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Summary

We studied meitheologcal propeties of ternary blends of pgdropylene and high-
density polyethylene with an elastomer (naturabber or ethylene-propylene-diene), at
several blending ratios and shear rates. Measurements made on a cone-plate rheometer are
presented and discussed as a function of blend composition. Tdet effthe shear rate on
the viscosity and flow curve is discussed in terms of the exponent of the power low for a
non-Newtonian liquid. The addn of an elastomer to the polyolefins blends changes the
shape of the viscosity-composition curve; this change is discussed in terms of the possible
morphology of the blend.

Introduction

Blending of incompatible polymersfor achieving properes suited to particular
applications is gaining iportance. Performance of such Iltphase polymer blends
depends mainlyupon their morphology that is developed depending upon the piespef
the blend components. A knowledge of the rheiclaigpropeties of the melt, as a well as
the blend morphology, is important to control the processinganpaters for such
multiphase blends and, thus, for makingitaale polymer blendsfor desired end use
applicationg1-3).

There have been studies of the rheological behavior of polyethylene (PE) and
polypropylene (PP) blends, and their incatbpility has been established(4,5).
Incorpomtion of a rubbery phase such as an ethylene-propylene rubber (EPR) improved
the compatibility between these polyolefins. It has been observed that the presemme- of
compatible elastomers with the polyolefins pnoportions of the order of 10wt% increases
the impact propeties. One of these elastomers is and@n ethylene-propylene-diene
(EPDM) wpolymer (4,6).

This paper presents a rheologicalidst on the ef#ct of an elastomer eitherPBM random
copolymer or natural rubber (NR) in binary blends composed by high-density polyethylene
(HDPE) and PP. WKit-flow data on a cone and plate viscometer are presented. The
variation of the melt viscosity with blend composition at different shear rates, andoiie
Newtonian nature of the material (plasticity) are studied. The plasticity is stuldiedgh

the analysis of the log-log plots of shear stress versus shtgra power law relation can
model these plots, where the exponent gives a tgaave idea of thenon-Newtonian
behavior.
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Experimental

The characteristic parameters of the commercial polymers are as follows. High density
polyethylene (HDPE) R7340-00 from Quantum @mical with a molecular weight
M, =175 X10, and polydispersity MM, =14.4. Polypropylene (PP) exttion grade
from Petroleos Meiganos with M=1.01 X10, and M/M =3.49. Natural rubber (NR)
hevea SMR-5, with M=1.05 X106, and M/M,=5.9. Ethylene propylene diene REM)
Nordel 1040 from DuPon, with M4.72 X10 and M/M =4. The measurements of the
melt index (MI) for the four polymers were performed in a Kayenessals€salaxy model
D7053 at the following contdons: temperaturel80°C and load 2,160g. The values
obtained were M|,=0.982, M|=0.893, ML.,,~=0.02300, M|,=0; under these
conditions the NR did not flow.

Ternary blends of an elastomer, NR oP[EV, with HDPE and PP were prepared in
different weight compositions using a Banbury mixer at 180°C. They \aamenated to a
thickness of 0.7 mm by compression molding under a pressure of 3.5 MPa, at 180°C with
a 5 min residence time in the press. The compression molded plates were quenched in
water atroomtemperaturg25°C).

The samples were grouped in five sets. Three sets with corstastomer content as
follows, one with 0 wt% elastomeHHDPE/PP) and two with 10 wt% (HDPE/PP/NR and
HDPE/PP/EPDM), where the polyolefins content was varied. The elastomer content in
the other two sets (HDPE-PP)/NR and (HDPE-PP)/EPDM was varied up to 30 wt%, but
the blends contained the same relative oamts of each polyolefin. Melrheologcal
measurements were carried out onBahling VOR rheometer with 800 g-cm transducer
and cone-plate geometry H80°C.

Model

The rheological behavior of the blends can be analyzeoh the shear stress versus
shear rate plots. These plots obey a power law oslatihus:

og=Ky" 1

where o is shear stressy, the shear rate; K, thproportiorality constant anch the power

law exponent. Whem=1 the fluid behavior is Newtonian, but when it is not so, the
exponent can be used as a quadtfon of the plasticity of the bhel. The blends
rheological behavior may be analyzed by the change xpbrent as a fuwtion of the
composition. The exponent values weretagted from the slope of the logarithic plots

of relation 1.

Results and discussion
HDPE/PP set

The viscosity as a function of HDPE content at different shatesris shown in Bure
1-A. The viscosity in all these blends is lower than it would be expected if a linear
blending rule was followed. This is because both phases (discrete anduoasji have an
elastic reponse, and thereforeach of them can store a part of the elasticrggnsuppied
to them by the cone and plate viscometer, a fact that has beentece before in the
literature (8, 9). However, it is reasonable to exp that the discrete domains would
dissipate less engy whle flowing in the viscometer than the camibus phase that wets
the cone and plate walls. Imrh, they vill oppose less resistance to flow and hence lower
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viscosity, and will be much lower if the disperse phase may lbermded by the flow. For
the central zone none of the two phases is eliscso the viscosity gets closer to the linear
blending rule. After the 50/50 composition, the viscosity increases WIEIHPE content.
This could be attributed to the higher viscosity of the new poatis phase HDPE) and
the fact that the PP phase is now discrete.

The viscosity of the blends becomes more sensitive to the variation of shear rate as the
HDPE content increases. The viscosity of PP does not change considerably with the shear
rates rported here. However, the HDPE shows a large decrease in viscosity with
increasing shear rates. The behavior of these changes in the viscosity athtpelyatefin
blends is dominated by the phase with the higher comeposifThis behavior is redcted
quantitatively in Fgure 2 where the power law exponent istigld as afunction of the
composition. Thus, disete domains of thelDPE do not a#ct the psedo-plasicity of PP.

HDPE has a lowerxponent value than that presented by PP as shown in Figure 2. In
the 25/75 blend, the power law exponent does not changectetp that of PP. The same
behavior is observed in the HDPE-rich blends, since the 75/25 blend presents a value of
power law exponentimilar to that of theHDPE. In the 50/50 ble, the morpholagal
effect would dominate the behavior of the power lawpament. In this blend the two
polymers present continuous phases (10), then the exponent takes an iaternvadle
between those of the two polymers. The general behavior of the power law exponent is
consistent with the behavior of the viscosity as a function of the shear rate, in the sense
that the 50/50 point presents an especial behavior since it is the only point with two
continuous phases.
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Figure 1 Viscosity behavior as a function of blending ratio for blends of:
(A); HDPE/PP, (B), HDPE/PP/NR, (C); HDPE/PP/EPDM at
180°C, at various shear rates (s™): 0.0058 (0); 0.0093 (0); 0.0147
(A); 0.0233 (V); 0.0369 (0); 0.0585 (+).
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HDPE/PP/NR set

The behavior of the viscosity curve for this set (Figure 1-B) is simpler as compared to
that for the HDPE/PP set. There are two zones in which the points obey almost linear
relations; the blend with equadroportions of both polyolefins marks thinit of the zones,

e. &W,_,,<45 and 48W,_,.<90. Much of the structure observed in tHéDPE/PP
blends disappears with the presence of NR, since the elasfomes a discete phase on

the polyolefins. The domains of NRroduce a decrease on the viscosity on the samples
that did not have a discrete phase, changing the shape oliye espcially in the central

zone. The presence of the NR discrete domains makes a larger contribution to reduce the
viscosity in the middle point, this is in accordance with aotion experiments perted

(11), that suggest aize distribution that has a maximum at central zone. The large
domains are easier to fdem than the mall ones; therere, they have more capity of

storing elastic errgy; thus, the viscosity of the blends decreases (8,9).

The viscosity of each blend decreases as shear rate increases. One of the differences as
compared with the blend whiteout rubber is that in the PP-rich blends the viscosity
decrements are higher than the ones observed in this zone. This is attributed to the
discrete domains of NR in these blends, which aferded and aligned in the direction of
the rotation as the shear rate increases, giving as a result a decrement of viscosity. In the
HDPE-rich blends, the presence of the PP discrphase shows the same effect that the
NR phase, namely fmation and alignment of discrete domains as shear rate increases.

The shape of the curve of the power law exponent as @idanof the HDPE content is
different with the presence of 10 wt% of NR in the PP-rich zone, Figure 2. When there
are discrete domains of NR in the PP, a small decrease of the powexpanert of the
0/90/10 blend occurs. The power law exponent of the 22.5/67.5/10 blend (PP continuous
phase) decreases due to the combination of discrete domaiH®RE and NR. When the
polyolefins are found as continuous phases and the NR is found inetdisdomains
(45/45/10 blend), the exponent value atmost the same as the previous point. In both
cases the value of the exponent shows theitsetys of the rubber phase to the sheats.

For the HDPE-rich blends the PP is in deter domains and thexgonents are ptty close
to the ones of the blends withowlastomer. As in the viscosity behavior the discrete
domains of PP are the ones that play the main role in the behavior of the blend.

HDPE/PP/EPDM set.

In this set the viscosity behavior as a function of HDPE coitiposis shown in Figure 1-
C. The form of the viscosity curve is simpler as compared to that one foHDRE/PP
set (Figure 1-A). For the 0/90/10 blend, the diserdomains of EDM cause a decrease
in viscosity, respect to the viscosity of the PP. In the case of the 90/0/bd, bilee
discrete domains of BDM cause an increase in its viscosity, ex$pto the viscosity of
HDPE. This means that the discrete domains of theDEl inteact differently with each
polyolefin, since in the first case there is almost no interaction and tieemadgion of the
discrete domains decreases the viscosity, while in thendecase the intaction causes an
increase on the viscosity. The viscosity of 22.5/67.5/10 blend astipally the same that
the 25/75 blend; therefore, thePEM discete domains do not affect its viscosity value.
For the points where the HDP#rms a continuous phase the e=ff is always to increase
the viscosity.

The viscosity decreases as a function of the shear rate. The change of viscosity in the
first two points (PP-rich zone) is similar to that observed in theesponding blends of
HDPE/PP/NR. From then on, to thHeDPE-rich zone, the viscosity change is higher than
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Figure 2 Power law exponent versus blending ratio for blends of: ([J);
HDPE/PP, (O), HDPE/PP/NR, (A); HDPE/PP/EPDM.

that observed in the corresponding blends of the other two sets. The presence of the
EPDM damains has larger influence in this zone since it increases viscosity and shear
thinning, therefore the intaction of the PDM with the HDPE is large and #&llows for
an easier orientation of the domains with the shear rate giving a reduction in the viscosity.

The power law exponent behavior just confirms the last discussion (Figure 2), since it
decreases continuously as tR®PE content increases, this is differdndbm the other two
sets. Only the last point shows a dewafi but inall the sets the last point is affected by
the limitations of the equipment since thepenent wascalculated with fewer points, since
the torque was satated in the measurement, and it was not possible to get higher shear
rates. The fact that the blend is more shear rate sensiiviernes that the BDM damains
should be easier to deform in tHeDPE conthuous dmain. Also that the morphology
should be different to the NR case since tHeDE blends viscosity is higher but with a
higher shear rate sensitivity. This could be due to tlRRDME damains migrating to the
interface. This migration causes that the behavior of the blend changes by the presence of
HDPE danains (discrete or comiios).

(HDPE-PP)/NR set

The variation of viscosity as function of rubber content for this set is shown in Figure 3-

A at different shear rates. Initially, the viscosity decreases as the NR content in the blend
increases up to 10 wt% NR. The viscosity presents small chamgesdal5 and 25 wt%

of NR at low shear rates. It wakund in expements of NR extraction pBrmed
elsewhere (11) for this set, that around 20 wt% of NR, #l&stomer starts to percolate.

The behavior of the viscosity shows a dependence on the size of the NR domains until 10
wt%, after this point there are small fluctuations but it does not have a major effect at
percolaton, and when the sheaate increases even the small fluctuations disappear. The
rheology of the rubber phase is thwin influence and the sensibility to percolation is small

in the viscosity value.

Figure 4 shows the behavior of the power law exponent for these blends, which decreases
up to 15wt% NR. Between 15 and 30 wt% of NR content, there are changes in the
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curvature showing a sharp inflexion point around 15 wt%. This change in the shape is
attributed to the percolation of the NR domains within the mafioxmed by the
polyolefins, the percolationhsuld take face between 15 and 20 wt%. As the content of
NR increases from 0 to 15 wt%, the deter domains of NR increase in size and number
(extraction experiments); thdoee, the power law exponent of the blend decreases. In the
NR percolation zone, the majority of the NR discrete domdamsn a continuous phase
within the blend, causing a change in the power law exponent behavior.
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Figure 3 Viscosity versus blending ratio for blends of: (A); (HDPE-PP)/NR,
(B); (HDPE-PPYEPDM at 180°C, at various shear rates (s'): 0.0058
(C0); 0.0093 (0); 0.0147 (A); 0.0233 (V); 0.0369 ({); 0.0585 (+).

(HDPE-PP)/EPDM set.

Figure 3-B shows viscosity versus blendingtio for this set at several sheaates. In

these plots there is an increment in the viscosity with an increasePDMEcompogion

up to 10 wt% EPDM and at 15 wt% the iegrent is larger. As in the NR set, this point
gives a different behavior but in contrast to that set, now from this point on the rheology
has large fluctuation. That could be integd as a percolation zone but the complex
morphology of the BEDM damains is not easy to follow since as it was established that
the EPDM may go to the intexde. The proposed intexction between the DM and

HDPE donains may be the cause of the large viscosity changes, but again, as the shear
rate increases the arpholodgcal effects almost disappear. The blendowdd go to a
morphology that avoids olidinish the PDM-HDPE comacts.

When there is an increase of EPDM content in the set, the value of the power law
exponent decreases continuously up to 15wt% (Figure 4). The behavior is very close to
the one shown by the (HDPE-PP)/NR set. The shape of the power xlgonest curve is
different between 15 and 30 wt% of EPDM content, as in the NR set, but in this case it
shows large fluctuations. This change on the behavior between 15 and 30 wt% is related
to the difference in morphology of thePEM damains, they must be close to the interface
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between the two polyolefins and this gives higher interaction and faherelarge
fluctuations. As it was pointed out by the analogy to the NR set there could be a
percolation zone also between 15 and 20 wt%, but the comptephology makes it hard

to visualize.
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Figure 4 Power law exponent versus blending ratio for blends of: ([J);
(HDPE-PP)/NR, (O); (HDPE-PP)/EPDM.

Conclusion

1. The viscosity presents a maximum on the 50/50 composition for the blends without
rubber, which was interpted as a behavior thatpports the propdason that the two
polymers are in continuous phases. Also, the power law exponent is consistent with
the propogion since it has one value for the PP-rich zone and changes for the 50/50
composition taking a final value for th&lDPE-rich zone. Thefere the continuous
phase defines the power law exponent and in the central point some kind of average
exponent is ofained.

2. The viscosity of the blends with NR is affected by the presence ofuibiger discrete
phase in all the samples, but especially on the ones that did not have a discrete phase
before. The shape of the curve of viscosity against composshows this effect and it
is the responsible for the rheologl behavior of these blends.

3. The EPDM discete domains have different effect on each polyolefin whé% of this
rubber is added to the blends. At higiDPE content theubber integates to the blend
and produces an inement on the viscosity and a higher sensitivity to shear rate.
Meanwhile on the PP-rich blends thebber segremfes andproduces a deement in
viscosity and small changes with the shear rate.

4. For compositions between 15 and 20 wt% of elastomer (NR RIDMB the viscosity
behavior suffers a change. This change is @atw to a percolation effect of the
elastomer within the matriformed by the polyolefins. Noteworthy in the case of
EPDM the complexity of the orphology gives a fluctating rheology.

5. The power law exponent islearly affected by the percolation effect, since the shape of
the curve shows a demion in the tendency of the points at this oegilt also shows
the effect of the complex onphology of the EDM damains.
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