
Macromol. Symp. 127, 181-185 (1998) 181 

EFFECTS OF RECYCLING ON MECHANICAL AND THERMAL 
PROPERTIES OF POLYSTYRENE 

H.DJIDJELLJ * and D. BENACHOUR** 

*Laboratory of organic materials, University of Bejaia Algeria. 
**Polymer Engineering Department, University of Setif, Algeria. 

Abstract: A commercial Polystyrene ( M, =2.5 Id, MFI =14.80) was 
extruded repatedly from one to eight times at 190 OC .The effects of extrusion 
process on physical and chemical properties of polystyrene wereinvestigated 
using : -Average molecular weight 

-Izod Impact strength ; 
-Thermal Properties (TGA, DTA ) . 

The results showed that Proceasing of polystyrene leads to degradation. In fact, a 
decrease of 23 % in the average molecular weight was observed for the 8m cycle 
sample and a reduction m impact strength by 34% was also noticed for the 4m cycle 
sample. 

1. INTRODUCTION 

Extrusion is the most widely used technique to process thermoplastics, with over one- 
half of all thermoplastic materials being processed in this manner ').The significance of studying 
the effect of extrusion on the properties of thermoplastics stems from the need to recycle such 
materials while conserving their useful properties. Some basic studies have been reported on the 
effect of recycling on the  ropert ties of p0lys-e using a capiuary heometa 
In contrast, relatiwly little has been published about a recycling polystyrene using an extruder 
machine. 
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2. EXPERIMENTAL 

Polysmene used was a commercial product (EDISTR) from Montedison and 
characterkd by a melt flow index of 14.80 s/lO min. 
We extruded the polystyrene repeatedly at the same conditions . After each extrusion, the 
product was pelliW. Enough material was sampled for subsequent testing and the rest fed 
back to the extruder. 

A GPC method was used to obtain molecular weghts and the molecular weight 
distriiutions. The experimental conditions were as follow : 
solvent is toluene ; temperature 25°C ; concentration : 15.4.104 s/d. 
The column set was caliiated by injecting polystyrene standards with narrow distributions. 
Molecular weight 0 were calculated by computer programm. 

m o n e  extruder. 
Polystyrene was extruded at high shear stresses ( SOtr/mn) at 190OC in Battenfeld Model 
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The impact strenght was calculated on the basis of 5 samples. The dimensions are 62 x 
12 x 0.8 mm3. 

Thermal stability of the recycled samples were measured in a SETAFUM TGTDA92 
thermal analyser . The studies were carried over the temperature range 20-500 "C in N2 
atmospher, at a heating rate of loo C/min . 

3. RESULTS AND DISCUSSION 

3.1. Gel permeation chromatography 

The change in the average molecular weight is illustrated in fg.1. A significant 
molecular weight decrease was observed after 2 cycles. This decrease waa evaluated to 23% in 
the average molecular weight around the 8& cycle. 
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Fig. 1 Change in Average Molecular Weight (Mw) with a reprocessing. 

According to figure 1, we observe clearly that the e m i o n  implies an intense shearing 
of macromolecular chains which indicate a decrease of the average molecular we& . We also 
notice that degradation assigns essentially the macromolecules of high molecular weight. The 
reduction of the average molecular weight increases the fluidity of polystyrene in its melted 
state. 
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3.2. Impact strength 

The results indicate a reduction in impact strength for the recycled product ( reduction 
of 34% at Srn cycle ), as shown in figure 2. 
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Fig2 hod impact strength of Polystyrene as a function of extrusion cycle. 

We also notice in figure 2 that the impact strength decreases when the polystycne is 
recycled further. ThLp reduction of the impact strength is due to the degradation by the repeated 
extrusion cycle which induce the frasilisation of material. These results are in good relationship 
with those obtained in the tests of GPC and MFI. 

3.3. Thermal analysis 

Figurts 3 and 4 show the mass loas. and the rate of mass loas. curve-s, respectively. 
Analyzing thermograma , we can see that the range of temperatures 25 - 300 OC doesn’t indicate 
any sign of thermal degradation for the different samples. We also observe that the begining of 
decomposition (Td) is moce fast in the virgin sample (fig.3), while the rate of degradation is 
more important in the recycled sample (flg.4). 
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The effect of extrusion cycle has C O X M ~ ~ I M I ~ &  mcreased the degradation speed and this could 
be explained by the scission of macromolecular chains when the number of cycles of extrusion 
~ C E ~ S ~ S .  Additiody, we tho@ that this process of depolymerization affects in first, the 
longer molecular chains. 
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Fig3 Mass loss of mlvsivrene as a fundion of temperatux. 
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Fig4 Rate of mass loss as a function oftemperahue. 
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4. CONCLUSIONS 

These multa confirm that repmuwing of polystyrene mduces changes m mechanical 

ExtueiOn process affects essentialty the high macromolecular chains of polystyrene. 
and t h d  Properties as well as in the average molecular weights. 
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