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ABSTRACT: In this work, cetyltrimethyl ammonium
bromide and methacryloyloxyethyhrimethyl ammonium
chloride were used to prepare organophilic montmorillon-
ite (O-MMT). Then, polypropylene (PP)–clay nanocompo-
sites were prepared by the in situ grafting polymerization
of styrene (St)-containing O-MMT onto PP with tert-butyl
perbenzoate as an initiator in the solid state. Fourier trans-
form infrared spectroscopy, gel permeation chromatogra-
phy, transmission electron microscopy, and X-ray
diffraction were applied to study the structure of the lay-
ered silicate and modified PP. The surfaces of the compo-
sites and, thus, the distribution of the clay in the PP
matrix were characterized by scanning electron micros-
copy. The rheology and mechanical properties were stud-
ied and are discussed. According to the characterization

results, OMMT and St were already grafted onto the PP
main chain. Also, the intercalated structure of montmoril-
lonite could be stabilized, and a stable exfoliated struc-
ture could be attained. Namely, intercalated PP/OMMT
nanocomposites were obtained. The rheological results
clearly show that these PP/OMMT nanocomposites had
long-chain-branched structures. The peroxide modification
of PP had minor effects on the tensile and bending
strengths of the modified PP; however, this modification
resulted in a significant reduction in the impact strength.
VC 2012 Wiley Periodicals, Inc. J Appl Polym Sci 000: 000–000,
2012
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INTRODUCTION

Polypropylene (PP) is a widely used polymer. How-
ever, for thermodynamic reasons, it is very incom-
patible with other polymers. Furthermore, its high
surface energy and crystallinity make it difficult to
adhere onto polymer or metal surfaces. Therefore,
extensive research has been done on the chemical
modification of this polyolefin. The grafting of PP
with a vinyl monomer offers an effective approach
for modifying its performance.1–5 The grafting of PP
can be carried out in the melt, in solution, or in the
solid state. Solid-state grafting polymerization has
many advantages, such as a lower required solvent
amount, a lower required temperature, and a higher
grafting degree.6

Polymer/clay nanocomposites have recently
attracted increasing attention in academia and indus-
try because of their significantly improved mechani-
cal strength and stiffness, gas-barrier behavior, ther-
mal, optical, and physicochemical properties, and so
on.7–9 For example, with as little as 2 vol % montmo-
rillonite (MMT), nylon 6 nanocomposites can possess
double the tensile strength and modulus of the par-
ent polymer. Because MMT is hydrophilic, it is in-
compatible with most polymers. MMT is usually
modified by alkyl ammonium groups to improve its
compatibility with polymers. Meanwhile, the chemi-
cal modification of polyolefin resins with a polar
monomer,10–12 for example, the grafting of pendant
anhydride groups, has become the main method for
enhancing their miscibility with inorganic clay.
Thus, polyolefin/clay nanocomposites can be pre-
pared. Although compatibilizers and surface modifi-
cations have been used in the fabrication of nano-
composites, there is no guarantee of a strong bond
between the compatibilizer and the clay surface. As
a result, the crystallization of the PP matrix,
which occurs quickly upon cooling, can lead to
clay expulsion from the crystalline phase by thermo-
dynamic forces.13 In this study, cetyltrimethyl
ammonium bromide (CTAB) and methacryloyloxye-
thyhrimethyl ammonium chloride (DMC) were the
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alkyl ammoniums used in the preparation of organo-
philic montmorillonite (O-MMT). Their molecular
structures are shown in Scheme 1. In particular,
DMC had a reactive double bond that could copo-
lymerize with styrene (St) to form poly(styrene-co-
methacryloyloxyethyhrimethyl ammonium chloride).
This copolymer acted as a bridge between the layers
of MMT and PP. Thus, through the free-radical
grafting polymerization of St-containing O-MMT
onto PP in the solid phase, OMMT and St could be
grafted onto the PP main chain. The rheology and
mechanical properties of these graft copolymers
were studied and are discussed.

EXPERIMENTAL

Materials

Nascent PP particles (kindly donated by Sinopec
Qilu Co., Ltd., Zibo, China) were used as the matrix
for the grafting polymerization. The particles had a
spherical shape with a diameter of 1.43–2.0 mm and
a porosity of about 23%.

St (>98%) was purified by washing with 10%
NaOH and then distilling under reduced pressure.
Tert-Butyl perbenzoate (TBPB; Acros, Beijing, China)
was used as the initiator without further purifica-
tion. Sodium montmorillonite (Na-MMT) was kindly
supplied by Zhejiang Fenghong Clay Chemicals Co.,
Ltd. (China). The cation-exchange capacity was
about 90 mmol/100 g of MMT. CTAB and methacry-
loyloxyethyltrimethyl ammonium chloride (DMC;
75.1%) were purchased from Yinhu Chemical Co.
(Hangzhou, Zhejiang, China).

Preparation of O-MMT

O-MMT was prepared by the cation-exchange reac-
tion between Naþ in the interlayer spaces of MMT
and organoammonium cations in aqueous solution.
An amount of 15 g of Na-MMT was suspended in
500 mL of distilled water and stirred for 2 h. The
suspension was then heated to 70�C, and an aqueous
solution of 20 mmol of CTAB or a mixture of 13.3
mmol of CTAB and 6.7 mmol of DMC was gradu-
ally added under stirring over 4 h. The organically
exchanged MMTs were filtered and washed with
distilled water until no bromide ion was detected
with a 0.1M AgNO3 solution. They were then dried
in vacuo at 50�C. The organically modified clay was
ground with a grinding mill and screened with a
200-mesh net. MMT modified by CTAB is referred
to as CTAB–MMT. MMT modified by 13.3 mmol
CTAB and 6.7 mmol DMC is referred to as 2C1D–
MMT because the molar ratio between CTAB and
DMC was equal to 2 : 1.

Preparation of the PP/O-MMT mixture

The PP/O-MMT mixtures, namely, PP/CTAB–MMT
and PP/2C1D–MMT, were prepared as followed. PP
(10 g) was first dissolved in 500 mL of xylene. Then,
0.1 g of CTAB–MMT or 2C1D–MMT was added to
the solution. The mixture was heated under reflux
and stirred vigorously for 2 h. Then, the solution
was concentrated, and the resultant PP/O-MMT
mixture was dried in vacuo at 60�C for 24 h.
The scaled-up preparation of the PP/O-MMT mix-

ture was performed with 150 g of PP as the matrix.
The resulting products were treated by the previous
procedure and were then used as samples for the
measurement of the mechanical properties.

Grafting polymerization of St onto PP
in the presence of O-MMT

The grafting polymerization was carried out in a
three-necked Schlenk flask equipped with a mechan-
ical stirrer. PP particles (10.0 g) were charged into
the reactor. After three thaw–vacuum treatments, a
solution of 0.05 g of TBPB and a designated amount
of O-MMT in 5.45 g of St were stirred for 30 min
and then injected into the reactor in vacuo by a sy-
ringe. The reactor was then pressurized with nitro-
gen. The reactor was first stirred at 60�C for 1 h to
ensure complete sorption of the liquid phase into
the PP particles, then quickly moved into an oil bath
set at 130�C, and stirred for 2 h to complete the
grafting polymerization. The product, which was
still in a spherical shape, was then washed with a
mixture of ethanol and n-heptane to remove the re-
sidual St in the particles and then dried in vacuo for
24 h at 50�C. The resultant product of the grafting
polymerization of St onto PP in the presence of
CTAB–MMT is referred to as PP-g-polystyrene (PS)–
CTAB–MMT. The resultant product of the grafting
polymerization of St onto PP in the presence of
2C1D–MMT is referred to as PP-g-PS–2C1D–MMT.
The scaled-up grafting polymerization of St onto

PP in the presence of O-MMT was performed with
150 g of PP as the matrix. The resultant products
were treated by the previous procedure and were
then used as samples for the measurement of the
mechanical properties.

Scheme 1 Molecular structure of (a) CTAB and (b) meth-
acryloyloxyethyltrimethyl ammonium chloride.

2 FU, SUN, AND FAN

Journal of Applied Polymer Science DOI 10.1002/app



Measurements

Fourier transform infrared (FTIR) analysis was car-
ried out with a Bruker Vector 22 infrared spectrome-
ter (Karlsruhe, Germany). Thin films of the samples
were prepared by hot compression molding at 190�C
for about 10 s at 20 MPa. The grafting degree was
determined by a procedure reported in the
literature.14,15

The degree of grafting (DG) was defined as fol-
lows:

DGð%Þ ¼ Wg

Wg þWpp
� 100%

where Wg is the weight of PS grafted onto PP and
WPP is the weight of PP.

The interlayer spacing of the clay was studied by
means of wide-angle X-ray diffraction (XRD) analy-
sis, which was carried out at room temperature by a
Rigaku D/max-cB diffractometer (Tokyo, Japan, 30
kV, 10 mA) with Cu Ka (k ¼ 1.54 Å) irradiation at a
scanning rate of 8�/min in the range 0.5–40�.

The morphology and dispersion state of O-MMT
in the PP matrix were investigated with a scanning
electron microscope (JSM-T20, Tokyo, Japan). The
scanning electron microscopy (SEM) samples were
prepared as follows: strips of the polymer were pre-
pared as described in the Mechanical Properties of
the Composites section and were fractured in liquid
nitrogen. Then, the fractured surface was coated
with gold and observed by SEM.

The transmission electron micrographs were
obtained with a JEM-1200EX electron microscope
(Tokyo, Japan) to examine the dispersion and interca-
lation status of clay in the composites. The samples
for transmission electron microscopy (TEM) observa-
tion were ultrathin-sectioned with a microtome
equipped with a diamond knife. The sections (200–
300 nm in thickness) were cut from a piece of about
1 � 1 mm2, and they were collected in a trough filled
with water and placed on a 200-mesh copper grid.

The molecular weight and its distribution were
measured by gel permeation chromatography with a
PL-220 gel permeation chromatograph (Wellesley,
MA) (1,2,4-trichlorobenzene eluent, 150�C, PL
mixed-B columns) with universal calibration on the
basis of PS standards.

Rheological measurements

Before the measurements, the polymer samples were
stabilized with 5000 ppm of Irganox 1010 antioxi-
dant. Acetone, as a solvent for the stabilizer, was
used to assist with the mixing of the powder of PP
or the PP-g-PS copolymers. The solvent was evapo-
rated in vacuo at 50�C overnight.

An ARES rotational rheometer (TA Instruments,
New Castle, DE) was used to measure the complex
modulus and complex viscosities of the PP and PP-
g-PS copolymers. The frequency range was 0.01–100
s�1, and the temperature was 190�C. Measurements
of the dynamic viscosity were performed with a par-
allel-plate fixture (diameter ¼ 25 mm) with a gap
distance of 2.5 mm, and the strain was kept at 10%
to ensure linear viscoelasticity. The measurements
were conducted under a nitrogen atmosphere to pre-
vent degradation.

Mechanical properties of the composites

The notched Charpy impact strength of the polymer
sample was measured on a Ceast impact strength
tester according to ASTM D 256-2006. The flexural
modulus was measured following ASTM D 790-07
on a Shimadzu AG-500A electronic tester (Kyoto,
Japan). The polymer particles were heat-molded at
170�C into sheets, which were then cut into pieces,
put into a 150 � 100 � 4 mm3 mold, and pressed
under 14.5 MPa at 180�C for 5 min. The sample
plates were then slowly cooled to room temperature
in the mold. Sample strips for the tests were cut
from the plate following ASTM standards. For each
test point, five parallel measurements were made,
and the average values were adopted.

RESULTS AND DISCUSSION

FTIR spectra of the MMT, O-MMTs, and
modified PP

With 0.05 g of TBPB as the initiator, 1 g of O-MMT
(CTAB–MMT or 2C1D–MMT) dissolved in 5.45 g
of St was grafted onto 10 g of PP particles at
130�C for 2 h. The resultant products were PP-g-PS–
2C1D–MMT and PP-g-PS–CTAB–MMT, respectively.
Figure 1 shows the FTIR spectra of Na-MMT,
CTAB–MMT, 2C1D–MMT, PP-g-PS without O-MMT,
PP-g-PS–2C1D–MMT, and PP-g-PS–CTAB–MMT.
The grafting degrees of PP-g-PS (without O-MMT),
PP-g-PS–2C1D–MMT, and PP-g-PS–CTAB–MMT
were 12.8, 13.1, and 11.4%, respectively. As shown
in Figure 1(a), Na-MMT had characteristic absorp-
tions at 3625, 3410, 3200, and 1030 cm�1, which were
attributed to the OAH vibration, the intermolecular
hydrogen bonding between the stacked silicate
sheets, and SiAO stretching, respectively. After Na-
MMT was ion-exchanged with CTAB or the mixture
of CTAB and DMC, the absorption of the intermo-
lecular hydrogen bonding declined because the layer
spacing of MMT was expanded. In the spectra of O-
MMTs [Fig. 1(b,c)], the bands at 2925, 2852, 1475,
and 725 cm�1 were attributed to CAH vibrations.
Compared with the spectrum of CTAB–MMT, a
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small peak at 1794 cm�1, associated with the stretch-
ing vibrations of C¼¼O in DMC, was observed in the
spectrum of 2C1D–MMT. This indicated that DMC
was attached to MMT. Compared with those of PP-
g-PS [Fig. 1(d)], those peaks centered at 1030 cm�1 in
the spectra of PP-g-PS–2C1D–MMT and PP-g-PS–
CTAB–MMT became deformed and broadened
because of the overlapping of MMT in the same
regions.

XRD of the O-MMTs and modified PP

As listed in Table I, the basal spacing (d001) values of
Na-MMT and O-MMT from the XRD measurement
were calculated at peak positions according to
Bragg’s law:

d001 ¼ k=ð2 sin hÞ

where y is the diffraction angle and d001 of Na-MMT
is 1.523 nm. In CTAB–MMT and 2C1D–MMT, the
d001 values increased to 2.884 and 2.264 nm,
respectively.

The XRD patterns of CTAB–MMT, 2C1D–MMT,
PP-g-PS–2C1D–MMT, PP-g-PS–CTAB–MMT, and PP-
g-PS are shown in Figure 2. Reflection 110 (at 2y ¼
14.11�), reflection 300 (at 2y ¼ 15.7–16.1�), reflection
040 (at 2y ¼ 16.9�), reflection 120 (at 2y ¼ 21.69�),
and reflection 130 (at 2y ¼ 18.52�) in the XRD pat-
terns of PP-g-PS–2C1D–MMT, PP-g-PS–CTAB–MMT,
and PP-g-PS were from PP.16 The intraplanar reflec-

tions (at 2y ¼ 19.7�) from the clay sheets were seen
in both the pure organoclay and the composites.
This indicated that the clay sheets stayed intact dur-
ing the intercalation or exfoliation. In the pure orga-
noclay, the clay sheets were separated by an inter-
layer distance (d001). This spacing was responsible
for the reflection 001 (at 2y ¼ 4.69�). For some of the
composites, the reflection 001 moved to a smaller
angle (curve d). This indicated that the clay in this
sample was intercalated. In curve c, the reflection
001 disappeared completely; this indicated that its
clay was exfoliated.

Morphology

In most cases, TEM combined with XRD confirmed
the microstructure of the obtained nanocomposites,
and it directly showed the dispersion of O-MMT in
the PP matrix. Figure 3 shows the TEM imagines of
the PP-g-PS–O-MMTs and the PP/O-MMT mixture,
in which the dark regions indicate the layers of
MMT.
As expected from the XRD results, the TEM

images show the nanosized organoclay particles
evenly dispersed in the PP matrix [Fig. 3(b–d)].
When O-MMT was just simply mixed with PP, O-
MMT could not be dispersed evenly in the matrix,
and microsize particles were present [Fig. 3(a)].
Figure 4 shows the SEM images of the fractured

surfaces of the neat PP and composites, in which the
light regions are the layers of MMT. The fractured
surface of the neat PP [Fig. 4(a)] was smooth. There
was little change in the surface structure when PP
was simply mixed with 3 wt % (to the weight of PP)
organoclay [Fig. 4(b)]. The organoclay particles could
be clearly seen in the mixture. However, as already
shown in the XRD and TEM images, various nano-
structures formed in the PP-g-PS–O-MMT samples,

TABLE I
d00l Values of the Na-MMT and O-MMTs

Item Na-MMT CTAB–MMT 2C1D–MMT

2y (�) 5.796 2.559 3.917
d001 (nm) 1.523 2.884 2.264

Figure 2 XRD patterns of (a) CTAB–MMT, (b) 2C1D–
MMT, (c) PP-g-PS–2C1D–MMT, (d) PP-g-PS–CTAB–MMT,
and (e) PP-g-PS.

Figure 1 FTIR spectra of (a) Na-MMT, (b) CTAB–MMT,
(c) 2C1D–MMT, (d) PP-g-PS without O-MMT, (e) PP-g-PS–
2C1D–MMT, and (f) PP-g-PS–CTAB–MMT.
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and the different nanostructures affected the frac-
tured surface. Compared with those of the neat PP
and the mixture of O-MMT/PP, the fractured surfa-
ces of PP-g-PS–O-MMT became rough, and the parti-
cle size of O-MMT in PP-g-PS–O-MMT decreased.
More importantly, the exfoliation of the O-MMT
layers could be clearly observed, and this confirmed
the XRD results.

Influence of O-MMT on the molecular weight and
polydispersity of the modified PP

The effect of O-MMT on the molecular weight distri-
bution of PP-g-PS is shown in Table II. In general,
during the peroxide modification of PP, two proc-
esses may take place simultaneously: a decrease in
various labile bonds and an increase in the concen-
tration of more reactive crosslinking centers in the
macromolecules.17 The former leads to a decrease in
the molecular weight, whereas the latter leads to an

increase in the molecular weight. The degree of deg-
radation and/or crosslinking of PP depends on the
amount of peroxide decomposed. In this work, we
found that the molecular weight of PP-g-PS–CTAB–
MMT [weight-average molecular weight (Mw) ¼ 17.2
� 104] was similar to that of PP-g-PS (Mw ¼ 16.0 �
104) but lower than that of the neat PP (Mw ¼ 24.2 �
104). It is said during grafting polymerization, the
degradation reactions of PP prevail. However, the
molecular weights of the PP-g-PS–2C1D–MMTs were
higher than those of PP-g-PS–CTAB–MMT. When
the amount of 2C1D–MMT was 1 wt %, the molecu-
lar weight of PP-g-PS–2C1D–MMT was even close to
that of the neat PP. However, the polydispersity was
broadened to some extent. Because there were reac-
tive double bonds in 2C1D–MMT, 2C1D–MMT
could copolymerize with St to form poly(styrene-co-
methacryloyloxyethyhrimethyl ammonium chloride).
This copolymer acted as a bridge between the layers
of MMT and PP. Thus, the copolymers and MMTs

Figure 3 TEM images of (a) the mixture of PP and 2C1D–MMT, (b) PP-g-PS–CTAB–MMT (CTAB–MMT/PP ¼ 1 wt %),
(c) PP-g-PS–2C1D–MMT (2C1D–MMT/PP ¼ 1 wt %), and (d) PP-g-PS-2C1D–MMT (2C1D–MMT/PP ¼ 3 wt %).
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became pendants on the PP backbone. This resulted
in an increase in the molecular weight. However,
because of the prevailing degradation reaction of PP,
there were many PP fragments with relatively low
molecular weights in PP-g-PS–2C1D–MMT. As a
result, the polydispersity of PP-g-PS–2C1D–MMT
was broadened.

Rheology

From the viewpoint of processing, a rheological study
of polymer/clay nanocomposites is very crucial for
predicting their processibility.18–20 The melt rheologi-
cal properties are crucially dependent not only on the
strength of the polymer/organically modified layered
silicate interaction but also on the inherent visco-
elastic properties of the matrix in which the layers or
collection of layers are dispersed.21

The dynamic linear viscoelastic behaviors of the
samples in the melt state were examined in a con-
stant-strain rheometer in a parallel-plate geometry.
The linear viscoelastic responses, such as the storage
modulus (G0) and loss modulus (G00), for PP and the
PP/O-MMTs composites are shown in Figure 5. It is
known that G0 and G00 represent the elastic and vis-
cous responses of a controlled system, respectively.
Both G0 and G00 increased in all frequency regions

for the PP/O-MMTs compared with PP. Both G0 and
G00 of PP-g-PS–2C1D–MMT were higher than those
of PP-g-PS–CTAB–MMT. This indicated that MMT
was dispersed better in PP-g-PS–2C1D–MMT than in
PP-g-PS–CTAB–MMT.
As shown in Figure 5(a,b), in cases of PP-g-PS–

2C1D–MMT and PP-g-PS–CTAB–MMT, Log G0 was
always higher than Log G00 in the whole range of fre-
quencies studied. Additionally, at low frequencies,

Figure 4 SEM images of the fracture surfaces of (a) PP, (b) the mixture of PP and 2C1D–MMT, (c) PP-g-PS–CTAB–MMT
(CTAB–MMT/PP ¼ 1 wt %), and (d) PP-g-PS–2C1D–MMT (2C1D–MMT/PP ¼ 3 wt %).

TABLE II
Influence of O-MMT on the Molecular Weight and

Polydispersity of the Modified PPa

Sample

Amount
of O-MMT
(wt %)b

Mn

(�10�4)
Mw

(�10�4) Mw/Mn

PP-g-PS–2C1D–MMT 0.5 4.5 19.6 4.4
1 3.8 24.8 6.5
2 5.2 22.4 4.3
3 4.6 17.1 3.7

PP-g-PS–CTAB-MMT 1 4.0 17.2 4.3
PP-g-PS 0 4.3 16.0 3.7
PP 0 5.4 24.2 4.5

Mn, number-average molecular weight.
a Polymerization conditions: TBPB/PP ¼ 0.5 wt %, St/

PP ¼ 54.5 wt %, temperature ¼ 130�C, and time ¼ 2 h.
b Amount of O-MMT ¼ weight percentage between O-

MMT and PP.
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an upshift and a plateau behavior could be
observed; this was significantly different from the
behaviors of the neat PP and PP/O-MMTs. Similar

changes have been observed in other studies.22–24

This suggested that long-chain branched polymers
were probably formed. The upshift behavior of PP-
g-PS–2C1D–MMT was more significant than that of
PP-g-PS–CTAB–MMT and indicated that there were
more long-chain branches in PP-g-PS–2C1D–MMT.
The Log G0 versus log G00 plot has been proven to
be a useful tool for investigating the effects of long-
chain branching on the rheological properties.25

Figure 5(c) presents the Log G0 versus log G00 plots
for PP, PP-g-PS and PP-g-PS–OMMT. PP-g-PS–
2C1D–MMT and PP-g-PS–CTAB–MMT showed
highly elastic behavior at low frequencies, whereas
PP had no plateau behavior, and its plot lay in a
straight line. These rheological results clearly show
that PP-g-PS–2C1D–MMT and PP-g-PS–CTAB–MMT
had long-chain-branched structures.

Mechanical properties

As shown in Table III, the peroxide modification of
PP exerted minor influences on the tensile and bend-
ing strengths of the modified PP. However, the per-
oxide modification of PP resulted in a significant
reduction in the impact strength. The impact
strength of PP-g-PS, PP-g-PS–2C1D–MMT, and PP-g-
PS–CTAB–MMT was just half of that of PP, PP/
2C1D–MMT, and PP/CTAB–MMT. At the same
time, the elongation at break of PP-g-PS, PP-g-PS–
2C1D–MMT, and PP-g-PS–CTAB–MMT dropped sig-
nificantly in comparison with PP, PP/2C1D–MMT,
and PP/CTAB–MMT. This could be attributed to the
degradation reactions of PP during the grafting po-
lymerization. Moreover, the presence of PS lateral
chains, which were more brittle than PP, could have
been another factor.

CONCLUSIONS

In this article, OMMTs were introduced into an
in situ solid-phase graft copolymerization to stabilize
the intercalated structure of MMT and to achieve a
stable exfoliated structure. FTIR analysis showed
that OMMT and St were already grafted onto the PP
main chain. XRD and TEM analyses indicated that
intercalated PP/OMMT nanocomposites were
obtained. The rheological results clearly show that

Figure 5 Log G0 and Log G00 of PP, PP-g-PS, and PP-g-
PS/O-MMTs measured at 200�C.

TABLE III
Mechanical Properties of the PP, PP-g-PS, and PP-g-PS/O-MMTs

Sample PP PP/2C1D–MMT PP/CTAB–MMT PP-g-PS PP-g-PS–2C1D–MMT PP-g-PS–CTAB–MMT

Tensile strength (MPa) 38.4 36.7 37.9 39.0 40.0 38.3
Bending strength (MPa) 48.4 44.0 44.4 49.4 53.0 46.0
Impact strength (kJ/m2) 2.21 2.46 2.48 1.17 1.21 1.13
Elongation at break (%) 15.8 15.9 10.9 0.6 0.4 1.1
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these PP/OMMT nanocomposites had long-chain-
branched structures. The peroxide modification of
PP had minor influences on the tensile and bending
strengths of the modified PP. However, it resulted
in a significant reduction in the impact strength.
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