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Abstract— HDPE is one of the most widely used plastics in 

the world. This is used in lorry bags, underground HDPE pipe 

and fuel tank of airspace body. It is a stable material due to 

its carbon-carbon bond, causing their slow degradation. In 

this experimental study, two different specimens one with UV 

stabilized HDPE grade and non UV stabilized HDPE grade. 

Here we are doing experimental study of HDPE pipe which 

is used in network line pipe and drain pipe. Now these HDPE 

samples are exposed to UV-Weathering acceleration at 

different exposure times, 7, 15, 21, 48 and 96 days, during 

this period their thermal properties, mechanical properties 

and life time prediction were evaluated. We are doing tensile 

and impact tests on both HDPE, before UV and after UV. 

After this test we observe that the properties of stabilized 

HDPE and non-stabilized HDPE at the same exposure time. 

In this experimental study we are only comparing the 

properties between two different HDPE grades. This study is 

being conducted to determine the physical and mechanical 

properties under varying time but at a single constant 

temperature in QUV accelerated weathering machine. This 

experimental study is being done to describe the degradation 

of HDPE and life time prediction under estimated time. 

Key words: High density polyethylene, QUV accelerated 
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I. INTRODUCTION 

A. Polyethylene: 

Polyethylene (abbreviated as PE) or polythene (IUPAC) 

name polyethene or poly (methylene) is the most common 

plastic. Many kinds of polyethylene are known, but they 

almost always have the chemical formula (C2H4)n. Thus 

Polyethylene is usually a mixture of similar organic 

compounds that differ in terms of the value of n. Polyethylene 

is the simplest hydrocarbon polymer and has the following 

structure shown in fig.1 Polyethylene has a number of 

different frame with different mechanical properties. The 

properties of the different frame of polyethylene are governed 

by branching, crystalline and most of all molecular weight. 

The behavior of polyethylene Easy to bend and retains the 

bend but polypropylene do not bend. The surface texture of 

the plastics should be felt by hand touch. If the sample surface 

is smooth and soft, then the material may be either LDPE or 

HDPE. There are two varieties of polyethylenes, low density 

and high density. Low density polyethylene consist of 

molecules with branches, whereas the high density 

polyethylene variety is essential linear.  

 
Fig. 1: HDPE 

B. High density Polyethylene: 

High density polyethylene (HDPE) or polyethylene high 

density (PEHD) is a polyethylene and thermoplastic 

polyethylene made from petroleum. HDPE is commonly 

recycled, and assign the number is "2" for recycling symbol. 

High density polyethylene is produced principally by two 

methods. The first method is the coordination polymerization 

of the monomer by triethylanium and titanium tetrachloride 

and the second method, the polymerization is done with the 

help of metal oxide catalyst such as chromium or 

molybdenum oxide supported over alumina-silica bases. 

According to both methods, the polymerization is carried out 

at relatively low pressures with a high strength to density 

ratio. HDPE is used in the production of plastic bottles, 

corrosion resistant piping, geomembranes pipe and drain 

pipe. High density polyethylene is 90% crystalline and 

possesses density is 0.965 g/cm3. It has a melting point in the 

range of 144-150˚C. So this is very stiffer than LDPE and has 

a higher tensile strength and hardness. Chemically, it is very 

resistant than the low density polyethylene and has 

significantly lower gas permeability. The polymers obtained 

were different from those produced under high pressure, 

being more linear in structure and with density of 0.95-0.96 

g/cm3 compared to about 0.92 g/cm3 for the high pressure 

polymer. This new material became known as high density 

polyethylene.  (HDPE) [8] 

II. EXPERIMENTAL SETUP 

A. QUV Accelerated Weathering Tester: 

Both specimens put in QUV Accelerated Weathering tester 

under the estimated time are 7, 15, 21, 48 and 96 days. The 

QUV Weatherometer utilizes high intensity Ultraviolet light 

to provide accelerated testing of a coatings performance, 

when subjected to Ultra Violet radiation, heat and humidity. 

Ultra Violet light is the electromagnetic radiation with 

wavelengths varying from 10nm (low) to 400 nm (high). The 

Ultra Violet portion of sunlight ranges from 295nm to 400nm 

(Nano meter), as the lower wavelengths are eliminated by 

atmospheric absorption. While the QUV Weatherometer 

simulates natural radiation as closely as possible, but it is 

difficult to establish an exact correlation with real time 

weathering, so often comparative tests between coatings are 

conducted at the same time. According to ASTM D-3045[3] 
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Specimen will be expose on UV weathering accelerated at 

different days such as 7, 15, 21, 48 and 96 days. Now process 

is start where their coatings with UVB-314 lamps in a cycle 

of 8 hours UV radiation at 60˚C, followed by 4 hours 

condensation at 50˚C. After this process, exposure material 

will be degrading with mechanical properties and change the 

color. According to ASTM D-3045 [3] Shown in fig.2 

 
Fig. 2: Exposed HDPE 

B. Tensile test: 

Now both specimens grade are doing tensile test for 

individual exposure days. Consider the tensile specimen 

shown in Fig.2. The important portion of the specimen is the 

gauge section. When applied tensile load on specimen then 

cross-sectional area of the gauge section is reduced relative 

to that of the remainder of the specimen, so that deformation 

and failure will be localized in this region. The distances 

between the ends of the gauge section and the shoulders 

should be great enough so that the larger ends do not restrain 

deformation within the gage section, and the gage length   

should be great relative to its diameter. All procedure of 

tensile test it can be seen in fig.2.1. To 2.3 

 
Fig. 2.1: Tensile test Step 1 

 
Fig. 2.2: Tensile test Step 2 

 
Fig. 2.3: Tensile test Step 3 

C. Impact test (charpy test): 

Again both specimens grade are doing impact test for 

individual exposure days. Firstly making a notch then doing 

a impact charpy test. Parameter of notch is shown in Tab.1 

Notched-bar impact test of plastic provides information on 

failure mode under high velocity loading conditions which 

causes sudden fracture where a sharp stress notch is present. 

The energy absorbed before fracture is generally related to 

the area of stress-strain curve which is termed as toughness. 

Brittle materials have a small area under the stress-strain 

curve and as a result, little energy is absorbed during impact 

failure. In plastic deformation capability of the materials 

ductility increases, the area under the curve also increases and 

absorbed energy and respectively toughness increase.  

Notch angle 45±1 

Specimen Size Rectangle Size 

Depth of Notch 2.54 mm 

Radius of Notch 0.25 mm 

Table 1 
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III. RESULTS AND DISCUSSION 

A. Tensile test: 

Length of specimen – 115.00 mm 

Rate - 100 mm/min 

Temperature - 25˚C 

Humidity – 55 % 

1) Tensile Load: 

The tensile properties for both HDPE are shown in Fig 3. The 

elongation of a material gradually increases on before UV 

exposure but after UV exposure elongation gradually 

decrease as well as increase the duration of time. We 

observed that without UV stabilizer, after 21 days of 

weathering the specimen became fragile. But with UV 

stabilizer HDPE slightly change under exposure of time and 

without UV stabilizer HDPE is continuously decreased. This 

fig is drawn between exposure time (D) and load (N) reveal 

that this graph shows the behavior for both HDPE. One 

HDPE grade contain UV stabilizer and other HDPE grade 

contain non UV stabilizer. According to fig.3, UV stabilizer 

HDPE grade are starting load 1000 N on zero days but after 

exposure time increase as well as expected load decrease and 

increase due to molecular bonding and heat. Without UV 

stabilizer HDPE grade are also starting load 1000 N on zero 

days but after this exposure time increase as well as expected 

load continuously decrease. It means non UV stabilizer 

materials cannot sustain the tensile load. and degradation start 

but those material contain UV stabilizer are slightly degrade 

and maintain the load. 

 
Fig. 3: Graph between load (N) and exposure time D (days) 

for both HDPE 

2) Tensile stress: 

In UV stabilizer HDPE are varies with exposure time that is 

increase then decrease due to causes of molecular bonding 

and structure because virgin material bonding are weak as 

compared to the after exposure material bonding. Now 

without UV stabilizer are continuously decreasing and no 

effect of heat on this material bonding. Shown in fig.4 

 
Fig.4 Graph between Tensile stress (N) and exposure time D 

(days) for both HDPE 

3) Young modulus: 

Young’s modulus is also called as elastic modulus. we use for 

deformation which takes place when a force which is parallel 

to the axis of the object is applied to one face while the 

opposite face is held fixed by another equal force. When a 

specimen of length ‘L’ and cross section Area ‘A’ is under 

tension produced by a force ‘F’. It will experience a change 

in length ∆L. The tensile stress is defined as the ratio of 

magnitude of the force and unit cross sectional area. The 

tensile strain is defined as the change in length to the original 

length (∆L/L). 

Young’s modulus Y is defined as the ratio of the 

tensile stress to the tensile strain. 

 
After calculate the young modulus, it found that In UV 

stabilizer HDPE are slightly decreased but after 7 days, it 

continuously constant until 21 days and finally 48 days again 

slightly decrease. But after 7 days without UV stabilizer 

HDPE are suddenly more decreases and remaining days are 

constant. It means no effect of UV radiation on both HDPE 

specimen grade from 7 to 48 days. Shown in fig.5 

 
Fig. 5: Graph between Elastic modulus (N) and exposure 

time D (days) for both HDPE 

B. Impact test (Charpy test): 

The impact tests of both HDPE are shown in graph. The 

degradation of material after UV exposure, it mean material 

has change the color and brittleness increase under the 
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estimating time. According to ASTM D-304.To conduct 

Charpy V-notch impact test and determine the ductile-brittle. 

This fig is drawn between exposure time (D) and surface 

energy (KJ/m2) reveals that graph shows surface energy for 

both HDPE under exposure time. According to fig.6, UV 

stabilizer HDPE grade are starting surface energy 13.9 KJ/m2 

on zero days but after exposure time, this material are 

continuously decrease surface energy as well as increase the 

exposure time due to cause of deterioration of material. 

Without UV stabilizer HDPE grade is starting surface energy 

6.2 KJ/m2 on zero days, when exposure time increase then 0 

and 7 days are same surface energy. But After 7 days 

materials are continuously decrease under exposure time. 

Surface energy for both HDPE are gradually decrease 

because these material are degrade and molecular bond weak 

in exposure time. Shown in fig.6 

 
Fig. 6: Graph between surface energy (KJ/m2) and exposure 

time D (days) for both HDPE 

C. Time prediction for both HDPE: 

According to standard ASTMD035, the estimating days are 

7, 15, 21, 48 and 96 days. But we are exposed only 7, 15, 21, 

and 48 days but 96 days cannot expose because specimen has 

melted in QUV accelerated weathering machine. Now we 

predict 96 day material by regression analysis and we are also 

predicting of time for a specimen whether how material long 

life and wear under a natural weather. So it could be predict 

by these fig 7 and fig 8 

1) With UV Stabilizer: 

 
Fig. 7: Graph between young modulus and exposure time D 

(days) for initial young modulus and estimate young 

modulus 

2) Without UV stabilizer: 

 
Fig. 8: Graph between young modulus and exposure time D 

(days) for initial young modulus and estimated young 

modulus 

Above both fig 7 and 8 are reveal that with UV 

stabilizer HDPE are maintain the young modulus property 

until 48 days and estimated young modulus may also 

maintain the property until 96 days by regression analysis but 

without UV stabilizer HDPE are not maintaining until 48 

days and finally dead in 96 days by regression analysis. So it 

cannot be used for long life material.                   

IV. CONCLUSIONS 

The materials are influenced by UV light in different ways. 

For both HDPE, it is characteristically that if not UV 

stabilized, it degrades and decomposes very quickly. In this 

experimental study, if UV stabilizers are mixed then material 

durability would be for long time. As per ASTM D 3045 

exposure times of High density polyethylene sample under 

QUV accelerated machine were planned for 7, 15, 21, 48, and 

96days. The sample after UV exposure of 7, 15, 21 and 48 

days were characterized for tensile and impact test. The 

mechanical properties degrade with tensile strength and 

impact strength for both HDPE grade. Even both HDPE 

colour are also degrade. Without UV stabilizer sample 

becomes brittle due to degradation, which it can be easily 

broken by hand in 21 days and the material start deterioration 

because molecular structure weak and after 48 days of 

exposure the material start degradation and finally dead. 

Without UV stabilized HDPE is mechanically dead after 96 

days of exposure changing its ductile behavior to brittle as 

result of growth of degrading structures which propagate the 

photo-oxidation reactions. With UV stabilizer sample were 

found maintaining their mechanical properties until 96 days. 

Finally above point had cleared that if UV stabilizer mixed 

then maintain the durability of material until 96 days and it 

may be more days but without UV stabilizer material will be 

completely dead in 96 days according to result and test. 

V. FUTURE SCOPES 

If UV stabilizer mixed in HDPE then we can use in drain pipe, 

sewage pipe, network line pipe and underground pipe without 

any deterioration for many year. After many year a slightly 

changes in molecular structure but it may be negligible 
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because after found a result, there was no change in 

mechanical property so we can used for a long time. But 

without UV stabilizer could not use for long time, according 

to the result, the deterioration has start after 48 days and till 

96 days finally dead. So we can use only for small things and 

few months. Such like as clothes plastic clip, plastic bag and 

toys etc. This experimental study clarify that UV stabilizer 

protect of HDPE from UV radiation and material survive for 

a long time in any weather condition and atmosphere. 
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