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Abstract: Polymer composite radiation shields of Isophthalate based unsaturated polyester resin 
filled with different concentrations of lead monoxide were investigated for chemical resistance 
against diffusion of water, sulphuric acid and sodium hydroxide. Pristine polymer was observed to 
exhibit an excellent stability to all the solvents used. Filled composites were also observed to exhibit 
good stability against distilled water and H2SO4 solution. However, lower stability was observed in 
NaOH solution due to the reaction between sodium hydroxide and lead monoxide. The effect of 
filler concentrations on solvent sorption and surface morphology were also discussed. 
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Introduction 

Generally, radiation shielding materials such as lead bricks, high density concrete and metal 
or metal alloys are heavy and bulky and not preferred under all conditions1-4. Radiation 
resistant high density polymer composites of polymers filled with different metal or metal 
oxides5-9 are widely preferred as flexible radiation shields. Polymer radiation shields are 
inevitably exposed and interact to different environments during their service life. 
Unfortunately, most of these interactions do somehow have a harmful effect. Hence, in 
addition to radiation shielding, it is necessary to test them for other aspects such as thermal, 
mechanical, chemical and electrical behaviours. In view of this, lead monoxide (PbO)10,11 
filled Isophthalate unsaturated polyester resin12 composites of have been prepared and 
investigated for above said aspects13-15. The results of the chemical stability against diffusion 
of solvents such as water, an acid and a base have been discussed in this paper. 

 Diffusion in, permeation through, swelling and relaxation of polymers are the common 
phenomena involved during these environmental interactions which may cause solute-
induced-plasticization in the composite or swelling induced mechanical stresses leading to 
environmental stress cracking. Hence, an evaluation of these radiation shields for chemical 
stability would be essential to predict their performance against different environments. 
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Experimental 
Fabrication details of the composites are already reported elsewhere along with the results of 
radiation shielding13,14, thermo-mechanical15, thermal16 and electrical studies17. In this paper, 
the results of chemical stability have been presented. Rectangular specimens of 
25.4x76.2x3 mm3 were oven dried at 100 0C for 24 h, cooled in desiccators and weighed to 
the nearest 0.001 g. Water diffusion studies was done according ASTM D 570-99 procedure. 
ASTM D 543-95R01 procedure was followed for studies in 30% H2SO4 and 10% NaOH. 
Surface modifications due to solvent diffusion were investigated using metallurgical 
microscope.  

 There is no universal model to cover all types of solvent sorption in polymer systems18. 
Generally followed mechanisms are Fickian19, case II diffusion20 and others21. Solvent 
diffusion in polymers depends on factors like processing techniques, matrix filler 
characteristics, composition and duration of immersion. Further in polymer systems, 
amorphous part of the polymer contributes mainly than the crystalline part. Diffusion 
coefficients depend on the chemical nature of the polymer system and degree of cross-
linking22. Weight% gained during sorption and soluble matter% lost if any during sorption 
were evaluated to the nearest 0.001% using the relations, 
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 Using the plots of fractional weight gain against time , diffusion coefficients for 
different liquids were evaluated using the relation: 
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 Where wt, w0 and w∞ are the weights of the samples at immersion time t, t = 0 and at the 
saturation, l the thickness and D the diffusion coefficient of respective liquid23. 

Results and Discussion 
Weight gain in composite samples immersed in distilled water, 30% H2SO4 and 10% NaOH as 
a function of time have been shown in Figures 1, 2 and 3 respectively. Surface morphology 
of a composite sample before immersion in solvents has been shown in Figure 4. Modification 
in surface morphology of composites is depicted in Figures 5 to 8 after immersing in solvents 
for 120 days. Table 1, shows the diffusion coefficients of various solvents. 

 As evident from Figure 1, ILM1 shows less than 0.1% in % of weight gain when 
immersed in water for 24 hours and it ranges up to a maximum of 0.142% in filled 
composites. Isophthalic acid based unsaturated polyesters are known for high chemical 
resistance. Most of the samples attain saturation at around 60 days of immersion. At 
saturation, ILM1 gains the minimum % of weight (0.315%) while ILM2 gain the maximum 
(0.683%). Among the filled composite samples, ILM2 with only 5% of PbO filler gained the 
highest % of weight (0.683%) at saturation level and follows a decreasing trend with an 
increase in filler concentration from ILM2 to ILM7.  
 These observed results may be attributed to the fact that ILM1 being a thermoset 
pristine polymer contains tightly bound cross linked polymer layers through which the  
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diffusion of water molecules is very much limited. In filled samples at lower filler loadings, 
the particles are surrounded by a tightly bound polymer covered by a layer of loosely bound 
chains. As the loading increases, the areas of loosely bound polymer begin to overlap, 
containing the entire matrix to be influenced by the filler. If filler loading is high, there is 
little space left for loosely bound polymer and hence the participation of the layers of tightly 
bound polymer increases23-25. Fillers also influence the structure of the polymer matrix due 
to contribution from filler surfaces to inter phase organization10. Therefore ILM2 with lower 
filler concentration offers more free space inside for water to diffuse through while the 
ILM7 with higher filler concentration offers the least. 

 
 

Figure 1. Fractional weight gain in polymer composite samples immersed in distilled water 

 
 

Figure 2. Fractional weight gain in polymer composite samples immersed in 30% H2SO4 
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Figure 3. Fractional weight gain in polymer composite samples immersed in 10% NaOH 

Table 1. Diffusion coefficients of distilled water, H2SO4 (30%) and NaOH (10%) solutions 
in polymer composite samples 

Sample 
Wt. % of 
PbO filler 

D (Diffusion coefficients) x10-6 cm2 s-1 
H2O 

(Distilled) 
H2SO4,  

30% 
NaOH, 10% 

ILM1 0 6.343 6.335 6.334 
ILM2 5 6.367 6.339 6.452 
ILM3 10 6.365 6.339 6.643 
ILM4 20 6.363 6.335 7.092 
ILM5 30 6.362 6.334 8.207 
ILM6 40 6.361 6.333 9.412 
ILM7 50 6.354 6.332 10.980 

 Since H2SO4 molecules are quite bigger penetrants than water molecules, all the 
composites were expected to gain less weight%.  And also, neither the polymer nor the filler 
reacts chemically with H2SO4 acid and hence the diffusion mechanism would be a simple 
solvent sorption mechanism similar to that of water. At 24 hours of immersion, a weight 
gain % was found to be less than 0.05%. At 120 days of immersion, the samples attain 
saturation in weight gain and ILM3 was observed to gain the highest (0.262%) while the 
ILM7 gains lowest value (0.135%). Here % of weight gain at saturation increases with an 
increase in filler content only up to ILM3 and thereby it tends to decrease up to ILM7 with a 
minimum weight % even than that of ILM1. This trend is quite similar to that of water and 
may be attributed the same fact that discussed above in case of water diffusion.  

 Isophthalate based unsaturated polyesters are resistant to even strong alkalies.  
However, filled composites show poor stability against alkalies’ as lead monoxide 
undergoes reaction with most of the alkalis’ and with NaOH reacts to form sodium plumbite. 
Hence, ILM1 shows an excellent stability only 0.091% of weight gain even in 120 days of 
immersion while the other composites from ILM2 to ILM7 show poor stability as evident 
from Figure 3. With an increase in filler concentration, the % of weight gain also increases.  
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ILM7 attains a weight gain of 9% just in 24 hours of immersion and a highest value of 
42.631% in 120 days of immersion. The weight gain in ILM1 may be attributed to a simple 
sorption mechanism of penetrants into limited free space available in polymer layers. 
However, in filled composites, diffusion of penetrating molecules as well as loss of PbO 
particles due to chemical reaction is involved.  

 Diffusion coefficients generally depend on chemical nature and cross linking degree of 
the polymer chains in the composite system. ILM1 being a pristine cross linked polymer 
shows more stability to diffusion of all solvents. The observed values of diffusion 
coefficients in filled composites as shown in Table 1, differ as the cross linking degree of the 
polymer gets affected due to presence of filler particles in between the polymer layers.  

 Optical micrograph of ILM1 in Figure 4 before immersion in any of the solvents exhibits 
a rough surface with visible impressions of mould surface. On immersion in solvents for 120 
days, surface structure of ILM1 appears clearly with the impressions of mould surface and is as 
shown in Figures 5, 6 and 7. These observations might be due to loss of loosely bound 
dust/surface particles and possible swelling of the surface layers due to solvent diffusion. 
Similar results were also observed for other samples (ILM2-7) immersed for 120 days in water 
and H2SO4. However, after immersion of samples from ILM2-7 in NaOH for 120 days show 
different surface structure as one shown in Figure 8 for ILM7. Large oval shaped gaps which 
appear on the surface are due to reaction of surface filler particles and hence a larger % of 
weight gains due to diffusion of more solvent into the composite structure. 

  
Figure 4. Optical micrograph showing 
surface structure of ILM1 sample before 
immersing in the solvents 

Figure 5. Optical micrograph showing 
surface structure of ILM1 sample 
immersed in distilled water for 120 days. 

  
Figure 6. Optical micrograph showing 
surface structure of ILM1 sample immersed 
in 30% H2SO4 for 120 days.  

Figure 7. Optical micrograph showing 
surface structure of ILM1 sample 
immersed in 10% NaOH for 120 days  
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Figure 8. Optical micrograph showing surface structure of ILM7 sample immersed in 10% 
NaOH for 120 days 

Conclusion 
The composites were investigated to understand their stability against diffusion of distilled 
water, 30% H2SO4 and 10% NaOH solutions. Pristine polymer exhibits an excellent stability to 
all the solvents used. Filled composites were also exhibit good stability against distilled water 
and 30% H2SO4 solution. However NaOH solution appears to be more corrosive due to reaction 
with the filler. An appropriate surface coating on the filled composite samples to minimize the 
exposure of the filler particles would help to improve their stability against alkalis’. The effect 
of filler on solvent sorption and surface morphology of the composites were discussed. 
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