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Abstract The kinetics of thermal degradation of poly

(ethylene 2,6-naphthalate)/poly(trimethylene terephthalate)

(PEN/PTT) blends with different weight ratio were inves-

tigated by thermogravimetry analysis from ambient

temperature to 800 �C in flowing nitrogen. The kinetic

parameters, including the activation energy Ea, the reaction

order n, and the pre-exponential factor ln(Z), of the deg-

radation of the PEN/PTT blends were evaluated by three

single heating rate methods and advanced isoconversional

method developed by Vyazovkin. The three single heating

rate methods used in this work include Friedman, Free-

man–Carroll, and Chang method. The effects of the heating

rate, the calculation methods, and the content of the PEN

component on the thermal stability and degradation kinetic

parameters of the PEN/PTT blends were systematically

discussed. The PEN/PTT blends which degraded in two

distinct stages were stable under nitrogen, also, the maxi-

mum rate of weight loss increased linearly with increasing

of heating rate and decreased with increasing of PEN

content. The obtained kinetics data suggested that the

introduction of PEN component increased the activation

energy, enhanced the stability of the blend system, and

affected the process of degradation of PEN/PTT blend.

Introduction

Poly(ethy1ene 2,6-naphthalate) (PEN), featuring a molec-

ular structure of a naphthalene ring instead of the benzene

ring in PET, is used as a high-performance polymer and

that has superior strength, heat stability, and barrier prop-

erties due to its increased chain stiffness [1], thus PEN has

been found in a variety of applications, such as tire cords of

automobiles [2] and base films of videotapes, etc.

Poly(trimethylene terephthalate) (PTT) was first patented

by Whinfield and Dickson [3] in 1946 and commercially

produced by Shell Chemicals until the 1990s. Many

properties of PTT are between those of poly(ethylene

terephthalate) (PET) and poly(butylene terephthalate)

(PBT), such as crystallization rate and glass transition

temperature. Moreover, it combines the two key advanta-

ges of PET and PBT into one polymer and it has an

important application in the textile industry [4] and as a

promising engineering thermoplastic [5].

Polymer blending is an ideal alternative for producing

new polymeric materials with desirable properties, which

does not have to synthesize a totally new material. Other

advantages for polymer blending are versatility, simplicity,

and inexpensiveness. Due to the similarity in the chemical

structure of these linear aromatic polyesters, numerous

research works related to various aspects of polyesters’

blends are available in the reported literatures. Blends of

polyesters were investigated widely, such as PEN and

poly(butylene 2,6-naphthalate) (PBN) [6], PET/PBT [7],

PET/PEN [8], PTT/PET [9], PTT/PBT [10]. For PTT/PEN
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blend, Supaphol and coworkers [11] studied the miscibility,

melting, and crystallization behavior of PTT/PEN blends.

PTT and PEN are miscible in the amorphous state in all of

the blends compositions, as evidenced by a single, compo-

sition dependent glass transition temperature (Tg) observed

for each blend composition. The variation in the Tg value

with the blend composition is well predicted by the Gordon–

Taylor equation, with the fitting parameter being 0.57. Run

et al. [12, 13] investigated the isothermal, nonisothermal

crystallization kinetics, and the crystal morphology char-

acters of the PTT/PEN blends. Avrami analysis of the

isothermal-crystallization process of PTT/PEN showed

primary and second stages. In the primary stage, n is in the

range of 3.0–3.3, the crystal nucleation type include both

thermal and athermal nucleation, and the growth dimension

should predominantly be three-dimensional. However, so

far, to the best of our knowledge, there are few reports on the

kinetics of the thermal degradation of PEN/PTT blends.

Thermal stability of a polymeric material is one of the

most important properties for both processing and appli-

cation. Thermogravimetry (TG) is the most widely used

technique to characterize thermal decomposition of poly-

mer materials. In this article, thermogravimetry (TG) and

derivative thermogravimetry (DTG) measurements of

PEN/PTT blends are reported; the thermal degradation

kinetics of PEN/PTT blends with the weight ratio, PEN/

PTT(80/20) and (20/80), were studied by several kinds of

calculation methods through nonisothermal TG thermo-

grams, such as Friedman, Chang, Freeman–Carroll, and the

advanced isoconversional methods. The dependency of the

kinetics parameters on the heating rate and calculation

method were discussed in detail.

Experiment

Materials

The PEN homopolymer was supplied in pellet form by

Honeywell (USA) with an intrinsic viscosity of 0.89 dL/g

measured in phenol/tetrachloroethane solution (60/40,

w/w) at 30 �C. The PTT homopolymer was supplied in

pellet form by Shell Chemicals (USA) with an intrinsic

viscosity of 0.92 dL/g measured in a phenol/tetrachloro-

ethane solution (50/50, w/w) at 25 �C.

Blends preparation

The materials were dried in a vacuum oven at 140 �C for

12 h before preparing blends. The dried pellet of PTT and

PEN were mixed together with different weight ratio of PEN/

PTT as following: B1: 100/0; B2: 80/20; B3: 60/40; B4:

40/60; B5: 20/80; B6: 0/100, and then melt-blended in a

ZSK-25WLE WP self-wiping, co-rotating twin-screw extru-

der, operating at a screw speed of 60 rpm and at a die

temperature of 300 �C. The resultant blend ribbons were cooled

in cold water, cut up, re-dried before being used in TGA.

Thermogravimetry analysis (TGA)

TG and DTG curves were gained by using a Perkin-Elmer 7

series analyzer under a dynamic nitrogen atmosphere flow-

ing 50 mL/min, varying heating rate from 5 to 40 �C/min,

while the weight of sample in a form of pellet was kept at

10.0 ± 0.1 mg.

Theoretical consideration

There are several methods (proposed by Friedman [14],

Freeman and Carroll [15], Chang [16], Kissinger [17],

Flynn–Wall [18], Horrowitz and Metzger [19], Coats and

Redern [20], Van Krevelen et al. [21], Ozawa [22],

Vyazovkin [23, 24]) for calculating kinetic parameters

which depend not only on the experimental conditions but

also on the mathematical treatment of the data. In this

article, the Friedman, Freeman and Carroll, and Chang

methods are employed to evaluate the activation energy Ea,

reaction order n, and frequency factor ln(Z) based on a

single heating rate measurement without making any

assumptions. The descriptions of the three methods are not

given in detail because the methods for evaluating the

kinetic parameters from TG and DTG traces are easily

available from the literatures [14–16]. The equations

employed in the methods are listed below.

Friedman method

lnðda=dtÞ ¼ lnðZÞ þ nlnð1� aÞ � Ea=RT ð1Þ

where a is the weight loss of the sample undergoing deg-

radation at time t, R is the gas constant, and T is the

absolute temperature. The plot of ln(da/dt) as a function of

1/T should be linear with a slope equal to -Ea/R. Addi-

tionally, the Ea/(nR) value could be determined from the

slope of a linear plot of ln(1 - a) versus 1/T.

Chang method

Equation 1 can be rewritten in the following form:

ln½ðda=dtÞ=ð1� aÞn� ¼ lnðZÞ � Ea=RT ð2Þ

a plot of ln½ðda=dtÞ=ð1� aÞn� against 1/T will yield a

straight line if the decomposition order n is collected cor-

rectly. The -Ea/R and ln(Z) values are calculated by the

slope and intercept of this line.
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Freeman–Carroll method

Dlnðda=dtÞ=Dlnð1� aÞ ¼ n� ðEa=RÞDð1=TÞ=Dlnð1� aÞ
ð3Þ

the Dlnðda=dtÞ and Dlnð1� aÞ values are taken at regular

intervals of 1/T, in this case D(1/T) = 0.00002 K-1.

By plotting Dlnðda=dtÞ=Dlnð1� aÞ against Dð1=TÞ=
Dlnð1� aÞ, a straight line was obtained, and the slope and

intercept are equal to -Ea/R and n, respectively. In addi-

tion, the ln(Z) values can be evaluated using Eq. 1.

The advanced isoconversional method

The advanced isoconversional method developed by

Vyazovkin is employed to describe the process of degra-

dation. According to this method, for a set of n experiments

carried out at different heating programs, the activation

energy is determined at any particular value of a by finding

the value of Ea that minimizes the function.

UðEaÞ ¼
Xn

i¼1

Xn

j6¼i

J½Ea; TiðtaÞ�
J½Ea; TjðtaÞ�

ð4Þ

where

J½Ea; TiðtaÞ� �
Zta

ta�Da

exp
�Ea

RTiðtÞ

� �
dt ð5Þ

where the subscript a is the value related to a given extent

of conversion and a is varied from Da to 1 - Da with a

step Da = m-1, where m is the number of intervals chosen

for analysis. The integral J in Eq. 5 is evaluated numeri-

cally by using the trapezoid rule. The minimization

procedure is repeated for each value of a to find the

dependence of Ea on a.

Results and discussion

Thermal stability behavior of PEN/PTT blends

TG is widely used for evaluating the thermal stability of

polymers because only a small amount of sample is needed

and the entire study will be completed within a few hours.

The TG curves of six kinds of PEN/PTT blends under

nitrogen are shown in Fig. 1. All the six samples are stable

up to approximately 360 �C, which suggests that all the six

samples have excellent thermal stability. All the six sam-

ples exhibit two weight loss stages, which maybe attributed

to the existence of two kinds of phase states in blend

system. With increasing PEN content, the TG curves

gradually shift to higher temperature, which indicates that

the stability of PEN/PTT samples is enhanced by PEN

component. The parameters of the TG curves for various

PEN/PTT blends are listed in Table 1. The results show

that the sequence of onset temperature (Ton), peak tem-

perature (Tdm) of DTG, and decomposition temperature of

5% and 10% weight loss of the blends are as follow

B1 [ B2 [ B3 [ B4 [ B5 [ B6. These results suggest

that the thermal stability of PEN/PTT blends is:

B1 [ B2 [ B3 [ B4 [ B5 [ B6, which maybe ascribed

to the difficult decomposition of PEN component with

higher melting temperature (Tm = 264.0 �C) and easy

decomposition of PTT component with lower melting

temperature (Tm = 227.1 �C).

The nonisothermal degradation behavior of B2 and B5

blends

The TG and DTG curves of B2 and B5 blends in nitrogen

at heating rate of 5, 10, 20, 30, 40 �C/min are shown in

Figs. 2 and 3, respectively. The kinetics parameters are

listed in Table 2. Obviously, the TG and DTG curves of

both B2 and B5 blends show that two weight loss stages

occur during degradation. Generally speaking, the higher

Fig. 1 TG curves of various PEN/PTT blends in dynamic nitrogen at

the heating rate of 20 �C/min

Table 1 Parameters of the TG curves for various PEN/PTT blends

Samples Ton (�C) Tmd (�C) Td 5% loss (�C) Td 10% loss (�C)

B1 401.1 460.9 435.5 445.0

B2 383.3 447.3 408.8 417.1

B3 380.6 434.5 406.5 414.8

B4 377.2 427.8 402.0 409.8

B5 372.4 426.8 399.1 405.9

B6 362.8 415.3 388.1 396.0
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the heating rate, the later is the degradation. As it is

expected the Ton values increase from 355.4 �C to

408.2 �C, the Tdm values increase from 397.7 �C

to 464.5 �C for B2 blends, and Ton from 343.7 �C to

400.3 �C, Tdm from 392.7 �C to 446.4 �C for B5 blends as

the heating rate increases from 5 to 40 �C/min, which is

attributed to the low time scale that allows the polymer to

degrade with increasing heating rate, thus requiring a

higher temperature to initiate degradation. Comparing B2

with B5, it is easy to find that both the Ton and Tdm values

of B2 at various heating rates are lager than that of B5,

which signify that the stability of the PEN/PTT blends is

enhanced by the PEN component. Furthermore, the loss

weight of first degradation end of B2 blends listed in

Table 2 are higher than that of B5 at a given heating rate,

which also confirm that the samples with more PEN

component has a higher thermal stability than that with less

one.

Kinetics of nonisothermal decomposition of PEN/PTT

blends analyzed by single heating rate methods

Friedman method

All of the methods, Friedman, Chang, and Freeman–Carroll

can determine the kinetic parameters for the thermal deg-

radation of PEN/PTT blends by using only one heating rate.

According to Friedman’s theory and plots of ln(1 - a)

versus 1/T and ln(da/dt) versus 1/T at a given heating rate, a

series of straight lines are obtained if Friedman analysis is

valid, and the degradation kinetic parameters n and -Ea/R

can be derived from the slope. The results of Friedman

analysis for both B2 and B5 blends are shown in Fig. 4a and

b, respectively. Also, the kinetics parameters of the first

thermal degradation stage are listed in Table 3. Because the

line of either ln(1 - a) versus 1/T or ln(da/dt) versus 1/T

overlapped each other, the Waterfall Graph (in Microcal

Fig. 2 Dynamic TG curves for sample B2 (a) and B5 (b) at five

heating rates (1–5 �C/min, 2–10 �C/min, 3–20 �C/min, 4–30 �C/min,

5–40 �C/min)

Fig. 3 Dynamic DTG curves for sample B2 (a) and B5 (b) at five

heating rates (1–5 �C/min, 2–10 �C/min, 3–20 �C/min, 4–30 �C/min,

5–40 �C/min)
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Origin 7.0, Microcal Software) is used to obtain a distinct

view. Each dataset is displayed as a line data plot, which is

offset by a specified amount in both the X and Y direction.

For Friedman method, the absolute X and Y values do not

affect the calculation of thermal degradation kinetic

parameters, so offset X- and Y-axes are omitted here.

Chang method

Figure 5 shows the relationship proposed by Chang method

where the degradation orders are assumed to be from 1.5 to

1.9 for B2 and from 1.1 to 3.4 for B5 blends. The Waterfall

Graph was also used for the Chang plots. For the Chang

method, the absolute X and Y also do not affect the cal-

culation of thermal degradation kinetic parameters, so the

offset X and Y are also omitted here. The degradation

kinetics parameters obtained by the Chang method are

summarized in Table 4.

Freeman–Carroll method

The method developed by Freeman and Carroll is also

employed to describe the nonisothermal degradation pro-

cess. At a given heating rate, the plot of Dlnðda=dtÞ=
Dlnð1� aÞ against Dð1=TÞ=Dlnð1� aÞ will give a straight

line with an intercept of n and a slope of -Ea/R. Figure 6

shows the relationship of Dlnðda=dtÞ=Dlnð1� aÞ against

Dð1=TÞ=Dlnð1� aÞof both B2 and B5, where the value of

D(1/T) equals 0.00002 K-1, and the values of n, Ea, and

ln(Z) are listed in Table 5. Because the Freeman–Carroll

Table 2 Parameters of TG and DTG curves for sample B2 and B5

Heating rate

b (�C/min)

B2 B5

Ton (�C) Tdm (�C) wtend
a (%) wt(T=600 �C) (%) Ton (�C) Tdm (�C) wtend

a (%) wt(T=600 �C) (%)

5 355.4 397.7 22.54 2.3 343.7 392.7 17.31 0.4

10 360.5 413.7 25.39 2.2 357.5 408.1 17.20 0.5

20 383.3 446.4 28.70 13.5 374.3 426.2 21.19 7.9

30 396.2 460.3 28.61 23.8 386.2 437.3 16.12 10.8

40 408.2 464.5 28.76 24.6 400.3 446.4 16.40 11.7

a The loss weight of first degradation end

Fig. 4 Friedman plots of ln(1 - a) or ln(da/dt) versus 1/T for sample

B2 (a) and B5 (b) at five heating rates

Table 3 Kinetic parameters of thermal degradation of B2 and B5

blend under nitrogen calculated by Friedman method

b
(�C/min)

B2 B5

n Ea

(kJ/min)

ln(Z)

(min-1)

n Ea

(kJ/min)

ln(Z)

(min-1)

5 1.9 167.3 30.7 1.7 164.9 32.8

10 2.1 175.9 29.7 1.3 157.1 32.3

20 2.0 167.4 28.7 1.5 156.1 27.9

30 1.8 170.1 28.1 1.1 162.2 30.4

40 1.9 186.8 30.4 1.2 185.0 33.9

Average 1.9 173.5 29.5 1.3 165.0 31.4
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lines also overlapped each other, we plot these lines on a

parallel plane.

The effect of calculation method

From Figs. 4, 5, and 6 and Tables 3, 4, and 5, it is obvious

that the parameters depend not only on the experimental

conditions, but also on the mathematical treatment of the

data. The results obtained by the Friedman, Chang, and

Freeman–Carroll method are in agreement with one

another, except that the n values gained from Friedman

method are little higher. The results derived from Free-

man–Carroll and Chang methods have no signification

distinction.

The reason why the Friedman, Freeman–Carroll, and

Chang method do not give the same results is that different

calculation method, respectively, appropriate in different

temperature ranges. Although we assume that the temper-

ature range does not vary in every mathematical method,

the kinetic parameters change more or less with them. In

the case of Friedman method (see Fig. 4 and Table 3), the

Ea values derived from the slope of ln(da/dt) versus 1/T.

Fig. 5 Chang plots of ln½ðda=dtÞ=ð1� aÞn� against 1/T for thermal

degradation of B2 and B5 in nitrogen at five heating rates

Table 4 Kinetic parameters of thermal degradation of B2 and B5

blend under nitrogen calculated by Chang method

b
(�C/min)

B2 B5

n Ea

(kJ/min)

ln(Z)

(min-1)

n Ea

(kJ/min)

ln(Z)

(min-1)

5 1.5 192.8 32.6 1.1 129.7 28.6

10 1.6 177.2 30.4 1.2 152.9 31.3

20 1.7 165.7 27.0 1.3 168.6 29.7

30 1.8 179.5 28.4 1.3 189.1 33.5

40 1.9 201.3 32.3 1.4 207.9 35.9

Average 1.7 183.3 30.1 1.3 169.6 31.9

Fig. 6 Freeman–Carroll plots of Dlnðda=dtÞ=Dlnð1� aÞ against

Dð1=TÞ=Dlnð1� aÞ for degradation of B2 (a) and B5 (b) in nitrogen

at five heating rates

Table 5 Kinetic parameters of thermal degradation of B2 and B5

blend under nitrogen calculated by Freeman–Carroll method

b
(�C/min)

B2 B5

n Ea

(kJ/min)

ln(Z)

(min-1)

n Ea

(kJ/min)

ln(Z)

(min-1)

5 1.5 173.5 31.3 0.9 171.5 33.1

10 1.4 175.2 32.1 0.9 158.0 32.3

20 1.5 172.8 31.7 1.2 154.7 29.6

30 1.7 180.7 28.4 1.3 179.1 33.1

40 1.7 190.2 33.3 1.4 190.0 36.5

Average 1.6 178.5 31.4 1.1 170.6 32.9
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The linear relation between ln(da/dt) versus 1/T for B2 and

B5 sample stands only in the temperature range from Tdm

-56 �C to Tdm -33 �C and Tdm -54 �C to Tdm -21 �C

(where the Tdm-A is a average values at five heating rate),

respectively. Then from the slope of ln(1 - a) versus 1/T

and the derived Ea value, the n value can be calculated.

However, the relationship between ln(1 - a) versus 1/T for

B2 and B5 samples remains linear in the temperature range

from Tdm -16 �C to Tdm ?28 �C and Tdm -12 �C to Tdm

? 20 �C. Finally, ln(Z) can be determined by substituting

Ea and n into Eq. 1. Comparing with Ea/RT, both ln(da/dt)

and ln(1 - a) are so small that ln(Z) is mainly determined

by Ea value. Therefore, the Ea and ln(Z) values for B2 and

B5 samples derived from Friedman method mainly indicate

the thermal degradation behavior in the temperature range

from Tdm -56 �C to Tdm -33 �C and Tdm -54 �C to Tdm

-21 �C. On the contrary, in the case of Chang method (see

Fig. 6 and Table 5), the linear relation can be gained in the

temperature range from Tdm -59 �C to Tdm -21 �C for B2

and from Tdm -50 �C to Tdm -18 �C for B5. In the case of

Freeman–Carroll method (see Fig. 5 and Table 4), the

linear relation can be gained in the temperature range from

Tdm -56 �C to Tdm -20 �C for B2 and from Tdm -52 �C

to Tdm -23 �C for B5. Moreover, according to Eq. 1 and

Freeman–Carroll plots, the Ea, n, ln(Z) can be gained.

Meanwhile, the Ea and ln(Z) values can be derived directly

by Chang method.

From the above analysis, it can be concluded that the

Freeman–Carroll have similar temperature ranges with

Chang methods, both of them are wider than that of

Friedman method. Consequently, the Freeman–Carroll and

Chang methods provide very similar values of kinetic

parameters. Generally speaking, for a thermal degradation

process, a wider temperature range will result in better

reliability with smaller errors [25]. Although the Chang

method has the widest temperature range, one cannot use

the method alone because the n value must be assumed

before calculation. Moreover, the Chang method has low

sensitivity to n values, which means that a good linear

relation can be obtained in a wide range of n values.

Therefore, Freeman–Carroll is the most reliable method,

whereas the Chang method can be used to check the results

gained by other methods. Furthermore, for the Friedman

method, the temperature range is wide enough to obtain

credible results.

The effect of the heating rate

From Tables 2, 3, 4, and 5, it is can be concluded that the

kinetic parameters of B2 and B5 samples change with

varying the heating rate, the Ton, Tdm, ln(Z) values increase

significantly, whereas the n values stay roughly the same as

the heating rate changes from 5 to 40 �C/min. That is to

say, when the heating rate is higher enough, the effect of

the concentration of decomposition products from B2 and

B5 sample on thermal degradation reaction will remain

roughly unchanged [26].

Figure 7 shows the good linear dependency between

(da/dt)m at the first decomposition stage and heating rates

for all degradation process of B2 and B5 studied in this

article, and the (da/dt)m values increase linearly with

increasing heating rates. The variation of these kinetic

parameters reveals the change of thermal degradation

mechanism, i.e., the transformation from the diffusion

kinetics into the decomposition-controlled kinetics, or vice

versa [26]. As the cooling rate increased, the degradation of

the materials occurred rather inhomogeneously (i.e., from

outside in), due to the low thermal diffusivity of the

polymeric materials. This probably caused the materials to

form a degraded skin layer. As the degradation progressed,

the diffusion of the degraded substances changed. Conse-

quently, higher kinetic parameters were observed with

increasing heating rate.

Kinetics of nonisothermal decomposition of PEN/PTT

blends analyzed by the advanced isoconversional

method

The advanced isoconversional method has been widely

applied in the degradation of polymer and other materials

because the method can offer two major advantages over

the frequently used multiple heating rate methods of

Flynn–Wall and Ozawa. The first advantage is that the

method has been designed to treat the kinetics that occur

under an arbitrary variation in temperature, T(t), which

allows one to account for self-heating/cooling detectable

Fig. 7 Effects of heating rate on the maximum decomposition rate of

the first decomposition stage of B2 and B5 samples
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by the thermal sensor of the instrument. The second

advantage is associated with performing the integration

over small time segments, which allows the elimination of

a systematic error [24] occurring in the Flynn–Wall and

Ozawa methods when Ea varies significantly with a.

Figure 8 displays the results of the isoconversional

kinetic analysis for the thermal degradation of B2 and B5

blend in the atmosphere of nitrogen. Both B2 and B5

blends exhibit two decomposition steps. For B2 blend, the

major decomposition step (a \ 0.76) shows a rise in acti-

vation energy from 129.4 to 181.2 kJ/mol. The slow

second step (a [ 0.8) starts with an abrupt drop in the

activation energy and the average activation energy for this

step is about 58.4 kJ/mol. For B5 blend, the activation

energy increases from 122.2 to 156.5 kJ/mol at the major

decomposition (a \ 0.67), and the activation energy at the

second step (a [ 0.74) is about 44.8 kJ/mol. The whole

process of B2 degradation demonstrates evidently larger

activation energy as compared with that of B5 degradation,

which suggests that B2 is more stable than B5 blend. In

other words, PEN component improves the stability of the

PEN/PTT blend. This phenomenon maybe attributed to the

difference in content of naphthalene structure unit in the

PEN/PTT blend. It is well known that the higher the con-

tent of the aromatic carbon atoms, better is the thermal

stability.

Figure 8 compares the Ea dependence against the

experimentally observed mass loss curve for B2 (a) and B5

(b) blends. The two decomposition steps are associated

with variations in the Ea dependence. The Ea dependence

determined for the first and major step of the B2 and B5

decomposition suggests that this step maybe involved in

two decomposition pathways. With increasing the tem-

perature, the pathway having smaller activation energy is

taken over by the pathway that has greater activation

energy. The slow rate and low activation energy for the

second decomposition step suggest that further decompo-

sition may be limited by diffusion [27].

Thermal stability

No matter which method was used above, the fundamental

equation is the same:

da=dt ¼ Zð1� aÞnexpð�Ea=RTÞ ð6Þ

because the value of (1 - a) is always less or equal to 1,

da/dt decreases with increasing n, and the zero order

(n = 0) characterizes the most rapid degradation reaction

[26]. From Eq. 6, it can be concluded that higher n and Ea

or a lower Z value results in a lower da/dt value, which

means higher thermal stability.

As shown in Tables 3, 4, and 5, the average n, Ton, and

Tdm values calculated from the heating rate for B2 are

larger than those for B5, meanwhile, the da/dt and ln(Z) at

different heating rates for B2 are lower than those for B5.

This may attribute to the different molecular structures

between PEN and PTT. It has been previously mentioned

that the higher the n, the slower is the degradation rate.

More aromatic carbon atoms (or less hydrogen atom) will

decrease the thermal degradation rate and increase the

thermal stability [28]. The B2 blend exhibits a higher n

value and lower degradation rate da/dt than B5 because of

the higher content of PEN component in B2 blends which

possesses more stable naphthalene units than PTT

component.

Conclusions

All the six PEN/PTT blends show two weight-loss stages

during degradation process in nitrogen .The parameters,

such as activation energy Ea, degradation order n, and

frequency factor ln(Z), calculated by the Friedman, Chang,

Fig. 8 TGA curve for decomposition of B2 and B5 at heating rate of

5 �C/min (upper trace) compared to the dependence of the activation

energy on the extent of decomposition conversion (lower trace)
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Freeman–Carroll and the advanced isoconversional meth-

ods suggest that PEN/PTT blend exhibits good thermal

stability, and the thermal stability of the sample is

improved with increase of PEN content.

In the case of single heating rate methods, Freeman–

Carroll method can provide the most reliable Ea, n, and

ln(Z) values, the Friedman method may offer a little lower

values, and the Chang method can only be used to validate

the outcomes from other methods. Additionally, the results

derived from the advanced isoconversional method exhibit

an excellent dependence on PEN/PTT blend mass loss

trace and these results are much less than those given by

single heating rate method.
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