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1Celal Bayar University, Faculty of Science and Arts, Department of Chemistry, 45100, Manisa, Turkey
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In this study, the effect of addition Calcium carbonate (CaCO3) filler component on solid state thermal decomposition procedures
of Polypropylene-Low Density Polyethylene (PP-LDPE; 90/10 wt%) blends involving different amounts (5, 10, 20 wt%) Calcium
carbonate (CaCO3) was investigated using thermogravimetry in dynamic nitrogen atmosphere at different heating rates. An integral
composite procedure involving the integral iso-conversional methods such as the Tang (TM), the Kissinger-Akahira-Sunose method
(KAS), the Flynn-Wall-Ozawa (FWO), an integral method such as Coats-Redfern (CR) and master plots method were employed
to determine the kinetic model and kinetic parameters of the decomposition processes under non-isothermal conditions. The Iso-
conversional methods indicated that the thermal decomposition reaction should conform to single reaction model. The results of the
integral composite procedures of TG data at various heating rates suggested that thermal processes of PP-LDPE-CaCO3 composites
involving different amounts of CaCO3 filler component (5, 10, 20 wt%) followed a single step with approximate activation energies
of 226.7, 248.9, and 252.0 kJ.mol−1 according to the FWO method, respectively and those of 231.3, 240.1 and 243.0 kJ mol−1 at
5◦C min−1 according to the Coats-Redfern method, the reaction mechanisms of all the composites was described from the master
plots methods and are Pn model for composite C-1, Rn model for composites C-2 and C-3, respectively. It was found that the thermal
stability, activation energy and thermal decomposition process changed by the increasing CaCO3 filler weight in composite structure.

Keywords: CaCO3, polypropylene, low density polyethylene, kinetic method, mechanism function

1 Introduction

Polypropylene (PP) and polyethylene (PE) blends have been
attracting a lot of attention because of various reasons. One
of the reasons is the cost-effectiveness of these blends in in-
dustrial and commercial usage. Polymer blending can be
done at a relatively low cost using an extruder. Production
of new polymers, on the other hand, requires capital inten-
sive plants and reactors that must operate on a reasonably
large scale for reasons of economics (1).

Polypropylene has excellent electrical and insulating
properties, chemical inertness, and moisture resistance
when it is used in room-temperature applications. It is rel-
atively stiff and has a high melting point, low density, and
relatively good resistance to impact (2–4). PP has found a

∗ Address corresponence to: Kamil Şirin, Celal Bayar University,
Faculty of Science and Arts, Department of Chemistry, 45100,
Manisa, Turkey. Tel.: +90 2862180018; Fax: +90 2862180018;
E-mail: sirin.kamil@gmail.com

wide range of applications in the household goods, packag-
ing, and automobiles. Polypropylene is used in applications
ranging from injection-molded and blow-molded products
and fibers and filaments to films and extrusion coatings
(4–6).

Low density polyethylene (LDPE) has a wide application
field in industry. Because of the suitable properties, it can be
processed easily and used different materials. Polyethylene
has an excellent chemical resistance and is not attacked by
acids, bases, or salts (5–9). Low-density polyethylene is a
partially crystalline solid with a degree of crystallinity in
the 50 to 70% range, melting temperature of 100–120◦C,
and specific gravity of about 0.91 to 0.94 g cm−1 (5–8).

Composite material is a material system consisting of a
mixture or combination of two or more micro-constituents
mutually insoluble and differing in form and/or material
composition. Particulate-filled thermoplastic composites
have proved to be of significant commercial importance in
recent years, as industrialists and technologists have sought
to find new and cost-effective materials for specific appli-
cations (10–12). Calcium carbonate (CaCO3) is one of the
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most commonly used inorganic fillers in thermoplastics.
Importantly, the use of calcium carbonate allows the as-
sociation of a rigid and resistant material, which does not
cost too much, with many polymers including polyolefines
(10–14).

The focus of this study is to understand the changes
on thermal decomposition mechanism and kinetic param-
eters of PP-LDPE (90/10 wt%) blend when different ratios
of 5, 10, 20 wt% CaCO3 are added. The kinetics of the
thermal degradation of these composites is carried out by
using thermogravimetry. The activation energy of thermal
degradation of CaCO3 composite with N2 was obtained by
Tang, KAS, FWO, and CR methods. Thermal degradation
mechanism for CaCO3 composite was investigated by CR
method, master plots method.

2 Experimental

2.1 Materials

Isotactic polypropylene (PP-MH418) and Low-density
polyethylene (LDPE-I 22-19 T) were supplied as pellets by
Petkim Petrochemical Company (Aliaga, Izmir, Turkey).
The number-average molecular weight (Mn), weight-
average molecular weight (Mw) and polydispersity index
(PDI) values of PP and LDPE homopolymer were 20300,
213600 g.mol−1 and 10.5, and 29600, 157000 g.mol−1 and
5.3, respectively. The specific gravity of the PP-MH418 is
0.905 g cm−3 and that of the LDPE-I 22-19 T is 0.919-
0.923 g cm−3, with melt flow index of 4–6 g 10 min−1

(2.16 kg, 230 ± 0.5 ◦C) and 21–25 g.10 min−1 (2.16 kg, 190
± 0.5◦C), respectively. Calcium carbonate filler (AS 0884
PEW) with particle size 20 µ m was provided by Tosaf
Company (Israel).

2.2 Preparation of Blends

Polypropylene-Low Density Polyethylene (PP-LDPE)
blends involving (PP/LDPE; 90/10 wt%.) with different
amounts (5, 10, 20 wt%.) Calcium carbonate (CaCO3) was
prepared by melting-blend with a single-screw extruder
(Collin E 30P). The blends were prepared by melting the
mixed components in an extruder which was set at the ex-
truder diameter: 30 mm, length to diameter ratio: 20, pres-
sure: 9–10 bar, temperature scale composites from filing
part to head were 190–250◦C and screw operation speed:
30 rev.min−1. All compounds were produced as 70 µm thick
and 10 cm wide films. Composites ratio were prepared and
their codes are given in Table 1. These composites are called
as composite-1 (C-1), composite-2 (C-2), and composite-3
(C-3). All of these composites were prepared as samples
weighing 1000 grams, while keeping the 90/10 PP-LDPE
ratio constant.

Table 1. Nomenclature, components and composition of
composites

Composition, wt%

Sample Code PP LDPE CaCO3

C-1 90 10 5
C-2 90 10 10
C-3 90 10 20

2.3 Measurements

Thermal data were obtained by using Perkin Elmer Di-
amond Thermal Analysis. The TG-DTA measurements
were made within the 15–1000◦C range, operating in dy-
namic mode, with the following conditions; sample weight
∼5 mg, heating rates 5, 10, 15 and 20◦C.min−1, atmosphere
of nitrogen (10 cm3.min−1), and sealed platinum pan. The
infrared spectra were measured by Perkin7-Elmer Spec-
trum One FT-IR system. The FT-IR spectra were recorded
using a universal ATR sampling accessory within the wave-
lengths of 4000–550 cm−1.

2.4 Kinetics Methods

The application of dynamic TG methods holds great
promise as a tool for unraveling the mechanisms of physical
and chemical processes that occur during polymer degrada-
tion. In this paper, integral isoconversional methods were
used to analyze the non-isothermal kinetics of all the C-1,
C-2 and C-3.

The rate of solid-state non-isothermal decomposition re-
actions is expressed as:

dα

dT
=

(
A
β

)
exp

(−E
RT

)
f (α) (1)

Rearranging Equation 1 and integrating both sides of
the equation leads to the following expression:

g(α) =
(

A
β

) T∫
T0

exp
(−E

RT

)
dT =

(
AE
β R

)
p(u) (2)

Where p (u) = ∫ u
∞ −( e−u

u2 ) du and u = E/RT.

2.4.1. Flynn-Wall-Ozawa method (15–16)
This method is derived from the integral method. The tech-
nique assumes that the A, f(α) and E are independent of T
while A and E are independent of α , then Equation 2 may
be integrated to give the following in logarithmic form:

log g(a) = log (AE/R) − log β + log p(E/RT) (3)

Using Doyle’s approximation (17) for the integral which
allows for E/RT>20, Equation 3 now can be simplified as:

log β = log (AE/R) − log g(a) − 2.315 − 0.4567E/RT
(4)
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Table 2. Algebraic expression for the most frequently used mechanisms of solid state process

No Mechanisms Symbol Differential form, f(α) Integral form, g(α)

Sigmoidal curves
1 N and G (n = 1) A1 (1 − α) [− ln(1 − α)]
2 N and G (n = 1.5) A1.5 (3/2)(1 − α)[− ln(1 − α)]1/3 [− ln(1 − α)]2/3

3 N and G (n = 2) A2 2(1 − α)[− ln(1 − α)]1/2 [− ln(1 − α)]1/2

4 N and G (n = 3) A3 3(1 − α)[− ln(1 − α)]2/3 [− ln(1 − α)]1/3

5 N and G (n = 4) A4 4(1 − α)[− ln(1 − α)]3/4 [− ln(1 − α)]1/4

Deceleration curves
6 Diffusion, 1D D1 1/(2 α) α2

7 Diffusion, 2D D2 1/(ln(1 − α)) (1 − α) ln(1 − α) + α

8 Diffusion, 3D D3 1.5/[(1 − α)−1/3−1] (1 − 2α/3) − (1 − α)2/3

9 Diffusion, 3D D4 [1.5(1 − α)2/3][1 − (1 − α)1/3]−1 [1 − (1 − α)1/3]2

10 Diffusion, 3D D5 (3/2)(1 +α)2/3[(1+α)1/3-1]−1 [(1+α)1/3-1]2

11 Diffusion, 3D D6 (3/2)(1 − α)4/3[[1/(1 − α)1/3]-1]−1 [[1/(1 − α)]1/3-1]2

12 Contracted geometry shape (cylindrical symmetry) R2 3(1 − α)2/3 1-(1 − α)1/3

13 Contracted geometry shape (sphere symmetry) R3 3(1 − α)2/3 1-(1 − α)1/3

Acceleration curves
14 Mample power law P1 1 α

15 Mample power law (n = 2) P2 2α
1/2 α1/2

16 Mample power law (n = 3 ) P3 (1.5)α2/3 α1/3

17 Mample power law (n = 4) P4 4α3/4 α1/4

18 Mample power law (n = 2/3) P3/2 2/3(α)−1/2 α3/2

19 Mample power law (n = 3/2) P2/3 3/2(α)1/3 α2/3

20 Mample power law (n = 4/3) P3/4 4/3(α)−1/3 α3/4

2.4.2. Coats-Redfern method (18)
The Coats-Redfern method is also an integral method, and
it involves the thermal degradation mechanism. Using an
asymptotic approximation for resolution of Equation 2, the
following equation can be obtained:

ln
(

g(α)
T2

)
= ln

(
AR
Eβ

(
1 − 2RT

E

))
− E

RT
(5)

The expressions of g(α) for different mechanism have
been listed in Table 2 (19, 20), and activation energy for
degradation mechanism can be obtained from the slope of
a plot of ln [g(α)/T2] vs. 1000/T:

2.4.3. Tang method (21)
Taking the logarithms of sides and using an approxima-
tion formula for resolution of Equation 2, the following
equation can be obtained:

ln
(

β

T1.894661

)
= ln

(
AE

R g (α)

)

+ 3.635041 − 1.894661 ln E − 1.001450 E
R T

(6)

The plots of ln( β

T1.894661 ) vs. 1/T give a group of straight
lines. The activation energy E can be obtained from the
slope −1.001450 E/R of the regression line.

2.4.4. Kissenger-Akahira-Sunose method (22)
This method is integral isoconversional methods as FWO.

ln
[

β

T2

]
= ln

[
AR

E g(α)

]
− E

RT
(7)

The dependence of ln (β/T2) on 1/T, calculated for the
same α values at the different heating rates β can be used
to calculate the activation energy.

2.4.5. Determination of the kinetic model by master plots
Using a reference at point α = 0.5 and according to Equa-
tion 2, one gets:

g(α) =
(

AE
β R

)
p(u0.5) (8)

Where u0.5 = E/RT. When Equation 2 is divided by
Equation 8, the following equation is obtained:

g(α)
g(0.5)

= p(u)
p(u0.5)

(9)

Plots of g(α)/g(0.5) against α correspond to theoretical
master plots of various g(α) functions (23, 24). To draw the
experimental master plots of P(u)/P(u0.5) against α from
experimental data obtained under different heating rates,
an approximate formula (25) of P(u) with high accuracy
is used P(u) = exp(−u)/[u(1.00198882u+1.87391198)].
Equation 9 indicates that, for a given α, the experimental
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Fig. 1. FTIR spectra of blend PP-LDPE and composites C-1, C-2
and C-3.

value of g (α)/g(α0.5) are equivalent when an appropriate
kinetic model is used. Comparing the experimental mas-
ter plots with theoretical ones can bring about the kinetic
model (26).

3 Result and Discussion

3.1 Effect of CaCO3 Filler Component on Blend
PP/LDPE Structure

The FT-IR spectra of all compounds are shown in
Figure 1. The IR spectrum as expected is quite simple and
consisted of bands mainly corresponding to different vibra-
tion modes of C–C and C–H bonds. The IR spectrum of
the samples recorded in the range 650–4000 cm−1 shows the
characteristic absorption bands mainly at 2900 cm−1 (CH
stretching) and 1460–1165 cm−1 (C-H bending and C–C
stretching). But the change on some of the absorption peaks
is minimal after modification. It is also observed that in
Figure 1, C-1, C-2 and C-3 spectra gave to the bands at
1440, 874 and 712 cm−1, which could be attributed asym-
metric CO stretching, out-of-plane deformation of carbon-
ate and OCO bending in-plane deformation vibrations of
calcium carbonate, respectively. These newly infrared spec-
tra bands were the characteristic FT-IR absorptions of
calcium carbonate. By increasing the CaCO3 filler com-
ponent’s weight increases the intensity of peaks. The re-
sults indicated that CaCO3 dispersed completely in the
blend.

3.2 Thermal Decomposition Process

Thermal degradation curves at different heating rates: 5, 10,
15, and 20◦C min−1 under 10 mL min−1 nitrogen gas are
given in Figures 2, 3, and 4. These TG curves correspond

Fig. 2. TG curves of C-1 composite with CaCO3 content 5 wt%.

to a single-stage decomposition reaction where the proce-
dural decomposition temperatures, such as initial and final
temperatures, are well defined. The typical dynamic all TG
curves of composites showed that the thermal decomposi-
tion took place mainly in one stage and the curves shifted
to the right-hand side with the heating rate. It was also
shown that the increasing CaCO3 filler component in com-
posites increased residue weight and thermal stability. The
initial decomposition temperature of composites C-1, C-2
and C-3 was found to be 359, 363 and 367◦C at 5◦C min−1

in heating rate, respectively.

Fig. 3. TG curves of C-2 composite with CaCO3 content 10 wt%.
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Fig. 4. TG curves of C-3 composite with CaCO3 content 20 wt%.

3.3 Determination of Activation Energy Ea, Kinetic Model
g(α), and Pre-exponential Factor A

For the study on the kinetics of thermal degradation of
composites C-1, C-2 and C-3, we can select the isothermal
thermogravimetry or the thermogravimetry at various heat-
ing rates. The isothermal thermogravimetry is superior to
obtain accurate activation energy for thermal degradation,
although it is time-consuming. In the case of thermal degra-
dation of composites, the isoconversional methods based
on TG at various heating rates is much more convenient
than isothermal thermogravimetry for the investigation of
thermal degradation kinetics, because it is independent
of any thermodegradation mechanisms. Therefore, in the
present work TG curves at various heating rates were ob-

Fig. 6. Activation energy (E) as a function of conversion degree
for the decomposition processes of composite C-1, C-2, and C-3
calculated by Tang, KAS and FWO methods.

tained and the activation energies (Ea) for thermal degra-
dation of polymer networks were calculated by Tang, KAS,
FWO, and CR’s plot, which are widely used methods. CR
method was based on a single heating rate, while the other
methods were based on multiple heating rates. According
to the method of Tang, the apparent thermal degradation
activation energies of composites, Ea, can be determined
from the TG curves under different heating rates, such as in
Figures 2, 3 and 4. According to Equation 6, activation en-
ergies of degradation can be determined from the slope of
the linear relationship between ln (β/T1.894661) and 1000/T,
as shown in Figure 5 given for composite C-1 at varying
conversion. The mean values of the activation energies of
the thermal decomposition of composites C-1, C-2 and C-3

Fig. 5. Tang plots of composite C-1 for decomposition stage at varying conversation in N2.
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Table 3. Activation energies obtained by Tang, KAS and FWO methods of the composites

C-1 C-2 C-3

Alpha Tang KAS FWO Tang KAS FWO Tang KAS FWO

0.05 238.8 234.9 234.2 117.8 117.3 156.5 239.6 222.0 206.1
0.1 232.3 231.7 230.0 253.7 253.0 256.6 250.3 247.4 242.3
0.2 233.2 230.0 226.8 250.5 246.5 244.6 243.4 242.8 239.9
0.3 235.9 233.7 231.2 258.0 256.0 252.6 239.6 239.1 238.6
0.4 234.0 232.9 230.8 256.6 252.9 250.5 245.3 244.7 239.2
0.5 236.5 234.5 232.9 253.5 248.4 244.5 237.7 237.1 237.0
0.6 234.0 231.2 229.7 253.5 248.9 243.8 248.6 248.0 241.5
0.7 236.0 233.7 232.4 249.0 251.4 244.6 242.6 241.9 247.3
0.8 230.7 230.2 230.4 247.2 244.4 240.0 244.2 243.6 243.2
0.9 222.8 222.2 223.0 318.7 296.0 303.9 239.1 238.5 238.4
0.95 190.7 190.0 192.6 295.4 296.2 300.8 405.7 405.0 398.4
Mean 229.5 227.7 226.7 250.4 246.4 248.9 257.8 255.5 252.0

in N2 were 229.5, 250.4 and 257.8 mol−1 kJ/mol, respec-
tively. The calculated results were summarized in Table 3.

Other iso-conversion methods used in this paper were
that of KAS and FWO. According to the KAS method,
Equation 7 was utilized to determine the values of acti-
vation energy from plots of ln(β/T2) against 1000/T over
a wide range of conversion. FWO method is also an in-
tegral method, also being independent of the degradation
mechanism. According to Equation 4, the apparent acti-
vation energy of composites can be obtained from a plot
of log β against 1000/T for a fixed degree of conversion
since the slope of such a line given by −0.456E/RT. For

Table 4. Activation energies and pre-exponential factors for decomposition stage of C-1 obtained by CR method in N2 atmosphere

5◦C min−1 10◦C min−1 15◦C min−1 20◦C min−1

E (kJ mol−1) lnA E (kJ mol−1) lnA E (kJ mol−1) lnA E (kJ mol−1) lnA

A1 318.8 52.31 317.2 51.82 282.6 45.94 306.5 49.72
A1,5 208.6 33.46 207.4 40.26 184.4 29.52 200.2 32.15
A2 153.5 23.94 152.62 24.03 135.2 21.19 147.1 23.20
A3 98.43 14.28 97.76 14.56 86.16 12.76 94.02 14.26
A4 70.88 9.305 70.33 9.680 61.59 8.437 67.46 9.615
D1 474.2 77.54 474.7 76.98 419.4 67.44 452.3 72.47
D2 520.2 84.93 519.8 84.13 460.6 73.88 497.3 79.46
D3 540.2 86.95 539.4 86.02 478.6 75.49 517.1 81.28
D4 581.5 94.20 579.9 93.01 515.0 81.91 558.0 88.25
D5 434.6 68.28 435.39 67.89 384.0 59.07 414.0 63.67
D6 727.6 119.7 722.6 117.6 648.1 104.5 702.9 112.7
R2 269.7 42.93 269.2 42.76 238.3 37.55 257.9 40.70
R3 284.9 45.20 284.0 44.94 251.9 39.52 272.8 42.86
P1 231.3 36.76 231.2 36.82 203.6 32.17 220.0 34.86
P2 109.7 15.99 109.7 16.30 95.78 14.15 103.9 15.67
P3 69.22 8.860 69.15 9.305 59.83 7.927 65.21 9.059
P4 48.97 5.176 48.87 5.686 41.85 4.691 45.84 5.633
P3/2 352.7 57.21 353.0 56.97 311.5 49.88 336.2 53.73
P2/3 150.2 20.68 150.2 16.30 131.7 20.23 142.6 24.43
P3/4 170.4 26.42 170.5 26.63 149.7 23.23 162.0 25.33

each method, conversion degree, α = 0.05, 0.1, 0.2, 0.3,
0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.95 were chosen to evaluate E
values of all the composites. The determined activation en-
ergies were listed in Table 3 and according to the KAS and
FWO methods, the values of average activation energy for
the thermal degradation of composites C-1, C-2 and C-3
were 227.7, 246.4, and 255.5 kJ mol−1 and 226.7, 248.9,
and 252.0 kJ mol−1, respectively, over the range of α given.
This result agrees better with the mean values of activation
energy obtained by the Tang method.

Constant mass loss lines were determined by measuring
the temperature at a given mass percent for each heating
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Table 5. Activation energies and pre-exponential factors for decomposition stage of C-2 obtained by CR method in N2 atmosphere

5◦C min−1 10◦C min−1 15◦C min−1 20◦C min−1

E (kJ mol−1) lnA E (kJ mol−1) lnA E (kJ mol−1) lnA E (kJ mol−1) lnA

A1 268.2 43.55 258.6 42.39 251.5 40.69 262.5 42.51
A1,5 174.8 27.55 168.4 26.68 163.6 25.97 170.9 27.30
A2 128.2 19.45 123.3 16.64 119.7 18.52 125.1 19.58
A3 81.55 11.22 78.24 11.11 75.80 13.21 79.40 11.69
A4 58.22 7.010 55.70 7.072 53.83 7.017 56.51 7.717
D1 398.8 64.69 385.1 62.08 372.5 5969 388.7 62.23
D2 439.9 71.25 424.7 68.66 411.7 65.76 429.5 68.53
D3 457.0 72.76 441.2 69.67 428.0 67.07 446.5 69.93
D4 492.0 78.90 474.9 75.52 461.4 72.82 481.3 75.86
D5 361.5 55.83 349.0 53.53 337.3 51.32 351.9 53.66
D6 611.1 99.78 589.0 95.40 575.5 92.37 599.9 96.04
R2 227.3 35.59 219.9 34.32 221.4 33.19 221.8 34.80
R3 240.1 37.46 231.5 36.09 224.6 34.91 234.5 36.60
P1 193.5 30.19 186.5 29.26 180.2 28.24 188.2 29.67
P2 90.88 12.61 87.32 12.42 84.08 12.10 88.06 12.97
P3 56.66 6.549 54.23 6.631 52.02 6.515 54.65 7.208
P4 39.55 3.379 37.69 3.592 359.9 3.586 37.95 4.190
P3/2 296.2 47.53 285.8 45.74 276.4 4403 288.5 46.02
P2/3 125.1 18.57 120.4 18.11 116.1 17.55 121.4 18.60
P3/4 142.2 21.51 136.9 20.90 132.1 20.24 138.1 21.36

rate. In Figure 5, the Arrhenius type plots of dynamic
TG runs related to the thermal decomposition process,
were shown for masses ranging from α = 0.05 to 0.95 in
N2. The values of correlation coefficients of linearization
curves related to thermal decomposition processes of com-

posites C-1, C-2, and C-3 were approximately 1.00. The
kinetic data obtained by different methods agree with each
other.

In Figure 6, the values of activation energy vs. conversion
degree obtained by methods above for all of the composites

Table 6. Activation energies and pre-exponential factors for decomposition stage of C-3 obtained by CR method in N2 atmosphere

5◦C min−1 10◦C min−1 15◦C min−1 20◦C min−1

E (kJ mol−1) lnA E (kJ mol−1) lnA E (kJ mol−1) lnA E (kJ mol−1) lnA

A1 272.1 44.27 258.4 41.74 261.8 42.47 271.4 43.97
A1,5 170.5 27.18 176.9 28.28 177.5 28.04 168.2 26.55
A2 130.1 19.83 123.1 18.82 124.8 19.47 129.6 20.34
A3 82.86 11.48 78.12 11.03 79.22 11.51 82.3 12.25
A4 59.21 7.201 55.59 7.009 56.40 7.503 55.72 8.109
D1 401.5 65.20 378.8 60.79 388.0 62.36 401.5 64.31
D2 443.9 72.00 419.9 67.22 428.5 68.69 443.7 70.84
D3 461.7 73.62 437.1 68.70 445.5 70.12 461.3 72.33
D4 497.9 79.97 472.2 74.77 480.0 76.04 497.3 71.54
D5 363.2 56.18 343.3 52.18 351.3 53.77 363.4 55.52
D6 621.3 101.6 592, 4 95.47 597.9 96.24 619.7 99.24
R2 229.7 36.05 217.2 33.85 221.3 34.74 229.3 36.04
R3 243.0 38.00 230.1 35.70 234.0 36.55 242.5 37.90
P1 194.8 30.46 183.4 28.60 187.9 29.60 194.6 30.72
P2 91.53 12.76 85.72 5.202 87.95 12.82 91.24 13.52
P3 57.09 6.638 53.12 6.386 54.61 7.005 56.77 7.586
P4 39.87 3.448 36.83 3.397 37.94 3.971 39.53 4.485
P3/2 298.1 47.92 281.1 44.76 287.9 46.05 298.1 47.58
P2/3 125.9 16.38 118.2 17.66 121.2 18.47 125.7 19.29
P3/4 143.1 21.67 134.5 20.42 137.9 21.25 142.9 24.48
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Fig. 7. Master plots of theoretical g(α)/g (0,5) against α for var-
ious reaction models (solid curves represent 20 kinds of reaction
models given in Table 2) and experimental data [(◦), (�) and (♦)]
of composites at the heating rates 5, 10, 15 and 20◦C min−1.

were shown. The thermal decomposition of composites in
N2 presented the same behavior for the Tang, KAS and
FWO methods. The initial activation energies required for
thermal decomposition process of C-1, C-2, and C-3 was
approximately 238.8, 117.8, and 239.6 kJ mol−1 according
to the Tang method and the mean value of activation en-
ergy obtained by using the above methods for composite
C-2 is smaller of that other two composites C-1 and C-
3. The activation energy values for decomposition of each
composites in the region of 0.1< α < 0.8 is very close
(Figure 5).

In order to find out the mechanism of the thermal decom-
position of composites CR method has been chosen as it

involves the mechanisms of the solid-state process. Accord-
ing to Equation 5, activation energy for every g(α) function
listed in Table 2 can be calculated at constant heating rates
from fitting of ln(g(α)/T2) vs. 1000/T plots. The activation
energies and the pre-exponential factors at constant heat-
ing rates such as 5, 10, 15 and 20◦C min−1 were tabulated
in Tables 4, 5 and 6 for thermal degradation of composites.
In order to determine the mechanism the degradation of
composites agreed better with, we have compared the acti-
vation energies obtained by the methods above. According
to Table 4, it could be found that the E values of compos-
ite C-1 in N2 corresponding to mechanism P1 had the best
agreement with the values obtained by the Tang, FWO and
KAS methods. Especially at the heating rate in 5◦C min−1,
the activation energy corresponding to mechanism P1 for
thermal decomposition process stage is 231.3 kJ mol−1,
which was very close to the values of 227.7 kJ mol−1 ob-
tained by the KAS method. The correlation coefficient was
also much higher than other values.

As seen Table 5, the E values of composite C-2 obtained
by KAS method is also in agreement with the value cor-
responding to mechanism R3 at the heating rate in 5◦C
min−1. According to Table 6, it can be seen that the thermal
degradation process of composite C-3 corresponds to the
mechanism R3 which activation energy is 243.0 kJ mol−1.

In order to confirm the conclusions, the experimental
master plots P(u)/P(u0,5) against α constructed from ex-
perimental data of the thermal degradation of composites
under different heating rates and the theoretical master
plots of various kinetic functions are all shown in Figure
7, The comparisons of the experimental master plots with
theoretical ones indicated that the kinetic process of the
thermal decomposition of the composites C-1, C-2 and
C-3 agreed with the mechanisms P1, and R3 master curves
very well, respectively.

By assuming P1, and R3 laws for all the composites,
experimental data, the expression of the Pn and Rn mod-
els, and the average reaction energies predetermined were

Table 7. Pre-exponential factors and correlation coefficients obtained by plotting ln[β R/E]-ln[P(u)] against kinetic functions

Composite

C-1/P1 C-2/R3 C-3/R3

Kinetic Function, g(α)

−ln(α) −ln(1−(1− α)1/3) −ln(1−(1− α)1/3)

β (K mol−1) ln A (s−1) r ln A (s−1) r ln A (s−1) r

5 36.96 0.9952 36.86 0.9864 39.96 0.9981
10 36.84 0.9962 37.96 0.9911 39.65 0.9902
15 36.93 0.9938 37.19 0.9823 39.71 0.9952
20 36.77 0.9964 36.96 0.9891 40.04 0.9891
mean 36.87 37.24 39.84

r- Correlation coefficient.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



Decomposition Kinetic of PP/LDPE/CACO3 Composites 957

Fig. 8. Plotting ln[β R/E]-ln[P(u)] against – ln[α ] for C-1 at different heating rates.

introduced into Equation 2, the following expression was
obtained,

ln[β R/E] − ln[P(u)] = lnA− [ln(α)] for C-1 (10)
ln[β R/E] − ln[P(u)] = lnA− [ln(1 − (1 − a)1/3)]

for C-2 (11)

ln[β R/E] − ln[P(u)] = lnA− [ln(1 − (1−α)1/3)]
for C-3 (12)

A group of lines were obtained by plotting ln[βR/E]−
ln[P(u)] against – ln[(α)] for e.g. C-1, As shown in Figure 8
and Table 7, the pre-exponential factors was calculated
from the intercepts of the lines corresponding to various
heating rates.

4 Conclusions

Polypropylene-Low Density Polyethylene blends contain-
ing different amount CaCO3 filler component was prepared
by melting-blend with a single-screw extruder. The effect
of CaCO3 filler component on thermal stability, thermal
decomposition process and kinetic parameter such as ac-
tivation energy, pre-exponential factor of prepared blends
were investigated. The activation energies of the thermal
degradation obtained by the Tang, KAS, FWO and Coats-
Redfern methods in N2 were found to be 229.5, 227.7, 226.7
and 231.3 kJ.mol−1 for composite C-1, 250.4, 246.4, 248.9,
and 240.1 kJ.mol−1 for composite C-2, and 257.8, 255.5,
252.0 and 243.0 kJ.mol−1 for composite C-3. The result-
ing logarithmic values of the pre-exponential factor ln A
(s−1) obtained from master plots method were 36.87 for
C-1, 37.24 for C-2 and 39.84 for C-3. Also, analysis of the
results obtained by the Coats-Redfern method and mas-
ter plots method show that the degradation mechanism of
composites in N2 goes to Pn and Rn mechanism for all
stages of the decomposition. In conclusion, it was shown

that the activation energy related to the decomposition
of composites increased by the effect of increasing weight
of CaCO3 filler component. On the other hand, in terms of
the Coats-Redfern method and master plot results, the de-
composition process shows different mechanisms for blend
with different CaCO3 contents. With CaCO3 contents 5
wt% it shows Pn mechanism and with CaCO3 contents 10
and 20 wt%, it shows Rn mechanism.
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