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Abstract. The applications that cover the use of ionizing radiation are numerous, very diverse and 
belong to several fields of activity such as, the medical and agricultural fields etc. The aim of this work is 
to highlight an application of decorative glass coloring by gamma radiation. Crystal white glass cups are 
placed on small rotating tables and subjected to exposure to gamma radiation from the cobalt-60 
gamma irradiator of the National Institute of Agronomic Research (INRA-Morocco / Tangier) for doses 
between 0 and 1.5 KGy. The results obtained show the variation in the color of glass between light 
brown to dark brown depending on the absorbed dose.    

                     Keywords: Decorative coloring, Crystal white glass, gamma radiation, cobalt-60, absorbed dose. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ICEGC'2021
E3S Web of Conferences 336, 00056 (2022) https://doi.org/10.1051/e3sconf/202233600056

   © The Authors,  published  by EDP Sciences.  This  is  an open  access  article distributed under the  terms of the Creative Commons Attribution License 4.0
 (http://creativecommons.org/licenses/by/4.0/). 



 

 

1 Introduction 

 
The uses of ionizing radiation in human life cover several 
fields, such as industry, medicine, agriculture and in 
scientific research etc.[1] They therefore have several 
benefits for humans. Morocco is among the most usable 
African countries for ionizing radiation in several activities, 
for example in medicine, ionizing radiation (x and gamma) 
is used in radiology and in radiotherapy to diagnose and 
treat cancer(gammaknife technique for example), also in 
nuclear medicine radioactive elements are injected into the 
human body (radiopharmaceuticals) for treatment and 
diagnosis (thyroid cancer with radioactive iod-123).[2-6] 
In addition to medicine, ionizing radiation is used in the 
industrial field in several applications such as electron beam 
welding or Checking the homogeneity of a metal generally 
using Iridium 192 (gamma radiography). The applications of 
ionizing radiation extend to a very important and sensitive 
area for the Moroccan economy which is agriculture, for this 
a gamma irradiator has been installed since 1995 at the 
National Institute of Agronomic Research (NIAR) in the city 
of Tangier, is considered unique in Morocco, since its 
installation there was several researches in this field, for the 
preservation of food, inhibition of germination, production 
of new varieties etc, indeed several products have been 
irradiated like sensitive oils, dried figs, strawberries, 
oranges, and all with the aim of progressing and developing 
Moroccan agriculture and increasing production yield.[2-5] 
In this work, we will be promoting a very important 
application of gamma radiation other than those in the 
agricultural sector, it is the decorative coloring of glass by 
gamma radiation coming from the NIAR irradiator. In this 
term, small cups of crystal white glass were irradiated at 
different doses of between 0 and 1500Gy. The results show 
the variation in glass color between light brown to dark 
brown depending on the amount of the dose absorbed. 

2 Materials and methods 

2.1.  NIAR irradiator 

The NIAR irradiator currently comprises 8 source pencils of 
cobalt-60 distributed in a circular formation 14 cm in 
diameter forming the source cage of the irradiator, each 
pencil is double encapsulated in two layers of nickel and 
closed at its end by two tips (figure 1).[3] Cobalt-60 is a 
radioisotope with a period of 5.2714 years which causes the 
emission of two gamma rays of energy respectively 1.173 
and 1.332 MeV following each decay by transforming to 
stable nickel-60. Table 1 gives the activity of 8 source 
pencils according to the calibration date. [2,5] 
 
 
 
 
 
 
 

        Table 1. Individual activity of each pencil NIAR irradiator 
cobalt-60. 

Source Number calibration date Activity (Ci) 

1 27-03-2000 726.83 

2 27-03-2000 726.83 

3 01-10-2013 10500 

4 01-10-2013 10900 

5 01-10-2013 10600 

6 01-10-2013 10700 

7 01-10-2013 11000 

8 01-10-2013 10400 

        Fig. 1. The source cage and its storage container 

 
As shown in figure 2, the NIAR ionization cell is of 

parallelepipedal shape 257cm high, 605 cm along X, 570 
cm along Y, the gamma irradiator is surrounded by a set 
of rotating tables on which the products to be irradiated 
are posed, 9 tables have been installed to meet the 
irradiation needs in terms of quantity and irradiation 
time, in fact the T1 to T6 tables are used for irradiating 
large quantities at medium dose rate, the T7 tables and 
T8 are used for high and medium dose rate irradiation of 
agricultural or non-agricultural products such as 
pharmaceuticals or glass (subject of this work), the last 
turntable which is the T9 table is used for low 
doses.[1,3,4] 
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In order to protect the NIAR population (especially the 

irradiator operators) and the environment, the source cage is 
stored during the hours of non-activity in a lead container, 
the walls of the casemate are made of reinforced concrete of 
163cm thick , the casemate door is armed, and the labyrinth 
is to eliminate radiation leakage through the door during 
irradiation.[1] 

2.2. Glass sample 

In this work we use new white crystal glass cups, 8 samples 
divided into 4 sets of which each set contains 2 units. One 
set will be used as a control (not irradiated), one for 
irradiated at 0.5 KGy, the third for irradiation at 1KGy and 
the fourth for irradiation at 1.5KGy (see figure 3).[7] 

3 Results and discussions 

The results obtained after irradiation of the samples are 
presented in figure 4, clearly showing the variation in color 
between light brown to dark brown as a function of the dose 
absorbed. The variation in color stops during saturation for a 
maximum dose (for doses greater than 1.5KGy), this 
variation in color  by irradiation effect is accompanied by 
variation in the optical properties of glass (optical density, 
index of refraction etc.) but the physical properties (such as 
hardness) remain the same which is an advantage for this 
coloring technique. In addition, the irradiated samples can 
be handled with complete safety, while there is no 
contamination by radiation.[8] 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

Fig. 3. Glass samples used in this study. 

In addition, the colors obtained are stable, in fact they 
have little influence under normal temperature and pressure 
conditions and the discoloration (reverse effect) can only be 
done at high temperature (in an oven). [9,10] 

There are many advantages to other ordinary glass 
coloring techniques, we can cite them as follows, firstly 
there is no waste that comes from the breakage of products, 

Fig. 2. (a) schematic view of the NIAR irradiation casemate, (b) actual view of the 
interior of the casemate during irradiation of an agricultural product. 
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secondly there is no addition of additives (products 
chemicals) which can contaminate the consumer over time 
(discoloration effect), the colors are special and difficult to 
obtain by ordinary coloring. 

Conclusion 

A promotion of the technique of decorative glass 
coloring in the NIAR facility was made in this 
study, it was shown the formation of special colors 
(dark yellow, dark brown) on crystal glass by 
irradiation effect. The colors obtained are stable 
and glassy products can be used with confidence 
afterwards. In addition, in this work the 
competence of NIAR irradiator has been shown to 
satisfy other requirements than those related to the 
field of agriculture. Other applications may take 
place in the future such as sterilization of blood 
and pharmaceuticals. 
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Fig. 4. Samples after irradiation for different absorbed doses.
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