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ABSTRACT: Flame retardant polypropylene (PP) com-
posites were prepared by combining random polypropylene
with uncoated and surface-treated forms of magnesium hy-
droxide filler and elastomeric modifiers, with and without
maleic anhydride functionalization. Four types of magne-
sium hydroxide (MDH) with different surface treatments
were compounded at amounts up to 60% by weight to
PP/polyolefin elastomer (POE) matrix resin to obtain a se-
ries of composites. The tensile strength and elongation at
break were measured. MDH coated with polymeric material
was found to give a high elongation at break value com-

pared with the values obtained with uncoated and vinyl
silane and amino silane coated MDH. Two types of POE, i.e.,
neat and maleic anhydride grafted POE (POEgMA), were
used to investigate the stress whitening of composites in
bending deformation. POEgMA used composites showed no
stress whitening while neat POE used composites showed
whitening when bended. © 2005 Wiley Periodicals, Inc. J Appl
Polym Sci 97: 2311–2318, 2005
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INTRODUCTION

Polypropylene (PP) is made nonflammable generally
by the use of organohalogen type fire retardants. This
method, however, poses such problems as toxicity of
fire retardants, corrosion during melt processing, and
emission of smoke and toxic fumes in processing and
fires. Therefore, much attention has been paid to such
fire retardants as aluminum hydroxide (ATH) and
magnesium hydroxide (MDH), which are nontoxic
and avoid the above-mentioned difficulties. These
flame retardants are perhaps the most environmen-
tally friendly flame retardants since both release just
water vapor during fire. However, ATH begins to
dehydrate at about 180°C and is hence unusable for
such thermoplastics resins as PP whose processing
temperature is at least about 200°C. MDH, on the
other hand, has the advantage that its decomposition
into MgO and H2O starts at a relatively high temper-
ature (300–320°C), thus allowing it to be processed in
plastics for which ATH is not thermally stable enough.

Both ATH and MDH have some drawbacks. To be
effective in flame retardancy, high filler loading (60 wt
%) is necessary, resulting in a significant loss in me-
chanical properties, especially in elongation at break
and stress whitening in bending deformation.1–6

Recently there has been a great demand to develop
PP-based resin as cable insulating material in the cable
industry. This is particularly true for automotive cable
insulation applications where plasticized PVC and
PE/EVA are the main polymers currently used. PVC,
although a better fire retardant polymer than polyole-
fins, is a source of health and environmental problems
due to potentials for release of chlorine-containing
chemicals. PE/EVA, on the other hand, has a certain
limitation in its low application temperature. There-
fore, it is expected that PP-based resin is the most
promising material that can replace PVC or PE/EVA.
For the application of PP type resin for cable insulat-
ing materials, not only flame retardancy but also flex-
ibility and tensile properties, e.g., tensile strength and
elongation at break, must be satisfied. Generally, the
flexibility of PP can be improved by blending with
elastomers such as ethylene propylene copolymer
(EPR) and ethylene–propylene–diene monomer
(EPDM). Polyolefin elastomer (POE) is a poly(ethyl-
ene-octene) copolymer developed using a metallocene
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catalyst by Dow Chemical Co. POE is characterized by
a narrow molecular weight distribution and homoge-
neous comonomer distribution. Compared with con-
ventional EPR or EPDM elastomers, POE exhibits the
advantage of mechanical properties when blended
with PP.7–13

PP composites filled by MDH particles have been
studied. The morphology, size, dispersion, and ap-
plied surface coating on particles influence the me-
chanical properties of MDH filled PP composites.14–18

Miyata et al. found that the tensile yield strength
decreased in proportion to the increase in the incor-
porated amount of MDH because three was no adhe-
sion between the filler and the polymer matrix. How-
ever, surface coating with sodium stearate was shown
to enhance the compatibility with the resin but did not
afford a chemical bonding between the filler and ma-
trix.14 Jancar and Kucera found that PPgMA molecules
were chemically bonded on the filler surface due to
the acid–base interaction between carboxyl groups
grafted on PPgMA and hydroxyl groups from the filler
surface. On the other hand, surface coating with
stearic acid led to the reduction in tensile yield
strength compared to composites containing pure
MDH due to the lower thermodynamic work of adhe-
sion.15 However, systematic investigations on the ef-
fect of filler surface treatment and the effect of func-
tionalized POE incorporation into PP matrix have not
been reported.

In this study, we prepared PP/POE/MDH compos-
ites with four different types of MDH and with two
different types of POE and investigated their tensile
properties as well as stress whitening in bending de-
formation. Finally, we tried to find the best com-
pounding formulation of PP/elastomer/MDH com-
posite for cable insulating applications.

EXPERIMENTAL

Materials

Random PP used in this study was R724J supplied by
LG-Caltex Co., Korea (density � 0.90 g/cm3, melt flow
rate � 1.9 g/10 min at 230°C, 2.16 kg load) Two types
of POE were incorporated into this matrix, Engage
8150 (comonomer content � 39 wt %, density � 0.868
g/cm3, melt flow rate � 0.5 g/10 min at 190°C, 2.16 kg
load) obtained from DuPont Dow Elastomer and
Fusabond MN 493D obtained from DuPont. The latter
grade is maleic anhydride grafted POE (POEgMA)
containing 0.3 wt % maleic anhydride. Maleic anhy-
dride grafted polypropylene (PPgMA) containing 2.6
wt % maleic anhydride was supplied by Honam Pet-
rochemical Co., Korea (Mw � 49,600, Mw/Mn � 2.2)
Four types of MDH, employed as flame retardant,
were used. The grade names are Magnifin H5, H5A,
H5IV, and H5HV, supplied by Martinswerk GmbH.
The average particle size was 1.0 �m and the specific

TABLE I
Compounding Formulations of PP/POE/MDH Composites

Code
PP

(wt %)
POE

(wt %)
POEgMA

(wt %)
PPgMA
(wt %)

MDH
(H5)

(wt %)

MDH
(H5A)
(wt %)

MDH
(H5IV)
(wt %)

MDH
(H5HV)
(wt %)

1 100 — — — — — — —
2 — 100 — — — — — —
3 — — 100 — — — — —
4 40 — — — 60 — —
5 40 — — — — 60 — —
6 40 — — — — — 60 —
7 40 — — — — — — 60
8 50 — 50 — — — — —
9 60 — 40 — — — — —

10 70 — 30 — — — — —
11 80 — 20 — — — — —
12 90 — 10 — — — — —
13 20 20 — — 60 — — —
14 20 — 20 — 60 — — —
15 20 — 20 — — 60 — —
16 20 — 20 — — — 60 —
17 20 — 20 — — — — 60
18 19.75 — 19.75 0.5 — — — 60
19 19.5 — 19.5 1 — — — 60
20 18.5 — 18.5 3 — — — 60
21 17.5 — 17.5 5 — — — 60
22 23.7 — 15.8 0.5 — — — 60
23 27.65 — 11.85 0.5 — — — 60
24 31.6 — 7.9 0.5 — — — 60
25 35.55 — 3.95 0.5 — — — 60
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surface area was 5.0 m2/g. H5 is a pure MDH. H5A,
H5IV, and H5HV are surface coated MDH with vinyl
silane, amino silane, and polymeric material, respec-
tively. Pure MDH fillers have a highly polar surface
that is hydrophilic rather than oleophilic in characters
and is not readily wetted by organic fluids, such as
hydrocatrbon solvents, oil, and molten polyolefins.
The surface properties can be changed by chemisorp-
tion of surface active reagents, such as fatty acids,
which have both alkyl chains and polar functional
groups within their structure. H5A is vinyl silane
coated and H5IV is amimno silane coated. H5HV is
known as special material coated and the nature of
this coating material is not open. Nuclear magnetic
resonance and Fourier transform infrared spectros-
copy analysis in our lab revealed that the coating
material of H5HV was based on poly(dimethylsilox-
ane).

Compounding

For the composite formation, PP, POE, PPgMA, and
MDH were dry mixed and melt compounded in a
mixing head (Haake Rheomix 600, Haake Rheocord
9000 system). Their compounding formulations are
listed in Table I. The weight ratio of MDH in total
composite was 60 wt %. It is possible to obtain
UL94-V0 flammability classifications (at 3 mm thick-
ness) with this filler in PP using 60 wt %. Because the
primary aim of this study was not to optimize flam-
mability, all MDH levels were maintained at this value
to consider the effect of the modified POE and the
effect of MDH surface coating on tensile properties
and stress whitening. Each sample was prepared at
180°C and a rotor speed of 100 rpm for 10 min. Upon
completion of compounding, the molten polymer was
removed and then compression molded at 190°C and
15 metric ton of pressure to prepare a test specimen.

Characterization

The tensile strength and elongation at break were
determined using a universal testing machine at 25°C

according to ASTM D638 and the head speed was 50
mm/min. Samples were prepared from 1.0-mm-thick
compression molding sheet, from which test speci-
mems were cut using a die. All measurements were
done in five replicates and the value was averaged. A
JEOL JSM-35 scanning electron microscope (SEM) was
used to observe phase morphology and filler disper-
sion. Samples were prepared by brittle fracturing un-
der liquid nitrogen and the surfaces of specimens were
gold coated. Stress whitening in bending deformation
was observed by the naked eye. Sheets prepared by
compression molding with thickness 1 mm were bent
in a 5-mm radius of curvature. The schematic illustra-
tion of stress whitening observation in bending defor-
mation is shown in Figure 1. Specimems that did not
show stress whitening when bent are termed nonwhit-
ened specimens in Table II.

RESULTS AND DISCUSSION

Tensile properties of PP/MDH composites

SEM images of the uncoated and coated MDHs at a
magnification of 20,000 revealed same particle struc-

Figure 1 Schematic illustration of stress whitening obser-
vation in bending deformation.

TABLE II
Tensile Properties and Stress Whitening of

PP/POE/MDH Composites

Code

Tensile
strength at

yield
(MPa)

Tensile
strength at

break
(MPa)

Elongation
at break

(%)

Stress
whitening

under
bendinga

1 28 43 1190 Non
2 2.3 42.6 1953 Non
3 2.2 12.6 1564 Non
4 — 16 12 High
5 — 17.3 12 High
6 — 17.7 13 High
7 13.3 14.1 318 High
8 9.6 23.6 1222 Non
9 12.8 33.1 1325 Non

10 15.3 35.6 1333 Non
11 18.6 36.6 1166 Non
12 23.1 41.5 1210 Non
13 11.3 12.1 333 High
14 10.1 17.1 196 Non
15 10.6 16.1 156 Non
16 10.4 17.1 140 Non
17 8.2 10.0 322 Non
18 8.4 10.5 320 Non
19 9.8 11.8 251 Non
20 11.8 12.9 101 Non
21 11.9 12.1 28 High
22 10.1 16.4 586 Non
23 11.2 16.1 475 Non
24 11.7 15.1 450 Medium
25 12.9 15.1 365 High

a Non, no stress whitening occurred; high, stress whiten-
ing occurred highly; medium, stress whitening occurred
intermediately.
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tures in Figure 2. MDH consisted of regular hexagonal
plates 1.0 �m in diameter with small groups of plates
agglomerated into secondary particles. These agglom-
erates had an average particle size of 0.5 �m. Tensile
results of PP/MDH composites are presented in Table
II. In general, MDH flame retardant causes a decrease
in the tensile properties of composites. Comparing
tensile properties of neat PP (sample 1) and MDH
composites containing 60 wt % (samples 4, 5, 6, and 7)
confirms the marked fall in tensile strength and, in
particular, elongation at break, due to the presence of
the filler, except for sample 7. With a filler loading of
60 wt % of MDH H5, H5A, and H5IV, elongation at
break was reduced from an original level of 1190% to
12–13%. This must be associated with a weak filler/
matrix interface in the composites. The dispersed par-
ticles of MDH act limiting the plastic flow of the PP
matrix and promoting an early failure of the specimen,
which results in low value of elongation at break. In
the case of PP/MDH(H5HV) composite, elongation at
break amounted to over 300%. This high value of
elongation at break was noticeable. It might be caused
by better dispersion of filler and good compatibility
between filler and PP. All samples showed stress whit-
ening in bending deformation so severely that simple
PP/MDH composites were not suitable for cable in-
sulating applications. So it would be necessary to in-

corporate an elastomeric part in the matrix resin to
tailor the required properties of the composite and to
improve the stress whitening resistance in bending
deformation.

Dispersion morphology of elastomer in PP matrix

A set of PP/POEgMA blends containing 50, 40, 30, 20,
and 10 wt % POEgMA, respectively, was prepared.
Their tensile properties are shown in Table II. SEM
was used to investigate the relative phase morpholo-
gies in binary phase composites. To distinguish be-
tween the spatial location of elastomer and PP phase,
samples were etched with n-haptane to remove the
elastomeric component. The phase morphology after
etching of the PP50POEgMA50, PP60POEgMA40,
PP70POEgMA30, PP80POEgMA20, and PP90POEgMA10
blends are displayed in Figure 3(a–e), respectively,
and reveals small spherical domains dispersed in the
PP matrix. The number of domains somewhat in-
creased and their average diameter increased as the
concentration of elastomer was increased to 40 wt %.
As the concentration of elastomer was increased fur-
ther to 50 wt %, it seemed that the phase morphology
had transformed to a cocontinuous phase. The tensile
test results show that increasing elastomer content
reduced the yield strength. The reason of yield strength

Figure 2 Morphology of the fillers observed by SEM: (a) Mg(OH)2 particles H5 (pure), (b) Mg(OH)2 particles H5A (vinyl
silane coated), (c) Mg(OH)2 particles H5IV (amino silane coated), (d) Mg(OH)2 particles H5HV (polymeric material coated).
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decrease with increasing elastomer content can be at-
tributed to the fact that, since elastomer particles have
very low modulus compared to PP, there is little or no
stress transfer from matrix to elastomer particles.
Therefore, elastomer particles had almost the same
effects as microvoids on these mechanical properties.
The results of tensile strength revealed that the blends
containing 30, 40, and 50 wt % POEgMA showed
tensile yield strength around 10–15 MPa and high
elongation at break. For automotive cable insulating
composites, particulary in the engine bay, where ex-
posure to high temperature for considerable periods
of time (e.g., the widely recognized “class 3 ” in.
requirement to survive 3000 h at 125°C), together with

exposure to engine oil, windscreen washer fluid, and
other aggressive fluids is commonplace, it is necessary
to have high elongation at break and sufficient ther-
mal stability properties for long-term service. To the
author’s knowledge, the composite materials that are
applicable industrially must have 10–13 MPa tensile
strength and minimum 250% elongation at break.

Stress whitening and tensile properties of
PP/elastomer/mdh composites

A set of PP/POE/MDH composites was prepared
using POE, POEgMA, and four types of MDH (sam-
ples 13, 14, 15, 16, and 17). Figure 4 shows the SEM

Figure 3 SEM images of PP/POEgMA blends prepared by removing POEgMA phase with n-heptane etching: (a)
PP50POEgMA50, (b) PP60POEgMA40, (C) PP70POEgMA30, (d) PP80POEgMA20, (e) PP90POEgMA10.
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images of two composites fractured and etched with
with n-heptane surfaces prepared using POE and
POEgMA, respectively. Figure 4(a) and 4(c) shows that
PP and POE have little affinity for uncoated MDH
filler due to large surface energy differences. Interac-
tion between the components is very limited, resulting
in extensive particle dewetting from the fracture sur-
face. In the SEM image of POEgMA used composite
instead of pure POE [Fig. 4(b) and 4(d)], POEgMA
adhered strongly to the surface of the filler, forming a
low modulus layer around a rigid core. This surface
covering prevents particles from being easily dewet-
ted in bending deformation and consequently reduces
stress whitening. Stress whitening is the phenomenon
that voids created in deforming polymer scatter light
and manifest themselves as white marks on the plas-
tic. Stress whitening tests revealed that PP/POE/
MDH composite showed white marks when bent, but
PP/POEgMA/MDH showed no stress whitening.
From this result, it seems that the best ways to reduce
stress whitening in bending deformation is to make a
soft filler–polymer interface and to form a covering
layer using functionalized elastomer. However, when
PP/POEgMA was combined with polymeric material
treated MDH (sample 17), a distinctly different mor-
phology was revealed [Fig. 5(a) and 5(b)]. The frac-

tured surface was much smoother than seen with sam-
ple 14, and the filler particles remained well wetted by
matrix, indicating a high degree of compatibility be-
tween matrix and filler. There is no indication that
extensive filler encapsulation by elastomer has oc-
curred. However, sample 17 showed no stress whit-
ening and the highest elongation at break.

A set of PP/POEgMA/MDH(H5HV) composites con-
taining 60 wt % MDH was prepared with PPgMA. (sam-
ples 18, 19, 20, and 21). Figure 5(c–f) shows the SEM
images of these four composites’ fractured surfaces. The
increasing concentration of maleic anhydride in the PP
phase resulted in a gradual increase of tensile yield
strength and a gradual decrease of elongation at break.
Figure 5(c–f) shows that the increase of the amount of
maleic anhydride in the PP phase caused the separation
between filler and elastomer, leading to the stiffening of
the ternary composite. Changes in the interfacial tension
of each component pair can be achieved with compati-
bilizer. In this case, PPgMA might improve the interface
between PP matrix and filler and consequently filler
might be dispersed more in the PP phase. When the
elastomer and rigid filler are separated in the PP matrix,
the filler tends to produce microcracks when bending
deformation is applied. Our stress whitening test
showed this phenomenon (sample 21).

Figure 4 SEM images of fractured and etched surfaces: (a) PP/POE/MDH(H5) (fractured), (b) PP/POEgMA/MDH(H5)
(fractured), (c) PP/POE/MDH(H5) (fractured and etched with n-heptane), (d) PP/POEgMA/MDH(H5) (fractured and etched
with n-heptane).

2316 HONG ET AL.



To find the best formulation for cable insulating
applications, a set of PP/POEgMA/MDH(H5HV)
composites, changing PP/POEgMA weight ratio from
60/40 to 90/10 with constant PPgMA 0.5 wt % con-
tent, was prepared (samples 22, 23, 24, and 25). The
results of tensile tests show that the increase of PP
phase in the matrix resulted in the increase of tensile
yield strength and stress whitening. This might be
caused by the reduction of elastomer phase in the
matrix. Among the test samples, sample 22 showed
the highest elongation at break. The elastomer content
of this sample is 15.8 wt % to the total composite and
the corresponding matrix which has same blend ratio
as sample 9, containing 40 wt % elastomer. The tensile

result of sample 9 showed the highest elongation at
break. This may be caused by the strain-hardening
effect promoted by the addition of elastomer. This
kind of strain hardening effect is thought to be more
useful for a filled composite designed for high elon-
gation at break. Sample 23 showed the best suitable
tensile strength properties with good elongation at
break without stress whitening.

CONCLUSIONS

The tensile results and microstructures reported in this
work promise a breakthrough in the development of
PP/elastomer/MDH ternary composites for PP-based

Figure 5 SEM images of fractured and etched surfaces of PP/POEgMA/MDH(H5HV) with PPgMA: (a) 0 wt % (fractured)
(b) 0 wt % (fractured and etched with n-heptane), (c) 0.5 wt % (fractured), (d) 1 wt % (fractured), (e) 3 wt % (fractured), (f)
5 wt % (fractured).
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cable insulating material. By the correct control of micro-
structure it was possible to obtain a variety of MDH
composite materials with targeted and optimal perfor-
mance for the specific requirements of cable insulating
applications. It was apparent that the addition of
POEgMA instead of neat POE resulted in improved
stress whitening resistance in bending deformation. By
combining uncoated MDH with neat POE, it was shown
that MDH particles and elastomeric modifier existed as
separately dispersed phases. On the other hand,
POEgMA was found to give an elastomeric interlayer
between MDH particles and the PP matrix. Evidence of
this encapsulation was provided from the analysis by
SEM. PP composites, compounded using surface-treated
MDH by polymeric material and POEgMA containing
0.3 wt % MA, gave the highest elongation at break value
and no stress whitening, in which there might be good
interfacial compatibility between filler and matrix and
also well-dispersed filler particles.
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