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Abstract 

 
Present work study the effect of high-pressure 

crystallization on morphology and thermal behavior of two 
different homopolymers of isotactic poly(1-butene). Both 
materials were non-isothermally crystallized under 
pressure in range from 20 to 200 MPa using a pvT 100 
apparatus and thus prepared samples were investigated 
using differential scanning calorimetry and polarized light 
microscopy. Results showed significant effect of pressure 
on formation of metastable phases I’ and II with respect to 
material properties on thermal behavior and morphology in 
isotactic poly(1-butene) 

 
 

Introduction 
 
Isotactic Poly(1-butene) (PB-1) belongs to the family 

of stereoregular polyolefins. First PB-1 was produced in 
1950’s by Nestolen BT Chemishe Werke Hülls in 
Germany. It has been used for water pipes since 1960’s 
and nowadays it is produced only by LyondellBasell, 
Louvain, Belgium. Poly(1-butene) is less common 
polymer in polyolefin family due to its crystallization into 
different phases and subsequent phase transformation of 
metastable phases. During the crystallization at ambient 
conditions, phase II is formed and during several days it 
gradually transforms to thermodynamically stable phase I, 
which results in increase of mechanical properties and also 
cause unpredictable shrinkage1,2.  

Mechanical properties of PB-1 are superior to other 
polyolefins, namely low stiffness, elastic recovery and 
very high abrasive resistance. In wet conditions, abrasive 
resistance is comparable to ultra-high molecular weight 
polyethylene. 

Polymorphic behavior of the PB-1 is complex since it 
crystallizes in five different phases I, I’, II, II’ and III. 

Crystal phase I, which crystallizes from melt, have 3/1 
twinned helix conformation and hexagonal unit cell3. 
During crystallization under high pressure, phase I’ 
appears with untwined 3/1 helix. Phase I’ has melting 
temperature of 90–95 °C however phase I have melting 
temperature of 130 °C. Under specific conditions phase I 
can crystallize directly form melt, as it was described by  

S. Rossa et al.4. This can be achieved by employing 
build-in stereodefects into the PB-1 (ref.3). 

Melt crystallization at ambient conditions forms 
phase II with tetragonal form and 11/3 helix conformation. 
Melt temperature is 124 °C (ref.5). This phase is 
metastable and recrystallizes into the phase I during 
several days in dependance on temperature, pressure and 
applied stress6. When the PB-1 is crystallized from the 
solution, phase III occurs, which is orthorhombic form 
with 4/1 helix. Form III is unstable above 95 °C and 
quickly transforms into phase II (ref.7).  

Mechanism of the phase transformation was 
examined by Marigo et al.5 by using wide and low angle 
X-ray scattering. The transition nucleation is localized on 
lamellar distortion points. The transition itself involves 
rearrangement of lamellar stacks. Also additional 
crystallization from amorphous phase occurs, decreasing 
the percentage of amorphous phase. However, this 
transformation do not affects the surface morphology of 
the sample. During the phase transformation, neither the 
crystalinity nor the morphology is changed8. 

Despite these facts, the goal this work is to crystallize 
two different homopolymers under various crystallization 
pressures and investigate how the different crystallization 
conditions influences the phase composition and resulting 
morphology which can consequently influence practical 
applications of PB-1.  

 
 

Methods 
 
In this study two different commercial-available 

grades of isotactic poly(1-butene) produced by 
LyondellBasell, were used. Two homopolymers 
DP0401M, density 0.915 g cm–3, MFR (190 °C/2.16 kg) 
15 g/10 min and PB0300M, density 0.915 g cm–3, MFR 
(190 °C/2.16 kg) 4 g/10 min. 

A pvT 100 apparatus (SWO Polymertechnik GmbH, 
Krefeld, Germany) was employed for sample preparation 
at selected pressures (20, 50, 75, 100, 125, 150 and 
175 MPa) at cooling/heating rate of 5 °C/min. For each 
pressure one sample was prepared. Prepared samples were 
cylinders of diameter 7.8 mm and length of 20 mm. After 
Then, the prepared samples were analyzed using 
differential scanning calorimetry (DSC) and polarized 
light microscopy (PLM). 

INFLUENCE OF HIGH PRESSURE ON THERMAL BEHAVIOR 
OF POLY(1-BUTENE) HOMOPOLYMERS 
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Samples for PLM were prepared from cylinders by 
using a microtome LEICA RM 2265. Slices with thickness 
of 40  m were put onto the glass slide. Silicon oil was 
added and samples were covered by slip cover. Used 
microscope was Zeiss NU with 40× magnitude for all 
samples and photos were taken by digital camera. 

From the prepared cylinders were also cut samples for 
DSC analyses using microtome with weight approx. 10 mg 
and placed to covered alluminium pans. Measurements of 
melting curves were carried out on DSC apparatus Mettler 
Toledo DSC1 under nitrogen inert atmosphere with flow 
rate 20 ml s–1 in temperature range from 40 to 180 °C with 
heating rate of 10 °C/min.  

 
 

Results and discussion 
 
Thermal Behavior 

 
Melting curves of material DP 0401M are illustrated 

in Fig. 1, where for both 20 and 50 MPa crystallization 
pressures, phase I is shown on melting curve with peaks of 

melting temperature at 124 °C and 133 °C respectively. 
With increasing pressure, 75 MPa we can assign peak at 
temperature of 96.5 °C to the phase I’, which recrystallizes 
to phase II with peak at temperature of 117 °C and small 
content of phase I is represented with peak at temperature 
of 124 °C. With further increasing crystallization pressure 
from 75 to 175 MPa no significant changes are not 
observed except small peaks belonging to phase I which 
are formed after recrystallization from phase I’ to phase II 
and phase I. From pressure 100 MPa there are present 
small peaks at approx. 90 °C which may be assigned to 
phase II’ or it can be also phase I’ – I recrystallization. 
This fact can be supported be fact that X-ray spectra does 
not shows any relevant peak of phase II but only of phase I 
which is also the same for phase I’ (ref.10). 

Curves of crystallization pressures at 20, 50 and 
75 MPa for material PB 0300M can be seen in Fig. 2 and 
they are practically similar. All three curves have peaks of 
phase I at 126, 125,1 and 125,9 °C respectively. Peak of 
phase I’ is present from pressure 100 MPa to 175 MPa 
with significant differences. At pressure 100 and 125 MPa 
recrystallization exothermal peak is observed but with 
further increase of pressure 150 and 175 MPa it is not 
observed. This is completely different behavior compared 
to DP 0401M (Fig. 1). Thus the material properties 

Fig. 1. Melting curves of DP 0401M at various crystallization 
pressures  

Fig. 2. Melting curves of PB 0300M at various crystallization 
pressures  



Chem. Listy 108, s21–s25 (2014)                                                 Pokročilé teoretické a experimentální studie polymerních systémů  

s23 

namely molecular weight (different MFR) plays important 
role in high-pressure crystallization behavior. At these the 
highest pressures is observed phase I’ at 95 °C which does 
not recrystallize, simultaneously phase II and dominant phase 
I.  

From the comparing of both materials (DP 0401M 
and PB 0300M)  

(Fig. 1 and Fig. 2), it was found that occurrence of 
phase I’ is function of crystallization pressure and 
molecular weight, because of according to producer 
information, both materials contains the same type of 
stabilizers. It would be suitable to perform these analyzes 

on various grades of PB-1 and compare them. DP 0401M 
has a lower molecular weight (higher MFR) than PB 
0300M (from measurements of zero shear viscosity, it was 
observed that PB 0300M has 3.7 times higher zero shear 
viscosity than DP 0401M). This could be a reason why 
were observed differences in appearance of phase I’ at DP 
0401M from crystallization pressure 75 MPa and at PB 
0300M from 100 MPa. Materials also differ at 
recrystallization peaks where PB 0300M does not show 
recrystallization peaks at crystallization pressures of 150 
and 175 MPa and at these pressures peaks of phase I’ are 
much smaller compared to those at DP 0401M. 

Fig. 3. Morphology of DP0401M at various crystallization pressures 
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Polarized Light Microscopy 
 
Morphology of DP 0401 can be seen in Fig. 3. For 

crystallization pressures 20 and 50 MPa, spherulitic 
structure is observed with typical Maltese crosses. These 
samples contain only phase I. For crystallization pressure 
75 MPa which contains phase I’ shows spherulites with 
Maltese crosses and areas without large spherulites. Photos 
of crystallization pressure 100 MPa show differences to 
75 MPa. There is not high amount of large spherulites and 
areas without spherulitic structure can be seen. 
Morphology of samples with crystallization pressure 

125 MPa is very similar to those prepared at 20 and 
50 MPa. Maltese crossed are found on every part of the 
sample. Sample prepared at crystallization pressure of 150 
and 175 MPa shows structure similar to crystallization 
pressure of 100 MPa with low number of Maltese crosses 
scattered across the sample and high number of small 
spherulites, again scattered across the sample. It should be 
noted that crystallization temperature and cooling rate 
have an impact to the morphology of the samples. This 
fact combined with a low heat transition of the polymers 
could lead to a state, where crystallization temperature is 
dependent to a place in the sample.  

Fig. 4. Morphology of PB 0300M at various crystallization pressure  
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Morphology of PB 0300M is shown in Fig. 4. 
Samples prepared at crystallization pressure of 20 and 
50 MPa shows almost the same morphology, with Maltese 
crosses of the spherulites all over the sample. At 
crystallization pressure of 75 MPa, structure is combined 
with large spherulites with small ones between them. 
Small crystalline structure can be seen at sample prepared 
at 100 MPa, with few large spherulites scattered over the 
sample. Structure of sample prepared at 125 MPa shows 
combination of large and small spherulites. Both samples 
prepared at crystallization pressure of 150 and 175 MPa 
shows almost the same structure, large number of small 
crystals with several large spherulites scattered over the 
sample. Appearance of small and large crystals in one 
sample could be explained by changing of rate of cooling 
during crystallization process. We could be seen, at higher 
crystallization pressures where number of large spherulites 
is significantly lower. . It can be seen that at higher 
crystallization pressures amount of large spherulites is 
significantly lower.  

PB 0300M shows combination of small quantity of 
large crystals and large number of small crystals after 
appearance of phase I' at melting curves, which is above 
75 MPa. Samples prepared at 20, 50 and 75 MPa shows 
mostly large spherulites in the structure. When both 
structures are compared, material DP 0401M has smaller 
crystals at the same crystallization pressure than material 
PB 0300M. 

 
 

Conclusion 
 
This work describes the effect of high crystallization 

pressure of two various grades of PB-1 on the phase 
composition and resulting morphology. According to 
melting curves of the both materials, appearance of phase 
I’ is dependent on material characteristics and 
crystallization pressure. It was found that in homopolymer 
with higher MFR the phase I’ occurs at lower pressure 
compared to material with lower MFR.  
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