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Abstract: In this study, we prepared series of recycled polyethylene terephthalate (RPET)/polyethylene (PE) blends using

melt extrusion. The effect of RPET content on crystallization behavior and thermal conductive properties of the resultant

blends were investigated using differential scanning calorimetry (DSC), dynamic mechanical thermal analysis (DMTA),

etc. RPET was found to exert nucleating effect on the melt crystallization of PE. The Agari model presented fairly rea-

sonable prediction of thermal conductivity as a function of RPET loading. The melt cooling process was predicted with

an enthalpy transformation method (ETM), which is a well-established mean of evaluating the instantaneous heat con-

duction of crystalline polymers/composites, and the obtained curves were consistent with our experimental results.

Besides, a four-parameter model (FPM) was adopted coupled with an in-situ temperature measurement in order to further

disclose the solidification and crystallization kinetics of PE in the presence of RPET in the blends.

Keywords: melt blending, thermal properties, cooling behavior, recycled polyethylene terephthalate, polyethylene.

Introduction

Polyethylene (PE) is one of the widely-used thermoplastics,

and can be produced into plastic tubing, film, electric cable and

many other parts.1-4 PE is relatively inexpensive, exhibits good

flexibility, ease processability, and crystallinity, but possesses

the disadvantages of low mechanical properties and thermal

stability.5 Polyethylene terephthalate (PET) is known as the

fourth-most-produced polymer after PE, polypropylene (PP)

and polyvinyl chloride (PVC), which is used in fibres for

clothing, containers for liquids and foods, thermoforming for

manufacturing, and in combination with glass fibre for engi-

neering resins.6-12 Products based on plastic materials will leads

to environmental pollution if not properly managed (e.g., lit-

tering and incinerating).13,14 Thus, the recycling of industrial

plastics has been an ongoing practice in many industries.15,16

Research on the recycling and reuse of PET can be helpful to

solve the environment-related problems.17

In progress of the blend modification, Kordjazi et al. inves-

tigated the rheological behavior of noncompatibilized and

compatibilized PP/PET blends with maleic anhydride-modi-

fied styrene-ethylene-butylene-styrene polymer, and found that
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the storage modulus in plateau region increases by increasing

the concentration of the compatibilizer.18 Shields et al. pro-

vided an easier insight into the mechanism of micro-/nano-

fibril formation in PE/PET and PP/PET blends by studying the

morphology at various stages of extrusion and drawing, and

superior mechanical performance was achieved for composites

containing micro-/nano-fibril structure in comparison to raw

blends.19 Chen et al. introduced the nanoclay incorporated with

ethylene-glycidyl methacrylate (E-GMA) compatibilizer into

the recycled high-density polyethylene (RHDPE)/RPET

blends, and found that the flexural strength and modulus, ther-

mal stability increased gradually as the nanoclay content

increased from 1% to 9%.20 Wan et al. designed the blends of

PET/PP and ternary copolymer ethylene–acrylic ester–glycidyl

methacrylate (EAG) using a twin-screw extruder, and it was

observed that as the EAG content increased, the loss modulus

and tan δ values of PET in the PET/PP blends remained sim-

ilar to those of neat PET and the loss modulus and tan δ values

of PP in the blends decreased gradually.21 Raffa et al. reported

the chemical reactions among polymer and additives showed a

significant effect on the ultimate melt rheology and mechanical

properties of recycled PET (RPET)/polyolefin blends.22 Chen

et al. studied HDPE/RPET/rice husk (RH) composites through

melt blending, and found that the tensile and flexural prop-

erties, water absorption and three-dimensional swelling of the

resultant composites remarkably increased with increasing RH

content.23 The presence of RPET could significantly increase

the thermal stability of the blend samples.24,25

Present manuscript investigates the PE/RPET blends were

prepared using melt mixing method to study the crystallization

behavior, rheological behavior and solidification kinetics of the

resultant blends via DSC, DMTA, rheological characteriza-

tions, etc. In this study, our findings showed that the presence

of RPET showed nucleating effect on the crystallization of PE.

The cooling process was analyzed using an enthalpy trans-

formation method (ETM), which had proved to be an effective

method for the prediction of instantaneous heat conduction of

crystalline polymers (especially applicable for crystal mor-

phological studies), e.g., PE,26,27 PP,28 PP/EPDM blend,29,30 etc.

In addition, a four-parameter model (FPM) was also utilized to

investigate the solidification and crystallization kinetics of the

blends on the basis of the experimental results from an in-situ

temperature measurement. Classical thermal conduction mod-

els were compared with the experimental thermal conductivity.

The present work has practical significance for the further

research on the “processing-structure-property” relationship of

polymer blends as well as the extension of the application

fields for RPET.

Experimental

Materials. Recycled PET (RPET), with a density of 1.38 g/

cm3 and melting point is 256 oC, was provided by Jinzhang

(Taihu) Technology. Co., China. The melt flow index (MFI) of

the RPET flakes was 27.5 g/10 min (at a load of 2.16 kg

according to the GB/T 3682-2000). Polyethylene (PE) were

purchased from Qilu (Shandong) Petroleum and Chemical Co.,

China (model: F182PC), with a MFI of 2.4 g/10 min, a solid

density () was 0.920 g/cm3 and melting point is 108.4 oC.

Sample Preparation Procedures. The RPET samples

were dried in a drying oven set to 50 oC for 12 h. RPET and

PE were first physically blended according to a certain ratio,

and then added to a twin-screw extruder (model: SHJ-20, Nan-

jing Jieya Extrusion Equipment Co., China) for melt blending

to produce blends (temperature process: 235, 255, 260 and

275 oC). Formula designed for this work: S0 is neat PE, the

content of RPET in S1 is 22% and the content of S2 is 28%,

S3 is RPET.

Dynamic Rheological Measurement. A strain-controlled

rheometer (model: Bohlin Gemini-200, Malvern Instruments

Ltd., U.K.) was used to characterize the dynamic rheological

properties in a dynamic sweep mode. A 25.0-mm diameter

parallel-plates geometry was used to prepare samples, and then

disc samples of different compositions were measured at

285 oC. Prior to dynamic shear rheological measurements, a

strain sweep test at a constant frequency of 1.0 Hz determined

the linear visco-elastic region. After ascertaining the flow

behavior, the samples subjected to dynamic oscillatory sweep

from 0.01 to 100 Hz.

Differential Scanning Calorimetry (DSC) Measurements.

The crystallization behaviors for the samples were studied uti-

lizing a differential scanning calorimeter (DSC), Model: Q-

2000, pruduct of TA Instruments Inc., USA. During the mea-

surement, each sample weighed 3~5 mg was sealed in the alu-

minum pans within nitrogen (N2) atmosphere whose flow rate

was 50 mL/min. The sample was heated from room tem-

perature to 270 oC at a rate of 10 oC/min and kept at 270 oC for

4 min (to eliminated thermal history), and then cooled to room

temperature at a rate of 2.5 oC/min. The crystallization behav-

ior of the samples with a cooling rate of 5, 10, 20 oC/min was

measured in this way. The crystallization behavior of the sam-

ple was analyzed by heat flow curve.
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Dynamic Mechanical Thermal Analysis (DMTA). The

DMTA tests for all samples were carried out on a DMA Q-800

instrument (a product of TA Instruments Inc., USA). The

experiments were conducted in single/dual cantilever mode

under isochronal conditions at a frequency of 1.0 Hz at a heat-

ing rate of 3.0 oC/min at controlled amplitude of 15.0 μm. The

samples was pressed into a rectangular shape with dimensions

about 100×10×2 mm3 at 270 oC. The storage modulus (E') and

loss modulus (E'') of the samples were measured as a function

of temperature. At least three samples were tested for each

component, and the results were taken as the average of the

test samples.

Vicat Softening Temperature. Vicat softening temperature

(VST) is a temperature at which a flat-ended needle of 1 mm2

circular cross section penetrates the specimen to a depth of 1.0

mm under specified conditions.31 In this work, the VST value

was measured according to GB1634-2000 with a load of

1.02 kg at a heating rate of 120 oC/h using a XRW-300H

apparatus model (product of Chengde Xinma Testing Instru-

ment Co., Ltd.). The test specimen was a disc-like sample

with a diameter of 25.0 mm and a thickness of 2.0 mm. The

VST was obtained from the average value of at least 5 mea-

surements.

Thermal Conductivity Measurement. To characterize the

thermal conductivity of the samples, samples with the dimen-

sions of 25.0 mm in diameter and 2 mm in thickness were

measured by using a thermometer (model: TCI, C-THERM

Inc., Canada) in an air-conditioned room (25 oC). All of the

thermal measurements were performed three times and the

averages were taken to calculate the thermal conductivity.

In-situ Temperature Measurement. In this study, an

Automatic Data Acquisition System (model: LU-R2100,

Anthone Electronics Inc., China) was used to record the sam-

ple from the molten state to the cooling and solidification pro-

cess in real time. The sample (ca. 4-6 g) was placed in a

cylindrical metal container having a diameter of 8 mm and a

height of 10 mm. The container was heated to 270 C using an

electrical hot plate (model: YOUYUE-946A, Youyue Seiko

Inc., China), then held for 15 min to ensure that the sample

was fully melted. A 0.5 mm diameter sensor (model: TK-247,

measuring rang: 0~350 ºC, Anthone Electronics Co., China)

was inserted into the middle of the molten sample to quickly

place the sensor-attached sample into 20 oC of circulating

water until cooling solidified, the temperature corresponding to

the time is displayed in the computer. The schematic of exper-

imental set-up is illustrated in Figure 1.

Results and Discussion

Dynamic Rheological Properties. Rheological character-

izations are a known effective method for assessing the fluidity

of material processing.32 Usually neat polymers display pseu-

doplastic behavior which is characteristic of an initial constant

shear viscosity at low-frequency zone, and a decrease in shear

viscosity with increasing frequency.33 Figure 2 shows the fre-

quency dependence of the complex viscosity (*) of all sam-

ples measured at 285 oC. With the increase of frequency, the

melt viscosity decreased, and all samples displayed the shear-

thinning behavior, obeying the characteristics of the pseudo-

plastic fluid.

The Carreau-A model can be adopted in this work to non-

linearly fit the rheological data of the samples:34

(1)* 
0

1  
2

+ 
n 1– /2

=

Figure 1. Schematic of experimental device for in-situ temperature

measurement.

Figure 2. Complex viscosity of various samples versus frequency.
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where * is the complex viscosity, 0 the zero-shear viscosity,

 the shear rate, and  the characteristic relaxation time. Here,

n is the non-Newtonian exponent. Using the nonlinear fitting,

all parameters was obtained and listed in Table 1. The char-

acteristic relaxation time () of the samples increased as the

RPET loading increased, meaning that the disentanglement of

molecular chains became more serious due to the addition of

more PET macromolecular chains, whose trend is in agree-

ment with the variation of zero-shear viscosity (0) as demon-

strated in Table 1.

Figure 3 shows that the values of complex modulus (G*) of

the samples increased with increasing frequency. As the

increase of RPET content, the G* increased considerably,

especially at the low frequency region (e.g., from 0.01 to

1 Hz), considering that G* of PET is higher than that of PE.

The G* of the samples in the high frequency region jumped

significantly with increasing frequency, which may be due to

the limitation of the material’s resilience after elastic defor-

mation within high frequency region. Their G* showed a trend

of convergence at high frequencies, suggesting that the depen-

dence of G* on frequency became weaker in high frequency

zone.

Non-isothermal Crystallization Kinetics. The non-iso-

thermal crystallization behaviors of various samples were

examined using DSC characterization. DSC, as a multi-pur-

pose, efficient, fast, and sensitive analytical testing method, has

been widely used to study both physical changes (e.g., melting,

crystallization, and crystal form transformation, etc.) and

chemical changes (e.g., decomposition, degradation, polym-

erization, crosslinking, redox, etc.) of the substances. The

absolute crystallinity (c) developed during the cooling stage

can be estimated using the following expression:35

(2)

where Hc is the enthalpy of melt crystallization, and H0
c is

the crystallization enthalpy of fully-crystallized PE in the

cooling scans, which was taken as 288 J/g and the PET was

166 J/g.36,37 Table 2 presented the DSC detailed crystallization

parameters at various cooling rates for various samples. With

increasing cooling rate, the crystalline peak moved towards the

lower temperature side, suggesting a strong supercooling was

required to crystallize the melt.38 Besides, the crystallization

temperature curves in Table 2 all became broader with increas-

ing cooling rate, considering the fact that imperfect polymer

crystals were normally formed under rapid crystallization or at

high cooling rates (cf. Tc). 
39 Interestingly, there is only a crys-

talline peak of PE in the S1 and S2 blends, while RPET has no


c

H
c
/ H

c

0
  100%=

Table 1. Rheological Parameters Obtained through the Carreau-

A Model

Samples 0 (Pas)  (s) n R2

S0 1.87104 38.4 0.125 0.993

S1 3.07104 58.2 0.144 0.998

S2 2.12105 111.3 0.085 0.999

S3 9.66105 236.9 0.024 0.999

Figure 3. Complex modulus of various samples versus frequency.

Table 2. Parameters of the Non-isothermal Crystallization for

Various Samples

Samples


(Cmin-1)
Tco

(C)
Tcp

(C)
Tc

(C)
c

(%)
t1/2

(min)

S0

2.5 99.5 96.3 5.7 18.5 0.290

5 98.3 94.8 6.8 21.3 0.321

10 96.7 92.8 9.2 25.0 0.366

20 94.5 89.5 13.1 27.0 0.452

S1

2.5 99.9 93.5 6.3 21.6 0.294

5 98.5 90.5 8.0 24.3 0.339

10 96.5 86.2 9.2 28.3 0.376

20 94.5 77.9 16.6 34.7 0.462

S2

2.5 99.3 96.0 5.8 20.3 0.332

5 97.9 94.5 7.0 23.5 0.336

10 96.1 91.5 10.0 28.5 0.402

20 93.9 87.7 15.1 31.1 0.459

S3

2.5 222.9 218.8 11.3 23.9 0.225

5 219.1 214.8 12.3 25.0 0.288

10 212.7 207.2 12.9 28.0 0.244

20 206.3 199.4 16.1 26.9 0.478
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crystalline peak. Mainly due to the slow crystalline nature of

PET, and PE macromolecular chains can be inserted into the

PET chain, reducing the crystallization ability of PET. With

increasing RPET content, the crystallinity of PE in the blends

(i.e., S1 and S2) displayed an increase trend in comparison to

PE (S0), which indicated that the existence of RPET (in solid

Figure 4. DSC exothermal curves of various samples measured at different cooling rates (a-d); the temperature dependence of relative crys-

tallinity for various samples at different cooling rates (a'-d').
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state during the whole crystallization temperature zone of PE)

acted as nucleating agent in the blends during melt crystal-

lization of PE.

The relative crystallinity (Xt) at time t can be expressed as a

function of crystallization temperature by eq. (3):40

(3)

where Tt is the crystallization temperature at crystallization

time t and T0 and T∞ are the onset and end crystallization tem-

peratures, respectively. dHc denotes the crystallization enthalpy

released during an infinitesimal temperature change at tem-

perature T.

The molten samples were cooled for crystallization at given

cooling rates, during which exothermic phenomena occurred,

with the heat flow curves intuitively displaying the detailed

thermal changes of the entire crystallization process. Figure 4

shows the variation of heat flow and relative crystallinity ver-

sus temperature for different samples measured at various

cooling rates. All crystallinity curves of the samples displayed

an “S”-like shape, including three stages of a polymer crys-

tallization process. Specifically, the Xt value showed a sig-

nificant increase after a short induction period, after which Xt

gradually reached its maximum during the third crystallization.

The crystallization half time (t1/2), the time required for the

polymer to reach 50% crystallinity, is an important parameter

for characterizing the polymer crystallization rate. According

to the results of the crystallization half time (t1/2) which is an

evaluation of the overall crystallization rate, the t1/2 of a given

sample increased with increasing cooling rate, suggesting that

a rapid drop in temperature will be hinder in enhancing the

crystallization rate. The addition of RPET promotes the crys-

tallinity of the material to an extent.

As is known, the isothermal crystallization kinetics of poly-

mers were well explained by the Avrami equation in the form

Xt=1-exp(-KA×tm), where Xt is a relative crystallization degree

at the time t. KA is a crystallization rate constant, and m is the

Avrami exponent which is a mechanism constant depending on

the types of nucleation and growth dimension.41,42 Table 3 pres-

ents the Avrami curve fitting parameters of the Xt versus crys-

tallization time. In Table 3, the Avrami exponent m values of

S0, S1 and S2 were 1.459~2.224, 1.402~2.254 and 1.685~

2.486, respectively, indicating that the crystallization could be

contributed by both one-dimensional crystal growth mecha-

nisms coupled with a heterogeneous nucleation at low cooling

rates (cf. 2.5 and 5 oC/min), and the crystallization of the

blends occurred in two-dimensional mechanism at high cool-

ing rates (cf. 10 and 20 oC/min). The increase in n value sug-

gested the mode of spherulitic nucleation and the growth

became more complex.

Dynamic Mechanical Thermal Analysis (DMTA) and

Vicat Softening Temperature (VST) Measurement. One of

the most powerful tools to investigate the viscoelastic prop-

erties of polymeric materials is dynamic mechanical thermal

analysis (DMTA), which applies a very small sinusoidal strain

to the sample at a constant frequency with an increasing tem-

perature at constant rate.43 Figure 5 presents the variation of

storage modulus (E') as a function of testing temperature (T),

respectively. The storage modulus refers to the ability of a

material to store energy, which is a measure of material’s stiff-

ness.44 In Figure 5, a severe drop of E' along the viscoelastic

zone was observed until the temperature got close to 85 oC,

which could be associated to the mobility of amorphous region

of the material.43,45 As is well known, the “rubbery plateau” in

the storage modulus curves represents the degree of interaction

between polymerics system.46 The sequence of E' value was as

follows: E'S3>E'S0>E'S1>E'S2. In spite of the fact that RPET had

high storage modulus, the E' of the blend hardly increased with

X
t

dH
c

dT
t

---------dT
T

0

T
t


dH

c

dT
t

---------dT
T

0

T



------------------------ 100%=

Table 3. Xt Parameters Obtained Through the Avrami Model

Samples


(Cmin-1)
KA m R2

S0

2.5 8.15E-3 1.459 0.972

5 2.52E-3 1.788 0.968

10 1.41E-3 1.915 0.971

20 3.25E-3 2.224 0.975

S1

2.5 9.83E-3 1.402 0.976

5 2.62E-3 1.749 0.974

10 1.64E-3 1.856 0.971

20 2.15E-3 2.254 0.981

S2

2.5 3.33E-3 1.685 0.972

5 2.51E-3 1.768 0.971

10 7.21E-3 2.059 0.974

20 1.12E-3 2.486 0.978

S3

2.5 1.31E-9 6.386 0.993

5 5.29E-9 6.223 0.964

10 1.18E-9 6.418 0.993

20 6.64E-10 6.672 0.990
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the addition of RPET indicating that the PE/RPET presents a

lower degree of interfacial interaction.46,47

VST is an important parameter for the evaluation of thermal

resistance of thermoplastic materials when subject to heating.48-50

The higher the VST value, the better the dimensional stability

of the material upon heating, which also means, the smaller the

thermal deformation, the greater the rigidity as well as the

higher the modulus. According to Figure 6, the sequence of

VST was as follows: VSTS3> VSTS0> VSTS1> VSTS2 (the VST

values of S0, S1, S2 and S3 were 86.6, 81.3, 80.4 oC and

230.4 oC, respectively), indicating that S3 material has better

dimensional stability when heated, and has less thermal defor-

mation, which is well consistent with the trend of E'.

Thermal Conductive Property. Figure 7 showed the influ-

ence of PE loading on the thermal conductivity of the samples.

According to the viscosity ratio, in the PE/PET blend, since the

PET content is lower than PE, the PET is dispersed as a spher-

ical particle in the matrix of the PE, that is, “sea-island struc-

ture”.51,52 According to our previous research, the Agari model

showed relatively good applicability in polymer composites,

which clearly revealed formation of the thermal network struc-

ture.53 The Agari equation can be written as follows:54

(4)

In eq. (4), k1, k2 and k are the thermal conductivities of

RPET, PE and their blends, respectively (k1=0.319 W/m·K,

k2=0.498 W/m·K in this work). V is the volume content of PE

here. In the Agari model, F1 is usually a factor relating to the

crystallinity and crystal size of polymer. Parameter F2 varies

with the dispersion state of filler (a typical range within -2~2)

and is related to the ease in forming the thermal conductive

chains in the matrix.53,54 The larger the F2 value, the easier the

formation of the thermal conductive chains (characteristic of a

higher thermal conductivity). According to the calculations, F2

is 1.028 in this study, indicating that it is easy for PE to form

a thermal conductive structure in blends.

In-situ Melt Solidification Behavior and Application in

Cooling Time Prediction. Figure 8 demonstrated the tem-

perature decay curves of PE, RPET and their blends, which

were obtained using an in-situ temperature measurement tech-

nique. A cooling process of crystalline polymers basically

undergoes three steps: the temperature of the melt decreases

rapidly from an initial temperature to the phase-change tem-

perature; secondly, the crystallization (accompanied with a

phase change from liquid to solid simultaneously) occurs and

klog VF
2

k
2

1 V–  F
1
k
1

 log+log=

Figure 5. DMA curves of various samples.

Figure 6. Curves of vicat temperature measurement.

Figure 7. Correlation between thermal conductivity and PE loading

as well as the fitting curve using Agari model.
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results in a slow-down in the cooling rate; finally, the cooling

curves gradually become flat till the temperature gets close to

the cooling medium’s temperature.

The enthalpy transformation method (ETM),55 which was

raised previously for analyzing the phase-change behavior of

crystalline polymers,27-31 was adopted in this work. The exper-

imental cooling data were compared with the predicted cooling

curves using ETM (as demonstrated in Figure 9), with two

dimensionless parameters ( and ) defined as follows:56,57

(5)

(6)

where T, T0 and Tw are the time-dependent melt temperature,

initial melt temperature, and cooling medium temperature,

respectively;  and  are normalized temperature and dimen-

sionless time, respectively; α is the thermal diffusivity which is

defined by α=k/(r×Cp) with d denotes half the thickness of the

molten polymer layer; k is the thermal conductivity;  is the

density; and Cp is the heat capacity at constant pressure. The

dimensionless time (τ), also known as the Fourier number, is

a good measure of the rate of heat conduction in comparison

with the rate of heat storage in a given volume element, and a

small value of τ usually means rapid polymer kinetics as com-

pared with the heat diffusion process.58

Obviously, an agreement can reasonably be achieved from

the comparison (cf. Figure 9). Overall, ETM presents relatively

better prediction for neat polymer in comparison to the blends

(S1 and S2), especially during the later portion of the cooling

process. The cooling time (tc) and average cooling rate (ACR)

 T T
w

– / T
0

T
w

– =

 t/d
2

=

Figure 8. Temperature decay curves of various samples.

Figure 9. Plots of dimensionless temperature versus elapsed time.



278 B. Yang et al.

폴리머, 제44권 제3호, 2020년

of the polymer melt can readily be evaluated, with the cooling

data summarized in Table 4. As the PET content increases, the

tc value also increases (accompanied by a decreased ACR),

considering the thermal conductivity of PET is lower than that

of PE. Interestingly, the value of c/d is found to nearly remain

constant (ca. 0.44) regardless of the material’s compositions,

which can be fairly useful in forecasting the minimum cooling

times (tcm) for PE, PET and their blends in the plots of  vs. 

during industrial processing operations (e.g., injection mold-

ing, compression molding, etc.) when the thickness of the

molded part is known. For instance, the calculated tc value of

S3 is 65.2 s in comparison to an experimental value of 68.2 s

in the present work.

In our previous research, the four-parameter model (FPM)

can already be used very reliably to non-linearly fit the cooling

curves of various crystalline polymers (PP, PE, PVDF, etc.),59,60

which can be written as follows:

(7)

where y = θ and x = ln t, respectively. The meanings of the

parameters A, B, C and D here are as follows: A is a parameter

that is primarily determined by T0, which is quite close to 1. B

is dictated by Tw, which is close to 0. Parameter C is defined as

a position-dependent coefficient of FPM; and parameter D,

reflecting the time required for the temperature of polymer to

fall from T0 to the phase-change temperature range, is heavily

influenced by the molecular structures of material and a

smaller value of D always indicates a higher cooling rate.59

Figure 10 presented the plots of  versus ln t for the samples

with cooling data fitted by FPM. It was obvious that FPM

showed perfect fitting effect based upon the values of the

regression coefficients R2, suggesting FPM can be applicable

in the analysis of solidification kinetics for the PE/RPET

blends. From the values of parameter D, it is obvious that D

y B– A B+ / 1 Ce 
x D–

+ +=

Table 4. Cooling Parameters of Various Samples Obtained by

ETM

Samples
tc

(s)
c/b

(mm-1)
ACR

(Cs-1)

S0 44.2 0.423 4.08

S1 49.3 0.443 3.67

S2 51.6 0.447 2.95

S3 65.3 0.447 2.74

Figure 10. Plots of experimental cooling data fitted using FPM, with all curves’ regression coefficients (R2) above 0.999.
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decreased with the increase of PE%, suggesting that it’s easier

for PE to form a thermal conductive structure in blends at

higher loading, which is in good agreement with our earlier

discussion.

Conclusions

In this work, melt extrusion was used to prepare series of

polyethylene (PE)/recycled polyethylene terephthalate (RPET)

blends in an attempt to explore the effect of RPET loading on

both crystallization and thermal conductive behaviors of the

blends. Our findings indicate that RPET exists in an amor-

phous state and can act as a nucleating agent for PE without

changing its crystalline form in the blend. The classical ther-

mal conduction model by Agari was adopted and could present

a rather reasonable prediction about the relationship between

thermal conductivity and PE loading for the blends. In the

study of solidification kinetic, a four-parameter model (FPM)

was utilized jointly with in-situ temperature measurement data.

In addition, cooling time (tc) was also estimated by using an

enthalpy transformation method (ETM), which had widely

been reported in research on the kinetics of phase transitions

analysis of crystalline polymers (HDPE, PP, PLA, etc),27-31 and

the theoretical cooling times were in consistence with the

experimental data. The present work will be practically sig-

nificant for further research on the “processing-structure-prop-

erty” relationship of polymer blends as well as the extension of

the application fields for RPET.
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