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SYNOPSIS 

The blends of very high molecular weight high-density polyethylene (VHMW-HDPE) or 
ultrahigh molecular weight high-density polyethylene (UHMW-HDPE) and low-density 
polyethylene with normal molecular weight (LDPE) in equal or prevailing concentrations 
of the first component have excellent mechanical properties but very high viscosity in a 
molten state. The present investigations are a continuation of the fact, established by us 
for the first time, that the addition of a third polymer, isotactic polypropylene (I-PP), at 
optimal low concentrations increases the melt flowability of these systems without consid- 
erable deterioration of their very good mechanical properties in the solid semicrystalline 
state. The comparison between the thermomechanical behavior and the sorption in organic 
media of the systems leads to the supposition that an uninterrupted physical network from 
the VHMW-HDPE has been formed. 0 1996 John Wiley & Sons, Inc. 

INTRODUCTION 

It is well-known that the polyethylene-polyethylene 
systems (PE-PE) have been studied in theoretical 
and practical aspects.’-5 It has been established that 
their properties depend, first of all, on the molecular 
weight characteristics and on the mass ratio of the 
polyethylene components.6-8 

Especially interesting are the binary systems of 
very high molecular weight/ultrahigh molecular 
weight high-density polyethylene (VHMW-HDPE/ 
UHMW-HDPE) and normal molecular weight 
polyethylene with high (HDPE) or low density 
(LDPE).’-I3 The information about VHMW- 
HDPE/LDPE  blend^'^.'^ is rather limited. In our 
previous paper,15 it was reported that these blends 
possess an excellent complex of mechanical prop- 
erties by equal or prevailing concentration of the 
first component; the melt flow is increased in com- 
parison with that of VHMW-HDPE but remains 
relatively low. In another work,16 we were the first 
to report on the observed trends to decrease the melt 
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viscosity of the systems by the addition of isotactic 
polypropylene (I-PP). 

The present work continues these investigations. 
It discusses the influence of I-PP additive upon the 
basic properties of VHMW-HDPE/LDPE blends 
in a molten and solid semicrystalline state. We had 
not found data in the literature about investigations 
of PE/PE/PP systems of this type. 

EXPERIMENTAL 

The following polyolefins, produced by Neftochim- 
Burgas (Bulgaria), were used: VHMW-HDPE in 
powder “nascent” with melt flow index (MFI) = 0.1 
g/10 min (210°C, 21.6 kg) and M,, = 860,000 (in 
dekalin ) ; LDPE “Ropoten-FB-02-201” with MFI 
= 0.18 g/10 min ( 190°C, 2.16 kg); I-PP “Buplen 
6523” with MFI = 7.7 g/ 10 min ( 230°C, 2.16 kg). 
The crystallinity degree of the polyolefins is shown 
in Table 111. 

The initial components as well as their blends 
were rolled for 12 min at 185°C with subsequent 
compression molding into plaques for 5 min at 185°C 
under the pressure of 30 MPa (prepressing for 5 
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min at the same temperature), followed by cooling 
to 40°C under the same pressure (average cooling 
rate was 13"C/min). 

The tensile properties yield stress (a,), tensile 
strength ( q,) , and elongation at  break ( E )  were de- 
termined by monoaxial deformation at a rate of 100 
mm/min and room temperature. Thermomechanical 
investigation was carried out on an apparatus UIP- 
70-M (Ex-USSR) by heating the pressed samples 
at  a rate 2.5"C/min under 3 kg/cm2 pressure (stock 
diameter 1.78 mm) in air. DSC analysis were per- 
formed on a Perkin-Elmer DSC-7 at  a heating rate 
of 5"C/min under argon. The degree of swelling 
in benzene was determined gravimetrically as 
m - mo 

X 100, where no is the initial mass and m 
m0 

is the mass of the pressed samples after swelling for 
a certain time at room temperature. MFI tests of 
the rolled specimens were performed on a standard 
capillary viscometer (Ex-USSR) . The die swell was 

calculated as -, where d, is a diameter of the ex- 

trudates measured 24 h after the MFI test, and d, 
is the initial diameter of the viscometer capillary. 

dt? 
dc 

RESULTS AND DISCUSSION 

The results from our rheological investigations are 
difficult to compare since they were carried out under 
different experimental conditions due to the great 
differences in the melt viscosity of the investigated 
systems. 

Nevertheless, the data presented in Figures 1-3 
show that the MFI of the two polyethylenes and 
their blends in equiweight ratio is nonlinearly de- 
pendent on the concentration of I-PP. The viscosity 
of LDPE/I-PP blend (Fig. 1 ) decreases considerably 

in the presence of very low I-PP concentration. For 
VHMW-HDPE/I-PP systems, this effect is rather 
smaller. A more notable increase of the melt flow is 
observed at I-PP concentration 2 5 wt %. Very in- 
teresting are the data, presented in Figure 3, which 
reveal the I-PP influence upon the rheological prop- 
erties of the two polyethylenes in equiweight ratio. 
The nonlinear change of the MFI is characterized 
by one peculiarity: I-PP at  a certain very low con- 
centration decreases the melt flow of the blends, 
though it improves the flowidity of the initial com- 
ponents at  the same concentrations. Moreover, the 
blends of the two components containing I-PP at 
this characteristic concentration and at  limited in- 
tervals around it have a lower melt flow than the 
blends without I-PP. The additive of I-PP by 2 5 
wt 9% noticeably decreases the viscosity of the three- 
component PE/PE/PP systems, or i t  is evident that 
the melt flow of the 1 : 1 VHMW-HDPE/LDPE 
blend increases visually by the use of an optimum 
concentration of I-PP. The reliable interpretation 
of the data needs further investigations. It should 
be emphasized that the results are double in con- 
nection with the differences in the thermodynamic 
compatibility of the two polyethylenes and I-PP, as 
well as with the thermodynamic compatibility be- 
tween the two polymers in the presence of I-PP. 

Table I shows the influence of I-PP upon the post- 
extrusion swelling of the samples after the MFI tests. 
It is evident that the die swell decreases measurably 
at  the I-PP concentration dependent on the type of 
polyethylenes. This concentration is the highest for 
VHMW-HDPE, 2 5 wt  %, and is considerably lower 
for LDPE, 0.5 wt %. The swelling coefficient of the 
extrudates for PE/PE  and P E / P E / P P  blends is 
quite close to those of VHMW-HDPE. 

The study of the tensile properties reveals that 
a,,, ah, and E of the both PE  and their 1 : 1 VHMW- 

Table I 
and 210°C, 21.6 kg (B) 

Die Swell Versus Composition of Systems Extrudate by 190°C, 5 kg (A), 

Components (wt %) Die Swell 

Sample No. VHMW-HDPE LDPE I-PP A B 

100 
- 
- 

50 
49.75 
49 
47.5 
45 

- 
100 

50 
49.75 
49 
47.5 
45 

- 

- 
- 

100 
- 
0.5 
2 
5 

10 

1.20 

1.50 
1.38 
1.35 
1.33 
1.30 
1.25 

- 
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Figure 1 
at 190°C, 21.6 kg. 

MFI versus composition LDPE/I-PP blends 
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Figure 2 MFI versus composition VHMW-HDPE/I- 
PP blends at 190°C, 21.6 kg (l),  and 230°C, 21.6 kg (2). 
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Figure 4 
VHMW-HDPE/LDPE blend. 

a, versus I-PP concentration added to 1 : 1 
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Figure 5 
VHMW-HDPE/LDPE blend. 

ab versus I-PP concentration added to 1 : 1 
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Figure 3 MFI versus I-PP concentration added to 1 : 
1 VHMW-HDPE/LDPE blend at 190°C, 21.6 kg (I) ,  and 
230°C, 21.6 kg (2). 

Figure 6 
VHMW-HDPE/LDPE blend. 

E versus I-PP concentration added to 1 : 1 
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Table I1 Impact Strength by Sharpy Versus Polymer Composition of Selected Systems 

Components (wt %) Nondestroyed Samples (%) 

LDPE I-PP Without Notch With Notch Sample No. VHMW-HDPE 

100 

- 
50 
49.75 
49 
47.5 
45 

100 

50 
49.75 
49 
47.5 
45 

- 
- 

100 
- 

0.5 
2 
5 

10 

100 
100 

0 
100 
100 
100 
100 
100 

100 
100 

0 
100 
100 
100 
100 
100 

HDPE/LDPE blend depend nonlinearly on I-PP 
concentration also. Skipping the detailed discussion 
on the composition-tensile properties dependencies 
given in Figures 4-6, we should underline some spe- 
cific features. I-PP concentration changes Crb most 
of all. The polyethylene systems preserve their high 
ductility in the presence of I-PP, which is known to 
be a brittle fracturing polymer. uy7 (Tb, and c in the 
investigated PE/PE  and P E / P E / P P  blends are 
close to those of VHMW-HDPE. It is also very im- 
portant that the P E / P E / P P  system preserves its 
excellent impact strength. The number of undes- 

troyed samples determined by the Sharpy method 
without and with notch remains 100% (Table 11). 
This indicates once more that VHMW-HDPE keeps 
on being a dominating factor for the very good basic 
mechanical properties in the PE/PE/PP  blends in 
the presence of optimal I-PP concentration. 

The results from our initial DSC investigations 
on the phase structure of selected systems are shown 
in Figure 7 and Table 111. As expected, the endo- 
therms of I-PP and both polyethylenes are mono- 
modal and VHMW-HDPE has a higher melting 
point (T,) than LDPE. The VHMW-HDPE melt- 

5 ,  I 
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Figure 7 DSC melting thermograms of LDPE (l), VHMW-HDPE (2), 1 : 1 VHMW- 
HDPE/LDPE blend ( 3 ) ,  the same blend containing 5 wt % I-PP (4), the same blend con- 
taining 10 wt % I-PP (5), and I-PP (6). 

Temperaturg (C) 
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Table I11 DSC Data of Selected Systems 

Components (wt %) Crystallinity (%) 

Sample No. VHMW-HDPE LDPE I-PP T,  ("C) a exp a add 

- - 134 56 
- 100 - 111 32 
- - 100 116 46 - 
50 50 - 111, 129 42 44 
47.5 47.5 5 110, 128, 164 44 44 
45 45 10 110, 129, 164 46 44 

- 100 
- 

ing temperature decreases in about 5°C in PE-PE 
systems regardless of the I-PP concentration. It 
could be assumed that the decrease of VHMW- 
HDPE T,,, is due to the crystallization conditions in 
the presence of LDPE, as well as to the probable 
formation of metastable mixed PE/ PE crystals. 
Three crystal phases were observed in the PE/ 
PE/  PP blends comprising exclusively or chiefly 
VHMW-HDPE, LDPE, and I-PP. A crystal phase 

t 

of I-PP is detected event at contents of 5 wt %; the 
component concentration does not influence its 
melting peak. A very slight tendency to increasing 
the crystalinity (as compared to the additive one) 
exists for PE/PE systems by the addition of I-PP. 

The thermomechanical investigations on VHMW- 
HDPE, LDPE, and their blend in equiweight ratio 
without and with 5 wt % I-PP are shown in Figure 
8. The dependencies are noteworthy. Dilatation = f 

Figure 8' 
VHMW-HDPE/LDPE blend (4); and the same blend containing 5 wt % I-PP (5). 

Thermomechanical curves of VHMW-HDPE (1); LDPE (2); I-PP (3); 1 : 1 
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CONCLUSION 

In conclusion, we must underline that the addition 
of I-PP in optimal concentration increase the melt 
flow of the blends of VHMW-HDPE and LDPE 
without remarkable change in their very good me- 
chanical properties. VHMW-HDPE preserves its 
dominating influence upon the behavior of the in- 
vestigated PE/PE/PP systems in the solid sem- 
crystalline state. 

0 7 14 21 28 

Time days 

Figure 9 Isothermal time dependence of the swelling 
degree in benzene of VHMW-HDPE (l), LDPE (2), I- 
PP (3), 1 : 1 VHMW-HDPE/LDPE blend (4), and the 
same blend containing 5 wt % I-PP (5). 

(temperature) for the PE/PE and PE/PE/PP 
blends, which are quite close to those of VHMW- 
HDPE even after LDPE melting. It is evident that 
the I-PP presence does not change the character of 
PE/PE blend behavior. This leads to the assump- 
tion that VHMW-HDPE forms an uninterupted 
physical net in the investigated three-component 
systems. 

The experiments we carried out to confirm this 
assumption by studying the sorption kinetic of the 
same systems in organic media are of interest (Fig. 
9) .  We did not find data about the comparative in- 
vestigation performed in such aspects. The sorption 
isotherms illustrate that the swelling degree of two- 
and three-component systems, as their changes 
within four weeks are characterized by a negative 
deviation from the linear additivity. They are close 
to those of VHMW-HDPE and much lower than 
that of LDPE. Consequently, the stability of the 
same systems in benzene is comparable to that 
VHMW-HDPE and remarkably higher than that 
of LDPE. Probably, the reason is the high concen- 
tration of entangling chains, which is typical for 
VHMW-HDPE forming the possible uninterrupted 
physical net. 

Further work is needed to confirm this presump- 
tion. 
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