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ABSTRACT 
 
The influence of CaCO3 on the mechanical characteristics of recycled PETR/PP 
blends with (PP-g-MA) as a compatibilizer and 4,4'-Methylene-bis-(phenyl 
isocyanate) as a chain extender was investigated. Blends with various 
compositions were prepared in the presence and absence of (PP-g-MA) 
compatibilizer and (4,4'-Methylene-bis-phenyl isocyanate). The injection 
moulding technique was used to prepare the samples, which had a CaCO3 content 
of 2 and 5 wt percent. The PETR/PP ratio was set at 40/60, while the 
compatibilizer had a fixed ratio of 2 wt percent and 0.25 wt percent for the chain 
extender. The samples were formed in accordance with the Zwick/Roel- Z100 
standard. The results showed that adding 2% CaCO3 helps improve mechanical 
properties. Tensile strength increased from 25.05 N/mm2 to 27.67 N/mm2 and 
reached a maximum of 41.04 N/mm2, when 2% CaCo3 plus 2% (PP-g-MA) 
compatibilizer and 0.25 percent (4,4'-Methylene-bis-(phenyl isocyanate) were 
added, respectively. Tensile strength was reduced to 27.09 N/mm2, if the sample 
contained of 5% CaCO3. The SEM micro-structure revealed that the 2 wt% CaCO3 
particles were well dispersed on the PETR40/PP60 Blend substrate. When the 
CaCO3 content of the blends was increased to 5%, the number of particles 
increased, but the homogeneity and compatibility were reduced. 
 
Key words: Poly (ethylene terephthalate), Polypropylene, PET recycling, injection 
molding, D.S.C., compatibilizer, chain extender, tensile testing, breakstrain, SEM, 
FTIR. 

 
 
 
INTRODUCTION 
  
Poly(ethylene terephthalate) (PET) is widely used in the 
manufacturing of soft drinks and mineral water bottles, 
fibers, video tapes, insulating materials, etc. It possesses 
good properties such as tensile and impact strength, 
transparency, thermal stability, and chemical resistance 
(Mouzakis et al, 200; Awaja and Pavel, 2005; Torres et al., 
2001; Tang et al, 2007; Karayannidis and Psalida, 2000). In 
view of the widespread usage area of PET (especially in the 

beverage industry), there is a need to arise for waste 
management of PET (Awaja and Pavel, 2005). Recycling 
processes are the most proper way to overcome the 
management of PET waste. Generally, two      methods are 
used for recycling of PET. These methods are chemical 
recycling and mechanical recycling. Mechanical recycling is 
more preferred than chemical recycling because of its 
simplicity and lower cost (Awaja and Pavel, 2005). On the  
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other hand, there are some disadvantages to this method. 
The most important disadvantage is the decreasing 
molecular weight and viscosity of PET during the recycling 
process (Awaja and Pavel, 2005, Torres et al., 2001). In 
addition to this contaminant, which originates from the 
recycling process of PET, another important disadvantage 
is poly (vinyl chloride) labels, polypropylene or 
polyethylene caps and adhesives for labels fall into this 
contaminant category and cause deterioration of the 
physical and chemical properties of PET. The change in 
these properties of PET with the recycling process affects 
the mechanical performance and restricts the usage area of 
it. In order to overcome the disadvantage due to decreasing 
molecular weight, some chemical compounds are added. 
The most commonly used method is the addition of 
chemicals, which include di-or multifunctional groups. 
These chemicals act as bridges between degraded chains of 
polymers by means of their functional end groups. This 
is called "chain extenders." This chain extension reaction 
results in increased molecular weight, viscosity, and 
consequently mechanical properties of PET.6. Di-or 
multiepoxides, diisocyanates, dianhydrides, and bis-
oxazolines are common chain extenders for recycled PET 
(r-PET), and many studies have been conducted to 
investigate the effects of chain extenders on the 
properties of r-PET (Villalobos et al., 2006; Awaja and 
Fugen, 2004; Cardi et al., 1993; Awaja et al., 2004; Gouissem 
et al., 2014; Incarnato et al., 2000; Raffa et al., 2012; 
Makkam and Harnnarongchai, 2014; Yan et al., 2015; Xiao 
et al., 2012; Bimestre and Saron, 2012; Zhang et al., 2010; 
Daver et al., 2008; Cavalcanti et al., 2007; Yu et al., 2006; 
Abdul et al., 2013). 

Polymer blends are the physical mixing of two or more 
polymers in order to generate new materials with 
particular benefits such as lower cost, increased mechanical 
qualities, or enhanced process-ability (Six et al., 2008). 
Polymer blends are important in the development of new 
materials as well as the recycling process. The newly 
developed material has better mechanical properties than 
its parent polymers at a lower cost. Polyethylene 
terephthalate (PET) is the most appealing polymer used in 
recycling because it has excellent mechanical properties. 
Recycled PET is completely safe after treatment for both 
food and beverage packaging, and it complies with 
international food contact regulations. Additionally, there is 
a strong desire to improve the environment and save 
resources. Many researchers and manufacturers have been 
drawn  to the combination of PET and poly-olefin to convert 
recycled polymer into useful materials (Mauro et al., 2004). 
To reduce recycling costs, the goal is to reduce the 
automated separation of plastic waste intended for 
mechanical recycling (Stefan, 2000). Automotive 
components, bottles, cartons, and bags are all made of 
polypropylene (PP). PET is stiffer than PP because it has 
less methylene alternating between the carbon circuits in 
its structure. Furthermore, PET has a stronger 

waterproofing ability than PP. However, when PET and PP 
polymers are mixed, the interfacial adhesion is poor. When 
PET and PP are combined, clumps of one phase are spread 
across the other (Pham and Nguyen, 2020). Two different 
incompatible phases are produced as a result of structural 
discrepancies. As a result of these disparate phases, an 
irreconcilable mixture emerges. Because of differences in 
chemical structure and polarity, blending PP and PET is 
incompatible. To improve the bonds between the two 
phases and improve the mechanical properties of the 
PETR/PP blend, a suitable block/graft copolymer can be 
added (Zishou et al.,). 

Several studies have been conducted in order to improve 
the PETR-PP blend's computability. Majid et al. (2019) state 
that in terms of elastic modulus, yield stress, and impact 
energy, the specimen with a 2% compatibilizer (PP-g-MA) 
has the best mechanical behavior. Plastic flexural strength 
is greatest when 2 wt% CaCO3 is added, according to Hong 
and Thuc (2000). If the sample's CaCO3 content exceeds 
this value, the mechanical properties deteriorate. According 
to Abdelbary and Seileem (2021), in situ chain extenders (4, 
4 Methylene-bis- (phenyl isocyanate), 98%  Aldrich, 
Germany) can be used to restore recycled PET during the 
injection moulding process. They stated that the optimum 
concentration of chain extender (4, 4 Methylene-bis- 
(phenyl isocyanate) is 0.25%, which increases the 
molecular weight and viscosity of recycled PET and 
relatively mechanical properties. Based on our preliminary 
research, the PETR/PP blend ratio chosen for this study is 
60/40. The best mechanical properties were obtained at 
this blend ratio, as evidenced by homogeneity results 
obtained using SEM Micrographs; however, below or above 
this ratio,   homogeneity and mechanical properties were 
reduced. Cavus and Beken, zcanl (2016) came up with 
similar findings. The blend samples were created using 2%, 
5% CaCo3, and 0.25% Methylene-bis-(phenyl isocyanate) 
extender in the presence and absence of 2% (PP-g-MA) 
compatibilizer. To determine the effect of each 
component on mechanical properties and microstructure, 
blends of various CaCo3 ratios, comptabilizer, and chain 
extender compositions were prepared. 
 
 
EXPERIMENTAL 
 
Materials 
 
Two types of materials were characterized and investigated 
in this study: 1. Waste PET flakes from post- consumer 
bottles and recycled PET flakes. Recycled PET (PETR) 
plastic from different sources, including colorless post-
consumer bottles. The PVC labels and PP covers were 
removed, and the bottles were mechanically crushed to 2 
mm flakes before being washed and dried for 3 hours at 
170_°C to reduce moisture content to less than 0.005%. 
The PP raw  material  is  supplied  by  "NATPET."  It  has  a   
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Table 1: Compositions of the samples (wt%). 
 

Sample  PETR% PPV% PP-g-M% Phenyliso
-cyanate 
% 

CaCo3% 

S1 100 0 0 0 0 

S2 100 0 0 0.25 2 

S3 100 0 0 0.25 5 

S4 0 100 0 0 0 

S5 40 60 +2% 0 0 

S6 40 60 +2% 0.25 0 

S7 40 60 +2% 0.25 2 

S8 40 60 +2% 0.25 5 

 
 

 
 

Figure 1:  ISO 1 standard sample dimension 

 
 
melting temperature of 160°C, a density of 0.90 g/cm3, and 
a melt flow rate of 25 g/10 minutes. Aldrich, Germany, 
supplied 98% of the chemical extender 4,4- Methylene-bis-
(phenyl isocyanate). 
 
 
Techniques 
 
Injection molding 
 
For the purpose of experimental run, GUC Plastic Academy 
employed a Systec Sumitomo Demag 160 tonne-250 gm 
shot size injection moulding machine. 
 
 
Blending of PP with PETR 
 
The PP and PETR compositions were mechanically mixed  

with chemical extender, compatibilizer and CaCO3 
according to the mixing ratios shown in table 1, and were 
used directly in situ in an injection moulding machine. 
 
 
Tensile testing samples' preparation 
 
The different test samples were prepared by injecting the 
material inside an ISO-1 tensile testing insert of an injection 
mould, as shown in Figure 1. The 40/60, PETR/PP samples 
were prepared with and without a comptabilizer (PP-g-
MA), the chain extender (4,-4 Methylene-bis-(phenyl 
isocyanate,) and CaCo3. During the experiment, the 
injection moulding machine was running, according to a 
fixed concentration level of 40-PETR/60-PPV blend 
samples in line with the mixing ratio mentioned in table 1, 
Three to five samples were used to determine the tensile 
properties    to   ensure    the    mixing    quality    of    the    
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Table 2: Tensile strength results of the samples. 
 

S S1 S2 S3 S4 S5 S6 S7 S8 

1 26.01 35.61 26.18 23.46 26.96 29.13 40.97 27.25 

2 26.05 37.08 27.09 23.58 27.67 28.87 41.10 27.96 

3 26.15 36.07 26.77 23.34 27.20 29.18 41.04 28.94 

4 25.95 36.54 26.50 23.54 27.70 29.05 40.95 28.86 

5 26.02 37.22 27.34 23.02 27.75 29.33 40.98 28.01 

AVG 26.04 36.5 26.77 23.38 27.456 29.18 41.01 28.2 

 
 
 
samples    for   each composition. 
 
 
Characterization 
 
Scanning electron microscopy 
 
SEM (JEOL JSM 6510lv) was used to examine the 
morphology of the blends and study the role of the 
compatitilizer and additives in the development of the 
microstructure in order to achieve effective PETR dispersion 
in PP. The samples were fractured upon submerging them in 
liquid nitrogen for 5 minutes prior to measurement (Majid 
et al., 2019). 
 
 
Infrared spectroscopy 
 
All FTIR measurements were performed using an ANICOLT 
IS10 FTIR spectrometer supported by OMNIC 8 software 
(Thermo Electron Scientific Instruments Corporation, 
Madison, Wisconsin, USA). An Aspecac press instrument was 
used for the preparation of samples using a cutting die of 7 
mm in diameter at a pressure of 2 tonnes. All spectra were 
recorded in the range of 4000-500 CM1 at a resolution of 8 
cm. 
 
 
Thermal analysis 
 
Differential scanning calorimetry (DSC) used to measure the 
thermal transition temperatures (Tg and Tm) and heat 
content Δ H with subsequent cooling and heating cycles 
(10°C /min) ranging from -50 to 300°C (Abdelbary and 
Ahmed, 2021). 
 
 
RESULTS AND DISCUSSIONS 
 
Mechanical tensile behavior 
 
The tensile strength result of each sample are shown in 
Table 2 with samples (S1, S2, S3) demonstrating the effects 
of CaCO3 as a filler on the tensile strength of PETR. While 

the tensile strength of PETR/PPV blends with various 
additives are demonstrated by (S4, S5, S6, S7, S8) samples. 
The results of the tensile strength and strain percentage are 
represented in Figures (2a and 2b). When a CaCO3 
percentage of 2% and a phenyl–isocyanate percentage of 
0.25% were added to the PETR at (S2), the tensile strength 
increased from 26.04 to 36.5 N/mm², and the strain percent 
increased significantly from 4.51% to 8.28%. However, 
when the CaCO3 content in the mixture was increased to 
5%, the tensile strength dropped dramatically at sample 3 
(S3), reaching a value of 26.77 N/mm² and a 6.39% strain 
value. According to the obtained results, 2% CaCO3 is 
considered as an adequate amount, whereas higher amounts 
of CaCO3 seem insufficient. The effect of the CaCO3 
proportion on the break-strain value of the plastic is high, as 
the CaCO3 concentration raises from 2% to 5%, the break-
strain value drops dramatically. Similar to the tensile 
strength, the incorporation of larger amounts of CaCO3 leads 
to a fall in break-strain value. The break-strain is a measure 
of a material's ductility. Accordingly, this finding indicates 
that CaCO3 fillers reduce the ductility of PET/PP blends. The 
presence of CaCO3 enhances the hardness of the plastic, 
hence reduces its ductility (Pham and Nguyen, 2020). By 
combining PETR40/PP60 with 2% (PP-g-MA) as a 
compatibilizer, the tensile strength increased to 27.45 
N/MM² and the strain percent reached its highest level at 
12.21. (S5). The tensile strength increased slightly to 29.18 
N/MM² in sample S6, However, the strain percent decreased 
to 9.3 due to the addition of 0.25% chain phenylisocyanate 
as chemical extender, causing an increase in the interaction 
between the PETR molecules. The tensile strength increased 
significantly to reach the highest value at sample S7, 41.01 
N/MM², but the strain decreased slightly to 8.01 strain 
percent. Both the tensile and the strain dropped by adding 
5% CaCo3 to reach 28.2 N/MM² and 5.3 strain percent 
which is shown in sample S8.  
 
 
To conclude the mechanical properties results 
 
 the addition of 0.25 percent of chain extender to PETR 
increased its molecular weight and viscosity, as well as its 
tensile strength and strain.The addition of 2% of Ca Co3 and 
2%  of  (PP-g-MA)  compatibilizer  to  the  PETR/PP  blends  
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Figure 2a: Shows the effect of a chain extender and a 2.5% CaCo3 concentration 
added to PETR. The highest value obtained was 36.5 N/MM2. 

 
 

 
 

Figure 2b: Strain % of different concentrations of CaCo3. 

 
 
are sufficient to optimize the mechanical properties. 
 
 
Microstructure 
 
SEM analysis 
 
The PET matrix is displayed in Figure 5 in the images 

produced from the SEM analyses. The impact of the chain 
extender on the PET +2% Ca Co3+0.25% EX blend 
promotes a finer PET matrix surface morphology and well 
dispersed, with considerably more bond links Figure 6. 
However, increasing Caco3 to 5% resulted in larger clusters 
(Figure 7a,b), which resulted in flaws, resulting in inferior 
mechanical properties. Figure 8 depicts the separation of 
PET/PP  pairs  into  two  phases: the dispersed PP phase and  

 

 
S1 

 

9 

 

8 

 

7 

 

6 

 

5 
6.39 8.28 4.51

11 

S 

S3 S2 S1 



Academia Journal of Scientific Research; Abdelbary and Seileem.         041 
 
 
 

 
 

Figure 3: illustrate addition of different additive on Blends of 
PETR40/PPV60 and its effect on max strength in N/MM² 

 
 

 
 

Figure 4: illustrate the strain percent value of different blends 
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Figure 5: Illustrate the PET matrix 

 
 

 
 
Figure 6: PET +2% Ca Co3+0.25% EX 

 
 

 
 
Figure 7a and b: PETR +5% CaCo3+0.25EX 

 

 
 
Figure 8: PETR 40 /PP60 

 
 

 
 
Figure 9: PETR40-PP60-2% CaCo3-2% C-0.25% EX 

 
 

 
 
Figure 10: PETR40-PP60-2% CaCo3-5% C-0.25% EX 

 
 
the PET phase. The coarse size of the PP spherulites phase 
allows it to be easily distinguished from the surrounding 
PET matrix. As shown in Figure 9, the PETR40-PP60-2% 
CaCo3-2% C-0.25% EX blend has a more homogeneous 
structure, implying that the voids have decreased and the 
PET droplets have settled into the voids. The compatibilizer 
strengthens the interaction bonds between the PETR and 
the PP. The 2% Caco3 is also well dispersed in the blend. 
The chain extender increases the viscosity of the PETR as 
well as the PETR's side links. The results are confirmed by a 
significant improvement in the mechanical properties of this 
blend (Pham Thi, H,-N., Nguyen). However, if the COCo3 
content in the blend was increased to 5%, the interaction 
and compatibility between PET, PP, and CaCo3 would be 
reduced   (Figure 10)  and  this   result   is  confirmed  by  a  
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Figure 11a: The DSC measurements for PP-60/PETR-40 without 
additives 

 
 

 
 

Figure 11b: The DSC Measurements for PP-60/PETR-2% CaCo3-2%- C-0.25% E 

 
 
decrease in the mechanical properties. 
 
 
DSC results 
 
The DSC measurements are illustrated in Figures (11a and 
11b). The crystallinity of the polymers affects the 
mechanical properties. The changes in crystallization 
temperature and melting temperature Tm, as well as 
variations in ∆Hc and ∆Hm enthalpies are shown in Tables 4 

and 5. The melting temperature of PP-60/PETR-40 blends 
decreased  slightly  from  157.97  to  156.52oC for PP in the  
absence and presence of additives. PETR  showed a  greater 
decrease from 251.62 to 247.4oC. Furthermore, the PP ∆Hm 
increased from 31.72 to 51.30 J/gk, whereas the PETR ∆Hm 
decreased from 15.89 to 6.661 J/gk. These results indicated 
that the crystallinity of PP changed from 15% to 24% due to 
the reaction. PETR crystallinity decreased from 11% to 5%   
as  a  result           of   an   increase   in   PETR  viscosity   and 
molecular weight caused by the effect of 4,4-Methylene-bis- 
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Table 3: Break strain results of the samples. 
 

S S1 S2 S3 S4 S5 S6 S7 S8 

1 4.4 8.50 6.1 10.55 12.81 9.16 7.18 5.52 

2 4.10 8.25 6.32 11.2 11.2 9.39 8.23 4.17 

3 4.32 8.1 6.55 12.11 12.5 9.22 7.81 6.21 

4 4.65 8.35 6.65 10.73 12.76 9.45 8.52 5.22 

5 5.11 8.22 6.35 10.67 11.78 9.32 8.32 5.42 

AVG 4.51 8.28 6.39 10.85 12.21 9.30 8.01 5.30 

 

Table 4: DSC results for 60-PP/40PETR without additives 
 

Tm oC Tc oC Tg oC ∆Hc J/gk▫ ∆Hm J/gk▫ 

PP 157.97 119.37 -42.75 31.72 

PETR 251.62 216.48 -18.22 15.89 

 
 

Table 5: DSC results for 60-PP/40PETR 0.25%EX 2%(PP-g-MA) 2% Caco3 
 

 Tm oC Tc oC Tg oC  ∆Hc J/gk▫ ∆Hm J/gk▫ 

PP 156.53 119.3  -10.24 61.68 51.30 

PETR 247.4 193.7  52.81 6.385 6.661 

 
 

 
 

Figure 12: Fourier transform infrared spectroscopy (FTIR) analysis on PETR40-PP60-2% 
CaCo3-2% C-0.25% EX blend. 
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(phenyl isocyanate) as a chain extender, as well as a strong 
interaction between PETR and PP caused by the effect of 
(PP-g-MA) (Karen et al., 2019). These results are consistent 
with the changes in blend morphology and the enhancement 
of the Mechanical properties measured at PETR40-PP60- 
2% CaCo3-2% (PP-g-MA) -0.25% EX blend sample (S7). 
 
 
FTIR spectroscopy analysis 
 
The grafted PP sample absorbance bands are detected at 
1712 and 1773 cm-1 Figure 12, which corresponds to the 
presence of maleic acid and maleic anhydride oligomer, 
respectively. This proves that MA has been grafted onto the 
PP main chains. PETR40-PP60-2% CaCo3-2% C-0.25% EX 
blend was also subjected to Fourier transform infrared 
spectroscopy analysis (Figure 13). The absorbance bands of 
1685 and 1719 cm1 indicate that the MA has reacted with 
the blend's PP main chains. The presence of CaCO3 powder 
was confirmed through the absorbance of a sharp peak at 
875cm-1. The main absorption bands in the PET spectrum   
have   been  assigned  as  follows:  aromatic  and aliphatic C-
H bond stretching have a slightly lower intensity in the 
3374–2870 cm1 region, and ester carbonyl bond stretching 
has a slightly higher intensity in the 1719–1653 cm-1 region 
(Fatih et al, 2009). 
 
 

CONCLUSION 
 
The results revealed that the mechanical characteristics of 
the blends improved as a result of the in situ polymerization 
reaction between the ester groups of PET and the maleic 
anhydride. PETR40/PP60+2% C+0.25EX+2% CaCo3 blend 
produced the best morphology, spectroscopic and 
mechanical properties. The optimum CaC03 addition is 2%, 
and a small amount of the chain extender (4,4Methylene-bis-
(phenylisocyanate) 0.25 percent and 2% compatibilizer (PP-g-
MA) can significantly improve the mechanical properties 
and morphology strength of PETR40/PP60. The chain 
extender (4,4 Methylene-bis-(phenylisocyanate) bridged 
between the degraded chains of polymers according to their 
functional end groups increased molecular weight and 
viscosity. An increase in Cac03 concentration level 
exceeding 2% in the PET/PP blend may result in lower 
mechanical properties and phase separation. 
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