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Abstract: Compared with traditional polymer materials, polymer nanocomposites (PNCs) show significant
promise for combining the dual advantages of inorganic nanoparticles (NPs) and organic polymer matrices,
which exhibit superior optical, electrical, and mechanical properties compared with traditional polymer
materials. Consequently, PNCs have been utilized in a wide range of engineering fields. Among these
properties, mechanical performance is the foundation for enabling multifunctional applications. Owing to
their high stiffness and specific surface area, the incorporation of NPs is an effective method for enhancing
the tensile properties of PNCs. However, the complex factors influencing these nanocomposites have
hindered the establishment of a comprehensive direct relationship between intermolecular interactions
and tensile performance. This review systematically summarizes the effect of nanoparticle networks and
interfacial interactions on the dynamic balance between tensile strength and ductility in PNCs from the
perspectives of particle-particle and particle-polymer interactions. By providing a deeper understanding
of the structure-property relationships, this study aims to guide the rational design of microstructures for
fabricating high-performance PNCs that simultaneously possess both high strength and high ductility.
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Figure 1 (a) TEM image of hybrid nano structure formed by MWCNTs and TiO, nanoparticles; (b) The stress-strain curves of
neat epoxy and different nanocomposites incorporated with TiO,, MWCNTs and MWCNTs/TiO, hybrid nano structure (Reprinted
with permission from Ref. [35]; Copyright (2018) Elsevier)
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Figure 2 (a) The stress-strain curves of various polymer nanocomposites with different primary structures; The sliced pictures

of configuration evolution for aggregated nanoparticles (b) and dispersed nanoparticles (c) (Reprinted with permission from

Ref. [42]; Copyright (2016) American Chemical Society)
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Figure 3 (a) The scheme of threshold network structure of OMMT nanoparticles (Dotted circles represent clusters of OMMT

with characteristic size ¢); (b) The angular frequency dependence of the storage modulus in the linear viscoelastic regime for PP/

OMMT nanocomposites with agglomerated and dispersed state; (c) The bright-field TEM images of PP/OMMT nanocomposites

with agglomerated and dispersed state (Reprinted with permission from Ref. [20]; Copyright (2014) American Chemical Society)
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Figure 4 The X-ray three-dimensional reconstruction imaging
for the dynamic evolution of silica network at different tensile
strains (0, 0.5, 2.0, 3.0 and 4.0); also shown is the corresponding
engineering stress-strain curve, the tensile direction is vertical
(Reprinted with permission from Ref. [54]; Copyright
(2017) American Chemical Society)
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Figure 5 The temperature dependence of the Young’s modulus
for the interface and matrix regions in PEO/SiO,. Data about the
bulk PEO systems are also shown. Error bars are computed over
several (here five) uncorrelated configurations. The inset shows
E(T)/Eyi(T) for interphase and matrix regions. The dashed line
in the inset denotes the 7, of the bulk model PEO chains (Reprinted
with permission from Ref. [61]; Copyright (2024) American
Chemical Society)
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Figure 6 SEM images of SWNT without PMMA wrapping (a) and SWNT wrapped by PMMA(b); (c) The stress-strain
curves of PMMA/SWNTs nanocomposites with different particle loading (Reprinted with permission from Ref. [66]; Copyright

(2017) Elsevier)
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Figure 7 (a) The stress-strain curves and (b) yield stress and toughness of PLA/CNCs nanocomposites with different grafting

chain length (n); (c) Snapshots of PLA/CNCs nanocomposites (n=0 and 100) at different strains with color denoting the axial

chain alignment parameter P,, the orange dots indicate CNCs nanoparticles(Reprinted with permission from Ref. [75]; Copyright

(2025) American Chemical Society)
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Figure 8 Variation of fracture toughness at different
grafting density (Reprinted with permission from Ref. [76];
Copyright (2016) The Royal Society of Chemistry)

WA s B 2 P O v, B 43 1 2 TR A B
RN 2 W TR HEBRTE A 2 2 Ak, TE AR “ 538
7R, BHAS R A TE RS AR S g Kok 7
AR, i W RV TR P B
o 1 J3E 1 B i LA AR UL R ). Alltorbag
S OV ity o B[R B S HE B IR S48, 24 R m b
FERT, “ R SRR R FECOR P A
N H 2 B (PMMA) 2 47 Si0, 5 & 2 #: Si0, Xt
PEO Fe AR f i B (1 B R AR ALl . B T R A 3 4y
THE S RO EE 2 A 2845 /5 ], Shao 2 %)
FH A RGO AR SR RN A E
FEAE FUTH A X 380K AR A R NE, 554 P S THT R0
KIEHEIN T RAEMAKE S P H A gE, L
1 wt% [f] GO, R a] 44 hr i L 43.2 MPa 215
104.2 MPa, B40EIA 141%. [F]fF, SEM 25 5% 81,
AT S (0 A A R R T L B S R A, LR R R
GO & &GN _ETh, X 4B T AR [R5 1
5. TZIL AT UE R A2 I A I RS Ao
FINERE G AL 5 2 GO F 2, T A R
RO . AN, Wan 25 UK — o 2 ) B a4
KKiF (SCNPs) 5| Nk 1 R AWk i &% A
MK E AR R 2T P 2B SCNPs [ AT
W TE fig 1R SCNPs 15 5 A W 564 2 18] (1) 31 5 T 26
BRHE AT R TR A0 24 e

Z I, AL OEKH IR EWIKE A
WAl I BE 0 DG B IR R AT T R G I B
gh . NS S HO B AR G SR OR, R 1
AR5 RL - — Wi A ELAE FH AR — SRS W A BLAE



554 =

DI 8 2026 4

R AFEFISEEA AR X IS WAUK SR RE I 52 R

Table 1 The effect of different interactions on the tensile properties of polymer nanocomposites
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