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The possibility of photonuclear production of **Mo medical radioisotopes using recoil nuclei of nanoparticles
MoO; from reaction *®Mo(y,n)**Mo was investigated. (y,n)-reaction does not be accompanied by change in nuclear
charge. Therefore, the enrichment of radioactive isotopes is being carried out using methods based on the effect of
Szilard-Chalmers. The highest concentration of **Mo is required for manufacturing of *™Tc-*Mo generators. These
generators will promote successful using “™Tc in nuclear medicine. MoO; nanoparticles of size 13...80 nm were
placed in isopropyl alcohol and ethylene glycol. The colloidal solution of MoO3 is achieved by sonication. The col-
loidal solution of nanoparticles of MoO3 was irradiated by bremsstrahlung with E,« = 12.5 MeV. The recoil nuclei
of Mo were separated by means of diantipyrylmethane in sulfuric acid solution. Yield of ®Mo from extractable

phase amounted ~ 4%, in consequence of the high density of MoO3 nanoparticles in a colloidal solution.

PACS: 28.60.+s; 87.53.Jw

INTRODUCTION

%MT¢ (T1,=6 h) is being produced from the decay of
the Mo (T1,=66 h). *™Tc produces a single 140 keV
gamma ray and it is an ideal isotope for nuclear medi-
cine imaging [1]. **Mo is used in the preparation of
*Mo-*™Tc generator. Usually **Mo is being produced
either by neutron bombardment of MoO3 or as nuclear
fission of enriched uranium [1]. A significant difference
of these two procedures is that ®*Mo obtained from fis-
sion is “carrier free”. This allows to produce of “Mo
with a specific activity of tens thousands of Ci/g.

Production of *™Tc and **Mo by charging particle
bombardment is also possible [2]. The method of
photonuclear production of Mo is being characterized
by considerable advantages especially [3].

In generator systems the **Mo is normally adsorbed
onto an alumina column and the less strongly bound
®mTc0O,” is eluted with isotonic saline solutions. How-
ever, the limited adsorption capacity of alumina for
Mo(VI) requires the use of very high specific activities
of **Mo (~3-10* Ci/g). To avoid this drawback, alterna-
tive methods of generator preparation with using low
specific activities have been proposed [4].

Nevertheless, efforts which have been directed at
obtaining of a high specific activity of producing iso-
topes were undertaken for an appreciable time interval
[5]. These preparations of radioactive elements with
high specific activity are necessary for nuclear medi-
cine. (y,n)-reaction does not be accompanied by change
in nuclear charge. Therefore, the enrichment of radioac-
tive isotopes is being carried out using methods based
on the effect of Szilard-Chalmers. The highest concen-
tration of “*Mo is required for manufacturing of **™Tc-
Mo generators. These generators will promote suc-
cessful using *™Tc¢ in nuclear medicine.

The purpose of the present article is the production
of a high specific activity **Mo on the basis of nanopar-
ticles of molybdenum oxide and using of the effect of
Szilard-Chalmers.
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RESULTS AND DISCUSSION

Molybdenum oxide nanoparticles (US Research Na-
nomaterials, Inc, USA, Orthorhombic crystal) of size
13...80 nm and weight of 80 mg were placed in isopro-
pyl alcohol and ethylene glycol. The colloidal solution
of MoO; was obtained by treating the nanoparticle sus-
pension sonicated. The colloidal solution of nanoparti-
cles of MoO; were irradiated by bremsstrahlung with
Emax = 12.5 MeV.

99
10°4 ™Tc 140 keV ‘, - diantipyrylmethane‘ 5
/ in sulfuric acid solution ]
99,
*Mo 181 keV Mo 739 keV
8107 o ]
5 / .
8

H||| i |\'||||"

channel

Fig. 1. The spectrum of**Mo and " Tc after separated
from colloidal solution of MoO; nanoparticles

After activation of samples and standards the activi-
ty of radioisotopes obtained in reactions **°Mo(y,n)**Mo
has been measured by Ge(Li)-detector with volume
50 cm® and with energy resolution 3.2 keV in the area of
1332 keV. The recoil nuclei of **Mo were separated by
means of diantipyrylmethane in sulfuric acid solution
(Fig. 1).

The energy spectrum of neutrons depends on the in-
cident bremsstrahlung, target material, and cross section
of the photonuclear reaction. The evaporation model for
compound nuclei predicts that the emitted neutron ener-

ISSN 1562-6016. BAHT. 2015. Ne6(100)



gy distribution approaches the form of a Maxwell distri-
bution [7 - 9]:

En

0

where 0= [(E, — B,)/a]"% B, — separation energy of
neutron, E, — bremsstrahlung energy. The constant a
define of speed of ascending of density of levels of a
nucleus at increasing of energy. The experimental esti-
mate of this constant is a ~ A/15 MeV™.

The estimate of the medial energy of neutrons for a
gamma radiation with the maximum energy of
12.5 MeV the reaction **Mo(y,n)*Mo is equal 400 keV
[6 - 9]. Therefore the medial energy of recoil nuclei of
Mo is equal 4 keV. Recoil nuclei **Mo can leave na-
noparticles of MoO; from a depth of 4.8 mm (Fig. 2).
For medial radius of MoO3; nanoparticles 23 nm the part
of recoil nuclei, which can go out into a solution, is
10.4%. Yield of **Mo out of extractable phase amounted
~4%, due to the high density of molybdenum nanoparti-
cles in a colloidal solution.
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Fig. 2. %Mo ranges in natural molybdenum oxide

It is necessary to notice that MoO3 nanoparticles in
the process of an irradiating have been covered by a
stratum of ethylene glycol, at least, 0.5 nm. Therefore
the considerable part of the recoil nucleus of atoms of
the natural molybdenum after scattering of bremsstrah-
lung cannot go out of MoO; nanoparticles [10]. It will
promote the production of ®Mo with a high specific
activity.

Irradiating 1 g Mo target for a day using 10 kW elec-
tron LINAC would result in 1.68 GBqg/g [10].

However, the problem of heat generation in the tar-
get and the problem of obtaining of the maximum spe-
cific activity in extracts of **Mo limited the capacity of
electronic accelerator for the above parameters up to
1 GBag/g [11]. Therefore, the use MoO; nanoparticles
with size 15nm and of gamma radiation with E
max=25 MeV on 10 kW electron accelerator will allow to
produce 0.8 GBq/g per day of Mo with high specific
activity, which is necessary for manufacturing genera-
tors *™T¢-*Mo.

CONCLUSIONS

The possibility of photonuclear production of “*Mo
by using recoil nuclei of MoO3; nanoparticles that ob-
tained by reaction *®Mo(y,n)**Mo has been found. The
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colloidal solution of MoOj3 in isopropyl alcohol or eth-
ylene glycol was used which was obtained by means of
sonicating of nanoparticle suspension. The recoil nuclei
of ®Mo after irradiation of the solution by bremsstrah-
lung were separated by means of diantipyrylmethane in
sulfuric acid solution. As a result, there is prepared with
high specific activity of **Mo that can be used for mak-
ing generators *™Tc-**Mo on the basis of Al,O3.

The use MoO3; nanoparticles with size 15 nm and of
bremsstrahlung with E.x=25 MeV on 10 kW electron
accelerator will allow to produce 0.8 GBqg/g per day of
**Mo with high specific activity, which is necessary for
manufacturing generators **™Tc—"*Mo. It simplifies use
of ®™T¢ in medical institutions.
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HNCIIOJb30BAHUE HAHOYACTHUIl OKCUJA MOJIMBAEHA
JJIs1 MTPON3BOJACTBA CBOBOJHOI'O N30TOIIA Mo-99

H.II. Tukuii, A.H. /loéonsa, H.B. Kpacuocenwvckuii, I0.B. /Iawixo,
E.Il. Meogeoesa, /1. B. Meogeoes, B.JI. Yeapos, H./]. @edopey

Bruta uccienoBaHa BO3MOXKHOCTH (POTOSIICPHOTO TPOU3BOJICTBA MEAUIIMHCKOTO PaJdOU30TOMNa “Mo IpU  HC-
MTOJIK30BAHUY sifiep oTaaun u3 Hanodacturl MoO; mo peakuuu 1°°Mo(y,n)99l\/lo. (y,n)-peakimu HE COMIPOBOKIAIOTCS
M3MEHEHHEM 3apsa sapa, I03TOMY O0OTamieHHEe paJlOaKTHBHBIX H30TOIIOB IMPOBOAMIOCH C UCIIONB30BAHUEM Me-
TOIIOB, OCHOBaHHEIX Ha 3¢ddekre Crmmapma-Uammepca. Beicokas KOHIIEHTpaIHs “Mo TpeOyeTcs s H3TOTOBJICHUS
TEHEepPaTOpPOB 9MTe-**Mo. Dt FE€HEPATOPhI MO3BOJIAT YCHEIIHO UCIIOIb30BAThH IMTC B simepuoi mequmuae. MoO3 —
HaHOYACTHIIEI pasmepoM 13...80 HM OBUIM ITOMEUICHBI B M3OMPOIIUIOBBIN CIIUPT W ATHICHTIHKONG. KOITOMTHBIH
pactBop M0O3; nocruraincst obpaboTkoii ynpTpasBykoM. Kommonanstii pactBop Hanodactiuy MoOj Obun 00ydeH
TOPMO3HBIM U3Ny4yeHUeM C E ... = 12,5 MaB. fnpa otaauun Mo 6bun BBIJICTICHBI U3 CEPHOKHCIIOIO pacTBopa C
HCIOJIb30BAaHUEM JUAHTUIHUpWIMETaHa. Boixox “Mo B AKCTparupyeMyro ¢asy cocraBui ~ 4%, 9T0 00YCIOBICHO
BBICOKOM TUTOTHOCTHIO HAHOYACTHI] MOJTUOJICHA B KOJUIOMIHOM PacTBOPE.

BUKOPUCTAHHA HAHOYACTUHOK OKCUAY MOJIIBAEHY
JJIs1 BAPOBHUILTBA BIJIbBHOTI'O I30TOITY Mo-99

MLIL Tukuit, A.M. /loeons, M.B. Kpacnocenvcokuii, FO.B. /lawko,
O.11. Meogeocsa, /I.B. Meogeoes, B.J1. Yeapoes, 1./]. @eoopeus

Byna I0CiipkeHa MOKIMBICTS (POTOSAEPHOr0 BUPOOHHUITBA MEIUUHOr0 padioizoromy **Mo mpu BEKOpHCTaHHi
siep Bimmaui 3 Hanouactuok M0O3 3 peakwii **Mo(y,n)**Mo. (y,n)-peakuii He CyIPOBOMKYIOTECS 3MIHOIO 3apsLy
sapa, ToMy 30aradeHHs paliOaKTHBHUX 130TOMIB IPOBOJMIOCS 3 BUKOPUCTAHHSIM METO/IB, 32CHOBAaHHMX Ha edekTi
Cuunaprna-Yanmepca. Bucoka kommentpaiis “°MO mOTpiGHO I BHrOTOBJIEHHs TreHepatopis °Tc-Mo. Ll
TEeHepaTOpH J03BOIATH YCIINIHO BUKOPHCTOBYBATH ° “Tc B siepHiii Memummui. M0O; — HAHOYACTHHKH PO3MipOM
13...80 HM Oynu moMileHI B i30NMPOMIJIOBHI crniupT 1 eTwieHrdikonb. Komoimumit pozumn MoOj; mocsrases
00poOkor0  yapTpa3BykoM. Komoimamii po3unH HaHodacTHHOK MO0Oj3; OyB ompoMmiHEHWH TadbMiBHUM BU-
IpOMiHIOBAaHHSM 3 EByue = 12,5MeB. Sgpa Bimmaui Mo 6ynm Bumineni 3 CipuaHOKHCIOrO pO3UHHY 3
BHKOPHCTAHHAM iaHTimipinMerana. Buxiz Mo B excrparyemy ¢asy ckma ~ 4%, IO 3yMOBIEHO BHCOKOIO
IIUTEHICTIO HAHOYACTHHOK MOJIOJCHY B KOJOITHOMY PO3YHHI.

156 ISSN 1562-6016. BAHT. 2015. Ne6(100)



	references

