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Abstract

The linear viscosity of m-LLDPE/LDPE blends is adjusted to a free volume model, conceived for miscible blends. A deviation from the

model is observed at 47.5% m-LLDPE/52.5% LDPE blend, suggesting immiscibility in the molten state at this composition. Time–

temperature superposition method is used to confirm miscible and immiscible cases. The effect of miscibility on practical rheological features

is analysed using extrusion rheometry. The results indicate a core-sheet morphology in the immiscible blend, as the less viscous LDPE

encircles the m-LLDPE phase. Miscible blends with a high LDPE content and immiscible 47.5% m-LLDPE/52.5% LDPE blend, show ‘melt

fracture’, but not ‘sharkskin’. The latter is observed in miscible blends of a high m-LLDPE content. ‘Sharkskin’ is postponed in 87.5% m-

LLDPE/12.5% LDPE blend, a result which is associated to the elongational viscosity enhancement, due to the presence of long chain

branches. The correlation between melt spinning and blown film extrusion results is investigated, showing evidences of the technical

limitations caused by immiscibilty.

q 2005 Elsevier Ltd. All rights reserved.

Keywords: Metallocene polyethyelene blends; Rheology of polyethylene blends; Miscibility of metallocene polyethylenes
1. Introduction

The recent use of metallocene or single-site catalysts to

obtain polyethylenes with narrow molecular weight distri-

butions has opened new possibilities for polyethylene

blends. But still the number of papers dealing with blends

based on metallocene catalyzed polyethylenes is limited.

Several years ago the rheological behavior of metallocene

catalysed high density polyethylene blends was investigated

by our group [1]. More recently, the rheological features and

miscibility of metallocene based linear low density

polyethylene (m-LLDPE) and low density polyethylene

(LDPE) blends have been published [2–8]. In these papers,

linear dynamic viscoelastic results are reported, with the

aim of investigate miscibility in the molten state.

Yamaguchi and Abe [2] use time–temperature results to
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conclude that m-LLDPE and LDPE are miscible in the

molten state at all blend compositions. The same conclusion

is reached by Kwag et al. [8], using Cole Cole plots as

miscibility criterium. In the same sense, Xu et al. [4] assume

that the positive deviation of the linear viscosity, h0, from

the logarithmic additivity rule, in plots of h0 vs. blend

composition, indicates an immiscible state of blend melts.

However, using dynamic viscoelastic results Hussein et al.

[5–7], conclude that miscibility depends on short chain

branch (SCB) content of m-LLDPE. According to these

authors, molten blends of m-LLDPE with LDPE are

miscible in the LLDPE branching range 10–30 branches/

1000C. Small-angle neutron scattering (SANS) and spectro-

scopic studies on blends of conventional (Ziegler Natta)

LLDPEs with deuterated HDPEs, reveal also the role played

by SCB in molten state miscibility [9–12]. In particular

Tashiro and Gose [12] observe that the blend which contains

a LLDPE with 17 ethyl branches per 1000 carbon atoms is

homogeneous, but the blend containing a LLDPE with 41

ethyl branches is heterogeneous.

On the other hand, very few papers refer to the applied

rheology related to processing of m-LLDPE/LDPE blends
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[8,13–14]. In particular Ajji et al. [14] investigate the

relevance of elongational viscosity to the film blowing

process of these blends.

To cover this gap, novel basic and applied rheological

results of blends of a metallocene catalysed m-LLDPE with

LDPE are presented in this paper. The work is organized as

follows. The Newtonian or linear viscosity h0 of the blends,

obtained from dynamic viscoelastic measurements, is

adjusted to a free volume model conceived for miscible

systems. Time–temperature superposition method is used to

confirm the miscibility and the immiscibility of the

considered blend compositions. The effect of miscibility

on practical rheological features associated to processing

methods is investigated through extrusion capillary

measurements, focusing on surface distortions. Melt

spinning experiments are accomplished to justify the flow

instability results, in particular the shift to high shear rates

found for the onset of ‘sharkskin’ in 87.5% m-LLDPE/12.

5% LDPE blend. Finally, a possible correlation between

melt spinning results and the capability of the blends to

blown film extrusion is investigated.
2. Experimental section

2.1. Materials and blends preparation

The molecular parameters of a prototype pure m-LLDPE

made by Repsol-YPF and a commercial LDPE sample

(Repsol-YPF) are shown in Table 1. Blends of both samples

were prepared in a twin screw extruder, at the compositions

indicated in the text; stabilizers and processing aid additives

were also mixed during blend preparation.

2.2. Dynamic viscoelastic measurements

The viscoelastic functions were determined in a ARES

rheometrics scientific rheometer operating in the oscillatory

shear mode, using parallel plates geometry with dZ25 mm,

in a frequency range of 10K2–10 Hz and temperature range

of 130–190 8C. All the data were obtained under linear

viscoelastic conditions. Low frequency experiments, which

involve long times, require using N2 atmosphere to avoid

degradation.

2.3. Extrusion capillary measurements

Capillary extrusion measurements were performed at

190 8C in a Göttfert Rheograph 2002 rheometer using a flat
Table 1

Molecular characteristics of the polyethylenes used to prepare the blends

m-LLDPE/LDPE Mn (g/mol) Mw (g/mol) M

100/0 37,500 99,500 2

0/100 17,000 114,000 6
entry capillary tungsten die of 1 mm diameter and a L/D

ratio of 30. The surface of extrudates was analyze by

scanning electron microscopy with a Hitachi-2100 micro-

scope, using an accelerating voltage of 15 kV.

2.4. Melt spinning

Samples were melt spun as monofilaments at 190 8C using

a homemade melt spinning line. Extrudates obtained at _gZ
36:1 sK1 in the rheometer described above, were stretched

with a rotor. The tensile force F was measured as the draw ratio

v1/v0 (v1 is the take up velocity at the rotor; v0 is the velocity at

the exit of the die) was increased up to filament rupture. The

elongational stress s11, an apparent elongational strain _3E rate

and an apparent elongational viscosity hE, were determined

using the following equations:

s11 Z
Fv1

s0v0

(1)

_3E Z
v1 Kv0

L
(2)

hE Z
s11

_3E

(3)

where s0 is the cross-section of the die and L the distance

between the die and the rotor.

Eq. (2) results from a linear increase of the velocity from

the exit of the die to the rotor, which is a simplification of

the exponential velocity profile considered in the literature

[15]. This gives rise to an apparent elongational viscosity

that we use for comparison purposes among the investigated

samples.

2.5. Blown film extrusion

The experiments were carried out using a Collin

laboratory film blowing line, equipped with a 30 mm

diameter extruder and a spider die of 60 mm. The annular

spider die-gap was 1.6 mm. All the samples were processed

at a blown up ratio (BUR) of 2.5. The system was

conditioned to process metallocene polyethylenes.
3. Results and discussion

3.1. Application of a free volume model to complex viscosity

results

The real part of the complex viscosity, h 0, of the
w/Mn SCB/1000C LCB/1000C

.7 10.5

.7 4.25



Table 2

Parameters of Eq. (4), used to fit the dynamic viscosity data as a function of

frequency

m-LLDPE/

LDPE

h0 (Pa s) l (s) a

100/0 6575 0.021 0.82

97.5/2.5 7100 0.020 0.82

95/5 6700 0.020 0.80

92.5/7.5 7100 0.015 0.62

87.5/12.5 7800 0.016 0.60

47.5/52.5 18,000 0.097 0.37

7.5/92.5 26,000 0.60 0.38

2.5/97.5 23,000 0.76 0.42

0/100 21,000 0.97 0.46

A value of the ‘power-law exponent’ (nZ0.18) is fixed for all the samples.

The physical meaning of the parameters is given in the text.
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investigated samples is presented in Fig. 1 as a function of

frequency. Experimental data fit very well to the Carrreau–

Yasuda [16] four parameter model:

h0 Z h0½ð1C ðluÞa�ðn�1Þ=a (4)

where h0 is the Newtonian or linear viscosity, l is the

relaxation time, n is the ‘power-law exponent’, which

describes the slope of h 0 as it decreases with frequency, and

a is a dimensionless parameter that describes the transition

region between the linear region (defined by h0) and the

power law region. The inverse of the frequency or shear rate

for the onset of non-linear behaviour, actually the relaxation

time l, is taken as the reptation time of the ‘tube and

reptation’ model [17]. On the other hand, the parameter a is

considered as indicative of the broadness of the spectrum of

relaxation times: The greater the deviation from aZ1

(which actually would correspond to the case of only one

relaxation time) the broader the spectrum is [18]. The values

of the four parameters, obtained for blends and pure

polymers, are included in Table 2. Since it is assumed that

reptation is considerably hindered when chains have long

branches, the LCB effect is noticed by the high l values

found for LDPE and the blends of a high content of this

polymer. This also forces each molecule to relax by

different mechanisms, giving rise to a broad spectrum of

relaxation times: The small values of the parameter a found

for LDPE and the LDPE rich blends, reflect this broadening

effect.

Considering that the SCB level of our m-LLDPE

(Table 1) lies within the range prone to miscibility with

LDPE (Section 1), we initially assume that our blends are

miscible. This assumption allows us to apply a thermo-

dynamical model based on the effect of the molecular
Fig. 1. The real part of the complex viscosity, h 0, of the investigated

samples as a function of frequency, at a temperature TZ190 8C.
weight and the free volume on the viscosity. Since this

model is conveniently described in a previous paper [1],

only the resulting equation for the viscosity of the blend,

h0b, is presented here:

h0b Z
X

i

FiAiðMÞ1=b

 !b

exp
1P

i Fifi C
Q

i KFi

(5)

where fi and fi are, respectively, the volume fraction and the

free volume fraction of each blend component (iZ1, 2), K is

a constant which accounts for the modifications of the free

volume of the blends due to the mixing process and b is the

power law exponent of the scaling law h0fMb
w. Generally a

value bZ3.4 is accepted. Free volume fractions of each

component are determined assuming a linear variation with

temperature [19], taking a glass transition temperature TgZ
200 K for both polyethylenes and using the activation

energies of flow EaZ29 kJ/mol and EaZ46 kJ/mol, for

m-LLDPE and LDPE, respectively. The factor that includes

the molecular weight effect Ai can be calculated assuming

(h0)iZAi(M)exp(1/fi).

Fig. 2 shows the data of the linear viscosity, h0, plotted

against the blend composition. As can be seen, the best fit of

the model to our experimental data (with KZ0.01 and bZ
3.4), gives good results for low concentrations blends.

However, it is not able at all to approach to the viscosity

value obtained experimentally for 47.5% m-LLDPE/52.5%

LDPE blend. This result restricts our initial assumption of

miscibility to certain blend compositions, excluding from

miscibility blends of a composition close to 50/50. A similar

conclusion was reached by Hussein et al. [6] for linear low

density polyethylenes, with a short chain content 14.4 CH3/

1000C and LDPE blends.
3.2. Time–temperature superposition

Miscibility of polymer blends in the molten state has

been much less studied than in the solid state. Certainly,

miscibility criteria based on glass transition temperature are

useless in molten blends. Other techniques like those



Fig. 2. Data of the linear viscosity, h0, plotted against the blend

composition. The best fit of the model is obtained with KZ0.01 and bZ
3.4 (Eq. (5)). The experimental viscosity value of 47.5% m-LLDPE/52.5%

LDPE blend is not adjusted by the model.

 
 

Fig. 3. (a) Plots of phase angle d vs. complex modulus G*, obtained at

different frequencies and temperatures, for LDPE sample. (b) Plots of phase

angle d vs. complex modulus G* with vertical shift factor, bT, for LDPE

sample.
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mentioned in Section 1, are therefore, necessary. The study

of the dynamic viscoelastic functions at different tempera-

tures and the associated analysis of the empirical principle

of time–temperature superposition, have been employed to

investigate miscibility and phase separation [20–33]. In the

general field of complex liquids, like polymer blends,

microphase-separated block copolymers, polymeric liquid

crystals and others, two rheological methods have been

revealed as particularly easy and suitable to analyze the

validity of the time-superposition method: (a) log G 0 vs.

log G 00 plots, first proposed by Han and Lem [34] and (b)

plots of phase angle d vs. complex modulus G*, proposed by

Mavridis and Shroff [35]. Recently this last method has been

used to investigate the presence of very small amounts of

LCB in metallocene catalysed polyethylenes [36]. The

encouraging results obtained in the characterization of the

molecular architecture of polyethylenes, led us to use the

plots proposed by Mavridis and Shroff to analyze our

blends. Our analysis is based on an important discovery of

these authors concerning time–temperature superposition in

polyethylenes: HDPEs and other linear polyolefins require

only a horizontal shift activation energy to superpose data,

but long chain branched LDPEs require both horizontal and

vertical activation energies. In Fig. 3 it is observed that a

vertical shift has to be applied to superpose the loss tangent

results obtained at different temperatures; vertical shifts are

also necessary for 2.5% m-LLDPE/97.5% LDPE and 7.5%

m-LLDPE/92.5% LDPE blends (not shown). However, in

the case of m-LLDPE and its blends with low amounts of

LDPE, direct superposition with no additional shift, is

obtained in d vs. G* (Fig. 4). Miscible blends, dominated or

not by LCB effects depending on LDPE content, can be

assessed. But the most interesting, although not surprising,

result concerns 47.5% m-LLDPE/52.5% LDPE blend,

which is immiscible according to the results of Fig. 2. As

can be seen in Fig. 5, it becomes impossible to apply any

kind of shift to superpose data, since the form of the curves

varies with frequency and temperature. This break of time–

temperature superposition reflects the different relaxation

times involved in phase separated linear and LCB chains.
Other rheological results, which are presented and discussed

below, indicate that this blend is a two phase system where

LDPE constitutes the continuous phase.

3.3. Extrusion capillary rheometry: Flow instabilities

A preliminary idea of the workability of our blends in

industrial processes is given by flow curves, which have

been obtained with a capillary rheometer at shear rates

ranging from 5 to 1500 sK1. Some of the results are

presented in Fig. 6. As it could be expected considering its

more shear thinning behavior, LDPE displays a lower

viscosity in steady shear flow experiments. This is a

significant result, since it indicates that at the shear rates



Fig. 4. Plots of phase angle d vs. complex modulus G*, obtained at different

frequencies and temperatures, for m-LLDPE sample. Same behaviour is

observed for blends of a high m-LLDPE content.

Fig. 6. Flow curves of the pure materials obtained with a capillary extrusion

rheometer at 190 8C. Table 3 depicts the observed instabilities.
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developed during mixing of immiscible 47.5% m-LLDPE/

52.5% LDPE blend, LDPE will constitute the continuous

phase, owing to its lower viscosity. The effect of this

two phase morphology, characterized by a surrounding

LDPE phase, is noted in flow instabilities, as well as in melt

spinning results.

Three types of flow instabilities have been detected in the

extrudates obtained with our samples: Besides the well

known ‘sharkskin’ and ‘melt fracture’ effects, another

surface irregularity, that we call ‘striped extrudate’ is

observed. This surface irregularity, shown in Fig. 7, appears

as a peculiarity of LDPE, which, as it is well known, also

exhibits ‘melt fracture’, but not ‘sharkskin’. A summary of

the detected instabilities and their corresponding shear rates,
Fig. 5. Plots of phase angle d vs. complex modulus G*, obtained at different

frequencies and temperatures, for 47.5% m-LLDPE/52.5% LDPE blend.

Break of time–temperature superposition is observed.
is presented in Table 3. As expected, 2.5% m-LLDPE/

97.5% LDPE and 7.5% m-LLDPE/92.5% LDPE miscible

blends show the same features as LDPE. Interestingly

enough, the 47.5% m-LLDPE/52.5% LDPE immiscible

blend also displays ‘striped extrudate’ irregularity and ‘melt

fracture’, but not ‘sharkskin’. Therefore, as far as flow

instabilities are concerned, this immiscible blend behaves

like pure LDPE. This confirms the hypothesis that LDPE

forms the continuous phase, wetting the capillary wall

during flow and obliging the more viscous m-LLDPE to

migrate to the center. What we define as ‘striped extrudate’

is actually a prelude to ‘melt fracture’, which it is known to

be associated to a melt cracking provoked by a critical

tensile stress at the entrance of the die. The high melt

elasticity of LDPE, 2.5% m-LLDPE/97.5% LDPE, 7.5%

m-LLDPE/92.5% LDPE and 47.5% m-LLDPE/52.5%

LDPE samples, revealed by the large relaxation times
Fig. 7. A new surface irregularity, that we call ‘striped extrudate’, observed

for LDPE and LDPE based blends (see text and Table 3).



Table 3

Observed flow instabilities, as shear rate is increased

m-LLDPE/

LDPE

7.22 sK1 14.44 sK1 36.1 sK1 72.2 sK1 144.4 sK1 361 sK1 722 sK1 1444 sK1

100/0 Smooth Smooth Smooth Ligth shark-

skin

Ligth shark-

skin

Smooth Smooth Fracture

95/5 Smooth Smooth Smooth Ligth shark-

skin

Ligth shark-

skin

Ligth shark-

skin

Fracture Fracture

97.5/2.5 Smooth Smooth Smooth Smooth Ligth shark-

skin

Ligth shark-

skin

Fracture Fracture

92.5/7.5 Smooth Smooth Smooth Ligth shark-

skin

Ligth shark-

skin

Ligth shark-

skin

Fracture Fracture

87.5/12.5 Smooth Smooth Smooth Smooth Smooth Smooth Fracture Fracture

47.5/52.5 Smooth Smooth Smooth Striped Striped Fracture Fracture Fracture

7.5/92.5 Smooth Smooth Smooth Smooth Striped Fracture Fracture Fracture

2.5/97.5 Smooth Smooth Smooth Striped Striped Fracture Fracture Fracture

0/100 Smooth Smooth Smooth Striped Fracture Fracture Fracture Fracture

The presence of processing aid additive reduces the amplitude of the extrudate roughness, but does not eliminate ‘sharkskin’ at the indicated shear rates.

Table 4

Rate independent apparent elongational viscosity (Section 2 and Fig. 8) of

the analysed samples

m-LLDPE/LDPE hE (Pa s)

100/0 3.2!106

97.5/2.5 3.6!106

95/5 4.7!106

92.5/7.5 4.8!106

87.5/12.5 5.5!106

47.5/52.5 1.4!107

7.5/92.5 1.5!107

2.5/97.5 1.3!107

0/100 1.4!107
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(Table 2) associated to LCB, favors the development of

‘melt fracture’.

‘Sharkskin’, which is typically observed for metallocene

catalyzed m-LLDPEs, is also noticed for 97.5%

m-LLDPE/2.5% LDPE, 95% m-LLDPE/5% LDPE and

92.5% m-LLDPE/7.5% LDPE blends. This is not a surprise

at all, considering the dominating effect of m-LLDPE in

these blends. However, the high shear rate found for the

onset of ‘sharkskin’ in the case of 87.5% m-LLDPE/12.5%

LDPE blend, is remarkable. Wider extrusion conditions can

be envisaged for this blend, as compared with the other

blends and pure polyethylenes: Smooth extrudates, without

any kind of irregularty, can be obtained at least up to 361 sK1.

The nowadays mostly accepted model for ‘sharkskin’ is

based on the hypothesis, first suggested by Cogswell [37],

that the extensional nature of the flow at the exit causes a

tearing or cracking at the surface of the extrudate. Rutgers

and Mackley [38], have presented a surface instability map

where the onset of ‘sharkskin’ is correlated with the

principal stress difference peak at the exit and the rupture

stress of stretched molten fiber. A general conclusion

extracted from this work is that ‘sharkskin’ is shifted to

higher shear rates, as the measured ‘melt stress’ (stress at

breakage determined in a melt spinning experiment)

increases. On the other hand, Migler et al. [39,40] have

disclosed the role played by the stretching rate just past the

capillary exit, defining a critical reconfiguration rate

parameter beyond which ‘sharkskin’ is observed. The

‘reconfiguration rate’ is given by:

_T Z
_3ðT C1Þ

2
(6)

where _T and _3 are, respectively, the deformation and the

elongational strain rate in the immediate vicinity of the exit.

Interestingly enough the authors note that sharkskin occurs

for the same critical value of _T under stick or slip boundary

conditions.

On the basis of these works, we have tried to understand
and justify the promising result obtained for our 87.5%

m-LLDPE/12.5% LDPE blend (Table 3), investigating the

elongational properties of our samples.
3.4. Melt spinning experiments: Correlation with ‘shark-

skin’ and blown film extrusion

Elongational flow curves (log s11 vs. log _3), determined

using Eqs. (1) and (2), are shown in Fig. 8. From these plots

an apparent elongational viscosity hEZs11=_311 can be

obtained. Since data of Fig. 8 fit to straight lines, the

determined elongational viscosity is constant (rate indepen-

dent) for each sample; the values are given in Table 4. The

maximum s11 value obtained for each sample in Fig. 8 is the

‘melt stress’ or the stress at rupture of the melt, sM, under

the conditions established in the experimental part. The

LDPE sample, as well as miscible 2.5% m-LLDPE/97.5%

LDPE, 7.5% m-LLDPE/92.5% LDPE and immiscible

47.5% m-LLDPE/52.5% LDPE blends, all of which show

a similar behavior in flow instabilities analysis, also displays

resembling elongational features, characterized by a low sM

and high tensile viscosity. According to Wagner et al. [41],

the stress at rupture of LDPE melts is of the same order of

magnitude as the critical tension at the entrance of the die,

beyond which ‘melt fracture’ is observed. Taking this into



Fig. 8. Elongational flow curves (log s11 vs. log _3) of the investigated samples, determined using Eqs. (1) and (2). The maximum elongational stress value

obtained for each sample is the ‘melt stress’ (see text).
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account, no significant differences should be found for the

onset of ‘melt fracture’ of LDPE, 2.5% m-LLDPE/97.5%

LDPE, 7.5% m-LLDPE/92.5% LDPE and 47.5%

m-LLDPE/52.5% LDPE samples, owing to their similar

sM values (Fig. 8).

Notwithstanding the blends which contain a large

amount of LDPE show similar melt spinning results, the

elongational viscosity of 97.5% m-LLDPE/2.5% LDPE,

95% m-LLDPE/5% LDPE, 92.5% m-LLDPE/7.5% LDPE

and 87.5% m-LLDPE/12.5% LDPE blends increases with

LDPE concentration (Table 4), due to the presence of long

chain branched chains. But the LDPE concentration effect

on the ‘melt stress’ sM of these blends is not so evident.

Significantly enough, the results of Fig. 8 (where sM is

given by the maximum s11 reached) lead to contradict the

assumption which implies that ‘sharkskin’ is shifted to

higher shear rates as the measured ‘melt stress’ increases:

As can be seen in Table 3 ‘sharkskin’ is considerably

postponed in 87.5% m-LLDPE/12.5% LDPE blend as

compared to the other blends, although all possess a similar

sM. Contradictory to this discouraging result, the model of

Migler et al., which propose a critical ‘reconfiguration rate’

for the onset of sharkskin, offers a reasonable explanation

for the better performance obtained with 87.5% m-LLDPE/

12.5% LDPE blend. As shown in Table 4, this blend

possesses the largest elongational viscosity among the

m-LLDPE rich blends. We assume that the elongational

stress at the exit of the die, which arises from free-fall due to

gravity, is similar for these blends. Then the largest hE of the

87.5% m-LLDPE/12.5% LDPE blend would give rise to
lower values of the elongational deformation and the

elongational strain rate, which are both proportional to the

‘reconfiguration rate’ (Eq. (6)). Therefore, since only above

a certain critical value of _T would ‘sharkskin’ be observed,

the reduction of this parameter for 87.5% m-LLDPE/12.5%

LDPE blend) would be the cause of the shift of ‘sharkskin’

to higher shear rates.

Preliminary blown film extrusion experiments performed

in a Collin blow film extrusion equipment reveal a larger

drawability for m-LLDPE rich blends, than for blends of a

higher LDPE content, reducing the thickness of the blown

film. But LDPE rich blends stand bigger tensile forces, when

the molten polymer tube exiting from the annular die is

drawn upward by the take up device, making the film

blowing process more reliable and easier to achieve. These

general trends are compatible with the melt spinning results,

in particular with the plots of the drawdown force F as a

function of the drawdown ratio v1/v0 (Section 2) displayed

in Fig. 9. Larger forces are required to break the strands of

LDPE rich blends, but the extensibility (v1/v0 at break) is

bigger for the blends with a high m-LLDPE content. These

results, similar to those reported by Zatloukal et al. [42] and

Micic and Battacharya [43], can be useful to improve film

blowing process. Interestingly enough the homogeneous

melt conditions required for film blow extrusion are not

fulfilled for immiscible 47.5% m-LLDPE/52.5% LDPE

blend: Despite presenting results similar to LDPE and its

miscible blends in melt spinning experiments, is completely

unsuitable for blown film extrusion. This is an example of

how an immiscible blend with a core-sheet morphology,



Fig. 9. Plots of the drawdown force F as a function of the drawdown ratio

v1/v0 (Section 2) for all the samples.
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where one of the polymers (LDPE in our case) encircles the

other, is able to be processed using methods which require

only shear flow, like extrusion, but is unsuitable for more

demanding processing techniques. On the other hand,

although the effect of the incorporation of long chain

branches to m-LLDPE (increasing LDPE content) is noted

by a slight enhancement of tensile force in melt spinning

experiments (Fig. 9), no difference has been found among

m-LLDPE and 97.5% m-LLDPE/2.5% LDPE, 95%

m-LLDPE/5% LDPE, 92.5% m-LLDPE/7.5% LDPE and

87.5% m-LLDPE/12.5% LDPE blends in film blowing

performance. This result proves the difficulties in the

correlation of blown film extrusion performance in

industrial equipment, with laboratory experiments, such as

extrusion rheometry and melt spinning, beyond the

aforementioned general trends.
4. Conclusions

Viscosity results and time–temperature superposition

results reveal that all the considered m-LLDPE/LDPE

blends, except 47.5% m-LLDPE/52.5% LDPE blend, are

miscible in the molten state. Extrusion rheometry results

indicate that a core-sheet morphology is developed in the

immiscible blend, as the less viscous LDPE encircles the

m-LLDPE phase. This morphology explains the similar

extrusion and melt spinning results obtained for immiscible

47.5% m-LLDPE/52.5% LDPE blend and miscible 2.5%

m-LLDPE/97.5% LDPE and 7.5% m-LLDPE/92.5% LDPE

blends. However, the technical limitations caused by

immiscibility are made clear in the inability of this two-

phase system to blow film extrusion process, which requires

a greater melt homogeneity than other processing methods.
Concerning the practical rheological features of the

blends with a high m-LLDPE content, the most remarkable

result is the shift of the onset of ‘sharkskin’ to high shear

rates, observed for 87.5% m-LLDPE/12.5% LDPE blend.

Melt spinning experiments, which allow us to determine an

apparent elongational viscosity, as well as the stress at

rupture of the melt, are revealed as a suitable technique to

investigate ‘sharkskin’ effect. Based on a recent model

developed by Migler et al., we assume that the ‘sharkskin’

postponing observed for 87.5% m-LLDPE/12.5% LDPE

blend is probably due to the elongational viscosity

enhancement, associated to the presence of LCB. However,

this profitable effect of long chain branched molecules has

not been noticed in our blown film extrusion experiments,

since m-LLDPE and 97.5 m-LLDPE/2.5% LDPE, 95%

m-LLDPE/5% LDPE, 92.5% m-LLDPE/7.5% LDPE and

87.5% m-LLDPE/12.5% LDPE blends show a similar

performance.
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