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In Istanbul TRIGA reactor, the shielding of neutron radiography system 
is obtained by heavy concrete blocs of about 1 tonnes, which are placed all 
around the beam hole. But these blocs are not easy to handle to put on the 
upper part of the radiography chamber. For this reason, and also to use for 
the other neutron experiments, one had to think about portable neutron shiel
ding blocs* 

As these blocs had to contain bore for a better neutron absorption, the 
use of borax or boric acid was first thought with a parrafin wax matrix. But 
these materials were expensif, so the utilization of colemanite, a bore mine
ral which can be easly find in Turkey is decided. 

For the determination of the optimal bore content of the blocs, two 
thicknesses were tested, with different percentage of colemanite, against 
the thermal and fast neutrons of a (Pu-le) neutron source. As the matrix 
element was parrafin wax, colemanite was added into the blocs in pulverized 
form.;£his colemanite powder was first separated in several mesh size and 
all them were analyzed for their B and Na content. The minimal Na and maxi
mal B containing mesh size was then selected for the bloc fabrication. This 
powder could not be uniformally mixed with the matrix and the blocs obtained 
had two separated regions. All these blocs were tested with two different 
positions: parrafin side against the neutron beam or bore enriched side 
against the beam. At the end, the optimal bloc could be designed. 

These blocs are now satisfactorily in use in Istanbul TRIGA system. 

V-29 



UTILIZATION OF COLEMANITE AS A RADIATION PROTECTION METERIAL 

Ahmet BAYULKEN Cem AKSUT 

Istanbul Technical University 
Institute for Nuclear Energy 

In experiments utilizing neutrons, a good shielding is very important. For 
developing countries, economics of the protection system is also a very 
important factor. In this work, a new material for protection blocks is in
vestigated. These blocks are fabricated with colemanite powder in a paraffin 
wax matrix, and their behaviour as a neutron shield are investigated with a 
Pu-Be neutron source. 

1- INTRODUCTION 

This work concerns researches related to portable shielding blocks which will 
be used for the protection from nuclear radiations (especially neutrons) which 
are caused by nuclear reactions. 

The mentioned shielding blocks are containing, as the matrix material, the 
paraffin wax which is rich on hydrogen, and a pulverized boron mineral, called 
colemanite, as the additive material. Pulverized colemanite is added in vari
ous ratios into the manufactured blocks of two different thicknesses and the 
behaviour of the shielding blocks against the neutron radiation are tested 
furtherly. The optimum mixing ratio of paraffin wax and colemanite is obtained. 

2- EXPERIMENTAL STUDIES 

Materials 

As it is very well known, when someone does an experiment with a radiation 
source, the first thing he shall do is to protect himself against these ra
diations. 

Two most important steps for the selection of a protection material can be 
summerized as follows : 
Use of colemanite in small portable shielding blocks. Cem AKSUT, Ahmet BAYULKEN. 
Master thesis. Institute for Nuclear Energ . 1984. 

V-30 



1- To select the appropriate material against the radiation from which one 
should be protected. 

2- To calculate the protection thickness. 

For neutron protection, one needs hydrogen or other light atoms to moderate 
the fast.neutrons,and some other materials to absorb and stop these slowed 
down neutrons. 

Usually, water is used for neutron protection. Concrete, with addition of 
some iron complex, is also used for the same purpose, because there is water 
in the concrete for around 10 %. But these shielding blocks are generally 
heavy and difficult to handle. 

Another material for neutron protection is polyethylene. It is very easy to 
manufacture blocks with it, and boron added polyethylene absorbs neutrons and 
reduces the gamma rays resulting from the reaction of slowed down neutrons 
with hydrogen and carbone atoms. The boron is generally added in boron tri-
oxyde (B20„) or boron carbide (B,C) form. 

But boral polyethylene blocks are very expensive. For example, a (102x203x51) 
mm. sized block, containing 32 % boron, costs around 100 $ per unit, and a 
bigger one, (610x610x25) mm. sized block, containing 5 % boron costs around 
170 $ per unit. For a developing country, it is very difficult to invest on 
such prices. 

Instead of polyethylene, one can also think to paraffin wax, a very similar 
material. Some properties of these materials are summarized on Table-1. 

TABLE - 1 SOME PROPERTIES OF POLYETHYLENE AND PARAFFIN WAX 

Hydrogen ratio, 
according to 
water ; 

Specific 
density 

Hydrogen ratio, 
according to 
water ; 

Polyethylene .1,29 0,92 Max.working temperature:100 C Max.working temperature:100 C 

Paraffin Wax 1,32 0,88-0,915 Melting temperature:(53-65) C 

V-31 



As an additive material in the paraffin wax matrix, instead of boron trioxyde, 
boron carbide or boric acid, a boron mineral called colemanite can also be 
used. One of the main reason of the utilization of colemanite is its boron 
content. Chemically, colemanite can be symbolized by the following formula, 

2 CaO, 3 B203, 5 H20 

From this formula, it is easy to calculate that there is 15,8 % of boron, by 
weight, in that mineral. 

For the experiments to investigate the protection behaviour of these materi
als, some rectangular blocks, with different colemanite concentration are 
fabricated. 

Experiments 

To test radiation attennuation of these portable paraffin blocks, first cole
manite is pulverized and sifted for different mesh sizes. The six different 
groups obtained in this way are then analyzed to find the boron content of each 
group. These groups, and their B, Na, As, and U-238 content can be summari
zed as follows, on Table-2. 

TABLE - 2 SOME ELEMENT CONCNETRATION OF DIFFERENT PARTICULE SIZES OF 
COLEMANITE 

Group Mesh Size Particule Size(a) Boron Na As U - 238 
No (ym) (w/o) (ppm) 

1 -80 140 105 < a < 177 14,83 30 30 5,8 
2 -140 200 : 74 < a < 105 14,94 150 140 6,6 
3 -200 270 53 < a < 74 15,25 70 60 1,8 
4 -270 325 44 < a < 53 15,28 110 80 19,6 
5 -325 400 ; 37 < a < 44 15,02 80 100 2,7 
6 -400 a < 37 - 340 160 35,0 6 -400 
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The boron analysis was performed chemically, but the other elements were 
analyzed by neutron activation analysis. The samples were irradiated in the 
reactor for 30 mi iutes, in a thermal neutron flux about 1,3 . 10 n/cm . sec, 
in 1 Mw. 

As it is seen from Table.2, the boron content is maximum in group four. For 
this reason, this mesh size is selected for the fabrication of the blocks, 
and the sifted pulverized colemanite is mixed with the paraffin wax. Since it 
was not possible to find a homogenizing system, after the solidification of 
the mixture, it was obtained a block with two separated regions : one region 
with pure paraffin and a second one with colemanite in a paraffin matrix. A 
summary of these blocks, with their colemanite contents is on Table 3. 

TABLE - 3 THE BORON CONTENT OF THE EXPERIMENTAL BLOCKS 

Block. 
Dimen. I I I I I I IV V VI 

A 
o 
CO 

X 
o B o 

X 
o C 
o . 
I - l 

573 

112,8 

19,68 

625 

202,9 

32,46 

730 

38 2,9 

52,45 

770 

439,8 

57,11 

845 

554,0 

65,56 

880 

606,9 

68,97 

A = weight of the 
block (gr) 

B = weight of the 
colemanite (gr) 

C = colemanite 
concen t ra t ion 
(%) 

A 

o 
v© 

x B 
o o. 
x C 
o o 

1175 

233,7 

19,89 

1300 

427,7 

32,9 

1468 

698,9 

47,6! 

1600 

919,0 

57,44 

1728 

1136,2 

65,75 

1875 

1383,4 

73,7£ 

A = weight of the 
block (gr) 

B = weight of the 
colemanite (gr) 

C = colemanite 
concen t ra t ion 
(%) 

The blocks were tested with a Pu-Be neutron source, in two different geomet
ries : both boron enriched side or the paraffin side applied to the neutron 
source, as it can be seen from Figure-1. 
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6«ometry A 
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I 1 Neutron 
I 1 detector 

Geometry B 

Fig. 1 - Test Geometry of the Blocks 

4 2 The thermal neutron flux of the source was about 10 n/cm .sec. 

3- RESULTS AND DISCUSSION 

The thickness of the blocks were selected arbitrary and a computer programme 
was established for these two thicknesses. In this programme, homogenized 
mixture of colemanite and paraffin wax taken into account. 

The results of the experiments showed that the I/I ratio was not continuously 
decreasing by increasing the colemanite concentration in the blocks, as pre
dicted by the theory. 

The theory is verified for 30 % of colemanite for thermal neutrons. For fast 
neutrons, I/I ratio is first increasing with increasing colemanite concent
ration, and then anomalies begin. The anomalies are different for each case 
of thickness and geometry. Figures 2 to 5. 

For a minimum i/l ratio and 60 mm of block thickness, one can suggest the 
geometry B with 45 % colemanite by weight for thermal neutrons and 60 % 
colemanite for fast neutrons. 
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Fig. 4 - Thermal neutron shielding behaviour for 
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Fig. 5 - Fast neutron shielding behaviour for 

60 mm block 
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If 30 mm of block thickness is specially needed0 the geometry A gives the best 
results with 30 % colemanite for thermal neutrons and 70 % colemanite for fast 
neutrons. 

These experiments proved us that the paraffin wax and colemanite mixture can 
be successfully utilized as a protection material for neutrons. 

As the colemanite is a material which can -be easily obtained in Turkey, these 
blocks can be than fabricated with a very low cost. 

An economic calculation shoved; that, a protection block, sized (110x220x60) 
mm, containing 70 % colemanite, then 10 % boron, was only costing 1 #/ipiece, 
which is a very good price. 

Actually, the test blocks and similar ones fabricated after the tests, are in 
use in the neutrography system of Istanbul TRIGA reactor. 
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