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The effects of proton and electron radiations on perlite, which is a mixed oxide consisting mainly of SiO2 and Al2O3 and 
forms very fine particles acceptable to be used in a wide range of area such as construction materials, agriculture, medical and 
chemical industry also with an increasing possibility to be used as shielding material, have been investigated to understand the 
effects of proton and electron irradiations. To see the behaviors of perlite itself and compare the results obtained from different 
percent lead doped variations of it under the proton and electron induced radiation, GEANT4 simulation software has been 
employed and incoming particles energies have been selected between 1 MeV and 100 MeV interval with an increment rate of 
10 MeV. Obtained outcomes and numerical results have been compared for each investigated sample and graphed 
comparisons are given also with numerical results within the text. 

 

Introduction 
Inorganic components, which are such as perlite, 

bentonite, pumice, provide a potential for high carrier 
mobilities, band gap tunability, a range of electric, 
magnetic and dielectric properties and thermal and 
mechanical stabilities. A major attraction of such 
research activities is to combine these desired 
advanced properties in the organic/inorganic hybrid 
materials, which can even be improved in 
comparison to the intrinsic properties of each 
component [1]. 

Perlite is a glassy volcanic rock, commonly light 
gray, with a rhyolitic composition and 2 to 5 % of 
combined water. Along the Aegean Coast, Turkey 
possesses about 70 % (70∙109 tons) of the world’s 
known perlite reserves [2]. Commercially, the term 
perlite includes any volcanic glass that will expand or 
“pop” when heated quickly, forming a lightweight 
frothy material. The temperature at which expansion 
takes place ranges from 1400 to 20000F (760-
11000C); a voluminous increase of 10-20 times is 
common and it known as expanded perlite (EP) [3, 
4]. Perlite contains structural hydroxyl groups. Due to 
its structural properties, chemical compositions and 
surface chemical properties, perlite has recently 
attracted much interest and has been intensively 
studied and widely used in many industrial products 
and process [5]. Perlite is chemically inert and, 
hence, can be used as filter aids and fillers in various 
processes and materials [6]. Perlite is a mixed oxide 
consisting mainly of SiO2 and Al2O3 and forms very 
fine particles [7]. The primary use of perlite now is as 
an aggregate in insulation boards. Because of its low 
thermal conductivity, high absorption of sound, low 
bulk density, and fire resistance, perlite aggregate 
plasters hold many advantages over conventional 
plaste [8]. 

Perlite is used in various areas such as 
construction materials, agriculture, medical and 
chemical industry. Moreover, EP aggregate has been 
used within the constructional elements such as 
brick, plaster, pipe, wall and floor block. EP is a heat 
and sound insulator, filtration and lightweight material 
which ensures economic benefits in constructions 
[9]. Furthermore, Industrial applications for perlite are 
the most diverse, ranging from high performance 

fillers for plastics to cement for petroleum, water and 
geothermal wells. In foundry applications, at molten 
metal temperatures the perlite granules expand and 
form a low density, high volume crust which mops up 
the slag, which can be lifted off the metal with ease 
leaving behind a clean surface [10]. 
 

Experimental 
In this study the perlite material has been taken 

as the base material and different rate clay doped 
variations of it have been investigated. Table 1 and 
Table 2 given below represent the some physical 
properties and chemical compositions of perlite, 
respectively. 
 
Table 1. Some physical properties of perlite  

 
Parameter Data 

Color Gray, white 

Melting point 1250-1350oC 

Specific heat 0.2 kcal/kgoC 

Softening point 800-1000oC 

pH 6.5-8 

Maximum free 
moisture 

0.5 % 

Specific Gravity 2.2-2.5 

Loose Bulk 
Density (LBD) 

30-150 kg/m3 

Thermal 
Conductivity at 

24oC 
0.038-0.060 W/m.K 

Solubility 

- Soluble in hot concentrated 
alkali and HF 
- Moderately soluble (<10%) in 
1 NaOH 
- Slightly soluble (<3%) in 
mineral acids (1N) 
- Very slightly soluble  (<1%) in 
water or weak acids 

 

Mutually with the improvement of the material 
development, scientific knowledge and theoretical 
background, computation capacities of the systems 
increased and those two situations trigger each other 
since the first interaction. Ongoing improvements 
shaped the scientific research and create the ability 
of using simulation opportunities for some 
unavailable   or   hard  to  build  cases.  The  results  
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Table 2. Chemical composition of perlite 

 
Constituent Percentage present 

SiO2 72.0-76.0 % 

Al
2
O

3
 11.0-17.0 % 

K
2
O 4.0-5.0 % 

Na
2
O 2.9-4.0 % 

CaO 0.5-2.0 % 

MgO 0.1-0.5 % 

Fe
2
O

3
 0.5-1.5 % 

TiO
2
 0.03-0.2 % 

MnO
2
 0.03-0.1 % 

SO
3
 0-0.2 % 

H
2
O 2-7 % 

 
obtained via many time tried and proved simulation 
software have now acceptance due to the improved 
estimations of the multidisciplinary developed and 
validated codes. GEANT4 [11] is one of that codes 
which is developed to investigate the effects of 
particles during their passage from matter. Written in 
C++ code, GEANT4 is developed and distributed 
freely worldwide and it is possible to use it in particle 
physics, nuclear physics, accelerator physics and 
accelerator design, space engineering and also for 
medical physics purposes. Due to the wide 
employment area and many possible applications 
which could be developed with it freely, GEANT4 is 
very popular and this popularity make its 
improvement faster. In this study, to reach our aims 
GEANT4 has been employed and 10.3 version with 
patch01 of its distributions used to simulate the 
effects of proton and electron irradiations. 
 

Results and Discussion 
In this study, perlite material and its lead doped 

variations have been investigated. Selected lead 
deposition percentages have been applied as 5 %, 
10 % and 15 % to perlite. Each sample have been 
exposured to proton and electron radiation starting 
from 1 MeV up to 100 MeV with an energy increment 
resolution of 10 MeV. For every sample and every 
induced radiation situation, penetrating distance and 
stopping power values have been calculated by 
using the GEANT4 simulation software. All numerical 
results for each energy step saved and obtained 
results have been given in Table 3 for proton induced 
situation and in Table 4 for electron induced 
situation. The graphical representations for each 
sample and induced radiation situation, following 
figures are given in where proton induced situation 
has been represented in Fig. 1 while electron 
induced situation has been represented in Fig. 2. 

As seen from Fig. 1, with the 15 % lead doped 
variation of perlite the most acceptable values have 
been obtained even the penetrating distance 
increases with the increasing of incident particle 
energy. At 100 MeV, which is the maximum energy 
of incoming particles, the minimum penetrating 
distance of the particles has been obtained for 15 % 
lead doped perlite while the maximum penetrating 
distance of the particles has been obtained for perlite 
itself. Also, as seen from the graph, a declining 
decrease  with  the  increase  of  incoming   particle  
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Fig. 1. Stopping power and penetrating distance results on 
perlite and it’s lead doped variations for proton induced 
situation 

 
energy has been observed for stopping power values 
and the most acceptable results have been obtained 
for 15 % lead doped variation of perlite. 
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Fig. 2. Stopping power and penetrating distance results on 
perlite and it’s lead doped variations for electron induced 
situation 

 
The results for electron induced situation has 

been represented in Fig. 2, where the penetrating 
distance values located on the right axis while 
stopping power data located on the left. In this 
situation, similar to proton induced one, 15 % lead 
doped perlite has the lowest penetrating distance 
value which also increases with the increase of 
incoming particle energy but ends at an acceptable 
level. Differently from the first situation shown in Fig. 
1, the stopping power values stay almost steady for 
each lead doped perlite sample at different levels. 
The highest stopping power rate as MeV per cm has 
been obtained for 15 % lead doped perlite material 
as given in Fig. 2. 
 

Conclusion 
To reach our aim, which is the investigation of the 

possible effects of proton and electron radiation 
induced situations on perlite material and its different 
percentage lead doped variations, GEANT4 
simulation software has been employed. The results 
show that, for each investigated situation as proton 
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Table 3. Stopping power and penetrating distance results on perlite and its lead doped variations for proton induced situation 
 

 
Perlite Perlite + 5% Pb Perlite + 10% Pb Perlite + 15% Pb 

Proton 
(MeV) 

Stoping 
Power 

(MeV/cm) 

Penetration  
(cm) 

Stoping 
Power 

(MeV/cm) 

Penetration  
(cm) 

Stoping 
Power 

(MeV/cm) 

Penetration  
(cm) 

Stoping 
Power 

(MeV/cm) 

Penetration  
(cm) 

1 191.66928 0.033617485 291.7112 0.002614703 386.59984 0.001976332 474.81808 0.00136406 

10 36.284688 0.152449 55.68552 0.11761815 74.443776 0.0881465 92.263424 0.060302 

20 20.947696 0.519332 32.19568 0.39994045 43.106448 0.2990845 53.50928 0.204171 

30 15.198409 1.0700415 23.377728 0.8231535 31.326064 0.615082 38.919232 0.4194718 

40 12.10528 1.789359 18.628896 1.375673 24.9744 1.0273055 31.043408 0.7001445 

50 10.158896 2.666466 15.63848 2.049138 20.972864 1.5295735 26.0788 1.041986 

60 8.81716 3.692612 13.576288 2.8368665 18.211952 2.1167835 22.651552 1.441539 

70 7.831824 4.860273 12.061632 3.733067 16.183024 2.784808 20.132288 1.8945905 

80 7.076784 6.16275 10.900296 4.7324095 14.627008 3.52989 18.19928 2.4026145 

90 6.4788064 7.59583 9.980432 5.830591 13.39448 4.3485 16.667904 2.9592585 

100 5.9930992 9.156565 9.233136 7.02377 12.39304 5.237375 15.423408 3.5637085 

 
Table 4. Stopping power and penetrating distance results on perlite and its lead doped variations for electron induced situation 
 

 
Perlite Perlite + 5% Pb Perlite + 10% Pb Perlite + 15% Pb 

Elec-
tron 

(MeV) 

Stoping 
Power 

(MeV/cm) 

Penetration  
(cm) 

Stoping 
Power 

(MeV/cm) 

Penetration  
(cm) 

Stoping 
Power 

(MeV/cm) 

Penetration  
(cm) 

Stoping 
Power 

(MeV/cm) 

Penetration  
(cm) 

1 1.5267252 0.52179765 2.3809786 0.3355572 3.229226 0.24838 4.041856 0.1988965 

10 1.5375560 6.49759 2.3773058 4.1911045 3.2077136 3.101835 4.0432938 2.4766995 

20 1.566929 12.936165 2.4193078 8.35857 3.261804 6.463875 4.048044 4.9457375 

30 1.5801312 19.294385 2.4382358 12.477795 3.286192 9.24726 4.11047 7.38815 

40 1.5876406 25.61262 2.4490284 16.572985 3.300024 12.28579 4.127578 9.817335 

50 1.5924763 31.906985 2.4559626 20.653765 3.3091422 15.314145 4.1385162 12.23849 

60 1.5958142 38.185565 2.4607674 24.72503 3.3153484 18.33568 4.1460692 14.65442 

70 1.5982384 44.452925 2.7918618 28.789475 3.3198438 21.352485 4.1515656 17.06661 

80 1.6000621 50.712145 2.4668826 32.84908 3.3232654 24.36577 4.1557152 19.476105 

90 1.6014707 56.96515 2.4689028 36.90489 3.3258498 27.37636 4.1589002 21.88351 

100 1.6025809 63.21315 2.4705044 40.95773 3.3279064 30.38475 4.1614118 24.28932 

 
and electron radiation inducement on perlite itself 
and lead doped different variations, the studied 
penetrating distance and stopping power values 
differs positively for the possible use of perlite as 
shielding material for the mentioned radiation types 
with the increase of lead deposition ratio. As seen 
from the graphs and tables, where all numeric results 
have been given, the 15 % lead doped perlite 
material has the most acceptable and reasonable 
results rather than the other studied variations which 
are 5 % and 10 % lead doped and no lead doped 
samples serve as a shielding material. 
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