phosphorus is extracted with
dilute nitric acid, which is subsequently distilled off. We
chose sulfur as a target to ensure safe working condi-
tions. A solid sulfur target was treated with hot concen-
trated nitric acid. The sulfur was removed by filtration,
and the orthophosphate ion was precipitated from the
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solution. Precipitates with orthophosphate ion can form
many metal ions, but the best method is selective pre-
cipitation in the form of yellow phosphoromolybdate

(NH,);PO412Mo0O52HNO;y H>O [4]
or (NH4);PO412Mo0O36H,0 [5].

To accelerate the precipitation, the presence of
5...10% ammonium nitrate in the solution is useful; the
nitric acid content can also vary within 5...10%. The
resulting precipitate contains molybdenum, which must
be disposed of. For this, the precipitate was dissolved in
hydrochloric acid and phosphorus was precipitated in
the form of  magnesiumammonium-phosphate
(MgNH,POy). For deposition, a magnesian mixture
(MgCl,; NH,Cl; NH,OH) was used:

HPO; +Mg*+NH,OH = MgNH,PO, | +H,O.

The most complete release of radioactive phospho-
rus will be provided by the collector — phosphoric acid.
Other reactions can be used to isolate orthophosphate
ions. With accurate pH adjustment (6.6), a white crys-
talline precipitate ZnNH,PO, is formed. Metatin acid
gel absorbs orthophosphate ion quantitatively from
aqueous solutions. Concentrated nitric acid and a few
tin granules are added to the solution, stirred while heat-
ing:

3Sn+ 4H + 4ANO* + H,O = 3H,Sn05 + 4NO,
nH,Sn0O; + mPOj_ — nH,S5n0;5 mPOj_.

In the gel particles, hydrogen ions are likely to be
counterions. Iron hydroxide also quantitatively sorbs
phosphorus from solution. The use of sediments other
than phosphoromolybdate and magnesium ammonium
phosphate requires additional study.

CONCLUSIONS

The production of the promising medical isotope
phosphorus-32 is hampered by the lack of an available
neutron source and a simple method for chemically
separating phosphorus from the target matrix. The de-
sign of a neutron generator proposed by us for obtaining
a radioisotope of phosphorus, as well as a sedimentary
method for extracting phosphorus, can find application.
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MOJIYYEHUE ®OCPOPA-32 HA HEUTPOHHOM I'EHEPATOPE
N OCAJOYHOE EI'O BBIIEJIEHHUE

A.U. Azapos, B.A. bouapos, M.A. /lonxncex, A.D. Cmoanos, B.A. I[veimoan

®ocop-32 — ato B-amuTTEp C MaKCUMabHOW SHeprue 1,7 MaB (Takoe u3nmydeHHe MOJTHOCTHIO MOTJIOMIAeTCS
B CJIO€ BOJBI WJIM OMOJIOTMUECKON TKaHHM TOJIIUHOHW 10 1 cM) u mepuomoM nonypacnazaa 14,29 cyTok, OoH MOXET
HAWTH IPUMEHEHUE B MEIMIIUHE ISl U3YUCHUsI KPYroBOpOTa BEIIECTB. DTOT M30TOII JIy4Ille BCEro NOJy4yaTh U3 ce-
pbI 10 peakimn *-S (n, p) **P ¢ MOCIEAYIOIINM 0Ca{0UHBIM BhIIEICHHEM C IOMOIIBI0 HEHTPOHHOrO TeHEpaTOopa.

OTPUMAHHSA ®OC®OPY-32 HA HEUTPOHHOMY 'EHEPATOPI
TA OCAJIOYHE MOI'O BUJIIJIEHHS

O.1. A3zapoes, B.O. bouapos, M.O. J/lonncek, O.D. Cmoanos, B.O. [lumban

docdop-32 — 11e f-emiTep 3 MaKCUMaTBHOIO eHeprieio 1,7 MeB (Take BUIIPOMIHIOBAHHS IIIJIKOM MOTJIHHAETHCS B
mrapi Boau abo 0ioJ0rivyHOl TKaHUHM 710 1 CM 3aBTOBIIKHM) i MepiofoM HamiBpo3nany 14,29 nobu, BiH MOXxe 3HANTH
3aCTOCYBaHHS B MEIWIMHI JIsl BUBYEHHs KpyroBepTi pedoBuH. llell i3oTom Kpaimie OTpUMyBaTH 3a pEaKIi€ro
32§ (n, p) **P 3 HACTYITHIM OCA[0YHIM BUIIICHHSM 3a JOMOMOTOI0 HEHTPOHHOTO FeHePaTOopa.
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