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ABSTRACT 

A recycled waste plastic (recycled high density poly ethylene RHDPE and 
recycled low density poly ethylene RLDPE) are exposed to environmental 
conditions during the usage for many years ago. Also the chemical contaminants in 
the internal composition had effects on the thermo-mechanical and other properties 
for these wastes. 

Then weathering effect data are examine for both locally and international 
wastes on their thermo-mechanical and chemical properties such as (Tensile 
strength, modulus, elongation, impact and permeability) respectively. 

Afterward different mathematical software models are applied to analysis these 
weathering – properties data in order to estimate the more effective properties that 
changed by these weathering conditions such as (concentration of contaminant, 
time, temperature, thickness of specimen, length of spectra, basic property). 

The results shows that a multi-polynomial model has a best fit for most or 
several of properties to active weathering variables, also gave a vary residual and 
deviation than experimental analyzed data for both sources of wastes local and 
international RHDPE and RLDPE. Also results of thermo-mechanical and 
chemical properties prove that both tensile strength and modulus of elasticity 
thermo-mechanical properties and permeability / length of spectra chemical 
property were given a high quality of correction and fitting factor from 93-99 %, 
with less deviation and residual function was produced. And analyzed weathering 
properties of RHDPE gave a best fit than RLDPE; all of them fitted the 
mathematical software model below: 
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Where: 

a, b, c …J = coefficient of the best fit model. 
x1 = concentration of contaminants. 
x2 = time of aging. 
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میكانیكیة وخصائص اخرى للبولي اثلیین  -نمذجة دراسات مقارنة للخصائص الثرمو

  عالي وواطيء الكثافة المعاد
  

  الخلاصة
لع!!دة  نتیج!!ة الاس!!تخدام أن الم!!واد البلاس!!تیكیة المع!!ادة تتع!!رض للتغی!!رات الجوی!!ة المحیط!!ة بھ!!ا

اء عملی!!ات التص!!نیع والص!!ب بالأض!!افة ال!!ى ت!!أثیر الش!!وائب الكیمیاوی!!ة نتیج!!ة معاملتھ!!ا إثن!!. س!!نوات
  .میكانیكیة والخصائص الأخرى-وخصوصاً على الخصائص الثرمو

مع!ادة مواد ل لنماذج محلیة وعالمیةتأثیر ظروف التجویھ  حول تفحص العدید من البیاناتلذلك تم 
ق!!وة الش!!د، معام!!ل المرون!!ة، الأس!!تطالة، ق!!وة ( الثرمومیكانیك!!ة والكیمیاوی!!ة مث!!ل خصائص!!ئھا  عل!!ى
  .على التوالي)مة،والنفاذیةالصد

ظ!!روف (فیم!!ا بع!!د ت!!م تطبی!!ق مختل!!ف الم!!ودیلات الریاض!!یة الالكترونی!!ة لتحلی!!ل تل!!ك البیان!!ات 
تركی!ز ظ!روف التجوی!ة مث!ل (لتحدید اكثر ھذه الخصائص تاثرا اي تغیرا مع تلك الظروف ) التجویة

لعین!ة او الش!ریحة، الط!ول الشوائب، زمن التعرض للظروف البیئیة القاسیة، درج!ة الح!رارة، س!مك ا
  ).الموجي للأشعة المطبقة، الخاصیة الاساسیة

أثبتت النتائج الریاضیة التحلیلیة بواسطة الحاس!وب انطب!اق المودی!ل المتع!دد ال!دوال عل!ى اغل!ب و
متغیرات ظروف التجویة المطبقة حیث اعطى ھذا المودیل النتائج اق!ل انحراف!اً / الخصائص المقاسة 

ال!واطئ  الع!الميو المحل!يعن النظریة وانطباقاً اكثر ب!ین الن!وعین م!ن البلاس!تیك المع!اد  للقیم العملیة
میكانیكیة والكیمیاوی!ة انطباق!اً اكث!ر لخاص!تي -واكدت نتائج كل من الخصائص الثرمو.والعالي الكثافة

حی!!ث الط!!ول الم!!وجي للاش!!عة الجوی!!ة / الش!!د والمرون!!ة والخاص!!یة الكیمیاوی!!ة وھ!!ي علاق!!ة النفاذی!!ة 
اضافة الى ذلك علاقة الخص!ائص %. 99-93اعطت معامل تصحیح عالي النوعیة واقل انحرافاً من 

كان!ت اكث!ر انطباق!اً م!ن الن!وع   (PETH) میكانیكی!ة والكیمیاوی!ة للب!ولي اثیل!ین ع!الي الكثاف!ة-الثرم!و
ل الریاض!!ي واعط!!ى الك!!ل انطباق!!اً للمودی!! (PETL)الأخ!!ر م!!ن المع!!اد الب!!ولي اثیل!!ین ال!!واطئ الكثاف!!ة

  :التالي
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INTRODUCTION 

ecycling is an expanding area of chemical industry in general, plastic 
recycling and waste management in particular is being closely being 
examined in academic commercial organizations and governmental 

institutions. Finding suitable solutions could lead to the recycling of potentially 
hazardous materials on the other hand production of acceptable commercial 
products with little or no outlay in raw material. A precursor to recycling is to 
understand the effects of chemical contaminants on the properties of both RHDPE 
and RLDPE and eventually how these effects can be overcome to successfully 
reuse contaminated RHDPE and RLDPE [1]. 

However in the regeneration process some problems have still not been 
resolved, such as: the sorting of the plastics with optimal purity over cost ratio, 
their cleaning, the characterization of the regenerated product before it is sold, and 
the market for the recycled products. Both the sorting and characterization of the 
polymer are obligatory steps of the recycling process: the first because the 

R
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recycling blend of polymer does not lead to satisfactory products and the second, 
because the final user of the regenerated material must be informed of the real 
quality of the product used [1]. 

All the more as it might be hazardous to re-use some blends such as PVC and 
PET blends [1- 3]. 

RHDPE and RLDPE consumption continuous to grow annually, with products 
substitution and potential new applications increasing volume sales growth. Such 
as pipes segments, bottles of pipsi and milk. Where HDPE substitution into juice 
and milk packaging market is likely to continue as high density bottles replace 
glass and Tetra-Pak bricks. For replacing metals in automotive fuel tank, metal 
cans, large industrial container and house hold fuel tanks is also likely to support 
HDPE and LDPE demand in the coming years [1, 2, and 4] 

D.S. Achilias has been studied the recycling of either model polymers or waste 
products based on low-density polyethylene (LDPE), high-density polyethylene 
(HDPE) or polypropylene (PP) is examined using the dissolution/ reprecipitation 
method, as well as pyrolysis. In the first technique, different solvents/non solvents 
were examined at different weight percent amounts and temperatures using as raw 
material both model polymers and commercial product (packaging film, bags, 
pipes, food-retail outlets) .Some authors were studied the change in mechanical 
properties of R-polyethylene after exposure to artificial weathering then check their 
mechanical weathering properties [5-10]. Others were proposed a mathematical 
model to predict the behavior of Thermo-mechanical properties of LDPE [11]. In 
the other hand many of researchers were studied the effect of many stabilizers on 
the structure and thermo-mechanical properties of LDPE then show their effect of 
Cr2O3 on the optical properties of LDPE [12, 13]. Apparently, studied of literature 
review indicated that many of inorganic pigments such as Iron oxides, Chromic 
oxides and Titanium  oxide are widely used as stabilizer in plastic industry (HDPE 
and LDPE) [14,15,16]. 

 
Aim Of The Research 

The use of recycled plastics in packaging is growing around 14 %, as year as a 
result of increased demand and collection growth of recycled materials is due to 
both legislative mandate and technology advancements. 

An interesting sorting characterization data for this study was used to compare 
the effect of chemical contaminates with other weathering variables such as (time 
of aging, temperature, thickness of specimen, length of spectra, basic property) on 
the Thermo-mechanical and chemical characteristics such as (tensile strength, 
modulus of elasticity, impact strength, elongation, permeability)  

for both types of sources locally and international polyethylene wastes (RHDPE 
and RLDPE). 

Also state which one or several of these sorting and characterization properties 
had more effects by the above weathering conditions. Then design a mathematical 
model for the analyzing properties with more economical, fitting and applicable, 
also with high quality for correction factor and less residual deviation between 
experimental and theoretical one. 

On the other hand state which one or several analytic properties were used to 
specify and modify these wastes in an industrial process applications. 
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Theoretical Background Data 
The Thermo-mechanical and chemical properties for both polyethylene wastes 

(RHDPE and RLDPE) data had been studied at different weathering conditions 
(concentration of chemical contaminant, temperature, time of aging, thickness of 
specimen, length of spectra and basic property) with a great detail. 

As a result, a variety of available software models were used to analysis and 
describe these properties for Thermo-mechanical properties / (concentration of 
contaminants, time, basic property in addition chemical properties) / time, 
concentration of contaminates, thickness of specimen, length of spectra. By the use 
of experimental data produced for locally and international wastes of RHDPE and 
RLDPE respectively in order to arrive an optimal software model with best fitting 
and less deviations for all properties data from both type of sources . 

Then related a comparison and mixing model between locally and international 
PE wastes to give an accurate, simplest and best fitting software model, also stated 
which of these sorting properties are basic and specify property for modification 
these wastes and re-use them in different industrial process applications [17-21]. 
 
EXPERIMENTAL PROGRAMS 
   Materials 

The source data for Thermo-mechanical and chemical properties of both 
RHDPE and RLDPE wastes produced by national and international researchers. 
Also the source of both RHDPE and RLDPE wastes were collected from local 
waste bottles for of both Pipsi and milk for international one. Then a modern 
modeling software programming was use and updating continuously from a web 
site Internet system to give an economic and simple model to analysis these sorting 
properties / weathering condition from both sources of PE wastes locally and 
internationally. 
  Procedures 

The case problem was a negative effect of hazard polyethylene wastes on the 
environment and public-health then a theoretical software programs were used to 
study the effect of different weathering conditions (concentration of contaminate, 
temperature, time of aging, thickness of specimen, length of spectra, and basic 
property) on both Thermo-mechanical properties (tensile strength, modulus of 
elasticity, impact strength, and elongation) and chemical property of permeability 
to design an optimum software model on both PE wastes (RHDPE and RLDPE) 
from both sources locally and internationally. 

And this experimental program was achieved by several steps: firstly, classified 
a details data in two cases Thermo-mechanical and chemical properties for both 
locally and international PE waste (RHDPE and RLDPE). Secondly, sketched the 
experimental data details as a comparison between both source data properties for 
PE wastes (RHDPE and RLDPE). 

 
RESULTS AND DISCUSSION 

This part of research consists of measuring many properties separately and in 
linked as shown below: 
Thermo- mechanical properties/ tensile strength  

  The experimental data for both PE wastes (RHDPE and RLDPE) indicated that 
an increasing in the concentration of contaminates cause an increasing of tensile 
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strength values at different weathering time with less deviation between result at all 
weathering time 150, 250 hr, also the values of this property was higher for locally 
source in RHDPE waste and lower for international RLDPE one as shown in 
Figures (1-4).and another results of fitting are shown in Table (1) for both types PE 
wastes from both sources locally and internationally one respectively.  

 
 

Table (1) shows the coefficients values for optimum model of tensile strength 
for both RHDPE and RLDPE wastes. 

Coefficient  Value 
RHDPE RLDPE 

a 17.730 13.55 
b 1.109 1.194 
c 1*1011 -1*1011 
d -5.109*10-2 -1.4*10-2 
e -1*109 1*109 
f 9.254*10-4 1.73*10-3 
g 1.736*10-3 6.07*10-3 
h 2.7*106 -4.07*106 
i 2.2*10-6 -1.14*10-5 
j -5.8*10-6 -6.98*10-5 

R2 0.9749 0.9559 
V (%) 97.49 95.59 
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Figure (1) The experimental data for tensile strength properties for RHDPE. 
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Figure (2) Shows the experimental data of tensile strength for RLDPE. 
 

 
Figure (3) Indicates the theoretical fit model of data for RHDPE. 
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Figure (4) Indicate a theoretical model of data for RLDPE for both locally and 

international waste. 
 
Thermo-mechanical properties/Impact Strength 

The experimental data for both PE wastes (RHDPE and RLDPE) indicated that 
an increasing in the concentration of contaminates cause a decreasing of impact 
strength values at different weathering time with higher deviation between result at 
250 hr, also the values of this property was higher for international source in 
RHDPE waste and locally source for RLDPE one as shown in Figures (5, 6). 

Afterward an application of different software model program were achieved 
for both waste types (RHDPE and RLDPE) and sources (locally and 
internationally), which gave an optimum multi-polynomial software model of high 
correction factors for RHDPE 79% and low correction factor for RLDPE 30% and 
less deviation and residual for RHDPE and RLDPE at range (0.008-0.02) % as 
shown in Figures (7,8). The results of coefficients values and other fitting results 
were shown in Table (2).  

 
 

Table (2) The coefficients values for fitted impact property model for both 
wastes (RHDPE and RLDPE). 

Coefficient 
Value 

RHDPE RLDPE 
a 0.215 0.13 
b -1.34*10-2 -5.6*10-3 
c -4.7*108 -2.6*109 
d 5.6*10-4 -2.3*10-4 
e 5*106 2.7*107 
f 2.85*10-5 1.39*10-5 
g -1.77 1.37*10-5 



Eng. & Tech. Journal , Vol.32,Part (A), No.3, 2014                 A Modeling Comparison Studies for   
                                                                                                     Thermo-Mechanical and other   
                                                                                           Properties of RHDPE and RLDPE  Wastes 

 
 

688 
 

h -1.2*104 -6.9*109 
i 7.95*10-9 -8.8*10-8 
j -1.59*10-6 2.56*10-7 

R2 0.97106 0.30047 
V (%) 97.106 30.047 
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Figure (5) Indicates the experimental data for impact property for both locally 

and international RHDPE wastes. 
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Figure (6) Indicates the experimental available data for RLDPE both locally 
and international source for impact property. 
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Figure (7) Indicates the model fitted data for impact strength property for 
both locally and international (RHDPE) due to best fit property tensile 

strength. 
 
 

 
 

Figure (8) The fit model for Recycling LDPE for both sources locally and 
internationally at constant optimum temperature (50oC) with respect to base 

fitting tensile strength. 
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Thermo-mechanical /modulus of elasticity Property 
The experimental data for both PE wastes (RHDPE and RLDPE) stated that an 

increasing of contaminates concentration was caused an increasing in values of 
above modulus property for different a range of aging exposure time (0, 150, 250) 
hrs, with a little deviation in values from both sources locally and internationally at 
higher value of weathering time 250 hr for RHDPE estimate normalized results and 
for RLDPE wastes respectively, as shown in Figures (9, 10). Also the experimental 
data shows high values of modulus for international RHDPE and locally RLDPE 
wastes. 

Then an introducing of these data were achieved in order to optimize an suitable 
modeling software program function that would give a high quality best fitting 
results (correction factor, deviation, and coefficients), also to examine if the 
analyzed property was a basic one for others (Thermo-mechanical property), then a 
best fitting occurred for the applied data above as shown in Figures (11, 12). And 
Table (3) shows the results of this fitting. 
 

Table (3) The coefficients of best fit model from both PE wastes HDPE AND 
LDPE. 

Coefficient Value 
RHDPE RLDPE 

a 62.12 65.328 
b 7.836 2.464 
c -4.358*1011 5*1011 
d 0.396 0.734 
e 4.649*109 -5.335*109 
f -0.012 4.96*10-2 
g -1.753 1.749*10-3 
h -1.162*107 1.333*107 
i 2.5*10-5 -9.801*10-5 
j -7.84*10-4 -2.988*10-3 

R2 0.93164 0.98177 
V (%) 93.164 98.177 
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Figure (9) Indicates the experimental available data for modulus of elasticity 

for both locally and international RHDPE wastes. 
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Figure (10) Shows the experimental data for modulus of elasticity for both 
source locally and international of RLDPE. 
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Figure (11) Indicates the model of data for modulus of elasticity property for 
both source locally and international wastes for (RHDPE) due to base tensile 

strength property. 

 
 

Figure (12) Indicates the results model for both source locally and 
international RLDPE for modulus property due to base tensile strength 

property. 
 

Thermo-mechanical/ Elongation Property 
The experimental data for PE wastes (RHDPE and RLDPE) showed that a 

decreasing in elongation at increasing both weathering variables (concentration of 
contaminates and time of aging) with preference for international RHDPE values 
and locally RLDPE wastes as shown in Figures (13, 14). 

Afterward the application of different software model were achieved for both 
wastes (RHDPE and RLDPE) from both sources (locally and internationally), then 
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the results was given an optimum high quality multi-polynomial model with 
preference for locally RLDPE of less residual and high correction factor quality 
(82%), as shown in Figures (15,16). The results of produced fitting model were 
shown in Table (4). 
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Figure (13) Indicates the experimental data for elongation  for RHDPE. 
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Figure (14) Indicates the experimental data for elongation for RLDPE. 
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Table (4) The coefficient of fitting model for both PE wastes types and sources 
for elongation property. 

 

Coefficient  Value 
RHDPE RLDPE 

a -0.875 124.834 
b 21.527 -3.744 
c 3.301*1011 3.796*1010 
d -78.546 0.164 
e -3.521*109 -4.049*10-8 
f -5.918*10-3 1.731*10-2 
g 87.751 -1.015*10-2 
h 8.803*106 1.012*10-6 
i -7.081*10-6 -5.749*10-5 
j 9.301*10-3 1.463*10-4 

R2 0.67989 0.82523 
V (%) 67.989 82.523 

 

 
 

Figure (15) Model of data for RHDPE for both types of sources locally and 
international for elongation property. 
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Figure (16) Shows the model structure for RLDPE from both sources locally 

and international wastes for elongation property. 
 

 
Chemical Properties /Permeability / Length of Spectra Property 

The experimental data for both PE wastes (RHDPE and RLDPE) from both 
sources (locally and internationally) were shown an increasing in permeability 
values with increasing both concentration of contaminants and temperature of 
exposure with high stability at 100% c at high length of spectra for locally and 
international (RLDPE) with preference of chemical properties for locally wastes 
(RHDPE and RLDPE), as shown in Figures (17, 18). Then applied the available 
experimental data in a different software programs and the results of this modeling 
was shown in Figures (19, 20). The result of this optimum fitting such as 
coefficients correction factor and deviation were shown in Table (5). The optimum 
multi-polynomial result model has high quality of fitting 96-97 % and similar 
residual functions and deviations (30, 34) for both wastes. 
 
 
Table (5) Shows the Coefficients of fitting model for both types of PE(RHDPE) 

and (RLDPE) wastes. 

Coefficient 
Value 

RHDPE RLDPE 
a -3.566*107 6.389*1012 
b 4.744*109 7.829*106 
c -1.421*1013 -8.611*108 
d -8.328*10-7 6.696*10-7 
e 6.720*1012 -4.446*109 
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f -2.242*109 -2.348*105 
g 7.857*10-12 3.646*10-11 
h -7.891*1011 3.816*107 
i 2.633*108 156.589 
j 1.681*10-7 -1.446*10-8 

R2 0.9797 0.9649 
V (%) 97.97 96.49 
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Figure (17) Shows the experimental results for permeability / Length of 

spectrum for RHDPE. 
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Figure (18) Shows the experimental results for permeability / Length of 

spectrum for RLDPE waste. 
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Figure (19) Models of data profile for Permeability / Length of spectrum for 

RHDPE. 
 

 
 
 

Figure (20) shows the model of data profile for Permeability / Length of 
spectrum property for RLDPE from both wastes locally and internationally. 

 
 
Chemical properties/Permeability / Thickness Property 

The experimental data for both wastes of PE (RHDPE and RLDPE) were shown 
a decreasing in permeability values with increasing both thickness of specimen and 
length of spectra for optimum samples from both type of wastes RHDPE and 
RLDPE with preference for short length of spectra at 400 A for both type of 
wastes, see Figures (21, 22). 
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The application of these optimum result data from both type of wastes on the 
different software modeling programs were shown different type of model system 
and number of coefficients as shown in equations and Tables (6), also the 3D 
histogram appearance of models were shown in figures (23, 24) [22,23]. 
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Table (6) Shows the Coefficients of fitting model for both types of PE wastes. 

Coefficient Value 
RHDPE RLDPE 

a -1.784*1016 -3.401*1016 
b 1.943*106 -83.049 
c 2.14*1019 2.199*1019 
d -5.711*1021 1.17*1022 
e  -6.023*1024 

R2 0.9858 0.9604 
V (%) 98.58 96.04 
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Figure (21) Shows the experimental data for permeability / thickness property 

for RHDPE waste. 
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Figure (22) Shows the experimental data for permeability / thickness property 
for RLDPE waste. 

 
 

Figure (23) Shows the model of fitting data of Permeability / thickness 
property for RHDPE wastes. 
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Figure (24) Shows the model of fitting data of Permeability / thickness 
property for RLDPE wastes. 

 
CONCLUSIONS 
 From the above theoretical – software were model studied on the both types of 

PE wastes (RHDPE and RLDPE) and sources (locally and internationally), it 
could concluded that: 

1- The Thermo-mechanical properties such as tensile strength, modulus 
elasticity were the basic specify properties. 

2- The chemical properties of permeability / length and permeability / 
thickness were the basic specify properties too. 

3- The optimum fitting models for all comparison properties Thermo-
mechanical and chemical properties is a multi-polynomial model function 
except of permeability / thickness property of log-polynomial model, see 
equations (1, 2, 3). 

4- The optimum fitting model was fitted all sorting and characterization 
properties except of permeability / thickness due to input other weathering 
variables for both sources (locally and internationally) wastes and both types 
(RHDPE and RLDPE), and this was an advanced studied now. 

5- The optimum weathering variables for comparison was concentration of 
contaminates and time of aging, also the optimum basic property for 
comparison was tensile strength, modulus of elasticity and permeability. 
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