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THERMAL NEUTRON CAPTURE CROSS SECTION OF CHROMIUM,VANADIUM,TITANIUM
AND NICKEL ISOTOPES.

Luzia VENTURINI and Brigitte R.S. PECEQUILO

INSTITUTO DE PESQUISAS ENERGETICAS E NUCLEARES-IPEN-CNEN/SP
DIVISAO DE MONITORACAO AMBIENTAL -NPA*
Caixa Postal - 11049 - Pinheiros
05499-Sao Paulo-Brasil

ABSTRACT

The thermal neutron cross section of chromium,vanadium, titanium

and nickel can be determined by measuring the pair spectrum of prompt
gamna-rays emitted when targets of these elements are irradiated by
a thermal neutron beam.Such measurements were carried out by irradia-
ting the natural element mixed with a nitrogen standard (melamine) in
the tangential beam hole of the IEA-R1 research reactor.
The pair spectrometer efficiency calibration curve in the 1.5 to 11 MV
energy range was performecd with a melamine plus ammonium chloride mixed
target. The cross section was calculated for the most prominent gamma
transitions of each isotope, using nitrogen as standard and averaged
over the obtained values. The resulting mean cross sectionsare as follows:
(13.4 £0.7)b for °Ocr,(0.79 * 0,02)b for 52c-,ns.1 * 0,7)b for 53Cr.
(4.9 £ 0.2)b for °'v,(8.4 £ 0.1)b for *°14, (4.41 T 0.08)b 8N,

(2.5420.07)b for °ONi,(15.2£0.5)b for ®2N§ and (1.6 £ 0.1) for
64
N .

* The present work wes performed at the Nuclear Physics Division of the IPEN-CNEN/SP.



SECGAO DE CHOQUE DE CAPTURA DE NEUTRONS TERMICOS DCS 1S6TOPOS DO CRO-
gRO, VANADIO, TITANIO E NIQUEL.

Luzia VENTURINI e Brigitte R.S. PECEQUILO

INSTITUTO DE PESQUISAS ENERGETICAS E NUCLEARES - IPEN-CNEN/SP
DIVISAO DE MONITORACAO AMBIENTAL - NPA*
Caixa Postal - 11049 - Pinheiros
05499 - Sao Paulo - Brasil

RESUMO

A secgao de choque de captura de neutrons termicos dos isotopos
do cromio, vanadio, titanio e niguel pode ser determinada pela medi-
da do espectro de raios gama prontos quando alvos destes elementos
sao irradiados num feixe de neutrons termicos. Estas medidas fora,
realizadas irradiando uma mistura do elemento natural com um padrao
de nitrogenio ( melamina) no canal tangencial de irradiacao do reator
de pesquisa IEA-R1. A curva de calibragao em eficiencia do espectrome
tro de pares na regiao de energias de 1,5 all MeV foi obtida com um
alvo misto de melamina e cloreto de amonia.

A seccao de choque foi calculada como um valor medio a partir dos va-
lores individuais das transicoes gama mais intensas de cada um dos 1-
sotopos, usando o nitrogenio como padrao. Os valores medios obtidos

sao, como segue: (13,4 * 0,7)b para 50(:r,(0,79 + 0,02)b para 52(‘.r,

(18,1 * 0,7)b para >Cr, (4,9 * 0,2)b para >'V, (8,4 + 0,1)para o114,
(4,8  0,08b) para “ON¥, (2,54 * 0,07)b para °°Ni, (15,2¢ 0,5)b para

82y e (1,6 2 0,1)b para 5ni.

* 0 presente trabalho foi realizado na Divisao de Fisica Nuclear do IPEN-CNEN/SP.



INTRODUCTION

The determination of the total thermal neutron capture cross
section fur the (n,y ) reaction can be arrived in two ways.First, if
all the primary transitions are identified, one can calculate their
partial cross sections and, by susming all of them, one can deter-
mine the total neutron capture cross section. Hawever, for most nuclei,
the icentification of all primary transitions is extremely difficult.

The second procedure to determine the total thermal neutron cap
ture cross section is to normalize to the known total cross section
of another element mixed with the sample before irradiation.Assuming
thermal neutron capture alone, the thermal radioactive cross section

can be readily obtained from a ( n,y ) spectrum by the relation :

° - o (1

where o, A, N and | are the thermal neutron capture cross section,
peak area, number of atoms, detection efficiency and the intensity of the
transition respectively, and s refers to the standard.

Since both the isotope ad the standard present many gamma transitions,
one can calculate the cross section for each prominent transition of
the isotope using all prominent transitions of the standard and av-
erage over all the obtained values.

Using the equation (1), for j standard transitions and n  1so0-
tope transitions, the mean thermal neutron capture cross section o

for the isotope is given by:

.. o . 1;1 k:n A(Ek) ‘(El) I(E])
jan) N 1s1 ks

1 A(El) ¢(£k) I (E)
(¢)



where E denotes the energy of the gamma transition being considered.

The radioative capture cross sections for 50Cr, Szbr, 53Cr,SIV

‘811, 60Ni, 62Ni and 64Ni were determined hy irradiating, in a

thermal neutron beam, composite targets of the natural elements well
mixed with melamine (C3H6N6) and by measuring the pair spectrum of
the prompt gamma rays. Nitrogen was used as standard because f{ts

well known and precise cross section, energies and intensities.
EXPERIMENTAL METHOD

The measurements were carried out through the use of
the tangencial irradiation facility [1]) of the IEA-RI re-
search reactor. At the sample irradiation position the
thermal neutron flux is of the order of 5 «x 10]] n/cm®.s.
Characteristics of the targets are detailed in Table I.

The prompt gamma rays following thermal neutron cap-
ture were detected by an improved pair spectrometer
Nal(T1)-Ge{Li)-Nal(T1) described elsewhere [2].

Spectra were accumulated in a Hewlett-Packard 8192 chan
nels muitichannel analyzer and digital stabilization was
used to guard against gain and baseline shifts.

Spectral analysis was achieved by means of the FORTRAN
IV computer code Analysis [3] which provided the peak aress
used in equation (2).

The prompt gamma rays intensities I(E) for the 59"1,

.
6lyi, ©3n4, O5ni, 52y, Bler, 53¢, %%, and 11 1s0-
topes were taken from reference (4] to [9].

In equantion (2) the number of atoms is calculated as:

(3)



where ] mass of the natural element,

Avogadro's number,

x
(=}
[

M = atomic mass of the isotope,

f = isotopic abundance of the isotope.

EFFICIERCY CALIBRATION CURVE

For a given gamma transition of energy £, we can de-

fine detector efficiency as:

A(E)

1)

where A(E) and I(E) are the corresponding peak area and
intensity, respectively. So, we can determine the efficien-
cy calibration curve by measuring the prompt gamma-ray spec
trum of a target with a set of well-known energies and in-
tensities.

The pair spectrometer efficiency calibration curve
was determined by measuring a mixed sample of 14.2487g of
melamine (C3H6N6) and 0.4167g of ammonium chlcride (NH4C1)
in the energy region of 1.5 to 11 MeV. For this range of
energy, the nitrogen and chlorine isotope have a large num
ber of transitions with well known values of energy and
intensity.

The gamma transition energies and intensities con-
sidered in our calculation were taken from Kenneth[10] for
the nitrogen and from Krusche[11] for the <chlorine and
the respective cross sections taken from references [12] and{13].

The peak area is proportional to the cross section and to the
number of atoms being irradiated.

So, it s possible to normalize the results for the chlorine to those



of nitrogen. This was done by using a normlization factor equal to 0.20 2 0.01.
The efficiency calibration curve from 1.5 to 11.2 MeV was per-
formed through three prompt gamma spectra measured 1in the energy
range of 1.5 to 6.1 MeV, 3.4 to 8.0 MeV and 5.0 to 11 MeV.
The curves were normalized to the intermediate energy range and
the experimental points were fitted to the polynomial function

Infe) =a +a In(E)+a, [In(E)}2.

1

RESULTS AND DISCUSSIOR

The thermal neutron capture cross sectinn of SOCT. 52(21‘, 53Cr,.

SIV, 4811’, 58Ni, 60'”' 62"1 and 64Ni were determined by measuring the
pair spectrum of the (n, v) reactions on natural element targets (Ta-
ble 1), using nitrogen as standard. The calculations were performed
through equation (2). As an example, Table Il shows the values ob-
tained for 5:*l(‘,r' and the resulting average cross section. The final
results for the considered isctopes are presented in Table
111, together with the cross section values reported in the litera-
ture.

As 1t can be seen from Table IlI, our results are in good agree

ment with those reported in the literature, except for 5(le, 48T1

and 6ON1. We can consider these values as new contributions to the
determination of the real values. In the case of 52(:r,!-’:‘,tir, 58N1

and 48T1, the precision of the results has been increased and we be
lteve that it means an advance in the reseache of the nuclear prop-

erties.



TABLE I : CHARACTERISTICS OF TME TARGETS.

]
Target | Isotope Mass of the | Isotopic l Mass of |
nat 1 el
atural ele Abundance Melamine
! | ment (g) I (%) f (g) l
| | | I '
|
Titanium ' 48 | 1.0332 b 7398 ! 11.0094
| | | | '
____________________________________ '
Vanadium | 51 | 4.0196 b e9.75 ! 10.2166

| ! | | !
___________________________________ |
chromium | 50 ! 4.0566 boog3s ! o11.s4as ,
Y I g3.79 ! '

I e I 9850 !
______ [ EUSU RSN DU
|
Nickel | s8 ' 4.1726 | 67.88 | 11.0994 |

1 e b .23 !
1 ' | | !

62 3.66

) |

| | |

64 1.08
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TABLE 1I : CALCULATED VALUES (IN BARNS) FOR THE THNERMAL

NEUTRON CROSS SECTION 25_53Cr.

' | | !
| | | I
| 520781 | 5533.38 | 5562.06 | 7298.91
I | | I
| i | |
| | I |
6645.34 : 17.9 * 2.2 : 8.2 + 230185 + 2.3 : 18.0 * 2.3
I
| I | |
| | | !
7009.70 117.7 = 2.1 1180 * 2.2 [ 18.3 * 2.3 | 17.8 * 2.2
| | | |
! ] I I
8884.71 : 17.3 *+ 3.2 : 176 + 3.3 179+ 34 : 17.4 * 3.3
I ! ! l
| | | |
o718.82 | 18.5 * 3.5 1188t 3.6 1190 = 37 : 18.6 * 3.6
| | | I

Average thermal newtron cross section = 18. 1 + 0.7 barns

* Transition energy 1in keV.
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TABLE I1I : THERNAL NEUTROR CROSS SECTION IN BARNS.

Isotope This Work From Ref. (14 ]
| |
| |
50 .
cr : 13.4 @ o.7: 59 0.2
52 . ,
Cr : ) h °'°zi 0.79 = 0.06
53 .
cr : 18.1 2 0.7 : 82 e -
51 .
v : 4.9 = 0.2 : 4.9 2 0.1
a8 .
T : 8.4 = °": 7.8 = 0.25
58y, | 4.41 ¢ 0.081 4.6 0.3
| i
60y, | 2.54 @ 0.07] 2.9 = 0.2
| }
62y | 15.2 2 0.5 1 184.5 2 0.3
| |
6%y | 1.6 0.V | 1.52 0.03
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