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Fig. 1 Schematic for (a) preparation of different composites and (b) principle of ballistic impact experiment.
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Fig. 2 (a) FTIR spectra; (b) XPS survey spectra; (c) high-resolution Si2p XPS spectra; (d) nitrogen adsorption/desorption isotherms;
(e) particle size distribution; and (f) TG curves of SiO, and m-SiO,.

Table 1 Element contents of SiO, and m-SiO, obtained
from the XPS results.
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Fig. 3 SEM images of (a) SiO,, (b, ¢) SiO,/AF, (d) m-SiO,, and (e, f) m-SiO,/AF.
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Fig. 4 (a) Schematic for preparation of PDA/AF; (b) FTIR spectra of AF, PDA and PDA/AF; (c¢) XPS survey spectra of AF
and PDA/AF; high-resolution (d) N1s, and (e) Ols XPS spectra of AF (top) and PDA/AF (bottom); (f) TGA-DTG curves for
AF, PDA/AF and m-SiO,/PDA/AF. (The online version is colorful.)
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Fig. 5 SEM and AFM images of (al-a3) AF, (b1-b3) PDA/AF and (c1-c3) m-SiO,/PDA/AF.
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Fig. 6 (a) Static contact angle; (b) dynamic contact angle measurements; and (c) surface energy of AF, m-SiO,/PDA/AF and

PDA/AF.
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Fig. 7 (a) Interfacial peeling strength of different composites; (b) Schematic for interfacial modification mechanism.

Table 2 Interfacial peeling strength of different composites.

Interfacial peeling strength Maximum value (N/cm)

Minimum value (N/cm) Average value (N/cm)

AF@PU 1.93
PDA/AF@PU 5.90
m-Si0,/PDA/AF@PU 8.22

0.89 1.36
2.53 3.78
3.24 4.68
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Fig. 8 Tensile properties of different composites: (a) stress-strain curves and (b) tensile strength and modulus; flexural properties
of different composites; (c) stress-strain curves and (d) flexural strength and modulus; interlaminar shear properties of different
composites; (¢) load-displacement curves and (f) ILSS; axial compressive properties of different composites; (g) stress-strain
curves and (h) compressive strength.
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Table 3 Tensile strength, flexural strength, ILSS, and compress strength of different composites.

Sample Tensile strength (MPa) Flexural strength (MPa) ~ ILSS?®(MPa)  Compress strength (MPa)
AF@PU 557.88 13.18 4.66 319.38
PDA/AF@PU 562.29 21.31 5.72 527.31
m-SiO,/PDA/AF@PU 585.98 25.23 6.09 541.44

a [LSS stands for interlaminar shear strength.
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Fig. 9 Ballistic performance of different composites: Vs,
energy absorption and SEA.

B, chrEid 5 2 A AR B s Be A B G
Vso R B B W WSO 5 7 T %1 25 i P52 (11 7))
ILSS (K1 8()— 2. X R IE 34 K G &M EHY
FRT 58 FE G BT H B A RE A EE S

Vo & VAT 526 B4 ) B L1 e 1 8 FH 48 4%
B TR T DL 50% [N 6 o 28 Bl R B N
SPIURE, VPGB R I 25 B ESS). m-Si0,/
PDA/AF@PU I Vs fH I K, HN481.9 m/s, =T
PDA/AF@PU (470.7 m/s)f1 AF@PU (449.8 m/s),
X2 KN m-Si0, #& F+ T & & 4R F THIHE RS 2
HAEARNIE, REIGKRTRLI 51 A B &+ EH
B e e A AR

Table 4 Ballistic impact results of different composites.

Sample Areal density (kg/m?) Vs, (m/s) Energy absorption (J) SEA ((J-m?)/kg)
AF@PU 6.62 449.8 111.28 16.81
PDA/AF@PU 6.53 470.7 121.86 18.65
m-SiO,/PDA/AF@PU 6.17 481.9 127.73 20.71
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Table 5 Hardness of different composites.

Sample Hardness (Shore D)
AF@PU 65
PDA/AF@PU 69
m-SiO,/PDA/AF@PU 75
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Fig. 10 The optical and SEM images of impact face of (a, g) AF@PU, (c, h) PDA/AF@PU and (e, i) m-SiO,/PDA/AF@PU;
the optical and SEM images of back face of (b, j) AF@PU, (d, k) PDA/AF@PU and (f, I) m-SiO,/PDA/AF@PU; the optical
side view of (m) AF@PU, (n) PDA/AF@PU and (0) m-SiO,/PDA/AF@PU after ballistic impact test.
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Fig. 11 The optical images of cross section face of (a) AF@PU, (b) PDA/AF@PU and (c) m-SiO,/PDA/AF@PU after ballistic

impact test.
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The Effect of Interfacial Modification of Polydopamine and Silicane on
Ballistic Performance of Aramid/Polyurethane Composites
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Abstract The aramid fiber reinforced polyurethane composites (AF@PU), which exhibit high strength and
lightweight characteristics, have attracted widespread concerns for advanced personal protective systems. However,
the interface has consistently been the scientific issue that permeates composite research and is frequently overlooked.
In this work, polydopamine and y-aminopropyltriethoxysilane modified SiO, (m-SiO,) were used to optimize the
interfacial properties, and the effects on ballistic performance and ballistic damage mechanism of composites
were deeply investigated. Attributing to the strong bonding strength between fibers and polymer resins improved
by them at the interface, the interfacial peeling strength of m-SiO,/PDA/AF@PU is increased by 244.1% (4.68 N/cm);
the interlaminar shear strength is increased by 30.7% (6.09 MPa); the tensile, flexural and compressive strength
of is maximally increased by 5.0%, 91.4% and 69.5%, respectively. Notably, because the introduction of abundant
m-SiO, enhances the interface roughness, m-SiO,/PDA/AF@PU demonstrates the maximal energy absorption
value; the ballistic limit velocity is improved from 449.8 m/s of AF@PU to 481.9 m/s of m-SiO,/PDA/AF@PU.
This work highlights the optimization of interfacial properties and provides an efficient guideline for the design of

next-generation fiber reinforced polymer resin composites.
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