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Introduction

Molybdenum is an important component of structural material for fission and future
fusion reactors. It consists of seven isotopes. Therefore, fast neutrons can lead to many
nuclear reactions. One of them is 92Mo(n,p)92mNb reaction. Several authors published
their data for this reaction, while most of the cross section determinations were
concentrated on about 14 MeV energy range. For the neutron energy below 12 MeV,
there are only two sets of measured data, with a large discrepancy between them. The
tendency of the cross sections of Liskien111 is higher with the neutron energy increasing,
in energy range above 18 MeV. And the same situation exists also for the reactions with
low threshold, such as 58Ni(n,p)58Co, 64Zn(n,p)64Cu and etc.

In present work the cross sections for the reaction were measured in the energy
range from 5 to 19 MeV. And the influence of various kinds of low energy neutrons
was considered very carefully. Especially in high energy range, "gas out" irradiation
was performed to deduct the effect of D-d low energy neutrons, and a reasonable
tendency of the cross sections was obtained.

1 Experimental Procedure

The cross sections were measured in neutron energy range from 5 to 19 MeV using
the activation technique. Natural metal molybdenum plate was machined into the
samples with 20 mm in diameter and lmm in thickness. The samples were irradiated in



the 0° direction relative to incident particles. The irradiation time was 4 to 9 h and the
distance between the samples and the neutron source was 2 to 4 cm. The neutron flux
was determined via the monitor reactions.

In the energy range below 12 MeV, D(d,n)3He reaction was used to produce the
neutrons by D2 gas target at HI-13 tandem accelerator and solid D-Ti target at Van de
Graaff accelerator and small tandem.

The activities of the Mo sample and monitors of 58Ni(n,p)58Co and 56Fe(n,p)56Mn
reactions were corrected for the contributions from D-d low energy neutrons of self-
building D target by gas in and gas out runs in the energy range of 5 to 7 MeV.

In 8 to 12 MeV range, a group of monitors was selected with different threshold,
such as 58Ni(n,p)58Co, 56Fe(n,p)56Mn, 27Al(n,a)24Na, 197Au(n,2n)196Au and etc. and
irradiated with Mo sample together. After that, a relationship between neutron flux and
threshold was obtained. The neutron flux at the measured energy can be given through
this relationship, according to the threshold of 92Mo(n,p)92mNb reaction. In this way, the
influence of low energy neutrons was well deducted, which include of the D-d low
energy neutron from self building D target, breakup neutron, the neutron from A(d,xn)B
reaction and the scattering, where A means the structure materials of target or sample.

The neutrons above 14 MeV were produced via T(d,n)4He reaction. The cross
sections were measured relative to 56Fe(n,p)56Mn and 27Al(n,a)24Na reactions at
Cockroft Wetten accelerator. To reduce the effect of D-d low energy neutron, a new T-
Ti target was used and the irradiation time was as short as possible for the measurement
in about 14 MeV range.

In high energy range of 17.30 and 19.09 MeV the 27Al(n,a)24Na reaction was used
as monitor to determine the neutron flux. To correct the influence of D-d low energy
neutrons, the "gas out" irradiation was performed, where the "gas out" means the target
with free from tritium.

In all the measurements, the corrections were made for the fluctuation of the
neutron flux during the irradiation.

Table 1 The decay parameters of products

reaction
27Al(n,a)24Na
56Fe(n,p)56Mn
38Ni(n,p)58Co

92Mo(n,p)92mNb
197Au(n,2n)l96Au

half-live

15 h
2.5785 h
70.916 h
10.15 d
6.18 d

E, / keV

1368.6
846.8
810.8
934.5
356

K 1 %
100
98.9
99.5
99

87.6



The activities of the products were determined by Ge(Li) gamma-ray spectroscopy.
The decay parameters of the products are summarized in Table 1. The count rates were
corrected for the gamma ray self-absorption in sample and the cascade effect.

2 Result and Discussion

The cross sections for 92Mo(n,p)92mNb reaction are listed in Table 2. The principal
sources of error include the error of the efficiency of gamma ray detector, the cross
section of monitors, counting statistics, and some corrections for the gamma-ray self
absorption in sample, for effect of low energy neutron and etc. Combing those errors in
quadrature, the total error for each cross section was obtained.

Table 2 The measured cross sections of 92Mo(n,p)92mNb reaction

En / MeV a I mb £„ / MeV cr/mb

5.03+0.16
6.00+0.17
6.57±0.26
7.07±0.19
8.37±0.58
9.37±0.46
10.40±0.33

42.6±2.3
69.113.9
73.7+3.5
82.8±4.4
85.8±4.6
95.0+5.1
104.7±5.5

11.40+0.35
14.00+0.05
14.70±0.15
14.83+0.15
17.30+0.20
19.09±0.22

118.0±6.4
70.312.1
61.0+1.8
56.411.5
36.513.6
29.8+1.5
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Fig.l Cross section of 92Mo(n,p) reaction



The cross sections are plotted as a function of neutron energy in Fig. 1 together
with available values from literatures for comparison. The solid line presents this
evaluation. Below 8 MeV, our data are in agreement with the data of Rahman121. From 8
to 12 MeV, the results of Qaim[3] are consistent with ours, while the cross sections of
Rahman'21 are about 50% higher than ours. In about 14 MeV energy range, the data of
Ikeda[4], Filatenkov'51, Kong'61 and present work fall into agreement. The data of Kandam

are much lower than others. Above 16 MeV, the tendency of the cross sections for
Marcikowski'81 and ours is coincident. The results of Liskien1'1 are higher than others in
his whole measured energy range.

In the energy range of 18 to 20 MeV, the data of Liskien'11 increase with the
neutron energy. In the same energy range in present work, a new T-Ti target was used
and the correction was made by "gas out" irradiation for the effect of D-d low energy
neutrons. The correction is 10% at 19 MeV neutron energy in our experimental
condition. Therefore, the present cross sections are lower than Liskien'11, and the
tendency of our measurements is decreased with neutron energy increasing.

The cross sections of 58Ni(n,p)58Co and 64Zn(n,p)64Cu reactions were also measured
relative to 27Al(n,a)24Na monitor reaction in high energy range. And the same tendency
of the cross sections were obtained.

Because of the low threshold of 92Mo(n,p)92mNb reaction, only 288 keV, the effect
of D-d low energy neutrons is obvious in high energy range. The influence is increased
with the neutron energy and strongly depends on the threshold of the specific reaction
and the irradiated time. Therefore, the correction, by "gas out" irradiation, for the effect
of low energy neutrons is very important for the reactions with low thresholds in high
energy range of neutrons produced through T(d,n)4He reaction.
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