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ULTRA PURE PLUTONIUM-237.
PRODUCTION AND CHARACTERISTICS

Yu.Ts.Oganessian, S.N.Dmitriev, G.V.Buklanov,
Yu.P.Kharitonov, A.F.Novgorodov, L.I.Salamatin,
G.Ya.Starodub, S.V.Shishkin, Yu.V.Yushkevich

The 237Pu was obtained in the reaction 235U (4He, 2n) at the high-current
heavy ion accelerator U-200. 235U of the 99,99 %, isotopic purity was used as a
target. The dependences of 236Py, 237py, 238py yiclds on the energy of the ion
beams were studied. Plutonium was isolated from the irradiated target by using
the anion-exchange chromatography. An additional isotopic enrichment of the
237py was carried out with an electromagnetic mass-separator YASNAPP-2. The
preparation obtained with 236py/237py/238py  ratio equal to
2.1077/1/<3.1077 (Bq/Bq) is the purest one among the preparations reported
to date by different Laboratories. The preparation with the above purity is
practically harmless for the valunteer’s organism at the metabolism study in vivo.

The investigation has been performed: at the Flerov Laboratory of Nuclear
Reactions and at the Laboratory of Nuclear Problems, JINR.

YabTpauscToii ity touuit-237.
[Momyuenue. u xapakTepucTnki

FO.L[.Oranecsn u ap.

Iy tonnii-237 nosyuen peakuun 235U (4He, 2n) npm obnyuenun muuie-
HM M3 BbicOkooborawenHoro 235U (99,99%,) Ha BBICOKOTOUHOM YCKOPUTENE
Y-200. Hccnenosata 3aBUCMMOCTb Bbixoaa 236Pu, 237Pu, 238Py or sueprum
“He. BbizieaeHye ruty TOHMS M3 0 AYHEHHOH MUIIEHN APOBOMAOCH C UCNIOJIB30-

_‘BAHMEM anuoHooGMennoM xpnmamrpa(bum Jlonomtensuoe n3oronnoe 06o-

ramenne 237Pu . ApoBeANNOCE HA" " DNEKTPOMAFHHTHOM -MACC-EENAPATOPE.
SACHAIH1-2, HMonyuenusiit apenapat nuryTouu-237 ¢ OTHOWEHNEM aKTHBHO-
creil 236py/2B37Py/238py = 2-10-7/1/3-10-7 (Bq/Bq) smnsetes cylnecTseH-
10 6oee YMCTHIM HIO CPABHEHMIO € AHANOFUTHBIMU TIPEITAPATAMU, HPOU3BCACH-
HbIMK B Apyrux naGopatopusax. [Tpenapat yxasaHHei 4uMCTOTHI aBNNETCA
NPaKTHUECKM 6E30NACHDIM LISt OPFAHHM3IMA YETIOBEKA NTPH NIPOLEAEHIM MCCERD:
BaHUI MeTaboan3Ma NAYTOHUS in vivo.

Pa6ora semomiena B Jla6opaTOpHM STHEPHBIX peak il nmenn I H. Cl)neposa
HB Jla60pampuu SACPHBIX npo6_neM OUSH.



The considerable interest to the problem of the production of BTpy is
based on the fact that it is the only Pu isotope which answers the medical
requirements to the metabolism research in vivo. A B7py, preparation used
for injection to human body must be substantially free from alpha-emitting
plutonium isotopes. Some works have reported on the methods of preparing
27pyin the following reactions: 235U, (4He, 2n) [1—4}], 238y (4He, 4n) 151,
25y (3He, n) and 238y (3He, 4n) 16,7 I. The purest B7py grcparation was
obtained by Pelevin et al. [4] at irradiating an enriched 3y (99,999,
target with alpha-particles of 24 MeV at the cyclotron U 200 of FLNR., The
ratios of the Pu isotopes activity (Bq/Bq) in this preparation were
1.7-107° 3%Pu/%7Pu) and 1.1-107* (**8Pu/2%"Pu). That was a high, but
insufficient purity. The calculated committed effective doses (mSv/kBq) for

Pu isotopes are: 182 (236Pu), 0.001 (237Pu), 504 (*8py) 8], i.e. 1 kBgof
the above preparation has about 0.060 mSv, from which W7py givesonly 1.5%,.
The main goal of this work was the elaboration of thce method of

producing a radiochemically and isotopically ultra pure 237py prepara-
tion. A simple calculation shows that the ratios of the activities of

236py and %8Py to that of the 2*’Pu must be less than 107° for the
cffective dose of the Pu preparation to be formed in the main by the

237py. To achieve this goal the optimal irradiation conditions were deter-
mined and an additionai enrichment of 2*’Pu with a mass-separator was

used. The initial 237Pu ;l)reparation was produced in 25y (4Hc, 2n)
reaction with an enriched 2*°Pu (99,993%) target at the cyclotron U-200.

Experimental

Target preparation and irradiation. The isotopically enriched
U (99,993%,) as an oxide was converted to a nitrate form. The uranyl
nitrate was spread on the aluminium target block with the cylindrical
surface, which was then heated to convert the uranium to the oxide
form. The thickness of the uranium targets was 1.0 (eight targets) and

5.0 mg.cm_z. The 235U targets were irradiated in the inner channel of
the cyclotron U-200 at the "He-ions energy from 22.0 up to 26.5 MeV.

Isolation of Pu from the target. After cooling for 3 days, the irradiated
uranium targets on aluminium backings were dissolved from the backings
with the 12 M nitric acid. Plutonium was then reduced to Pu(IV) with
a sodium nitrite and the preliminary separation of Pu(IV) from uranium
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was carricd out by the lanthanium fluorid method. The sediment was
dissolved with the 7.5 M HNO, - 0.1 M NaNO, solution and the solu-

tion containing Pu(IV) was introduced into the anion exchange column
filled with the Dowex | x 8 200/400 mesh resin, The residual uranium,
the activation and the fission products were cluted from the columns
with a large volumce of 7.5 M HNO3 -0.1 M NaNO2 solution and then

with 9.0 M HCI. The plutonium fraction was obtained from the column
by clution with th¢ 9.0 M HCI - 0.1 M NH I solution. The solution was

then evaporated to dryness and burnt on a hot-plate untill the decom-
position of ammonium iodide. After that the sediment was dissolved with
a small volume of the 7.5 HNO3—0.1 M KBrO3 solution, which was

introduced into a microcolumn filled with the Dowex 1x8 200/400 mesh
resin, The potassium bromate cluted with 9.0 M HCI and plutonium
was then cluted with a small volume (2—3 drops) of 2.0 M HCI solution.
This solution was uscd to prepare the sources for the alpha-spectrometric
analysis and for the production of mass-scparator targets.

Separation of Pu isotopes was carricd out with the electromagnetic
mass-separator ISOL-Fasility YASNAPP-2 of LNP [9]. The high tem-
perature ion source with surface ionization was used. The ionizer is a
hollow tungsten ampoule (the external diamcter is § mm, the walls are
I mm thick, mass is 6 g) hcated by the electron bombardment. The
ions arc extracted through a hole (0.15—0.20 mm in diameter) at the
end of the ampoule. The parallel monocnergetic ion beam enters the
analysing magnet, where it is mass-scparated and focussed vertically
and horizontally. the dimensions of the ion beam cross scction in the
focal planc of the collector chamber are | mm vertically and 2 mm
horizontally. The cathode power of the ionizer is gencrally 550—650 W.
The mylar foils (I1 mm wide and 50 mm long) were used as collectors.

The **3U and the 238y isotopes were used as tracers.
Alpha and X-ray spectrometry of the Pu preparation were carried out
before and after the mass scparation.

Before scparation. The aliquots from the Pu fraction obtained from
the clution of plutonium by the ion exchange were tested by using a

Ge(Li) detector of 80 cm® (full width at the half maximum intensity
(FWHM) = 3.0 kcV at 1.33 MceV) and using a Si(Au) surface barrier

detector of 300 mm? with the resolution of about 35 keV. The activity
of 237Pu has been calculated from the Np — K, X-ray pcak intensity,

the ratios of the activitics (Bq/Bq) 236py 10 7Pu and of 2¥¥Pu 10 Z7Pu
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were calculated from the alpha peak intensities. The value of a total

alpha-branching of 4,2- 10”3%was used [10]. The sources for the alpha
spectrometry were obtained by the electrodeposition.

After separation. The mylar foils after the separation (in analogy
with the above described) were dnalyzcd by the X-ray spectrometry to
determine the full activity of 2¥’Pu. Then the foils were placed into
special shielding cassettes the bottom of which had a | mm wide trans-
verse slot. The cassettes were equipped with a device which allowed one
to move them above the slot. Inside the cassetic the foil length was
scanncd by Ge(Li) detector at a step of 1 mm between the observable

«spols» of scparated 235y and 28y, Basing on the results of scanning

the location of the >*’Pu activity maximum was defined (=2 mm over

the foil length) which was cut out. The obtained samples of 237py were
thoroughly investigated using X-ray, gamma and alpha spectrometry.
Low background Ge-detector of (FWHM = 1.2 keV at 122 keV), Ge(Li)-

detector of 40 cm® (FWHM = 3 keV at 1.33 MeV) and Si(Au) detectors

with the resolution of 35 keV (300 mm?) and 12 keV (7 mm? were
used.

Results and Discussion

As indicated above the aim of this work is the elaboration of the

237py preparation with the ratio

methods of producing the
236py/237py/28py = < 107%/1/ < 1078 (Bq/Bq). Besides, this method

is to produce high activity ultra pure 7py (at least 100 kBq) to attract
practical interest. As was shown in the preliminary experiments, the

average efficiency of separating 237py from 23%Pu and from 2¥py with
the YASNAPP-2 mass-separator would be about 8—10-10% and
2—-4-10° correspondingly. The separation yield of 237py varied from 20
to 409,.

With the account of the above requirements and the mass-separator
possibilities, the conditions of the uranium target irradiation are to ensu-
re the production of the 237py preparation with a high yield and with
the ratios 23Pu/?3"Pu and 238Pu/%7Pu of about 10~* (Bq/Bg).
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Table 1. The results of target irradiation

Target Energy of ion 87p, Bop, /237, 88p, BT
MeV kBq Bq/Bq Bq/Bq
U—1 22.0 5.0 107 8.5-107*
u—2 22.4 11.0 107 6.0-10"4
L—3 235 9.0 1.0-107* 2.5-107*
U—4 24.0 27.5 1.6-107* 2.0-107*
U—s5 24.5 325 2.0-107* 1.5-107*
Uu—6 25.2 31.5 3.4-107* 1.4-107*
Uu—7 25.8 35.0 2.5-107¢ 2.5-1074
u—s8 26.5 38.0 7.5-107° 3.0-1074

The experimental results given in Table | show the activity of
237py and the above ratios in the uranium targets. The total charge of
the ions for cach target was of about 2.0-10° nC.

As can be seen for the 1 mg-cm_2 uranium targets the maximum

activity of 237py was observed at the “He-ions energy from 24.0 to
20.5 MeV (targets U4—U8). As was indicated above we used a target
block with a cylindrical surface. In this case the calculation of the
27py yield per 1 mg of the 235y is difficult since the exact data about
the change of the incident angle of the beam to the targets surface are
absent.

The targets Ul—US8 were irradiated, however, in identical conditions
and, thus, the results obtained for the targets U4—US indicate that
=24.0 MeV is the lower end-point energy for producing the high activity
237Pu. The ratios of the activities (Bq/Bq) of the 236py and 238py 1o

237Pu, which satisfied the above requirements were observed in the
cnergy range of 23.5—25.2 MeV. With the account of these results, the
energy range 24.5—25.0 MeV was chosen for the production of the

7Py for the mass-separation,

The 23y (99.9939%,) target § mg-cm_2 was irradiated with *He-ions
with the initial energy of 25 MeV at the ion-beam current of about

30 A during 70 hours. The activity of the **’Pu in the solution after
the first anion-exchange column was about 1.5 MBq and the ratio of
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Table 2. Energy and relative intensity of a-line 237Pu—prepara(ion

Count Intensity (% %)
(Stat ERR)
237Pu
1. 5654.6 2729 7.8 0.2
183+5
1 2. 5614.6 2619 7.5 0.2
3. 5562.8 1031 2.9 0.1
4. 5354.7 2012 5.7 0.2
5. 5334.0 15825 45.1 0.6 64.1 = 1.1
6. 5300.9 4764 13.6 0.3
7. 5256.7 949 2.7 0.1
8. 5150.8 3784 10.8 0.2
9. 5086.3 287 0.8 0.1 979,
10. 5370.0 260 0.7
11. 5220.0 243 0.7
o |12 5205.0 213 0.6
13. 5190.0 136 0.4
14. 5173.0 119 0.3
15. 5018.0 78 0.2 3%
Pu—238 + Pu237?
3 5498.6 328
5448.3 67 1.1%
Pu—236
4 5767.6 109
5718.1 29 0.4%

2* — Estimated value

Pu isotopes was 1.6-107* (***Pu/?7Pu) and 1.3-107* **pu/®7pu).
After the final anion-exchange column the solution with the activity of

1.2 MBq was obtained.

Two sources with the activity of about 500 kBq each were prepared
for the mass-separation. Subsequently two mylar foils were obtained af-
ter the separation. The activity of each foil was about 200 kBq, i.e. the

separation yield of 237py was = 40%. The foils were scanned by the
X-ray spectrometry as was described in the experimental part and sam-
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ples of 237py, (pieces of the foils, 2 mm long) were obtained. The activity
of each sample was about 150 kBq. These samples were carefully tested
by using Ge, Ge(Li) and Si(Au) detectors. The X-ray and gamma spect-

rum of 237py preparation are given in Figs.1,2. The ratio of Pu isotopes
was 21077 (3*%Pu/237puy and 31077 (38pu/27py.

It should be noted that the determination of the ratios of the plu-
tonium isotope activities was carried out by direct measurements of the
alpha-spectra. At using a low background Si(Au) detector of 300 mm?
with a resolution of 35 keV the measurement time to obtain the statistics
necessary for the calculation of isotopic ratio (~ n-10° counts) was from

I to 4 hr. The analysis of the alpha spectra of the ultra pure 237py
showed that the number of alpha lines and especially of their relative
intensities differ essentially from the data reported before [11]. For

more correct determination, the sample of the ultra pure 7Py with an
activity of 140 kBq was tested using a low background Si(Au) detector
of 7 mm? with a resolution of 12 keV. The resulting spectrum obtained
at the 70 hr measurement is given in Fig.3. The value of the energy
and the relative intensity normalized over the sum of all the 237Py alpha

lines is given in Table 2. This 23"Py sample was remeasured 45 days
later. The absolute intensities of all the alpha line given in Table 2 for

the 237Pu were decreased approximately twofold, the relative intensities
remained constant,

Conclusion

A techniques for producing radiochemically and isotopically ultra pure
B7py was developed. The optimal conditions for irradiating the 23°U
(99,993%) targets at the cyclotron U-200 and for the subsequent sepa-
ration of the Pu isotopes by the clectromagnetic mass-separator
YASNAPP-2 were determined.

The 27pu preparation obtained with 23py/ 237py /238py, ratio equal

to 2-1077/1/< 3-1077 (Bq/Bqg) is the purest one among the prepara-
tions reported to date by different Laboratories. The effective dose of
this preparations is only 0.0012 mSv/ kBq, which is practically equal to
that of the monoisotopic 237py. The preparation with the above ratio of
the alpha-active Pu isotopes is practically harmless for the volunteer’s
organism at the metabolism study.
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This 2¥7Pu preparation (about ~100 kBg) was passed over to the
Harwcll Biochemical Rescarch Department (Harwell Laboratory, UK)
for a mctabolism study.
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