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SUMMARY 

Experimental data, relative to instability phenomena in capil- 
lary flow, have been collected for HDPE/LDPE blends already 
characterized from a rheological viewpoint. The data comprise 
morphological observations as well as the determination of cri- 
tical parameters as a function of the blend composition and of 
the processing conditions. 

INTRODUCTION 

The high density polyethylene and the low density polyethylene 
show many differences with regard to both the morphology of the 
extruded samples when instability phenomena occur and to the 
phenomenon itself (DEN OTTER, 1970; VLACHOPOULOS and ALAM, 
1972; WHITE, 1973; PETRIE and DENN, 1976). 
It seemed thus very interesting to investigate the behaviour 
of the blends both from a rather fundamental viewpoint and 
from a more practical one. To this end data have been colle- 
cted relative to samples already well characterized from a phy- 
sico-chemical and a rheologicalviewpoint (LA ~NTIA et al., 
1982; CURTO et al., 1983; LA MANTIA et al., 1984). The data 
comprise morphological observations as well as the determina- 
tion of the critical parameters as a function of the blend 
composition and of the processing conditions. 

EXPERIMENTAL 

The materials employed in this work were commercially availa- 
ble high density and low density polyethylenes manufactured 
and kindly supplied by Hoechst and Solvay (HDPE) and Montedi- 
son (LDPE). In the following the samples will be denoted as 
HDPE-X and LDPE-X with X equal to 1,2 or 3, increasing X corre- 
sponding to decreasing melt flow index (see TABLE I). Three 
type of blends were prepared so as to cover the largest range 
of MFI ratios/ HDPE-3/LDPE-I, HDPE-2/LDPE-2 and HDPE-I/LDPE-3. 
In each case blends were prepared with various weight percen- 
tages ~, of LDPE equal to 0, 20, 40, 60, 80 and 100% (i.e. 
various compositions). The blends were prepared by melt mi- 
xing the homopolymer parents in a laboratory mixer (Rheocord, 
Haake) at 210 ~ and about 20 rpm. The mixing time was about 
20 min, which was sufficient in all cases to obtain steady- 
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TABLE I 

Sample code M.F.I. Sample code M.F.I. 

HDPE-1 4.90 LDPE-I 3.90 
HDPE-2 0.98 LDPE-2 0.74 
HDPE-3 0.41 LDPE-3 0.07 

state temperature and torque. The homopolymers were also sub- 
jected to the same procedure. 
The rheological measurements were carried out with the aid of 
a constant rate capillary viscometer, Rheoscope 1000, manufa- 
ctured by CFAST (Turin, Italy). The tests have been carried out 
at 160, 180 and 200 ~ 
The critical shear rate has been considered as the shear rate 
at which the first irregularities, even only superficial, ap- 
pear. This could be accurately done with the Rheoscope 1000 due 
to the continuous piston speed variation. Determinations of 
have been performed with different capillaries (D=Imm, L/D=5, 
20, and '~0). 

RESULTS AND DISCUSSION 

An important difference between high density and low density 
po]yethylene is in the morphology of the extruded samples. It 
is well known for instance that the appearance of the HDPE 
samples changes strongly with the extrusion rate: at once the 
extrudate shows a mattness and then a screw-threadlike shape; 
the very regular spirals change into irregular ones and at 
higher shear rates the material is further distorted. The LDPE 
on the contrary shows since the beginning of the instability 
phenomenon an irregularly distorted extrudate; as expected the 
irregularities become gross and gross increasing the extrusion 
rate. The blends show an intermediate behaviour and FIG. I re- 
presents, as an example, photographs relative to the system 
HDPE-2/LDPE-2. A periodical swelling is shown by the HDPE at 
the critical shear rate while a distorted shape is shown by 
LDPE; for the blend with a 20% LDPE content distorted pieces 
alternate with swollen zones showing a screwlike surface; 
increasing the LDPE content the distorsions are more evident 
and the swollen zones are smaller; the blend with ~=80% shows 
distorsions similar to these of the pure LDPE but some regula- 
rities, on the long range, can be observed. 
Also in the flow curves there is an effect of the blend compo- 
sition. FIG. 2 represents for one of the systems (HDPE-3/LDPE~) 
the shear stress vs the apparent shear rate. Indeed for the 
HDPE a pressure drop fluctuation corresponds to the beginning 
of the instabilities and the shear stress does not further 
increase with the shear rate while the flow curve relative to 
the LDPE shows only the continuous decrease in the slope. The 
behaviour of the blends is essentially similar to that of the 
low density polyethylene and in fact only for ~=20% a beha- 
viour quantitatively similar to that of HDPE is observed. 
From a practical viewpoint more quantitative data are n~essa- 
ry and FTG. 3 reports the apparent critical shear rate, at 
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FIG.2 The shear stress as 
a function of the 
apparent shear rate 
for the HDPE-3/ 
LDPE-I system at 
T=180 ~ 

one temperature and for two different length to diameter ratios 
as a function of the composition for all the systems. Two dif- 
ferent behaviours can be observed: for the blends HDPE-I/LDPE- 
3 and HDPE-2/LDPE-2 the ~ of the blends is, for any L/D, be- 
tween those of the polymer parents; for the system HDPE-3/LDPE 
-I, i.e. the system for which the low density polyethylene 
shows in the considered conditions critical shear rate values 
similar or even larger than those of the high density to which 
it was blended, a pronunced minimum is present. 
The effect of the capillary geometry (length to diameter ratio) 
is particularly interesting and indeed while ~ decreases de- 
creasing the L/D 9atio for the HDPE, the opposite occurs for 
LDPE. The blends show an intermediate behaviour and a particu- 
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FIC. 3 The apparent critical shear rate as a funcion of the 
blend composition 
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FIG. 4 The apparent critical shear rate as a function of the 
length to diameter ratio 

lar composition shows no dependence of the critical shear rate 
on the capillary length to diameter ratio. This particular com- 
position is not however the same for the three types of blends. 
This feature is well evidenced in FIG. 4, where the critical 
shear rate is plotted as a function of L/D for all the blends. 
For the system HDPE-2/LDPE-2 at ~=60% the critical shear rate 
is independent from the L/D ratio; the blends richer in HDPE 
show a behaviour similar to that of HDPE,while the contrary 
occurs for the blends rich in LDPE. For the other two systems 
the transition occurs with smaller content of LDPE, about 20%. 
FIG.5 shows the effect of the temperature on the critical shear 
rate: the ~ at L/D=40 is plotted for the system HDPE-2/LDPE-2 
as a function of the inverse of the absolute temperature. It 
is well evident that, increasing the content of LDPE, ~ de- 
pends more strongly on the temperature. This feature is very si- 
milar to the effect of the temperature on the viscosity;and in- 
deed the activation energy of the viscous flow for the LDPE is 
about twice that of the HDPE. 
Finally the critical shear stress, reported in FIG. 6 for all 
the systems, is less sensitive to the composition and is always 
for the blends in between those of the high density and of the 
low density polyethylene. 
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~IG.5 The apparent critical 
shear rate as a function 
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rature for the HDPE-2/ 
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FIG. 6 The critical shear stress as a function of the blend com 
position 
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