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Research Progress of Polyurea Elastomer Protective Materials
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Abstract: Protective materials are of great significance to improve the reliability and durability of equipment. Polyurea elastomer is a
new type of multifunctional material, which can be used in the protection of structure and equipment. It has shown excellent protection
effect in many fields, such as explosion-proof and impact resistance, anti-corrosion and waterproof, automotive coatings and so on.
Because of its unique energy absorption mechanism, it has become one of the important materials to achieve high efficiency and
lightweight protection. The synthesis, structure, development and application of polyurea elastomer are systematically reviewed for the
first time. The micro phase separation structure, mechanical properties, impact and explosion-proof mechanism and effect of polyurea
elastomer are mainly discussed. Studies show that polyurea elastomer has a positive effect on reducing the explosive shock wave and the
penetration load of the projectile. The excellent physical and chemical properties of polyurea elastomer come from its complex internal
structure, and microphase separation and hydrogen bonding are its important internal structure characteristics. The existing problems in
the research of polyurea elastomer are summarized, and its development prospect is prospected, which provides references for the
research of polyurea elastomers and the design of new protective structures.
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Table 1 Synthesis of prepolymers

Reaction

Reaction equation

Aromatic isocyanates with polyols

R'—OH+ nR—NCO—>» R——NH—T‘I—O—R' +(n-2)R—NCO
[0)

Carbamate group

Aliphatic isocyanates with amino-terminated polyether

o

1]
nR—NCO + R—NH, — R—NH—C—NH—R + (n-2R—NCO

Isocyanates with water
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Table 2 Synthesis of polyurea elastomer
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H O

Prepolymers with amino-terminated polyether
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I

and primary amine chain extenders R R"
H O H O R O H
TR I
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Side reaction of prepolymer with urea H—IL—R’
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Fig. 4 One-dimensional schematics of the constitutive mode!*’
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Table 4 Summary of constitutive model and main parameters

[42]

Model Part Element Expression Parameters
X =1+3.51-vg) +18(1 —vg)?
vy is the volume fraction of the soft segment
N is the number of “rigid links” between two crosslinks
Equilibrium Hyperelastic
q : Yperelastic: -y X N (Ahain Agin = /XX - D7 + 1
Stress-strain Rubbery spring T" = 3 A 1 B’ cham chaim
response T element chain /N A chainis the stretch on each chain in the eight-chain network
[ is the Langevin function
T=T"+T
B’ is the isochoric left Cauchy-Green tensor
Linear spring v, = 1w
Non-equilibri ; . .
on-equiibrium - Element and . vy v L? is the elastic modulus tensor
Rate-dependent Viscoelastic T = 1 FVeLCUnV ‘]
. et ) .
Stress-strain Dashpot F' is the elastic deformation gradient and V'
response T element

is the left stretch tensor of the elastic deformation gradient
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Table 5 Fitting parameters of o, ,u, 1461
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Fig. 5 Comparison of model prediction results with

experimental data*®’
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data for polyurea at different temperatures and strain rates"*”
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Table 6 Configurations of target plates in the experiments'™’
. . Polyurea Thickness/mm
Configuration —
Type Position Steel Polyurea
NPU N/A N/A 3 0
FPU-L Low-hardness Front side 3 6
BPU-L Low-hardness Back side 3 6
DPU-L Low-hardness ~ Double sides 3 3+3
FPU-H High-hardness Front side 3 6
BPU-H High-hardness Back side 3 6
DPU-H High-hardness ~ Double sides 3 3+3
500 +3£5%

+27.4%
+22.3%+15 7%.

400
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200
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Plate configurations
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Fig. 7 Ballistic limit and energy absorption ratio of

different configurations target plates'™”’
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Fig. 8 Deformation profiles of polyurea-coated aluminum plates
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Fig. 9 Deformation process of the polyurea coated aluminum

plate with different thicknesses'™’
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Table 7 Comparison of experimental results of polyurea-metal structure under different experimental conditions

Researcher Load type Polyurea position Polyurea thickness/mm Evaluation index Results/ %
MOHOTTI'®  Penetration load Back coati 0 Residual velociti s
‘ enetration loa ack coatin esidual velocities
i 12 -43.24
551 Pointed projectile . o +42
XUE!! - — Back coating 11. 18 V50 ballistic limit
Flat projectile +13
(58] . . 7 . -59.25
MOSTOFI Gas detonation load Back coating s Central permanent deflection 6L 39
Front coating 4 -31.18
LI Underwater shock wave Back coating 4 Central permanent deflection -29.92
Front coating+ Back coating 242 -21.68
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Table 8 Ballistic limits of each structure!®’

Target type  Approximate Vsy/( m-s™')  Ballistic limit increase/%

Uncoated 609. 68 -
Front coating 654. 31 +7.32
Back coating 573.09 —-6.00

®9 EEZERMEE
Table 9 The density of each structural plane

absorbs energy!'*!

Areal density/  Areal density absorbed

Target type ( kg-m'z ) enengy/ (- (ke m?)) Increase/ %
Uncoated 14.5 42.3 -

Front coating 18.6 38.02 -10.12

Back coating 18.6 29.17 -31.05
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Table 10 Comparison of experimental results of polyurea-composite structure under different experimental conditions

Researcher Load type Polyurea position Polyurea thickness/mm Evaluation index Results/ %
& . Average core compression -15
BAHEI-EL-DIN' ¢ Blast load Sandwich layer 5 —
Peak kinetic energy =20
TEKALUR ' Shock blast Front coating ¢ Center point deflecti 2
’ ock blasf enter point deflections
Sandwich layer 6 P -100
HE H . res) L 1i . Front coating 2 | - b +9.30
o ow speed impac mpact stren;
oneyine P P Back coating 2 P g +16. 06
. V50 ballistic limit +7.32
Front coating 4 -
ZHAO a6 Penetration load Areal density absorbed energy -10. 12
enetration loa
pengduo V50 ballistic limit -6%
Back coating 4 -
Areal density absorbed energy -31.05
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Fig. 12 Hydrogen bonding in polyurea
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