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ABSTRACT  

 This research deals with study of Mechanical   and thermal behavior of 

polypropylene (PP) blended with different percentage of waste pre- injection (runner).Twin 

screw extruder at 190°C and 25 rpm is used to mix and the produce sheet of materials .CNC 

machine manufactured by MECHA PLUS) company type (HC) used to prepare sample 

for mechanical test according to ASTM standard .DSC device used to check the thermal 

history. Tensile, impact, hardness, glass temperature (Tg), melt temperature(Tm) and 

crystallinity level are measured. The results shows that the tensile and modulus are decrease 

up to 30 %Ru and the increased, while the impact resistance is fluctuated and the peak value 

at 40% Ru .The hardness decrease down to 40%Ru and the peak occurs at 50% Ru. DSC test 

shows that melting and crystalline temperatures of PP and Runner PP approximately the 

same, that mean the structure of runner PP not strongly affected due to the melting process. 

 

KEYWORDS: PP- Runner Blends, Mechanical and Thermal Behavior, DSC. 
 
INTRODUCTION 
 The  polymer  material  have  many  application  in  our  daily  life,  due  to  their  

special  demand properties  compared  to  other  materials  such  as  metal  or  ceramic.  Many  

fields  of polymer production that occur in different process such as  extrusion, injection, 

calendaring …etc, resulting waste material accumulation exhibits danger on environment 

.Recycling is main process to reduce the waste of material. Reprocess waste polymer as blend 

with virgin changing many properties of polymer. Runner that produce in injection machine 

at manufactured barrel part of medical syringe considered waste plastic were recycled it and 

mixed with virgin material decreasing cost and damage on environmental. But recycling 

process effect on structure of material and this also effect on mechanical and thermal 

properties. The spectrum of application of polymers is immense. For each application, the 

requirements for properties are specific and there are a number of ways to meet the 

requirements, such as mixing polymers with various types of additives, blending two or more 
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polymers. Mechanical properties of polymers can be varied over very broad ranges from hard 

to soft and from brittle to tough to fabricate polymers into useful articles[1]. Injection 

molding refers to a variety of processes that generally involve forcing or injecting a fluid 

plastic material into a closed mold[2]. Injection molding is an ideal process for fabricating 

large numbers of geometrically complex parts[3]. The advantages of injection molding are 

high production rates, high tolerances are repeatable, wide range of material can be used, low 

labor costs, minimal scrap losses, little need to finish parts after molding and design 

flexibility[4]. The best way to limit the plastic waste that you create and to prevent  rubbish  

from  going  to  landfill  is  to  avoid,  reduce,  reuse  and  recycle.  Plastics are increasingly 

used in our everyday life, thus recycling is more important than ever to reduce waste[5]. The 

possibility to reuse the recycled material by injecting it in the manufacturing chain of 

relatively good quality product depend of the resulting mechanical and rheological properties. 

During the recycling process the material undergoes various operations that bring out several 

modifications in the molecular structure. As a matter of fact, the mechanical properties of the 

recycled products and their structural organization are quite different compared to those 

composed of virgin material [6]. The recycling process could change mechanical, physical, 

and chemical properties of plastic materials. At recycled materials were grinded and molded 

more than one time, this process causes that chain length decrease, and mechanical properties 

such as ultimate tensile strength and modulus of elasticity, decrease too. However, 

crystallinity percentage stabilize and increase after 5th generation cry % cause, mechanical 

properties increase[7]. Most plastic materials are used because they have desirable 

mechanical properties at an economical cost. For this reason, the mechanical properties may 

be considered the most important of all the physical and chemical properties of high polymers 

for most applications. There are a great many structural factors that determine the nature of 

the mechanical behavior of such materials. The following structural factors, in addition to the 

chemical composition, affect all of the major mechanical properties of polymers: Molecular 

weight, Cross-linking and branching, Crystallinity and crystal morphology, Molecular 

orientation, Blending. Although, environmental or external variables are important in 

determining mechanical behavior: temperature, pressure, stress, strain, type of 

deformation[8].In 1999 year, Torres. N and et.al, reported compared the thermal properties 

(glass transition, melting point and crystallinity) and mechanical properties (Young modulus, 

elongation at break and impact strength) of post-consumer poly(ethylene terephthalate) (PET) 

bottles with those of the virgin resin. They studied two types of scraps of recycled PET: one 
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arising from homogeneous deposits of bottles and the other of heterogeneous deposits soiled 

by contaminants such as PVC and adhesives. The presence of contaminants and residual 

moisture coming in the shape of scraps facilitate the crystallization of recycled PET 

compared to virgin PET and induces cleavages of chains during the melt processing. This 

leads to a reduction in intrinsic viscosity and consequently in molecular weight, and these 

decreases are more significant when the recycled resin is soiled. The result shows that the 

recycled PET suffers a thermo mechanical degradation during injection molding. The virgin 

PET  possesses  a  ductile  behavior,  whereas  the  recycled  PET  exhibits  a  brittle  

one.[9].And, 2001year, Ruifeng . L and et.al reported the effects of purity level and nature of 

impurities on the properties of recycled polycarbonate and recycled acrylonitrile-butadiene-

styrene polymers blended with the corresponding virgin resins. However, polymer melt 

rheology seems less sensitive to impurities than some mechanical properties such as impact 

strength and elongation-at-break. The result on recycled ABS polymers at different purity 

levels shows a significant difference in glass transition behavior [10]. Also, in 2001, 

J.Aurrekoetxea and et.al, study effects of recycling on the microstructure and the 

mechanical properties of isotactic PP. Chemical structure, melt viscosity, crystallization 

behavior and tensile properties are measured .The result show main effect of recycling is the 

lowering of the melt viscosity, which is attributed to molecular weight decrease. FTIR result 

show recycling effect was chain scission not of oxidation. Elastic modulus and yield stress 

increase with the number of recycling steps [11].At 2005 , M.M.K. Khan, et.al , shows  the 

process of recycling mixtures of ABS and PC, that blends of virgin ABS and virgin PC at 

five different compositions, namely, 15%, 30%, 50%, 70% and 85% by weight of ABS were 

prepared and characterized by rheological and mechanical measurements. Mechanical 

properties, namely, tensile strength, elongation-at-break and Izod impact strength are 

reported. The results of this study show that the process ability of PC can be improved by 

the addition of ABS. The results of the tensile and impact tests also indicate an 

improvement in the process ability of PC by adding ABS. The tensile yield strength results 

for the blends follow the rule of mixtures' showing a decreasing value  with  the  increase  of  

ABS  content[12].While  in  2007year,  Tara  J.  Mccallum and et.al, reported the rheological, 

thermal, and mechanical properties of blends consisting of a linear high melt flow rate 

polypropylene (LPP35) and (BPP2.5) and (BPP30) are both high melt strength, branched 

homopolymer PP resins. The melting points and crystallinities were affected substantially 

upon introduction of the higher molecular weight BPP2.5 resin, whereas remained virtually 
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unaffected in the presence of BPP30.  The crystallization points increased significantly  upon 

addition of low amounts of branched PPs for both sets of blends. The flexural properties and 

tensile moduli increased with the introduction of branched PP; the blends containing BPP30 

displayed better mechanical properties, and this was credited to the higher crystallinity of 

BPP30[13].In 2009 year, M. Żenkiewicz and et.al , reported to investigate the influence of 

multiple (up to 10 times) injection moulding of acrylonitrile butadiene styrene (ABS) on 

some properties ,mechanical by tensile test, melt flow rate and temperatures of phase 

transitions by DSC. The results show, the glass transition temperatures (from DSC) is not 

affected by the number of injection mouldings, while Tm decrease slightly with increasing 

of the number of injections moulding[14]. And in 2013, Mahendrasinh M.  Raj and et.al, 

studies on mechanical properties of recycled polypropylene blended with virgin 

polypropylene. Tensile strength, flexural strength and impact strength and MFI are measured 

for mixture of recycle polypropylene .The result show MFI increase, tensile and flexural 

and impact decrease with recycle ratio. Also tensile strength and modulus of elasticity 

decrease with number of cycle[15]. 

This work study the mechanical and thermal behavior of virgin PP blend with different 

ratio of runner waste produced in injection machine, during manufacturing the cylinder part 

of medical syringe. Tensile strength ,modulus of elasticity ,impact strength, hardness and 

DSC test are measured of  the sample that prepared by twin extruder at 190°C with speed of 

screw 25 rpm and distance between two rolles was 3mm, also cutting sample at standard 

ASTM to measured mechanical properties. 

 

Experimental: Material: 

Waste polypropylene (Ru) obtained from used runner material which produce from forming 

barrel part of syringe in injection molding. Runner  polypropylene is grind to prepare pellets. 

Then mixed it with the virgin PP grain .Pellets size of runner is used range (2.36mm,4.75 and 

5mm) called first size. 

 

Method: 

Blend with different runner ratio(10%,20%,30%,40%and 50% ) ( prepared in twin – screw 

extruder with  25 rpm at 190 °C. Mechanical machine CNC that Germany device  

manufactured by (MECHA PLUS) company type (HC), used to cutting test sample 

According to standard  ASTM D 
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638 IV sample tensile, ASTM D256-87 and ASTM D 2240.Accorading table (1) illustrate 

sample test dimension. 

 

Tests 

1)Tensile test 

After obtain 7 sample made from PP ,Ru ,10%,20%,30%,40% and 50 % Ru ratio for first 

volume of pellet  size  of  runner  according  to  ASTM  D636  IV,  Fig.1:Tensile  sample.  

Tensile  test  been measured by using tensile device which was china type(WDW/5E).where 

the test was at applied load (5KN) and speed value (10mm/min) for all the sample ,were 

obtained scheme (stress-strain)and from it calculated mechanical properties (tensile 

strength and modulus of elasticity). Fig.(2): illustrate tensile test device. 

Table (1): illustrate sample test dimension 
 

  
 
Note: all diminution in mm 
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                                        Fig.1:Tensile test sample before and after measured 
 

 

Fig.2: Tensile test device 
 
2) Impact test 
Prepared impact sample as the same procedure of tensile sample that produce sheet in twin 

extruder and cutting it by CNC device and made impact sample for 7 sample according 

ASTM D256-87.See Fig .(3) shows impact sample that made by pendulum impact tester 

German, gant(HAMBURG) company, Model WP 400 charpy type. As illustrate in Fig.(4). 
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Fig.3: Impact test sample before and after measured 
 

 

 
Fig.4: Impact test sample 

3) Hardness (shore D) test 

Prepared hardness sample as the same procedure of tensile and hardness sample that produce 

sheet in twin extruder and cutting it by CNC device and made hardness sample according 

ASTM D 2240.Chinese hardness device model TH 200.Take 3 value to calculate average 

value of hardness, For 7 sample PP,Ru,10%,20%,30%,40%and 50% blend of different runner 

ratio. as illustrate in Fig.(5). 

 

 
Fig.5: Hardness sample 
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4) Differential scanning calorimetry (DSC): 
Is widely used to characterize the thermophysical properties of polymers and can be used to 

measure important thermoplastic properties including:melting temperature ,heat of melt 

percent crystallinity, glass transition (Tg) or softening …etc. we measured sample in the 

Islamic state of Iran. And obtain charts which discuses in the next chapter. See Fig.(6) 

illustrate DSC device, Company  Name  &  Instrument: METTLER  TOLEDO  (Switzerland  

),  Type  of  (  Sample  & reference ) Pan: Aluminum Crucible Standard 40µl 

 

 

Fig. 6 : DSC device 

Result and Discussion: 

1)Tensile test Result 

Mechanical properties (tensile strength (ơ) and modulus of elasticity (E) )effected by 

structure of polymer (MM,DMW and chain length ).Recycling process exhibited scission of 

chain lead to reduce chain length ,with increase of runner percentage (Ru%)produce 

reduction of MW due to melt degradation .Figs.7 and   8, Show tensile strength and modulus 

of elasticity behavior with runner percentage increases for first size of runner pellets. Tensile 

strength decrease up to 30% runner percentage and increases after that up to 50% runner 

percentage. Because, at little runner percentage (10%,20%,30%)structure behavior as BMW 

produce reduction in viscosity and high MFR ,chain interaction and entanglement reduction 

with increases runner percentage. Structure became less strength and less resistant to 

deformation .There for shows deterioration in (ơ and E) with 10%,20%and 30% Ru. But 

increasing in mechanical properties at 40% and 50 % attributed to MW distributed for NMW 

lead to increase bonded between chain make material strong more than little percentage of 
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runner .Mechanical properties show deterioration in tensile strength and at modulus of 

elasticity with increasing runner percentage. This agreement with  [11and15] 

 

 

Fig. 7:Tensile strength with Runner percentage for First size of Runner pellet size 

 

Fig. 8:Modulus of elasticity with Runner percentage for First size of Runner pellet size 

 

2) Impact test Result 

Fig9: Show that impact strength behavior with runner percentage increasing for first size 

runner pellets .Impact strength decreases untie 30% and increases for 40 % and reduces again 

at 50 %, increase runner percentage produce chain length decreases and weaken structure due 

to less interaction between chain and produce high MFR , viscosity decreases ,chain mobility 

increases and less strength to deformation and fracture .Increases impact strength   in blend 

40:60 Ru% related to structure approximately similar virgin PP. 
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Fig. 9: Impact strength with Runner percentage for First size of Runner pellet size 

3) Hardness Test Result 

Fig.10: Show that hardness behavior with runner percentage increases for first size runner 

pellets. Hardness decreases until 40%and highly increases at 50%.Recycle process produce 

chain scission ( reduction in MW) ,density decreases with runner percentage increases .With 

density decreases, Molar mass reduction produce free distant between chain made weak 

structure and degradation at any mechanical or thermal effect apply on material. This lead to 

hardness decrease with runner percentage increase, but hardness increase at 50% due to 

structure contain equal percentage of two blend ,there runner material overlap between PP 

chain give it good bonded and rising the hardness value. 

 

 

Fig.10:Hardness with Runner percentage for First size of Runner pellet size 
 

4) DSC Test Result 

Fig. 11: Indicates the thermal behavior of PP and Runner PP at heating and cooling processes 

.The melting and crystalline temperatures of PP and Runner PP approximately the same 

(Table 2).This result ensure that the structure of Runner PP not strongly affected due to the 

melting process. The crystalline ratio of PP / Runner PP is increasing with a small increasing 
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in crystalline ratio off Runner PP, occurs due to the melting process and molecular weight 

reduction. The difference between the heat of melting and the crystalline heat release in PP 

/Runner PP is slightly higher than that for virgin PP. That explain the approximately same 

mechanical behavior of PP and Runner PP. There for the reuse of Runner PP alone for the 

second cycle may be not differ of the general behavior of PP.  

Table 2 : Melting and crystallinity temperature at  different runner percentage 

Ru % Tc Tm 

PP 120.09 163.61 
10 % 119.39 166.42 
20% 121.33 162.27 
30% 121.06 163.11 
40% 120.60 162.87
50% 120.17 160.77 
Ru 119.51 163.07 
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The crystallization and melting temperature (respectively are summarize in Table 2).The 

crystallization temperatures maintain the same value approximately while the melting 

temperatures is fluctuated. DSC test results show that the recycle process for first cycle and 

runner percentage increasing approximately effect on the structure of blends to a certain 

limit.Fig.12, The melting temperature at 10% Ru reach the maximum value and then 

fluctuating around 163 °C up to the 40 % Ru .At 50% Ru the melting temperature is the 

minimum .The viscosity increases and the melting flow rate decreases due to the temperature 

decreasing .The low melting temperature of 50 % Ru need to lower energy cost to melt the 

polymer (Fig.13) .The mechanical behavior at this ratio is the optimum. 

 

 

 

Fig: 12: Thermal history behavior of PP blend (a) 20% (b) 30% (c) 10% 
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Fig: 13: Thermal history behavior of PP blend (a) 40% (b) 50% 

 
CONCLUSIONS 

1) Tensile strength, modulus of elasticity, hardness and impact strength decrease with runner 

percentage increasing. 

2) Runner ratio increasing don’t change crystallization temperature Tc and melting 

temperature Tm fluctuated effect. 
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