
Academia Journal of Scientific Research 8(1): 019-027, January 2021 
DOI: 10.15413/ajsr.2020.0704 
ISSN 2315-7712 
©2021 Academia Publishing 
 
 

 
 
 

Research Paper 
 
 

Recycling of PET using injection molding technique in presence of organic extender 
 
 

Accepted 11th January, 2021 
 
ABSTRACT 
 
The reduction in molecular weight and viscosity of PET as recycled material impairs 
its mechanical properties. The difficulty of its processing using injection molding 
technique restricts its re-use as water bottle. Bottle to bottle recycling needs PET with 
relatively high molecular weight. Thus, the aim of this study is to restore the 
molecular weight and hence the viscosity of post-consumer PET bottles. The 
mechanical properties of PET in this study has been improved using blending 
techniques of virgin PET with different concentrations of waste PET with the addition 
of chemical extender such as 4,4’_Methylene-bis-(phenyl isocyanate) as additive. This 
led to an increase in the molecular weight and viscosity. Accordingly, the mechanical 
processing and the suitable processing parameters using injection molding technique 
were studied. The work is aimed at implementing a new scientific and production 
engineering technique which is fast and cost effective. Several testing methods such 
as DSC, FTIR, Rheometer and melt flow index have been used to characterize the 
samples. It has been found that it is possible to increase the molecular weight and 
viscosity index of recycled PET bottle to nearly the same level as that of virgin PET.  
Also, that it is possible to obtain competitive quality of PET waste material 
comparable to virgin PET in a single process using injection molding. 
 
Key words: Poly(ethyleneterephthalate), recycling, injection molding, D.S.C.,  
rheology. 

 
 
 
INTRODUCTION 
 
A major problem faced by the plastics industry is that of 
waste disposal. Recycling material would appear to offer a 
solution, which is satisfactory in terms of preventing 
environmental pollution. Recycling of PET (Abdel Bary et al., 
2019a and b) rubber (Yehia et al., 2012; Abdel Bary et al., 
2011; Yehia et al., 2004; Yehia et al., 2004; Yehia et al., 2002; 
Abdel Bary et al., 1997) and polyethylene (Abdel-Bary et al., 
1998) have been studied by many researchers. Increasing 
interest has recently been focused on the recycling of plastic 
wastes, especially PET (Srithep et al., 2001). 

A common problem faced during processing of recycled 
PET is hydrolysis, which reduces its average molecular 
weight (MW). Thermal exposure, as well as shear 

degradation, will also lead to MW loss. This loss will result in 
plastic material with reduced melt viscosity, impact 
resistance and mechanical properties (Xanthos and Young, 
2001). 

Recycling by chemical or mechanical methods can be used 
to recycle waste PET, as well as incineration or recovering 
energy. The mechanical recycling is a most common method 
because it has an advantage of low manufacturing cost, but 
with limited applications due to low product quality. The 
potential for chemical recycling is that it enables an integral 
cycle process, where PET is depolymerized to its original 
constitution allowing the synthesis of new high value-added 
products (Awaja and Pavel, 2005). The chemical recycling  
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has main disadvantages in that it requires high investment 
and large quantities to keep the plant of recycling running. 

The aim of this study is to implement a new methodology 
to solve the disadvantages of both chemical and mechanical  
recycling, allowing the plastics manufacturers to use 
recycling materials within their own facilities and reduce the 
cost material. This can be achieved by bypassing the 
expensive extrusion and pelletizing steps, which are available 
only at big recycling-plants.  

This methodology allows plastic manufacturers to benefit 
from direct use of grinded plastic flakes directly inside 
injection molding machine and adding chemical extenders, 
blending of virgin PET to increase the molecular weight of 
recycled PET with low intrinsic viscosity η=0.50-0.59 dl/g to 
obtain a suitable grade for intrinsic viscosity and η=0.65-
0.85dl/g to obtain a suitable grade for injection molding. .  

For this purpose, hexamethylene 4,4’-Methylene-bis-
(phenyl-isocyanate)was used as a chain extender (Torres et 
al., 2001). This compound was selected since it is able to 
react with the end groups of PET via isocyanate group (NCO). 
The rheological characterizations were performed on the 
samples using a capillary rheometer to determine the melt 
viscosity changes due to the processing parameters. The 
same experiments were carried out on a bottle grade virgin 
PET for comparison (Patrizio et al., 2012). 
 
 
EXPERIMENTAL DETAILS 
 
Materials and procedures 
 
There are two types of PET materials, which were 
characterized and investigated in this study; these are: virgin 
PET pellets and waste PET flakes of post-consumer water 
bottle.  
 
 
Virgin PET (PETV) 
 
The PET raw material used in this study was supplied from 
“JAD”  brand –CZ-328 . It is a grade suitable for 
manufacturing of drinking water bottles, soft drink and sheet 
material industry. It has intrinsic viscosity of 0.83-0.85 dl/g, 
and melting temperature 243C.  The pellets used were 
stored in a sealed tank connected to temperature controlled 
dryer at 160C for 4 h to dry till a moisture contents less than 
0.005% was achieved. 
 
 
Recycled PET (PETR) 
 
This plastic was collected from different sources, colorless 
post-consumer bottles. The PVC labels and PP covers were 
removed, and the bottles were mechanically crashed to flakes 
of 2 mm size each,  then washed and dried at 160C for 4 h to 

reduce the moisture contents to less than 0.005% (Patci and 
La Manita,1989).  
 
 
Chemical extender 
 
4,4’-Methylene-bis-(phenyl isocyanate), 98% Aldrich , 
Germany. 
 
 
Techniques  
 
Injection molding 
 
Virgin PET pellets and recycled PET flakes were introduced 
directly in injection molding machine to prepare the different 
samples by injecting the material inside an ASTM tensile 
testing insert of the injection mold. The Experimental runs 
were conducted at GUC Plastic Academy (PIMC) using Systec 
Sumitomto Demag 160 Tons -250 g shot size injection 
molding machine. The blends of virgin/recycled PET were 
prepared on injection molding machine at operation 
conditions of temperature of 270°C and screw speed of 100 
rpm. The samples were prepared according to the blending 
ratios of Virgin and recycled PET in presence of different 
concentrations of  4,4’-methylene-bis-(phenyl 
isocyanate(MBPI) used as a chain extender  to increase the 
molecular weight of recycled PET of low viscosity η=0.50-
0.59 dl/g .The chemical reaction between chemical extender 
and PET chains was completely done inside the injection 
molding machine at certain conditions. 

The Process parameters used are fixed as follows: Screw 
RPM at 100 rpm , injection pressure 30 bar (was kept 
constant for all shots), shot weight was increased for blends 
containing more than 30 % recycle to get full shot, cooling 
time was kept constant for all shots  at 12 s. For each blend, 
temperature settings were adjusted to within 260-270°C to 
inject high quality ASTM sample. 
 
 
Tensile testing  
 
The tensile testing machine Zwick/Roel-Z100 was used for 
measuring tensile properties at test speed 10 mm/min. To 
ensure the integrity of the tests, straightness in grips was 
checked during every set-up, the load associated with 
gripping (~30-50 N). 
 
 
DSC (differential scanning calorimeter) 
 
DSC is used to determine the thermal transitions of 
temperatures polymers as Tg and Tm, The DSC 
measurements analysis of PET-V/R blend was carried out 
according to the following conditions:-  
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Figure 1: The result Fig. presenting PETR percentage versus the tensile 
strength gained (Max Stress N/mm²). 

 
                              
 - Heating step from 15o to 280C at the rate of 10. 
 - The glass transition temperatures was evaluated for 
different 
blends. 
 
 
FTIR 
 
FTIR analysis measures the range of wavelengths in the 
infrared region that are absorbed by a material, on a 
material, and more. The results of the tests can pinpoint a 
sample’s molecular composition and structure (Mathias, 
2015). 
 
 
Rheology 
 
The rheological characterization was performed on the 
sample using a capillary rheometer to measure the melt 
viscosity changes. The same processing was performed on 
both grades, virgin PET and Virgin PET blended with recycled 
PET in presence of 4,4-Methylene-bis-(phenyl isocyanate). 
 
 
Sample preparation 
 
Circular discs of diameter 12 mm and thickness 1-2 mm were 
cut with a die of diameter 12 mm. 
 
 
Rheometer measurement 
 
Parallel plates of 25 mm diameter from stainless steel 
(original ETC plates from Bohlin) were mounted in the 
rheometer. Standard procedure to find zero gap distance was 
conducted. The 12 mm sample disk is placed at the center of 
the lower plate. At a gap distance of 3mm, the setup was 

heated to 270°C. When the temperature reached 250C, the 
gap distance was reduced to 0.7 mm. Thereafter, the chamber 
was opened repeatedly for short time and the gap distance 
was adjusted till the whole gap was filled. The final gap 
distance is usually 0.4-0.6 mm. Some material goes to the rim 
of the parallel plates. For viscometry measurements, the 
temperature was changed to 270, 280 and 290°C with an 
equilibrium time of 1min. The shear rate was varied from 
high strain rate of 20/s to low strain rate of 0.05/s for 0.4 
mm gap distance or 20*0.4 mm/gap distance/s till 0.05*0.4 
mm/gap distance/s for any gap distance. A total of 21 
measurement points was measured in this range and equally 
distributed on logarithmic scale. The measurement continued 
200 s. After measurement at each selected temperature, the 
run was repeated twice. Each run takes about 15 min. For 
oscillatory measurement, the temperatures were 270, 280 
and 290°C and the thermal equilibrium time was 1 min. The 
frequency was varied from 0.5 to 50 Hz at a constant strain of 
0.5%. The 21 different frequencies were distributed equally 
on logarithmic scale. The measurement was done from low 
frequency to high frequency and back to low frequency. After 
the measurement, the gap was opened and the PET was 
removed. If the sample is cooled with water, most of it will be 
easily removed from the plates. 
The molecular identities can be determined through this 
process. 
 
 
RESULTS AND DISCUSSION 
 
Mechanical properties 
 
The effect of blend ratio of recycled PET and virgin PET on 
the mechanical properties of the prepared samples was 
studied and the results of the mechanical testing are shown 
in Figures 1 and 2. The mechanical properties were carried 
out for samples containing different ratios of PET-V and PET- 
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Figure 2: Effect of chain extender concentration on tensile strength 
compared to PETV and  PET blend samples. 

 
 

Table 1: Calculation of tensile strength σc using rule of additivity. 
 

PET recycle,  % σc,  calculated (N/mm2) σc ( Measured) Deviation from measured Deviation% 

10 56.187 58.66 2.4 4 

20 52.918 57.918 5 8 

30 49.52 44.30 -5.22 -11 

50 42.89 41.425 -1.465 -3 

70 36.21 32.0 -4.21 -13 

90 29.53 30.91 1.38 4 

 
 
R to detect the effect of blend ratio in obtained product. 
Different concentration of PET-R was blended with PET-V 
and injection molded after careful drying as mentioned 
before. The effect of this blend composition on the 
mechanical properties and degree of crystallinity were 
investigated. It was found that the maximum stress at yield 
point linearly decreased with increase in the amount of PET-
R from 10 to 100% in the blend (Figures 1 and 2). This shows 
that recycled PET possesses a lower mechanical properties 
due to its lower molecular weight. Application of rule of 
additivity allows to detect the mechanical properties of the 
blend at any weight fraction of the recycled PET using the 
following Equation (1): 
 
σc =Wrec . σrec + σver. (1 - Wrec)                 (1) 
 
where σc is the tensile stress of the composite, Wrec is the 
weight fraction of the recycle, σrec is the tensile strength of 
the PET recycle. By substitution in Equation (1) for  a blend 
consisting of 30% recycle PET and 70 %  virgin PET and by 
knowing the tensile strength of the recycled PET σrec and the 
tensile strength of virgin PET σver we can get σc,  which is the 

tensile strength of the blend. The other blend ratios were 
calculated and given in Table 1, and compared with the 
measured values using tensile testing machine. The deviation 
percent from the measured values is also presented in  Table 
1. Equation (1) can be also applied to adjust the desired 
tensile strength value using blending technique in 
consideration with low deviation parentage not exceeding 
±13 %. The practically linear relationship obtained shows 
good compatibility between the two components as they 
have the same chemical structure. 

It was found that tensile stress value of  PET changes from 
23 N/mm2 for the waste PET to 58.5 N/mm2,  which is 
comparable  to the tensile stress of the virgin PET. This 
increase occurs in one single process in the injection molding.  
It was found  also that the blend containing 10% R-PET  has 
nearly the same tensile stress  of both the virgin and Recycled 
PET in the presence  of the chain extender. This allows the 
manufacturers to increase the percentage of used recycled 
PET concentration up to 100%. It should be taking into 
consideration that the MFI (melt flow index) of all blends 
samples are in the region, which allows stability of 
production during injection  molding process. 
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Figure 3: Represents one thermal peak of PETV and two thermal peaks of 
PETR and Blend with different concentrations, heat flow of PETV and 
PETR with different blend ratios. 

 
 

 
 

Figure 4: Heat flow of different blending ratio. 

 
 
Effect of 4,4’-Methylene-bis-(phenyl isocyanate) used as 
Extender 
 
The stress-strain plot of measured samples containing 
different concentrations of the used extender are given 
below. 
The data were measured for 42 tensile strips samples of PET 
V-REC blends with different concentrations of PET-REC in the 
presence of extender concentration of 0.25 and 0.75%. Each 
sample presents two mechanical characteristics, which are 
the max stress, and max force. 

From the stress-strain plots, it was found that the chain 
extender markedly improves the mechanical properties of 
recycle PET and is comparable with virgin PET.  However, all 
investigated concentrations of the chain extender in the 
range 0.25, 0. 5 and 0. 75% had practically the same effect on 
the improvement of the mechanical properties. This indicates 
that only 0.25 % of the extender is sufficient to link all the 
degraded chains of PET. Above this concentration, they have 
practically no effect on the restoration of molecular weight of 

recycle PET and consequently, increase in its tensile stress 
value (Figures 1 and 2). Also, the melt flow index of PETR 
decreased due the addition of the chain extender from 81.1 to 
31.4 gm/10 min and the molecular weight increased from 
16800 to 32087 gm/mol , when the concentration of  the 
chain extender was (0.5%) . The melt flow index of PETV of 
PETV was 35.08 (gm/10min) and the molecular weight was 
24716 (gm/mol). Thus, the molecular weight of PETR was 
higher than PETV after the addition of chain extender. This 
increase occurs because PETR chains contain hydroxyl and 
carboxyl groups at the end of the chain (Abdel Bary et al., 
2019a),  which allows the reaction of the extender with PETR 
and elongate the chains.  
 
 
DSC results 
 
PET recycle shows two melt peaks. The presence of these two 
melt peaks, during the first heating run is due to 
rearrangement process of crystalline fraction (Figures 3, 4  
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Figure 5: PETV exhibit only one melt peak due to perfect crystals. 

 
 

 
 

Figure 6: DSC measurment for investigating thermalEffect of chain 
extender 0.25%. 

 
 
and 5). The first endothermal temperatures of all recycled 
curves presented is due to imperfect small crystals that 
formed a constant crystallization temperature; the second 
endothermal peak at different curves represents the fusion of 
more perfect crystals. The virgin PET exhibit only one 
crystalline melting peak due to perfect crystals formed and 
good orientation (Figure 5). However, the recycled PET 
coming from soft drink bottles possess a bimodal crystalline 
orientation along, which consists of crystalline peak of virgin 
PET and small broad peak of recycled PET .  

With increasing concentration of the recycled component 
in the blend, the broad peak area increases and is correlated 
with the concentration of recycled PET in the blend as shown 
in Figures 3 and 4. This means that we can detect if the batch 
of PET is virgin or recycled  and, if it is mixed, one can 
determine the percentage of recycled component in the mix. 

To overcome the decreasing molecular weight and 
viscosity, there is a need to use the chemical extender. As 
mentioned before, the chain extender concentration does not 

markedly affect the tensile strength, although they increase 
molecular weight and viscosity (Figure 6) (Elamri et al., 
2015).  
 
 
Rheology results 
 
Rheology measurements were carried out for PETR samples 
containing three different concentrations of the extender 
ranging from 0.25 to 0.75%. The viscosity was measured as 
functions of the shear rate for virgin PET, recycled PET and 
recycled PET in the presence of chain extender (0.25, 0.5, and 
0.75%). The viscosity of PETR was measured at different 
temperatures (270, 280 and 290C) and the results obtained 
are shown in Figure 7. It can be seen that the viscosity of PET 
curves is at its highest value at 270C and lowest at 290C. 
The change of the molecular weight of PET can be 
determined from the differences in viscosity value on the 
curves (Bata, 2018). 
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Figure 7: Viscosity curve of recycled PET    at different temperatures. 

 
 

 

 

Figure 8: Comparing the results of different additions of chain extenders to 
PETR to virgin and recycled PET. 

 
 

 
 

Figure 9: Addition 0. 75% of chain extender  to PETR. 

 
 
Effect of the addition of 0.25% of extender to PETR is 

shown in Figures 8 and 9. It can be seen that the viscosity 
increases from 2.5-3 Pa.s to 50-55Pa.s at shear rate range of 
0.1-1(1/s). It is also noticeable from the curve that the 

viscosity is reduced when repeating the measurements at 
second cycle and the viscosity continue to be reduced at the 
third cycle with the same tendency. This is due to the thermal 
degradation and breakdown of the chains. 
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The PETR material showed more increase in viscosity with 

increasing percentage of chain extender up to (0.75%) as 
shown in Figure 9. The viscosity is increased, achieving 71 
Pa.s at the same shear rate range and with the same trend.  

PETR has low viscosity, which increases in the presence of 
chain extender of concentration 0.25% achieving the value of 
that of  virgin PET. Thus, it is possible to increase the 
viscosity and molecular  of the PETR to very high value that 
may exceed PETV according to application required and 
processing method used, which is either  injection or blow 
molding or film production. These results shows the 
importance of making the complete chemical reaction inside 
the injection molding and bypass of extrusion process and 
pelletizing to avoid breaking of end chains groups and 
reducing the viscosity and the molecular weight groups and 
also the viscosity and the molecular weight. 
 
 
FTIR results 
 
The main absorption bands in the spectrum of PET have been 
assigned as follows: a slightly smaller intensity of the peaks 
in the 3100–2800 cm−1 region to aromatic and aliphatic –C-H 
bond stretching, 1780-1650 cm-1 to the ester carbonyl bond 
stretching, 1470-1350 cm-1 to bending and wagging 
vibrational modes of the ethylene glycol segment, 1235 cm-1 
to the ester group stretching, 1090cm-1 to the methylene 
group and aromatic bands in-plane/out-plane bending at 
1016 and 725 cm-1. 
Many of the medium and weaker bands have been attributed 
to chain conformation and are sensitive to whether the 
sample is amorphous, oriented, or crystalline, which will be 
discussed in detail. Differences are due to conformation of 
the ethylene glycol group (cis/trans iso). The very low 
concentration of the extender cannot be detected easily from 
FTIR chart (Raiisi-Nia et al., 2014). 
 
 
CONCLUSIONS 
 
1) The restoration of the recycled PET can be achieved by 
adding in situ chain extender during injection molding 
process.  Bypassing extrusion and pelletizing process of PET 
blended with PET recycle has been avoided which will save 
cost. This new technique will optimize the mechanical 
recycling by adding chemical compounds inside injection 
molding process, which allows the manufacturers to directly 
use PETR without the need of big recycling equipment’s and 
high investments. Bypassing of the traditional step of 
pelletizing using direct flakes of recycled PET in injection 
molding is possible. The benefit of this new technique is that 
the energy consumption will be reduced and the quality of 
recycled PET will be increased. 
2) The optimum concentration of chain extender is 0.25%. 
3) The chain extender increases the molecular weight and 

viscosity of recycled PET. 
4) The chain extender concentration does not affect 
markedly the tensile stress, although it markedly improves 
the tensile stress. 
5) DSC can be used to detect the percentage of the waste 
virgin PET. 
6) The mechanical properties of Virgin PET/Recycled PET 
blends can be predicted by determining the concentration of 
each component. 
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