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Abstract—The effects of compatibilizing agents on the mechanical properties, viscoelastic properties, and morphol-
ogy of polypropylene filled with calcium carbonate composites are investigated. It is found that the use of PP-g-MA
and PP-g-AA significantly increases the tensile strength and improves particle dispersion and interfacial adhesion. The
higher effect of compatibilization is obtained by using PP-g-MA as a compatibilizer. The results on the dynamic
thermomechanical properties, viscoelastic properties, and SEM pictures also support the improved interfacial character-
istics. It is also found that there exists a limiting amount of PP-g-MA at about 5% beyond which a further increase in
the tensile strength is not obtained. The use of untreated calcium carbonate or SEBS-g-MA does not allow films to
be drawn for the purpose of testing.
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INTRODUCTION SEBS-g-MA are incorporated into the PP/Ca@0Omposites.
Since PP-g-MA and PP-g-AA are essentially polypropylene in

Although polypropylene (PP) is widely used due to its excellentnature, these compatibilizers are miscible with PP, especially in
processing characteristics, good mechanical properties and lowmall amounts. SEBS-g-MA is not thermodynamically miscible
cost, much time and effort has gone into improving these properwith PP, although some dispersion does occur upon mechanical
ties through the addition of other polymers or fillers. Inorganic fil- mixing. The functional groups associated with these compatibiliz-
lers such as talc, glass fibers or calcium carbonate are often addeds are expected to interact with the Ca@@r providing in-
to polymer resins either to reinforce the material or to reduce matereased adhesion between the filler and matrix, ultimately result-
erial costs. Since the addition of filler into a polymer matrix inter- ing in enhanced mechanical properties.
feres with the macromolecular structure of the polymer, mechani-
cal properties are often sacrificed. Most often surface modification EXPERIMENTAL
of the filler is used to improve this interface. Stearic acid and cou-
pling agents such as silane [Demijen, 1998], as well as plasma ma- Materials
dification [Akovali, 1994] have been used to modify the surface The polypropylene used for sample preparation is Escorene
of calcium carbonate. However, in the case of polypropylene, pooB155 (Exxon Chemical) with a melt index of 34 g/10 min at 230
adhesion between matrix polymer and filler is present due to théC. Polybon8l 3150 (Uniroyal Chemical) is a maleated polypro-
absence of functionalities that could interact with the filler [Wang, pylene (PP-g-MA) with 0.7 wt% graft level and a melt index of
1996; Xanthos et al., 1995]. Compatibilizing agents are most ofterb0 g/10 min at 236C. Polybonél 1001 (Uniroyal Chemical) is a
used to improve the interfacial adhesion between blended polypolypropylene grafted with 6% of acrylic acid (PP-g-AA) with a
mers. This same approach can be made for composite systemselt index of 40 g/10 min at 23C. The SEBS-g-MA used is
rather than the conventional treatments that focus on filler surKrator FG-1901X (Shell Chemical) with a melt index of 22 g/
face treatments [Pukansky et al., 19B9]adding compatibiliz- 10 min at 230C and a graft level of 1.84%. Microground calcium
ers with reactive functional groups, it is expected that improvedcarbonate, UFT(Omya, Switzerland) is used with an average par-
adhesion at the polymerffiller interface will result in more effi- ticle size of 0.7im and a specific surface area of F&yrCalcium
cient stress transfer and better dispersion. carbonate powder is used either as an untreated form or as a treat-

Previous studies on the mechanical properties of polypropylened form coated by stearic acid.
filled with calcium carbonate (CaGJthave shown an increase in 2. Equipment
flexural modulus with increasing concentrations of filed a de- A Brabender D6/2 twin screw extruder with 42-mm intermesh-
crease in tensile strength and elongational properties [Maiti et aling screws and an L/D ratio of 7 : 1 is used to blend the PP and
1991; Demijen et al., 1998]. In an attempt to improve compro-CaCQ. The speed of the extruder is controlled by a Haake Rheo-
mised properties, three compatibilizers, PP-g-MA, PP-g-AA andcord Torque Rheometer model number EU3V. The materials are
fed to the extruder by a Horizontal Metering Screw Feed Hopper
with variable speed control. A Sheet Extrusion Take-off model-SE
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E-mail: leesu@missouri.edu unit equipped with a water bath is used to collect film samples
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Roswell, GA 30075, USA tested by using an Instron model 4204 tensile tester on 20 mm
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samples at an elongation rate of 0.2 mm/s. Thermomechanical pranent 1, Table 1), aimed at identifying which compatibilizer pro-
perties are tested with a Rheometric Scientific DMTA IV at a fre- vides the best properties, show that significant differences exist at
guency of 1 Hz and a ramp rate of Z#min in single-cantilever  the 95% confidence level for tensile strength. An increase of 33%
bending mode. Viscoelastic properties are measured by a Rheds possible using 10% PP-g-MA and 16% using 10% PP-g-AA
metrics RMS 800 at a strain of 5% and temperature range of 170sersus the uncompatibilized case, indicating that compatibilization
200°C in dynamic oscillatory mode. An Amray 1600 scanning is present. A 10% PP-g-MA compatibilized composite also shows
electron microscope is used at a beam voltage of 20 kV to exanincreases of 20% in bending modulus and 30% in elongation at
ine cryogenically fractured composite samples. break. Since the compatibilizing effect of PP-g-MA turns out to be
3. Procedures superior to PP-g-AA, follow-up work (experiment 2, Table 2) is
To avoid any absorption of moisture from the atmosphere, thecarried out by using PP-g-MA to determine the optimal amount
compatibilizers are dried in a vacuum oven for 8 hours prior toof PP-g-MA required. It shows that an asymptotic increase in ten-
mixing, and immediately mixed upon removal from the oven. Thesile strength is seen with increasing amounts of PP-g-MA. A max-
mixtures are fed to a Brabender twin screw extruder operating atmum of approximately 15 MPa is observed using as little as 5%
200°C and 80 RPM by a metering feed hopper. Immediate quenPP-g-MA. The incorporation of additional compatibilizer beyond
ching in a room temperature water bath follows melt blending.5% does not have a significant effect on the strength. About 10%
The amount of calcium carbonate in all samples is 40% and a 10%ifference is observed in tensile strength of 10% PP-g-MA sam-
compatibilized blend consists of a 50/40/10 blend of PP/@aCO ples between experiments 1 and 2. But, this difference is generally
compatibilizer. In the initial phase of experimentation (experimentacceptable in the mechanical tests of composites.
1), 10% compatibilizer is used. In the follow-up study with PP-g- 2. Viscoelastic Properties
MA (experiment 2), the amount of PP-g-MA ranges from 0% to  Plots of dynamic thermomechanical test results obtained by

10% by increments of 2.5%. using DMTA are given in Fig. 1. The effect of compatibilization
reveals a stiffening effect as the three samples listed consisting of
RESULTS AND DISCUSSION 5% PP-g-MA, 10% PP-g-MA and 10% PP-g-AA all show a sim-
ilar positive effect on modulus. The presence of a compatibilizer
1. Mechanical Properties serves to provide a stronger interface that better reflects the max-
The composites prepared by using the untreated Cedidl imum levels of modulus possible for perfect adhesion. In effect,

not be collected through available film drawing methods. Thesethe inherently high modulus of the calcium carbonate is better uti-
composites showed poor processability as a result of poor dispefized when compatibilized properly due to improved interfacial ad-
sion and melt strength. The poor processing characteristics creafiesion. The effect of compatibilization on energy dissipation is ob-
ed by the use of untreated calcium carbonate are due primarily teerved in the tancurves, also given in Fig. 1. The observed de-
caking that results from the absence of surface treatments such agease in tahis an indication that properly compatibilized com-
stearic acid. Similar results were obtained from the composite conposites provide enhanced toughness or impact strength due to im-
taining treated CaCQ@nd Kratofi FG-1901X (SEBS-g-MA). This  proved interfacial adhesion. Improved stress transfer as seen in the
could be due to the immiscibility of SEBS-g-MA with both poly- compatibilized blends is the result of better adhesion at the LaCO
propylene and CaCQresulting in weak bonding of the SEBS-g- surface. Poor interfaces prevent efficient stress transfer leading to
MA and CaCQ with the PP matrix. The immiscibility of SEBS stress concentration and the formation of microcrazes at the poly-
with PP is too disruptive to the melt strength to allow drawing. mer-filler interface that weaken the composites and lead to frac-
The mechanical properties measured on all test samples arteire.
presented in Tables 1 and 2. The results of the initial study (experi-

1011 _ 0
Table 1. Mechanical properties of composites obtained in exper- N ik pReAn >
iment 1 . 10% PP-g-MA
Tensile  Bending  Elongation . B 5% PP-g-MA
strength  modulus at break ol Uncompatibilized
(MPa)  (Gpa) (%) *
Uncompatibilized 12.28 6.20 6.70 Jit
10% PP-g-MA 16.33 7.46 8.69 (Pa] an
10% PP-g-AA 14.26 7.67 6.64 .
10°F
Table 2. Tensile strength of composites obtained in experiment 2 [
Tensile strength (MPa)
10 8 ' ! 1 I 1 ) I ! 10
2.5% PP-g-MA 14.17 -1200 90 60 -30 0 30 60 90 120 150
5% PP-g-MA 14.91 Temp [°C]
7.5% PP-g-MA 15.01 Fig. 1. Effect of compatibilization on dynamic mechanical prop-
10% PP-g-MA 14.88

erties of PP/CaCQ composites.
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Fig. 2. Complex viscosities of PP, PP/CaGCand the compatibi-
lized composites at 18€C.

Storage Modulus(180°C)
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Fig. 3. Storage moduli of PP, PP/CaC@and the compatibilized

composites at 186C. (e 1B PP-g-MA
. . o Fig. 4. SEM photographs of fracture surface at 2,000X magnifi-
Viscoelastic properties of PP, PP/CaCidd the compatibilized cation. (a) Uncompatibilized composite. (b) 10% PP-g-AA
composites measured at T80by using RMS 800 are given in compatibilized composite. (c) 10% PP-g-MA compatibi-
Figs. 2 and 3, respectively. The complex viscosity and storage lized composite.

modulus of 10% PP-g-MA compatibilized composite show higher

values than those of 10% PP-g-AA compatibilized composite, esmuch-improved adhesion at the CaG0rface with PP-g-MA

pecially at low frequencies, which further supports the better intershowing the greatest interaction as shown in Fig. 5(c) while the un-

facial adhesion in the case of PP-g-MA compatibilized composite.compatibilized composite shows a lack of adhesion at the CaCO

The scattering data shown in Fig. 3 on the storage modulus of pursurface. Although not shown here, SEM pictures show that in-

PP at low frequencies are primarily due to the limit of the trans-creasing percentages of PP-g-MA improves dispersion and adhe-

ducer used in the measurements. sion. As is the case for tensile strength, the effect of adding com-

3. Morphology patibilizer beyond some threshold value in the 5% range is not sig-
The morphology of each of the composites obtained in the pri-ificant. This is due to the presence of excess PP-g-MA, which is

mary study is presented in Figs. 4 and 5, taken at 2,000X andot capable of reacting or interacting with Ca€ifice all avail-

10,000X magnifications, respectively. The uncompatibilized com-able CaCQsurface sites are occupied.

posite shows poor dispersion and particle agglomeration within the

fracture surface as shown in Fig. 4(a). However, the composites CONCLUSIONS

prepared by using compatibilizers show better dispersion charac-

teristics with PP-g-MA showing the best dispersion as shown in  The positive effect of compatibilization in PP/Ca@0dmpos-

Figs. 4(c). Fig. 5 shows the interaction between matrix and fillerites is the result of improved interfacial adhesion at the interface

at 10,000X magnification. The compatibilized composites showbetween the filler and the polymer matrix as shown through exam-
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(e 100 PP-g-MA

Fig. 5. SEM photographs of fracture surface at 10,000X magni-
fication. (a) Uncompatibilized composite. (b) 10% PP-g-
AA compatibilized composite. (c) 10% PP-g-MA compati-
bilized composite.

this finding. The tensile strength of composites treated with com-
patibilizers shows significant increases in strength of 33% with
10% PP-g-MA and 16% with 10% PP-g-AA. A PP-g-MA com-
patibilized composite also shows increases of 20% in bending
modulus and 30% in elongation at break due to improved adhe-
sion. In addition, there exists a threshold value of 5% in the ad-
dition level of PP-g-MA beyond which no tangible benefits are
obtained in terms of its tensile strength.

The use of either SEBS-g-MA or untreated calcium carbonate
does not provide films with sufficient melt strength to be drawn in
the form of a film. The immiscibility of SEBS with PP is too dis-
ruptive to the melt strength to allow drawing. The poor processing
characteristics created by the use of untreated calcium carbonate
are due primarily to caking that results from the absence of surface
treatments such as stearic acid. This study reveals the potential use
of compatibilizers for improving the properties of not only calcium
carbonate filled polypropylene but possibly other polymers and fil-
lers as well.
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