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Preparation and analysis of the structure
of the composite material of polypropylene —
silicon nanoxide
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The structure of the composite material of polypropylene — silicon nanoxide obtained
by the method of mixing in the melt was investigated. The results showed that nano-SiO,
was little agglomerated and evenly distributed. Superdispersed SiO, dispersed in
polypropylene was found to affect the structure of the condensed polypropylene substance,
which increases the crystallinity of polypropylene and leads to a decrease in crystal
deformation. The distribution of crystalline particles was more compact, which proves that
nano-organic solids can simultaneously reinforce and harden the polymer.
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HUccnemoBana CTPYKTYypa KOMIIO3UTHOTO MaTepuaja MOJUIPONNIeHa — HAHOKCUAA KpeM-
HUS, OJYYeHHOTO METOJOM CMeIIMBAHUA B pacmiase. PesynpraTel mokasanu, uTo Hano-SiO,
OBl MaJo arJOMePHPOBAH U pacupegeseH paBHoMmepHo. OOGHAPYKEHO, UTO YJILTPAIHCIIEpC-
me1it SiO,, IHCIEPTHPOBAHHEIN B IOJIMIPONKIEHE, BIUACT HA CTPYKTYPY KOHIEHCHPOBAHHOIO
BelllecTBa IIOJUIIPOIUJIECHA, YTO IIOBBIIIAET KPUCTAJJIUNYHOCTD IIOJUIIPONNIIEHA U IPUBOIUT K
YMeHBIIeHHUIO AedopManuu Kpucrajia. PacrnpeneneHue KPUCTAIIUYECKUX YACTHUIL, ObLIO
foJjiee KOMIIAKTHBIM, YTO JTOKA3bLIBAET, UYTO HAHOOPTaHUYECKHEe TBEPAble YACTHUIbI MOT'YT OXHO-
BPEMEHHO YCUJUBATH U YIPOUHATH IIOJUMEP.

OtpuMaHHA i aHAJI3 CTPYKTYPH KOMIO3HTHOTO MATepiaJy MOJINpOMmijieHy — HaHOKCI-
my kpemMHio. H.Xu.
HocmigsxeHo CTPYKTYPY KOMIOSUTHOTO MaTepiany IOJINpOIijJieHy — HAHOKCILYy KpeMHilo,

OTPUMAHOTO MEeTOJOM 3MIIlTyBaHHA B posmIaBi. Pesympraru moxasanm, mo HaHo-SiO, 6yB Maio
arJoMepoBaHmii i posnoxinenui pisromipro. Busasiero, mo yasrpagucnepcanit Si0,, aucmepro-
BaHUil y IOJIIIpoIriJieHi, BIIMBae Ha CTPYKTYPY KOHIEHCOBAHOI PEUOBUHH IIOJINPOMIiJeHy, IIO
HiABUIIYE KPUCTAJIYHICTD IOJIIponiieHy i IpusBOAUTE OO0 3MEHIIEeHHd aedopmarlii Kpucraia.
Posmogin kpucramivEMX 4YacTUHOK € OLAbIll KOMOAKTHHM, IO MAOBOAWTHL, IO HAHOOpPraHiumi
TBEPIi YaCTUHKY MOXKYTH OJHOUYACHO IIOCHJIIOBATH i 3MIIIHIOBATU HOJiMep.
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1. Introduction

Although polypropylene PP has high
strength, good abrasion resistance, light
weight, low price, easy to form, and abun-
dant source of raw materials, it has limited
application scope because of its low impact
strength [1]. Therefore, to study the tough-
ening is important for PP modification.
With the appearance of nanomaterials, the
studies of PP toughening with nano inor-
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ganic particles become more and more in-
tense. Because of small size and a big spe-
cific surface area of nanometer particles,
they can produce a lot of interface interac-
tions with PP; these can provide this mate-
rial with inorganic rigidness, thermal sta-
bility, dimension stability of nano-particles
and good wear-resistance, dielectric proper-
ties, and processability of plastic plastic
[2]. The problem of high surface energy and
easy agglomeration should be solved before
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the application of nano-level particles. By
surface treatment of the nano-level parti-
cles, the surface modifier can form an elas-
tic interface layer between the matrix and the
filler, which can effectively transfer and relax
the stress at the interface, and absorb and
disperse the external impact energy better [3].

If the dispersion problem of nano-inor-
ganic particles is solved, the nano-inorganic
particles can be widely used in strengthen-
ing and toughening of polymers [4, 5]. In
[6], cracks and silver grains of plastics rein-
forced and strengthened by nano-inorganic
particles were studied in the process of
modifying the PP with a nanofiller. The
authors proposed a mechanism for transfor-
mation of cracks into silver strias and sug-
gested that the hardening and strengthen-
ing of PP were caused by filling the cracks
of PP with nanoparticles. In [7, 8] PP/SiO5-g-
pba composites obtained by in situ grafting
during melt mixing and their crystallization
properties, microscopic morphology, dy-
namic viscoelastic behavior of the compos-
ites, and their mechanical properties were
studied. The results show that most of the
nanoparticles can be distributed in the
amorphous phase of the matrix and play the
role of physical cross-links. When the com-
posite is subjected to external forces, the
modified nanoparticles act as the stress con-
centration point. In the process of de-
bonding with the matrix, the strong inter-
face bonding can cause the matrix to un-
dergo plastic deformation and absorb a
large amount of energy; thus, the rigidity,
tensile and impact properties of the compos-
ite are improved [9]. The results [10]
showed that the large specific surface area of
nano-SiO, and the strong force between nano
SiO, and PP matrix interface were the main
factors to strengthen and toughen the PP.

In this paper, the properties of the
PP/nano-SiO, composite prepared by melt
blending were studied. Taking into account the
synergistic effect of nano-SiO, particles after
surface modification and the PP-g-MAH, com-
patibilizer, the structure of nano-SiO2 par-
ticles was deeply analyzed during the appli-
cation process; this provides a theoretical
basis for the reliable strengthening and
toughening the polymers by nano-inorganic
particles.

2. Experimental

According to the characteristics of nano
SiO,, a special surface treatment agent is de-
signed to make one end of it easily react with
a large amount of hydroxyl groups on the
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surface of nano-SiO, and the other end easily
compatible with PP. At the same time, the
surface treatment agent is specially designed
according to the particle size of nano-SiO,.

The process route adopted in this experi-
ment is shown in the Fig. 1.

Nano-SiO,, after being treated with the
surface treatment agent, is mixed with PP
powder and other additives in the high mixing
machine. Corea TE twin-screw extruder (di-
ameter 34 mm, I/d = 28) was used for granu-
lation. Finally, standard test samples were pre-
pared by a Zhende injection molding machine.

3. Results and discussion

Si0, nanoparticles have small size, large
specific surface area and a large number of
hydroxyl groups with different bond states on
the surface. Fig. 2 shows the transmission elec-
tron micrograph of nano SiO,. As can be seen
from Fig. 2, the nanometer SiO, used in this
experiment has a large particle size span rang-
ing from tens of nanometers to hundreds of
nanometers, with fuzzy surface. Fig. 3 shows
the infrared spectrum of nano-SiO,, and the
absorption peak of hydroxyl groups at 3431 cm™
1 indicating that the surface of nano-SiO, has
a large amount of hydroxyl groups.

According to the research, 2 parts of
nano-SiO, were treated with 1.5 parts of
surface treatment agent and mixed with
100 parts of PP powder, and the compre-
hensive mechanical properties of the mate-
rial were the best. Compared with pure PP,
the tensile strength increased by 5 %, v-
noteh impact strength increased by 90 %,
and bending strength increased by 23 %,
thus, the goal to increase strength and
toughness of polymer with nano inorganic
particles was realized. The observable trans-
parency of 2 nano-SiO, samples was close to
that of pure PP. The v-notch impact section
of the sample was observed by SEM, as
shown in Fig. 4. Nano SiO, (white dots in
Fig. 4) was evenly distributed in the PP ma-
trix, with basically no agglomeration and
uniform particle size distribution. Some
particle sizes were about 100 nm. The im-
pact fracture surface of the composite mate-
rial treated with the surface treatment
agent has many small silver striations,
which can disperse the impact stress and
improve the impact toughness of the com-
posite material.

For crystalline polymers, the crystalline
state of the material has a great influence
on the properties of the material. Inorganic
particles are added to PP to promote the
heterogeneous nucleation. Therefore, the
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Fig. 1. Process roadmap.

Fig. 2. SEM of nano-SiO,.

crystallization of PP can be affected. The
nano SiO, particles in 0, 1, 2, 8, 4 and 5
parts respectively treated with 1.5 parts of
surface treatment agent for DSC testing.
Fig. 4 show the relationship between the
melting crystallization peak temperature,
crystallinity and the width half-height of
the melting crystallization peak of PP and
the addition amount of nano SiO, particles,
respectively. As can be seen from Fig. 4,
the melting crystallization peak of the com-
posite material increased after the addition
of nano SiO, particles. When two parts of
nano-SiO, is added the melting-crystal-
lization peak temperature increasesd by 5.2°
because the bondage of spherical SiO, parti-
cles of PP chain segments is weaker. The
melting-crystallization peak is used to reflect
the rate of nucleation. The experimental results
show that the added nano-SiO, particles have
the function of nucleating agent, and the nano-
Si0O, particles are evenly dispersed in PP
with without agglomeration. According to the
test results, it can also be seen that the crys-
tallinity of the composite increases with the
increase of nanometer SiO, particle weight
portion. The crystallinity of pure PP was
47.5 %. When adding 2 parts of nano-SiO,,
the crystallinity increased to 49.4 %. High
crystallinity is accompanied with high density,
high hardness, and good tensile strength,
bending strength and wear resistance.

It can be seen from Fig. 4 that the width at
half height of the PP melting crystallization
peak decreased when nano SiO, was added.
When the addition amount is 2 parts, the tem-
perature drops to the lowest value and the
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Fig. 8. Infrared spectrum of nano-SiO,.

half-peak width is 4.3 f. When the addition
amount was 3 parts, the half-height width
of crystallization peak increased in 5.7 f,
and the growth rate of crystal nuclei slowed
down. When the added amount of nano-SiO,
particles is too much, the distribution of crys-
tal nuclei will be hindered. The half-height
width and narrow tip indicate that the grains
are formed in a short time and the size is
uniform, which can effectively improve the
impact strength of the composite.

The X-ray diffraction test results the compos-
ites doped with 2 parts of nano-SiO, are shown
in Table 1. The crystal volume of PP decreased
with the addition of 2 parts of nano-SiO,. For
the pure PP 100 crystal, 2 is 14.350°, width at
half height is 0.960 f. Addition of 2 6 portions
of nano - SiO, to the P 100 crystal results in 2
0 increased to 14.415" and half high width of
1.060 f. According to the formula calculation,
the crystal volume of PP is 90% of pure PP
after adding of 2 portions of nano-SiO,.

When SiO, was added into the pure PP,
the crystals of the PP became smaller and
the impact strength was greatly improved.
The crystallinity was slightly higher than
that of pure PP, and the tensile strength
increased accordingly. The experimental re-
sults show that the strength and toughness of
PP can be improved simultaneously by using
nano SiO, at the same time. With the im-
provement of preparation methods of nano-in-
organic particles, the cost of nano-inorganic
particles will be lower and the particle size
will be smaller.
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Fig. 4. Relationship between the crystal peak
half-height of the composite material and the
amount of SiO,.

4. Conclusions

The following results can be obtained from
this study: the better the dispersion of nanc
SiO, particles in PP matrix, the more fuzzy
the boundary of PP spherulites, and the finer
and more uniform the size of the spherulites;
the better the dispersion of nano SiO, parti-
cles in PP matrix, the more obvious the in-
crease of PP phase crystallization and melt-
ing temperature in PP/nano-SiO, composite.
the toughness of PP/nano-SiO, fused compos-
ites was significantly improved.

Although many researchers have ex-
plored the application of nano SiO, to mod-
ify PP to achieve the strengthening and
toughening of PP, at present, the prepara-
tion technologies are difficult to achieve in-
dustrial production, so it is difficult to ob-
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Table. X-ray diffraction results of
PP/nano-SiO, composites
Program 20, ° Half high
width, f
PP 14.350 0.960

tain the real nano composite materials. To
industrialize the achievements of scientific
researches is the problemof great importane
should be attached great importance in aca-
demic and industrial circles. With the con-
tinuous improvement of preparation tech-
nology and the improvement of dispersion
and interfacial adhesion of nano particles,
the PP/nano-SiO, composites will have a
large space for development.
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