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Abstract :

Two types of pyrogenic silicas (hydrophilic and foyhobic) were added to polypropylene / polystrgren
(PP/PS) and polypropylene / poly(ethylene-co-vagatate) (PP/EVA) blends. The mixing procedure was
varied, then the morphology were observed and dgohl data collected. First of all, a significant
reduction of the dispersed phase droplets size aserved in the presence of only 3wt% of both tfpe
silica. Microscopy proved that the hydrophilic sditends to confine in the more polar PS or EVAsgha
whereas hydrophobic one was located at the PP/RSfate and in the PP phase. The interface betvaeen
and PS has been changed by an interphase PP/&iicaf a hundred of nanometers thick. With the ttend
procedure consisting in pre-blending silica pamiglin PP matrix, a migration of hydrophilic silié@m PP
phase toward PS or EVA domains was observed. Tamtitative analysis of the rheological experimental
data was based on the framework of the Palierneemacktended to filled immiscible blends. Due t® th
partition of silica particles in the two phases aitsl influence on viscosity ratio, limit cases haween
investigated. Assuming that the hydrophilic silzaticles are totally located in the PS phase, ititerfacial
tension was calculated to be reduced from 2.15.68® mN/m. The case of hydrophobic silica was more
difficult to model since the existence of a thiateiface cannot be taken into account by the mottet.
hypothesis that silica is homogeneously dispelisgdP matrix is much closer to the actual situataond the
model shows that the interfacial tension is notueEt in this case. We concluded that stabilization
mechanism of PP/PS blend by hydrophilic silica he treduction of the interfacial tension whereas
hydrophobic silica acts as a rigid layer preventihg coalescence of dispersed droplets.

Mots clefs :Silica nanoparticles, blends, lineair viscoelastity

1 Introduction

Generally, most of polymer blends are incompatibdsulting in materials with weak interfacial adbes
and thus poor mechanicals performances, therefoeegreatest challenge in the field of the multggha
polymer blend research is the manipulation of thasp structure via a judicious control of the fisigial
interactions between the components. One of thesidal methods to ensure adhesion between thegphas
(reduction the interfacial tension) is the usehafdt component, a compatibilizer, which resultsifiner and
more stable morphology, better adhesion betweeplthses and consequently better mechanical preperti
of the final product. Recently, an original conceptcompatibilization by using rigid nano-partisléke
silica nano-particles has been proposed. Nang-Sétticles in a wide range of size and with a vgri
surface treatments. The considerable specific seif@ea of these nano-particles (50-4Gynthe type of
silica nano-particles the presence of functionaligs silanol, siloxane, and the concentration lafasin the
blend, play a major role in their rheological bebav and their dispersions in the blend. The mdijective

of our current works is to investigate the effeétsiica nano-particles on the morphology and the
rheological properties of immiscible polypropylene polystyrene (PP/PS) and polypropylenes /
poly(ethylene-co-vinyl acetate) (PP/EVA) polymeetdls and more specifically to understand the inflee
of the nature of the filler on the interfacial sse(@ /R ), with the help of the Palierne model [1] as the
general framework of this quantitative study
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2 Experimental

2.1 Materials

PP was supplied by Atofina (PPH 7060) with a rlelty index MFI=12 g/10 min. The molecular weights
are: M= 67,300g.mof and M,= 273,000 g.mot. The PS (LACQRENE Cristal PS 1960N) with,3V
49300 g.mol* and M,= 93500 g.mof, and Two poly(ethylenee-vinyl acetate) (EVA), of different molar
masses have been used (tablel) are supplied markTheamount of acetate groups contained in these
copolymers is 28% by weight. The zero shear visessof these EVA are reported in table 1 at T=£00°
Figure 1, 2 shows respectively the variations ef ¢dbmplex shear modulus (&)=G'(w)+jG"(w)) of PP,
PS at the temperature T=200°C, and the variatidnth@ absolute complex viscosity of EVAQO3, and
EVA420 at the temperature T=200°C. . The silicatenot was 3 wt% of the total material. Two types of
nanosilica (Si@ were used. A hydrophilic pyrogenic silica, HBKI20, with a specific surface area of 170 -
230 nf/g and a hydrophobic nanosilica, HBK20 RC, having the same specific surface areatetieaith
trimethoxyoctysilane. The two types of silica aggegates of primary spherical particles havingnagrage
diameter of 12 nm. Both of them were kindly supghly Wacker Corp.

Polymer Melt flow My, Zero shear
index (g mol?) viscosity
n° (Pa.s)
PP 12 273 000 2500
PS 12 93500 1000
EVA 2803 3 53500 3100
EVA 28420 420 12000 100

Table 1: Molecular weight and zero shear viscogitlP?P and EVA samples at T = 200°C
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Fig.1- Viscoelastic behaviour of PP and PS at T=200°C Fig. 2Variation of the complex shear
viscosity of poly (ethylene-viracetate)

2.2 Compounding procedure

All blends and composites were prepared by usinlyl D&in-screw mini-extruder. The extruder was filled
with 13g of material. The screw speed was 120 rgxih.the experiments were performed under nitrogen
atmosphere in order to prevent oxidative degradatié’e used two blending procedures.

2
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1) The three components (PP, PS, silica partieled)(PP, EVA, silica particles) were loaded torthiging
chamber simultaneously and compounded at 200°6 fiain.

2) The silica was pre-compounded with PP at 20@1Gfmin. Then the obtained material (PP/silicay wa
blended with the second polymer during a secondigixin step.

The blends were then compression moulded usingpadtory press at 200°C for 3 min into 1 mm thick
sheets and then cooled to room temperature.

These samples were analysed in dynamic mode ofisgem a rheometer AR2000 (TA Instrument) using a
parallel plate geometry with 25 mm diameter. Albeximents were carried out at the temperature 0fQ0

in the frequency range 0,00rad.s")<628. All experiments were performed in the damfithe linear
viscoelasticty and under nitrogen atmosphere iermta prevent thermo-oxidative degradation.

2.3 Morphology characterization

The morphology of the virgin blends and filled ldenpwas investigated by Scanning Electron Microgcop
(SEM) using a Hitashi S800 model. The samples ¥atured in liquid nitrogen. The PS and EVA plsase
was selectively extracted by tertrahydrofurane (Ybidlvent at room temperature to enhance the cgintra
The fractured surfaces were sputter-coated withd/galladium (50/50). Furthermore, to observe the
location of silica nano particles in more detailaismission Electron Microscopy (TEM) was also iedrr
out on blend samples. Cross sections of the moudtksttl were obtained by slicing the sample into thi
films of about 50nm thickness. Morphology of thesenples were then examined using a Philips CM120
transmission electron microscopy.

The droplet size was determined by using imageyaisal The diameter of each droplet)(Ras calculated
from the corresponding area JATypically, 300 particles were analyzed per samgorrections to the
particles size were performed using Schawartz-kaity2].

3 Results and discussion

3.1 Morphology of PP/PS blends

First of all we report some preliminary results BR/PS blend. From an experimental point of view,
polypropylene (PP) and polystyrene (PS) were us#utwo types of silica, hydrophilic (fumed silicapd
hydrophobic silica, treated with trimethoxyoctysida The typical phase morphologies of a virgin sitida
nano-particles PP/PS (70/30) blends are showngr8Fihe results show that the morphology of thigiwi
blend was significantly changed and particles svzs dramatically reduced upon the addition of &ilic
nanoparticles. The particle average diameter diRSgphase decreased from 3,70 um (Fig. 3-a) |08
upon the addition of 3 wt% of hydrophilic silica nmaparticles(Fig.3-b), The addition of 3 wt% of
hydrophobic silica leads also a remarkable decrebB& particles size to 1.25 um.
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Fig 3 - Morphology of PP/PS [70/30] blend. a) Virdilend, b)3% hydrophilic silica, ¢) Zoom of imabg d) TEM
image showing the confinement of the hydrophillcaiin the PS droplets, e)Virgin Blend, f) SEM igeashowing the
silica at the PP/PS interface, g) TEM image showhggconfinement of the hydrophobic silica at tfHS interface,
h) zoom of image g).

3.2 Morphology PP/EVA blends

The effect of silica nano-particles on the morphglaf PP/EVAO3 blend is shown in Figure 4. The
presence of silica particles reduces significatitly coalescence phenomena and the EVA domain size i
decreased by a factor two approximately as obsdsyezbmparing the micrographs a) and b) ,e) and f)
figures 4 and figure 5. Clearly, silica particlee afficient at producing a relatively uniform dibttion of
drop sizes and the distribution shifts to smallemekter. These results confirm that the incorporatf
silica nano articles decrease the EVA dropletsrasdlts in finer dispersion of EVA in PP matrix wéeer

the kind of EVA and the type of silica nano pagglhydrophilic or hydrophobic).

@0 @ (h)

Fig. 4- Morphology of PP/EVAQ3 [80/20] blend. a) Virgindold, b)3% hydrophilic silica, c), d) TEM image shiogv
the confinement of the hydrophilic silica in the £33 droplets, e)Virgin Blend, f) SEM image showithg silica at the
PP/EVAOQ3 interface, g) TEM image showing the coeirfirent of the hydrophobic silica at the PP/EVAO@iiface, h)
zoom of image Q).

(e) (® )] (h)
Fig. 5 - Morphology of PP/EVA420 [80/20] blend. a) Virgitend, b)3% hydrophilic silica, c), d) TEM image shing
the confinement of the hydrophilic silica in the £420 droplets, e)Virgin Blend, f) SEM image showithg silica at
the PP/EVAO3 interface, g) TEM image showing therfceement of the hydrophobic silica at the PP/EVA42
interface, h) zoom of image Q).

Table 2, shows the effect of silica nano particieshe averge raduis (Rof RVA03 and EVA420 droplets.
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blends /R, R, o

mN/m? um (mN/m)

PP/EVO03 Virgin blend 920  0.81]0.75£0.15

PP/EVAO3 +3% SiN20 550 0.46| 0.25+ 0.05

PP/EVAO3 +3% SiH20 525 0.57| 0.30t0.01

PP/EVA420Virgin blend 425 221094017

PP/EVA420+ 3% Si N20 600 0.56| 0.34+0.08

PP/EVA420 +3% Si H20 375 0.48| 0.81+0.17

Table 2 -Average radius (3 of EVA03 and EVA420 droplets in PP matrix. Comp®dlends have been filled with
3% wt hydrophilic silica (SiN20) and SiH20 (hydragitic). The ratia/R, was calculated from the Palierne modelis
the interfacial tension calculated fraR, values.

3.3 Rheological behaviour and modelling of PP/PSlsia nanocomposites

The viscoelastic behaviour of immiscible polymeerls is studied for years now. The present bleisd ha
been chosen so that the secondary plateau is vgiiler on the moduli (figure 6-a). This shoulder is
attributed to the shape relaxation of the dispeB®diroplets. The corresponding relaxation tingeiserally
determined by calculating the continuous relaxaspectrum based on the dynamic moduli [3,4]. In a
straightforward and simplest manner, the variatibh"(w) describes qualitatively the relaxation sjpa of
the blend. As shown in Fig. 2-b, a pronounced @diar peak, reflecting the shape relaxation ofcdituplets,

is clearly seen in the domain of low frequencies.

Furthermore, since the emulsion model of Paliefijegs been successfully applied in the past toimbta
morphological and interfacial information on imniklde blends, we have used it to calculate the ratiRv
(interfacial tension over the volume average dropéelius) from the best fit of the experimental and
calculated dynamic moduli (see Fig.6). Followingsthhe interfacial tension of PP/PS blend can drévdd

as Rv has been measured with the help of the mlmgypictures (Fig. 1). We finally found=a2.15 mN/m.

In order to confirm this result, the interfaciah$&gon was also optically measured from a deformexq d
retraction experiment [5]. This method yields ts 250 mN/m. Actually, this value is approximatelyides
lower than the value generally reported in thediigre. Depending on polymer mass molar and terhpera
the reported values for interfacial tension betw&h and PS range from 4 to 7 mN/m [4, 6, 7]. This
difference between our result and those from ttezdiure may be attributed to commercial naturéhef
polymers used in the present study. Actually, P& RS are containing additives for processing ojmersit
and for stabilization. Consequently, as suggestetiun et al [4], the values of a/R are generallgdum
order to avoid any ambiguity with the interfaciahsion. In the present study, we find a/R660mN/m for
neat PP/PS.
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dependence of’(w) Solid line represents the Palierne’s model.

The presence of silica nanoparticles in the bleitidolwiously alter the viscoelastic properties.ejtshould
be influenced not only by the percentage of siticaalso by the way they are distributed in the-phase
system. However, changing the blending proceduigirign PP, PS and silica simultaneously or silica-pr
mixed in PP Phase) does not affect significantlgeexnental rheological behaviours for blends filledh
hydrophilic silica. This experimental result conis our finding from TEM pictures, the final dispers
state of silica and morphology of the blend doesdepend on the preparation procedure. Vermarnit[8f a
came to the same conclusion for PIB/PDMS blend.eiéeless, when 3 wt% of silica (hydrophilic or
hydrophobic) are added in the blend, the relaxabibthe PS droplets is shifted to lower relaxationes
compared with the neat PP/PS blend. In other wahdsfaster drop relaxation qualitatively meanstft
the interfacial forces increase when silica filleesve been added in the blend.

From the modelling point of view, further quaniiat explanations on the role of inorganic fillers i
immiscible blends can be then expected from thi&@ model. The model was successfully adaptd®]9,
to take into account the three phases: molten ptispersed in a molten matrix filled with a thirdlid
phase. Actually, this model assumed that the dmrtion of a solid phase dispersed in viscoelasatrim
constituted itself by two molten phases, could kgressed from the Einstein’s law in the same wathas
expression of the complex shear moduli of filledteyn. Depending on silica nature and accordingg® S
and TEM observations, the following particular rlogical cases have been investigated assuming the
partition of the silica between PP and PS phasssirdphilic silica: 1) The silica is homogeneously
dispersed in the blend so that its concentratidhRrand PS phases is rigorously 3 wt% corresporidittte
macroscopic silica concentration, 2) the silicpastitioned in the blend, mainly in the PS phas¢hsd the
concentration of silica in PP and PS phases is % whd 10 wt% respectively. Hydrophobic silica:
Compared with hydrophilic silica, a third assumptiwas made, 3) The silica is partitioned in thentlle
mainly in the PP phase so that the concentratiosilafa in PP and PS phase is 4.2wt% and Owt%
respectively. A very important point is that thicsi play a role not only on the interfacial projes but also
on the viscosity ratio of the blend. Which of thqggrameters is determinant here? This is quiterifit
from the compatibilization obtained with block chpoers where the viscosity of the phases is notifieat]
Thus, it is attractive to express from Palierne etddea/Rv ratio and subsequently the interfacial tengibn
filed PP/PS blends. However, this interfacial tensmust be actually viewed as an apparent inteatfac
tension since it is calculated from the relaxatwddPS droplet more or less covered by silica pladicWith
hydrophilic silica the interface is only partialbzcupied by the inorganic particles whitgdrophobic silica
almost totally covers the interface and forms a a@0thick interphase. Since the Palierne model do¢s
permit to take into account a “solid " layer arouth@é dispersed PS domains we suspect that it will b
difficult to apply it to the blend filled with hydphobic silica.
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