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ABSTRACT: In this article, calcium carbonate filled low
density polyethylene (LDPE) was prepared and the influ-
ence of filler content, particle size, and surface treatment
with stearic acid on the strain hardening and viscoelastic
properties of the composites were investigated. Both elon-
gational and shear rheological measurements were con-
ducted on the different formulations and completed by
microscopical observations and by differential scanning
thermal analysis. The obtained results indicate that the
effect of filler content and particle size are negligible on
strain hardening behavior. Also the filler surface treat-
ment has a less important effect on the nonlinear elonga-
tional tests in comparison with low frequency range

measurements. However in shear rheology, we noted the
absence of yield stress and network structure at different
filler contents, and the presence of shear thinning behav-
ior. Scanning electron microscopy (SEM) observations
showed the enhancement of dispersion for surface treated
samples, while differential scanning calorimetry (DSC)
experiments have shown that the content of crystallinity
of LDPE matrix is slightly affected by the presence of fil-
ler. © 2011 Wiley Periodicals, Inc. ] Appl Polym Sci 123: 257-266,
2012
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INTRODUCTION

Inorganic fillers are widely used in the thermoplas-
tics industry to improve processing and/or mechani-
cal properties and to reduce the production costs.
Osman et al."? reported the enhancement of stiffness
and yield stress in calcium carbonate filled low den-
sity polyethylene (LDPE), and as well as the increase
of viscosity, moduli, and viscoelastic nonlinearity in
calcium carbonate filled high density polyethylene
(HDPE). In general mineral fillers, such as calcium
carbonate can also lead to a loss in properties of
polymer due to the nonhomogenous dispersion and
to the poor interaction between the hydrophilic filler
and the hydrophobic matrix. Thus, to improve the
interfacial adhesion and to facilitate filler dispersion
a variety of coupling agents, such as silane, titane
and stearic acid are used in addition to maleic anhy-
dride grafted polypropylene compatibilizer.*
However the inclusion of filler may also introduce
rheological problems and increase the cost of proc-
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essing. Fillers have strong impact on the compound
viscosity depending on filler content, particle size
distribution and surface treatment. Therefore, an
understanding of the rheology of filled systems is
necessary to optimize the processing conditions and
to predict the material performance in many com-
mercial applications.® It has been accepted that elon-
gational rheology is as an excellent indicator for
processability conditions including elongational
flow, such as film or bottle blowing, thermoforming,
melt spinning and sheet casting.”® Nevertheless, due
to the difficult measurements and to the inherently
unsteady nature of the elongational flow, availability
of information is limited, especially for filled materi-
als.” Few investigators have considered the elonga-
tional flow as well as the shear flow behavior of
filled compounds with yield values.'® Some studies
have reported the shear thinning behavior for melts
of HDPE/CaCO; and LDPE/zeolite composites
where the increase of viscosity in these systems is
more marked for untreated fillers than for the
treated ones.'"'? Greener and Evans'® compared the
dependence of shear and elongational relative vis-
cosities of filled polyisobutylene on volume fraction
of powder ceramic. Li et al.'* indicated that the
extensional viscosity of filled polyethylene contrib-
utes considerably to the apparent strain hardening
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and appears to be dependent on wood content in
the HDPE/wood composites, while Haworth'
showed that the incorporation of inorganic calcium
carbonate increases the transient state extensional
viscosity and the rupture stress of HDPE. The mate-
rials which show no strain hardening have short-
comings in attractive processes such as blow mold-
ing and foaming when elongational flow dominates.
Thus it has been desired to control these elonga-
tional flow properties, especially at large strain.'®

Furthermore a limited number of papers dealing
with the quantitative comparison between the strain
hardening and dynamic shear results were pub-
lished up to the time present in terms of the influ-
ence of particle size, surface treatment and content
of filler. In this study, the effects of particle size, par-
ticle content, and surface treatment of calcium car-
bonate filler on the elongational and shear flow
behavior of LDPE were studied. The elongational
flow was analyzed at equal strain rate conditions.
Rheological properties were compared with the
results obtained from the morphological and thermal
properties measurements by scanning electron mi-
croscopy (SEM) and differential scanning calorime-
try (DSC), respectively.

We therefore examine here the sensitivity of these

parameters between dynamic and elongational
viscosities.

EXPERIMENTAL
Materials

The commercial grade of low density polyethylene
LDPE used in this study as the matrix is a product
of Enip (Algeria), with a density of 0.923 g/cm’, a
melt flow index of 1.20 g/10min (MFI, ASTM D
1238-62T) and a melting temperature of 109°C
(ASTM D 1238). Four types of calcium carbonate
were used as fillers, the CaCO5; (CC2.6T), with trade-
mark Omya BSH supplied by Omya (France), The
CaCO; (CC14.2) supplied by Enof (Algeria), The
CaCO;5(CC5) obtained after humid grinding of the
local calcium carbonate according to NFXD11-507
and the CaCOj; (CC5T) which was treated by 1% of
stearic acid supplied by Henkel (Germany). Particle
characterizations of all CaCO; grades (all with a
density of 2.7 g/cm?) are listed in Table .

For the treatment procedure, stearic acid was dis-
solved in carbon tetrachloride (CCly), and then the
calcium carbonate was added into the solution. The
treatment was carried out by mixing at room tem-
perature and for 12 h the obtained solution via agita-
tion until complete homogeneity is achieved. The
treated calcium carbonate was then dried in a vac-
uum oven for 24 h at 60°C. All compounds were
prepared on a two-roll mill (Polymix 80T) at 160°C
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TABLE I
Characteristics of CaCOj; Grade Used in This Study

Average Type of
Referred Particle particle surface
filler type size (um) size (um) treatment
CC14.2 1-128 14.2 Untreated
CC5 1-5 <5 Untreated
CC CC5T 1-5 <5 Stearic acid treatment
CC 2.6T 1-16 2.6 Stearic acid treatment

for 15 min. The samples for rheological testing were
compressed molded at a temperature of 200°C and a
pressure of 10 bars. The samples for DSC and micro-
scopic analysis were injection molded at 200°C.

Elongational rheology

Measurements of the uniaxial elongational viscosity
at constant strain rate of 0.1 s~ were carried out
using a Meissner type extensional rheometer RME at
150°C. Typical sample dimensions were 62 x 8 x 1.4
mm°. A detail description and discussion of the reli-
ability of the extensional rheometer are given by
Meissner and Hostettler.'”” In the RME analysis,
when the test begins, the force required to extend
the sample has been measured as a function of time,
the uniaxial elongational viscosity mg is calculated
assuming an exponential decrease in the cross-sec-
tional area of sample as follows'®:

E(t)

Ng = Howoe(,ét)é (1)

Where Hy and W, are respectively, the thickness and
width of the sample at t = 0 and ¢ is the strain rate.
The product HyW, represents the cross-sectional
area of the sample at the measured temperature
prior to extension and can be determined from the
dimensions of the sample at room temperature:

%5
HoWo - (HOWD)RT (M> (2)
Pmr

Where (HoWy)rt is the cross-sectional area of the
sample at room temperature and prr and pyr are
the densities of the material at room temperature
and at the measured temperature respectively. For
example for 23% (30 phr) of CaCO; at room temper-
ature,pgijer is 2.7 g/ em®, prppe is 0.923 g/ cm® and
Peomposite 15 1.088 g/ cm®. The product &t in eq. (1) is
defined as the Hencky strain ey which is given by:
ey = In (L/Ly), where L and L, are the deformed
and the initial sample length, respectively.

Dynamic shear rheology

Rheological measurements were made in dynamic
mode on a Rheometer (Rubber Process Analyzer
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Figure 1 Elongational viscosity as a function of time of
LDPE and LDPE/CC2.6Tcomposites filled with 30, 50, and
60 phr tll‘eated CaCQOj; at 150°C under constant strain rate
of 0.1 s .

RPA 2000) equipped with parallel plate geometry at
150°C. The storage modulus (G’), loss modulus (G”)
and the complex viscosity were measured as a func-
tion of angular frequency (o) from 0.2 to 200 rad/s.
Dynamic frequency tests were conducted for all
samples at a strain rate of 0.56%.

Differential scanning calorimetry (DSC)
measurements

Nonisothermal crystallization parameters were
measured using a Mettler Toledo DSC 821e appara-
tus. The weight of all samples was approximately 10
mg and all measurements were carried out in nitro-
gen atmosphere. The samples of composites were
heated for the first heating scan from —20 to 220°C
at a rate of 10°C/min to eliminate previous thermal
history and were held at this temperature for 2 min
to ensure complete melting before starting the cool-
ing. The second heating sweeps were carried out
from 220°C to —20°C and from —20 to 220°C respec-
tively, at the same constant rate. The crystallinity
index (X.) of LDPE and LDPE/CaCO; composites
can be calculated from the following equation'":

_ AH(composite)

YT TTARO W ©)

Where AH (composite) is the apparent enthalpy of
fusion per gram of composite, AH" is the heat of fusion
of 100% crystalline LDPE, taken as 290 J/g from'’ and
W is the weight fraction of LDPE in the composite.

Morphological examination

Scanning Electron Microscopy SEM (ADSM982 Gem-
ini Leo) was used to study the microstructure and
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the morphology of fractured surfaces; magnification
was 500x and 2000x at a voltage of 1.00 kv. Samples
were fractured in liquid nitrogen and covered with
Gold before examination under microscopy.

RESULTS AND DISCUSSIONS
Elongational viscosities

Uniaxial elongational viscosities measurements are
most often used to identify a material tendency to
strain harden. Strain hardening is based on a com-
parison of the stress in start up flow with that pre-
dicted by the theory of linear viscoelasticity. If the
stress increases faster than it is predicted by the lin-
ear theory, the material is said to be strain harden-
ing.” Figures 1-3 show double-logarithmic plots of
elongational viscosity ng as a function of time
observed for conventional composites at 150°C with
a constant strain rate of 0.1 s™". For times less than
one second (<1 s), the viscosity is found to diverge
from a Trouton curve; this may be due to the creep
effect that may occur after introducing the sample
into the chamber at the relaxation phase. Indeed,
during the relaxation phase, the sample does not
retain its shape but tends to curb because the ends
stick to the lower belts on which it is deposited and
thus it tends to lengthen. The first tenths of a second
will therefore serve to hold out the sample and also
to give it a rectangular shape. The forces required to
hold out the sample are considerably lower for the
stretch state, since the viscosity is directly propor-
tional to the force, therefore its apparent value will
be lower. To avoid this underestimation, one can
apply a pretension before the test; which is meant to

1E7

n, (Pa.s)

Time (s)

Figure 2 Elongational viscosity as a function of time of
LDPE, LDPE/CC5, and LDPE/CC5T composites filled
with %0 phr CaCO; at 150°C under constant strain rate of
01s .
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Figure 3 Elongational viscosity as a function of time of
LDPE, LDPE/CC14.2, LDPE/CC5, LDPE/CC5T, and

LDPE/CC2.6T composites filled with 30 phr CaCO; at

150°C under constant strain rate of 0.1 s .

hold out manually the sample, after declining the
upper belt, by moving successively two pairs of
belts. At the end of this pretension, we let the sam-
ple again to relax to eliminate any stresses induced
by the pretension. In the early stage (t > 1 s), the
elongational viscosity gradually increases with the
time but independent of strain rate, which we gener-
ally call the linear region of the elongational viscos-
ity curve. After a certain time, which we call the up
rising time, dependent on strain rate, a rapid
upward deviation of elongational viscosity from the
curves of the linear region is observed. The upward
deviation in elongational viscosity is called strain
hardening. In Figures 1-3 a very strong tendency to
strain hardening is observed for the LDPE/CaCOj;
composites and also for the pure polymer. Thus it
becomes clear that elongational viscosity measure-
ments in molten polyethylene samples have a signif-
icant strain hardening.”"** Such behavior has been
also reported for some composites in the litera-
ture."*" Strain hardening or extensional thickening
can be associated with long relaxation times that are
caused by the presence of long molecules or by long
chain branching.”® The strong increase of the exten-
sional viscosity in comparison to shear viscosity in
the case of strain hardening leads to an additional
shearing of the sample between the rotating belts so
the flow is not purely extensional.

Figure 1 shows experimental results for the elon-
gational viscosities of the pure polymer and LDPE/
CaCO; composites containing treated particles with
a diameter of 2.6 pm. One can notice that the elonga-
tional viscosities increase as the filler content is
increased at lower times. However, the effect of par-
ticle content (30 and 50 phr) is not clearly observed
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on the strain hardening behavior. Furthermore, the
introduction of 60 phr of treated filler decreases
slightly the strain hardening behavior. Similar
results were reported by Prasad et al.” in ethylene
vinyl acetate (EVA) nanocomposites in which the
elongational viscosity eventually becomes independ-
ent of silicate content in the nonlinear region.
Kabayashi et al.** showed also that the strain hard-
ening did not appear if the filler content and the
strain rate are sufficiently high in HDPE filled with
glass beads system because the presence of the par-
ticles perturbates the deformation of matrix polymer
chains around them and thus causes the suppression
of strain hardening.

Figure 2 shows the effect of treatment of filler
with stearic acid on the elongational viscosity. The
elongational viscosity decreases at all measured
times for the samples where calcium carbonate was
treated stearic acid. The decrease is however less sig-
nificant in strain hardening behavior. Generally, a
reduction in viscosity is observed if the surface treat-
ment wets and disperses the filler; but an increase in
viscosity will occur if the surface treatment promotes
adhesion between the filler and the polymer. In this
case, strong interactions between the matrix and the
filler tend to increase the viscosity as the polymer is
strongly bonded to or adsorbed on the filler surface
which subsequently restricts the mobility of the
polymer matrix chains.

In Figure 3, the increase of viscosity related to par-
ticle size reduction is significant at low times in
comparison to the nonlinear region, this behavior
can be related to the fact that smaller particles with
larger ones tend to increase packing fraction before
elongational deformations take place and therefore
result in an increase in viscosity. However, no size
effect can be detected on strain hardening behavior,
suggesting again that hydrodynamics effects domi-
nate. Le Meins et al.”” measured the elongational vis-
cosity of monodisperse polystyrene spheres sus-
pended in polyisobutene matrix. They argued that;
when the particles are sufficiently large about 1.4
pm and 2.7 pm, the hydrodynamic effects dominate.
The particle contribution then depends on the vol-
ume fraction but not on the particle size. For suffi-
ciently small particles the amplitude of the strain
hardening is reduced or even eliminated.

Measured elongational force and its analysis

Figures 4 and 5, show the force and the stress as a
function of Hencky strain respectively, for a uniaxial
elongational test at constant strain rate of 0.1 s~' for
the untreated and the treated calcium carbonate
polyethylene composite. Because of the dramatic
decrease of the cross section of the sample during
elongation, the force goes through a maximum and
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Figure 4 Measured elongational force as a function of
time of LDPE, LDPE/CC14.2, LDPE/CC5, LDPE/CC5T,
and LDPE/CC2.6T composites filled with 30 phr CaCO; at
150°C under constant rate strain of 0.1 s .

disappears at the end of the test for all samples. The
stress defined as the force divided by the current
cross section increases with Hencky strain for all
samples. Moreover, from Figures 4 and 5, one can
observe the measured elongational force and stress
as a function of Hencky strain respectively, for all
LDPE/CaCOj; composites. When elongation Hencky
was lower (<1), the tensile stress values for all of
the samples were not much different because the
loose chains of LDPE exhibited the same resistant
force. However, at high elongation Hencky, the
chains were stretched; also calcium carbonate par-
ticles could block the stretching of LDPE chains.

300000

250000

200000

150000

100000

Tensile stress (Pa)

50000

Hencky strain

Figure 5 Measured elongational stress as a function of
Hencky strain of LDPE/CC14.2, LDPE/CC5, LDPE/CC5T,
and LDPE/CC2.6T composites filled with 30 phr CaCO; at
150°C under constant rate strain of 01 s~
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Note that, it takes more force to pull the composites
with untreated filler at a Hencky strain of 1. The ten-
sile force maximum is always higher in the LDPE/
CC14.2 and LDPE/CC5 composites of the untreated
filler than in the LDPE/CC5T and LDPE/CC2.6T
composites of the treated one. These results suggest
the presence of filler agglomerates of different size.
The number of agglomerates must be higher in the
untreated composites than of the treated ones.
Agglomerates of the untreated filler did not deform
under stretching and hence exerted more resistance
to the flow than those of the treated filler because
the dipole-dipole interactions existing between the
untreated filler are stronger than the Van der walls
attractions forces between the alkyl chains of filler
coating. On the other hand, it can be seen that all
samples break at a sensibly same strain.

Shear rheology

The effects of different fillers in the dynamic shear
rheological properties of conventional composites
have been also studied. With regard to shear, the
RPA rheometer was successfully used on polyolefins
(pure and compounds) for shear elastic and viscous
modulus, the wide strain range allows testing poly-
meric materials in both linear and nonlinear viscoe-
lasticiy domains with excellent repeatability. In all
case, this rheometer did not give any significant
results than the reference data. In Figures 6 and 7,
the complex viscosity (n*) increases only slightly
with the addition of 30 phr (23%) of different cal-
cium carbonate fillers. This slight increase in com-
plex viscosity and linear viscoelastic behavior at low
frequencies is the expected result for a macrocompo-
sites system containing low amount of filler.”**
However, no specific effect on the dynamic viscosity
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Figure 6 Shear viscosity as a function of frequency for
LDPE, LDPE/CC5, and LDPE/CC5T composites filled
with 30 phr CaCO; at 150°C.
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Figure 7 Shear viscosity as a function of frequency for
LDPE, LDPE/CC14.2, LDPE/CC5, LDPE/CC5T, and
LDPE/CC2.6T composites filled with 30 phr CaCOj; at
150°C.

at low frequency is observed by the reduction of fil-
ler particle size (Fig. 7).

In Figure 6, the viscosity slightly decreases by sur-
face treatment of filler. The effect is more pro-
nounced at low frequency range, Similar behavior is
observed in the extensional characteristics men-
tioned earlier and can be attributed to the difference
in the state of dispersion. It is generally observed in
such a system as LDPE/CaCOj; thata reduction of
particle sizes causes an increase in apparent viscos-
ity and that the addition of stearic acid treatment
induces a decrease in complex viscosity, with respect
to the value of uncoated filled composite. This is
probably due to the reduction of agglomerates. In
this study, all materials showed a shear thinning
behavior, the value of viscosity decreases with
increasing shear rates. Thus the presence of the pro-
nounced shear thinning should facilitate the process-
ing of LDPE/CaCOj3; composites using conventional
processing equipments.

Conversely, there is an increase in viscosity as the
filler content is increased for the following formula-
tions (CC14.2) and CaCO; (CC2.6T) as shown in Fig-
ure 8. Unlike extensional viscosities which appear to
be independent of filler content in the nonlinear
region when the filler content was 30 and 50 phr,
the increase in dynamic viscosity is a result of
increased fillerfiller interaction due to its higher
content. The extent of shear thinning increased with
filler content due to the more extensive filler interac-
tion. In Figure 9, the LDPE/CC2.6 treated compo-
sites with filler content of 30, 40, and 50 phr shows
an increase in the storage modulus G’ at all frequen-
cies. Also the loss modulus G” of these materials fol-
lows a similar trend, which indicates a pronounced
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ZOUKRAMI ET AL.

interaction between the CaCQO; filler particles. This
indicates an inhibition of the polymer chain motions
by the filler particles. Furthermore, at larger frequen-
cies, the effect of filler concentration on the storage
modulus becomes small, which suggests a probable
breakdown of the agglomerates formed by Van der
Walls and/or London forces.”® The loss modulus G”
is larger than the storage modulus G’ indicating a
viscous nature (liquid like behavior) of the compo-
sites. Similar results were obtained by Osman et al.*’
for untreated filler composites. Moreover, Lertwimo-
len et al.”” reported that the increase in complex vis-
cosity and storage modulus at low frequency can be
compared to those materials exhibiting a yield stress
and could be explained by the existence of a perco-
lated network structure. Thus increasing the content
beyond the test range may also produce materials
which have yield stress.

When the particles are sufficiently large (>2.6
pum), the hydrodynamic effects dominate the particle
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Figure 8 Shear viscosity as a function of frequency for (a)
LDPE and LDPE/CC2.6T composites filled with 30phr, 40
phr and 50 phr treated CaCOj;, (b) LDPE and LDPE/
CC14.2 composites filled with 30, 40, and 50 phr untreated
CaCO; at 150°C.
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Figure 9 (a) Storage modulus, G" as a function of fre-
quency for LDPE and LDPE/CC2.6T composites filled
with 30, 40, and 50 phr of treated CaCOj;, and (b) loss
modulus, G” as a function of frequency for LDPE and
LDPE/CC2.6T composites filled with 30, 40, and 50 phr
treated CaCOj; at 150°C.

contribution which then depends on surface treat-
ment, but not on particle size. For systems with such
particles a good agreement is found between the vis-
cosities and moduli in dynamic shear flow and the
extensional viscosities at low stretching rate. The
extent of the effect of filler content is not similar on
the elongational and the shear viscosities. These
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results imply also that flow induced internal struc-
tural change occurs in both shear and elongational
flow, but the changes are quite different from each
other.

Melting and crystallization behaviors

The crystallinity behavior of thermoplastic polymers
during nonisothermal processing has a vital techno-
logical importance, because these conditions are
closely related to the industrial processing parame-
ters. However there have been little research related
to the nonisothermal crystallization behaviors of
CaCQ; filled LDPE composites. DSC results in Table
II show that the melting temperature (T,,) in neat
polymer and LDPE/CaCO; composites are very sim-
ilar. The addition of 23% CaCOs to the polymer ma-
trix causes a decrease in the values of the heat of
fusion. According to Table II, theses values change
from 127 J/g for pure LDPE to 95 ]J/g for LDPE/
CC14.2. The observed decrease in the heat fusion
can be mainly attributed to substitution of LDPE by
CaCO; particles in LDPE/CaCO; composites and to
the fact that particles present in amorphous regions
prevent the nucleation and the growth of crystal
domains. Similar results are reported by Sahebian
et al.’! for HDPE/CaCO3 nanocomposites. The crys-
tallization temperature T. during cooling is not
affected by the presence of the different calcium car-
bonate fillers, suggesting that the crystal microstruc-
ture of LDPE has not been changed. The crystallinity
content (X.) of treated composites was slightly
higher than that of pure LDPE and of untreated
composites because of the better dispersion of
treated filler in the matrix polymer. The addition of
stearic acid has small effect on the crystallization
process. This may be explained by the fact that
when the surface of CaCOs is coated by stearic acid
the outer layer plays a role of coupling agent at the
interface thus shielding the CaCO; particles from
direct contact with the polymer which is necessary
for the its nucleation. This is in agreement with
published results on PP/elastomer particle compo-
sites characterized by encapsulation core shell micro-
structure.®*®® In a previous article,” we obtained
similar results for a silica/polypropylene system

TABLE II
Thermal Properties of LDPE/CaCO; Composites
Materials AH. (J/g) T. (°Q) AH,, (J/g) Tm (°C) Xe (%)
LDPE 117.9 102.9 126.7 114.6 43.7
LDPE/CC14.2 89.2 102.4 94.6 114.6 424
LDPE/CC5 94.8 102.5 99.5 114.4 445
LDPE/CC5T 95.4 102.9 100.3 114.2 449
LDPE/CC2.6T 92.6 102.7 98.8 114.2 442

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 10 Scanning electron micrographs of (a) untreated CaCO; (CC14.2), and (b) treated CaCO; (CC2.6T).

compatibilized by glycerol monostearate (GMS) and
ethylene acrylic acid ionomer. The X. of LDPE/
CC14.2 untreated composite was smaller than that of
LDPE matrix, this can be referred to the low compat-
ibility between untreated calcium carbonate with
particle diameter of 14.2 ym and LDPE matrix, In
fact, both low polarity and free energy of LDPE and
high polarity of CaCO; cause that particles cannot
induce suitable nucleation sites for the formation of
spherulites.’* Lazzeri et al."' reported that uncoated
CaCO; has a very weak nucleating effect on the
crystallization of HDPE, and stearic acidcoated
CaCO; has no influence either on the crystallization
process in CaCO;/HDPE nanocomposites. The X, of
untreated LDPE/CC 5 composite was slightly higher
than LDPE/CC14.2 composite and the pure LDPE,
which can be related to the reduction of particle
size. Pukanszky® reported that the nucleating effect
of a filler may also depend on its particle character-
istics, decreasing particle size of CaCOj leads first to
the appearance of a second crystallization peak than
a shift of the complete crystallization process to
higher temperatures indicating a very strong nuclea-
tion effect of this filler and that the increase of nucle-
ating effect with decreasing particle size is caused
by the aggregation of CaCOs.

Microstructural observation

Scanning electron microscopy (SEM) is widely
applied to study the extent of interfacial adhesion in
polymer composite, generally through examination
of fracture surfaces. So to explain some results
reported in a uniaxial elongational and dynamic
shear flow and to verify the interfacial adhesion
properties at the LDPE/CaCOj; interface. And also
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to determine whether stearic acid treated CaCOj
particles really help its dispersion in the low density
polyethylene matrix. For this, SEM micrographs of
the fillers particles CaCO5(CC14.2) and CaCOj;
(CC2.6T) in Figure 10(a,b), show generally irregu-
larly shaped filler particles especially for calcium
carbonate CC2.6T. Since most mineral fillers do not
fracture uniformly, there were no observable signifi-
cant difference between the untreated samples and
those treated with stearic acid. However, the particle
size distribution of CaCO; (CC14.2) is larger than
the treated ones. According to micrographs shown
in Figure 11, the dispersion of untreated CaCOj par-
ticles appears to be rather uniform, it is observed
that fibrils of LDPE surround calcium carbonate par-
ticles and are also seen on the clean surface of cal-
cium carbonate particles in LDPE/CC14.2 compo-
sites. It means that polyethylene debonded
completely from calcium carbonate large particles of
CC14.2, It can also be seen clearly how the presence
of irregular small filler particles in CC14.2 lead to a
strong tendency for agglomeration. Similar results
have been shown by some authors.'” On the other
hand, one can notice an improvement in the parti-
cle-particle interaction for LDPE/CC5 compound.
Thus the simplest way to improve interactions con-
sists of decreasing the particle size and thus increas-
ing the specific surface area.’® Calcium carbonate is
well dispersed when its surface is treated with ste-
aric acid Figure 11(c,d), it could be expected that
this type of surface treatment reduce particle-particle
interaction resulting in the decrease of particle
agglomeration.”” Also, very few surface defects are
present; confirming the excellent levels of dispersion
achieved with treated compounds. The treated sys-
tem shows enhanced dispersion as compared to the
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Figure 11 Scanning electron micrographs of fracture surface of composites containing 30 phr of untreated and treated
CaCO;, (a) LDPE/CC14.2, (b) LDPE/CCS5, (c) LDPE/CC5T, and (d) LDPE/CC2.6T.

untreated system. It may be due to the coating of
the filler by stearic acid.

CONCLUSIONS

From the results, it was found that unlike complex
viscosity of LDPE filled with 30 phr (23%) CaCOs,,
nonlinear elongational viscosity becomes independ-
ent of treated filler content. The storage and loss
moduli increased with the content of treated calcium
carbonate. Both viscosities (elongational and com-
plex) decrease but do not change significantly as a
result of stearic acid surface coating of the filler. The
particle size has no effect on strain hardening behav-
ior and shear rheology, all composites showed strain
hardening and shear thinning behavior but no yield
stress was noticeable. Microscopic analysis showed

that the dispersion is enhanced by stearic acid treat-
ment and thermal analysis has shown that the melt-
ing temperature T,, and the crystallization tempera-
ture T. are not influenced by the introduction of
calcium carbonate. However the content of crystal-
linity X, is slightly increased by the surface treat-
ment and by the reduction of filler particles size.
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