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Abstract

The influence of the PPE content in a miscible PS/PPE phase on the surface tension and polarity of PS/PPE mixtures, and on the interfacial
tension in PP/(PS/PPE) and POM/(PS/PPE) blend systems was investigated. Surface w@(@Bioasd polarity,x, were experimentally
determined by means of the pendant drop analysis technique, and were compared to the values predicted theoretically via Macleod’s theory.
The interfacial tensiong,, was determined both from the dynamic breaking thread method, and from the pendant drop analysis, which is an
equilibrium method. The experimental values were compared to those predicted from the harmonic mean equation. Good agreement was
found between the absolute values éap obtained from both the techniques. Thaface tensionf the PS/PPE mixtures, in a temperature
range of 230—-261C, appears to be unaffected by the presence of PPE, within the experimental error of the measurements. These findings
were in good agreement with the predictionedfT) from Macleod'’s theory. Thanterfacial tensionof the PP/(PS/PPE) or POM/(PS/PPE)
blend systems did not seem to be affected significantly when using a PS/PPE phase with a higher content of PPE. Finally, calculations showed
that PPE causes the polarity of the PS/PPE mixtures to increase slightly from a value of 0.17 for pure PS to 0.20 for pQrEOP®E.
Published by Elsevier Science Ltd. All rights reserved.
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1. Introduction methods exist for measuring surface and/or interfacial
tensions in viscoelastic polymer melts.

The properties of immiscible polymer blends dependtoa Up to now, the majority of studies devoted to the
large extent on the flow-induced morphology formed during influence of the melt-viscosity ratio of the components in
melt-blending and further processing. As the industrial immiscible blend systems on the phase morphology devel-
importance of such systems still increases, it becomes extre-opment, have been performed by varying the molecular
mely important to understand the complex matter of all weight (MW) of the components, assuming that the
factors controlling the phase morphology development. interfacial tension remains unaffected [6—10]. The latter
Development of the phase morphology during melt-mixing assumption is mainly based on the work of Anastasiadis et
of immiscible polymeric materials has been studied in many al. [11], who investigated the interfacial tension between
papers, most of them focussing on the influence of proces-polystyrene (PS) and polymethylmethacrylate (PMMA),
sing conditions, blend composition and melt-viscosity ratio. as a function of the MW of PS. These authors found that
Only limited attention has been paid to the influence of the an increase of the MW leads to an increase of the interfacial
interfacial tension, which also has been shown to have atension, but when the MW becomes larger than the critical
significant impact on the blend properties [1-5]. One of MW for entanglements, this increase becomes negligible.
the main reasons for this neglect is that only few reliable This was related to the entropic adsorption of chain ends to

the interfacial region [12]. However, other authors reported
* Corresponding author. that the interfacial tension between two polymers increases
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alternative for studies in which it is required to vary the
melt-viscosity ratio without affecting the interfacial tension
in the system.

For this paper, both the dynamic breaking thread method
and the equilibrium pendant drop analysis method were
used to evaluate the influence of the PPE content in the
PS/PPE phase on the surface and/or interfacial tension in
polypropylene/(PS/PPE) and poly(oxymethylene)/(PS/PPE)
systems.

Fig. 1. Sinusoidal distortion imposed on a liquid thread embedded in a melt
matrix, as a consequence of capillary instabilities.

with increasing MW [13—15] and decreases with increasing

polydispersity [13]. As a consequence, care should be taken2. The breaking thread method
when evaluating the influence of the melt-viscosity ratio on

the phase morphology in immiscible blend systems by vary- 2.1. Theory

ing the MW of the components.

In this research project, an alternative model system has The capillary break-up method to experimentally deter-
been selected to study the influence of the melt-viscosity Mine the interfacial tensionr,, between two polymeric
ratio in an immiscible polymer blend on its blend phase Materials is based on the theory of Tomotika [21,22]. The
morphology [16,17]. A broad range of melt-viscosity ratios author generalized the phenomenon of break-up by capillary
could be obtained by making use of the miscible po]y_ instabilities as described by Raylelgh [23] for Wa.terjets in
styrene/poly(2,6-dimethyl-1,4-phenylene ether) (PS/PPE) air, to vjscous Newtonian threads embedded in a viscous
system. Blends of PST{= 102C) with PPE [,=215C)  Newtonian matrix. o - _
are miscible over the whole composition range [18,19]. As The growth of these capillary instabilities is described as
such, any desired melt-viscosity can be obtained by simply @ sinusoidal distortion with amplitude imposed on the

varying the PS/PPE blend composition. interface of a liquid cylinder (Fig. 1):
PPE is an amorphous engineering thermoplastic on which B _
up to now not much research has been published with R2 =R+ aSIn(—>, (1

respect to surface and/or interfacial tension. However,

there exist indications that the surface tension of PS andwhere R= (R3 — ¢?/2)? is the average thread radius (in
PPE would be comparable [20]. If this be the case, the m), R, the initial thread radius (in m)y the amplitude of
surface tension of any of the miscible PS/PPE blends the distortion (in m)A the wavelength of the distortion (in
would be constant over the whole composition range. m) andz the coordinate along the thread (in m).
Consequently, miscible PS/PPE blends offer a valuable Only distortions having a wavelength, larger than the
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Fig. 2. Dominant wave numbeX.,, and the corresponding dimensionless growth i@tg,, as a function of the viscosity ratip,
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Table 1

Material characteristcs

Material MFI (9/10 min) M, (GPC) (g/mol) My (GPC) (g/mol) Polydispersity Density (g/én
PP12 12(23ftC) 46 406 260 000 5.6 0.89

PP40 40(23tC) 50 206G 215 006G 4.3 0.91

PS - 81 900 190 006 2.6 1.055

PPE 13(308C) 19 300 54 300 2.8 1.065

POM - - + 70 000 - +1.4

#Measured in TCB at 14C; molecular weights are based on polyethylene standards and multiplied with a factor 1.55 (calculated from the Mark—Houwink
constants for PP and PE) (Scholte, Meijerink, Schoffeleers and Brands, J Appl Polym Sci 29 (1984)).
® Measured in THF at 2&; molecular weights are based on polystyrene standards.

circumference of the thread (> 2wR;) can grow further, interface (Brownian motions):

because they cause an effective decrease of the total S1KT \12

interfacial area. The growth of the distortions proceed expo- q = (T) , (5)
nentially with time,t: 8o,

where k is the Boltzmann constant (1.38070 % J/K),
a = agexp(ay, ) andT is the absolute temperature (in K).
Substitution of the distortion growth ratg(Eq. (3)), and
ag (Eg. (5)) in Eqg. (4) yields an expression to estimate the
time scale of the experiments:

012 3
q= Q(X, p). 3)  maR 10701,
21mP = Q(Xm’p)(flzln( T )

whereo, is the interfacial tension (N/m}, the zero shear
viscosity of the matrix (Pa sph= n4/nm the viscosity ratio

at zero shear conditions,y the zero shear viscosity of the
thread (Pas)X= (2nRy/A the experimentally observed
wavenumber, and)(X,p) the dimensionless growth rate The breaking thread method is a dynamic method suited

whereq is the distortion amplitude at= 0 (in m), andq is
the growth rate of the distortions (in Y as described by

(6)

2.2. Advantages and limitations of the breaking thread
method

function. to estimate interfacial tensions in a wide range of polymeric
The function)(X,p) has been tabulated by Tomotika systems. The method is relatively simple and requires no use
[21,22] for break-up at the dominant waveleng#ay of highly specialized equipment. The most limiting factor is

where the growth rate of the distortion becomes the fastest,the requirement of accurate zero shear viscosity data at each
and hence is expected to lead to the final thread break-up.measurement temperature. The relatively short break-up

Fig. 2 shows the dominant wavenumbXy, = (2R A max times, usually less than 10 min, allows us to minimize the
and the corresponding growth rate functié?(X,,p), as a degradation problems, which could drastically affect the
function of the viscosity ratiop. value of o1,; low molecular weight degradation products

A more complete description of the growth rate function, are known to migrate preferentially to the polymer interface,
Q(X,p), for thread break-up at non-dominant wavenumbers thereby lowering the measured interfacial tension [30].
has been given by Chappelear [24] and Palierne andFurther, the method is also suitable for systems consisting
Lequeux [25]. The corresponding curves have been of polymers with small density differences and for systems
computed for a viscosity ratio range of 0.001-1000 by with relatively high viscosities, where alternative methods
Luciani et al. [26]. A complete three-dimensional plot of such as the pendant or spinning drop method require several
Q(X,p) as a function of botlp and X is presented in the  hours to attain an equilibrium shape. Although it was

work of Machiels et al. [27]. advised not to exceed a thread viscosity of P@ s; systems
Thread break-up is completed when the amplitude of the with a viscosity rationydn, < 1 are expected to give the
distortions,«, equals the average radiud= 0.81R, [28]. best results [31]. However, it still remains an absolute
Hence, the time required for thread break-tip,can be  precondition that the polymer shows Newtonian behavior
estimated from as the shear rate approximates zero [31], in order to be
able to apply the theory developed by Tomotika [21,22].
t _E|n(0-81R0) “ pply ry ped by [ ]
° T q a ) 2.3. Experimental

Kuhn [29] derived an expression for the initial distortion 2.3.1. Materials
of the interface,x(, based on thermal fluctuations of the An overview of the material characteristics is given in
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Table 2 overnight at 40C under vacuum. The mixing conditions
Characteristics of the miscible amorphous PS/PPE phases were set as follows: screw speed, 120 rpm; intake section
Blend composition Code name Ty (DSC) (C) T, range (C) 200°C; melting SeCtion{ 30T; SeCtilon 3.'[0 5, 28%;
throughput, 10—15 g/min. At the die exit, strands were
PS/PPE 100/0 Hal 102 96-106 cooled in a water bath and pelletized. The homogeneity of
PS/PPE 90/10 Ha3 109 105-114 each blend was checked by DSC measurements. Table 2
PS/IPPE 75/25 Ha5 122.5 114-129 list of th d h h d th
PS/PPE 50/50 Ha? 144 134-155 presents a list of the prepared amorphous phases and the

correspondingly's.
2In order to estimate the degree of degradation caused by this mixing

operation, the molecular weight of Hal was determined both from GPC and 2 3 3. Rheological characterization of the materials
viscosimetry. A value foM, of 70 000 andM,, of 170 000 was found, T 9

which implies a decrease of the molecular weight of PS by 10%. To process the data obtained from the breaking-thre_ad
experiments, the knowledge of the zero shear viscosity,

) i no, Of each of the components is required at the measure-
Table 1. The polypropylene (PP) used in this study was & ment temperature. Measurements were performed on a

commercial grade isotactic PP12 supplied by Atochem. Its . nstant stress rheometer (Rheometrics DSR) in plate—

melting point is 161C. From the same supplier, alow mole- - piate configuration (plate radius 25 mm). Experimental
cular weight PP40 was obtained. The PS was a commercialyata at low shear rateg (< 0.01 s') were obtained from

grade Styrofi E680 supplied by Dow Benelux N.V. (The  creep tests; oscillatory experiments provided dynamic visc-
Netherlands). The poly(2,6-dimethyl-1,4-phenylene ether) ogjies at frequencies between 0.01 and 10rad/s. The
(PPE) was a PPE-800 grade supplied by the General Electricyynamic data were fitted according to a modified Cross

(The Netherlands). The polymethylene oxide (POM) was a o4el (Eq. (7)) to extrapolate the value gf [32].
commercial grade POM-copolymer, Celéo-50 from

Hoechst Celanese (USA), containing5 wt.% ethylene- n=mo+[1+|ay™ )
glycol to stabilize the product against depolymerization at ) _ o _
elevated temperatures. Its melting point is 75 In Eq. (7),m0 Is the zero shear viscosity (in Pa g)is the

shear rate (in's), ais a fitting constant, anthis the power
law constant. Thus, the obtained values fgmproved to be
2.3.2. Preparation of the amorphous PS/PPE phases comparable with the results of the creep tests.

The amorphous phases were prepared by melt-blending Samples for the rheological measurements were prepared
PS (Ty= 102C) with PPE [y = 215C); both the compo- by compression molding the dried materials into discs with
nents are perfectly miscible over the whole composition a diameter of 25 mm and a thickness of 1-1.5mm.
range [18,19]. Blending was performed on a Haake Temperatures at which the samples were compression
Rheocord 90 twin screw extruder after drying the materials molded were typically 40—5C above the melting point

of the semicrystalline polymers (PP12, PP40 and POM),
PP40/PS (230°C) or 90—-100C above the glass transition temperature of the
(Bg= 4620 1m) amorphous polymers (PS, PS/PPE blends).

el [
2.3.4. Capillary instability observations

Threads of the amorphous PS/PPE blends were drawn
from a molten granule on a hot plate. Thread diameters
were typically in the range of 10-50m, and were
dependent on the expected break-up times which should
be preferentially between 2 and 10 min in order to avoid
degradation. All matrix polymers were compression molded
at 230C into thin films (thicknesst 150—200um).

Measurement samples were prepared by positioning
some threads between two films of a matrix polymer, taking
care that a minimum of contamination was included. The
whole structure was consolidated between a glass slide and
a cover glass and placed in a hot stage (Mettler FP-90). The
L thread was visualized by a Nikon optical microscope

e'! |

slope =q (1/s)

2a/Dg

e?

ed L

|

L L | L
100 150 200 250 300 350 equipped with a Sony CCD-camera, thereby allowing to
record break-up images on a video with internal timer.
Prior to the break-up experiments, the samples were heated

Fig. 3. Experimental determination of the exponential growth rate of capil- @t 20C/min to a temperature slightly above the melting
lary instabilities g, as a function of time from thread break-up experiments. point, T,,, of the matrix film and kept there for at least

Time (s)
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Table 3 Arrhenius equation to estimate the activation eneigy,
Zero shear viscosityy,, of the materials used for the capillary instability of this polypropylene. A value of 63 kJ/mol was found
experiments which corresponds reasonably with the value of 84 kJ/mol

Material Temperaturé'C) 10 (Pa s) measured on another commercial PP sample [33].
PP-12 220 2450 2.4.2. Interfacial tensiong,, in PP/(PS/PPE) and
230 1425
245 1140 POM/(PS/PPE) systems
PP-40 230 250 A standard measuring temperature of Z3Qvas chosen
PS 220 2250 for the majority of the breaking-thread experiments. At this
230 1453 temperature, the matrix materials (PP or POM) do not suffer
PS/PPE 100/0 (Hal) 232020 7192260 too much from degradation, the zero shear viscosity of all
PS/PPE 90/10 (Ha3) 230 1790 materials is still easily measurable, and the threads are well
PS/PPE 75/25 (Ha5) 230 6615 above their flow temperature to allow break-up within
245 2817 reasonable time scales. A limited amount of experiments
PS/PPE 50/50 (Ha7) 230 62 000 were conducted at other temperatures to verify the reprodu-
POM 53?8 115982 cibility of the values and to have an idea on the temperature

dependence of the interfacial tensiany.
Table 4 summarizes the experimental data for the inter-
1 min, in order to allow the matrix polymer to flow around facial tension on each system with PP as the matrix material.
the thread equally, and to avoid air inclusions at the fiber/ The data for blend systems with POM are listed in Table 5.
matrix interface. Subsequently, the sample was heatedFor the calculation ofry, only those results of thread break-
quickly to the measuring temperature. An image processing up which occurred at a wavenumb#t,deviating not more
system (Visilog 4.1.3.) was used to measure the initial than+10% from the dominant wavenumbex,, were taken
thread diameterDy=2R,, the distortion amplitude into account. Luciani et al. [26] demonstrated that the value
(Eq. (8)), and the wavelength, of the growing distortions.  of the growth rate functio)(X,p) in such a case does not
Dy — D) deviate too much fronf)(X,,p). This is certainly the case
o= —max_Tminz (8 for our investigated systems, all having a viscosity raio,
4 larger than 0.5, where the functidn(X,p) changes only
From a plot of the experimental valuexfD, versus time slightly (Fig. 2).
on a semi-logarithmic scale, the growth rate of the capillary ~ The interfacial tension of theP/Ha7 systemould not be
instabilities, g, can be determined from the slope of the measured via the capillary break-up method. At a standard
curve (Fig. 3). The value of the interfacial tension in the measuring temperature of Z&) no break-up could be
system was then calculated according to Eq. (3). observed even after 120 min. Luciani et al. [26] encountered
For each system, at least six experiments were performedsimilar difficulties for systems with highly viscous materials
to be able to calculate a more or less reliable statistical and stated that the method was only suited to systems in

average of the interfacial tension in the system. which the components have a zero shear viscosity below the
30-40 kPa s range, which is indeed not fulfilled in this case.

2.4. Results of the breaking-thread measurements A theoretical estimate of the thread diameter yielding
reasonable break-up times at 230can be obtained from

2.4.1. Rheological properties of the materials Eq. (6). If a value foro;, of roughly 5 mN/m is assumed,

The zero shear viscositieg,, of the materials, as extra- the time for thread break-up can be calculated with
polated from a modified Cross model, are listed in Table 3 n,,= 1425 Pa sp=43.5, (),,= 0.00586, andl =503 K.
for each temperature. For a thread with an initial diametdd, varying from 10

An overview of the shear rate-dependent flow behavior at to 50 um, the calculated break-up times were of the order of
230°C is given in Fig. 4(a) for the semicrystalline matrix 50-300 min, which confirms with our experimental results.
materials, and in Fig. 4(b) for the amorphous PS/PPE Due to the high viscosity of the material, the preparation of
threads. As the POM samples suffered seriously from degra-thinner threads that would break up faster is quasi
dation during the rheological measurements, a new sampleimpossible.
for each creep test had to be used, and only the first few data Experiments at a higher temperature (Z50did only
points obtained during oscillation experiments were found partially result in normal thread break-up; most threads
to be reliable. All the thread polymers showed Newtonian showed a quite irregular behavior and often a combination
flow behavior in the low frequency regiof € 0.1 rad/s). A of break-up and thread relaxation could be observed. The
similar behavior was observed for the matrix materials PP40 latter is probably related to the non-Newtonian behavior at
and POM. For the PP12, the Newtonian plateau at low low shear rates and the high elasticity of the PS/PPE 50/50
frequencies was less obvious. Measurements performed atnelt. Experiments at even more elevated temperatures prob-
different temperatures were extrapolated by means of anably would solve the problem of thread break-up, but are
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Table 4
Interfacial tension as determined by the capillary thread break-up method
(a) 2000 . Thread T(CC) Do(um) Xep Qg(X 1073sY) oy (MN/M)
(a) For PP12 systems
a PS 230 24.12 0.561 10.385 4.96
46.65 0.543 6.78 6.27
p=1.02 23.32 0.567 12.12 5.60
Xm=0.564 29.87 0.552 10.59 6.27
0,=0.0719 29.37 0.423 8.93 5.20
1000 L 29.37 0.572 9.00 5.24
— Average 0.54 56*0.5
«» 900 Hal 230 3206 0536 10.57 5.09
nﬂ_j 800 | 33.70 0.484 11.40 5.77
~ p=0.556 45.49 0.520 9.58 6.54
= 700} X, = 0.583
8 600l Qn=0.0949
8 Average 0.51 5.8+ 0.5
S 500 Ha3 230 2951 0579 1161 7.20
— 29.51 0.618 10.22 6.58
8 p=1.256 23.89 0.463 9.68 5.04
£ 400} = PP12 Xy = 0.556 1681 0531 18.87 6.92
@ e PP40 Qn=0.0653 3270 0581 895 6.39
Average 0.55 6.4+ 0.7
300 | s« POM Ha5 230 2844 0416 361 4.56
28.14 0.577 5.26 5.84
—o—so p=4.64 25.31 0.425 3.69 4.15
Xm=0.476
200 bt o i 1 1 ] {In=0.0321
0.001 0.01 0.1 1 10 Average 0.47 49+ 0.7
Hab5 245 31.32 0.394 6.22 4.76
Shear rate (3'1 ) 2466  0.337 6.91 4.16
p=247 17.69 0.327 11.00 4.75
(b) 7000 Xm=0.52 3852 0403 4.60 4.33
6000 | O, =0.0467 13.67 0.469 14.81 4.95
33.00 0.471 6.72 541
5000 29.76  0.445 6.97 5.07
Average 0.41 48+ 0.4
4000 | (b) For PP40 systems
PS 230 52.72 0.472 10.04 4.78
59.37 0.429 9.94 5.33
3000 v Has p=5.81 4650  0.417 10.22 4.29
Xm=0.458 45.40 0.475 14.54 5.96
0,=0.0277 49.07 0.470 10.39 454
Average 0.45 50*+05

2000

practically of no use. Higher temperatures would cause
. = polymer degradation during the measurements, hence influ-

encing the growth rate of the distortions (and thug);

additionally, the determination of the zero shear viscosity
1000 - would become highly erroneous due to material degrada-
900 tion. A global overview of all results is given in Table 6.

Shear Viscosity (Pa.s)

800 The results obtained at 23D can be graphically evalu-

700 ated from Fig. 5. A linear regression analysis of the inter-
600 } facial tension versus PPE content confirms that the
500 ke i . interfacial tension between PS/PPE mixtures and PP or

0.01 0.1 B 10 POM are virtually independent of the PS/PPE blend ratio.
The calculated value for the slope= d(o1,)/d(%PPE) was
0.031* 0.031 for PP/(PS/PPE) systems and 0.650.049

Fig. 4. Shear viscosity versus shear rate at’23®s measured by a plate— for RQM/(PS/PPE) Sy,StemS' and (_:an thus be Cons_'dered as
plate rheometer for: (a) semicrystalline matrix materials, and (b) amor- Negligible. Moreover, if the less reliable results obtained for
phous thread materials. PP12/Hal and POM/Hal systems are not taken into

Shear rate (s™)
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Table 5 3. Pendant drop analysis
Interfacial tension as determined by the capillary thread break-up method
for POM systems 3.1 Theory
Thread TCC) Do (pm) Xep q(x107%7YH oy (MN/mM) ) . )
Pendant drop analysis (PDA) is one of the most widely
PS 230 3052 0.560 13.33 8.39 used equilibrium methods to measure the interfacial tension.
p=0928 2229"; %55%91 2117'(1110 1%8610 It has been used in many studies of polymeric systems, often
X, = 0.567 3718 0596 1202 921 with Iqw m(_)IecuIar weight matena_ls [11,13,30,_3_4—_37]. The
Q= 0.0759 28.29 0.485 17.84 10.41 technique is based on the analysis of the equilibrium shape
Average 0.56 9.7+0.7 of a drop of component 1 emerging from a capillary [35].
PS 220 3251 0584 12.18 11.20 This drop can be immersed in component 2 for interfacial
32.17 0.562 11.45 10.53 ; ; :
p—1184 4753 0614 Eal4 708 :ens!on r;etasur'emtgnts, or in an inert atmosphere for surface
X = 0.5585 31.35  0.623 12.03 10.67 ension determination. _ _
Q= 0.0672 The difference in pressurg&p at the curved interface is
Average 0.59 9.9=14 linked to the interfacial tensioms;,,, by the Young—Laplace
Hal 230 3590 0538 24.94 14.14 equation (Eqg. (9)), withR; and R, the principal radii of
74.40 0519 6.67 7.84 ; ;
curvature of the interface (Fig. 6
p=0.506 60.41 0.581 12.69 12.11 (Fig. 6)
X = 0.585 27.40 0.574 28.60 12.38 1 1
Q= 0.0991 28.65 0532 31.25 14.14 Ap = UlZ(E + ﬁ) )
91.65  0.640 4.06 5.88 B 2
'l’:":rage 250 2230 %igs 10,07 11&)23-7 The equilibrium profile of a pendant drop can be
a 22 30 0430 9.07 9,28 expressed by the dimensionless set of differential equations
p=4.23 51.01 0517 4.18 9.78 (Eg. (10)) (Fig. 6):
Xm=0.482 37.55 0.481  4.99 8.60 -
Q,=0.0341 32.50 0.524 5.63 8.40 a = 2 5 smcp’
2765 0543 6.41 8.14 ds B X
Average 0.50 9.1+0.7
dXx dz
— =cosd — =sin®. 10
das das (10

consideration, the interfacial tension clearly remains un-

affected by varying concentrations of PPE in the PS/PPE  With the boundary conditions at the drop apex [38,39]:
phase. PP12/Hal and POM/Hal blend systems Showe@((O)zzm):cI)(O):O

some difficulties during break-up measurements, because

the Hal thread started softening nearl_y at the Same sin )X = 1/B

temperature as the PP12 and POM matrix film; as such,

the embedding of the fiber can be somewhat disturbed. Aswhere the dimensionless shape facgyris defined as:

a consequence, a slightly compressed thread will yield over- Apg

estimated values for the initial thread diameter, and hence aB = Ro( )
highly erroneous interfacial tension. Attempts to use Hal as
a matrix film with PP or POM as the thread component with Ap the density difference between the two components
turned out to be even worse, because the fiber could not(in g/cm®); g the gravity constant£ 9.81 m/$); andR, the

be embedded properly by the amorphous Hal film. radius of curvature at the drop ape&E R, =Ry).

(11

012

Table 6
Overview of the results of interfacial tension measurements &i@ia the breaking-thread method according to the theory of Tomotika

Film/thread TemperaturéQ) Viscosity rationg/nm Averageo, (MN/m) Standard deviation (mN/m) % error X, theor. Xexp

PP12/PS 230 1.0 5.6 0.5 8.2 0.564 0.54
PP12/Hal 230 0.6 5.8 0.5 8.5 0.583 0.51
PP12/Ha3 230 1.3 6.4 0.7 10.3 0.556 0.55
PP12/Ha5 230 4.6 4.9 0.7 13.6 0.476 0.47
PP12/Ha5 245 2.5 4.8 0.4 7.5 0.520 0.41
PP40/PS 230 5.8 5.0 0.5 10.6 0.458 0.45
POM/PS 230 0.9 9.7 0.7 7.3 0.567 0.56
POM/PS 230 1.2 9.9 14 14.1 0.559 0.59
POM/Hal 230 0.5 11.1 17 155 0.585 0.56

POM/Ha5 230 4.2 9.1 0.7 7.7 0.482 0.50
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14 = PP12/(PS/PPE)
e POM/(PS/PPE)
12 A PP40/(PS/PPE)

Interfacial tension (mN/m)

0 L 1 L | : 1 ' 1 : 1 " 1 L |

0 5 10 15 20 25 30 35
wt% PPE

Fig. 5. Influence of the PPE content in PS/PPE mixtures on the interfacial tension in systems with PP or POM, as measured from breaking threast experiment
full lines fit all data points, dashed lines exclude data points with systems containing Hal.

Using this system of equations, the surface tension of a has to be performed on fully equilibrated and stable pending
pendant drop can be estimated by comparing the droplets. Thisimplies that the method becomes inapplicable
experimental drop profile with theoretical profiles calcu- in all cases where polymer degradation can be expected, or
lated from the Young—Laplace equation (Eq. (9)). From if one of the components is highly viscous and/or elastic.
Eq. (11), it is obvious that an accurate knowledge of the Further, the method is also difficult for low viscous materi-
densities of each material at the measuring temperature,als which tend to fall off the syringe, rather than forming a
together with a very precise shape analysis of the formed stable pending droplet. The best results generally are
pendant drop is an absolute condition for reliable results of obtained for systems with a viscosity ratfm, between 0.1
the surface tensiony, and the interfacial tensiom;». and 1.

3.2. Advantages and limitations of pendant drop analysis 3.3. Experimental

PDA is a static method suited to determine both the 3.3.1. Materials

surface tensions of polymeric melts and the interfacial PDA experiments have been performed to estimate the
tension between two polymeric materials in the melt state. influence of the PPE content in amorphous homogeneous
Measurements require a highly specialized apparatus set-upPS/PPE mixtures, both on the surface tension of the PS/PPE
Contrary to breaking thread experiments, which are basedblends and on the interfacial tension of PP/(PS/PPE) blends.
on the knowledge of the zero shear viscosity, PDA The amorphous materials used are a commercial PS,
requires the accurate knowledge of the density of the mate-Styron® E680, from Dow Benelux N.V. (Table 1), and the

rials at each measuring temperature. Measurements ofterPS/PPE mixtures which have been described previously

last at least half an hour because the drop shape analysi§¢Table 2). The polypropylenes used in these experiments
were a commercial PP12 supplied by Atochem (Table 1)

and a Hostaleh PPT 1070 polypropylene (PP5) from
Hoechst AG, with a higher melt viscosity than the
PP12 (MFI 230C =5 g/10 min; M,, =226 000 g/mol;
M, = 44 600 g/mol).

3.3.2. Determination of the density data

Densities at 28 were determined by means of an Ultra-
pycnometer 100 (Quantachrome) equipped with a 58 cm
pycnometer cell. Helium was used as a test gas. The poly-
meric material was studied in the form of small granules.

Fig. 6. Drop shape analysis parameters as used for the determination of thel N€ accuracy is found to be better than 0.03 %.
interfacial tension in the PDA technique. The dependence of the density of the molten polymers on
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Table 7

Density of materials as extrapolated frggd T measurements in the melt and as determined from Helium pycnometer test€at 25

Material Density functioh Density at 25C (g/cnt)
Intercept A) Slope B) Temperature rangéQ)

PP12 0.85492 — 0.0005501 180-256 0.8831

PP5 0.85845 — 0.0005360 193-299 0.903

PS 1.08895 — 0.0005851 196-271 1.0535

PS/PPE 90/10 (Ha3) 1.11274 — 0.0006244 196-272 1.061

PS/PPE 75/25 (Ha5) 1.11715 — 0.0006216 202-278 1.0693

3p(T) = A+ BT(°C) in g/cnt. (Note that the density of a polymer melt is not linearly dependent on temperature; the calculated density function is thus only
valid in the temperature range indicated here)

the temperature was calculated from €T data of the microscope, an environmental chamber with temperature
polymer melts obtained by means of a GNOMIX PVT- controller, a heatable syringe attachment, a video camera
Apparatus (GNOMIX). ThepVT data were collected in  (Sony XC 77CE), and an RGB monitor (Sony PVM 1442
the isothermal standard mode (ITS) in the temperature QM). A weak argon flow is conducted through the environ-
range from room temperature to about 25 K above the high- mental chamber. The temperature of both the environmental
est temperature at which PDA was carried out, in steps of chamber and the syringe can be controlled to withi@, in

15 K. The pressure varied from 10 to 200 MPa in steps of a temperature range from room temperature t°G4Z4 he

10 MPa. The specific volume at atmospheric pressure wasapparatus is controlled by a personal computer (IBUS PC
extrapolated from these data for each temperature by theTechnologies), equipped with a frame grabber (ITI OFG-
GNOMIX pVT software. The accuracy of the specific KIT-C2-AT), image analysis software (BioScan Optimas V
volume data is+0.002 and+0.004 cni/g at temperatures  3.01) and drop shape analysis software (DSA, Kriss,
up to 250C or above 25TC, respectively. Finally, a linear  Germany) based on the algorithm developed by Song and
dependence of the densities on temperature is assumedpringer [40]. The drop shape analysis was performed in

within the temperature range of PDA measurements. three steps. Firstly, the drop image has to be digitised; from
this drop image a binary drop profile can be extracted;
3.3.3. Surface and interfacial tension measurements finally, a curve fitting program compares the experi-

The surface and interfacial energy data were obtained bymental drop profile with theoretically calculated profiles
means of a pendant drop apparatus. This selfmade apparatuaccording to the Young—Laplace equation (Eq. (9)). For
(Institute of Polymer Research, Dresden, Germany) consistspolymer melts, the reproducibility of the method is
of a NRL contact angle goniometer (Rastgart, Inc.) within £0.3 mN/m for the surface tension and within
equipped with an optical bench, illuminator and 0.6 mN/m for the interfacial tension.

Table 8
Surface tensions measured by the PDA in argon atmosphere and extrapolated surface tension functions for the amorphous melt of all materials

Material Temperature PDAC) o (mN/m) Functiona(T) =A+ B T (°C)
Intercept A) Slope B)

PP12 210 19.4
230 18.2 30.8 —0.054
250 17.3

PP5 250 17.8 28.1 —0.041
260 17.4

PS 220 27.6
245 25.8 423 - 0.067
265 24.6

PS/PPE 90/10 230 26.7
250 25.7 39.1 —0.054
265 24.8

PS/PPE 75/25 240 26.2
255 26.1 35.2 —0.036
270 255

#Linear regression without data point at 280because of its rather uncertain nature (rather high viscosity at lower temperatures, leading to long
equilibration times and risk for degradation).
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Fig. 7. Experimentally determined surface tensions from PDA as a function
of temperature; full lines indicate the linearly fitted surface tension
functions.

3.4. Results of the pendant drop analysis

3.4.1. Density of the materials

V. Everaert et al. / Polymer 41 (2000) 1011-1025

influence of the content of PPE in the PS/PPE mixtures on
their surface tension seems to be negligible. The observed
difference ofa(260°C) with about 1 mN/m is of the same
order of magnitude as the experimental error of the
measurements.

Measurements on a PS/PPE mixture containing 50 wt.%
PPE turned out to be impossible because of its extremely
high viscosity, even at elevated temperatures; no equili-
brium drop shape could be formed within a reasonable
time scale.

3.4.3. Interfacial tension in PP/(PS/PPE) blend systems
Measurements of the interfacial tension in PP/(PS/PPE)
systems were always performed by analyzing the shape of a
higher density PS/PPE droplet immersed in a less density PP
melt. The latter set-up proved to be the best way to reach a
smoothly equilibrated droplet shape. The temperature of
each measurement was adjusted depending on the viscosity
of the droplet material. The results of all measurements are
listed in Table 9. The error in the measurements is of the

The density of the used solid polymers determined at order of=0.6 mN/m.

room temperature (2€), and the temperature-dependent
linear density functions of the polymer melts are listed in
Table 7.

From the density functions, the exact density of each

material at the PDA measuring temperature can be calcu-

Measurements with the lower viscous PP12 posed some
difficulties; some small air bubbles entrapped within the
granules were difficult to remove from the melt and
disturbed the normal formation of an equilibrium droplet.
Only a limited amount of data points were measured. To

lated. The density of the PS/PPE mixtures was found to be solve this problem, a parallel series of measurements was

influenced only slightly by the PPE content.

3.4.2. Surface tensions of the amorphous melts

The surface tensions of all materials measured by the

PDA are listed in Table 8.

A linear regression on the experimental data with respect

to temperature yields a (linear) surface tension function,

a(T). The latter gives a good idea of the temperature depen-
dence for each material within the temperature region under

investigation (Fig. 7).
In the temperature region of our interest (28] the

Table 9
Experimental data of the interfacial tension measured by PDA

System wt.% PPE T (°C) o1, (MN/m)

(a) PP12/(PS/PPE) systems

PP12/PS 0 225 4.8

PP12/Ha3 10 225 4.6

PP12/Ha5 25 230 5.9
240 5.2

(b) Hostale® PPT 1070/(PS/PPE) systems

PP5/PS 0 225 4.6
240 4.7

PP5/Ha3 10 230 5.3
240 55
250 5.6

PP5/Ha5 25 240 6.1
250 6.0
260 6.2

carried out with a HostaléhPPT 1070 (PP5) as the matrix
melt. The latter has a somewhat higher melt viscosity than
PP12. Also this polymer caused some difficulties during the
necessary long equilibration times for drop formation;
inhomogeneities were sometimes visible. However,
measurements of the interfacial tension versus PS yielded
approximately the same results as obtained in a PP12 matrix
melt. Hence, it was assumed that the data obtained with both
types of PP could be compared. An overview of all experi-
mental data is given in Fig. 8.

4. Discussion

The effect of PPE in PS/PPE mixtures on the surface
tension and on the interfacial tension in PP/(PS/PPE)
systems was evaluated both from the dynamic breaking
thread method, and from an equilibrium method called the
pendant drop analysis. To confirm the observed tendencies,
some supplementary measurements gfwere performed
for a POM/(PS/PPE) system by the breaking thread method.

The results of both the pendant drop analysis and the
breaking thread method were in agreement with each
other for the PP12/(PS/PPE) system. The interfacial tension
measured for PP12/PS around Z3@vas found to be of the
order of 4.5 to 5.5t 0.6 mN/m. These values are well
within the range of the previously reported data in literature
(Table 10).
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Fig. 8. Interfacial tension in PP/(PS/PPE) systems measured by PDA: (a) as a function of temperaure; and (b) as a function of the PPE content&n the PS/PP
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Table 10

Literature data on the interfacial tension in PP/PS

Temperature°C) o1, (MN/m) —Ao /AT Reference

150 5.1 - Polymer Handbook [49]
Oda and Hata [41]

185 5.25 0.011 Nemirovski et al. [42]

220 4.9

226 3.1 0.015 Demarquette and Kamal [43]

250 3.5 Kamal et al. [44]

220 5.8

235 4.9 0.07 Escudie et al. [34]

250 3.7

300 5.0 Machiels et al. [27]

225 4.5 0.008 Pionteck [45]
250 43
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37.0 The Macleod’s constant has been assumed to be the same

= — PS predict. - PSIPPE 75/25 predict. for both PS and PPE; a value of 4.0 reported for PS [49] was
£ 345 @ PSexp. o PS/PPE 75/25 exp. . .
2 . PSIPPE 90/10 predict. — PPE predict. used for the calculations. The exact density of the polymers
E 30 m PS/PPE 80/10 exp. as a function of temperature was calculated from the extra-
5 polated density functions listed in Table 7. The density of
@ 29.5 pure PPE in this temperature range was estimated on the
2 basis of the density functions of PS/PPE mixtures. The
§ 270 results of this theoretical estimation from Eq. (12) were
E 25 compared with the experimental results obtained from
» PDA measurements (see Table 8) and are represented in

220 Fig. 9.

180 200 220 240 260 280

Temperature (°C) A glight inc;rease of the surface tensiqn of only 1-2 mN/m
with increasing PPE content was predicted from Macleod’s
Fig. 9. Comparison of the surface tension to PS/PPE mixtures as predictedre|ation3hip (Eg. (12)). For PS/PPE mixtures with a PPE
from Eq. (12), with the experimentally determined data points from PDA. content as low as 25 wt.%. this deviation thus becomes
rather irrelevant. The experimental error of the PDA
4.1. Influence of the PPE content in PS/PPE on the surface measurements is even larger than the calculated change of

tension the surface tension in the PS/PPE mixtures. Hence, it may be
) ) concluded that the surface tension in PS/PPE mixtures
Theinfluence of PPEN PS/PPE mixtures on treurface  indeed is not affected at all over the whole composition

tensionwas investigated based on the (PDA) experiments. range.

The high melt-viscosity of the PS/PPE mixtures containing  Thjs may also be confirmed by the scarce experimental
more than 25 wt.% of PPE, resulting in long equilibration  gata for the surface tension of PS/PPE mixtures reported in
times and consequently thermal degradation of the poly- the |iterature. For a commercial PS/PPE 30/70 mixture, a
mers, restricted the applicability of PDA to only a small y3jue of 30.8 mN/m was measured by the dynamic contact
part of the composition range of the PS/PPE mixtures. gngle analysis [47]. This value is very close to the values
The absolute value of the surface tensior(T), in the reported in the literature for pure PS [30], and the values
temperature range under investigation (200-2§0wvas  getermined experimentally by PDA for Styr®PS E680,

found to remain nearly constant for all compositions around gn( s in agreement with the predicted valuesdT) from
26+ 1 mN/m. It can thus be concluded that PPE does not gq, (12).

affect the surface tension of the PS/PPE mixtures signifi-

cantly. Note the slightly deviating temperature dependence

of the surface tension of PS/PPE mixtures containing higher 4 o |nfluence of the PPE content in PS/PPE on the
amounts of PPE. This can possibly be attributed to the lower jnierfacial tension in PP/(PS/PPE) and POM/(PS/PPE)
reliability of the PDA measurements in more elastic and/or gystems

viscous systems where the polymer melt does not readily

attain its equilibrium shape, leading to more erroneous Theeffect of the PPE conteiit the PS/PPE mixtures on

results at low temperatures. _ the interfacial tensionin a PP/(PS/PPE) system was
A theoreticalestimation of the influence of PPE on the easured for two types of PP matrix material.

surface tensiolrof the PS/PPE mixtures can be performed  The interfacial tension as measured in systems with PP12
from Macleod’s relationship between the surface tension, gig not seem to be influenced much by changing the content
o(T), and the density of the material (Eq. (12)), as the of ppE in the PS/PPE phase, at least for compositions
exact densities of all our materials were measured for the containing up to 25 wt.% PPE. This tendency is also found

PDA experiments. in the POM/(PS/PPE) systems from capillary instability
P \8 observations. Similar results were obtained from spinning
g = (m) o’ (12 drop experiments by Schoolenberg [48]. Measurements

were performed for the interfacial tension between PS/PPE

whereP is the Sugden Parachor for a repeating unitycm mixtures, and PP (commercial Shell gradggc)= 0.905 g/
mol)(mJ/nf)* values are listed by Van Krevelen [46]1 cm’) and PE (lab grade LLDPEpsc)= 0.920 g/cr,
is the molecular weight of a repeating unit (g/mg)is the nauoc = 307 Pa s), respectively. The PS/PPE mixtures used
Macleod’s constant, ang is the temperature-dependent in the test were a P$sc) = 1.04 g/cr) and PS/PPE 50/50
density of the material (g/cth The values ofP, M1 and (Noryl®, pesc=1.06 g/cm) supplied by the General Elec-
B are independent of temperature. tric. The interfacial tension values of PP/PS and PE/PS were

For the estimation of the surface tension of PS and PPE fromfound to be both around 4.5—-4.7 mN/m at 280whereas the
Eqg. (12), the following values were usellll(PPE)= 120, value of oy, for systems of PP/Nor§l and PE/Nory? was
M1(PS)= 104 g/unit/mol; and®?(PPE)= 269, P(PS)= 250. only 0.4 mN/m lower. Taking into account the error on such
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Table 11 is listed in the literature [49] as 0.02 for PP and 0.17 for PS.
Polarity, x,, of the basic materials extrapolated from literature data These values are independent of temperature [30]. As no
Material Extrapolated, Literature data Iite.ratur'e data are available on the polgrity of PPE, an
estimation was made based on the polarity of PS/PPE 30/
PP 0.02 0.02 70 reported in literature (Table 11). Crevecoeur [47] deter-
PS 0.17 0.17 mined the surface tension of PS/PPE 30/70 using the
PS/PPE 90/10 0.173 . .
PS/PPE 75/25 0177 dynamic contact angle analysis. A yalue of 30.8 mMN/m
PS/PPE 50/50 0.183 was measured; 5.8 mN/m was attributed to the polar
PS/PPE 70/30 0.188 0.188 [47] componentg® = X,0. From the value ofrP, the polarity
PPE 0.20 in PS/PPE 30/70 was found to be 0.188. Assuming that the

contribution of PPE to the polarity of the mixture is a linear

function of the content of PS and PPE, the polarity in such
measurements, it can be concluded that the content of PPE imixtures can be estimated from Eq. (14) and is listed in
the PS/PPE mixtures does not affect the interfacial tension. Table 11. Calculations indicate a quasi-negligible change

In the case of systems with PP5, a slight increase of the of the polarity in the PS/PPE mixtures with increasing
interfacial tension with increasing content of PPE in the amount of PPE
region of 220—-26%C can be observed. This observation is Iy

- . oPPE
not in line with all other measurements, and probably can be x, = x,(PS + =0
assigned to the not yet equilibrated droplet shape. A more
viscous matrix causes a slowly developing droplet shape; if The estimated interfacial tension, calculated via the
drop shape analysis is performed on not fully equilibrated harmonic mean equation (Eg. (13)) is presented in
droplets, the measurements become highly erroneous. Fig. 10.

To judge the evolution of the interfacial tension in PP/ From the latter calculations, it can be seen that the
(PS/PPE) systems with increasing content of PPE in the PS/interfacial tension in PP/(PS/PPE) remains quasi constant
PPE mixture in a more reliable way,;, can bepredicted  around 5.0 mN/m, at least for PS/PPE mixtures with a
directly by using the theoretically calculated surface tension PPE content not exceeding 25%. The total predicted change
functions for PS/PPE mixtures predicted from Macleod’s in o, over the whole composition range is only 1 mN/m,
theory (Fig. 9) in theharmonic mean equatiof30]: which approximates the experimental error on both the PDA

4 d and the breaking thread measurements.
= o1 b o — 4 010 4 Olfog The tendency observed from the calculated interfacial

12 ! 2 ail‘ + o'g ag + o-g tension functions (Fig. 10) agrees with the experimentally
observed behavior for PP12/(PS/PPE), except for PP/Ha5
where g; is the surface tension (mN/my, the polarity of systems. It can thus be concluded that PDA with more
component; of the polar component af;, of = Xp0i; and viscous polymeric material leads to less reliable results.
ot the dispersive component of, od=@1- Xo) T The temperature dependence of the interfacial tension is

The knowledge of thepolarity of PP, PS and PPE is predicted to be around-0.01 mN/m K, which is also
required for such calculations. The polarity of PP and PS consistent with the literature data [30,50].

[%,(PSPPE3070) — x,(PS]. (14

13

7.5
7 = PP/PS
+ PP/Ha3
65| & PP/Ha5
— PP/Ha7

(o))

o PP/PPE

n
T

Interfacial tension (mN/m)
IN o
[4,] [§)]

H

35
180 200 220 240 260 280
Temperature (°C)

Fig. 10. Predicted evolution of the interfacial tension in PP/(PS/PPE) systems via the harmonic mean equatioin, based on surface tensicadulatgadns c
from Macleod's relationship.
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8.0 - - It should, however, be mentioned that the PDA method is,

75[ m breaking-thread as a consequence of its absolute precondition of equilibrium
E 70[ -+ | @ pendantdrop state, limited to a narrow range of measurement tempera-
Z 65[ i ¢ from Macleod theory tures and material viscosities. The breaking thread
E 6ol T f T measurements offer the possibility for the experimental
_5 55 _ ﬁ N ; determination ofry, in a much wider temperature and visc-
g 50¢ ‘ ‘ [ 3 osity window, as experiments are generally fast enough so
g 45 1 ? 1 that they do not suffer from degradation problems. The latter
S 40t - method is thus only limited by the fact that one should be
g 351 able to measure sufficiently accurately zero shear viscosity
g 1232 - . . values,n,, of each material at each measuring temperature.
-_— 1 L 1 L 1 L 1

This is the most important reason why direct measurements
. ) of the interfacial tension between PP or POM and pure PPE

Wt% PPE in PS/PPE failed; measurement temperatures to reach break-up in such
Fig. 11. Comparison of the interfacial tension at 23t PP12/(PS/PPE) & Case are so high that accurate determination of the zero

systems determined experimentally from the breaking thread and PDA with Shear viscosity of the PP or POM phase without polymer
values predicted via the harmonic mean equation based on surface tensiordegradation becomes impossible.

L | "
0 5 10 15 20 25

functions obtained from Macleod's theory. Other advantages and limitations of each method have
been outlined in detail previously in the respective theore-
4.3. Comparison of methods tical sections of each method.

To evaluate the relevance of our experimentally deter-
mined interfacial tensions, the data obtained at°€30 5. Conclusions
from the breaking thread experiments and the PDA were
plotted along with the theoretically calculated values of  The influence of the PPE content in a miscible PS/PPE
oy, from the surface tensions predicted by the Macleod phase on the surface tension and polarity of PS/PPE
theory (see Fig. 10) in Fig. 11. mixtures, and on the interfacial tension in PP/(PS/PPE)

The general tendency of the measured data and calculatedind POM/(PS/PPE) systems has been investigated. Surface
values indicate that the interfacial tension in PP/(PS/PPE) tensions,o(T), were experimentally determined by means
system is rather insensitive to the PPE content. of the PDA technique, and were compared to values

From the experimentally determined data, it can be seenpredicted theoretically via Macleod’s theory. The interfacial
that both the PDA and the breaking thread method suffer tension, oy, was determined both from the dynamic
from a significant standard deviation, leading to rather breaking thread method and from the PDA, which is an
widely scattered results. It should be pointed out, however, equilibrium method. The results were compared to values
that the error on data from the breaking thread measure-predicted from the harmonic mean equation [30]. A good
ments is significantly higher than that on data obtained via agreement was found between the absolute values for
PDA. The displayed error bars on the breaking thread from both the techniques.
measurements are a result of at least six experiments from Thesurface tensionf PS/PPE mixtures in a temperature
which the worst results (i.e. wheX,, differs more than range of 230—26C seemed to remain unaffected by the
10% from X,) were already eliminated before further presence of PPE, within the experimental error of the
calculations were performed. Further, droplet break-up, in measurements. These findings were in good agreement
practice, never occurs exactly at the dominant wavelengthwith the prediction ofo(T) from Macleod’s theory.
predicted by the theory of Tomotika (Fig. 2); elastic effects  Also theinterfacial tensiorof PP/(PS/PPE) or POM/(PS/
can cause faster disruption of the liquid thread cylinders PPE) systems did not seem to be affected when using a PS/
leading to highly erroneous capillary instability growth PPE phase with a higher content of PPE. Values of
rates, thread preparation methods never ensure a fully5.2= 0.6 mN/m for the interfacial tension in PP/PS systems
controlled and equal thread diameter over the entire lengthand of 9.7+ 0.7 mN/m in POM/PS systems were measured.
under investigation, etc. In contrast to the breaking thread These values agree well with the data reported in literature.
experiments, the PDA involves less external factors that canComparison of these experimental data from both the
give rise to experimental errors. Once the conditions of a techniques, with the predicted interfacial tension via the
fully equilibrated, not degraded pendant drop are achieved,harmonic mean equation yielded an excellent agreement.
drop shape analysis can be performed in a straightforwardTheoretical predictions were shown to be very useful for a
manner. The general error accepted for the PDA experi- better understanding of the influence of the PPE content in
ments is of the order a£0.6 mN/m for each measurement, the PS/PPE phase because the high melt-viscosity of PS/
whereas a similar value is found for on an average six break-PPE mixtures containing more than 25% of PPE restricted
ing thread experiments. the applicability of both techniques to a small part of the
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composition range of the PS/PPE mixtures. It can be seen[14] Ellingson PC, Strand DA, Cohen A, Sammler RL, CaeieCJ.

that higher contents of PPE only lead to minor changes of
the interfacial tension, which are however not linearly

Macromolecules 1994;27:1643.
[15] Broseta D, Frederickson GH, Helfand E, Leibler L. Macromolecules
1990;23:132.

proportional to the PPE content. The changes are rather[16] Everaert V, Groeninckx G, Aerts L. Polymer, 2000;41:1011.

small with respect to the experimental error on the measure-

ments, and for mixtures containing only up to 25% PPE are
certainly negligible. Finally, calculations showed that PPE
causes the polarity of the PS/PPE mixtures to slightly
increase from a value of 0.17 for pure PS to 0.20 for pure
PPE.
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