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Abstract
In order to be recycled, polymers with different molecular masses, designed to be initially processed by different tech-

nologies such as thermoforming, injection or blow molding, are collected together. The melt viscosity of this material

mixture will depend on the ratio of polymers having different molecular characteristics. The possibility of re-processing

implies the use of higher range of temperature or the use of different additives to adjust the melt viscosity. In these

conditions, the quality of recycled goods could be affected. This study presents the results obtained by differential scanning

calorimetry analysis of some polypropylene-based samples coming from the real waste stream collection (conventional

samples) as well as of selected polymers from this stream based on the processing technology and of different brand

packages from each of the above-mentioned classified fractions. Based on the thermal data (Tm, Tc, DHm, DHc and the

melting and crystallization curve characteristics), morphological features of the recycled polypropylene, such as crys-

tallinity degree of the initial recycled and re-crystallized polymers (Xm, Xc), melting and crystallization rates (vm, vc),

lamellae thickness, and number of tie molecules, were determined, and the prediction of the maximal Young’s modulus

was made. This study evidenced that processing technology of the polymers in fresh state or as recycled material strongly

influenced the product morphology and, as a consequence, the predicted mechanical properties. By comparing the con-

ventional recycled polymers with the injection-molded mix of virgin polymers, the first one exhibited a lower crystallinity

with about 22%, approximately the same lamella thickness, the crystals’ polydispersity higher with about 10% and the

Young’s modulus lower with about 22%.
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Introduction

Recycling of polypropylene (PP) packages is a very com-

plex and difficult task, due to the very large number of

variables affecting the recycled polymer properties. The

high differences between the properties of the initial

polymer used in products obtaining, related to the molec-

ular masses and their distribution, the crystallinity degrees,

the type of the dominating crystalline form, the lamellae

thickness, the spherulites’ number and dimension, the

amorphous phase characteristics, the number of tie mole-

cules, the entanglements, as well as the proportion of the

recycled products mixed in the separated fraction, have a

strong influence on the recycled polymer features [1].

Also, polymer processing by extrusion, blow molding,

thermoforming or injection molding, at different tempera-

ture ranges and under different shear or compressive for-

ces, will determine supplementary alteration of the

polymer features: change in the crystallinity degree and

crystallization form (cylindritic crystal formation) and

possible thermal degradation evidenced by carbonyl,
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carboxyl groups and double-bond formation [2–4]. The

obtaining products have also required specific features

depending on the type of the packaged goods and in cor-

relation with the different brand characteristics. This means

that some packages have to be transparent, other have to be

dyed in different colors, other have to be resistant to

microwaves and temperature, other have to be resistant to

oily, aqueous or alcoholic contacts, other have to be

resistant to UV irradiation, other must exhibit high impact

or strength resistance. To obtain the requested properties,

additives addition (dyes, pigments, thermal or antioxidant

stabilizers, nucleating agents), PP copolymerization or

blending of PP with random (RPP) or block (CPP)

copolymers with ethylene or butylene in different propor-

tions are necessary [5].

Furthermore, the impact of the life cycle on the polymer

features has to be taken into account. This means we have

to consider its possible degradation under the following

factors: UV–Vis and/or microwaves irradiation, tempera-

ture and moisture variation, shelf period, the period

between the waste drops and collection, fungal and

microbial attacks.

Separation of the polypropylene fraction from the

polymer waste stream, even in a narrow density range, or

well selected by near-infrared (NIR) sensors, will include

the results of all the above-mentioned factors that affected

the polypropylene packages.

Further, the polymer re-processing will contribute to an

extra polymer feature alteration by modification of the mix

composition (mixture of PP homopolymer with different

types of copolymers, mixtures of additives, mixtures of PP

with different molecular masses and distribution), by a

partial oxidation of the polymer, by the possible cross-

linking reaction between the functional groups resulted

from the degradation processes, by modification of the

crystallinity degree and the crystallization types, by pos-

sible phase separation and also by additives concentration

change (mainly their dilution or possible reaction between

them).

All these aspects will be reflected in the recycled

polymer properties.

A lot of efforts were devoted to study the influence of

the initial polymer features on the product characteristics,

on the environmental factors affecting the properties of the

recycled polymer and on the methods of collection,

selection and separation of the polymeric fraction on the

recycled product quality but no or very low attention was

paid to check the influence of the mixing of polymers (PP)

processed by different technologies on the final properties

of the recycled product.

Processing by different technologies means in fact dif-

ferent initial properties of the polymer (different molar

mass: lower for injection molding and higher for

thermoforming and blow molding), different additives and

different thermal and mechanical regimes are applied.

This study presents the results obtained by differential

scanning calorimetry (DSC) analysis of some types of

polypropylene (PP) samples obtained from the real waste

stream collection (conventional samples) as well as of

selected polymers from this stream based on the processing

technology (blow-molding mix, injection-molded mix and

thermoforming mix) and of different brand packages from

each of the above-mentioned classified fractions. The

conventional sample was analyzed before and after labels’

and impurities’ separation. Also, the sample in pellet form

or extruded in granule form was analyzed. Based on the

thermal data, morphological features of the recycled

polypropylene were determined, and the prediction of the

maximal Young’s modulus was made.

Materials and methods

Materials

Conventional sorted post-consumer PP was provided by

SITA Suez Environnement Company, Rotterdam, the

Netherlands, in 2015. This fraction was separated from

household plastic waste by using NIR identification tech-

nique. After sorting by using a NIR sensor, the material

streams were inspected manually, and impurities and films

were removed from the stream.

Based on the specific characteristics of the package

forms, the obtained conventional PP fraction was classified

in sub-fractions depending on the processing technology.

The average distribution of the different types of PP was

determined to be: 58% thermoformed and blow-molded

PP; 42% injection-molded PP from which 52% was white

PP, 29% was transparent PP and 19% had other colors.

In the separated sub-fractions, there were identified

packages with different compositions (mixture among PP

and PP copolymers having ethylene groups, block or ran-

dom distributed on the chain) that were coded as it is

specified in Fig. 1.

After separation from post-consumer stream, the con-

ventional PP fraction was cleaned by washing with water

and a small amount of liquid detergent (Persil for colored

clothes, to avoid the presence of peroxides), at 90 �C, for
50 min, by using a household washing machine of type

Indesit WIA 121, using the standard washing program

number 1 and stopping the washing process before cen-

trifugation. The polymer fraction was washed within a jute

bag to prevent the ingress of small pieces of plastic to the

water exhaust system of washing machine.
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After washing, the products were manually cut, having

the possibility to separate the labels. Also, aluminum

residues were removed during this step.

Then, the fractions were shredded at 10-mm particles

size, this one being optimal for the second cleaning step.

Washing process is more effective at the flake level by

comparing with the product level. An industrial mixer-type

Hobart A200 was used. One-kilogram plastic flakes, 4 L of

water at 80 �C, 30 mL detergent (neutral, containing

sodium lauryl sulfate) were used for washing process, at a

rotation speed of 107 rpm for 10 min. After mixing, a

supplementary portion of 10 L of water was added into the

washing machine, facilitating the separation process of PP,

and impurities are still present in the fraction. The impu-

rities were separated by sieving with a 2-mm mesh size,

and then, the flakes were rinsed by water at 80 �C and dried

overnight in the laboratory.

Aiming to eliminate the impurities, as much as possible,

the polymeric flakes were then introduced into a spinning

machine (Hermion BV, Waalvijk, the Netherlands) that

allows elimination of smaller particles than 2 mm, by using

a sieve of 2 mm mesh and 3000 rpm rotation speed. After

this, the polymeric fraction was dried in an oven at 60 �C
for 22 h, including ventilation.

A second size reduction was performed by using the

same shredder and a sieve with mesh size of 6 mm, in

order to easily homogenize the mixture of polymers.

Homogenizing step was carried out by using a co-ro-

tating twin screw extruder (ZSK 18 MEGAlab from

Coperion) to obtain granules. These make easier injection

molding. The temperature profile for compounding process

is presented in Table 1.

The reference samples were obtained following the

producers’ recipe, starting from the virgin polymers as it is

presented in Table 2, by injection mold with or without

extrusion. The composition was similar to packages

obtained both by injection mold and by thermoforming,

and the composition of the mix of these fractions was

similar to the conventional post-consumer stream

(Table 1).

Methods of analysis

DSC method was used to determine the thermal features of

the conventional PP fractions and sub-fractions and to

compare them with those of the reference samples.

Netzsch DSC 200 F3 Maia� instrument, with a heat flux

system sensor, the measurement range from 0 to ± 600

mW, temperature accuracy\ 0.1 K, enthalpy accu-

racy\ 1%, was used. The thermal regime applied during

sample analysis was as follows: (1) cooling from the room

temperature to - 20 �C with a rate of 10 �C/min, (2)

maintaining the sample at - 20 �C, for 5 min to equili-

brate it, (3) heating up to 230 �C with a rate of 10 �C/min,

(4) maintaining the sample at 230 �C, for 5 min to equi-

librate it; (5) cooling the sample up to - 20 �C with the

rate of 10 �C/min; (6) heating with the same rate of heating

up to the room temperature. The measurements were taken

in nitrogen flowing atmosphere.

Samples with an average mass of 6 mg were used in

DSC analysis, and the scans were made in triplicate.

Conventional + Imp 10A

Conventional − Imp 10A

Blow
mold
Mix 13A

Persil

14A

Milbona

16A
(50%

HP + 50%
CP)

Jumbo

17A
(80%

HP + 20
% CP)

Vegetable

20A

(70%
HP + 30%

% CP)

aqueous

Bami

19A

(70%
HP + 30% CP)

microwaves

organic

Injection
Mold Mix

 15A

Thermoformed Mix

 18A

Granules 11A

Recycled samples

Pure recycled sample

Pelets 12A

[ 58%(Th + B) + 42% Inj] 

Fig. 1 Classification of

conventional post-consumer PP

stream with the code fraction

and composition of different

types of specific packaging.

HP = homopolymer,

CP = copolymer;

Th = thermoforming; B = blow

molding; Inj = injection

molding; Persil, Milbona,

Jumbo, Bami,

Vegetable = brands of packages
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Results and discussion

Starting from the idea that mixing the polymers with dif-

ferent molar masses will strongly affect the thermal char-

acteristics of the sample, the following data were collected

from the DSC curves:

• the melting and re-crystallization temperatures (Tm and

Tc),

• the melting and crystallization curve characteristics

(onset, endset, width at 37% and height)

• the heat of melting and crystallization (DHm, DHc)

By using these data, the following polymer features and

transition characteristics were calculated:

• the crystallinity degree of the initial recycled polymer

(from the melting curve) (Xm) and that of the re-

crystallized polymer (from the crystallization curve)

(Xc),

• melting and crystallization rates (vm, vc)

• lamellae thickness

• number of tie molecules

• predicted maximum Young’s modulus calculated both

from the melting and from crystallization curves.

From these data, the following information can be

drawn:

The melting temperature indicates the crystallites’ type

of the polymer. Industrial polypropylene is generally i-PP

[6–8]. It was noted that stable a-PP melts at around

155–160 �C [9–11]. The reaching of different equilibria

between a and a0 crystalline forms leads to the increase in

the DSC curve width. The unstable b-crystalline form

melts at around 120–130 �C [12–14]. So, the dominating

crystalline form present in the sample can be identified by

checking the melting temperature (peak temperature).

Polymorphic modification affects both stiffness and

strength of the polymer. The impact resistance of the b-
form is higher than that of the a-PP. Determination of the

melting temperature gives information on PP polymor-

phism, and this is helpful in mechanical properties

prediction.

Analyzing the DSC melting and crystallization curves, it

can be noted that as in the general case of the polymers, the

crystallization peak temperature of PP is always lower than

Table 1 Temperature profile for compounding process for reference samples

Fraction Type of fraction T1/�C T2/�C T3/�C T4/�C T5/�C T6/�C T7/�C T8/�C T9/�C Rotation

speed/

rpm

80% HP ? 20% CP Recycled pure product

Recycled pure

product ? Labels/ink

77% HP ? 19.4% CP

? 3% white

Recycled pure product

Recycled pure

product ? Labels/ink

155 170 170 175 175 180 180 185 190 120

50% HP ? 50% CP Extruded virgin

Recycled pure product

Recycled pure

product ? Labels/ink

70% HP ? 30%

CP white

Extruded virgin

Recycled pure product

(microwave)

Recycled pure product

70% HP ? 30%

random CP blue

Extruded virgin 155 170 180 190 200 210 220 230 240 150

50% injection (50% HP ?

50% CP) ? 50%

thermoformed) 70% HP

? 30% random white)

Extruded virgin

Persil bottles Recycled pure product

Table 2 Reference sample codes, composition and processing

Sample code Sample characteristics

4A PP100% (HP)

6A 70% HP ? 30% RCP blue

7A 70% HP ? 30% RCP white extruded

8A 70% HP ? 30% RCP white not-extruded

9A 50% HP ? 50% BCP extruded
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that of its melting peak. This is due to both thermodynamic

and kinetic reasons: (1) the possibility of the polymer

crystallization only below the melting temperature when

the free energy of the crystalline phase becomes smaller

than that of the amorphous material and (2) the large size

and consequently the low mobility of the polymer mole-

cules, that kinetically hindered the crystallization. Crys-

tallites cannot form immediately below Tm, but at much

lower temperature [15].

From Fig. 2, it can be noted that recycled PP obtained

both by injection molding and by thermoforming exhibit

quite similar melting and, respectively, crystallization peak

temperatures. They are also close to the melting and

crystallization temperatures of the conventional recycled

polymers. Blow-molded polymers show the lowest melting

temperature, with up to 26 �C lower, by comparing with

the other samples. This could be due to the highest

molecular mass of polymers used in blow-molding tech-

nology (MFI = 3) by comparing both with that obtained by

thermoforming (MFI = 15) and with injection-molding

technologies (MFI = 70). Injection-molded virgin samples

show the highest melting temperature for nucleated PP, but

lower melting temperatures for virgin polymers containing

block heterophasic copolymer and white pigment, both of

them acting as nucleating agents [16]. It could be stated

that the presence of both copolymers and white pigment

has the dominating influence on the melting temperatures,

by comparing with the influence of the molar mass (Fig. 3).

The difference between Tm and Tc can give information

concerning the nucleation agents’ presence. So, it was

stated that if DT ¼ Tm � Tc � 50 �C the polymers are non-

nucleated. b-Nucleated samples exhibit lower DT values as

in the case of blow-molded samples, as well as in that of

the injected virgin PP containing different percents of RCP

and white pigment. The mix of the virgin PP-s exhibits a

melting temperature close to the conventional recycled

polymers, probably due to the dilution of the nucleating

agents by mixing with un-nucleated PP.

The heat of melting can be correlated with the crys-

tallinity degree of the recycled polymer. It can be calcu-

lated by using the formula (1):

Xm %ð Þ ¼ DHm

DHo

� 100 ð1Þ

where Xm is the crystallinity degree of the polymer; DHm is

the melting enthalpy determined by integration of the

surface under the DSC curve in the domain of melting

process; and DHo is the melting enthalpy of the 100%

crystallized i-PP (207 kJ/g [17, 18]).

The crystallization heat was calculated by determination

of the area under the DSC curve of crystallization, in the

crystallization temperature domain. The crystallinity

degree of the re-crystallized sample was calculated by

using a similar formula with Eq. (1), where DHm was

replaced by DHc that is the crystallization enthalpy.

From Fig. 3, it can be observed that crystallinity degree

of PP-based materials, calculated by using both melting

and crystallization DSC curves, can be correlated with the

transition temperature and with the technology type of the

polymers processing. The higher the crystallinity degree,

the higher the transition temperature. The eye guide lines

from Fig. 4 evidenced that variation slope of the crys-

tallinity as a function of the transition temperature is higher

when the crystallization transition was used for crys-

tallinity degree calculation and lower in case of the melting

transition use. In the case of melting process, the crys-

tallinity degree of samples was spread on a higher tem-

perature interval, due to the higher polymorphism of the

110

120

130

140

150

160

170

180

Inj.virg. mixInj. virg

Tr
an

si
tio

n 
te

m
pe

ra
tu

re
/°

C

Type of sample

Tm
Tc

Conv. Blow Inj. Th. 

Fig. 2 Melting and crystallization temperatures for recycled and

virgin samples obtained by different processing technologies
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initial mixed polymers. Re-crystallization led to more

homogeneous morphology, and the influence of the

molecular mass (used in different types of polymer pro-

cessing) on the crystallinity degree and on the transition

temperature was better evidenced:

XBlow ðMFI¼3Þ\XConventional �XThermoforming ðMFI¼15Þ

\XInjection ðMFI¼70Þ\XVirgin

From Fig. 5, it can be noted that the highest crystallinity

degree corresponds to the nucleated injected virgin PP. The

addition of the RCP, and of the white pigment, determined

a dramatic decrease in the materials’ crystallinity. But the

lowest crystallinity degree belongs to the blow-molded

polymer, due to the highest molecular mass of the polymer

and to the highest viscosity of the polymer’s melt that

hinders its crystallization. The crystallinity of the recycled

fractions increases in the following series:

XBlow mold\XConventional polymers �XThermoformed polymers

\XInjected mold polymers

It can be noted that the crystallization degree of the

conventional recycled polymers is closer to that of the

higher molecular mass fractions.

Crystallinity degree determined from the melting and

crystallization curves exhibits the same trend, but a clearer

selection of the polymers obtained by different processing

technologies can be made by using the crystallization

curve. The last one seems to be better related to the

structural ability of the polymers to crystallize, due to the

constant cooling regime applied during DSC analysis.

The samples obtained by waste collection are more

heterogeneous from morphological point of view, due to

their different origins. It is well known that sometimes, at

industrial level, the product is cooled rapidly in order to

increase the productivity. The fact that crystallization

occurs under no equilibrium conditions was clearly

demonstrated by the skin-core morphology of injection-

molded polymers [19]. This aspect was evidenced in our

study too, in case of the injection-molded polymers that

exhibit a supplementary melting (endothermic) peak at

121–143 �C, characterized by a low peak height and

attributed to b-PP crystals formation. Interesting, the

presence of the injection-molded polymers in the conven-

tional recycled mix can be identified by this secondary

melting process evidenced at 133 �C (Fig. 6).

Characteristics of the melting or crystallization curve

(onset, endset, width and height) can be correlated with the

multiple crystallization melting equilibria, meaning the

presence of different forms of crystallites or crystals per-

fection processes. These values were obtained by using the

instrument software for all the analyzed samples. They

were graphically represented as a function of the process-

ing type to allow a better comparison between the data.

The higher width of the DSC curves in the case of the

high molecular mass polymers (blow-molded ones) and in

the case of the virgin white nucleated injection-molded

polymers is more pronounced in the melting curve. In the

crystallization curve, the same trend is maintained, but the

differences are lower (Fig. 3). The crystallinity degree

shows similar behavior of the conventional fraction with

the thermoformed polymers, as in case of the melting

temperature. Also, the conventional sample exhibits lower

crystallinity by comparing with that of the injection-
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molded virgin mix, evidencing possible degradation of the

polymers during the life cycle. The formed OH, carbonyl

or carboxyl groups hinder the crystallization.

Melting and crystallization rates are calculated by using

formula (2):

vm J g�1 min�1
� �

¼ DHm

Dt
ð2Þ

where Dt is the length of the melting process, calculated as

DT/heating rate.

The obtained data were plotted as a function of the

processing technologies and compared to the DSC curve

width, as shown in Fig. 7.

From Fig. 7, it can be noted that the rate of melting is

correlated with the dispersity of the crystallite types.

Higher-type numbers of crystallites and lower melting rate

are due to the multiple simultaneous equilibria. Crystal-

lization rate shows the same trend as the melting rate, but

the differences between samples obtained by different

technologies are better evidenced by the last one.

The main goals of development in nowadays industry

are both to increase the stiffness of PP above current levels

and to improve the impact resistance or even more, to

prepare materials having simultaneously large stiffness and

fracture resistance. Large impact resistance is usually

achieved by copolymerization and blending but rarely by

nucleation.

Lamella thickness is a very important parameter,

directly correlated both with modulus, meaning the poly-

mer stiffness, and with its fracture (impact) resistance.

While the polymer impact resistance depends only on the

lamella thickness [19–22], modulus depends both on

lamella thickness and on crystallinity.

Each lamella can be built up from several macro-

molecular chains, and one chain can participate to the

formation of different lamellae. The number of tie mole-

cules (chains connecting lamella) is inversely proportional

to lamella thickness [23, 24] and influences the strength

and fracture resistance of the polymer too.

Lamellae thickness can be calculated from the thermal

DSC melting data, by using Gibbs–Thompson Eq. (3):

1� 2 � re
DHo

v � l
¼ Tm

To
m

ð3Þ

where Tm is the melting temperature; To
m is the temperature

at the melting equilibrium (418 K); DHo
v is the equilibrium

enthalpy of fusion per unit volume expressed in this

equation in kJ cm-3 (136.6 kJ m-3); l is the lamella

thickness (nm); and re is the free energy of the folded

surface of lamella (0.122 J m-2) [15, 25–27]. The obtained

values are presented in Table 3.

It can be observed that the thinner lamellae were

obtained in the case of polymers obtained by blow-molding

technology and in the case of the reference samples con-

taining RCP and white pigment. The other samples have a

lamellae thickness around 20–23 nm. Correspondingly, the

tie molecules number is higher in case of the lowest

thickness lamellae. This morphology can be correlated with

the mechanical properties of the polymers.

The maximum modulus value can be predicted by using

the melting DSC data [28–30], by applying Eq. (4) [27]

and where the lamella thickness is calculated by using

Eq. (3) and is presented in Table 3:

Em ¼ 0:082 � lþ 0:025 � DHm max � 2:15 ð4Þ
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Fig. 6 DSC curves for melting and crystallization of different

fractions of recycled PP obtained by different processing types
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where Em is the maximum stiffness achievable (determined

the melting data); l is lamella thickness; and DHm max is the

maximum enthalpy of fusion per volume unit. We used the

density of crystalline part as 936 kg m-3 [31].

Maximal modulus value can be calculated also from the

crystallization data, by using the empirical Eq. (5) [32]:

Ec ¼ 0:02 � Tc þ 0:025 � DHc � 3:2 ð5Þ

where Ec is the maximum stiffness achievable (determined

from the crystallization data); DHc is the crystallization

heat.

From Fig. 8, it can be observed that the increase in the

crystallinity degree determines the increase in the Young’s

modulus, meaning the increase in the polymer stiffness.

It could be noted also that the values of modulus cal-

culated from the melting DSC curves are higher than those

calculated by using crystallization DSC curves with up to

20%, but the same trend of variation was obtained.

Also, considering the influence of the processing tech-

nology on the modulus values, the following hierarchy was

noted:

EBlow molding\EConventional\EThermoforming

� EInjection molding\EVirgin injection molding

Not only the crystallinity degree influenced the maximal

values of the Young’s modulus but also the crystallite-type

distribution described the DSC curve width.

From Fig. 9, it can be seen that the higher the dis-

persity of the crystallites is, the lower the Young’s

modulus values are. The highest dispersity was noted for

packages obtained by blow molding and the lowest one

for that obtained by injection molding. The conventional

waste exhibits values in between, both for modulus

values and for the crystallites dispersity, being closer to

the thermoformed polymers.
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E
/M

P
a
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Fig. 8 Maximal Young’s modulus predicted by using DSC data both

for melting (Em) and for crystallization (Ec) processes versus the

samples crystallinity and processing technology

Table 3 Lamella thickness and number of tie molecules (proportional with 1/l)

Sample code Type of samples obtaining lmax/nm 1/l/lm-1

10A Conventional ? impurities 20.90 47.83

11A Conventional–impurities granulated 20.40 49.00

12A Conventional–impurities flakes 21.53 46.43

13A Blow mix 13.61 73.44

14A Persil 13.17 75.88

15A Injection-molded mix 20.90 47.83

16A Injection-molded 50% HPP–50% RPP 21.16 47.25

17A Injection-molded 80% HPP–20% RPP 23.22 43.06

18A Thermoforming mix 21.69 46.09

19A Thermoforming 70% HPP–30% RPP microwave 20.31 49.232

20A Thermoforming 70% HPP–30% RPP aq 20.16 49.58

4A HPP 100% virgin 22.91 43.64

6A 70% HPP–30% RPP blue virgin 20.31 49.23

7A 70% HPP–30% RPP white extruded virgin 14.53 68.78

8A 70% HPP–30% RPP white not-extruded virgin 14.94 66.92

9A 50% HPP–50% RPP virgin 22.55 44.34

5A Mix virgin 50% (70% HPP–30% RPP) ? 50% (50% HPP–50% RPP) 20.60 48.53
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Conclusions

DSC measurements are very useful tools to determine

materials’ thermal and morphological characteristics and

based on them to predict the mechanical and optical

properties.

This study evidenced that the processing technology of

the polymers in fresh state or as recycled material strongly

influenced the product morphology and, as a consequence,

the predicted mechanical properties.

Blow-molded recycled polymers are characterized by

the lowest melting and crystallization temperatures, the

lowest crystallinity, the highest polydispersity, the thinner

lamellae, the highest number of tie molecules and the

lowest maximal predicted Young’s modulus.

On the contrary, injection-molded virgin polymers are

the highest crystalline, with the lowest polydispersity,

showing the highest melting and crystallization tempera-

ture, the highest lamellar thickness, the lowest tie number

molecules and the highest maximal predicted Young’s

modulus.

Both injection-molded recycled polymers and thermo-

formed recycled polymers are in between, by comparing

with the blow-molded recycled polymers and injection-

molded virgin polymers, from all the above-mentioned

points of view.

Conventional recycled polymers, containing approxi-

mately 58% thermoformed and blow-molded PP and 42%

injection-molded PP, behave very similar to the recycled

thermoformed polymers from both thermal and mechanical

points of view. By comparing the conventional recycled

polymers with the injection-molded mix of virgin poly-

mers, the first one exhibited a lower crystallinity with about

22%, approximately the same lamella thickness, the

crystals’ polydispersity higher with about 10% and the

Young’s modulus lower with about 22%.

The predicted properties will be correlated with the

measured ones, and the morphological determined features

will be used to explain the other properties of the recycled

materials.
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