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Abstract

The compact neutron generator MP320 (Thermo Scientific Inc.) operating on the principle of a
deuterium-tritium reaction was tested before its planned application as the neutron source for the purpose of Fast
Neutron Activation Analysis applications. Plates made from Al, Fe, Sn and Si were irradiated by a 14 MeV
neutron beam and typical neutron induced reactions were identified.

Abstrakt

Kompaktni neutronovy generator MP320 (Thermo Scientific Inc.) pracujici na principu deuterium-tritiové
reakce byl testovan pred planovanym vyuzitim jako zdroj neutrond pro neutronovou aktiva¢ni analyzu pomoci
rychlych neutronti. Desti¢ky vyrobené z Al, Fe, Sn a Si byly ozafeny svazkem neutronti s energii 14 MeV a byly
identifikovany reakce indukované neutrony typické pro uvedené prvky.
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1 INTRODUCTION

The Fast Neutron Activation Analysis (FNAA) is a non-destructive method to identify about 60 natural
elements [1-2]. When a sample is exposed to a 14 MeV neutron beam generated during a deuterium-tritium (D-
T) fusion, (n,p), (n,2n), (n,a) and in some cases also (n,y) or (n,n’y) are the most important neutron reactions for
the FNAA [1]. The formed nucleus is radioactive and decays emitting characteristic delayed gamma rays
observed in the FNAA.

In this work, the D-T neutron generator (NG) MP320 (Thermo Scientific Inc.) [3] was tested by
irradiating plates made from Al, Fe, Sn and Si and by identifying delayed y-rays. The NG has a cylindrical shape
(12 cm in diameter, 57 cm in length), and can produce 10% neutrons/s at maximum in continuous or pulsed
regimes. The model MP320 of the D-T NG was selected for its relatively low cost, low power consumption (75
W), mobility (total weight of 12 kg) and its versatility: applications in the FNAA, the carbon detection via
neutron induced prompt gamma emission and the investigation of biological effects of fast neutron irradiation.

2 EXPERIMENTAL PROCEDURE

During the experiment, the NG was operated in a pulsed mode with the frequency of 10 kHz, the duty
factor D = 0.1 (10 %), the acceleration voltage U = 80 kV and the beam current | = 60 pA. The neutron yield
was calculated from the known voltage U [kV], current | [uA] and the duty factor D according to the NG manual
[4] from:

Y = 7060 D(I —;Oj(u —40)? =107 nls )

The NG was located inside a 1 m thick aerated concrete (Ytong, a density of 650 kg m™) shielding in a
0.5 m x 0.75 m cavity (see Fig. 1).
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Fig. 1 A schematic drawing of the irradiation facility (NG, Ytong shielding and a sample position).
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Fig. 2 Neutron flux distribution in cm™ s inside the NG and in its immediate vicinity.
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Al, Fe, Sn and Si plates with a size of 11 x 3.8 cm and a thickness of 1 mm (masses: Fe — 32.93 g, Al —
11.77 g, Sn — 30.34 g, Si — 19.32 g) were irradiated by a neutron beam at a distance r = 10 cm from the NG
target centre.

For a rough estimate of the neutron flux ® through the irradiated sample surface, the isotropic neutron
point source was considered and the following simple formula used

D= Y ~~8x10"ncm™?s™ )
ar

The value is in agreement with the result of the MCNP5 (Monte Carlo Neutron-Particle Transport Code,
Version 5) calculations of the neutron flux distribution based on the precised NG geometry and a material
composition specification (see Fig. 2).

The HPGe GC3018 detector (Canberra Inc.) was utilized for the measurement of the neutron induced
delayed vy-ray radioactivity. The detector was cooled in liquid nitrogen and positioned inside a massive shielding
(Pb — 100 mm; Cu — 1 mm; Cd — 1 mm). The energy calibration was performed using standard ®Co and **?Eu
point sources. The detector was connected through the Canberra DSA 1000 multichannel analyser (MCA) to the
personal computer. To manage the detector and the MCA and to analyse y-spectrometric data, the Genie 2000
spectroscopy software was selected.

The neutron beam irradiation of the samples proceeded twenty minutes. The samples were then placed
close to the centre of the detector cap and y-rays were recorded for eighty minutes. Tab. 1 presents neutron
induced reactions identified in the measured spectrum (Fig. 3). Only the peaks corresponding to the produced
radionuclides characterized by the appropriate half-lives were observed. In the gamma spectrum, the annihilation
peak at 511 keV produced by the annihilation radiation in the surrounding material or the sample itself is clearly
visible. The estimated sensitivity s of the experimental setup (minimum detectable mass) calculated from the
known sample masses m, measured photopeak counts P and the background counts under the photopeak B [6],

s= %3\/5 3)

are shown in Tab. 1.

Tab. 1 The list of the neutron induced reactions clearly identified in the analyzed y-spectrum.

Neutron induced Cross Decay of radionuclide Gamma Emission Sensitivity
reaction section and its half life [5] energy | probability )
(mb) [5] (keV) (%) [5]
Z’Al(n,p)*'Mg 73 Mg (9.46 min) — ZAl+ & + 7, | 8438 71.80 0.38
ZAl(n,0)*Na 123 | 2Na (14.95h) — ®Mg+ e + v, | 10145 28.20 0.79
1368.6 99.99 1.3
2754.0 99.86 0.86
*Fe(n,p)**Mn 114 | So\p (2,58 h) — Fe+ e + 7, 846.8 100 0.33
1810.7 27.20 1.2
2113.1 14.40 2.6
%Si(n,p)*Al 280 2A1(2.24 min) — %Si + e + Ve 1778.9 100 0.68
#Si(n,p)®Al 137 [ 2A1(6.6 min) — 2Si+ e + ¥, 1273.4 100 1.6
1#Sn(n,2n)***sn 1515 | 1255 (40.1 min) — @Sb + & + 7, | 160.3 85.70 1.4
GeoScience Engineering Volume LIX (2013), No.3

http://gse.vsb.cz p. 1-5, ISSN 1802-5420


http://gse.vsb.cz/

1200 . . . i
annihilation (511)
1000t 8
800+ 1
Al(843.76)
- Sn(160.32)
S 600} -
o
O
Fe(846.76)
400t 8
200¢ 8
Al(1014.52) Si(1778.85)
Si(1273.36) Fe(1810.73) Al(2754.01)
R* L | | A36863) | | Fel2113.09) )
0 Bads L L
0 500 1000 1500 2000 2500 3000

E(keV)

Fig. 3 Delayed y-ray spectrum of the samples.

3 CONCLUSIONS

The aim of this work was to analyse the delayed y-rays emitted by the neutron exposed metal plates, in
order to test the NG D-T generator (MP320, Thermo Scientific Inc.). To confirm the optimal position of the
plates at the closest distance from the housing of the NG, MCNP5, computations were performed. The achieved
neutron flux activates Al, Fe, Sn and Si plates and the HPGe GC 3018 (Canberra Inc.) detector is efficient to
record the delayed y-rays emitted by the isotopes produced in the neutron induced reactions. The sensitivity of
the experimental setup was found to be in a range of 0.3 - 2.6 g for the neutron yield 10" n/s. The highest
sensitivities were observed for the gamma lines 846.8 keV (Fe — 0.33 g) and 843.8 (Al — 0.38 g). The maximum
available neutron yield of the NG, 108 n/s, is expected to increase the sensitivity by a factor of 10.

The neutron generator MP320 was sponsored by the Municipality of the city of Ostrava. The paper was
created at the project Institute of Clean Technologies for Mining and Utilization of Raw Materials for Energy
Use, Reg. No. CZ.1.05/2.1.00/03.0082, supported by the Research and Development for Innovations Operational
Program financed by the Structural Funds of the European Union and by means of the state budget of the Czech
Republic.
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RESUME

Pro studium struktury latky ma neutron velmi uzite¢nou vlastnost — nulovy elektricky néboj. Jaderné
reakce vyvolané neutrony nejsou proto ovlivnény coulombovskou bariérou a mohou s veétsi ¢i mensi
pravdépodobnosti probihat ve velmi Sirokém intervalu energii neutronti. Béhem bombardovani latky rychlymi
neutrony (14 MeV) zachyti néktera jadra atomu neutron a probéhne jedna z jadernych reakci (n,p), (n,2n), (n,0) a
v nékterych piipadech i (n,y) nebo (n,n’y). Vzniklé jadro je vétSinou nestabilni a pokud neni polocas rozpadu
ptilis maly, 1ze studovat zpozdéné charakteristické y-zafeni, které umozni urcit izotop pfitomny v ozafovaném
vzorku i jeho mnoZstvi (neutronova aktivacni analyza rychlymi neutrony). Mnozstvi izotopu ve vzorku je piimo
umérné intenzit€¢ emitovaného y-zareni.

Za ptispéni Magistratu mésta Ostravy byl zakoupen kompaktni neutronovy generator MP320 (Thermo
Scientific Inc.), ve kterém dochazi k fuzi deuteria a tritia a uvoliiuji se neutrony s energii 14 MeV. Maximalni
emisivita zdroje je 10® neutroni/s.

Predlozena studie popisuje vysledky prvniho testovani neutronového generatoru v pulznim rezimu S
emisivitou 10" neutront/s. Prezentovan je seznam jadernych reakci, které byly vyvolany bombardovanim vzorkii
(Al, Fe, Sn, Si) neutrony, a piislu§né energie emitovaného y-zafeni zméfené polovodi¢ovym germaniovym
detektorem. Hlavnim vysledkem prace je Uspésné ovéfeni funkCnosti generdtoru a stanoveni minimalni
detekovatelné hmotnosti pro studované prvky, kterd se pohybuje v rozmezi 0.3 — 2.6 g, pfi¢emz nejlepsich
vysledkii bylo dosazeno pro Zelezo a hlinik. Pro maximalni emisivitu NG, 10% n/s, se otekava desetindsobné
snizeni minimalni detekovatelné hmotnosti.
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