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ABSTRACT: The nylon 66-based nanocomposites con-
taining two different surface-modified and unmodified
SiO, nanoparticles were prepared by melt compounding.
The interface structure formed in different composite sys-
tem and their influences on material mechanical properties
were investigated. The results indicated that the interfacial
interactions differed between composite systems. The
strong interfacial adhesion helped to increase tensile
strength and elastic modulus of composites; whereas, the
presence of modification layer in silica surface could
enhance the toughness of composites, but the improve-

ment of final material toughness was also correlated with
the density of the adhered nylon 66 chains around silica
nanoparticles. In addition, the results also indicated that
the addition of surface-modified silica nanoparticles has a
distinct influence on the nonisothermal crystallization
behavior of the nylon 66 matrix when compared with the
unmodified silica nanoparticle. © 2007 Wiley Periodicals, Inc.
] Appl Polym Sci 107: 2007-2014, 2008
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INTRODUCTION

In the recent years, the study of polymer-based
nanocomposites has attracted much interest in the
field of material science. When compared with their
neat counterparts, the nanocomposites exhibit supe-
rior properties such as enhanced mechanical and
thermal properties, improved barrier performance, and
flame retardancy.'” However, the application of
polymer-based nanocomposites is also confined due
to the challenges in fully and uniformly dispersing
the nanofillers within the polymer matrix. To obtain
better dispersion in polymer matrix, nanofillers are
usually pretreated by different surface-modified
technology. The use of modified nanoparticles as fill-
ers, which can provide a larger interfacial adhesion
region and different surface functional groups, might
result in considerably strong interaction with the ma-
trix and improvement of the final material proper-
ties. Therefore, the influence of interface structure on
the material properties has been paid more attention
in the last few years.®’

Nylon 66 is a kind of important engineering plas-
tic; nano-Si0O, is one of the most applied nanofillers
in thermoplastic polymer composites. However, for
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nylon 66/nano-S5i0, composite, there are few reports
involving this field, and some reports are mainly
focused on nylon 6/nano-SiO, composite.'*'* Pres-
ently, nylon 6/nano-SiO, composites have usually
been prepared by in situ polymerization, in which
silica nanoparticles are dispersed in e-caproamide
and aminocapric acid, followed by heat treatment of
the reaction mixture to induce polymerization. Using
in situ polymerization method, Yang et al.'' found
that silica nanoparticles modified with aminobutiric
acid were dispersed more homogeneously in the pol-
ymeric matrix compared to the fillers, which were
not surface modified, and the addition of silica nano-
particles led to an increase in the glass transition
temperature and crystallization rate of matrix nylon
6. Moreover, Li et al.'? achieved the enhancement of
the strength and toughness of composites simultane-
ously, in which silica nanoparticles were pretreated
with different coupling agents for the improvement
of the matrix-filler interface. Meanwhile, the concep-
tion of flexible interfacial layer was proposed, which
was considered as the main reason for the improve-
ment of the material mechanical properties.

In this study, to examine the influence of different
interface structure on the mechanical properties of
composites, three different kinds of surface-modified
nano-Si0, are used and blend with nylon 66 via
melt compounding. The possible reactions between
silica surface functional groups and nylon 66 are
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studied by the aid of Fourier transform infrared
spectroscopy  (FTIR), thermogravimetric analysis
(TGA), and transmission electron microscopy (TEM).
The influence of different interface structure on the
mechanical properties of the composite materials
and nonisothermal crystallization behavior is also
discussed.

EXPERIMENTAL
Materials and sample preparation

Neat nylon 66 (PA66) pellets (EPR27, with relative
viscosity of 2.67), were provided by China Shenma
Engineering Plastics Co. (PingDingShan, China).
Two different surface-modified and unmodified
nano-Si0, used in this study were supplied by
Henan Nanomaterial Research Center of Engineering
and Technology (JiYuan, China). Modified silicas
were prepared by surface-modification in situ in
aqueous solution. Surface modification of nano-5iO,
in situ was a condensationlike polymerization in
which the hydrolysis product of sodium metasilicate
was used as monomer and 3-aminopropyltriethoxy-
silane (APS) and hexamethyldisilazane (HMDS) as
chain terminator, respectively. First, sodium metasili-
cate was hydrolyzed to form the silicic acid under
the existence of hydrochloric acid. Condensation po-
lymerization happened by anhydration among the
hydroxyls of silicic acids at three dimensions, and
the Si and O were bonded to each other to form the
defective three-dimensional structures by tetrahe-
dron. Large numbers of hydroxyls were left on the
surface of silica nanoparticles. In the mean time,
APS (or HMDS) was introduced and silanol groups
of APS (or trimethylsilyl of HMDS) generated by hy-
drolysis could react rapidly with hydroxyl groups of
5i0; to form the modification layer on silica surface,
as shown in Figure 1. As the organic chains substi-
tuted portion of active groups of silica surface and
resulted in a steric hindrance, which prevented SiO,
from continuously growing up or agglomerating. By
controlling the reaction conditions, we could obtain
nano-SiO, particles “capped” with different organic
compound.'>'*

Before melt processing, silica and nylon 66 were
dried for 12 h under vacuum at 80 and 100°C,
respectively. Nylon 66 nanocomposites with different
silica content (up to 5 wt %) were prepared by melt
compounding using Brabender twin-screw extruder
at 270-280°C with a screw speed of 100 rpm. The pel-
letized materials were dried and molded in an Engel
ES200/45 machine into dumbbell-shaped tensile bars
(150 mm X 10 mm X 4 mm) and rectangular bars (50
mm X 6 mm X 4 mm). Impact test were performed
on the rectangular bars, and a 45° V-shaped notch
(depth = 0.8 mm) was milled in the bars.
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Figure 1 The schematic illustration of formation mecha-
nism of modified nano-SiOs.

Isolation of silica from nylon 66/nano-SiO,
composites

To analyze the characterization of interfacial layer, it
was necessary to isolate silica from the composites
systems. The matrix nylon 66 was removed from the
nylon 66/nano-SiO, composites using formic acid.
Formic acid was selected because it could dissolve
the matrix nylon 66 well without corroding the inter-
facial layer on the silica surface. The composites with
APS-modified silica nanoparticles and unmodified
silica nanoparticles were directly extracted using for-
mic acid, whereas the composites with HMDS-modi-
fied silica nanoparticles were difficult to be extracted
by formic acid due to superior hydrophobic and oleo-
philic properties of HMDS-modified silica nanopar-
ticles. So, the mixed solution of formic acid and tolu-
ene (mixed proportion 2 : 1) was adopted to extract
silica from nanocomposite. After the polymer-based
nanocomposites were fully dissolved, the suspension
obtained was centrifuged, and the deposition was col-
lected. The procedure was repeated until no more
polymers could be detected by FTIR in the residual
solution. Finally, the deposition was washed with
methanol and dried under vacuum at 100°C.

For the sake of convenience, APS-modified silica
nanoparticles, HMDS-modified silica nanoparticles,
and unmodified silica nanoparticles were designated
hereafter as AMS, HMS, and UMS, respectively, and
silica isolated from nylon 66/AMS, nylon 66/HMS,
and nylon 66/UMS nanocomposites were labeled as
CAMS, CHMS, and CUMS, respectively.

Interfacial layer characterization

The amount of nylon 66 adhered on silica surface
after a removal of matrix nylon 66 from the nano-
composites was measured by TGA using TA 2050
instrument with a heating rate of 10°C/min under
nitrogen atmosphere. The FTIR spectra of the iso-
lated silicas from nanocomposites were recorded in
KBr pellets on a Nicolet 170 FTIR spectrometer. The
morphology of isolated silicas from nanocomposites
had been observed by TEM using a JOEL JEM-2010
at an accelerating voltage of 200 kV.
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Figure 2 Extraction cycle dependence of relative weight
loss for various nylon 66/nano-SiO, composites. [Color fig-
ure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]

Mechanical characterization

The tensile testing of the composites was conducted
on a DY35 universal testing machine (Adamel Lho-
margy, France) at room temperature. The tensile tests
were performed at a crosshead speed of 20 mm/min.
The notched Charpy impact strength was measured
with ZBC1400-2 (SANS, China) at a rate of 2.9 m/s.
All these tests were conducted at ambient tempera-
ture (20-25°C), and an average value of least five
repeated tests was taken for each nanocomposites.

Differential scanning calorimetry

The crystallization behaviors of both neat nylon 66
and nanocomposites were analyzed using differen-
tial scanning calorimetry (DSC) (Seiko Instruments,
Exstar 6000). The samples of ~5 mg were heated
from room temperature (20°C) to 280°C at a rate of
20°C/min, held at 280°C for 5 min to eliminate the
heat history, and then quenched in liquid nitrogen.
Afterward, the samples were heated to 280°C at
10°C/min under nitrogen atmosphere, held at that
temperature for 2 min, and then cooled back to
room temperature. Here, by using the heat of fusion
for 100% crystalline nylon 66 as 206 J/g, the percent-
age crystallinity of neat nylon 66 and nanocompo-
sites could be estimated.

RESULTS AND DISCUSSION

TGA analysis of silica isolated from nylon 66/
nano-SiO, composites and original silicas

When nano-SiO, (modified or unmodified) blended
with nylon 66 in twin-screw extruder, surface groups
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of silica nanoparticles possibly reacted with the ma-
trix nylon 66 and formed adhered nylon 66 layer on
SiO, surface. For investigating the amount of nylon
66 adhered on silica surface, the weight loss of origi-
nal silica and silica isolated from nanocomposites
was measured by TGA. Figure 2 shows the extrac-
tion cycle dependence on the relative weight loss
AW for various nanocomposites, AW for difference
value of weight loss between silica isolated from
composite and original silica. The relative weight
loss of three different kinds of composites becomes
constant after four extraction cycles. The result of six
extraction treatment indicates that the amount of
adhered nylon 66 is the highest for nylon 66/AMS
nanocomposites. The relative weight loss of nylon
66/HMS and nylon 66/UMS nanocomposites is very
low (<1), due to weight loss of HMS and UMS
approximately equal to that of their extraction prod-
ucts CHMS and CUMS. This clearly indicates that
nylon 66 weakly attached to HMS and UMS surface
have almost completely removed by the extraction
treatment. For nylon 66/AMS nanocomposites, it
seems reasonable to consider that a strongly or
chemically interfacial adhesion have been formed
between AMS nanoparticles and nylon 66 matrix.

Characteristics of silica isolated from nylon
66/nano-SiO, composites

To characterize the chemical composition of interfa-
cial layer, silica isolated from the composites were
analyzed by FTIR. Figure 3 shows the FTIR spectra
of matrix nylon 66, CAMS, CUMS, and CHMS.
When compared with neat nylon 66, the spectra of
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Figure 3 FTIR spectra of nylon 66 and silicas: (a) CAMS,
(b) CUMS, and (c) CHMS. [Color figure can be viewed in
the online issue, which is available at www.interscience.
wiley.com.]
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Figure 4 TEM photographs of silica nanoparticles isolated from various nanocomposites: (a) CUMS, (b) CHMS, (c) and

(d) CAMS.

CAMS show the characteristic bands of nylon 66 at
1640 cm ™' and 1545 cm ™! (amide bands) and 2940
cm ™! and 2865 cm ™! (C—H bands). Especially, the
appearance of N—H characteristic band at 3310
cm ™' (hydrogen bonds) further indicates that there

Journal of Applied Polymer Science DOI 10.1002/app

is a considerable amount of nylon 66 chains adhered
on AMS surface. In contrast, the spectra of CUMS
and CHMS do not exhibit characteristic absorption
peaks of nylon 66, suggesting that no grafting poly-
mers on silica surface are formed. The FTIR results
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are in agreement with that of TGA. The weak peaks
at 2800-3000 cm ™! (2960 cm ™!, 2921 em ™) on curve
c are attributed to methyl groups of HMS surface. In
the preparation of HMS, the trimethylsilys of HMDS
generated by hydrolysis reacted with the surface
hydroxyl groups of silica and formed the modifica-
tion layer on the silica surface with short carbon
chains. But it is worth noting that a lack of reactive
groups in the modification layer results in no chemi-
cal bonding formed between HMS nanoparticles and
nylon 66 chains, but interacted via hydrogen bonds.
The case of UMS is similar to that of HMS, wherein
hydrogen bonds are present between silica nanopar-
ticles and matrix nylon 66, and no polymer is chemi-
cally grafted to nano-SiO, surface. So, it is easy to
understand why no characteristic absorption peaks
of nylon 66 appear on curves b and c.

The TGA and FTIR results were also confirmed by
the TEM images of extraction products as illustrated
in Figure 4. It can be seen from Figure 4(a,b) that the
TEM image of CUMS is analogous with that of
CHMS. Isolated silica particles appear in the form of
loose agglomerates with the size of about 200 nm or
larger, and no nylon 66 is attached to these agglom-
erates surface, indicating the weak bonding between
UMS, HMS, and matrix nylon 66. When compared
with CHMS, the agglomeration trend of CUMS is
more obvious, which should be correlated with the
surface modification of silica. However, the TEM
image of CAMS [Fig. 4(c,d)] is apparently different
from that of CUMS and CHMS. It clearly displays in
Figure 4(c) that nylon 66 is not completely removed
by extraction treatment, and some primary particles
of AMS are dispersed into the thin layer of nylon 66.
In Figure 4(d), the more details of interface between
AMS and nylon 66 can be observed. Nylon 66 is inti-
mately adhered to AMS surface, and some fuzzy
regions are present in the interface between AMS
and nylon 66, as indicated by arrows, revealing that
there is a strong interaction at the interface of these
two phases.

From the earlier discussion, it can be found that
the addition of different surface-modified nano-
particles can bring on dissimilar interfacial layer
structure. Figure 5 shows the schematic representa-
tion of the interfacial layer for the nylon 66/HMS,
nylon 66/UMS, and nylon 66/ AMS nanocomposites.
In Figure 5(a,b), hydrogen bonding is the only adhe-
sion mode between nanofillers and the matrix, but
both have obvious differences. For nylon 66/HMS
composite, when the trimethylsilyls were introduced
into the silica surface, the activity of surface
hydroxyl groups of HMS was hindered due to the
effect of interspace obstruction. With the content of
surface hydroxyl groups reducing, the amount of
hydrogen bonds formed in nylon 66/HMS interface
also decreases compared to nylon 66/UMS interface.

Furthermore, the existence of the nonpolar modifica-
tion layer does not also increase the compatibility of
matrix and fillers. All these factors result in a
decrease in interfacial adhesion strength of nylon
66/HMS, even lower than nylon 66/UMS, which is
possible to produce the influence on the mechanical
properties of final composites. On the other hand,
for nylon 66/AMS composite, the hydrogen bonds
and the covalent bonds were formed in nylon 66/
AMS interface by the original hydroxyl groups and
amino groups on AMS surface reacted with func-
tional groups of nylon 66 during melt process, as
shown in Figure 5(c). The appearance of hydrogen
bonds and the covalent bonds promoted the forma-
tion of strongly adhered interface structure and
effectively restricted the motion of nylon 66 molecu-
lar at nylon 66/AMS interface. It is evident that this
interface structure will help to enhance the interfa-
cial adhesion strength and to improve stress transfer
between nanofillers and matrix in composite system.

Hydrogen bonds
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(a) Nylon 66/HMS interfacial layer

Matrix nylon 66 chain
cT) Y
0 ool

—

Hydrogen bonds
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(b) Nylon 66/UMS interfacial layer
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—C y H\E H AMS
\§N Z ll\l' H /
/O\Si/O\?i/o\szi/o ------
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(c) Nylon 66/AMS interfacial layer
Figure 5 Schematic representation of the interfacial layer
models for the nylon 66/HMS, nylon 66/UMS, and nylon
66/AMS composites.
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The mechanical properties of nylon 66/nano-SiO,
composites

Figure 6 shows the effect of silica content on the me-
chanical properties of nylon 66/nano-5i0, compo-
sites. It is interesting to note that there is obvious
difference in the mechanical properties of the three
nanocomposites. When AMS is added into the ma-
trix, tensile strength and Young’s modulus of nano-
composite are enhanced. Tensile strength achieves
the maximum at the silica content of 3 wt %, and
Young’'s modulus is continuously increased with the
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Figure 6 Mechanical properties of nylon 66/nano-SiO,
composites versus silica content: (a) tensile strength, (b)
Young’s modulus, and (c) notched impact strength. [Color
figure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]
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increase in silica content. However, to impact
strength of nanocomposite, it is different from the
tensile performance and shows a slight decrease in
trend. When HMS is used, the case is opposite to
that of AMS. The tensile strength of composite has
an evident decrease, and impact strength is
increased significantly compared with neat nylon 66,
but Young’s modulus of composite rarely changes.
With regard to UMS, similarly to the ordinarily used
rigid particle, the tensile strength and Young’s mod-
ulus of composite are enhanced modestly, whereas
impact toughness decreased dramatically.

It is well known that the mechanical properties of
composites are highly related to the filler-matrix
interfacial interaction and the size of nanoparticles.'
As silica particles are easy to aggregate in the pro-
cess of melt blending and form the agglomeration of
random size, the effect of nanoparticle size on mate-
rial properties has been weakened. Therefore, we
consider that interface structure plays an important
role in the mechanical properties of composites.

Figure 7 shows the distinct differences in micro-
structures of silica nanoparticles and matrix inter-
acted in all three nanocomposites. For the nylon 66/
AMS nanocomposite, nylon 66 chains are connected
to AMS surface by hydrogen bonding and covalent
bonding. This interface structure not only can limit
the movement of nylon 66 chains and form the high
density region of grafting nylon 66 chains around
the nanoparticles, but also can effectively transfer
load from the matrix to the nanoparticles. Therefore,
after AMS nanoparticles are added into the matrix,
tensile strength and Young’s modulus of composite
are enhanced markedly. However, impact strength
of composite is not improved simultaneously as
expected and exhibits a slight decrease in trend. The
change is different from the other reports,'* which is
perhaps the result that the effect of the flexible inter-
facial layer on silica surface formed by the silane-
coupling agent is in competition with the effect of
the density of nylon 66 chains around the nanopar-
ticles, as shown in Figure 7(a). The increase of graft-
ing polymer density stiffens the matrix, whereas
flexible interfacial layer is beneficial to the improve-
ment of material toughness.' It can be seen from
the impact test result of nylon 66/ AMS nanocompo-
site, in this study, that the effect of the high density
region of nylon 66 around nanoparticles is possibly
greater than the effect of flexible interfacial layer on
the material toughness, consequently leading to a
slight decrease of impact strength. But it is noted
that impact strength of nylon 66/AMS nanocompo-
site is still higher than that of nylon 66/UMS nano-
composite, due to the existence of flexible interfacial
layer. For the nylon 66/HMS nanocomposite, few
hydrogen bonding in interfacial layer and low nylon
66 chains density around the nanoparticles result into a
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Figure 7 Schematic illustrations of microstructures of silica nanoparticles and matrix nylon 66 interacted in all three
nanocomposites. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]

lower interfacial adhesion strength, though nanopar-
ticle-matrix interface adhesion can be increased by the
entanglement between short carbon chains on HMS
surface and matrix nylon 66 chains [Fig. 7(b)]. In com-
parison with the nylon 66/AMS nanocomposite, the
structure differences of interfacial layer are primary
reason that tensile strength of nylon 66/HMS compos-
ite decreases, as well as the change of elastic modulus
is not obvious. However, flexible interfacial layer and
lower density of nylon 66 chains around the nanopar-
ticles make for the improvement of material impact
toughness. The mechanism can be ascribed to the
energy absorption and hindering effect on crack propa-
gation by the nylon 66/HMS interphase. As to the ny-
lon 66/UMS nanocomposite, a certain amount of poly-
mer attached to the silica surface via hydrogen bonds
promotes the enhancement of the tensile strength and
elastic modulus, whereas more severe aggregation phe-
nomenon of UMS particles during melting blend and
absence of flexible interfacial layer result in an obvious
decrease of impact strength of nanocomposite.

Differential scanning calorimetry analyzing

Table I gives some DSC characteristic parameters of
nylon 66 and nylon 66/nano-SiO, composites,
wherein the content of silica is 3 wt %. It can be
seen that nylon 66 has a melting temperature T,, at
258.7°C, whereas T,, of all three nanocomposites

occurs at slightly lower temperatures than that of
nylon 66. This phenomenon may be related with the
reduction in crystallite size in the presence of nano-
fillers.'®'” The same case also appears in the DSC
cooling process of nylon 66 and nanocomposites, in
which the crystallization temperature T. of nanocom-
posites is lower than that of nylon 66. The decease
in T, of nanocomposites may be attributed to the
lowering in the nylon 66 molecule mobility when
silica nanoparticles are introduced.'”® For UMS, the
effect of its addition on the motion of polymer chain
segments is limited due to surface unmodification
of silica nanoparticles. So, the T. of nylon 66/UMS
nanocomposite is very close to that of nylon 66. In
contrast with UMS, the addition of nano-SiO, with

TABLE I
DSC Characteristic Parameters and Percentage
Crystallinity of Nylon 66 and Nylon 66/Nano-SiO,

Composites
TC Tl /2 AH, m X
Samples T, (°C) (°C) (min) J/g) (%)
Nylon 66 258.7 230.7 0.43 57.34 27.8
Nylon 66/HMS 256.5 228.3 0.40 58.41 28.4
Nylon 66/UMS 256.1 230.6 0.44 56.24 27.0
Nylon 66/AMS 256.7 228.5 0.32 59.48 28.9

T,,, melting temperature; T, crystallization temperature;
t1,2, the half-time of crystallization; AH,, the heat of
fusion; y,, crystallinity.

Journal of Applied Polymer Science DOI 10.1002/app
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modification layer (AMS and HMS) has a greater
influence on crystallization temperature, and a distinct
decrease in T, can be observed, implying major hin-
drance of modification layer to motion of nylon 66
chain segments. The half-time of crystallization ¢, > of
nylon 66 and nanocomposites are also given in Table
I. At the cooling rate of 10°C/min, nylon 66 and nylon
66/UMS nanocomposite have the highest value of ¢/,
while nylon 66/AMS nanocomposite has the lowest,
and nylon 66/HMS nanocomposite is the intermediate.
Generally speaking, the shorter the half-time of crystal-
lization, the faster will be the rate of overall crystalliza-
tion"” It is clear that AMS and HMS significantly
increase the crystallization rate and exhibit a strong
nucleating ability, whereas the case of UMS is different
from that of AMS and HMS, and the lower crystalliza-
tion rate reveals the weaker nucleating ability of UMS.
The result of t;,, indicates from another angle that the
surface modification facilitates filler-inducing crystalli-
zation of nylon 66. The difference of AMS and HMS
in t1 /5 value also reflects the influence of different sur-
face modification on the crystallization rate and nucle-
ating effect. Despite the addition of surface-modified
silica enhances the nucleating ability of the matrix and
increases the crystallization rate, it is worthy to note
that there is only a subtle difference in the crystallinity
of nylon 66/AMS, nylon 66/HMS nanocomposites,
and neat PA66. We know that the crystallization pro-
cess is governed by two processes, diffusion and
nucleation. Obviously, the incorporation of surface-
modified silica nanoparticles has influence on these
two terms. On the one hand, silica nanoparticles with
modification layer can effectively limit the movement
of nylon 66 chains and hinder the diffusion process of
polymer chain segments; on the other hand, it acts as
a nucleating agent to increase the crystallization rate of
matrix material®® The result of two effects acting
simultaneously is, in this study, that the crystallinity of
nylon 66/AMS and nylon 66/HMS nanocomposites
does not show a distinct change compared with that
of neat PA66. As for UMS, it can be seen from above
analyses that its addition has a negative effect on the
diffusion process and nucleation process of nylon 66,
and so the crystallinity of nylon 66/UMS nanocompo-
site shows a decreasing trend. However, on the whole,
the changes in the crystallinity of nanocomposites are
not very evident with the addition of different type of
silica nanoparticles. The variety of crystallinity, con-
versely, indicates that the improvement of mechanical
properties of nanocomposites is mainly due to the
effect of nanofillers.

CONCLUSION

Nylon 66/nano-SiO, composites are prepared by
melt blending, in which silica nanoparticles have dif-
ferent surface characteristics. The microstructures on

Journal of Applied Polymer Science DOI 10.1002/app
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the silica surface after a removal of nylon 66 from
nanocomposites are studied by TGA, FTIR, and
TEM. The results show that nylon 66 chains are
chemically grafted onto the AMS surface, whereas
UMS and HMS connect with nylon 66 matrix by
hydrogen bonds. Three different interfacial struc-
tures formed between nanofillers and matrix result
in different mechanical properties of nanocompo-
sites. Owing to the presence of flexible interfacial
layer, the addition of HMS and AMS, to some extent,
can improve the material toughness, but the
enhancement of final material toughness is also
related to the density of nylon 66 chains grafted to
nanoparticles surface. In fact, whether the matrix
toughened depends on the competition between the
effect of flexible interfacial layer and the effect of the
density of nylon 66 chains around silica nanopar-
ticles. The tensile performance of nanocomposites is
in close relationship with the nature of the adhered
polymer on the nanoparticles surface. High-interfa-
cial adhesion strength is beneficial to the enhance-
ment of the strength and modulus of composites
due to well stress transfer between nanofillers and
matrix. In addition, DSC analysis indicates that the
incorporation of various surface-modified nano-SiO,
has obvious influence on the nonisothermal crystalli-
zation behavior of nylon 66.
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