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PREPARATION OF PHOSPHORUS-53 BY IRRADIATION OF ENRICHED

SULFUR-35 IN HIGHLY THERMALIZED FLUX

R. E. Lewis and S. A. Reynolds

ABSTRACT

Millicurie quantities of carrier-free 33P containing
<1$ 32P were prepared by neutron irradiation of enriched
sulfur targets (61.15 and 68.1$ 33S) in a highly thermalized
neutron flux. Target irradiation conditions and radionuclide

yields are given, and the chemical recovery procedure and

analytical methods are described.

INTRODUCTION

The preparation of millicurie amounts of 33P by fast neutron ir

radiation of isotopically enriched 33S and 36C1 by the 33S(n,p)33P and

36Cl(n,a)33P reactions has been reported. However, these nuclear reac

tions on 32S and 35C1 isotopes in the targets result in the production

of 32P which contaminates the 33P product. As a result, the 32P must

be depleted by aging before the 33P product is suitable for many appli

cations, a procedure which is inconvenient and also results in signifi

cant decay losses of 33P. Westermark has reported a thermal neutron

cross section of 2.5 nib for the 33S(n,p)33P reaction, but no thermal

neutron cross section for the 32S(n,p)32P reaction has been reported.

Therefore, the reactor production of 33P was investigated by irradiating

isotopically enriched 33S using a highly thermalized neutron flux to

reduce the amount of 32P contamination produced in the target.

Phosphorus-55 has significantly different nuclear properties than

32P -- the half-life is longer (25-0 vs. 1^.5 days) and the maximum



energy of the beta particle is less (~0.25 vs. 1.7 Mev). These prop

erties indicate possible advantageous uses for 33P as a phosphorus tracer

h 5
or for direct applications, some of which have been reviewed elsewhere.

MATERIALS AND METHODS

Target Material

Sulfur enriched in 33S by electromagnetic separation (using special

techniques of calcium pumping and "charge exchange" receivers) was used

as target material. Isotopic composition of the elemental sulfur targets

is shown in Table 1.

Table 1. Isotopic Composition of Sulfur Targets

Isotope

32S

33S

34g

36g

Composition, %

Sample 1 Sample 2

29-6 36.96

68.1 61.15

2.27 1.89

<0.05 <0.05

Reactor Irradiation

The enriched samples were irradiated in the D20 column of the CP-5

reactor (Argonne National Laboratory), a position which has a good ther

malized neutron flux spectrum. The thermal flux was measured by the

59Co(n,7)6°Co reaction (37 barns) using a half-life of 5.24 yr for 60Co.

The fission spectrum neutron flux was measured by the 54Fe(n,p)54Mn



reaction (60 mb). The measured flux values for each irradiation experi

ment are shown in Table 2.

Table 2. Preparation of 33P from Enriched 33S
by Thermal Neutron Irradiation

Sulfur targets , mg

Irradiation time, days

Thermal neutron flux, n/cm2.sec

Fission neutron flux, n/cm2.sec

Phosphorus-33* mc

Phosphorus-32, mc

"isotopic composition given in Table 1.

Sample 1 Sample 2

50 275

hi 25

2.12 x 1013 2.66 x 1013

1.13 x IO10 4.0 x 109

O.63 2.44

0.005 0.0077

33T 33cChemical Recovery of °°P and JJS

After irradiation, the sulfur target was dissolved in dichloroethyl-

ene and the phosphorus activity was extracted by an equal volume of 1.0 M

HCl. Heating the solution to reflux temperature increased the rate and

completeness of the extraction. A 95-98$ chemical recovery of 33P was

achieved.

Since the supply of sulfur at the level of isotopic enrichment used

in these irradiations is very limited, the recovery of target material

for reuse in subsequent neutron irradiations is desirable. Essentially

complete recovery of sulfur was achieved by evaporation of the dichloro-

ethylene solvent.



Product Analysis

The 32P and 33P content of the product was determined by beta liquid

scintillation spectrometry using 32P and 45Ca as calibration standards.

Half-lives of 14.5 days for 32P and 25-50 ± 0.05 days for 33P were used

in these calculations. An aliquot of the phosphorus activity, as phos-

phomolybdic acid, was extracted into n-butanol and the aqueous phase was

assayed for 35S which was determined to be <0.5$. No other radioactive

contaminants were detected in the product solution.

RESULTS

The irradiation conditions for the two samples of the highly enriched

sulfur and the yields of 33P and 32P are shown in Table 2. From the data

in Table 2, the effective cross section for the 33S(n,p)33P reaction with

thermal neutrons is 2.42 mb in the case of Sample 1 and 2-59 mb for Sample

2. The average of these cross-section values, ~2.4 mb, is in excellent

agreement with the 2.5 mb thermal neutron cross section found by Wester-

o

mark. The production of millicurie quantities of 33P relatively free of

32P activity is shown to be feasible by irradiation of isotopically en

riched 33S in a thermal neutron flux if the epithermal flux is suffi

ciently low.
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