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ABSTRACT 

Mechanical properties of engineering polymers which are the most important properties for design and 

construction purposes are diverse. This has been proved by investigation tensile properties of different 

grades of LDPE using tensile specimens processed by both injection moulding and compression moulding 

techniques. A considerable variation in these properties exists among the examined grades for similar 

chemical structures and similar previous history. The obtained results showed that mechanical properties 

for compressed samples are better then those obtained for the injected samples. This behaviour could be 

explained by the difference in the internal stress levels inside the material. Thus, caution must be exercised 

in selecting the material, its grade and its manufacturing method for a defined design. 
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Mechanical properties of different grades of WPE. 

INTRODUCTION 

Many plastics are in competition with other engineering 

materials because they fulfil the needs which traditional 

materials cannot meet, either in terms of performance or 

economics. Such plastics posses high toughness and 

hardness and can withstand a wide range of temperatures 

and other environmental conditions (1). To mention but a 

few, the use of polyamide (PA) in small gears, the use of 

polytetrafluorethylene (PTFE) in high temperature 

applications and the use of polycarbonate (PC) in glazing. 

In addition, plastics are generally less dense than metals, so 

that their strength to weight ratios are highly favourable. 

Despite these facts, plastics are not always as strong as 

metals and they are prone to dimensional changes under 

loads at high temperatures (2). Beside this, the mechanical 

behaviour of the plastics is quite different from that of other 

engineering materials for many reasons, all of which may 

substantially change the mechanical properties (3). For 

example, there are more than 70 basic structures (4) each of 

which is available in upto 100 different grades from 

different manufacturers which constrains the material 

selection process by design engineers. In addition, the 

plastics are usually modified by fillers (5), plasticizer (6), 

flame retardant (7) and impact modifiers (8), and a 

modification to increase one property may reduce the 
others(l ). 

On the other hand, most plastics can be easily fabricated 

into shaped parts by injection moulding or other processes, 

but the mechanical properties for these parts may vary 

considerably. Thus, it is intended in this work to investigate 

the effect of manufacturing method and slipping agent on 

the mechanical properties of five grades of Lotrene low 
density polyethylene (LDPE). 

EXPERIMENTAL 

The material investigated in the present work is Lotrene 

LDPE pr~duced by QAPCO. Five different grades were 

used, namely: FB3003, FB5005, CD0230, FD0374 and 

FD0474. Some properties and various additives for the 

different grades, as supplied by the manufacturer are listed 

in Table I. Tensile specimens of a dog-bone shape of the 

various grades were produced using injection moulding with 
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the gauge length of 65 mm, width of 12.6 mm and thickness 

of 3.1 mm, The samples were produced using an injection 

temperature of 150°C, an injection pressure of 160 Kg/cm2 

and a die temperature of 25°C. 

Another set of tensile specimens were produced of the 

same grades of the loteme LDPE using compression 

moulding with gauge length of 25 mm, width of 10 mm and 

thickness of 3 mm. The specimens were produced using a 

compression moulding machine at 30 Mpa and 165°C for 

20 minutes 

Tensile testing was carried out using Lloyd Instruments 

material testing machine linked to a remote microcomputer 

for data acquisition and analysis. The load was measured by 

a load cell 5 KN capacity, while the displacement was 

measured using an internal exteniometer. The speed of 

testing was 100 mm/min. Lloyd Data Analysis Package 

(DAP) was used to analyse the tensile properties from the 

load-extension diagrams. Detailed information about DAP 

are outlined elsewhere (9). Five samples were tested at the 

same conditions for each grade from each set. 

RESULTS AND DISCUSSION 

Typical stress-strain curves for injection moulded 

samples and for compression moulded samples are shown in 

Fig. (1-2) respectively. As can be seen in Fig. (1) for the 

injection samples, there is a continuous increase in stress 

with strain, up to fracture and the absence of yield points is 

visible. This type of deformation is usually termed as strain 

hardening (10). Comparing the curves in Fig. (1) indicate 

that FB grades have relatively higher ultimate tensile 

strength, lower ductility (strain at break), lower strain at 

maximum load and lower toughness (area under the stress 

strain curve) than FD grades, whereas CD0230 has an 

intermediate level of all tensile properties. The results may 

be not surprising, since the FB grades have relatively higher 

molecular weight as can be seen from their melt indices in 

Table 1, which is in accord with Ward (11) and Nielsen 

( 12), they reported that as the molecular weight increases, so 

do the tensile strength. However, Gentle (13) reported that a 

higher molecular weight thermoplastic polymer will be 

tougher than a lower molecular weight polymer of the same 

chemical type which counteracts the present work as the FB 

grades showed the lowest values for toughness. This may 

reflect the presence of slipping agent in the FD grades 

examined as can be seen in Table 1. 
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Fig. (1) Stress-Strain curves of the five grades 

LDPE for samples manufactured by injection 

moulding process. 
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Fig. (2) Stress-strain curves of the five grades 

LDPE for samples manufactured by compression 

moulding process. 
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Fig. (3) Ultimate tensile strengths and rupture 
stresses of the different LDPE grades for 

injected and compressed samples. 
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Table 1: Technical Data for Lotrene LOPE 

Polymer Properties FB3003 FB5005 

Density (g/cm3) 0.919- 0.919-
0.921 0.921 

Melt flow index (g/10 min) 0.3 0.6 

Antioxidant (level) (ppm) Nil Nil 

Slip agent (level) (ppm) Nil Nil 

Antiblocking agent (level) Nil Nil 
(ppm) 

The compressed samples (Fig. 2) showed completely 

another type of deformation as the stress-strain curves 

appeared with defined yield points followed by a near 

horizontal region. Such type of deformation is well known 

for soft and tough material (1). In this case again, FB 

grades showed higher ultimate tensile strengths and higher 

rupture stresses than FD grades and the CD0230 took the 

intermediate level, but the differences in strengths among 

the various grades examined were very small ( <1 0%) 

compared with injected samples. On the other hand, it is of 

interest to note that FB grades have relatively higher 

toughness and higher ductilities than FD grades which has 

not been observed by the injected samples. Thus, the 

material behaviour may reflect the effect of molecular 

weight only, indicating that compression moulding 

CD0230 FD0374 FD0374 

0.920- 0.920- 0.920-
0.922 0.922 0.922 

0.3 0.7 4.7 

Nil 350-450 350-450 

Nil 600-800 600-800 

Nil 1200 900- 1100 

demolishesthe effect of slipping agent observed in injected 

samples. 

Ultimate tensile strength, rupture stress, ductility and 

toughness for both manufacturing methods (injection and 

compression) are shown in Figs. (3-5). It is clear from these 

figures that compressed samples have better mechanical 

properties than injected samples. This could be attributed to 

the fact that compressed samples have less internal stresses 

than injected samples (1). Pistole (13) concluded that 

uniform and minimum shrinkage of the plastic material can 

be expected when it is compression moulded. Gentle ( 1) 

confirmed this conclusion and he added that the tendency 

for shrinkage and consequently wrapping of the material is 

very high when it is injection moulded. 
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Fig. (4) Ductilities of the different LDPE grades for injected and compressed samples. 
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Fig. (5) Toughness of the different LDPE grades for injected and compressed samples. 
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Fig. ( 6) Variation of rupture stress as a function of melt flow index for the injected and 
the compressed samples. 
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Fig. (6) show the variation of rupture stress as a function 

of melt flow index for the examined grades of LDPE. It is 

clear that the injected samples show a significant variation. 

This variation has been roughly diminished for compressed 

samples. This behaviour may be attributed to the lower 

massively and crystallinity (9) of the injected samples which 

have the higher internal stress levels. 

However, caution must be taken by comparing the 

properties obtained from the different manufacturing 

methods, since each set of samples have been prepared 

under different processing conditions including the size of 

the samples. 

CONCLUSION 

1. Mechanical properties for different LDPE grades are 

diverse for the injected and compressed samples. 

2. The compressed materials showed better mechanical 

properties due to the less internal stresses in the former 

group. 

3. Adding slipping agent to the LDPE improved ductility 

and toughness in the injected material only. 

4. The manufacturing process to be used for making an 

item of plastic should be selected when design and material 

being determined. 

5. It is generally best for designing purposes to choose the 

properties region in which the response of the material is 

still elastic. 
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