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Abstract. The effect of EB radiation on the mechanical properties of HIPS matrix nanocomposites is discussed in this paper. Two different 

types of clays were used (calcic Cuban and sodic Brazilian bentonites) as reinforcement material, in 5 and 7% additions regarding the 

weight of the material. All clays used were subjected to organic modification. Composite material pellets were prepared in a hot extrusion 

process adding the clays aided by a vibrating dispenser. Mechanical test samples, for tensile and impact tests, according to ASTM standards, 

were elaborated in an injection molding machine. Half of the samples were irradiated at 600KGy and seven days later, they were tested. The 

rest of the specimens were tested from their direct injection state. It was shown that an addition of up to 5% of clay as reinforcement in a 

matrix of HIPS achieved increases in tensile strength over 30% compared with the unreinforced polymer. Additions of higher amounts of 

clay (7%) represented a decrease on mechanical strength, compared with the 5% addition. Electron beam irradiated samples showed a 

considerable increase in the tensile strength with respect to this strength in pure material. Increases between 48 and 56% were achieved. In 

all cases elongation and impact strength decreased with the aforementioned increase in tensile strength.. 

 

1 Introduction  
High Impact Polystyrene (HIPS) is a two phase blend polymer [1] 

with a broad field of applications. Due to its excellent toughness, 

good electric insulation, processability and low cost, it has been 

widely used for toys, disposable packages, furniture accessories, 

electrical-electronic goods, medical equipment, etc. Nowadays the 

automotive industry and modern manufacturing processes as 3D 

printing have also benefited from the use of this material. Several 

studies have been carried out to improve the mechanical properties 

of this polymer, most of them, by controlling rubber domain size 

and distribution, and changing the morphology of salami rubber 

particles[1-5] or by designing a novel polymer injection process 

[6]. The use of ionizing radiation is known to be a powerful tool 

for crosslinking elastomers, with the subsequent enhancement of 

mechanical properties when the proper dose is used. [7]. The usage 

of radiation on HIPS for improving its mechanical properties has 

been scarcely studied to our knowledge. This has been limited to 

the use of gamma radiation [7] and although high doses of electron 

radiation have been employed [8] we did not find references to the 

use of this ionizing radiation source aimed at achieving the purpose 

above. 

Another way of increasing mechanical properties in this kind 

of polymer is the creation of composite materials. Particles of 

organic clays are widely used as reinforcement for polymers, and 

HIPS has been employed as matrix [9]. The addition  of  up to 10% 

of clay can modify effectively the properties of the material [10, 

11] due to the large surface contact area between the clay and the 

polymer. The particle size and distribution play an important role 

on the reinforcement effectivity, the smaller and better distributed 

the better the reinforcement properties [9]. Two different types of 

organic clays were used to prepare HIPS nanocomposites. The 

resultant nanocomposites were subjected to electron beam (EB) 

radiation for further improvement and the mechanical properties 

were evaluated. 

Table 1. Reinforcement type and amount of addition for each 

sample. 

Sample  Bentonite Type  Modification Process  Load 

%  

1  Cuban (C) Small scale (SS) 5 

2  C SS 7 

3  C Large Scale (LS) 5 

4  C LS 7 

5  Brazilian (B) SS 5 

6  B SS 7 

7  B LS(Industrial Process) 5 

8  B LS(Industrial Process) 7 

 

 

 

2 Experiments  
2.1. Sample preparation  

Two different types of bentonites, a Cuban calcic and a Brazilian 

sodic bentonite, were subjected to an organic modification process. 

Both clays were modified with the use of organic quaternary 

ammonium salts and sodium carbonate. The modified bentonites 

showed an increase of the swelling capability in organic solvents 

according to Foster swellability test with slightly higher values for 

the Cuban bentonite (for example, swellabillity values in gasoline 

ranged 15-16 ml/g and 11-12 ml/g for Cuban and Brazilian 

bentonites respectively). The modification process was carried out 

in small and large scales according to the amount of treated clay 

for the Cuban bentonite. An industrially modified sample from the 

Brazilian sodic bentonite was also used. The clay particles size was 

in the nanometer range according to the results of the organoclays 

X ray diffraction. [12] 

Composite material pellets were prepared in a hot extrusion 

process adding the nanoclay particles with the aid of a vibrating 

dispenser. Two levels of loads (5 and 7%) were used for each 

group of samples. Table I presents the characteristics of each 

composite material studied with the kind and amount of 

reinforcement, besides the scale of the process employed for the 

modification. The small-scale process refers to the modification 

process with a 40g sample of clay, and the large-scale process 

refers to a 240g clay sample. 

2.2 Electron Beam Radiation Procedure 

A Dynamitron DPC2000-JOB 307 was used for the radiation 

process. Pellets of 3 representative samples were irradiated with 

200, 400 and 600kGy respectively; to determine the optimal 

radiation dose, according to machine characteristics. The 

reticulation was evaluated according to ASTM D 2765-11, being 

the better results associated with the higher radiation dose. None of 

the samples showed signs of degradation; therefore, the 600 kGy 

dose was selected for all the samples.  

Half of the mechanical test samples were subjected to a total dose 

of 600KGy with a rate of 22.39kGy/s and energy of 1.288 MeV. 

The irradiated samples were mechanically tested 7 days after the 

application of the radiation. This ensured the structure stability. 

2.3 Material characterization and Mechanical Property tests 

Tensile strength and Charpy tests were performed to the irradiated 

and non-irradiated samples. The ASTM standards D638 and D6110 

were respectively followed. A deformation speed of 5mm/min was 

selected. Portions of the tensile test samples were used to perform 

X ray analysis and the fractured zone of the Charpy samples were 

prepared for SEM analysis.   

 

3 Results and discussion 
Figure 1 shows the effects of the amount of clay addition on tensile 

strength. For all the samples studied, the higher values of yield 

strength were obtained for the samples with 5% of addition. The 
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increase up to 7% of addition resulted in a decrease of this 

mechanical property. Slightly higher values were displayed by 

Cuban bentonite. This result could be associated to the 

modification process effectiveness, with lower swellabillity values 

for the Brazilian bentonite. The pure HIPS showed a yield strength 

of 20 MPa; therefore, all the composites tested showed an effective 

reinforcement within 8 and 20% increment on tensile strength for a 

5% organoclay addition. 

 
Fig 1 Influence of the amount of addition on the yield strength of 

HIPS- matrix nanocomposites without EB radiation 

 (a)  

 (b) 

Fig 2 Scanning Electronic microscope images of samples 1(a) and 

2(b) both in the irradiated condition  

 

No agglomeration of clay particles is observed in any of the SEM 

samples (Figure 2). It could be assumed that the particle 

distribution influenced the results for the higher additions (7%), but 

no evidence of this was found in the SEM studies at the 

magnification employed, thus the use of further analysis is required 

for explaining this result. 

  
Fig 3 Comparison of the EB irradiated and non-irradiated yield 

strength for each composite material  

 

A comparison of the yield strength obtained after EB radiation with 

the ones prior to the EB process showed that the reticulation 

process due to radiation increases the tensile strength. 

All the irradiated samples showed higher yield strength than the 

non-irradiated ones (Figure 3). The increase ranged between 31 

and 36% above the value from the non-irradiated sample, but 

comparing it with the pure HIPS the increase was bigger, ranging 

from 46 to 55% above the yield strength of the pure material. 

Similar behaviors were found regarding Young modulus, and 

tensile strength. 

The impact resistance decreased with the irradiation process (Table 

II), although the fracture zone displayed in figure 2 shows a fibrous 

surface consistent with a ductile fracture for both irradiated 

samples. 

Table 2. Charpy impact resistance of the irradiated and non- 

irradiated samples 

Sample 

No 

ak (J/m) 

Non-irradiated 

ak (J/m) 

Irradiated 

1 75 33.3 

2 50 33.3 

3 75 33.3 

4 62.5 33.3 

5 75 50 

6 50 33.3 

7 62.5 43.3 

8 58.3 43.3 

   

 

4 Conclusions 
Composite materials reinforced with two types of organic 

bentonites and HIPS matrixes were obtained and EB irradiated 

with a 600kGy dose. The yield strength achieved increases above 

30% regarding the non-irradiated samples, which is significant. No 

degradation was observed in the material, it indicates a feasible 

way of enhancing mechanical properties. The use of Cuban and 

Brazilian organoclays in a 5% load of the composite weight 

showed an efficient mode of strengthening HIPS. 
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