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  الخلاصة

ذا البحـث دراسـة تـأثیر أشـعة كامـا علـى اللزوجـة المختزلـة والذاتیـة وثابـت هـویكنز تم في ه
اذ تـــــم حــــساب متوســــط الــــوزن الجزیئــــي للبولیـــــستیرین . لمحلــــول البولیــــستیرین فــــي مــــذیب البنــــزین

 ًأیــضاكمــا تــم .  ســوكارادا بالاعتمــاد علــى قــیم اللزوجــة الذاتیــة- هوینــك -باســتخدام معادلــة مــارك 
وقـد بینـت . على اللزوجة المختزلـة) C ◌ْ)60-25رجة الحرارة ضمن المدى الحراري  دتأثیردراسة 

النتـــائج ان البولیـــستیرین یتـــرابط عرضـــیا بعـــد تعرضـــه لاشـــعة كامـــا المنبعثـــة مـــن مـــصدر الـــسیزیوم 
137Csةر في الهواء ویتحلل بزیادة درجة الحرا.  

 
Abstract 

In this research the effect of gamma rays had been studied on the 
reduced viscosity and intrinsic viscosity and Huggins constant of 
polystyrene (PS) solution in the solvent benzene, by the determination of 
the average molecular weight of (PS) using Mark - Houwink – Sakurada 
equation depending on the values of intrinsic viscosity. The effect of 
temperature in the range (25-60)C on the reduced viscosity had been 
studied too. The results showed that (PS) undergoes crosslinking after 
irradiation in air with gamma rays emitted from 137Cs  source and 
degradation with increasing temperature. 

 
1. Introduction 

Growing interest in irradiation of polymers and organic materials 
has been reported recently in the literature(1-9). Radiation-induced 
corsslinking of polymers is the most well-known process in the field of 
industrial use of radiation. Polymers may either crosslink or degrade 
depending on their chemical nature and radiation used. Both processes 
take place simultaneously in most polymers under usual conditions. Also 
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the molecular weight of polymers increases with increasing dose of 
radiation for crosslinking type of polymers. 

Cross-linked polymeric materials have important advantages over 
their non-cross-linked analogous such as superior mechanical and 
chemical properties, higher thermal stability and lower temperature 
dependence of viscosity (10,11). 
PS is one of the most important material in the modern plastic industry 
which, has been used all over the world, due to its excellent physical 
properties and low-cost(12).  

Many studies on PS (C8H8) after irradiation had been made (13-18). 
The effect of  -radiation on PS shows that it undergoes crosslinking (19) 
as shown in fig. (1) 

 
 
 
 
 

 
 
 
 
 

Fig. (1): Crosslinking of Polystyrene 
 

The present work was undertaken to find out: 1) the average molecular 
weight of (PS) samples irradiated in air at low gamma radiation dose. 2) 
A new method for studing the effect of measuring temperature for a 
solvent and (PS) solution to determine the reduced viscosity. 
 
2. Theoretical part. 
The relative viscosity )( rel

 for dilute polymer solution was obtained by 
the expression(20): 
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The reduced viscosity )( red
, at each concentration  C  was calculated 

from the relation (21) 
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The intrinsic viscosity    is defined by the following relation: 

  





  Cc
 0lim       …………………(4) 

The molecular weight M of the samples was determined by the intrinsic 
viscosity   , whose relation is given by Mark - Houwink - Sakurada (22, 

23). 
  )5.........(........................................aKM  
Where K and a are constants, their values are 9.52x10-5 dl/g and 0.744, 
respectively, for PS (solvent: Benzene) at 25ºC. 
 
3.  Experimental Part 

PS foils used in this research were prepared following the method 
described in reference (24). The PS solution was prepared by solving 1 gm 
of PS foil in 100 cm3 of Analar Benzene at temperature (25±0.1)ºC to get 
a solution of g/dl concentration then this was diluted to get different 
concentrations between (0.1-1) g/dl. This method was used to prepare 
samples for bothirradiated and non radiated PS foils. 
In the present work the viscometric measurements were carried out in an 
ordinary Cannon-Fenske capillary viscometer (shown in fig.2) 
thermostated at 25ºC by a water bath(25). 
 
 

 
 
 
 
 
 
 
 

Fig. (2): Schematic of a Glass Capillary 
(Cannon-Fenske) Viscometer 

 
PS foils of dimension (1.0x1.0x0.05) cm were irradiated in air with γ-ray 
obtained from Cs137 source. 
We studied the effect of γ-ray (emitted from Cs137 source of activity 1  
Ci and energy 0.662 Mev) on PS samples for two periods of irradiation 
time. 

receiv
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4. Results and Discussion 
4.1 γ-ray effect  

The relation between the reduced viscosity and concentration of PS 
solutions (before and after irradiation) at 25ºC is shown in fig. (3). It is 
clear from this fig. that the increase in concentration from 0.2 g/dl will 
cause an increase in the reduced viscosity and this is due to the increase 
in friction between the polymer molecules with each other and with the 

solvent molecules (26). The values of C
sp

 before irradiation is lower than 
that irradiated with γ-ray and this is because of that ions and free radicals 
formed may be join together to form a large polymer series which leads to 
crosslinking. While reduced viscosity increased(25) with decreasing 
concentration less than 0.2 g/dl and this is due to the change of polymer 
solution from non-Newtonian flow to Newtonian flow(27). 
The intrinsic viscosity    of PS solutions was determined from the linear 
plots of reduced viscosity )( red

 with concentration (C) which is achieved 
by extrapolation to zero concentration. 

The effect of γ-radiation on intrinsic viscosity is shown in fig. (4), 
there is a linear increase in   with the increase of irradiation time. 

The average molecular weight M of PS samples was calculated 
from eq. (5). The increase in molecular weight ΔM with irradiation time 
is shown in fig. (5). It is clear that there is an increase in molecular weight 
when the irradiation increases during the limit of irradiation and this due 
to the free radicals and ions fromed during irradiation of (PS) by gamma 
rays will join together to gives large series of (PS) which leads to an 
increase in reduced viscosity and then an increase in the average 
molecular weight of (PS). 

Further analysis of fig (3) and from Huggins equation(28) 

    )6..(..................................................2C
C kH
sp 


   

Where KH is the Huggin's viscometric constant, its value for a 
specific solvent has been assumed to contribute to its power, the lower 
the value of KH, the better the solvent, or high value of KH is 
characteristic of poor solvent. The values of KH had been determined 
from the slope of 

C
SP  vs. C in fig. (3) and plotted as a function of 

irradiation time and M, this is shown in fig. (6,7). It is clear from these 
figures that KH decreases with irradiation time and M too, because the 
increase in gamma rays cause an increase in the intrinsic viscosity as 
shown  in fig (4). 

 
4.2 Effect of Temperature 

The relation between temperature of the polymer solutions and 
their viscosity )(  expressed (27,29) as: 
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  )7..(............................../exp RTQA   
Where A is a pre-exponential term, Q is activation energy of 

viscous flow, R is the gas constant. 
We studied the reduced viscosity )( red

 for two concentrations 
(0.4,1) g/dl in the temperature range (25-60)ºC. The effect of temperature 
upon 

C
SP  for PS should depend strongly upon the nature of the solvent, in 

a very good solvent, therefore, a temperature increase should cause a 
decrease in 

C
SP , while in a poor solvent, a temperature increase should 

result in an increase of  
C
SP . 

The results are shown in fig. (8) which agrees with eq. (7), it is 
clear that the viscosity decreases with increasing temperature, this can be 
explained physically that the increase in measuring temperature will lead 
to decrease in activation energy Q and then decrease in )(  and 
chemically the increase in temperature will lead to a break and shortage 
of polymer series which in turn leads to a decrease in viscosity. 

The logarithmic dependence of 
C
SP  upon the reciprocal of 

measuring temperature is represented by a straight line as shown in fig. 
(9) which shows a good agreement with eq. (7). 
 
5. Conclusion 
1. From this work it can be concluded that PS undergoes crosslinking 

by γ-irradiation in the limit of irradiation time used. 
2. The increase in concentration of PS solution (0.2-1) g/dl causes an 

increase in reduced viscosity when samples irradiated with γ-ray and 
dissolved in analar benzene while the decrease of concentration 
below 0.2 g/dl cause an increase in reduced viscosity. 

3. Intrinsic viscosity and molecular weight of PS increases with γ-
irradiation dose while Huggins coefficient decreases. 

4. Reduced viscosity of PS dissolved in analar benzene decreases with 
increasing measured temperature in the range (25-60)°C. 
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