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Abstract  The morphology and mechanical properties of poly(ethylene-octene) copolymers (POE) obtained by dynamic 
packing injection molding were investigated by mechanical tests, differential scanning calorimetry (DSC), fourier transform 
infrared spectroscopy (FT-IR) and scanning electron microscopy (SEM). The mechanical tests found that only POE with low 
octene content and high molecular weight show apparent response for external shear field. Further investigation has been 
done by DSC, FT-IR, and SEM in order to make clear the reason of that phenomenon. Finally, the hypothetical mechanism 
of POE microstructure formation under shear field has been proposed. For POE with low octene content and high molecular 
weight, orientation degree and mechanical properties both increase substantially under shear field. For POE with low octene 
content and low molecular weight, orientation degree and crystallinity increase under shear field, but it is not dramatically 
benefit for the mechanical properties. For POE with high octene content and high molecular weight, the shear field has little 
effect on the morphology and mechanical properties. 
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INTRODUCTION 

A sort of poly(ethylene-octene) copolymers (POE), developed by using a constrained geometry metallocene 
catalyst technology from Dupont & Dow, are a new family of polyolefins which have recently received much 
attention because of their random monomer distribution, narrow molecular weight distribution and controlled 
level of long chain branching[1]. Due to the unique physical, rheological and mechanical properties, these new 
materials have been used to replace the conventional polyethylene. 

The structure and mechanical properties of POE have been studied extensively before[2]. Rabiej[3] 
investigated the crystal morphology during isothermal process and found dual crystal population.            
Androsch et al.[4−7] investigated the reversibility of crystallization and melting behavior during non-isothermal 
process and the effect of annealing on crystallization. The growth rates of spherulites varied with octene content 
and molecular weight[8]. Effect of uniaxial deformation on crystal behavior was carefully studied and resulted in 
typical changes of phase structure and crystal morphology[9−11]. Wang et al.[12] investigated the elastomeric 
behavior and found transformation of fringed micellar crystals occurred at different strains. When POE is 
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grafted with other molecules, it could also be used as compatablizers for different polymer blends[13, 14]. 
Most applications, such as pipe, wire and cable jacketing, are based on injection molding process and the 

shear field in molding process is significant for the final morphology and mechanical properties. It has been well 
established that the shear force could bring out notable effects on the structure and properties of elastomers. 
Karasz[15] studied the shear-induced orientation of SBS and found shear flow rotated the cylinder orientation by 
90° into the shear direction and the hexagonal faces preferred to orient parallel to the shear plane. Fredrickson[16] 
studied the alignment of lamellae in styrene and isoprene diblock and triblock copolymers under shear field. 
Waymouth[17] studied the elastomeric polypropylene subjected to step shear strain and found there was no 
complete relax from an applied strain and that a cross-linked network was formed. Mortensen[18] studied the 
shear effects on SEBS by in situ small angle neutron scattering and found that the body-centered cubic 
microstructure formed by self-association of the PS blocks could be controlled by applying large amplitude 
oscillatory shear of specific amplitude and frequency. Papadopoulos[19] found the piezoelectric effects were 
averaged out by the orientation of the mesogen in a uniaxial mechanical field and the subsequent cross-linking 
produces a centrosymmetric morphology. The application of shear breaks the symmetry and induces the 
formation of a monodomain structure which is an effective way to produce electromechanically active liquid 
crystal elastomers. 

Our previous works have done a lot research on plastics obtained by dynamic packing injection molding 
(DPIM), such as polyethylene[20, 21], polypropylene[22, 23] and plastic composites[24]. The shear force could greatly 
improve the mechanical properties. That is because the shear force could induce the matrix to form epitaxy and 
interfacial crystal, such as shish-kebab, shish-calabash or transcrystallization morphology. The shear force could 
also induce phase separation in blend composites. However, little attention has been paid to the effect of shear 
field on the morphology and structure of elastomers during injection molding process. In this study, our 
objective is to understand the relationships among chain architecture, molecular weight, crystal structure, 
morphology and mechanical properties of elastomers under shear field. The chosen poly(ethylene-octene) 
random copolymers, which were subjected to DPIM, were investigated by differential scanning calorimetry 
(DSC), fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM) and mechanical 
tests.  

EXPERIMENTAL 

Materials 
The random ethylene-octene copolymers were commercially grade bought from Dow Chemical Company. The 
molecular parameters of the POEs are presented in Table 1. 

 
Table 1. Characteristics of random ethylene-octene copolymers 

Materials Brand 
Density 
(g/cm3) 

Octene content 
(%) 

Mn Mw Mw/Mn 
Melt index 
(g/10min) 

POE1 8400 0.87 24 43800 85800 1.96 30 
POE2 8450 0.902 12 44400 88700 2 3 
POE3 8402 0.902 13.5 27100 58200 2.15 30 

Sample Preparation 
The raw materials were injected into a mold with aid of a SZ 100 g injection molding machine with a barrel 
temperature of 180°C and injection pressure of 900 kg/cm2. In order to study the shear field effects on 
morphology and mechanical properties, a special mold equipment named as DPIM was attached on the injection 
machine. The processing parameters and the characteristics and detail experiment procedure of DPIM were 
described elsewhere[25]. The major feature of DPIM is that the melt is first injected into the mold then forced to 
move repeatedly in a chamber by two pistons which moved reversibly with the same frequency until the 
solidification progressively occurs from the mold wall to the molding core part. 
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Mechanical Tests 
CMT4104-SANS was used to test the tensile properties with the crosshead speed of 50 mm/min (100%/min 
based on the specimen gauge length), according to ISO 37-2005 standard. Each tensile test was repeated for five 
times to make sure a minimum of deviation. 

Scanning Electron Microscopy (SEM) Experiments 
After cryogenically fractured parallel to flow direction in nitrogen, the specimens were etched and extracted by 
using the mixing acid solution. The mixing acid solution was made by sulphuric acid, nitric acid and potassium 
permanganate with the weight ratio of 100:100:1. Finally the surfaces were covered with a thin layer of gold, the 
crystalline morphology was recorded by a SEM instrument (Inspect F, FEI Company) operated at 20 kV. 

Differential Scanning Calorimetry (DSC) Experiments 
A Perkin-Elmer Pyris-I differential scanning calorimeter was used to study the crystallization behavior and 
melting characteristics of specimens. The injection specimens were heated from 20°C to 150°C at a heating rate 
of 10 K/min under a nitrogen atmosphere to obtain the melting points and crystallinity. The crystallinity index Xc 
was calculated using the following equation: 

 %100
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where ΔHm is the melt enthalpy of the crystal phase of the specimens, 0
mHΔ  is the theoretical melt enthalpy for 

100% crystallinity. The value of 0
mHΔ  was taken as 293.0 J/g for POE[26]. 

Fourier Transform Infrared Spectroscopy (FTIR) Experiments 
The typical character of samples obtained via DPIM is the hierarchy structure, that is, the phase morphology and 
orientation are changed along the sample thickness[27]. For comparison, the measurement was done for the 
different depth positions of the specimens. Measurements were carried out on a Thermo Nicolet FTIR 
spectrometer at a resolution of 4 cm−1 with an accumulation of 64 scans in transmittance mode. Polarization of 
the beam was controlled by rotating a ZnSe polarizer. Specimens with thickness in the order of 50 μm were put 
perpendicular to the FTIR beam with a vertical machine direction and horizontal transverse direction, and the 
measurements were performed with radiation polarized in the machine and transverse directions, respectively. 
The order parameter or orientation function f and structural absorbance A of a desired absorption band were 
deduced using following relations: 

 f = [(R – 1)/(R + 2)]/[(3cos2α – 1)/2] 

 R = A∥/A⊥ 

where A∥ and A⊥ are the parallel and perpendicular absorbance, respectively, and α is the angle between the 
dipole moment vector and the local chain axis. For POE, the peaks 730, 720 and 722 cm−1 are associated with 
crystalline a-axis, crystalline b-axis, and amorphous, respectively. The calculation of orientation function using 
these peaks has already been extensively discussed[28, 29]. It should be noted that the overlap of the 730 and       
720 cm−1 peaks cannot be simply distinguished by the naked eye, however, they could be separated by the 
software Origin 7.0, which is widely used in peak separation and can do a good job. 

RESULTS AND DISCUSSION 

Mechanical Properties  
As we all know, commercially available POE are random copolymers of either ethylene-butene or ethylene-
octene, a wide array of products are available with properties ranging from amorphous to crystalline, and low to 
very high molecular weight. In order to investigate the influence of shear force on mechanical properties and 
morphology of POE, three kind of ethylene-octene copolymers have been chosen, Table 1 shows their detailed 
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molecular parameters. POE1 has high octene content and high molecular weight, POE2 has low octene content 
and high molecular weight, while POE3 has low octene content and low molecular weight. 

The stress-strain curves of POE obtained by dynamic packing injection molding (named dynamic) are 
shown in Fig. 1. And the samples obtained without dynamic injection molding (named static) are also included 
for comparison. The average values of tensile strength, tensile modulus, yield strength and elongation at break 
obtained from stress-strain curves are shown in Table 2. It can be found that the tensile strength and yield 
strength of all samples show apparent improvement after shear force treatment. For specimens of POE1, the 
tensile strength of static specimens is 6.7 MPa and increases to 7.7 MPa for dynamic specimens. The yield 
strength of dynamic specimens increases by 61% from 2.3 MPa to 3.7 MPa. For dynamic specimens of POE3, 
the tensile strength increases by 18.4% from 11.4 MPa to 13.5 MPa compared with that of static specimens, and 
the yield strength increases by 45% from 4.9 MPa to 7.1 MPa. So there is a higher increase in yield strength as 
compared to tensile strength. A difference is found for POE2 specimens, which show sharp improvement both in 
tensile strength and in yield strength. For dynamic specimen of POE2, the tensile strength and yield strength 
increase by 164% and 200% to 25.6 MPa and 12.6 MPa compared with those of the static specimens, 
respectively. The tensile modulus of POE2 also shows different improvements compared with that of the other 
samples, which increases from 66 MPa for static samples to 89 MPa for dynamic samples, however, the tensile 
modulus almost has no change before and after shear field treatment for POE1 and POE3 samples.  

 
Fig. 1  The typical stress-strain curves of dynamic and static POE specimens 

 
Table 2. Mechanical properties from tensile measurement 

 
Tensile strength 

(MPa) 
Tensile modulus 

(MPa) 
Yield strength  

(MPa) 
Elongation at break 

(%) 
POE1-static 6.7 ± 0.3 22 ± 2 2.3 ± 0.3 670 

POE1-dynamic 7.7 ± 0.1 22 ± 2 3.7 ± 0.1 230 
POE2-static 9.7 ± 0.5 66 ± 3 4.2 ± 0.5 412 

POE2-dynamic 25.6 ± 0.6 89 ± 6 12.6 ± 0.6 255 
POE3-static 11.4 ± 0.1 73 ± 3 4.9 ± 0.1 572 

POE3-dynamic 13.5 ± 0.6 77 ± 3 7.1 ± 0.6 267 
 

The elongation at break of the three samples has the same tendency, which shows a decrease after shear 
force treatment. The elongation at break decreases from 670%, 412% and 572% of the static specimens to 230%, 
255% and 267% of the dynamic specimens for samples POE1, POE2 and POE3, respectively. 

From the experimental results mentioned above, it can be found that, POE2 has the highest increment in 
tensile strength, tensile modulus and yield strength after shear force treatment, which means POE2 has sharp 
response to external shear stress.  

Calorimetric Analysis 
Since the essential differences of the three POE samples are their different octene contents and molecular 
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weights, it is very necessary to understand the difference in molecular structure and crystal structure of those 
three samples and to explain their different responses to external shear stress. POE is a copolymer and its phase 
morphology will influence the properties[30]. During DPIM processing, the molecular chains will orient and only 
crystalline phase will fix this morphology. The amorphous phase will relax and have little effects on properties. 
So our attention is mainly focused on the crystalline structure. Thermal analysis is a good method to investigate 
the crystal structure changes after shearing. So DSC analysis was carried out for samples obtained by dynamic 
and static methods. The samples used for DSC analysis were taken from different regions (skin, shear and core 
layers) in the same specimen. All the samples were directly heated from room temperature to observe the 
influence of shear field on crystal structure. The DSC heating curves are shown in Fig. 2, and the information 
obtained form the heating curves are listed in Table 3. It is obvious that the melting behaviors of these three 
POEs are different. Since the octene content of POE1 is 24%, which is higher than that of the others, POE1 
shows lower melting temperature and very low crystallinity. The octene content of POE2 and POE3 is 12% and 
13.5%, respectively, so POE2 and POE3 have almost the same melting temperature and crystallinity. However, 
the melting range of POE2 is wider than that of POE3. The onset melt temperature of POE2 is about 60°C and 
that of POE3 is 80°C, which may be caused by different molecular architectures of these two samples. 

 

 
Fig. 2  DSC melting curves of dynamic and static specimens from skin to core 
layers: (a) POE1, (b) POE2 and (c) POE3 

 

Compared dynamic with static specimens, from skin to core layers the melting point of POE1, POE2, POE3 
is 77°C, 96°C and 100°C, respectively, which indicates that the melting temperature of all POEs has no change 
after shear field. There is a slight increment in crystallinity for dynamic specimens compared with that for static 
ones. It is also found that the crystallinity increases from skin to core layer for all dynamic specimens, which 
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may be caused by the increment of crystallization time from skin to core after shear field treatment. This is 
because the skin layer is frozen first, and then gradually cools the central part during injection processes.  

 
Table 3. Crystallinity and melting temperature from DSC measurements 

 Crystallinity (%) Tm (°C) 
 Skin Shear Core Skin Shear Core 

POE1-static 2.7 − 2.4 77 − 77 
POE1-

dynamic 
3.8 4.3 5.2 77 77 77 

POE2-static 14.6 − 14.7 96 − 95 
POE2-

dynamic 
15.2 15.3 17.8 96 98 95 

POE3-static 15.7 − 16.9 101 − 100 
POE3-

dynamic 
17.3 16.5 18 99 100 99 

Orientation Analysis 
The measurement of infrared dichroism is one of the most frequently used tools for the analysis of anisotropy in 
polymers, especially for polyolefins[31−33]. Because of the characteristic peaks in infrared spectrum of 
polyethylene, the orientation of crystalline a-axis and b-axis could be detected, and many works have been done 
in terms of the Keller-Machin model[34−36]. Orientation degree of POE specimens, calculated from FTIR data, is 
shown in Table 4. The orientation degree of POE1 is approximately equal to zero no matter in dynamic or static 
specimens from skin to core layer. However, the orientation degree of specimens POE2 and POE3 is quite 
different from that of POE1. The orientation degrees of POE2 are 0.21, 0.02, −0.03 in static specimen and 0.25, 
0.34, 0.05 in dynamic specimen from skin to core layer, respectively. The orientation degrees of POE3 are 0.13, 
−0.06, 0 in static specimen and 0.24, 0.35, 0.04 in dynamic specimen from skin to core layer, respectively. It is 
obvious that only skin layer has an oriented structure in static specimens of POE2 and POE3, and the orientation 
degree decreases to zero in transition and core layers for both of the specimens. For dynamic specimens, the 
orientation degrees of POE2 and POE3 in skin and shear layers increase significantly compared with those of 
static samples. The highest increment is shown in the shear layer, the orientation degree is increased from almost 
zero for static samples to 0.34 and 0.35 for dynamic samples. That is to say, compared with POE1 sample, the 
molecular chains of POE2 and POE3 are much easier to orient under shear force, especially in the shear layer.  

 
Table 4. Orientation degree of dynamic and static specimens obtained from FTIR from skin to core layer 

 Dynamic Static 
 Skin Shear Core Skin Transition Core 

POE1 0.03 −0.05 0.07 0.03 0 0 
POE2 0.25 0.34 0.05 0.21 0.02 −0.03 
POE3 0.24 0.35 0.04 0.13 −0.06 0 

Crystalline Morphology by SEM Observation 
The crystalline structure of these three POEs under shear force should be different since there are different 
improvements of mechanical properties after shear force treatment as discussed in the first part. SEM is an effect 
method to observe the different crystalline morphologies in different POE samples. To distinguish the crystalline 
structure from the amorphous phase in the injection molded bar clearly, the POE specimens have been 
chemically etched and extracted by using the mixing acid solution. Macroscopically, the main feature of DPIM 
specimens is the shear-induced morphologies with the core in the center, oriented zone surrounding the core and 
the skin layer in the cross-section areas of the specimens[37]. SEM photos of crystalline morphologies for shear 
layer of dynamic specimens and transition layer of static specimens are shown in Fig. 3. The morphology of 
POE1 in dynamic specimen shows that there is only a little lamella in shear layer (Fig. 3a). The morphology in 
static specimen is basically the same as that in dynamic specimens (Fig. 3d) and there is almost no crystal in 
both specimens. This is in accordance with the results of DSC that POE1 has very low crystallinity. The 
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crystallization morphology of POE2 in shear layer shows that the highly oriented lamellae are aligned along the 
flow direction (Fig. 3b). However, in static specimen, there are only some randomly distributed lamellae in the 
transition layer (Fig. 3e). The crystallization morphology of POE3 in dynamic specimen also shows the highly 
oriented lamellae structure (Fig. 3c), but the lamellae alignment is less ordered than that in POE2. Meanwhile, 
the thickness of the lamellae is wider than that in POE2. Besides lamellae morphology, there are some 
spherulites could be observed in the shear layer for POE3. Compared with the morphology in dynamic 
specimen, there are only randomly dispersed lamellae in static specimen (Fig. 3f).  

 

   
 

   
 

Flow direction 
Fig. 3  SEM images of crystalline morphologies: (a)−(c) dynamic specimens of POE1, POE2 
and POE3 in shear layer and (d)−(f) static specimens of POE1, POE2 and POE3 in transition 
layer, respectively 

DISCUSSION 

According to the experimental results of DSC, FTIR and SEM, the difference in improvement of mechanical 
properties after shear force treatment among the three POEs should be ascribed to the molecular architectures of 
these samples, which lead to different responses to external shear stress. Based on the above results, hypothesis 
about different POE superstructure formations under shear field is schematically proposed in Fig. 4 and 
interpreted in detail as the following description. As we mentioned above, the differences of these three POEs 
are in octene content and molecular weight. Introduction of octene in ethylene chain would destroy the order of 
ethylene, which will decrease the crystallization ability of this sample. The different molecular weights of POEs 
will lead to difference in movement and recovery of molecular chains under shear force.  

The discussion will start from POE1, which has high octene content and high molecular weight. POE1 is 
hard to crystallize due to the high content of octene, which has been proved by DSC results. During the process 
of DPIM, molecular chains suffer shear force back and forth, the orientation of molecular chains formed under 
shear field could not be fixed by the crystals and relaxes soon, so it has a low orientation degree and poor 
mechanical properties. 
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Fig. 4  Schematic representations of the hypothetical mechanism of POE superstructure formation under shear field 

 
Compared with POE1, the specimen of POE2 has lower octene content and almost the same molecular 

weight and molecular weight distribution. It is apparently that the crystallization ability of POE2 is higher than 
that of POE1, which has been proved by DSC results of crystallinity. After shear field, the crystallinity and 
orientation of molecular chains in POE1 are different from those in POE2. Because of the low octene content, 
there is much more crystals in POE2. The lamellae of POE2 will orient along shear direction and be frozen 
during the process of DPIM, which leads to higher orientation degree in the dynamic sample, and then shows 
higher mechanical properties compared with POE1. So it can be concluded that the octene content in POE is an 
important factor influencing the crystallization ability and further the orientation degree and mechanical 
properties of the samples after shear force treatment. High octene content will make POE amorphous and 
insensitive to additional shear force, and POE with low octene content is easier to crystallize and orient under 
external shear force.  

Then the comparison of POE2 and POE3 will be discussed. They have almost the same octene content, but 
different molecular weight. The molecular weight of POE2 is higher than that of POE3, and their molecular 
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weight distribution is almost the same. The crystallinity, melting temperature and orientation degree of static and 
dynamic POE2 and POE3 have no apparent difference. But the mechanical properties show apparent 
differences. As shown in Table 2, POE2 shows the best mechanical property improvement after shear force 
treatmrnt among the three specimens. This is a very interesting result, why only POE2 shows apparent response 
to external shear force? We try to give an explanation from molecular architectures. As shown in Fig. 2 and 
Table 3, the melting point of POE2 is a little lower than that of POE3. Meanwhile, the melting range of POE2 is 
also wider than that of POE3. The low melting temperature and broad melting range of POE2 are attributed to 
the fringed-micellar or bundle-like crystals with a broad size distribution that result from the statistical 
distribution of crystallizable chain lengths[26, 38]. It means that the thickness of lamellae in POE2 is thinner and it 
has a wider distribution of lamellae thickness compared with that in POE3. So the distribution of octene content 
in POE2 could be less uniform and the polyethylene crystal segment is shorter than that in POE3. The lower 
octene content is benefit for the orientation of molecular chains and the formation of oriented lamellae. The 
oriented lamellae fix the molecular chain and obtain an oriented and entangled morphology which is benefit for 
the formation of network junctions. Based on reptation concepts, the sliplink theory treats the network junctions 
as two types, sliplinks and crosslinks.[39, 40] Sliplinks are mobile network junctions that restrict chain mobility 
until a sufficient force is applied, whereas crosslinks behave as permanent network junctions. So the oriented 
lamellae reinforce the yield strength and long molecular entanglements greatly increase the tensile strength. 
Therefore, POE2 has the strongest response to external shear stress. For specimen of POE3, the narrower 
distribution of melting range in DSC measurements means more uniform lamellae thickness, so the distribution 
of octene must be relatively congregated and exist longer ethylene segments which are benefit for the formation 
of more perfect crystal morphology. Meanwhile, the low molecular weight is easier to relax after orientation. So 
both oriented lamellae and spherulites are observed in the specimens of POE3. Oriented lamellae form network 
junctions and increase the yield strength of POE3 in dynamic specimen. However, the low molecular weight 
makes the molecular chain easy to disentangle and reduces crosslink network junctions. Although molecular 
chain orientation is benefit for the mechanical properties, the tensile strength is not greatly improved due to the 
disentanglement of molecular chains. So it could be concluded that the molecular weight mainly affects the 
entanglements and then affects the tensile strength, but it has little effect on orientation or crystallizaiton. High 
molecular weight is benefit for the entanglements between molecular chains and they are difficult to disentangle 
under shear field, so the tensile strength greatly increases with increasing molecular weight. Meanwhile, POE 
with low molecular weight is easy to disentangle under shear field. The comprehensive effects of chain 
disentanglement and molecular orientation make the tensile strength only partially increases. 

CONCLUSIONS 

Poly(ethylene-octene) copolymers with different contents of octene and molecular weight were injection molded 
by means of DPIM processing to investigate the effect of shear field on mechanical properties, crystallization 
behavior, orientation and crystalline morphologies. It is found that POEs with different octene contents and 
molecular weights show different responses to external shear field. POE with high octene content and high 
molecular weight could hardly orient and crystallize. So the mechanical properties have little response to shear 
field. However, POE with low octene content and high molecular weight forms highly oriented lamellae 
morphology which may greatly improve its mechanical properties and show sharp response to shear field. Also, 
POE with low octene content and low molecular weight has high orientation degree and forms both oriented 
lamellae and spherulites crystal morphology which increases the yield strength. But the low molecular weight 
affects the increment of tensile strength. The different mechanical behavior should be attributed to the different 
response of molecular weight, octene monomer distribution and molecular entanglement morphology to shear 
field. 
 
 



D. Liang et al. 612

REFERENCES 
 
1 Bubeck, R.A., Mater. Sci. Eng. R, 2002, 39(1): 1 

2 Guo, Z.H. and Fang, Z.P., Chinese J. Polym. Sci., 2009, 27(2): 183  

3 Rabiej, S., Goderis, B., Janicki, J., Mathot, V.B.F., Koch, M.H.J., Groeninckx, G., Reynaers, H., Gelan, J. and 

Wlochowicz, A., Polymer, 2004, 45(26): 8761 

4 Androsch, R. and Wunderlich, B., Macromolecules, 2000, 33(24): 9076 

5 Androsch, R., Polymer, 1999, 40(10): 2805 

6 Androsch, R. and Wunderlich, B., Macromolecules, 1999, 32(21): 7238 

7 Androsch, R., Blackwell, J., Chvalun, S.N. and Wunderlich, B., Macromolecules, 1999, 32(11): 3735 

8 Wagner, J., Abu-Iqyas, S., Monar, K. and Phillips, P.J., Polymer, 1999, 40(16): 4717 

9 Androsch, R., Wunderlich, B., Lüpke, T. and Wutzler, A., J. Polym. Sci. Polym. Phys., 2002, 40(12): 1223 

10 Androsch, R., Stribeck, N., Lüpke, T. and Funari, S.S., J. Polym. Sci. Polym. Phys., 2002, 40(17): 1919 

11 Bensason, S., Stepanov, E.V., Chum, S., Hiltner, A. and Baer, E., Macromolecules, 1997, 30(8): 2436 

12 Wang, H.P., Chum, S.P., Hiltner, A. and Baer E., J. Appl. Polym. Sci., 2009, 113(5): 3236 

13 Yang, F.X., Du, R.N., Li, B., Chen, L., Yang, J.H., Fu, Q. and Zhang, Q., Acta Polymerica Sinica (in Chinese),        

2010, (3): 366 

14 Yang, F.X., Du, R.N., Yang, J.H., Su, R., Fu, Q. and Zhang, Q., Acta Polymerica Sinica (in Chinese), 2010, (8): 973 

15 Scott, D.B., Waddon, A.J., Lin, Y.G., Karasz, F.E. and Winter, H.H., Macromolecules, 1992, 25(16): 4175 

16 Riise, B.L., Fredrickson, G.H., Larson, R.G. and Pearson, D.S., Macromolecules, 1995, 28(23): 7653 

17 Carlson, E.D., Fuller, G.G. and Waymouth, R.M., Macromolecules, 1999, 32(24): 8094 

18 Mortensen, K., Theunissen, E., Kleppinger, R., Almdal, K. and Reynaers, H., Macromolecules 2002, 35(20): 7773 

19 Papadopoulos, P., Heinze, P., Finkelmann, H. and Kremer, F., Macromolecules, 2010, 43(16): 6666 

20 Yang, J., Wang, C., Wang, K., Zhang, Q., Chen, F., Du, R. and Fu, Q., Macromolecules, 2009, 42(18): 7016 

21 Ning, N., Luo, F., Wang, K., Zhang, Q., Chen, F., Du, R., An, C., Pan, B. and Fu, Q., J. Phys. Chem. B,                    

2008, 112(45): 14140 

22 Guo, M., Yang, H., Tan, H., Wang, C., Zhang, Q., Du, R. and Fu, Q., Macromol. Mater. Eng., 2006, 291(3): 239 

23 Zhang, Q., Wang, Y. and Fu, Q., J. Polym. Sci. Polym. Phys., 2003, 41(1): 1 

24 Su, R., Wang, K., Zhang, Q., Chen, F., Fu, Q., Xu, W. and Na, B., J. Phys. Chem. B, 2009, 113(21): 7423 

25 Guan, Q., Zhu, X., Chiu, D., Shen, K., Lai, F.S. and McCarthy, S.P., J. Appl. Polym. Sci., 1996, 62(5): 755 

26 Alizadeh, A., Richardson, L., Xu, J., McCartney, S., Marand, H., Cheung, Y.W. and Chum S., Macromolecules,        

1999, 32(19): 6221 

27 Cao, W., Wang, K., Zhang, Q., Du, R. and Fu, Q., Polymer, 2006, 47(19): 6857 

28 Zhang, X., Ajji, A. and Jean-Marie, V., Polymer, 2001, 42(19): 8179 

29 Jansen, J.A.J., van der Maas, J.H. and Posthuma de Boer, A., Macromolecules, 1991, 24(15): 4278 

30 Zhou, W., Yu, W. and Zhou, C.X., Acta Polymerica Sinica (in Chinese), 2010, (6): 747 

31 Siesler, H.W., J. Mol. Struct., 1980, 59: 15 

32 Zhang, X.M., Elkoun, S., Ajji, A. and Huneault, M.A., Polymer, 2004, 45(1): 217 

33 Schmidt, P., Baldrian, J., Ščudla J., Dybal, J., Raab, M. and Eichhorn, K.J., Polymer, 2001, 42(12): 5321 

34 Keller, A. and Machin, M.J., J. Macromol. Sci. B, 1967, 1(1): 41 

35 Lu, J. and Sue, H.J., Macromolecules, 2001, 34(6): 2015 

36 Zhang, X.M. and Ajji, A., Polymer, 2005, 46(10): 3385 

37 Zhang, G., Fu, Q., Shen, K., Jian, L. and Wang, Y., J. Appl. Polym. Sci., 2002, 86(1): 58 

38 Minick, J., Moet, A., Hiltner, A., Baer, E. and Chum, S.P., J. Appl. Polym. Sci., 1995, 58(8): 1371 

39 Ball, R.C., Doi, M., Edwards, S.F. and Warner, M., Polymer, 1981, 22(8): 1010 

40 Edwards, S.F. and Vilgis, T., Polymer, 1986, 27(4): 483 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


