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Preparationand Impact Protection Application of Nano-microsphere
Enhanced Polyurethane Foams
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ABSTRACT: The work aims to obtain the impact energy absorption materials enhanced by nano-particles. Based on the
shear thickening fluid technology, nano-microsphere was dispersed in polyol and soft middle-density polyurethane foams
were prepared. SEM, SHPB, drop hammer impact test and explosive shock wave test were used to analyze the structure,
impact energy absorption and shock wave attenuation of the foams. The results indicated that nano-microsphere enhanced
polyurethane foams had excellent impact energy absorption and shock wave attenuation. The said foams can be applied in
protective gear, cushioning packaging and shock wave protection area.
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Fig.3 SEM photographs of nano-microsphere enhanced polyurethane foams
D30 1" 2f 3 4 2 = HA20507
1# 2# 3# —o—HA20257J
ool —4—HA2010J
4# D30 —v—HA30507J
—<—HA30257J
1% 2# 3# 4# D30 ——HA30107J
15+ ——HA40507]
4# _% —e—HA4025]
m ——HA40107J
D30 35% 4# 10k —*—HAS5050J
& —0—HAS502517
D30 85% —=—-HA5010J
sl ——HA6050J
—A—HA6025J
7 ——D30R AR FE H2444 571 @% —v—HA60 107J
- — D30R AR K2623 57 P
_1"\ y -1 .
. . 1“§§E$%]2249 :4 s 0.2 0.3 0.4 0.5 0.6
& 5 [ - L8145t R B /(g-em™)
= —3“;@%%?%2176 st .
— - IR R2311 s .
g , -—-—ﬁfz%ﬁ%gﬂ o - 5 23°C
— ”l‘[ 3 -1
% -- 4:ma§ﬁ$ﬁ229ss s -
% 3r ;:ga%%%;%%g o . Fig.5 Trend of drop hammer impact energy absorption of
g —— 2RI AE R 2663 S"/,/' foams varying with density and hardness at 23 °C
N 2 o5
a .
1
1

0 0.1 02 03 0.4

Fig.4 Strain energy density of different foams varing
with the strain

2.3
23 °C —10°C
10 mm 0.2~0.6 g/cm’
Shore A 20~60
—-10°C 23°C
5—6
101J
1~3 kN

501

25 o
—a—HA205017)
—e—HA2025)
20 L —A—HA2010J
—v—HA30507J
—<—HA3025)
——HA30101J
1 —e—HA4050J
—e—HA4025])
—e—HA40101J
10 + —*%—HAS5050J
—0—HA502517]

<
R
b2
&
—=—HAS010J
51 —e—HAG60 50 J
—A—HA6025)
—v—HA6010J
0 1 1 1 1 1
0.2 0.3 0.4 0.5 0.6
/(g cm™)
6 —10°C

Fig.6 Trend of drop hammer impact energy absorption of
foams varying with density and hardness at —10 °C

0.2~0.3 g/cm’®

0.4~0.6 g/cm®



-170 -

2020 1

D30

EN1621—1 50 )
500010 g
40 mm*80 mm

Tab.1 Impact resistance of several
nano-reinforced/3D braiding impact-resistant foams

(HA) /g /KN
20170506-A A 33~50 80  11.93
20170506-B B 32~36 78 1247
20170506-C-1 ¢ 37 83 1240
20170506-C-2 D 39~52 78 12.54
20170506-D-1 36 80  13.96
20170506-D-2 38 80  13.92
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Fig.7 Load test of TNT explosive shock wave of foams
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Tab.2 Drop hammer impact test results of modular
protective equipment sample 3.2 / /
/mV /kN
376.5 1.17 /
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Fig.10 Combined protective structure of metal plate/energy absorbing layer/aramid fiber plate
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