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ABSTRACT

The crystallization behaviors of poly(ethylene terephthalate) (PET) with

monosilane isobutyl-polyhedral oligomeric silsesquioxanes (POSS) were inves-

tigated in detail. It is observed that POSS acts as an effective nucleating agent

under appropriate concentration in the PET system. Polarized optical micro-

scopy (POM) results showed that POSS improved the nucleation density of PET.

Besides, the transmission electron microscopy (TEM) observation demonstrated

POSS dispersed mostly at the nanometer scale throughout the PET matrix. The

crystal structures of POSS and PET/POSS were analyzed using wide-angle

X-ray diffraction (WAXD). Moreover, non-isothermal crystallization kinetics of

PET and PET/POSS were studied using Mo’s method. The PET/POSS system

demonstrated the lower value of F(T) than pure PET, indicating that the lower

cooling rate was required to attain a specified relative crystallinity for the sys-

tem. The comparison of the crystallization activation energy (DE) showed that

the POSS nanoparticles improved the crystallization of PET through an accel-

eration of the nucleation process. Furthermore, the isothermal crystallization

behaviors were also investigated using classic Avrami method. Overall, POSS

can act as a nucleating agent and greatly improve the crystallization of PET

through accelerating the nucleation process.
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GRAPHIC ABSTRACT

Introduction

Poly(ethylene terephthalate) (PET) is extensively

used in many fields owing to its rather versatile

properties. As an intrinsic semicrystalline polymer,

its properties largely depend on crystallization

behaviors, which can control the microstructure for-

mation of polymer and greatly affect the performance

of final product. As we all know, the introduction of

foreign substances into the polymer can control its

properties, such as effectively changing the crystal

structure, accelerating the crystallization process, and

reducing the crystal size, thereby improving the

processing and mechanical properties of PET. So far,

there have been many studies on enhancing crystal-

lization behaviors of PET [1–4]. Polyhedral oligo-

meric silsesquioxanes (POSS) are a hybrid

nanoparticle, which is a family of novel nanofillers

containing rigid Si inorganic cores modified by

organic groups [5]. More than 100 different POSS

molecules with different organic functional groups

are commercially available. The incorporation of

POSS nanoparticles within polymers to form

organic/inorganic hybrid materials is a particularly

active field of research in industry and academia

because POSS have well-defined structure, zero

dimensionality, monodisperse molecular weight,

ultra-low dielectric constant, high temperature-sta-

bility, and greater design flexibility relative to the

conventional fillers (such as clay, carbon nanotube,

graphene) [6, 7]. POSS have become the focus of

many researchers in processing various polymers

through copolymerization, grafting, and conven-

tional mixing [8–10].

It is interesting to note that POSS can also behave

as a nucleating agent for the semicrystalline polymers

and accelerate the crystallization process in some

cases [11–14]. Many kinds of research have been done

to investigate the effect of POSS with different func-

tional groups on the properties of PET [15–17]. A lot

of POSS has been reported to have positive effect on

the crystallization behaviors of PET [17, 18]. How-

ever, the POSS nanoparticles with different functional

groups might have different effects on crystallization

behaviors of the polymers. To our knowledge, the

crystallization behaviors of PET/monosilane iso-

butyl-POSS nanocomposites have not been reported

so far in the literature.

Therefore, we prepared the PET nanocomposites

with different contents of POSS in this work. The
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crystallization behaviors of the samples were inves-

tigated. The dispersion of POSS in the PET matrix

was studied using transmission electron microscopy

(TEM) and wide-angle X-ray diffraction (WAXD).

The differential scanning calorimetry (DSC) and

polarized optical microscopy (POM) were used to

study the crystallization behaviors of the samples.

Moreover, the non-isothermal crystallization kinetics

of PET/POSS nanocomposites were studied using

Mo’s model and the isothermal crystallization

behaviors were also investigated using the classic

Avrami method. It is expected that the results

reported herein are of interest and importance in the

fields of polymer crystallization from both the fun-

damental and practical viewpoints.

Experimental

Materials

In this study, the PET pellets were provided with

intrinsic viscosity of 0.5 dL g-1 by Jingming Chemical

Co., Ltd (China). The polyhedral oligomeric

silsesquioxanes (POSS) nanoparticles were supplied

by Dongda Teng Technology Co., Ltd. The molecular

structure of PET and POSS studied here is shown in

Fig. 1. 1,1,2,2-Tetrachloroethane and phenol were

purchased from Sigma-Aldrich. All chemicals were

of analytical grade and used as received without

further purification.

Preparation of PET/POSS nanocomposites

5 g of PET with various mass fractions of POSS (0%,

0.5%, 1%, 3%, 5%, and 7%, named as pure PET, PET/

POSS-0.5, PET/POSS-1, PET/POSS-3, PET/POSS-5,

and PET/POSS-7) was dissolved in 20 mL of solvent

mixture of 1,1,2,2-tetrachloroethane/phenol mixture

(50/50 w/w). The mixture was stirred overnight at

80 �C. After that, 3 mL of the mixture was dropped

onto an aluminum plate, and the solvent was evap-

orated in the room temperature. All the samples were

dried in a vacuum oven at 120 �C for 24 h before

further characterization.

Characterizations

Differential scanning calorimeter (DSC) was per-

formed using a TA-Q20 instrument operated at a scan

rate of 20 �C min-1 under the protection of the

nitrogen atmosphere (60 mL min-1), which acted as

an inert gas and prevented sample degradation. The

samples (3–5 mg) were sealed in the aluminum pans

during the experiment. Also, the temperature was

calibrated by using indium as a standard medium

before the measurements in the range of 30 to 300 �C.

During the experiment, the samples were heated to

280 �C and kept at this temperature for 5 min to

eliminate thermal history (different manufacturing

and storage conditions) and then cooled to 50 �C at a

cooling rate of 20 �C min-1. In the non-isothermal

process, the samples were cooled from 280 to 50 �C at

cooling rates (U) of 2.5, 5, 10, 15, and 20 �C�min-1.

The exothermal curves of heat flow as a function of

time and temperature were recorded. In the isother-

mal process, the samples were quenched from 280 �C
to predetermined crystallization temperature at the

cooling rate (U) of 10 �C min-1 and kept it until

complete crystallization. The exothermal curves of

heat flow as a function of time and temperature were

recorded. Wide-angle X-ray diffraction (WAXD) data

were collected by using the BL17A1 wiggler beamline

of the National Synchrotron Radiation Research

Center (NSRRC), Taiwan. A triangular bent Si (111)

single crystal was employed to obtain a monochro-

matic beam having a wavelength (k) of 1.33001 Å.

Transmission electron microscopy (TEM) was per-

formed using a JEOL-2100 electron microscope
Figure 1 Molecular structure of a PET and b POSS.
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operated at 200 kV. Ultrathin sections (thickness:

700 Å) of the PET and PET/POSS nanocomposites

were prepared at room temperature using a Leica

Ultracut S microtome equipped with a diamond

knife. The ultrathin samples were placed onto a Cu

grid, which was coated with a carbon supporting

film, without further staining. The crystallization

morphologies of PET/POSS were determined with

polarized optical microscopy (POM) using Olympus

Limited Co. (Japan) with an automatic thermal con-

trol hot-stage (Mettler FP90) and were photographed

with a CCD camera. The samples were cut and fixed

between two thin glass slides and then melt into a

film. The samples were melted at 280 �C for 5 min

and then cooled to room temperature at the cooling

rate of 12 �C min-1 for crystallization.

Results and discussion

Crystallization behavior and morphology
of PET with monosilane isobutyl-POSS

Pristine PET is a well-known semicrystallization

polymer with the character of a low crystallization

rate. It is necessary to improve its crystallization rate

in order to use it as an engineering polymer. Incor-

poration of fillers can effectively affect the crystal-

lization behaviors of the polymer matrix. The melting

and crystallization behaviors of PET with POSS are

shown in Fig. 2. We can see that the melting peak

temperature has no remarkable shift. Two indistin-

guishable melting peaks can be observed (Fig. 2a). It

is well known that the melting behavior is closely

related to crystallization behavior of the polymers.

The DSC cooling curves of the PET and PET/POSS

nanocomposites are shown in Fig. 2b. The occurrence

of two obvious crystallization peaks was observed,

suggesting that POSS significantly influenced the

crystallization process of PET.

When 0.5 wt% POSS was added, the observed

lower crystallization peak temperature (179.1 �C) was

even lower than pure PET (191.4 �C), which sug-

gested that a part of the polymer chain segments

mobility of PET matrix was restricted. This would

indicate there must be a part of the molecularly dis-

persed POSS acting as a physical cross-link between

polymer chains [19]. Moreover, the observed higher

crystallization peak temperature (202.6 �C) was

higher than pure PET (191.4 �C) when 0.5 wt% POSS

was added. Hence, the aggregated POSS in the sys-

tem acts as nucleating agent to form crystal nuclei

during the cooling PET melt. Similar results are also

observed in other systems [14, 20]. The dispersion

conditions of POSS in the PET system were investi-

gated in the following part. Bruce X. Fu et al. [21] also

reported POSS could either enhance crystallization

by aggregated POSS or retard crystallization due to

dispersed POSS molecules, depending on its con-

centration and dispersion in the system. Besides, the

intensity of the lower crystallization peak increased

with increasing the content of POSS. It is believed

Figure 2 DSC curves for second a heating and b cooling of PET and PET/POSS nanocomposites with different contents of POSS.
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that this phenomenon is caused by the well-dispersed

POSS gradual aggregating and acting as a nucleating

agent in PET. When the concentration of POSS ele-

vated, the two peak crystallization temperatures

gradually increased, which indicated that higher

POSS content results in faster rates of crystallization

of PET. It is clear that the crystallization peak tem-

perature increased to 206.0 �C from 191.4 �C when

PET/POSS nanocomposites contain 7 wt% POSS. For

semicrystallization polymer materials, the values of

crystallization peak temperature are the indicators for

the crystallization rate of polymer in industry. The

increased crystallization peak temperature reflected

the crystallization happened much easier for the

PET/POSS system. Therefore, POSS under higher

concentration can act as an effective nucleating agent

causing heterogeneous nucleation in the PET system.

While the results of DSC provided the overall

behavior of the nanocomposites at a larger length

scale, the polarized optical microscopy (POM) could

offer information about the shape and size of the

crystals. To further confirm the effect of POSS on the

crystallization behaviors of PET, the samples were

studied with POM. The crystalline morphologies of

PET with different contents of POSS are displayed in

Fig. 3. The pure PET exhibited rather large spher-

ulites with an average diameter of 10 lm after crys-

tallization completion. The size of spherulites was

rather big compared with PET/POSS nanocompos-

ites. The addition of POSS increased the number of

crystals as expected. The sample exhibited smaller

crystals sizes and higher nucleation densities. With

the content of POSS increased, the size of spherulites

gradually decreased and the nucleation density

Figure 3 POM pictures of

a PET, b PET/POSS-0.5,

c PET/POSS-1, d PET/POSS-

3, e PET/POSS-5, f PET/

POSS-7 after non-isothermally

crystallization from 280 to

50 �C at the cooling rate of 12

�C min-1.
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gradually increased, indicating that PET crystals

were more compact in the system. The reason for this

phenomenon is that the spherulites tend to impinge

on their neighbors and stop further growth, resulting

in smaller spherulites [22]. Overall, the observed

improvement of the nucleation density by POM is

related to the nucleating ability of POSS and accel-

eration of the crystallization process, as evidenced by

DSC (Fig. 2).

Dispersion of monosilane isobutyl-POSS
in PET matrix

The crystallization behaviors of the polymer matrix

are closely related to the morphology and distribu-

tion of the fillers. Figure 4a–c shows the dispersion

conditions of POSS in the PET system evaluated by

transmission electron microscopy (TEM) analysis. It

can be observed as dark round images due to the

high electron density of the POSS particles [18]. The

results indicated that POSS nanoparticles dispersed

mostly at the nanometer scale throughout the PET

matrix. At lower concentrations, there existed well-

dispersed POSS with a diameter of about 3–5 nm,

which is close to the original size of POSS particles,

but there still existed aggregated particles. At higher

concentrations, the particles tended to aggregate to

large particles. The phenomenon was consistent with

the discussed results above.

The crystal structures of the PET as well as dis-

persion conditions of POSS in the PET matrix were

investigated with wide-angle X-ray diffraction

Figure 4 TEM pictures of the PET with the content a 0.5 wt %, b 3 wt %, and c 7 wt % POSS.
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(WAXD). The WXRD patterns for PET and PET/

POSS nanocomposites are shown in Fig. 5. The

characteristic diffraction peaks of PET revealed at

16.4� (011), 17.6� (010), 21.5� (111), 22.9� (110), and

26.1� (100) as reported before [20]. As for PET/POSS

nanocomposites, the characteristic peaks were

observed around the same positions, revealing that

POSS as an effective heterogeneous nucleating agent

did not alter the crystal structure of PET. Besides, the

X-ray results of POSS peak positions can be found at

2h angles of 8.2�, 11.1� 12.3�, 19.2� as shown in Fig. 5g.

We can see that the characteristic peak of POSS could

not be observed when the content of POSS was small

(Fig. 5b-c), which suggested that the POSS had good

dispersion in the PET system under the low concen-

tration. When the content of POSS was increased, the

intensity of the characteristic peak of POSS gradually

increased (Fig. 5d–f), which indicated the POSS could

aggregate to large particles. The results are consistent

with the results of the micrographs of TEM (Fig. 4).

Non-isothermal crystallization kinetics
of PET with monosilane isobutyl-POSS

The actual process is usually carried out under non-

isothermal crystallization conditions in the industry.

Therefore, it is necessary to evaluate the non-

isothermal crystallization process. As described

above, POSS under appropriate concentration acted

as an effective nucleating agent to accelerate the

crystallization process of PET. Therefore, the crys-

tallization kinetics of PET/POSS nanocomposites

were further evaluated when 7 wt% POSS added.

As shown in Fig. 6, the non-crystallization behav-

iors of PET and PET/POSS nanocomposites were

investigated with cooling rates from 2.5 to

20 �C�min-1. As the cooling rate increased, the crys-

tallization peak temperature (Tp) decreased and the

curve became flattered, which attributed to the fact

that the crystals have less time to nucleate and grow

due to the hysteresis as the cooling rate increased

Figure 5 XRD patterns of (a) PET, (b) PET/POSS-0.5, (c) PET/

POSS-1, (d) PET/POSS-3, (e) PET/POSS-5, (f) PET/POSS-7, and

(g) pure monosilane isobutyl-POSS. Figure 6 Non-isothermal crystallization exotherms of a pure PET

and b PET/POSS nanocomposites (containing 7 wt% POSS) at

different cooling rates.

Table 1 Crystallization parameters of pure PET and the PET/

POSS nanocomposites (containing 7 wt% POSS)

Samples R (�C min-1) T0 (̊C) TP (̊C) t1/2 (min)

Pure PET 2.5 196.3 200.7 1.57

5 191.2 196.5 2.19

10 183.4 190.7 3.38

15 176.9 185.8 5.63

20 168.9 180.1 10.25

PET/POSS 2.5 217.4 223 0.77

5 212.2 218.3 0.88

10 205 211.9 2.32

15 198.6 206.6 2.13

20 187 198 3.12
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[23]. As expected, it can be observed that the Tp of

PET/POSS nanocomposites is much higher than that

of pure PET at equivalent cooling rates, which can be

attributed to heterogeneous nucleating effect of POSS

in the PET matrix. Table 1 reveals that the crystal-

lization peak temperatures (Tp) were 200.7, 196.5,

190.7, 185.8, and 180.1 �C for pure PET at cooling

rates of 2.5, 5, 10, 15, and 20 �C min-1, respectively.

The Tp of PET/POSS nanocomposites were 223.0,

218.3, 211.9, 206.6, and 198.0 �C, respectively. The

results clearly indicated incorporation of POSS suc-

cessfully accelerated the crystallization of the PET

system at non-isothermal conditions.

The relative crystallization as a function of tem-

perature can be defined as:

X tð Þ ¼
r
t
t0 dHc=dtð Þdt

r
1
t0 dHc=dtð Þdt ð1Þ

where dHc represents the measured enthalpy of

crystallization for an infinitesimal time interval dt at a

crystallization temperature (Tc). The relative crys-

tallinity (Xt) curves are shown in Fig. 7. It is clearly

indicated the samples of PET/POSS nanocomposites

needed less time to completely crystallize. If Xt = 0.5,

then time is denoted as t1/2, which is half-time of

crystallization [24]. As listed in Table 1, the values of

t1/2 for PET and PET/POSS nanocomposites

increased with increasing cooling rates due to the

thermal hysteresis. Besides, the results showed that

the t1/2 of PET/POSS nanocomposites was lower

than that of the pure PET system at a given cooling

rate, which related to the strong heterogeneous

nucleation effect of the POSS in PET system.

Herein, Mo’s model [25] was used to describe the

non-isothermal crystallization kinetics. It combined

the Avrami equation and the Ozawa equation. At a

given crystallinity (Xt), both the Ozawa and the

Avrami equations can be expressed as:

log Ztð Þ þ n log t ¼ logK Tð Þ �m logR ð2Þ

And by rearrangement:

logR ¼ logF Tð Þ � a log t ð3Þ

where F Tð Þ ¼ ðKðTÞ=ZtÞ1=m is the cooling rate needed

to reach a particular crystallinity at unit crystalliza-

tion time; a is the ratio of the Avrami exponent, n is

the Ozawa exponent, and t is crystallization time [26].

As shown in Fig. 8, the good linearity of plots of log

R and log t indicated that the equation properly

describes the non-isothermal crystallization behavior.

The kinetic parameters a and F(T) are determined

from the slope and the intercept of the line, respec-

tively. Table 2 lists the values of a and F(T) of PET

and PET/POSS nanocomposites under different Xt.

The values of a change slightly with Xt, as seen from

Table 2. It is observed that the values of

Figure 7 Relative crystallinity of a PET and b PET/POSS

composites as a function of time.

Figure 8 Plots of log R versus log t for non-isothermal

crystallization of a PET and b PET/POSS composites.
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F(T) gradually increased with increasing Xt, which

suggested a higher cooling rate was required to reach

a particular crystallinity under unit crystallization

time. Also, it can be seen that the values of F(T) for

the pure PET were lower than PET/POSS nanocom-

posites under the same Xt. A lower value of F(T) im-

plies that the crystallization time for PET/POSS

nanocomposites was shorter to reach the same Xt and

the crystallization process was much easier [27].

Overall, this result indicated the POSS nanoparticles

contributed to increasing the overall crystallization

rate of PET, which is consistent with the data above.

To further study the difference between pure PET

and PET/POSS nanocomposites, the evolution of the

crystallization activation energy (DE) for the samples

was investigated using the method of Kissinger.

According to the method, DE can be calculated as the

following expression:

dln U=T2
p

� �
=d 1=Tp

� �
¼ �DE=R ð4Þ

where U represents the cooling rate, Tp is the crys-

tallization peak temperature, and R is the gas con-

stant. Plotting ln(U/Tp
2) against 1/Tp, the activation

energy (DE) can be obtained from the slope. The

linear behavior between ln(U/Tp
2) and 1/Tp indi-

cated the method is suitable for describing the acti-

vation energy of pure PET and PET/POSS

nanocomposites during the non-isothermal crystal-

lization process, as shown in Fig. 9. The DE values of

the pure PET increased from 27.5 to 27.9 kJ mol-1

after introducing POSS. The results can be analyzed

from the view of the crystallization process of poly-

mers, which includes nucleation and crystal growth

processes. Herein, the incorporation of POSS

improved the nucleation process of PET, which

induces the movement of PET chains to initially form

a partially crystalline phase. Therefore, the nucleation

process is much rapid for the PET/POSS composites.

Then, the crystalline phase hindered the movement

of random PET chains due to entanglement [28],

leading to the absolute value of activation energy

increasing. Therefore, increasing DE can be observed

when POSS is added. Similar results were reported

for the nucleating agents in other systems by several

researchers [28–33]. In conclusion, the POSS

nanoparticles improved the crystallization of PET

through accelerating of the nucleation process.

Isothermal crystallization kinetics of PET
with monosilane isobutyl-POSS

Figure 10 illustrates the isothermal crystallization

behavior of PET and PET/POSS nanocomposites at

various temperatures. It can be seen that the

exothermic curves became wider and it took more

time to complete the crystallization with increasing

crystallization temperature (Tc). The phenomenon

indicated crystallization process slowed down with

Tc increased. It is reasonable because the degree of

supercooling decreased with higher Tc, leading to the

weaker driving force for PET crystallization [24, 34].

Besides, the crystallization process of PET/POSS

Figure 9 Kissinger plots for calculating the non-isothermal

crystallization activation energy for pure PET and PET/POSS

nanocomposites.

Table 2 Crystallization kinetic parameters of pure PET and the

PET/POSS nanocomposites

Samples Xt (%) a F(T)

Pure PET 10 1.19 25.17

25 1.18 30.49

40 1.21 36.1

55 1.23 39.75

70 1.22 41.68

85 1.26 49.43

PET/POSS 10 1.32 7.43

25 1.46 10.05

40 1.47 12.39

55 1.45 15.4

70 1.26 19.38

85 1.09 25.2
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nanocomposites could begin at higher temperatures

than pure PET; therefore, it can be understood that

the overall crystallization kinetics were promoted

under the practical process. Figure 11a–b shows the

plots of relative crystallinity against crystallization

time at different crystallization temperatures for PET

and PET/POSS nanocomposites. At the same

isothermal crystallization temperature (Tc), such as

220 �C, it took pure PET nearly 40 min to complete

the crystallization process, while PET/POSS finished

it within 20 min. The results showed POSS can act as

a nucleating agent producing nucleating sites in the

PET matrix, resulting in dramatically accelerating the

isothermal crystallization process.

To get a better insight into the influence of POSS on

the crystallization behavior of PET, the classic

Avrami equation was employed to analyze the

isothermal crystallization kinetics, which has been

reported to successfully describe the isothermal

crystallization kinetics of PET with nanoparticles [24].

The Avrami equation assumes that relative crys-

tallinity (Xt) develops as crystallization time (t),

which can be expressed as:

1 � Xt ¼ e �ktnð Þ ð5Þ

where k is the crystallization rate constant involving

nucleation and growth rate parameters and n is the

Avrami exponent that depended on the nucleation

and growth geometry of the crystals [12]. The plots of

log{-ln[1-Xt]} versus log t for neat PET and PET/

POSS at different crystallization temperatures are

depicted in Fig. 11c–d. We can see the fitting lines

were almost parallel straight line and the linear cor-

relation coefficients were all above 0.99, which indi-

cated the Avrami equation is suitable to describe the

overall isothermal crystallization behavior for pure

PET and PET/POSS nanocomposite. The values of

n and k can be calculated from the slopes and inter-

cepts of the Avrami plots, as summarized in Table 3.

The average value of n over all values of Tc was

2.58 ± 0.3 for PET and 2.74 ± 0.22 for PET/POSS,

which indicated that the growth of spherulite was a

three-dimensional growth process. The values of

n for PET were very close to that of the PET/POSS

nanocomposites, indicating that the spherulite

growth patterns of PET did not change with the

addition of POSS. Similar results of n values are

reported elsewhere [12, 24].

The plots of 1/t1/2 versus Tc for pure PET and

PET/POSS nanocomposites are illustrated in Fig. 12.

The sample of PET/POSS nanocomposites can com-

plete the crystallization with higher temperature and

less time, suggesting that POSS have a positive

influence on the isothermal crystallization process.

For example, t1/2 of PET/POSS was 69% shorter than

that of pure PET at 210 �C and 77% shorter at 220 �C.

Compared to pure PET, PET/POSS nanocomposites

crystallized much faster. At the same crystallization

temperature, the crystallization completion time of

PET/POSS nanocomposites was shorter. These

results indicated again that the POSS was an effective

nucleating agent for the crystallization process of the

PET matrix and successfully accelerated the crystal-

lization process.

Figure 10 Crystallization exothermic curves for a PET and b PET/POSS nanocomposites (containing 7 wt% POSS).
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Conclusions

In the present work, the PET/monosilane isobutyl-

POSS blends were prepared and the crystallization

behavior, morphology, crystal structure, non-

isothermal, and isothermal crystallization kinetics

were investigated. Two obvious crystallization peaks

were observed when the content of POSS was small

and the peak shift to higher temperatures as the

content of POSS increased. Overall, the experimental

results clearly showed that POSS under appropriate

concentration can effectively improve the crystal-

lization temperature of the PET and improved its

nucleation efficiency. The POSS particles are mostly

at the nanometer scale in the PET matrix as

Figure 11 Plots of relative crystallinity against crystallization time for a pure PET and b PET/ POSS, and plots of log{- ln[1 - Xt]} vs.

log t for c neat PET and d PET/POSS at different crystallization temperatures.

Table 3 Summary of the Avrami Parameters for pure PET and

PET/POSS

Samples Tc (�C) n K (min-n) t1/2 (min)

Pure PET 200 2.2 2.2*10–2 1.88

205 2.4 2.2*10–3 3.08

210 2.5 1.0*10–4 5.92

215 2.7 2.7*10–6 11.58

220 3.1 6.7*10–9 18.95

PET/POSS 210 2.4 6.9*10–3 1.85

215 2.7 2.2*10–4 2.68

220 3.1 9.9*10–7 4.42

225 2.8 6.5*10–8 7.03

230 2.7 6.1*10–9 11.95
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determined by TEM. At higher concentrations, the

particles tended to aggregate into large particles.

Besides, POM micrographs showed that the nucle-

ation density gradually increased as the content of

POSS increased, indicating the nucleating ability of

POSS and acceleration of the crystallization process.

Furthermore, Mo’s method was successful in

describing the non-isothermal crystallization process

of PET and the PET/POSS nanocomposites (con-

taining 7 wt% POSS). PET/POSS nanocomposites

provided smaller F(T) values than pure PET, sug-

gesting that the cooling rate required to attain a rel-

ative crystallinity at a given time was less than that of

pure PET. Moreover, the isothermal crystallization

process of PET/POSS nanocomposites could happen

at higher temperature and need less time to complete

crystallization than pure PET; therefore, it can be

understood that the overall crystallization kinetics

were promoted under the practical process.
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