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Abstract

The development of a program in nuclear science and technology in Nigeria began in 1976
with the establishment of two research centers, namely, the Centre for Energy Research and Training,
(CERT), Zaria and the Centre for Energy Research and Development (CERD), Ile-Ife. The choice of
Neutron Activation Analysis (NAA) technique as a very effective method of training scientists in basic
and applied nuclear research led to the purchase of two KAMAN A-711 Neutron Generators for the
two research centers. At CERT, the neutron generator (code named ZARABUNG-1) was successfully
installed and the first 14 MeV neutrons were produced through the technical assistance of the
International Atomic Energy Agency (IAEA) in 1988 [1]. In 1991, a new tube-head was purchased
and installed due to the expiration of the old tube. Following the completion of its permanent site, the
neutron generator was re-located from the old site and re-installed at the permanent site of CERT in
1995.

1. INTRODUCTION

Since 1988, the neutron generator has been successfully used for a number of training
and technical programs involving participants from Nigeria and other African countries.
Similarly, a number of basic and applied research works carried out with the facility have
been documented [2-8]. The current area of focus is in the use of facility for short time
irradiation especially, the characterization of clays used in the petroleum industry.

2. SYSTEM DESCRIPTION

ZARABUNG-1 is a KAMAN type A-711 neutron generator installed at CERT, ABU,
Zaria, Nigeria. It consists of four separate units namely: a sealed-tube portable ion accelerator
head, a pressurized tank containing the power supply, a refrigeration-type cooling system and
a control console. The units are interconnected by long cables to allow remote, non-hazardous
operation.

The advantage of the sealed-tube is that it eliminates the use of components such as
pump, power supply and drift tube found in conventional differentially pumped accelerators.
It utilizes the 3H (d,n) 4He reaction to produce neutrons in a continuos mode with an energy of
approximately 14 MeV. Neutrons are produced from the mixed beam of deuterium and
tritium gas in the ion-gauge source. From beginning, gas is admitted into the ion source by
passing a current of 2-4 A, ionization of the gas takes place in the ion source by the
application of a voltage of 5-6 kV. The ions produced are accelerated towards a TiT target by
applying a potential of 100—200 kV between the electrodes of the high voltage lens assembly.
In order to reduce power dissipation to an efficient level, secondary electrons are suppressed
at the target end of the accelerator by placing the lens assembly at a potential of lkV with
respect to the target. When operated as stated above, the beam current is then primarily a
function of the pressure within the accelerator column. The beam current must be limited to a
value that will not cause the target to over heat. The Penning ion source is cooled by
electrically insulating FREON-113 liquid while the target is cooled by circulated water.
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3. TECHNICAL AND TRAINING PROGRAMS

After the installation in 1988, the neutron generator has been used for training of
undergraduate and postgraduate students at the department of Physics in the field of neutron
activation analysis. The following technical and training programs (international and local)
involving the use of the neutron generator has been held at our Center. Some of the courses
were held under the auspices of the International Atomic Energy Agency (IAEA).

(1) Africa Regional Training course (RTC) on Application of Nuclear Analytical
Techniques in Mineral Exploration, Zaria, Nigeria 28 April to 16 May, 1997.

(2) National Training Workshop on the Applications of Nuclear Analytical Methods in
Crude Oil Characterization 16th - 27th June 1997.

(3) Workshop on the Application of Nuclear Methods in Water Resources Evaluation and
Management 27th - 29th April 1994.

(4) Utilization of Neutron Generator at CERT — Lectures and Practical by GJ. Csikai,
IAEA Expert Mission 3rd Oct.-2nd Nov. 1990 [3]

(5) The Utilization of a Neutron Generator — Practical by G.J. Csikai,
IAEA Expert Mission 2nd Aug.-12th Sept. 1992. [5]

(6) Installation of a KAMAN A-711 Neutron Generator by T. Sztaricskai,
IAEA Expert Mission (2 weeks) Feb. 1997.

(7) Installation of a KAMAN A-711 Neutron Generator by T. Sztaricskai,
IAEA Expert Mission 23-30 May 1987.

(8) Installation of a KAMAN A-711 Neutron Generator by T. Sztaricskai,
IAEA Expert Mission 22nd April-7th May 1988.

(9) Relocation and Re-installation of CERT Neutron Generator by T. Sztaricskai,
IAEA Expert Mission (1 week) Dec. 1995.

(10) Repair of CERT Neutron Generator by T. Sztaricskai,
IAEA Expert Mission 8-13 Dec. 1996.

4. RESEARCH STUDIES

Most of the operational period of the neutron generator has been spent on trouble
shooting than analytical works because of the many breakdowns experienced. Initially, the
principal cause of the loss of substantial part of the tube life is due to delay in the installation.
The components of the equipment were lying idle for about 7 years before installation in
1988. In 1991, the tube was changed and thereafter it was discovered that the neutron
generator could not remain stable for a reasonable length of time at the optimum value of
accelerating voltage. This is attributable to the reduction in the tube's voltage hold-off
capacity.

The following analytical measurements were carried out to characterize the facility for
the analysis of geological and biological samples using fast neutron activation analysis
technique.

Characterization of the neutron field produced by the neutron generator was carried out by the
activation technique using Al, Nb and Zr foils [4]. In this work an analytical expression was

given for the calculation of the relative flux density. The FWHM of the flux density
distributions indicates the use of disk-shaped sample of diameter 2.5-cm. Besides, the average
neutron energy was found to be 14.61 MeV using Nb/Zr ratio method.
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On the basis of the 27Al(n,a)24Na reaction, the neutron flux density at the sample position is
presently 2.8 x 106 n cm'2 s"1. Taking into account a distance of 1.5 cm between the target
cooling cap and the sample, the source strength was deduced to be 7.4 xlO7 n.s"1 at an
accelerating voltage of 130 keV. With the limited life time of the tube and the low neutron
flux density, the analytical capabilities of the system via the activation technique was
investigated by calculating the detection limits of 20 elements shown in Table 1. Calculation
was based on the measured neutron flux at an irradiation time of 10 minutes using a counting
time of 5 minutes after a waiting time of 1 minute. The photo peak count of y line of interest
was assumed to be 100 counts for the Nal(Tl) detector while the effect of sample matrix has
been neglected. The photo peak efficiency curves of the set-up displayed in Fig. 1 have been
determined by standard y ray sources at different source detector positions.

In Nigeria, the establishment of a Ministry of Solid Mineral Development has led to
extensive exploration works. In order to cope with the large number of samples generated,
CERT has been commissioned to carry out the analytical works because of the advantages the
nuclear analytical techniques have over other techniques. The Country is blessed with large
deposits of alumino-silicate ores, which are industrial raw materials. The knowledge of the Al
and Si contents of these ores is of immense benefit to mineralogists and industrialists.
Consequently, an analytical procedure using the neutron generator has been developed for the
simultaneous determination of Al ad Si contents of geological ores. Compared to the
procedure already established in our laboratory using a 5 Ci Am-Be neutron source [10], this
procedure is rapid and can be used for the determination of Al and Si contents of coals. It is
well known that the accurate determination of Al and Si contents of alumino-silicate
compounds using neutrons depends on the choice of appropriate experimental conditions
because the juxtaposition of the elements on the Periodic Table can cause nuclear
interference, see Table 2.
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FIG. 1 Photo peak efficiency of the NaI(Tl) detector
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TABLE 1. DETECTION LIMITS FOR 20 ELEMENTS FOR THE CERT 14 MEV
NEUTRON GENERATOR

Element

Na
Mg
Al

Si
P

Ar
V
Cr
Fe

Co
Zn
Cu
Rb
Sr
Zr
Ag
Cd
Sb
Ce
Pt

Reaction

iJNa(n,p)
24Mg(n,p)
27Al(n,p)

27Al(n,a)
28Si(n,p)
31P(n,p)

40Ar(n,p)
51V(n,p)
52Cr(n,p)
56Fe(n,p)

59Co(n,a)
64Zn(n,2n)
63Cu(n,2n)
85Rb(n,2n)
88Sr(n,2n)
90Zr(n,2n)

l07Ag(n,2n)
112Cd(n,2n)
n2Sb(n,2n)
14OCe(n,2n)
198Pt(n,2n)

Half-life

37.24 s
15.02 h
9.46 m

15.02 h
2.30 m
2.30 m
1.35 m
5.75 m
3.75 m
2.57 h

2.57 h
38.10 m
9.86 m
20.5 m
17.20 s
4.20 m
24.0 m
49.0 m
15.89 m
54.0 m
1.57 h

y-energy
(keV)

440.0
1368.5
843.7
1014.4
1368.5
1779.0
1779.0
1460.8
320.8
1434.1
846.6
1810.0
846.6
511.0
511.0
248.0
162.0
587.8
511.9
245.4
511.0
754.2
346.5

Det. Lim.
(mg)

29.64
69.62
2.25
7.32

99.98
1.60
3.25
11.42
2.85
5.01

25.56
225.10
84.47
2.89
0.13
0.86
48.5
6.44
6.34
3.01
0.76
1.96
0.23

TABLE 2. REACTIONS AND NUCLEAR DATA USED

Nuclear
reaction

2/Al(n,p)2/Mg

27Al(n,y)28Al
28Si(n,p)28Al

56Fe(n,p)56Mn

Half-life

9.46
min.

2.24
min.
2.24
min

2.58 hrs.

cr
(mb)

75

0.5
226
103

y Energy
(keV)
843.7
1014.4
1779.0
1779.0
846.8
1810.7

y-Abund.
(%)
72.0
28.0
100.0
100.0
98.9
27.2

Our y ray measuring system is made up of a 7.6 x 7.6 cm Nal(Tl) detector, which has
a resolution of 7 % at 662 keV y line of Cs. It is coupled to computer based multichannel
analyzer card system. Because of the poor resolution of the y ray spectrometer, spectral
interference can occur via Fe(n.p) Mn especially if the mineral contains iron in large
quantities. Consequently, this experimental procedure was developed by taking the advantage
of the low neutron flux density value and settling the irradiation, cooling and measuring times
to be 5, 2 and 5-minutes respectively. During each irradiation, the primary fast flux of
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neutrons was monitored by an Al foil fixed to the sample via 27Al(n,p)27Mg which was then
used to normalize the difference between flux reaching samples and standards. Analytical
grade Si(>2 and AI2O3 powders were used as standards. The reliability of the procedure was
checked using Bauxite (BCS-395) and Portland Cement (BCS-372) certified reference
materials.

The concentrations of Al and Si in the samples have been deduced using the
expression given below.

Aa Ms Afs

As Ma Afa Mfs
100 % (1)

Where,

Ca is the concentration in w % of the element in the sample,
Aa is the y ray peak count of the element in the sample,
As is the y ray peak count of the element in the standard,
AfS is the y ray peak count of the Al flux monitor of standard,
Afa is the y ray peak count of the Al flux monitor of sample,
Ms is the mass of standard,
Ma is the mass of sample,
MfS is the mass of the flux monitor of standard,
Mfa is the mass of the flux monitor of sample.

The results of our measurements are shown in Table 3.

TABLE 3. Al AND Si CONCENTRATIONS IN THE SAMPLES

Sample
Bauxite std. (BCS-395)
Cement std. (BCS-372)

Feldspar
Kaolin

Bauxite 1
Bauxite 2
Bauxite 3
Clay ball

Sillimanite 1
Sillimanite 2

A1(D.L.=2.7) w%
28.2±2.1*

N.D.
12.4±1.8
12.2+1.4
17.8+1.6
15.4+1.4
12.8±1.2
18.2±1.7
20.0+1.3

21.7+1.5

Si (D.L. = 0.9) w%
N.D.

9.6±0.6**
35.6±1.9
34.4+1.8
19.7+1.1
19.2+1.1
20.0+1.1
21.7±1.1
20.1+1.1

19.5+1.1

N.D. Not detectable
* Cited value = 27.7w%
**Citedvalue = 9.5w%

The deviations of our measured value from quoted values were found to be 1.6% and
1.3% for Al and Si respectively. This experimental procedure is currently being used for the
characterization of bentonitic clay used in the petroleum industry.
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5. THE PROBLEMS AND THE FUTURE

The major problems encountered in the operation of the neutron generator include the
lack of spare parts and non-availability of SF6 gas and FREON-113 in the country. CERT will
continue to rely on the goodwill of the Agency with regards to the above. Another problem
encountered in the use of the research via the activation technique is the scarcity of certified
reference materials. To address this problem, CERT is currently developing in-house
standards. The inadequate supply of liquid N2 for the HPGe detector has been addressed by
evolving this procedure involving the use of the neutron generator in combination with the
Nal(Tl) detector.

The provisional fast neutron activation analysis experimental arrangement with the 5
Ci Am-Be source at the Center has limited the use of the neutron generator for routine
elemental analysis. In this regard, the concentrations of elements like Si and Fe in ores have
been determined using not moderated neutrons from Am-Be source.

Presently, a miniature neutron source reactor (MNSR) is being installed at CERT. It is
expected that the use of the neutron generator for routine analysis via the fast activation
analysis mode will be reduced further following the availability of fast neutron field at the
irradiation sites of the reactors. For example, the concentrations of Si, Ti, and Ni in different
materials have been determined by placing the samples in movable BN or Cd-shielded vials
[11]. It is envisaged that the neutron generator will be used only for those elements that are
not suitable with the reactor and the Am-Be neutron source because of the operational cost.
Indeed, the Center is also thinking of acquiring a pumped-type neutron generator, which can
be used for basic and applied research. The limitation of our present facility in the field cross-
section measurements and other fundamental research has hindered our participation in the
nuclear data experiments of the Agency despite the availability of expertise at the Center.

6. CONCLUSIONS AND RECOMMENDATION

A 14 MeV neutron generator facility is available at the Centre for Energy Research
and Training, Zaria. Despite the operational problems, it is a useful tool for activation analysis
and has been used for the training of students, technicians and nuclear scientists from Nigeria
and other African countries. It is currently being used for the characterization of geological
ores via the determination of their major and minor compositions. We hereby acknowledge
the assistance of the IAEA during the installation and subsequently as an analytical tool for
training and research.
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